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 The overall measurement for the coefficient of retroreflectivity (Ra) is then 

calculated by averaging the points for each color upon the sign face.  The calculated 

coefficient may then be compared with the table given in the MUTCD for compliance.  In 

the case of stop signs, the contrast ratio between the retroreflective measurement of the 

background and legend is then calculated in order to evaluate compliance with the 

required 3:1 minimum contrast ratio of white to red. 

 

3.6.3 Collection procedure 

 After a few preliminary trails it was determined that a three-person team would be 

used to increase safety and efficiency of the data collection process. For increased 

efficiency, each person would have specific task to complete for the various sign 

attributes. Researcher one was the driver of the vehicle and was in charge of loading and 

unloading the ladder as well as taking retroreflectivity measurements. Researcher two 

was the front seat passenger and was in charge of entering data into the hand held GPS 

unit. Researcher three was in charge of taking photographs and sign measurements. The 

sign survey process was broken up into three sequential stages: the (1) setup, (2) 

measurement, and (3) teardown. 

 As the member of the research team took the retroreflectivity measurements, the 

other members of the team began to enter attributes of the sign into the GPS unit. 

Following this survey process the research team was able to measure on average 15 signs 

per hour, which is comparative to pervious collection projects (Vereen, Hummer, and 

Rasdorf, 2002). This average included the time spent traveling between sign locations. In 

the case of a full sign inventory where sign densities were much higher, this collection 
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rate would likely prove much higher.  It is also possible to increase this rate by reducing 

the number of attribute measurements per sign.  

 

3.6.4 Nighttime inspections 

With the assumption that daytime inspection and retroreflectivity measurements 

do not always reflect the nighttime visibility of traffic signs nighttime inspections were to 

be performed.  Inspections were performed by driving corridors where sign 

measurements were taken during the day and issues were observed that had effects on 

nighttime visibility.  Photos were taken of signs that inspectors determined had presented 

problems with nighttime visibility.  The retroreflectivity measurements and condition of 

these signs as attained during the day were then reviewed.  Nighttime inspections were 

also performed for signs that exhibited varying forms of damage to assess their effects 

during nighttime conditions. 
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CHAPTER 4  

DATA ANALYSIS AND PLAN DEVELOPMENT 

 

4.1 Data Collection Overview 

 

To provide the data necessary, a total of 1,433 signs were inventoried and 

measured spanning UDOT’s four regions. The sample size was approximately 1.5% of 

the 95,000 signs UDOT currently maintains.  Under the assumption of a fully unbiased 

sample, this sample would provide for a 95% confidence level with an error of plus or 

minus 3% that the sample would be representative of the overall population. The signs 

sampled provided for a good representation of the overall population with only a few 

acknowledged exceptions.  In further review, consistent sheeting usage and conditions 

present between neighboring maintenance sheds indicate that the signs sampled should be 

representative of the overall populations, although some special circumstances in those 

areas may have been missed. As expected, white and yellow signs make up the majority 

of the surveyed signs. Table 4.1 displays a summary of surveyed signs divided amongst 

UDOT’s four regions. 

 

Table 4.1 Surveyed signs overview. 
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The distribution of signs within the sample categorized by sheeting type and color is as 

follows:  

Sheeting Type Color 

 9% Type I   

 58% Type III  

 13% Type III HIP  

 13% Type IX  

 6% Type XI   

 

 12% Red   

 37% White  

 29% Yellow  

 22% Green 

 In accordance with ASTM E1709-09, four measurements for both the 

retroreflective background and legend, if applicable, were taken for each sign. These four 

measurements were averaged in order to determine the signs overall retroreflectivity per 

the ASTM standard. During the measurement of each sign, special considerations were 

taken to ensure that the retroreflectometer was held vertical and steady against the 

sheeting as well as taking measurements at the same four areas regardless of sign 

damage.  

 

4.2 MUTCD Compliance 

 

One goal of this research was to develop a strategy for assessing the current 

compliance of UDOT maintained signs with the new MUTCD minimum retroreflectivity 

levels.  Also it was desired to determine how different sheeting types were performing 

within the overall UDOT population.  When considering compliance, signs were only 

rejected if the measured retroreflectivity was below minimum retroreflectivity levels. 

Though damage was reported and categorized, in establishing compliance rates, signs 

were never rejected purely based on damage alone.  The measurements did sometimes 
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reflect damage issues as often “dead spots” where found where damage was present on 

areas of the sign that resulted in full loss of the retroreflective properties of the sheeting.    

 Table 4.2 displays the compliance rate for the surveyed signs by sheeting type 

and color.  The numbers shown are the number of signs that were found below the 

minimum retroreflectivity levels.  The rejected column and row indicate the percentage 

of signs rejected within the overall population of the given sheeting type or color. 

The vast majority of all rejected signs were Type I and Type III. This is as 

expected as Type I and Type III produce the lowest measured values of retroreflectivity.  

UDOT, in practice, has begun phasing out the use of Type I sheeting.  The actions of 

UDOT to replace these signs have been justified because 69% of the remaining 

population failing to meet the minimum requirements.  Although there were several 

rejections of Type IX sheeting, all of which were green, the rejection was determined to 

be due to special causes. For the six rejected red signs, one was a stop sign and the 

remaining five were exclusion signs.  For the overall sign sample population the failure 

rate was 9%.  Overall UDOT maintained signs were performing well with having 91% of 

their population at a level at or above the minimum required levels.  

 

Table 4.2 Compliance rates by sheeting type and color. 
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4.3 Sheeting Performance Overview 

 

Currently there are five types of sheeting that has been utilized in the construction 

of traffic signs currently in service.  These types of sheeting are Types I, III, IX, XI, and 

Type III HIP.  The Type III HIP may be classified as other types depending on usage but 

is classified as Type III HIP by UDOT.  Almost all signs observed were manufactured by 

3M Corporation, with some exceptions where Avery sheeting was found. The Avery 

signs were distinctive because the signs had wood backing. 

 

4.3.1 Type I 

 UDOT began phasing out the use of Type I sheeting due to its low levels of 

retroreflectance and corresponding short service life. At the completion of the survey 

period there were no Type I red sheeting signs surveyed. While UDOT currently does not 

place new Type I signs, there is still a considerable population of Type I white, yellow, 

and green signs still in service. 

