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SUMMAKY Of RESULTS 

This report is the second in a series of four l and it presents the 

methodology and results of two studies regardiny the reflectivity of Rdised 

Pavement Markers (~PMs) and Raised Traffic ~uttons (RT13s). Additionally, it 

presents a maintenance procedure sugyested for use by the Texas State 

Uepartment of Highways and Public Transportation (SOHPT) to assure the markers 

provide positive route yuidance. une at the two reflectivity studies used a 

panel of ex.perts to rate the effectiveness of the marKers at several sites 

across the state. These eftectiveness rating were used to evalUdte the effect 

severa I factors had on the I{PMs and I{T~s. The second study was conducted to 

validate (1) the accuracy of the photoyraphs in representing the sites and (2) 

the rat i nys of the pane I of experts. The mai ntenance gu; de lines present a 

step-by-step procedure eacn 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 resu I ts of the effect; veness study i ndi cate that the markers lose 

over ninety-percent of their initial brightness within the first two years of 

service. All markers~ regardless of type, are approximately at the same 

brightness level wlthin one year. Markers remain effective for pOSitive route 

yuidance with reflectivity levels as low as .15 (CP/fT-C) and at least ~O 

jJercent of the markers remain. A sugyested initial b,..iyhtneSs level of 2.u 
lCP/FT-C) is recommended based on the results of this study. Headli~ht beams 

increase the effectiveness of markers. When markers dre in a transitionary 

~tate between levels of effectiveness, the use of bright lights increases the 

mdrkers effectiveness. After markers have been washed. or during d ra;n, the 

level of reflectivity w; II increase 20-~O percent. TruckS have a yreater 

impact on the number of missing markers than on the loss of reflectivity. The 

f 0 rees exe rted on the RPMS by the trucks affect the fa; lure of the aspha 1 t 

more than the markers. 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 as; yni fi cant effect on the; r effect i veness. Ye 11 ow mdrkers 

required sl-leeific intensity (S.I.) values cons;stently higher than crystal 

markers for the same level of effectiveness. 
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The results of the val idity study indicated that camera settings of 1/60 

of a second with a f-stop of 1.4 and 1/30 of a second with a f-stop of 1.8 are 

proper settings to use with low ambient 1 ight levels. It 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 aids 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 

r 0 ute 9 u 1 dan c eat ext r em ely low level s 0 f ref 1 e c t i v it y ( .15 C PI FT - C ). 

Therefore a initial brightness level of 2.0 (CP/FT-C) is recoavnended. 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 modification 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 

sa"e lives 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 initial 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 (~). The val idity of these 

data \s not known. These data show markers lose almost 25% of their initial 

reflectivity after 200,000 impacts. in 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 2Ui in the next 175,000 impacts. 

CAUSES Of REDUCTION IN REFLECTIVITY 
Table 1 relates the types of failures resulting in the reduction in 

q~flectivity 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 ;s the 

phySical loss of the marker. Over hal f of 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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Table 1. Causes of Reduction in Reflectivity by Marker Type and Fai lure Type. 

Marker Type 

Plastic RPMs 

Ceramic Button 

Failure Mode 

Missing Markers (56.2%) 

Abrasion to Reflector 
Face (14.0%) 

Accumulation of Road 
Dirt and Tar (8.4%) 

Moisture Seeps Into 
Reflector (12.b%) 

Accumulation of Road 
Dirt and Tar (12.~%) 

~roken Reflector Rods 
(10.9%) 

Missing Ceramic Markers 
(6.31.) 

Abrasion to ~eflector 
Rod (4.7%) 

Cause of Failure 

Location of Marker 
Number of Hits 
Type of Pattern 
Improper Installation 
Weak Asphalt 

Location of Markers 
Number of Impacts 
Material Used to Cover 

i-(eflector 

Material Used to Cover 
Refl ector Face 

Improper Drainage of Road 
Surface 

Scuffing by Tires 

Marker Casing Failure 
Number of Impacts 

Ramp Design 
Improper Drainage of Road 

Surface 
Location of Marker 

Weak Reflector Rod 
Impacts Not Protected By 

Io{amp 
Faulty Rod Gluing 

Improper Installation 
Weak Asphalt 
Epoxy Service Life Exceeded 

Inadequate Ramp Protection 

* Percentages Determined From Counts at Sites Studied in This Project. 
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placed too close (within 50 feet) to the intersection and tnose not protected 

by being located behind solid pavement marking lines will be more susceptible 

to impacts than those which are protected. Some patterns wi 11 resul t in more 

impacts to the markers than others. Markers used to channel ize traffic into a 
singl e 1 ane wi 11 lose virtua 11 y a 11 of the markers in the transition zone 

between lanes. This type of. pattern is common on two lane facil ities 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 1s streaked, the latter probleal is detected by 

the color of the epoxy. When too much resin is used the epoxy will be 1 ight 

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 1s 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 refl ector face is abraded for severa 1 reasons. The mas t obv ious ; s 

the number of impacts the marker sustains. The number of impacts is highly 

dependent on the location of the marker on tne roadway and the pattern at the 
si teo The materia 1 which the marker is made is susceptibl e to scratches from 
these impacts. The plastic will scratch very easily upon impact. After 

many thousands of impacts the marker has been abraded sufficiently so that the 

refl ectiv ity has been reduced. Stimsonite has tri ed to counteract th is pro­
blem by placing a piece of tempered glass on the face to reduce the scratch-

5 



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 asphal t accumulations an the face of the marker wi 11 

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 wi 11 a 1 so accumul ate near the ba-se of the marker and on the 

bottom edge due to the scratches and entrapment by the epoxy and marker. Most 

of this dirt is el iminated by impact of the tire on the marker face. A 

portion of the reflective face is not struck upon impact. ResulUng in a 

reduction of ref1ect1vity. 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 an the bottom of the marker which reduces the 

reflectivity. In areas of West Texas, where there ;s very little rainfall, 

the markers will not be washed resul ting in a certain amount of lost 

re f1 ec t i v i ty . 

