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August 1, 2006
To Whom It May Concern:

Sign Retroreflectivity: Fiscal Impact of Proposed Minimum
Retroreflectivity Values on Local Governments in Indiana and
Investigation of the Accuracy of Nighttime Inspections
________________________________________________________________________
Please find attached the results of the sign retroreflectivity study. The purpose of this
study was to investigate the fiscal impact of the proposed minimum retroreflectivity
standards on local governments within the State of Indiana. Also, this study surveyed the
accuracy of nighttime inspections as compared to the more laborious daytime measured
retroreflectivity methods. Currently, there has been no substantial research into the fiscal
impacts of such requirements. The objective of this document is to provide local
jurisdictions with an estimate of the financial burden to be expected if these standards are
passed and subsequently published in a future edition of the Manual of Uniform Traffic
Control Devices (MUTCD).
Enclosed will be found the results from analysis of field data obtained during June 2006.
Estimates performed on the collected data suggest that the fiscal impact of these proposed
standards will be felt greatest by cities with an estimated statewide total cost of $6.6
million. The statewide fiscal impact on counties and towns was estimated to be $4.9
million and $2.7 million, respectively, for a combined total impact of $14.2 million. The
analysis also showed that the nighttime inspection method demonstrated an 88 percent
level of accuracy and was completed in approximately half of the time that it took to
obtain the measured retroreflectivity. Please refer to the body of the document for
comments and recommendations.
For questions related to the information and recommendations included in this report,
please contact me at the phone number or address listed below.

Sincerely,

Program Manager
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ABSTRACT
To remain effective, traffic signs need to be clearly legible to all motorists. Their
retroreflectivity is an important factor in their legibility. Recently, the Federal Highway
Administration (FHWA) has proposed a set of minimum retroreflectivity values to which all
signs shall conform. The purpose of this study was two fold; to investigate the fiscal impact of
these proposed minimums on roadways managed by counties, cities, and towns within in the
State of Indiana and compare the accuracy of a simple nighttime inspection method to the more
labor intensive measured retroreflectivity method.
Estimates performed on the collected data suggest that the fiscal impact of these proposed
standards will be felt greatest by cities with an estimated statewide total cost of $6.6 million.
The statewide fiscal impact on counties and towns was estimated to be $4.9 million and $2.7
million, respectively, for a combined total impact of $14.2 million. The analysis also showed
that the nighttime inspection method, with minimally trained personnel, provided an 88 percent
level of accuracy and was completed in approximately half of the time that it took to directly
measure retroreflectivity. It is recommended that agencies initiate a structured sign inspection
and replacement program that incorporates a nighttime inspection method. The proposed six
year phase in period, in conjunction with this structured sign inspection and replacement
program should help to reduce the immediate fiscal impact felt by local governments within the
State of Indiana.
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INTRODUCTION
Traffic signs are an essential infrastructure in a transportation system. As stated in Section
2A.01 of The Manual on Uniform Traffic Control Devices (MUTCD), “The functions of signs
are to provide regulations, warnings, and guidance information for road users (1).”
To remain effective, all signs used throughout the United States must have certain qualities that
enable them to accurately display their intended information so there is no ambiguity for the
motorist with regard to its contents or instructions. A major factor in this ability is the sign’s
retroreflectivity characteristics. The level of retroreflectivity becomes even more important
when considering the aging population of the United States. As Americans get older, several
changes occur in their vision which directly relate to driving. These changes include reduced
visual acuity, reduced visual contrast sensitivity, increased susceptibility to glare/slower glare
recovery, reduced sensitivity to changes in angular size and motion, poorer visual pattern
perception and visualization of missing information, less efficient visual search, and reduced area
of visual attention (2).
Section 2A.08 of the MUTCD states that, “Regulatory, warning, and guide signs shall be
retroreflective or illuminated to show the same shape and similar color by both day and night,
unless specifically stated otherwise in the text discussion in this Manual of a particular sign or
group of signs (1).” Recent studies by the Federal Highway Administration (FHWA)
recommend minimum requirements for sign retroreflectivity. Presently, no such requirements
exist in the MUTCD.
If minimum standards were implemented, it would be appropriate to expect that an agency would
experience some level of fiscal impact. The degree of this impact has not yet been thoroughly
examined. Furthermore, accepted practices for inspecting signs for retroreflectivity are still
evolving.
OBJECTIVE
Recent efforts by the FHWA to develop minimum standards for sign retroreflectivity have raised
questions concerning the financial impact of these requirements on local governments and
municipalities. The reason for the development of minimum standards is to provide a level of
quality to which an agency should provide. The purpose of this study was to investigate the
above question in the state of Indiana, for roads owned and maintained by counties, cities, and
towns. State-owned roadways were excluded from this study because previous studies have
shown that proposed retroreflectivity standards are currently met by state maintenance practices
(3). This study also evaluated the effectiveness of the simple visual nighttime inspection method
as compared to the more labor intensive measured retroreflectivity method.
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LITERATURE REVIEW
Since its advent in 1935, the MUTCD has contained requirements for signs mandating that
reflective elements be used in the sign face in order to enhance their visibility at night. This
requirement does not currently define minimum requirements for sign retroreflectivity. Since
1971, the language provided in the MUTCD had remained unchanged until Congress directed the
Secretary of Transportation to include revised standards for minimum levels of retroreflectivity
as part of the 1993 Department of Transportation Appropriations Act (4).
Minimum retroreflectivity values were first proposed in 1993, but those values were not
published in that year’s edition of the MUTCD (4). Publication of the proposed minimums was
deferred because the American Association of State Highway and Transportation Officials
(AASHTO) felt that the proposed levels still needed to be revised to ensure that they would be
easy to understand and apply. Another recommendation proposed by AASHTO was that
agencies be allotted a 6 year compliance period (4).
Following the AASHTO recommendation, the FHWA revised the original minimum
retroreflectivity levels. These updates included accounting for changes in sheeting type defined
by ASTM. In 2003, the research was completed which produced a revised set of levels (5).
These levels are provided in Table 1 (5, 6). Those proposed levels are shown in Table 1 and
apply to all signs except:
• Parking, Standing, and Stopping signs (R7 and R8 series).
• Walking/Hitchhiking/Crossing signs (R9 series, R10-1 through R10-4b).
• Adopt-A-Highway signs.
• All signs with blue or brown backgrounds.
• Bikeways which are not immediately adjacent to a roadway and that are intended for
exclusive use by bicyclists and/or pedestrians.
As defined in the proposed guidelines, the following list defines bold and fine symbol signs:
• Bold Symbol Signs (6)
W1-1 – Turn
W1-4 – Reverse Curve
W1-7 – Large Double Arrow
W1-10 – Horizontal Alignment &
Intersection
W2-4 – T Intersection
W3-1a – Stop Ahead
W4-3 – Added Lane
W6-3 – Two-Way Traffic
W11-3 – Deer Crossing
W11-5p,6p,7p – Pointing Arrow
Plaques
W12-1 – Double Arrow