 The individual manufacturers for each Type I sign were not identified as such 

identification is extremely difficult for engineering grade sheeting.  

Figure 4.1 shows the box and whisker plots for the retroreflectivity values 

measured of Type I signs collected.  On the plot, the horizontal lines shown detail the 

minimum required level of retroreflectivity listed currently in the MUTCD for each color.  

These values detail the minimum required level that must be maintained for the post 

mounted traffic signs that were evaluated. 
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Figure 4.1 Type I sampled retroreflectivity box and whisker. 

 

The mean retroreflectivity level for Type I white signs in the surveyed sample set 

was 36 (cd/lx/m
2
), which is well below the minimum level of 50 (cd/lx/m

2
). Sixty percent 

of all Type I whites failed.  White Type I signs had a high rate of cracking damage which 

is likely the root cause for the increase in failures. Although the majority of Type I white 

signs were found to be non-compliant, there are a few examples that are still perform 

well. In the surveyed sample population, Type I white was usually used for route 

identifications and speed limit signs. 

Yellow Type I had the highest failure rate of any Type I sign color with 80% have 

retroreflective measurements below the minimum levels. Yellow Type I had the high rate 

of vandalism and had mean retroreflective at a third of the minimum level.   Such high 

failure rates are somewhat expected as by ASTM classification the minimum Type I 

measured retroreflectivity is at a level that is equal to the minimum Type I 

retroreflectivity level required by the MUTCD.  For this reason the MUTCD has stated 

that Type I yellow sheeting should not be used for newly constructed traffic signs. 
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Green backgrounds made up the smallest percentage of Type I sheeting with only 

15 being measured during the sign survey. Similar to the other Type I background colors, 

green had a mean measurement of 4 cd/lx/m
2
 that is below the minimum retroreflective 

level. Of the green survey sample, 75% measured below the minimum level. 

In reviewing all Type I signs and Type I failures there were several situations 

unique to this sheeting type.  

 Type I signs sometimes exhibited a type of damage only found in this sheeting.  

Classified when collected as cracking, an example of this type of damage is shown in 

Figure 4.2.  This was assumed to occur when the sheeting face deteriorated to the point 

that the face became powdery and brittle.  This type of damage is easily recognizable 

under daytime inspections.  

Just over half of the Type I signs sampled exhibited this type of damage.  Of the 

signs with cracking damage present 98% were found to be below the minimum 

requirements between all sheeting colors.   

 

 

Figure 4.2 Type I cracking example. 
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Understanding this characteristic damage is important as it was found to be a clear 

indicator that a Type I sign had failed.  While not every Type I sign that failed displayed 

this type of damage had failed, particularly with sheeting colors with high measured 

retroreflectivity such as white, this type of damage may be used under daytime 

inspections to adequately accept or reject a particular sign. 

The percentage of Type I signs currently in service varied greatly by region.  A 

summary of the percentage of Type I sheeting used in the populations of each region are 

shown in Table 4.3. 

  UDOT Region 2 has been the most active in using sheeting other than Type I.  

Primarily consisting of urban areas, signs have been replaced with better sheeting types 

as construction and maintenance has been performed in recent years.  Region 4 had one 

of the smallest percentage of Type I signs in their overall populations but the Type I signs 

still were in some of the best condition.   

Many of the Type I signs that were in compliance with the minimum required 

levels were found in this region.   

 

Table 4.3 Type I sheeting sample by region. 
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Region One and Three both maintained a significant number of Type I signs in 

their populations with the majority falling well below the minimum required 

retroreflectivity levels. 

 

4.3.2 Type III 

Type III beaded sheeting was determined to be the most commonly used sheeting 

by UDOT.  Type III was found throughout the state and used for all manner of traffic 

signs.  The number of Type III signs collected and percentage of overall populations 

within each region is shown in Table 4.4.  

Regions One, Three, and Four all maintain large populations of signs with Type 

III sheeting within their overall sign populations.  Region Two is the only exception with 

Region Two opting for usage of Type III HIP, Type IX and Type XI usage as signs have 

been replaced in the last few years as construction and maintenance has been performed. 

  The UDOT Type III signs were performing rather well with only three percent 

failing.  3M was found to be the primary manufacturer of the majority of Type III 

sheeting used for UDOT’s signs.    

 

Table 4.4 Type III sheeting sample by region. 
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Figure 4.3 shows the box and whisker plots for the Type III sheeting sampled 

during collection. Values for Type III red ranged from a value of 12 to 91 cd/lx/m
2
 with a 

mean of 38 and a standard deviation of 21.
 
 Of 111 signs collected there were only six 

failures.   The failures were all old sheeting where visible damage and fading was 

present.  Two of these signs contained a large degree of vandalism.  Retroreflectivity had 

been lost as solvents and cleaners had been used to remove graffiti from the signs’ faces.  

Figure 4.4 displays an example of this loss as a result of attempting graffiti removal.  

Where an attempt was made to remove paint the retroreflective properties of the sheeting 

was completely lost.  Other areas where no attempt to remove the paint was made 

measured values consistent with the sheeting type and age. 

For all color signs, the maintenance practice of removing such vandalism if of 

particular concern.  While the current practice of removing the paint from the sheeting 

surface improves the daytime legibility of the sign, the act was detrimental to the 

nighttime visibility. 

Of 204 Type III green measured, only two signs were found to be failing.  Values 

measured ranged from 19 to 73 cd/lx/m
2
 with a mean of and standard deviation of 9 

cd/lx/m
2
.  Very few issues were found with the Type III green population where the only 

exceptions being signs that exhibited extreme fading and cracking. The Type III yellow 

sample set contained the highest degree of variability with measured values ranging from 

5 to 394 cd/lx/m
2
.  The mean measurement of the Type III yellow signs was 194 and the 

standard deviation 72.   
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Figure 4.3 Type III sampled retroreflectivity box and whisker. 

 

 

Figure 4.4 Graffiti cleaning attempt. 
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 The majority of failed signs exhibited either extreme damage, weathering, or 

vandalism was present.  Of all signs evaluated yellow sheeting was roughly three times 

more likely to display vandalism than any other sheeting.  Damage was often visible from 

bullet holes, paintballs, and damage from projectiles thrown from vehicles such as glass 

bottles. 