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" probl em wi 11 not exist. In most instances, this probl-em resul ts from 

improper epoxy installation. All four corners are not cover.ed 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 liIIith a cracked plastic shell will 

also al low moisture "to enter resul ting in reduced reflectivity. 

CERAMIC BUTIONS 

Ceramic buttons are characterized by the same types of failures in 

different proportions. Where the primary problem is keeping the plastic RPMs 
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on the road surface. RTBs primary prob 1 em is refl ecti v ity. 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 
a<:cumulation'of road dirt and asphalt on the reflector rod. The 

pri nc i pa 1 cau se 0 f th i s prob 1 em is the ramp des; gn 0 f 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 appl ied aver glazing, the 

bond wi1 1 be inferior resulting in missing reflector rods. In some instances, 

the reflector rod ;s 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 

regard 1 ess of location. The same fail ure modes observed for pl astic markers 

also apply to ceramic markers. For RTBs. an additional cause of miss;n9 

markers is exceeding the service 1 ife of the epoxy. These markers tend to 

perform better on asphalt than do the plastic markers, and service 1 ife of the 

epoxy becomes a factor. The principal reason for the observed better 

performance is the shape of the RTB. 
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Abrasion 

Abrasion to the reflector rod· due to t.ire scuffing was apparent in 

approximately five percent of all RTBs. The principal cause of this type of 

loss of reflectivity is improper ramp desfgn. 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. 

funct fona 1 refl ectance 1 evel s, percent truck tra ffi c and ra i sed 

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 personal observations at sites a~ross 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 laboratory 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, ut i 1; zed a subject; ve eva 1 uat10n of markers by a team of experts. The 

subjective evaluation was conducted using 35mm slides of sites selected 

b-ecause of the characteristics of the site. The site characterhtics 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 froll 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 -SOmm 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 1 ighting and the veh1cl~s low and high beams. This approach 

was 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 is the range of camera settings required for 

dupl ication of any 1 ighted composite scene. This physical phenomenon is 

represented in Figure 3. The amount of light illuminating any object;<; 

inversely proportional to the square of the distance to the object. From 

figure 3, it can be shown that if X amount of 1 ight 11 lum1nates Marker 1 then 
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one-fourth as much 1 ight (l/4X) wi 11 ill ulRinate Mark.er 2 and one-ninth as much 

figure 3 
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light (1/9X) will illuminate Marker 3. Each of these illuminance le.vels 

require a different ca~era 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 dupl icate color balance and 1 ighting levels at that particular site. 

Several sl ides which appeared to be visua l1y representati ve of three 

sites were evaluated by a group of twenty-three subjects in Austin, Texas. 

Based on the eva1 uation 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 

representati ve cross-section of a 11 sites eva 1 uated for effect; veness. 

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 tearo 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 fol lowing 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 mar~ing system provided suffi­

cient information to the driver without any maintenance being. 

performed at the sfte. The raters· must judge the effect; veness of 

the raised pavement marking sY<item with respect to the number of 

missing markers, the reflectivity of the markers. the test condi-

2. 

tions, the color 

intended purpose 

SEM I -E FfECTI V E : 

of the markers. the spacing of the markers and the 

of the pattern. 

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 availabil ity 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 mfnds of 
the raters the raised pavement markers are not providing sufficient 
information to the drfver and i~ediate 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 ~ere 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 SDHPT and FHWA to eva 1 uate a set of slides at 33 test 

locations (Appendix A) dictated by the statistical design. £ach 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 HARKER 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 daily 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 representativ~s. 

The effectiveness of the markers relates to the averal 1 marking system at 

the site. The ambient 1 ighting 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 phys~cal elements (rain. snow, heat and cold) on the plastic 

shell or rod. The number of hits a marker sustains also determines the useful 

service life of the RPMs and RfBs. The number of hits is a function of the 

pattern (centerl ine or lane 1 ine) and the average daily traffic (ADT) at a 

spec ifi c sHe. 
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MISSING MARKERS 

Length of Time on Road 

fi gure 4, re 1 ates the judged effect; veness of the marker system to the 

length of time the markers are on the roadway. The figure relating system 

effectiveness with time uses (l) high beams, (2) low beams and (3) an average 

of both high and low beams. The average of both beams is a better indicator 

b e c a use ; t ten d s to a v era g e { 0 r s rna a tho u t } i n d i v i d u a 1 s ; t e s p e c if i c 

differences. Both 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 lo,w beams resulted in less reflectance than high beams, 

therefore markers which have been on the roadway longer w111 appear as bright 

or brighter with high beams than when low 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 bearos 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 mi.ssing was a 

rural tangent site with the remaining markers ha~ing a relati~ely high level 

of reflectivity. This may be an atypical site because of the conditions under 

which it was rated. howe~er, it points out that geometrics and 1 evel of 

reflectivity are as important factors as the number of missing markers. If 

the site had been an urban location or if the geometries 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 
3 1 per c en t 0 f the i r mar k e r s • T his wo u 1 din d ; cat e t hat the 1 eve 1 a f 
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 functiona 1 ity. The change in the 1 evel of 
effectiveness is a function of the number of miSSing ~arkers. 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 ineffect; ve when 1 ess than 45 percent of the lDarkers are 
remaining. 

