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the edge of pavement, and the orientation of the sign face were also recorded. Figure 2.6 

displays the retroreflective performance of the three colors measured during this research. 

The unwashed sign performance closely mirrored the cleaned measurements in the 

ODOT project. Yellow sheeting deteriorated at a faster rate than white, while green 

sheeting had nearly not observed deterioration rate. Using the three recorded sign 

attributes along with sheeting color, 12 performance equations were developed to forecast 

sheeting deterioration. Prior to this study, there was anecdotal evidence that the 

orientation of the sign face was a significant factor in sheeting deterioration. For the 

sample population surveyed by the research team, the F-test on the data determined that 

orientation and distance from the edge of pavement were not statistically significant (20).  

In 2002, the Indiana Department of Transportation (INDOT) conducted a study to 

assess traffic sign performance on roadways under INDOT jurisdiction. The study 

focused on ASTM Type III sheeting for red, white, and yellow signs. The report  

 

FIGURE 2.6  DOTD Type III deterioration trends (20)  
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conducted analysis on 1,341 in-service traffic signs (21). 

Although developing a deterioration model was not the primary focus of the 

study, analysis was carried out for the three different sheeting colors. The results for 

white sheeting matched those of the previous studies conducted by ODOT and DOTD, 

with a very slight decrease in retroreflectivity over time. For yellow colored sheeting, the 

deterioration trend line was steeper which again matched the data from the ODOT and 

DOTD reports. Where the INDOT report differs is the recorded deterioration rate for 

white on red sheeting over time. Contrary to the ODOT and FHWA study, the INDOT 

report displays a steep deterioration trend line for white on red sheeting, shown in Figure 

2.7. This report did agree with the insignificance of sheeting deterioration due to the 

orientation of the signs face.  

 

FIGURE 2.7  INDOT Type III red deterioration (21) 
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While trying to design an efficient nighttime inspection procedure for the North 

Carolina Department of Transportation (NCDOT), researchers reviewed data to try and 

determine any potential correlations between sign age and retroreflective deterioration 

(22). At the conclusion of the collection effort, 1,029 traffic signs of all four major colors 

were collected, with 60 percent of them being Type I sheeting. A general regression 

analysis was performed on the different sheeting colors and results were plotted by 

measured retroreflectivity versus the sign age. Linear, Logarithmic, Polynomial, Power, 

and Exponential curves were then fitted for each of the data sets. The best coefficient of 

determination, R
2
 = 0.48, was observed on Type III sheeting using a polynomial curve fit, 

displayed in Figure 2.8. Due to the low degree of correlation for all of the sheeting types 

and colors, the researchers decided to extract the data from previous deterioration studies 

and plot new curves. This new data set included data from the FHWA (23), ODOT (19), 

DOTD  (20), and INDOT (21) deterioration studies. Even with the increased sample 

population size, correlation between retroreflectivity and sign age was still consistently 

 

FIGURE 2.8  NCDOT polynomial deterioration for Type III red sheeting (22) 
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low for all types and colors. Extrapolating the expected service life of a sign from these 

curves produced service lives ranging from 17 to 80+ years. In addition, green sheeting 

tended to increase in retroreflectivity with age, which is counterintuitive.  

The most resent deterioration analysis was completed for the Pennsylvania 

Department of Transportation (PennDOT). By the completion of the collection effort, 

1,000 traffic sign were measured that had experience a minimum of ten years of service 

(24). The service life analysis was limited to Type III sheeting. The deterioration trend 

for Type III yellow sheeting is shown in Figure 2.9. Although the linear trend of age and 

retroreflectivity had a weak coefficient of determination, R
2
 = 0.25, the researchers were 

confident that, for Type III sheeting of all colors, an expected life of 15 years could be 

expected. 