From the samples collected there were no Type III white sheeting failures.  

Observed values ranged from 91 to 394 cd/lx/m
2
 with a mean 275 cd/lx/m

2
 of and 

standard deviation of 36 cd/lx/m
2
.  The Type III population is performing extremely well 

with respect to compliance with the majority of signs well above the minimum required 

standards. 

 

4.3.3 Type III HIP 

The Type III HIP population, though small, was performing very well within the 

state.   Type III HIP sheeting refers to the Type III cube corner prismatic sheeting utilized 

by UDOT.  While classified by UDOT as Type III HIP, these signs may also be classified 

as other sheeting types depending on usage.  Because of this, the measured values of such 

sheeting are significantly higher, relative to Type III beaded sheeting.  Table 4.5 shows 

the percentage of usage of Type III HIP signs within each region. 

There was deviation between values of the measure values of Type III HIP signs.   

This is rather unusual as many of the signs measured appeared to be fairly recently placed 

into service.  A possible explanation is provided in a following section relating to 

construction and orientation of signs using prismatic sheeting.  The box and whisker plots 

displaying the values measured are shown in Figure 4.5. 
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Table 4.5 Type III HIP sheeting sample by region. 

 

Type III red values ranged from 15 to 225 cd/lx/m
2
 with mean of 122 and a 

standard deviation of 52.7.  White values ranged between 270 to 890 cd/lx/m
2
with a 

mean of 646.8 and standard deviation of 142.4.  Yellow values ranged between 189 to 

627 cd/lx/m
2
 with a mean of 434.6 and standard deviation of 86.  Green values ranged 

between 47 to 141 cd/lx/m
2
 with a mean of 101.2 and a standard deviation of 20.3. 

 

Figure 4.5 Type III HIP sampled retroreflectivity box and whisker. 
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4.3.4 Type IX 

 In recent years there has been a push within UDOT to utilize prismatic sheeting.  

While Type III HIP, and Type XI sheeting is being placed for new projects, 3M Type IX 

sheeting is currently the most common sheeting placed during new construction and 

maintenance projects.  Table 4.6 shows the percentage of usage of each sign per region.  

  Overall the Type IX population was performing very well with the oldest known 

signs placed in 2005.  The only exceptions where signs were found to be failing were 

found with green Type IX signs.  Further review of these signs identified special 

problems unique to the construction of these Type IX signs.  The box and whisker plots 

for the overall Type IX populations of all colors are shown in Figure 4.6.  

The mean and standard deviation for Type IX green was observed at 72.6 and 

29.79 cd/lx/m
2
, respectively.  There were 5 Type IX green signs that failed.  Almost all 

other signs maintained measured values far above the minimum standards.  An 

investigation of these failures identified a problem with the construction of certain signs 

found in the Trapper's Loop area of Region One.   

 

Table 4.6 Type IX sheeting sample by region. 
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Figure 4.6 Type IX sampled retroreflectivity box and whisker. 

 

 The primary problem occurs where on certain signs where the legend was cut out 

of a green overlay and that overlay was placed over white sign sheeting.  The manner of 

this construction resulted in cracking in across the face of the sign and premature failure 

in signs that were relatively recently placed.  Figure 4.7 displays an example of this type 

of failure found.   

There were also several signs with green Type IX backgrounds that were found 

failing where the white legend failed due to the improper use of Type III beaded sheeting 

as a legend overlay.  This is not a problem With the Type IX sheeting itself but highlights 

the advantages of consistency of material usage within sign sheeting. 
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Figure 4.7 Type IX sheeting overlay failure. 

 

 The Type IX white signs were found to be far above the minimum, with the 

lowest recorded sign displaying a measurement of 338 cd/lx/m
2
.  The overall population 

had a mean measured value and standard deviation of 587.55 and 160.96 cd/lx/m
2
, 

respectively.   

 There where two categories of Type IX Yellow currently being used, either 

yellow or florescent yellow green.  The MUTCD allows for the usage of florescent 

yellow green sheeting for the applications of pedestrian, bicycle signs and school 

crossing signs and UDOT has used them in recent years for school crossings.  During 

sampling, 68 yellow Type IX signs were collected along with 10 yellow green.  The 

mean measured retroreflectivity and standard deviation for yellow sheeting was 452.14 

and 134.14 cd/lx/m
2
, respectively.  For the florescent yellow green the mean and standard 

deviation was 477.35 and 62.51 cd/lx/m
2
,
 
respectively.  Considering a minimum required 

level of 75 cd/lx/m
2
,
 
the population of Type IX yellow sheeting was performing 
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extremely well.  This is likely a result of the relatively new sheeting of Type IX signs in 

service, as well as the high starting coefficient of retroreflection required for new Type 

IX sheeting.   

 Type IX red sheeting currently in service again was performing extremely well 

with an average measured coefficient of retroreflectvity of 102.11 and a standard 

deviation of 34.49 cd/lx/m
2
.  

 

4.3.5 Type XI 

 Type XI sheeting was the least used sheeting type found from the sample of 

UDOT signs.  The breakdown of population by region of the sample is shown in Table 

4.7.  There were no samples of Type XI collected in Region One although the actual 

population may differ if overhead guide way signs had been considered for the sampling 

procedure.  

With respect to compliance with the minimum required retroreflectivity levels, 

the Type XI sheeting population performed the best as expected with the majority of 

signs well above the minimum required levels.  As with other prismatic sheeting this is to 

be expected as these are some of the most recently placed signs and Type XI sheeting has 

the highest starting coefficient of retroreflectivity of any sheeting currently being used by 

UDOT.   

Figure 4.8 displays the box and whisker plot of the signs that were sampled with 

Type XI sheeting and where they sit in accordance with the minimum required levels.   
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Table 4.7 Type XI sheeting sample by region. 

 

   

 

 

Figure 4.8 Type XI sampled retroreflectivity box and whisker. 
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 The Type XI green sheeting sample population had the tightest distribution of all 

the Type XI sheeting with a mean measured coefficient of retroreflectivity of 

94.85 and a standard deviation of 18.98.   