•

W1-2 – Curve
W1-5 – Winding Road
W1-8 – Chevron

W1-3 – Reverse Turn
W1-6 – Large Single Arrow
W1-9 – Turn & Advisory Speed

W2-1 – Cross Road

W2-2,3 – Side Road

W2-5 – Y Intersection
W3-2a – Yield Ahead
W6-1 – Divided Highway Begins
W10-1,2,3,4 – Highway-RR
Intersection Advance Warning
W11-4 – Cattle Crossing

W2-6 – Circular Intersection
W3-3 – Signal Ahead
W6-2 – Divided Highway Ends

W11-8 – Fire Station

W11-10 – Truck Crossing

W11-2 – Pedestrian Crossing
W11-5 – Farm Equipment

Fine Symbol Signs: All signs not included in the Bold Symbol Signs (6)

Some studies have been performed to quantify the impact that these regulations would have on
both state and local agencies (3, 7, 8). It has been shown that local agencies would incur a larger
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fiscal responsibility than the state agencies. This is due to local agencies overseeing a larger
percentage of the roadways that exist in the United States and that they often have weaker
maintenance practices (7). Approximately 75 percent of all the roadways in the United States are
maintained by local agencies. In addition, there are also administrative and implementation
impacts that must be taken into account (8).
Although the subject of sign retroreflectivity has been, and will continue to be, thoroughly
examined, very few studies have focused on the fiscal impacts of stricter guidelines. Some
studies were performed to investigate the impact of the 1993 proposed minimum retroreflectivity
for traffic signs, but research using the 2003 minimums is very limited, especially as it pertains
to local agencies. In the state of Indiana, the Indiana Department of Transportation (INDOT)
oversees sign maintenance and replacement along all state and federal highways as well as all
state roads. It was estimated that over 98 percent of the ASTM Type III sheeting signs
maintained by INDOT passed the 1993 FHWA proposed minimum retroreflectivity (3). Another
estimate states that approximately 4 percent of signs scheduled for replacement in 2000 or 2001
were below the 1993 FHWA proposed minimums (9). However, the traffic signs maintained by
local agencies can have completely different results depending upon sheet material and
replacement schedules of each agency.
This research had two objectives: 1. Investigate the accuracy of visual nighttime inspection as a
means of checking current signs in use. This is a cost-saving method of determining which signs
look to be in compliance and which would need to be replaced. A quantitative evaluation of this
procedure has been provided. 2. This research also evaluated the financial impact on local
agencies due to the implementation of the 2003 minimum retroreflectivity guidelines. It aimed
to estimate the change in costs for each agency to remain compliant with the new proposed
minimums.
DATA COLLECTION PROCEDURE
The Federal Highway Administration suggests a variety of methods for maintaining minimum
levels of sign retroreflectivity. In general, these methods can be classified into two groups:
visual nighttime inspection and measured retroreflectivity. This study used both of the
aforementioned methods. First, the researchers, with approximately three hours of informal
training, performed nighttime inspections of the randomly selected miles of roadway. During
this inspection, the researchers collectively judged whether or not a given sign was in
compliance based on reflectivity only. A score of pass or fail was then assigned.
The second stage in the data collection process was done using the measured retroreflectivity
method, requiring the use of a retroreflectometer. This is a device that emits a pulse of light and
quantifies the amount of that pulse that is reflected back to the source. This quantity is displayed
as a ratio of light reflected (cd) to the light projected onto the sign surface and is defined as the
coefficient of retroreflection (Ra). Each color was measured three times and then averaged to
represent the final retroreflectivity value. This value was then compared to the minimum values
proposed for publishing in the MUTCD, provided in Table 1. The retroreflectometer used in this
study was the Sign Master 920 SE.
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Throughout the entirety of this study, both of the above methods of retroreflectivity measurement
were performed on un-wiped signs. The reason for this is due to the fact that each sign in this
study will be observed in its raw state (i.e. un-wiped) by passing motorists. Also, the randomly
selected miles of roadway were proportionally selected based upon classification so that the
results may be extrapolated to represent the compliance of any local agency in the state. This