The majority of deterioration trends were able to determine that signs do 

deteriorate over time but were unable to determine any significant contributing factors to 

the deterioration of retroreflective sheeting other than the age of the sheeting. Knowing 

the expected service life of a sheeting color and type combination would allow agencies 

to budget for expected sign replacements. The majority of the deterioration trend had R
2
 

that were less than 0.25, which shows that factors other than age contribute to sheeting 

deterioration. Additional the majority of deterioration trend analysis has been conducted 

on Type I and Type III sheeting. UDOT continues to implement more prismatic sheeting 

into the sign population ensuring the visibility of the sign will become less vital. Most 

prismatic sheeting has retroreflectivity efficiencies that are 10 times greater than the 

minimum levels. Assessing the legibility of traffic sign will become more important than  
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FIGURE 2.9  PennDOT Type III yellow deterioration (24) 

 

 

its visibility and more of an emphasis will need to be placed on damage rates. 

 

 

2.4.3 Traffic Sign Damage Studies 

There has been limited previous research into the damage rates of traffic signs 

managed by an agency. Several studies have focused on the determination of the service 

life of traffic signs, but did not focus on the rate of sign damage. In 1991, a FHWA report 

stated that rural areas had a high frequency of vandalism damage (23). Another report by 

McGee and Paniati, while not discussing damage rates, concluded that the effects of 

damage on traffic signs should not be ignored (5). The report recommended that signs be 

visually inspected in order to ensure legibility and visibility but was silent on the issue of 

the frequency of inspection. This conclusion was reinforced by a report for the North 

Carolina Department of Transportation in 2002 (25). From 2005 to 2010 researchers at 
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North Carolina State University completed several reports that discussed observed 

damage rates of NCDOT traffic signs (22) (26). A total of 1,057 traffic signs were 

measured by the completion of the collection effort. Damage was organized into three 

categories: human caused, nature and non deliberate human damage. Of note is that the 

majority of the sign population was made up of Type I and Type III sheeting with little 

evaluation of the damage sensitive prismatic sheeting. Within the sample, dominated by 

Type I and Type III sheeting, researchers found that approximately four percent of all 

annual sign replacements were the direct result of damage (26). By identifying locations 

where increased damage rates are expected, agencies can begin to fine-tune assessment 

intervals and to develop mitigation strategies in the continuing effort to increase motorist 

safety. With the continued implementation of prismatic sheeting in UDOT’s sign 

population, maintaining the nighttime legibility of traffic signs is expected to become 

more important than simply ensuring its visibility. 

 

2.5 Recommended Methods for Maintaining Retroreflectivity 

 

 

Coupled with the minimum retroreflectivity levels established in the MUTCD 

there were five recommended methods for maintaining sheeting retroreflectivity. These 

five recommended methods are categorized into two groups: assessment and management 

(1). The difference being that assessment strategies evaluate the performance of 

individual traffic signs and management methods group signs by like attributes and 

manage them by expected group performance. The recommended methods provided in 

the MUTCD guidance section are: 
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I.     Visual Nighttime Inspection 

II.     Measured Sign Retroreflectivity 

III.     Expected Sign Life 

IV.     Blanket Replacement 

V.     Control Signs 

 

Where methods I and II are assessment methods and III, IV, and V are 

management methods. Implementation of a single, combination or a different method 

(that has documentation proving its validity) would achieve compliance with the 

MUTCD standard for maintaining retroreflectivity. The standard states that “public 

agencies or officials having jurisdiction shall use an assessment or management method 

that is designed to maintain sign retroreflectivity at or above the minimum levels” (1). 

The support for the above standard states that as long as a method is being used an 

agency would be considered compliant ever if individual signs do not meet the minimum 

retroreflectivity levels (1). Regardless of what method is selected by the agency, the 

proper identification of sheeting types is critical for accuracy and completeness. 

Therefore, FHWA has provided a traffic sign retroreflectivity identification guide, which 

aides in determining sheeting types produced from a variety of manufacturers, shown in 

Figure 2.10. 