Average Daily Traffic 
The percentage of remaining markers is also related to the average daily 

traffic (AOT). 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 
thirty percent and sixty percent are removed from service as AOT increases to 
17 t 500 V PD. The AD Tis rep res e n ted i nth; sst u d Y don 0 t rep res en t v e r y he a v y 
traffic; however, a large proportion of the markers are lost very rapidly. As 
AOT increases the loss of markers effectively reduce the guidance ability of 
any pattern. In urban areas with high traffic volumes the markers wi1l not 
generally stay on the roadway for a year. Other rural s;t~t the markers stay 
on the road for several years. The first ha1f 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 Tra ffic 
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 rna r k e r S • 

Figure 8, presents the rated effectiveness of the markers as a function 

of the percentage of trucks in the traffic flow with high and low 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 centerl ine, lanel ine, and the comblnation of both 

centerline and laneline patterns to the percent of trucks and the levels of 
effectiveness. Centerl ines usually are not subjected to the impacts lanel ines 

would incur. In most cases, centerlines on multi-laned facilities and line 

1 ines are normally impactedi therefore, trucks would have a greater impatt on 
effectiveness in these situations. The effective centerl ;ne sites had 

approximately 9 percent trucks, the semi -effecti ve 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. 

weight of the trucks. 

This ;s to be expected because of the weave pattern and 

With respect to truck traffic, those sites judged to be 

semi -effecti ve were atypica 1. When compari ng the effect; ve sites, trucks had 
a greater impact on 1 anel ines (12.4 percent) than on centerl ines (9 perc.ent). 

This a 1 so hal ds true for those sites judged to be ineffective (15 percent 

centerl ines, 22 percent lanel ines). However, at those sites judged to be 
semi-effective, trucks had more of an impact on the centerl ines (14 percent) 

than on lanel ines (10 percent). The difference between the effective lanel ine 

sites (12 percent) and the semi-effective lanel ine sites (12 percent) were not 

significant. There is a Significant difference between the effective lanel ine 
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sites (12 percent) and the ineffective sites (22 percent). Those sites in 
which both centerl ines and lanel ines 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 

1 anel ines judged ineffective (22 percent}. In a 11 other situations there was 

a Significant difference. However. the differences between the levels of 

effectiveness and truck traffic at those sites evaluating the cOllbination 

markings were non-significant. The effective sites had 21 percent trucks, and 

the i neffect i v e sites had 25 percent. 

Figure 10 i 11 ustrates the overa 11 effect trucks have on the markers 1 evel 

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 REFlECTIV lTV 

The effectiveness of any marker system ;s dependent on the number of 

remaining markers, and the amount of light reflected back to the driver. 

MiSSing markers play an integral part in the reflectivity effectiveness 

of any pattern due to the absence of refl eeted 1 ight. The effecti veness of 

the reflective properties of any pavement marking pattern should be evaluated 

at the site in which they operate. Whil e the researchers were photographing 

the sites, a representative sample of markers was removed after the 

photog,raphs were taken for reflectivity analysis at the Texas SOHPT Fi1e 0-9 

Laboratory. The evaluation of the reflectivity of the RPMs and RTBs were ~ade 

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/fT-C) is lost within 
the first year. The brightness fall s from 3.0 (CP/FT-C) to 0.67 (CP/FT-C) 
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during this time period. Three years after install ation the S.l. is 0.07 

(CP/FT.C) and four years after installation they are down to 0.03 (CP/FT-C). 

Figure 12. ill ustrates these S.L's with respect to other v isua 1 parameters. 

Length of Time on Road 

Markers remain effective at a very low level of reflectivity (.23 (CP/FT­

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

separate the effect of the mark.ers color or head1 ight beam usage of the 

vehicle. Both crystal (white) and ye1 low 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.1. 

va 1 ues for effective markers before washing was .23 (CP/FT-C) and after 

washing the S.l. 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.1. 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.l. occurs approximately 4 years after 

installation. Between 2 and 4 years the markers would remain semi-effective 

with an average S.l. 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 vehic1 e headl ight beam have an effect on the 

overal.1 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 centerl ine and lane1 ine patterns. Besides being 

segregated by colors the level of effectiveness has been combined so a d'rect 

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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Head 1 amp Beams 

When the vehicles high beams were used (Figure 14), there is a signifi­

cant di fference between the ye 11 OW and crysta 1 markers for each 1 eve 1 of 

effectiveness. The effecthle yellow markers had a specHfc 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. Vel low markers in the semi-effective range were significantly lower in 

intensity (.09 (CP/FT-C)) than those in the effective range (.33 (CP/FT-C)). 

The effective markers were in service 2.3 years and the semi-effectfve 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 

mark.er has a lower specific intensity (.04 (CP/FT-C)) than the associated 

yellow markers (.09 (CP/FT-C)). The semi-effective crystal markers are 

approximate 1 y one-ha 1 f the i ntens ity of the effective crysta 1 markers. Th·e 

ineffective yellow markers had an average specific intensity of .03 (CP/FT-C), 

whereas the ineffecti ve crysta 1 s 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 1 ife has on effectfveness. 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. 