 The red Type XI sheeting sample population had a mean measured coefficient of 

retroreflectivity of 124.64 and 45.91.   

 The yellow Type XI sheeting sample population had a mean measured coefficient 

of retroreflectivity of 56.77 and 101.28, respectively.   

 The white Type XI sheeting sample population displayed a mean measured 

coefficient of retroreflectivity of 556.77 and 101.28, respectively.   

 All of these values were well above the minimum required levels.  Assumptions 

on long term performance of Type XI are difficult to make as the majority of these signs 

have been newly introduced to the overall population of signs maintained by UDOT.  

With all other sheeting types, while exact installation dates may have been unknown, 

relative ages may be determined by construction type or location and can assist in 

determining if over all if there were specific problems contributing to premature 

retroreflectivity loss.  Continued monitoring will be necessary to better understand how 

Type IX sheeting is performing. 

 

4.4 Rotational Sensitivity 

 

When collecting the sample sign data, a great degree in variation in the 

measurement of many recently placed traffic signs that utilized prismatic sheeting was 

observed.  This tremendous variation was evident when reviewing the plots for signs 
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where installation dates where known.  Because the tracking of sign installation data is a 

relatively new procedure for UDOT, and has taken some time for implementation, the 

samples with known sign installation data was fairly low.  As such, for UDOT currently 

deterioration modeling would be quite difficult as there is such limited installation data 

available.  Despite the small data set with known installation dates, an extreme degree of 

variation is clearly evident in signs that were recently placed as seen in Figure 4.9.  These 

measurements were for signs that did not display signs of damage. 

 

 

Figure 4.9 Known sign installation date plots. 
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 From the extremely limited installation data, the overall sample for some colors 

and types was very small.  While small, it still left to question why there was such wide 

range of values found from even newly placed signs of the same type and manufacturer 

with no damage or weathering present. 

 The greatest ranges of measurements were seen in Type IX, Type XI, signs with 

white and yellow backgrounds.  To further determine possible causation for the range of 

values measured new signs, less than 1 year old, were reviewed.  Table 4.8 provides an 

example of the range of values of measurements recorded by researchers for Type IX and 

Type XI signs that were placed within one year of inspection and had no visible damage 

or weathering.  All these signs were constructed with sheeting produced by 3M. 

Further evaluation of these signs identified a possible explanation to this variation 

regarding an issue of inefficiency with the construction of many of UDOT's newly placed 

traffic signs.  The problem identified relates to the rotational sensitivity of the sheeting 

used for a large majority of signs placed within recent years.   

 

Table 4.8 New prismatic sheeting measurement ranges. 
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 While the sheeting utilized by UDOT for many of their new signs is designed to 

be usable at any orientation, due to the utilization of cube corner retroreflection, the 

sheeting is most effective when placed at a specific orientation.  The range of values 

measured varies greatly depending on the orientation with which the sheeting was placed 

with much sheeting not being placed at the optimal orientation.  This issue was 

discovered primarily for Type III HIP, Type IX, and Type XI Sheeting where signs 

throughout the state were discovered that the sheeting was oriented at varying degrees.  

This issue is further exaggerated when measurements are taken with a point 

retroreflectometer.  Figure 4.10 shows an example of the range of values possible from 

sign construction with sheeting in varying conditions when sign sheeting is placed at 

varying orientations.  The measurements were taken from three types of white sheeting 

currently being used by UDOT.  The figure shows the signs at 0 and 90 degree 

orientations.  With the sheeting on these signs, the orientation can be determined by the 

pattern seen in the white background. 

 

 

Figure 4.10 Rotational sensitivity of new white sheeting. 
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Similar distributions were found for other Type IX and Type XI sheeting 

currently being utilized by UDOT.  Sheeting placement in varying orientations was found 

for all background color types.  The majority of yellow signs constructed of any type of 

prismatic sheeting within UDOT were discovered to be placed at an orientation less then 

optimal.   

 There has been very limited research with regards to the overall effect of 

rotational sensitivity.  In reviewing the effect researchers determined the visibility loss is 

largely dependent upon distance (Carlson and Hawkins, 2003).  At closer distances the 

loss is relatively significant while at longer sight distances the effect was found at times 

negligible.  The degree of sensitivity is largely dependent upon the construction of 

individual sheeting.  ASTM standards detail that any sheeting with more than a 20% 

change in values when the sheeting is rotated, the sheeting must be marked with the 

direction that is optimal.  Manufacturers have followed this in the construction of sign 

sheeting, but it was observed that both DOT's and local agencies often have disregarded 

the optimal orientation. 

 This has been identified as a great inefficiency problem with the management of 

traffic signs.  The various methods identified by the FHWA for managing traffic sign 

retroreflectivity either depend upon performance through inspection, or assumed 

performance through control signs or replacement schedules.  As signs are placed at 

varying orientations, the rotational sensitivity will create problems as signs will either 

need to be replaced sooner than necessary or predictions may not necessarily represent 
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the overall population of signs depending on differing sign sheeting construction 

procedures.  

 

4.5 Sign Damage 

 

 Damage and weathering are of particular concern in the development of an asset 

management strategy to maintain the visibility of traffic signs.  Damage is a problem that 

affects both the day and nighttime ability of signs to convey their proper messages and 

presents particular problems with respect to retroreflectivity.  Even small amounts of 

damage that may not be fully visible during the daytime conditions can have a large 

effect upon the signs ability to convey messages under nighttime conditions.  The overall 

percentage of damaged signs varied greatly by region and environment.  Damage was 

classified as either being major or minor dependent upon the overall effect of the message 

of the sign.  Major damage included any degree of damage on the sign face that affected 

the legibility of the sign.  Table 4.9 summarizes damage rates throughout UDOT’s four 

regions by percentage of overall population.  

 Damage is a major issue for UDOT maintained signs.   Of the signs sampled for 

the project, there were a significant percentage of signs found with some degree of 

damage.  Contrary to prior presumptions, large populations of damaged signs were not 

solely limited to rural areas.  Varying types of damage were found in all regions and 

urban classifications although certain individual types tended to be more prevalent in 

some areas.  Signs sampled in UDOT Region Two were among the lowest populations to 

exhibit some degree of damage.   
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Table 4.9 Damage summary by region and color. 