 

2.5.1 Visual Nighttime Inspection Method 

Visual nighttime inspection involves the assessment of the retroreflectivity of an 

in-service traffic sign by a trained sign inspector. Visual nighttime inspection has been 

demonstrated to be the most likely means for identifying a variety of nighttime visibility 
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problems associated with traffic signs. Agencies using this assessment method should 

develop a training procedure for inspectors and establish guidelines for their individual 

agency to manage the performance of signs. This training should facilitate the ability of 

an inspector to discern between signs that meet minimum retroreflectivity levels and 

those that are near or below standards (10). What makes visual inspection so 

advantageous to agencies is the ability to assess the retroreflectance of a traffic sign while 

identifying other issues with nighttime visibility. FHWA has approved three procedures 

for the visual inspection method: the calibration signs, comparison panel, and consistent 

parameters procedure. No matter the visual inspection method the following general 

guidelines should be followed: inspection must take place at night, at normal travel way 

speeds, in the right most travel lane, while using low-beam headlights (10) (28).  

 

2.5.1.1 Calibration Sign Procedure 

Calibration sign procedure involves inspectors viewing full scale traffic signs that 

are close to the minimum required retroreflectivity level to “calibrate” their eyes for that 

night’s inspection. Due to the observation angles that typically govern traffic signs (+0.2 

degrees and +0.5 degrees), they should be viewed at a sight distance ranging from 200 ft 

to 500 ft (29). The calibration process should take place in the same vehicle used for 

nighttime inspection. The calibration signs can either be permanently mounted at a 

maintenance station or can be stored in between inspections to reduce the deterioration of 

the sheeting. Currently, minimum retroreflectivity kits produced by manufacturers are 

available for a quarter of the price of portable retroreflectometers (30).  
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FIGURE 2.10  FHWA sheeting identification guide (27) 
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2.5.1.2 Comparison Panel Procedure 

Comparison panel procedure require that inspectors clamp small sheeting panels 

on traffic signs that appear to perform below minimum retroreflective levels and  

determine if the sign is as bright as the panel. Typical dimensions for comparison panels 

are 6” by 6” sheeting samples (31). Unlike the calibration sign procedure, inspection 

crews do not need to calibrate their eyes prior to beginning the inspection. Instead they 

identify signs that appear to be near the minimum retroreflectivity levels and clamp the 

panel to the sign. Using a flashlight of adequate brightness an inspector assesses the 

sign’s retroreflectance and determines if it exceeds the panel, as shown in Figure 2.11. 

Signs that appear less bright than the panel should be scheduled for replacement, as is the 

case in Figure 2.11. As the inspection continues, the inspectors effectively calibrate their 

eyes throughout the night as they determine what the performance of a marginal traffic 

sign is. Because inspectors will need to exit the vehicle and clamp the comparison panels 

to the traffic sign, this visual inspection method would be more time consuming than the 

calibration sign procedure. 

 

 

FIGURE 2.11  Example of comparison panel procedure (31) 
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2.5.1.3 Consistent Parameters Procedure 

Utilizing the consistent parameters procedure requires visual inspection of traffic 

signs to be conducted under conditions that are similar to those used in the development 

of the minimum retroreflective levels. This requires a sport utility vehicle or pick-up  

truck model year 2000 or newer. The inspector must be an individual age 60 or older. 

Inspectors then travel along the roadway at normal driving speeds and reject signs that 

are not legible for the 60 year old inspector (28). Due to the required inspector age, many 

agencies would have to hire senior citizens to assist in the inspection process. This 

requirement diminishes the feasibility of this method for most agencies. 

 

2.5.1.4 Visual Inspection Accuracy 

The major concern of visual nighttime inspections is the subjective nature of the 

retroreflectivity performance. Nighttime inspections must maintain consistent testing 

procedures, while attempting to compare a qualitative visual assessment with the 

quantitative minimum retroreflectivity standards. The accuracy of nighttime inspection is 

dependent upon the amount of training the individual has received. 

Inspectors in Washington State who only received limited training could correctly 

classify regulatory and warning signs with accuracies of 75 and 74 percent, respectively 

(32). Researchers at North Carolina State University (NCSU) shadowed NCDOT 

inspectors during the annual visual nighttime inspection and concluded that, for Type I 

sheeting of all background colors, inspectors could accurately detect failed signs 64 

percent of the time (26). Depending on the inspection crew, correct detection for all 

traffic sign types varied between divisions ranging from 54 percent to 83 percent. 
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Furthermore, NCSU determined that individual inspectors who received detailed training 

could increase the accuracy of regulatory signs up to 82 percent (22). There is limited 

data available for inspector accuracy when it comes to Type III sheeting because the 

majority of infield signs have not degraded near the minimum retroreflective levels. 