Cry~tal 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 headl amps on low beam. 

The intensity 1 evels 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 Significantly different S.l. 

values. However, at these extremely low S.1. values significant differences 

32 



may be ' difficu1t 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 effect; veness of the marker system than the bri ghtness . 1 evel. 

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 low beams had 1.5 times higher S.Lls than those evaluated with 

bright 1 ights. The semi-effective crystal markers were 2.5 times brighter 

than those evaluated with bright light and those evaluated ineffective with 

low lights were 1.67 times brighter (yellow) and 2.0 times brighter (crystal) 

t han ye 1 low and cry s tal ma r k e r S e val u ate d with h i 9 h be a m s . Color oft h e 

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 low 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 indicate 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 sign1f1~ant 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 increased. This relationship was not detected 

except for those sites where the trucks constituted 10 percent of the traffic 

mix. The refl ecti vity 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 a 11 other truck mixes their S.l. was approximate 1 y .04 (CP 1FT -C). The two 

points which were different (20~ and lOS) appeared to be isolated locations. 

Truck traffic data was not obtainable in most situations and were estimated at 

others. 

Average Daily Traffic 

The amount of traffic passing markers has an effect on the marker1s 

reflectivity. As traffic hits the markers, the lenses become scratched 

reducing the reflective properties of the marker. Figure 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 

CPJFT-C is lost between 5.000-30.000 vehicles. Stimsonite believes their 

947s wil 1 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 resul ting in a reduction in S.l. 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 crysta 1 marker at a horizonta 1 angl e of 20~_ However, 

the glass face wears off unevenly. resulting in some reduction in the new 5.1. 

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 CPJFT-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 coul d not be el imi nated. Therefore, the 

S.1. values stated as break. values for the various levels of effectiveness 

take these two factors into consideration. 
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Vehicle Headlamps 

The effecti veness proved that headlal1lps have an effect on the avera 11 

effectiveness of any marker system. Sites which were eval uated 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 1 arger 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 systelll is 

border11 ne between 1 eve 1 s of effecti veness. The shift will not occur if the 

system ;s 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 lost 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 low beams will increase one level of 

effectiveness on high beams. 

3. The loss of initial brightness appears to be unrelated to (l) 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 mark.ers 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 1 ittl e ff any impact on the markers loss of refl ectiv ity. 
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7. Markers with average S.1. values of .15 (CP/FT-C) are effective 

prov; ding no more than 20 percent a f the rna ricers ha ve S. I. va 1 u es 

lower. Markers which have average S.l. va 1 ues between .15 and .10 

are selli-effectfve. Markers with S.1. l s of .10 or less would be 

ineffecti ve. Markers that have been washed or wetted increase 5.1. 

values by at least 20 percent. 

8. The color of the marker has a significant effect on the level of 

refl ectivity required to attain a certain 1 evel of effectiveness. 

Yellow markers in most cases require a higher reflectivity level 

than did the crystal markers. 
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RELIABILITY OF PHOTOGRAPHY 

I NTROOUCTION 
Photographs were made at a broad selection of F-stops and shutter speeds 

so tha t the correct settings wou 1 d be bracketed and the most representati ve 

s 1 i-d e fo rea c h 5 it e s e 1 e c ted. The s 1 ide s for ea c h site II' ere s e 1 e c ted for 

their salient features and overall illumination levels, which most closely 

resembled the environment at the site. The reliability study was coriducted to 

determine the accuracy of the slides with respect to the site. 

RESEARCH METHODOlOGY 

Test Subjects 

Twenty- three subj ects were obta i ned from the -Bryan/Co 11 ege 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 instruilent to 

acknowledge informed consent which is contained in Appendix D. 

Test Equipment 

Two passenger vans in which the subjects were equally divided were u~d. 

The 35 mm test 51 ides were randomly placed on a s1ide viewer that was modified 

for use in the vans. The size of the 1 ight bulb was reduced so that the 35 mm 

s1 ides projected approximately the same amount of light as the real world 

environment with low beams on the van. 

A tape recorder wHh taped messages were pl aced 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 

accessibll ity to both the resellrchers and the study monitors. Table 3 1 tsts 

the sites and presents the general infonnation 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 Reading Near Far 
(f) (f) (f) (f) 

IH-24 7 7 20/17 11 1 
25-29 2 1 20/18 7 4 
30-34 3 0 20/20 3 7 
35-39 0 1 20/22 1 4 
40-44 0 0 20/25 l) 5 
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# B~ams Geometry Lighting 

U.S 290 1 low Tangent Rural 
Texas 183 South 2 High Curve Rural 
u.s. 71 3 Low Curve Urban 
1-35 4 low Tdngent Urban 



Test Protocol 

The instructions for Part I (Appendix E) contained the objective of the 
study wh1cb 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 51 ides with the environment to determine that camera setting which 
results in the most accurate representation of the site. Part II compares the 

photographs to the raised pavement markings to determine whether the panel of 
experts eva 1 uation corresponded to that of the subjects. An eva 1 ua tion of the 

qual ity of the photographs could be made. 

The subjects were told to match the quality of t~e 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 G. At each site the 
photographs were randomized according to the sequence contained in Table 6. 

STATISTICAl AlALYSIS 
51 ide Val idation 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 resul ts it appears that camera settings of 
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 sl ides accurately representing sites with low ambient 1 ight 

1 eve 1 s. 
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Table 4. Slide Sequencing by Test Site. 