 

 

Many of the signs were newer than found in other regions as in the more urban 

environments, maintenance activities that included sign replacement tended to be more 

active although damage was often found even with newly placed signs. 

 

4.6 Nighttime Inspections 

 

 In order to better under understand the overall effect that damage has upon the 

nighttime visibility of traffic signs, signs with varying types and degrees of damage were 

reviewed.  Additionally, routes were driven under nighttime conditions to identify unique 

situations where local retroreflectivity has been lost on signs. 

 Types of damage can be segregated into two distinct groups, manmade or natural.  

Manmade damage includes vandalism, vehicle collision damage, and damage caused 
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inadvertently by vehicles such as snow and gravel thrown from a snowplow’s blade or 

rocks and sand thrown form vehicles wheels.  Natural damage includes damage from 

wind, snow and rain, the sun and other environmental strains.  Signs with excessive 

weathering are generally found to be the result of a combination of natural exposure. It is 

sometimes difficult to determine the exact cause when bending has occurred on street 

signs have occurred.  Deformation of signs that did not include any form of bracing was 

observed during inspections when vehicles of larger size and greater speed passed 

although it was generally assumed that higher degrees of bending around the base support 

was the effect of high natural winds. 

 Vandalism is of particular concern when considering sign retroreflectivity as often 

it has been found to have the most profound effect on sign retroreflectivity of any damage 

type.  Additionally vandalism was shown to detract the most of any damage type from a 

signs ability to convey its proper message.  Types of vandalism found included bullet 

holes, paint balls, thrown projectile damage, graffiti, stickers and other damage.   

 Before field inspections, it was assumed that projectile damage from firearms 

would be the most detrimental of any manmade damage to nighttime visibility.  This was 

determined to not necessarily be the case.  While partially dependent upon projectile and 

sheeting type, in most cases observed this type of damage had little effect upon the 

nighttime visibility of the signs.  Figure 4.11 shows an example of a sign with large 

amounts of projectile damage that, while in poor condition, the projectile damage itself 

does not remove its ability to convey the intended message.  With some newer prismatic 

sheeting bullet hole damage presented a slightly greater problem as layers of the sheeting 
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appeared to delaminate after the initial damage had occurred resulting in a loss of the 

retroreflective properties surrounding the location of damage.  

Perhaps one of the greatest surprises when collecting data during field evaluations 

was the overall frequency of occurrence, and detrimental effect, that paintball damage has 

on nighttime visibility.  Paintball damage was found in nearly all areas sampled outside 

the very most urban.  There are two general problems associated with paintball damage.  

First, the impact area itself displays a large loss in retroreflectivity due to a combination 

of damage and paint reducing the ability for light to reflect back at its source.  Second, 

during data collection signs were found where paintball residue had been removed from 

signs and the removal process had cause significant problems.  The cleaning solutions 

used had completely destroyed the sheeting’s retroreflective properties.   

 

 

Figure 4.11 Bullet hole damage. 
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 Large populations were found with paintball damage in some areas.  On some 

more rural routes, every sign on long stretches of highway had been hit by varying 

numbers of paintballs.  The large impact zones leave large areas where retroreflectivity is 

lost.  A few well placed paintballs can completely remove a signs intended message. 

Paintball damage was also found to be difficult to assess during daytime inspections due 

to the faint residue that is left behind.  Paintball damage shown under day and nighttime 

conditions is shown in Figure 4.12. 

Similar to paintball damage, graffiti also can greatly affect nighttime visibility.  

Additionally, similar is the difficulty in its removal and the damage to retroreflective 

sheeting that can occur from the removal process.  In most areas graffiti as well as sticker 

damage was most prevalent on signs that were placed close to the ground.   Damage was 

also found on some signs of considerable height but often such was determined as areas 

where snow buildup allowed for easier access for vandals.  This is a particular problem 

on roadways leading to and from ski resorts within the state where high densities of 

graffiti and sticker damage was found.   

 

 

Figure 4.12 Paintball damage. 
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Bending damage was observed as a result of a variety of causes.  The resultant 

damage can reduce nighttime visibility in a number of ways.   

For both daytime and nighttime visibility, bending damage presents problems and 

signs can be bent away from the driver’s view.  With respect to retroreflection, this 

presents an additional problem with light not being reflected in the proper angle, optimal 

for the driver, further reducing the nighttime visibility of the sign.  Though not extreme, 

such damage was observed to be most problematic with newer prismatic sheeting.  Two 

issues were observed with these newer sheeting types.  Cube corner prismatic sheeting 

does not provide the same efficiency of retroreflection when light enters from peripheral 

angles than from entrance at an angle perpendicular to the sheeting.  Secondary to this 

issue, during data collection a problem was observed when extreme bending damage had 

occurred peeling was often present on the legend.  The overlay on the prismatic sheeting 

came free from the background sheeting.  The type of peeling observed as a result of 

bending was only observed for newer sheeting.  Older Type I sheeting did appear to be as 

vulnerable to such bending issues.  Figure 4.13 displays an example of the observed 

issues when bending occurs with newer sheeting types, both bending and retroreflectivity 

loss.  

 

4.7 Conclusions on Findings and Contributions 

 

 The field collection and data analysis performed for this research has identified 

several unique considerations new to the management of the nighttime visibility of traffic 

signs.  
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Figure 4.13 Issues presented with bending damage on prismatic sheeting. 

 

In the case of UDOT’s sign assets, these findings present a potential paradigm 

shift from the previous assumptions regarding the best prospective management 

practices. 

In addition to new findings, this research also highlights some considerations that, 

while previously know, should have greater precedence and concern than previously 

thought in current practices. 

 

4.7.1 Damage management vs. retroreflectivity management 

The findings provided by this research provide new insight into the management 

of retroreflectivity and nighttime visibility of traffic signs, through the usage of damage 

assessment.  For UDOT maintained signs, reviewing signs that were sampled provide 
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indication that managing sign damage, as well as visible weathering, could be the key to 

managing the nighttime visibility of traffic signs in a practical manner. 