In order to evaluate the effects of inspector age on the accuracy of visual 

inspection, Purdue University briefly trained college students as sign inspectors (33). A 

total number of 1,743 traffic signs were first assessed using nighttime inspection and then 

later by the measured retroreflectivity method. The results of the study are summarized in 

Table 2.5. Type I error is defined as signs that inspectors failed but were later measured 

as passing signs and type II error is defined as signs that pass visual inspection but fail 

when the retroreflectivity was measured.  

A contributing factor that should be considered in the accuracy of visual 

inspection is difference in retroreflective performance by sheeting type. The minimum 

values to be classified as a newer prismatic sheeting are six times greater than the 

minimum retroreflectivity levels. A Type IX would have to lose 86 percent of its 

TABLE 2.5  Purdue University inspector accuracy summary (33) 
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retroreflectivity before it fell below the minimum levels. This means that, as agencies 

begin to implement more efficient prismatic sheeting into their sign population, 

underperforming traffic signs will become easier to identify.  

An additional factor that might discourage agencies from implementing a visual 

nighttime inspection is accruing overtime pay for sign inspectors. There are several ways 

to avoid this scenario one being to hiring seasonal interns and train them as sign 

inspectors. As stated above in the Purdue University report, college age inspectors can 

correctly detect failing traffic signs with a high degree of accuracy (33). 

Although FHWA provided a guidance statement for visual nighttime inspection in 

Paragraph 6 of Section 2A.08 of the MUTCD as: 

The retroreflectivity of an existing sign is assessed by a trained sign inspector 

conducting a visual inspection from a moving vehicle during nighttime 

conditions. Signs that are visually identified by the inspector to have 

retroreflectivity below the minimum levels should be replaced. (1) 

 

Many agencies failed to recognize the support statement for this guidance in Paragraph 5 

of Section 2A.08 which provides a reference to the 2007 Edition of FHWA’s 

“Maintaining Traffic Sign Retroreflectivity” document that provides addition information 

on all of the recommended assessment and management methods (28). Within this 

document FHWA divided visual assessment into the three aforementioned methods. 

Therefore, if an agency wants to utilize a different form of visual inspection, like daytime 

inspection, they must provide an engineering study that proves the validity of the method. 

2.5.2 Measured Sign Retroreflectivity Method 

The other assessment method stated by FHWA in the MUTCD is measured sign 

retroreflectivity, which requires the agency to have access to a portable 
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retroreflectometer. The retroreflectometer returns numerical values that can be directly 

compared to the minimum retroreflectivity levels. This eliminates the greater part of the 

subjectivity presented by visual inspection. Following ASTM E1709-09 standards, four 

measurements are required for each retroreflective sheeting present on the sign. In order 

to describe the overall performance of the traffic sign, the four measurements are 

averaged (29). Collecting retroreflectivity measurements for every sign within an 

agency’s jurisdiction requires the dedication of people-hours and therefore is cost 

prohibitive. Collection rates vary, depending on the number of attributes that are being 

measured, from 10 to 25 signs per hour (32) (34). 

There are two types of retroreflectometers and, due to the geometric differences 

of the receiver aperture, the recorded measurements can significantly vary. Both types of 

retroreflectometer produce valid measurements, but values should not be compared 

between different retroreflectometers. For sign sheeting that is considered rotationally 

insensitive, both retroreflectometers produce similar values. The measured 

retroreflectivity of prismatic sheeting, which is rotationally sensitive, can significantly 

vary depending on the type of retroreflectometer. Since annual retroreflectometers 

essentially take the average of several points, they are less than sensitive to the 

orientation of the retroreflectometer. The measured value produced by point 

retroreflectometers can vary up to five percent for every five degrees of rotation from 

optimal (29).  Therefore, the type of retroreflectometer combined with the rotation of the 

retroreflective sheeting or retroreflectometer can drastically affect the measured 

retroreflectivity of the traffic sign.  