Test Site 

1 a 
1 b 
2 a 
2 b 
3 a 
4 a 
4 b 

44 

Sequence 

P Z N MRS 
R N P Z M S 
Z T L P Y M 
Y M L Z Y P 
l M l H T U 
WZTSYN 
N Y Z T W S 



Table 5. Camera Settings and Slide letter. 

Site II 

1 

2 

3 

Slide Letter 

M 
P 
N 
R 
S 
Z 

Y 
L 
M 
T 
Z 
P 

Z 
M 
T 
L 
H 
U 

Camera Setting 

1/60 sec. f 1.8 
IllS sec. f 1.4 
1/60 sec. f 1.4 
1/30 sec. f 1.8 
1/30 sec. f 1.4 
IllS sec. f 1.8 

1/6U sec. f 1.8 
1/15 sec. F 1.4 
1/60 sec. f 1.4 
1/30 sec. f 1.8 
1/30 sec. f 1.4 
IllS sec. f 1.8 

1/60 sec. f 1.8 
1/15 sec. f 1.4 
1/60 sec. f 1.4 
1/30 sec. f 1.8 
1/30 sec. f 1.4 
1/15 sec. f 1.8 

------------------------------------------------------------------------------
4 T 1/60 sec • . f 1.8 

W 1/15 sec. f 1.4 
Z 1/60 sec. f 1.4 
N 1/30 sec. f 1.8 
S 1/30 sec. f 1.4 
Y 111S sec. f 1.8 
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Table 6. Randomized Sequence Of Photographs. 

Site Sequence Number Random Sequence 

1 1 a N T Y S L P U M R H Z W 
1 b H L R Y Z S R P W U M N 

2 2 a TUM R H Z N Y L W P S 
2 b H L R Y Z S T P W Y M N U 

3 3 d Z W P N Y S L R HUM T 
3 b Z W P N Y L R H TUM S 

4 4 d S T R PLY H U L M W N 
4 b L R P HUM W Z P Y N T S 
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Table 7. Subjects Responses for Each Slide by Site. 

Site # .Subject Responses for Each Slide 

1 

2 

3 

4 

* Chi-Square Showed Significance 
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Two different camera settings result in tl'110 sl ides that appear to the 

human eye as if they had been taken with the Same setting. The two sets of 

compa~able settings are: 

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

2. I/3D. f 1.4 and 1115. 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 ill the subjects selected photograph liT". This photograph is of 

a rura 1 tangent roadway with 1 ane 1 i nes and an edge hne. The 1 ane lines ha ve 

reflective markers whereas, the edgeline is painted. This is the exact 

dupl ication of site 11 on U.S. 290 East. A chi-square analysis was performed 

and a significant difference was determined between those that rated site II 

as effective and those that rated it semi-effective and ineffective. A chi­

square value of 14.25 was obtained for site 11. This meant that the site was 

effective in the view of the subjects. The experts also rated the site as 

effecti ve. Fi gure 1 9 ill ustrates the site. 

The subjects selected photograph MH" at site '2. This photograph depicts 

a highly effective marker system on a rural lIlulti-laned curved road. Bath 

centerl ine and laneline markers were visible and highly effective. Photograph 

MHM 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 

wi th respect to the photographs. Fi gure 20, is the se 1 ected photograph and 

ill ustrates the site. 

Site 13 had a greater spread of responses than either site lIar '2. 

Less than 50 percent of the subjects sel ected photograph lip as most 

representative of the site. The site was classified as urban. becau-se of its 

traffic characteristics more than its 1 tghting characteristics. The roadway 

is relatively dark with little ambient lighting. The subjects rated this 

scene identical to that of the panel of experts. 

The subjects selected photograph "W· as the most accurate representation 
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Table 8. Fre~uencies With Equivalent Slides Combined. 

Camera Settings 
------------------------------------------------------

Site IJ. 

1 

2 

3 

1/60 
f 1.8 

M 
7 

y 
2 

Z 
8 

* Chi-Square showed significance 

1/60 & 1/30 
f 1.4 f 

N + R 
13* 

M + J 
12* 

Z + N 
9* 
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l.ti 
1/30 & 1/15 
f 1.4 f 

S + Z 
3 

H + U 
7 

s + y 
3 

1.8 
1/15 
f 1.4 

P 
1 

l 
3 

U 
4 



Table 9. Photograph Evaluation By Site And Level Of Effectiveness. 

Sites Effect i ve Semieffective Ineffective Chi-Square 
(Letter) (f) (Letter) (f) (Letter) (d) 

1 H 1 N 1 L 1 
M 2 R 0 P 2 X2 ::::: 14.25* 
S 0 U 0 W 4 
T13 Y 0 Z 0 

16 1 7 

2 H 16 N 1 L 1 
M 3 R 0 P 0 X2 = 36.75* 
S 0 U 0 W 0 
T 3 Y 0 Z 0 

22 1 1 

j H 4 N 2 L a 
I~ 1 R 0 P 2 x2 - 13 .00'* 
S 1 U 0 W 3 
T 10 Y 0 Z 1 

16 2 6 

4 H 0 N 2 l 0 
M 2 R a P 3 x2 = 15.75'* 
S 2 U 0 Wll 
T 1 Y 0 Z 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 (X 2 = 15.75) 
between the responses. Figure 21 ill ustrates 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 sl ides accurately represent sites with low ambient 1 ight. 