The basic assumption prior to performing data collection for this research was that 

managing and tracking retroreflectivity alone was the central component to maintaining 

the nighttime visibility of an agency’s traffic signs.  This is understandable as this is the 

idea that led to establishing minimum retroreflectivity levels, with retroreflectivity itself 

being a proxy for nighttime visibility.   

Prior to performing field evaluations, the high percentage of damaged signs found 

throughout UDOT maintained signs was unknown.  Additionally, it was unknown the 

varying affects that each type and degree of damage had on both the retroreflectivity and 

nighttime visibility of UDOT maintained signs.  Given the data collected, aside from 

Type I sheeting where current standards dictate should not be used, it appears that signs 

maintained by UDOT are far more likely to be damaged long before their intended 

warranty lives or potential useful lives as determined by retroreflectivity measurements 

alone.  While not potentially the case for all agencies, in the case of UDOT, managing 

sign damage may prove the most practical and effective means for both maintaining sign 

retroreflectivity, as well as nighttime visibility. 

 Using the example of Type III Yellow signs, where the majority of failures 

outside of Type I signs, 85% of failures were found to exhibit easily visible damage and 

weathering.  It is important to note that all these failures represent an extremely low 

percentage of the overall populations, as with any sheeting type above Type I there were 

very few failures.  Additionally it is important to note as well that the Type III signs 
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sampled included signs that were assumed to be anywhere from 1 to 15 years old, with 

many a minimum of 10, very few failures were found.  Yellow sheeting is also the most 

sensitive to failure of any color type.  While review of the data indicates that presence of 

any damage type alone, aside from Type I cracking, is not indicative of retroreflectivity 

failure, field assessment provided indication that damage is potentially of greater concern 

then retroreflectivity failure for the sampled populations.  This was validated as during 

collection when damage was found, such as paintball damage, which was detrimental to 

the nighttime message conveyance of the sign.  In many cases the established procedure 

for retroreflectivity measurement indicated that such signs would pass retroreflectivity 

standards, but the damage itself would render the message difficult to interpret under 

nighttime conditions.  Again, acknowledging that damaged signs do not always correlate 

to retroreflectivity failure, it is interesting when reviewing Type III yellow failures, the 

replacement of signs with vandalism present alone would eliminate nearly half of all 

failures. 

 Previously when considering nighttime visibility, damage has been viewed in 

relation to just retroreflectivity loss, rather than a primary player in the loss of nighttime 

visibility.  With the high percentage of damaged UDOT signs, and a review of the 

problems sometime presented by such damage, it is far more logical for UDOT to 

maintain nighttime visibility of traffic signs through the daytime and nighttime 

assessment of damage and overall visibility.  Given the sampled signs and experiences 

attained during field evaluations, such assessments would also provide for compliance 

with minimum retroreflectivity standards.  In the case of UDOT, focusing on the 
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assessment of damage under nighttime conditions, while still removing signs with 

recognizable retroreflectivity loss, will likely ensure both compliance with the minimum 

retroreflectivity levels required, as well as fulfill its purpose of increasing nighttime 

visibility and safety. 

 Reviewing the data collected regarding cracking damage and failures also 

provided new insight into assessing retroreflectivity failure of Type I signs.  Previous 

research has always indicated extreme difficulty in visually assessing retroreflectivity 

failure during daytime conditions.  In most cases this is potentially true, with the 

exception of cracking damage found present on the majority of Type I failures of UDOT 

maintained signs.  In Utah, on UDOT maintained signs, there is potential to assess Type I 

signs remaining for failure by quickly inspecting for the presence of cracking damage as 

demonstrated in this research.  When evaluating Type I White and Green collected the 

data collected indicates potential for using this damage type for failure assessment.  In 

reviewing all Type I White, and Type I Green signs collected, if assessment was made 

relative to the presence of cracking damage the success rates of selecting the failed signs 

out of the overall populations would be 77% and 91%, respectively.  Such success rates 

either meet or exceed the success rates of most nighttime inspector accuracy studies.  

While these results are limited to assessment of the data collected from UDOT 

maintained signs, and further study and validation would need to be performed, it could 

prove useful for an agency that still maintained a large population of Type I signs similar 

to those utilized by UDOT. 
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4.7.2 Additional considerations for evaluation 

 This research brought attention to several additional considerations relating to the 

management of sign retroreflectivity. While previously known, such considerations have 

not been previously viewed to have the significant impact that was determined during the 

course of this research.  Such knowledge can prove extremely beneficial to an agency 

that is developing their strategy to maintain their traffic sign assets.  These considerations 

include sheeting uniformity on traffic signs, rotational sensitivity of sign sheeting, 

vandalism control and problems with maintenance practices. 

 In the construction of signs placed throughout UDOT’s jurisdiction several cases 

were found where a certain type of sheeting had been overlaid upon another.  In some 

cases this resulted in a premature failure of the sign that could have been averted if the 

legend had been constructed as the same material as the background. 

 Rotational sensitivity problems have been identified throughout Utah on signs 

maintained by both UDOT and other agencies.  When managing signs for 

retroreflectivity, great inefficiencies can occur from sign construction with sheeting in 

varying orientations. Additionally, without uniformity in sheeting placement, future 

tracking and performance forecasting will prove extremely difficult. 

 Prior to field investigations, the vandalism problems that plague many of UDOT’s 

maintained signs were unknown.  In particular is the number of signs with paintball 

damage.  Such vandalism can prove extremely detrimental to the ability of signs to 

maintain their nighttime visibility.  While difficult, efforts to curb such vandalism may be 

beneficial to an agency such as UDOT considering the prevalence of such damage, as 
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well as the cost it carries on agency budgets.  When considering such damage, the field 

evaluations also highlighted the need for great care to be taken during maintenance 

practices.  Attempts to remove vandalism, while improving daytime visibility, if done 

improperly can completely destroy the signs nighttime visibility. 

 

 

4.8 Plan Development 

 

 A sign management strategy that includes maintaining minimum retroreflectivity 

levels is a staged process that includes compliance, implementation, and continuing 

maintenance.  Implementing all aspects of the plan becomes far more complex when 

considering the budgetary constraints that agencies must consider when managing such 

assets.  With such complexities, the primary goal of maintaining the nighttime visibility 

of the traffic signs must be central to any plan.  In the case of UDOT, the primary goal is 

to bring the assets currently maintained by the agency into compliance the simplest, 

cheapest, and most feasible method possible.    

 

4.8.1 Compliance 

To facilitate compliance with the minimum retroreflectivity levels provided in 

Table 2A-3 of the 2009 edition of the MUTCD there are several options available.  These 

options include a total blanket replacement of all signs currently in service, full 

assessment of sign populations and replacement of non compliant signs, and replacement 

of signs of specific sheeting types or characteristics. 
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 From reviewing the data collected from the sampled signs, for UDOT the most 

logical step to bring compliance would be the removal of all remaining Type I sheeting.  

From the signs sampled it is estimated that 69% of the current Type I population is below 

the minimum retroreflectivity levels required by the MUTCD.  The remaining population 

itself is not far above the minimum standards required for each of the sheeting colors.  If 

only the failing Type I were replaced, while it would bring a great degree of compliance 

careful monitoring would be required in order to catch the Type I signs as the failed in 

the future. The replacement of Type I sheeting is recommended as the best option for 

bringing compliance, as replacing all remaining Type I will increase the overall degree of 

compliance from 91% to 97%.  The MUTCD already details that Type I yellow sheeting 

should not be use for traffic signs.  The replacement of Type I sheeting and usage of Type 

III or better would require little field assessment and provide far better insurance of 

compliance then the continued use of Type I. 

 While replacing all Type I would be the simplest method of bringing overall 

compliance, such replacement would require a great amount of resources.  There are 

several options for reducing the amount of resources necessary to bring current 

compliance.  One such option includes the usage of the data gathered through the 

collection process.  Cracking unique to Type I sheeting was found for 51% of the Type I 

population.  This particular classification of weathering is easily identifiable and nearly 

98% of signs that exhibited such damage failed to meet minimum retroreflectivity 

standards.  The quick assessment and replacement of all Type I signs that exhibited 

cracking would provide estimated compliance of 95% throughout the state.  While ideally 
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all Type I signs would be replaced as a plan is implemented to maintain minimum 

retroreflectivity levels of traffic signs, this could provide a cost effective option to 

temporarily ensure a high degree of compliance while other options may be explored. 

 Another feasible option to bringing UDOT’s sign population into compliance is a 

full inventory that also includes either retroreflective measurement or visual nighttime 

inspection.  These options, while carrying additional costs, provide the best overall 

assessment of performance.  This may also be the most feasible option for continued 

maintenance and as such beneficial to incorporate when bringing the population into 

compliance.  Nonetheless, given the lesser performance of Type I sheeting in contrast to 

all other sheeting types a complete blanket replacement of all Type I sheeting would be 

overall beneficial to the agency. 

 

4.8.2 Plan selection and management options 

 In order to select a plan, or combination of plans, to maintain a minimum 

retroreflectivity level, individual strengths and weaknesses must be reviewed and 

contrasted with the situation of a particular agency.  Each individual management or 

assessment method carries its own individual advantages and disadvantages. 

Additionally, the revealed problem of sign damage highlighted in this research opens the 

door to either new or other possible combinations of management strategies not 

previously considered for implementation. 

 Visual Nighttime Inspection can be a less expensive method of assessing 

nighttime visibility.  It is also one of the easiest ways to assess other conditions affecting 

the nighttime visibility of signs beyond retroreflectivity, such as the effect of vandalism. 



92 
 

 

One drawback to performing nighttime inspections is the uncertainty regarding the 

accuracy with which inspectors reject signs below the minimum required retroreflectivity 

levels. 

 Measured Sign Retroreflectivity is the most direct method of assessing sign 

retroreflectivity.  Measurements taken may be compared directly to those provided in the 

MUTCD.  One major disadvantage is the additional cost involved with the time and 

equipment required.  Additionally the measured values do not always completely reflect 

the actual nighttime visibility of the sign. 

 Expected Sign Life and Blanket Replacement utilize the expected service life in 

the determination of the optimal time for replacement.  These methods are simple, 

however, but there are many issues including management and inefficiency.  These 

methods do not account for damage as signs are replaced upon set schedules and not 

based upon performance. 

 Control Signs are used as samples for the overall population for sheeting of 

similar types to determine when signs are to be replaced.  This method can provide 

assistance in determining how the agency’s assets are performing over time.  Drawbacks 

include the uncertainty with which the control signs represent the overall population.  As 

with the other management methods, these methods do not account for signs that need 

replaced due to unforeseen reasons that occur. 

 To fully comply with the requirements given in Section 2A.08 of the MUTCD it 

is it would be advantages that UDOT adopt a combination of both visual assessment and 

management methods.  This determination is made as a result of the data collected for 
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signs throughout the state considering performance, damage rates, maintenance and 

feasibility.  This would also facilitate the ability to manage retroreflectivity and sign 

damage simultaneously.  As damage was determined as the key factor in reducing the 

nighttime visibility of UDOT maintained traffic signs, visual assessments for sign 

damage will deal with both issues. 

 The review of UDOT's existing inventory and asset management structure 

revealed that any plan that relied heavily upon the tracking of assets is largely impossible, 

without large investments of resources for full inventories.  Moving toward the future this 

may be an option that could be implemented over time but cannot serve as a primary 

management method for meeting current deadlines or total future compliance.  

Additionally, with the limited installation data that UDOT has maintained maintaining 

the current population through control signs or widespread replacement at warranty 

periods is impossible without complete blanket replacement of all of UDOT's assets as a 

starting place. Again given the damage issues present, as well of a gap in understanding 

of rates of damage and retroreflectivity loss, such a management plan would likely not be 

effective. 

 For initial implementation of a plan, the best option would be to adopt a method 

for visually assessing the retroreflectivity of signs.  A visual assessment method can 

provide important data to UDOT, as the most vital function of a sign is to communicate a 

particular message to drivers.  Research has shown that inspector accuracy in the 

selection of non compliant signs can be relatively high given proper training.  If visual 

assessment is used it will be critical for UDOT to maintain focus on replacing damaged 
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signs that have loss visibility as it will be more efficient and crucial than previously 

assumed retroreflectivity assessment. 