There are two major concerns with the use of positive film for low 
ambient light. (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 51 i9ht color shift on the white card. 
B. The appropriate ca~ra 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. 
C. 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 STANDARDS 

Appendix I. contains the complete set of photographs to be used as 
maintenance standards. The set of photographs consist of twel ve scenes of 

rural and urban locations with asphalt and concrete surfaces and with markers 
on centerlines, lanel ines, 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 
; 5 not r e qui red. The s em l' - e f f e c t i v e mar k e r s are 'n 0 t per for min g 
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. All of 

the centerline and laneline markers are present and highly reflective. The 

markers nearest the leading edge of the headl ight 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 
pas i t i v e g u ida n c e ; n form at; a nab 0 U t the a p pro a chi n 9 C lJ r v e. Ph 0 tog rap h U WI 

depicts the markers on a rural two-lane tangent road heading into a built-up 
or urban area. All of the markers are present and have good reflectivity. The 

painted . centerstripe is also in relatively good condition and the appearance 
of an edgel ine helps define the road to the driver. Photograph "S" depicts an 

urban mul ti-l ane street with a reversibl e 1 eft turn 1 ane. 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 UT";s 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 edgel ine. 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 HARKER SYSTEMS 

Photograph "N" depicts a rural two-lane road with a sl ;ght curve to the 

1 eft. The brightness of the edgel ine presents the information about the curve 

to the driver and not the raised pavement markers system. Photograph "RI! 

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 ;s 

presented to the driver. Presently three (3) markers are vfsible to the 

driver. If one of these markers were missing the system would be ineffective. 

Photograph "U" depicts a rural two-lane road curved extremely har.d 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 lane. The level ofreflectivityofthemarkersmake 

these markers semi-effective. Because of the reduced reflectivity the glare 

from oncoming vehicles obl iterate the markings on the left-hand side of the 

vehicle. 

INEFfECTI V E MARKER S YSTE MS 

The scene depicted in photograph ilL" 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 u depicts a rural curved two lane road. Only one 

RPM. which is reflective, is v1sib1e in the headlamp beam. There is no 

contrast between the road and shoulder reducing the information about the 

cur vet 0 the d r; v e r. The 0 n 1 yin form at ion tot h e d r i v e r i s pre sen ted by the 
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centerline which is highly reflective. Photograph IIW" 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 refl ecti ve. Photograph -Z" depi cts an urban 1 eft- turn 1 ane 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 resul ting 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-stop of 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 large 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 are missing. Markers 

become ineffective when their specific intensity is .05 (CP/FT-C) or 
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1 ess 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.l. of the markers is to (1) remove severa 1 

randomly selected mar~ers for analysis in a laboratory or (2) use a 

photometric van. Figure 22, illustrates the reflective and 

retention properties of markers with different levels of 

effectiveness. 

4. Ma intenance Photograph Set 

When the pane 1 cannot dec ide the effecti veness of the markers 

based on the physical properties. the maintenance slides can be 

used. A suggested procedure waul d 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 pane1 wou1d reconvene. By use of the 

standard set of photographs a decision may be reached. 

5. 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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Traffic Conditions and Physical Characteristics of Test Sites 

Site # City Location Roadway 
III urn; - Head-

Geometric nation lamps ADT 
% ,., 

Trucks Missing Years 

I. Portl and Texas 328 Mul t i-Lane Tangent Ru ral L 5000 9 5 2.8 
2. At 1 anta Texas 15S 2-Lane Tangent Rural L 1950 18 21 3.0 
3. Brownwood US 183 2-Lane Tangent Ru ra 1 H 1350 4 2.9 
4. Atlanta Texas 155 2-Lane Tangent Rural H 1950 18 21 3.0 
5. Lufk in Texas 7 Multi-Lane Tangent Ru ral H 5300 9 0 0.9 
6. Brownfield US 62 Multi-Lane Curve Urban L 5200 3 54 2.5 
7. Abilene US 89 Multi-Lane Tangent Urban H 1500 23 43 1.5 
B. Luni n Texas 7 Multi-Lane Tangent Rura 1 L 5300 9 0 0.9 
9. Ab ilene US 89 Multi-Lane Tangent Urban L 1500 23 43 1.5 

10. Abi 1 ene US 89 2-Lane Tangent Rura 1 L 1500 8 43 1.5 
c1I II. San Antoni 0 Five Palm Rd. 2-Lane Tangent Rural L 9500 11 1.0 
N 12. Atl anta 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 Mult i-Lane Tangent Urban H 30,000 10 21 4.0 
15. Atlanta US 59 Multi-Lane Tangent Rura 1 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 Rura 1 L 16,500 20 43 0.3 
18. Lufkin Texas 7 2-Lane Curve Rura 1 L 11.500 9 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 Ru ra 1 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 Rura 1 H 1250 9 4 1.2 
26. Brownfield US 62 Multi-Lane Tangent Urban H 5220 6 44 2.5 
27 . San Antoni 0 Five Palm Rd. 7.-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. Brownfi e ld US 62 Multi-Lane Curve Urban L 5220 3 54 2.5 



III umi- Head- % % 
Site # City Location Roadway Geometric nation 1 amps ADT Trucks' Missing Years 

31. Brownfield US 62 Multi -Lane Tangent Urban L 5220 6 44 2.5 
32. Abll ene US 89 2-lane Tangent Rural H 1500 8 43 1.5 
33. At 1 anta US 59 Multi -Lane Tangent Rura 1 H 16,500 20 43 0.3 
34. At 1 anta Texas 155 2-Lane Tangent Rura1 L 1950 18 38 3.0 
35. Atlanta US 59 Multi-Lane Tangent Ru ro 1 L 16,500 16.8 43 0.3 
36. At' anta 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 
38. San Antonio 1-10 Multi -Lane Tangent Rural H 14,100 10 13 2.5 
39. Austin US 290 Multi-lane Tangent Rural H 5350 9 25 3.0 
40. San Antonio 1-35 Multi-Lane Tangent Ru ral L 6000 20 
4l. Lubbock 1-27 Multi -Lane Curve Urban l 13 ,980 12.2 80 2.2 
42. San Antonio 1-10 Multi-lane Tangent Rura 1 L 14,100 10 13 2.5 
43. San Antonio 1-10 Multi -Lane Tangent Ru ral 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 Ru ral L 5350 9 25 3.0 

G'I 46. San Antonio 1-10 Mul t i-Lane Tangent Rural L 5350 71 2.75 
w 47. San Antoni 0 1-35 Multi-Lane Tangent Rural l 6600 20 

48. San Antonio 1-10 Multi-Lane Tangent Rural L 16.000 100 2.75 
49. San Antoni 0 1-10 Multi-Lane Tangent Ru ra 1 L 16,000 100 2.75 
50. Austin 1-35 Multi -Lane Tangent Urban H 27,500 54 52 9.5 
5l. Austin US 71 Multi-Lane Curv~ Urba n L 8350 7.1 67 4.0 
52. Austin US 71 Mult i-Lane Curve Urban L 8350 7.1 67 4.0 
53. Brownwood US 183 Multi-Lane Tangent Ru ral 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 US 83 H 22 4.5 
57. Abilene US 83 Multi-Lane Tangent Rural L 4900 15 4.5 
58. Brownwood US 67 Multi -Lane Curve Rural l 6400 25 41 6.0 
59. Ab ilene US IB Multi-Lane Tangent Ru ra 1 H 4QOO 15 4.5 
60. Austin US 183 Multi-Lane Tangent Rural L 600 15 23 4.0 



lllumi- Head- ~ t 
Site * City Location Roadway Geometric nation lamps ADT Trucks Missing Years 

61. Brownwood US 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. Abil eoe US 83 L 22 4.5 
64. Austin US 183 Mu 1t i-Lane Tangent Rural L 6600 15 23 4.0 
65. Brownwood US 67 Multi -Lane Curve Rura 1 H 6400 25 41 6.0 
66. Brownwood US 183 Multi-lane Tangent Rura1 L 4300 33 21 6.0 
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322 EXPBlT SLIO£ RATING INSTRUCTIONS 

When you rate the s 1; des keep in m; nd that you a re concerned w; th the 
effect; veness of the ~PM systems. '(ou are not judyiny pdint stripe 
effectiveness or level of ambient light from cars or street liyhting. '(ou are 
concerned with effectiveness as it relates to the maintenance of the !{P~s. 
P I ease focus your judgement on the R.PMs ref I ect i v Hy I eve 1, retent; on of 
markers, and dbi I iCy 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 s 1 ide. (lenera 1 Iy, effect; ve means the 
marker system gives positive route guidance and no maintenance is required. 
Semi-effective means route guidance ;s 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 is needed 
immediately if the marker system is to be useful to the driver and not used as 
the bas; s for d tort 1; ab; I i ty case aga i nst the Depa rtment. 

(Sample slide = 3) 

Any Ljuestions? 

LInce we start the eva I uat;on, we w; I I go through without interruption. 
If you have a question, which wi I I affect more than one of your evaluations; 
ask: otherwise ~ive your best eSt;mdte and continue. 
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T-Values and Significance Levels for all 66 Test Sitp.s 

T-Value for T-Value for T-Value for 
Site ----------- Site ------------ Site --_ .... -------

S E S E 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.U7 -0.69 3.45* 25 -2.07 -2.07 4.83* 47 -2.07 1.38 1.38 
4 -2.07 -2.07 4.83* 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 2.76* !)O 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 -t.07 -2.07 4.83 

10 4.14* -1.38 -2.07 32 0.69 2.07 -2.07 54 -2.07 -2.07 4.83* 
0' 11 0.69 1.38 -1.38 33 -1.38 2.76* -0.69 55 1.38 1.38 -2.07 CD 

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 2.76* 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 1.38 1.38 
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INsrWUMfNr TO OBTAIN INfURMfU CUNSENT 

I, , have been informed by the 
experimenter that I have bp.en selected to participate in a study of 
photoyraphic techniques. 

1. 1 have been given an ex~lanat;on of the procedures to be followed, 
including an identification of those which are experimental. 

2. 1 have been given a description of the attendant discomforts dnd 
risks, which inc I ude the I ength of the experiment is to be 
approximately 4 Murs. riding in a van from site to site, and being 
within traffi c cant ro I at each si teo 

3. I have been ~iven a description of the benefits to be expected. 

4. I have been off~red an answer to dny inquiries concerning the 
~ rocedu res. 

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

6. 1 understand chdt in the event of physical injury resulting from the 
research procedures described to me that there wi 11 be no financial 
compensation or free medical treatment offered to me. 