 Given the damage rates recorded during the data collection process, a visual 

assessment method would provide the most direct means of assessing overall visibility.  

Management methods that rely on sign life or consistency of signs populations were 

determined to be largely impractical for UDOT given the likelihood a sign would be 

damaged, or experience extreme weathering, before its possible retroreflective life under 

controlled conditions.   

 While currently not feasible, the use of a management method, such as the use of 

control signs, may be both possible as well as advantageous for certain cases in the 

future.  In highly urbanized areas and along urban interstates, sign damage is less 

prevalent and a management method is more feasible.  However, in rural areas, damage 

and vandalism is more likely to be the determining factor of when replacement in 

necessary.  This may be especially advantageous in managing costly overhead interstate 

signs that rarely see damage. 

 Establishing a control sign procedure can provide a useful tool for assessing the 

useful service life of sheeting being placed by DOTs.  Currently there is insufficient data 

within Utah on the various sheeting used for traffic signs to properly determine 

replacement periods outside the manufacturer’s warranty. Other state DOTs have 

determined that useful life may safely be extended beyond the manufacturer’s warranty, 

which indicates that a blanket replacement at the end of the warranty would be 

inefficient.  Establishing a control sign set for annual monitoring can provide assistance 
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with establishing these periods as well as the frequency with which visual inspections 

should be occurring.  As data is collected from these control signs, additional guidance 

can be provided to increase the efficiency of sign replacement. 

 The data collected indicated a high rate of sign damage in UDOT Regions One, 

Three, and Four.  With Region Two being consisting of more urban areas, sign damage 

was less prevalent.  For this reason a more uniform sign management method is feasible 

in Region Two. Nighttime inspection is also necessary in order to ensure signs are 

properly conveying their intended messages.  Developing a future plan that includes 

tracking and inventory management through an OMS system would create opportunities 

for increased efficiency.  Performing a statewide inventory would be extremely beneficial 

if performed as funding allows. 
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CHAPTER 5  

CONCLUSION AND FUTURE WORK 

 

5.1 Conclusion 

 

 With budget constraints and limited resources, it is imperative that transportation 

agencies adopt comprehensive management strategies for managing an agency’s assets.  

The requirements for maintaining sign assets listed in the MUTCD has increased 

awareness for the need for an efficient management strategy.  This mandate has also 

increased the need to better understand all the relevant situations that relate to 

maintaining the nighttime visibility of traffic signs.  This research was motivated from an 

urgent need to develop a practical methodology that can be employed for both assessing 

traffic sign assets and for policy development. 

 In reviewing current literature, this research identified a clear need for the 

development of a simple, as well as practical, methodology for assessing and analyzing 

the performance issues of traffic signs for a large DOT.  Previous research relating sign 

management methodology has been largely theoretical and has yielded few conclusive 

results that may be used in the development of a plan to manage of traffic sign 

retroreflectivity.  With deadlines quickly approaching for plan development, this research 

attempted to fill this gap by providing a methodology that would facilitate the fulfillment 

of these needs.  Additionally, this research provides specific methodology for 

highlighting issues that must be addressed when developing an efficient plan to manage 

the nighttime visibility of traffic signs. 
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 The application of this methodology proved successful in highlighting many 

issues and needs relating to the management and maintenance of traffic signs that were 

previously unknown to UDOT.  This also provided for the development of a new option 

in managing sign retroreflectivity through the focus of damage evaluation and 

maintenance.  The large percentages of damaged signs and the associated effects they 

have on nighttime visibility and retroreflectivity loss for UDOT maintained signs was 

previously unknown.  The data collected provided new insight into where the focus of 

sign asset management should be for UDOT, and potentially for other DOTs.  Focusing 

on managing signs through the assessment of sign damage can provide a method that 

maintains minimum retroreflectivity requirements, while fully reaching the goal of 

improving the nighttime visibility of traffic signs.  The data collected provided for the 

determination that sign damage mitigation would alleviate relatively all of UDOT’s sign 

retroreflectivity issues, with the only exception being the current use of inferior and 

inappropriate sign sheeting.  The research also identified a new means for potentially 

identifying Type I sheeting failures through cracking evaluation.   

The application of this methodology, as well as the resulting data analysis, also 

provided insights into key issues that must be addressed if large inefficiencies were to be 

eliminated in the DOT’s management practices.  Such issues include proper construction 

of traffic signs to account for rotational sensitivity and consistency in the use of certain 

sheetings for various applications.  These highlighted issues provide important 

considerations for future management and research efforts relating to sign sheeting 

performance.  Additionally, this research highlighted issues relating to the practicality of 
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some of methods proposed for managing sign retroreflectivity.  For UDOT management 

methods that require detailed sign construction information and performance 

measurement are nearly impossible.  This is likely similar for many other DOTs, as little 

is known as to how signs really perform over time after being placed in service.  In the 

case of UDOT, applying the methodology highlighted the need to explore other issues 

that impact the nighttime visibility of traffic signs that possibly surpass the need to 

monitor retroreflectivity alone. 

 

5.2 Future Work 

 

 Developing a practical methodology for the assessment and management of the 

nighttime visibility of traffic signs is just the first step in the development of a robust 

asset management strategy.  This research highlighted the need to further assess areas 

outside of retroreflectivity alone, as is the case with sign damage, which must be 

addressed further.  This research has identified other areas where future research will be 

vital in order further accomplish the overall goals of efficient and effective traffic sign 

asset management.  These areas include: 

 The development of a procedure to classify and identify damage as it 

relates to both daytime and nighttime visibility.  The development of 

damage metrics to assist inspectors in the process of selecting signs in 

need of replacement. 

 Research including the forecasting of sign damage and damage rates as 

well as timeliness of specific maintenance practices. 
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 Specific implementation strategies for managing traffic sign assets.  There 

is a need to refine current tracking and management methodology in order 

to facility modeling the performance of traffic sign assets. 

 The development of visual assessment methodology.  Specific 

methodology for assessing traffic signs under both night and daytime 

conditions for assessing damage, visibility, and overall compliance.  

 Additional validation in using cracking damage to determine failures in 

certain Type I sheeting. 
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