7. I have not been requested to waive or release the institution, its 
ayents or sponsors froln 1 iabi I ity for the negl igence of its agents 
or emp 1 oyees. 

I, the undersigned~ have understood the above ex~lanations and yive my 
consent to my voluntary participation in Or. RO\;jer W. McNees' research 
project. 

Date: Februdry Hi, 19~4 
Location: Austin, Texas 
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SUBJECTS INSTRUCTIONS FOR PART I (SlIDES) 

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

The van wi II stop at four different road sites. At each site you wi 11 view 
both slides and photographs. When viewing the slides it is ;m~ortant to: 

1. Compare reflective markers on the road to the slides. 
2. Compare the briyhtness of the light from the headlights to the 

s I ides. 
3. Compare the brightness of the stripes and signs to the slides. 
4. Compare the brightness of any street I ight or bi 11 bOdrd to the 

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

If you wi II now look at your answer sheet you will notice it ;s divided in 
half with answers for the slides on the left and answers for the photographs 
on the right. The s I ides wi 1 I be presented to you in sets at each site. After 
you hdve 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 else unti I all sites are judged. Please do not point to particular 
slides When you are viewing them. AI so, keep your answers covered on your 
answer sheet. 

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

If you have dny questions pledse ask the experimenter now. 
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Evaluation of Heflective Pavement ~rkers 

~ate these CENTERLINE ~~~ systems: 

Ineffective Semi effect i ve Effect i ve 

l. · · · · l. • · · • • • .5. .E 
2. 1 S E 
3. 1 S E 
4. 1 S E 
S. 1 S E 
6. 1 S E 
J. I S E 
8. 1 S E 
9. [ S E 

10. I · · I 1. · · · · · · .5. • · · · · · .E 
11. 1 5 E 
12. 1 5 E 
U. I S E 
14. 1 S E 
I!). I S E 
16. 1 S E 
1/. I 5 E 
18. I S E 
19. [ S E 
20. · · • · I . • • · · · · .S. · · · • • • .E 
21. I 5 E 
22. I S E 
23. I S £ 
24. I S E 
2b. I S E 
26. I S E 
27. I S E 
28. I S E 
29. 1 S E 
jU. · · · • 1. · · · • · • .5. · · · · · · .E 
31. I 5 E 
j2. 1 S E 
33. I S E 
j4. I S E 
3~. I S E 
J6. I S E 
37. r S E 
38. r S E 
39. I S E 
40. I S E 
41. · · . . 1. · · · · • • • S. · . · · · • .E 
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Rate these LANELINE RPM systems: 

Ineffective Semietfective Effective 

42. · · • · I . · · · • • · .5. · · • · · · .E 
43. I S E 
44. I S E 
45. I S E 
46. I S E 
47. I S E 
48. I S E 
49. I S E 
50. I S E 
S1- I S E 
52. • · · • I . · · • · · • .5. · • · · · · .E 
53. I S E 
54. I S E 
55. I S E 
56. I S . E 
S7. I S E 
ti8. I S E 
!:J9. I S E 
60. 1 S E 
61. · • • · I. · · • · • • .5. • • · • · · .E 
62. I S E 
63. 1 S E 
64. I S E 
65. I S E 
66. I S E 
67. · · · · I . • · · · · · . S. · · • • · • .E 
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Rate these CENTE~ ANO LANELINE systems: 

Ineffective Semieffective Effective 

68. · · • · I. · · · • · · .S. · · • • · · .E 
69. I S E 
70. I S E 
71. I S E 
72. I S E 
73. 1 S E 
74. I S E 
75. I S E 
76. I S E 
77. · • · · 1 • · · · · • · . s. · • · · • · .E 
7~. r S E 
79. I S E 
80. I S £ 
81. I S E 
82. I S E 
83. I S E 
84. I S E 
85. I S E 
86. I S E 
87. · · • · I. • · • · · · .S. · · • • • · .E 
88. I S E 
89. I S E 
90. I S E 
91. 1 S E 
92. I S E 
93. I S E 
94. I S E 
95. 1 S E 
96. I S E 
97. 1 S E 
98. · • · • I • • · • • • · .5. • · • · • · .£ 
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Select the slide which has the grey and white qualities 
closest to the cdrds presented before you. 

Set 1. a b c d 

2. a b c d 

J. a b c d 

4. a b c d 
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SUBJECTS INSTRUCTUlIS FlIl PART I[ (PHOTOGRAPHS) 

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 wi 11 view 
both slides and photographs. When viewing these photoyraphs you wi I 1 notice 
that the photograph is not the exact scene you see outside. The emphasis with 
the photographs ;s 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 refl ecti ve marKers on the road, and the abi I ity 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 quality of the 
rna r\(e rs on the road. 

You wi II notice your answer sheet is divided in half with answers for the 
5 I ide on the I eft and answers for the photographs on the right. Each 
photograph has a 1 etter on the bad. 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 numbe~ It 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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SLIDES 

SITES 

1. 3. __ 

2. 4. 

Things to look for; 

1. Notice the reflective markers 
in the road. 

2. Not1 ce the 1; ght from the 
headlights. 

3. Notice the brightness of the stripes 
and signs. 

4. Notice the colors in the slide and 
the outside scene. 

5. Compare the Whole scene to each 
slide. 

6. Choose the best slide depicting 
the present road scene. 
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sl:lFFT 

PHOTOGRApHS 

SITES 

1. 3. 

2. 4. 

Things to look for: 

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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E ffeeti ve 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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