was done such that the selected miles represented the appropriate breakdown by functional class
and jurisdiction (i.e. town, city, and county) currently seen within the state of Indiana. The
breakdown of roadway distribution was obtained from the Indiana Local Technical Assistance
Program (INLTAP) report, 2001 Summary of Road and Street Inventory Data for Indiana LPA’s,
published in June 2001. Table 2 summarizes the data presented within that report. A summary
of the breakdown of roadways from this research is given in Table 3. Only the top three
contributing functional classes within each agency were considered for this study.
A few issues were not factored into the results of this study. These include, damage to the sign
not causing it to fail the proposed minimum standards (i.e. bullet holes, slight bending), improper
use of a sign, improper sign size, improper sign location from the edge of travel lane, improper
sign height above travel lane, and also sign post compliance. While each of these are quite
important and should be closely monitored, the scope of this research did not include those
variables.
DISCUSSION: Conformance to Proposed Standard
As shown in Table 3, the sample set consisted of 182.8 miles of county roads, 29.9 miles of city
roads, and 12.1 miles of town roads for a total of 224.8 miles of roadway. These were
distributed amongst six counties, five cities, and five towns. From this sample of roads, the
researchers examined 614 county signs, 836 city signs, and 293 town signs for a total of 1,743
signs. The signs within each jurisdiction were grouped into three categories: guide, regulatory,
and warning. Table 4 summarizes the signs’ compliance to the proposed MUTCD
retroreflectivity minimums as well as the compliance of the sheeting type.
The proposed MUTCD standards include a restriction on the sheeting type for both black on
orange or yellow and white on green signs. This restriction does not permit the use of Type I
sheeting (engineering grade). For a description of the available sheeting types, please refer to
Figure 1. Table 4, tabulates several instances where a sign satisfied the proposed retroreflectivity
minimums yet would need to be replaced because it failed to satisfy the sheeting type
requirement. In fact, some of the black on yellow signs with engineering grade sheeting found in
service yielded retroreflectivity values above 75, which, from Table 1, is the highest minimum
required for black on yellow signs. However, these signs failed to comply with the standards due
to the sheeting type restriction. This can be observed by noting the difference in sign totals
between the column representing the number of signs with measured retroreflectivity below
minimums and the column representing the number of signs with non-compliant sheeting in
Table 4. The signs that were found to exhibit acceptable levels of retroreflectivity appeared to
have been recently erected and therefore had not weathered substantially so as to reduce their
retroreflectivity below the required minimum. Also from Table 4, one can observe that,
excluding guide signs due their low occurrence, the group with the greatest overall failure rate
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(over 30 %) for each of the jurisdictions was warning signs based on both retroreflectivity and
sheeting type non-compliance.
The results of this study were also broken down by road class to illustrate the distribution of sign
failures that each class showed. These results, shown in Table 5, are based upon the full set of
requirements in the proposed MUTCD standards, including sheeting type restrictions and
retroreflectivity minimums. In the counties, the signs on major rural collector roads faired the
worst with a failure rate of approximately 52 percent, whereas, the overall failure rate for all
county roads was just under 34 percent. The fact that the highest failure rate occurred on the
most heavily traveled functional class in a county opposes the expectations of the researchers. In
general, one would expect that the highest traffic areas would be maintained to a much higher
standard. This, however, was found to not be the case with sign maintenance on these major
roadways. The critical functional class in the cities was the minor urban arterial, with a failure
rate of just under 41 percent. Overall, the city signs had a nearly 34 percent failure.
Approximately 40 percent of the total town signs failed to comply with the proposed standards
with the largest contribution coming from minor urban arterial roads which exhibited a twothirds failure rate. It should be noted that the sample size for the more heavily traveled roadways
was quite a bit smaller than that of the less busy roads.
DISCUSSION: Performance of Nighttime Inspection
Table 6 provides an analysis of the visual nighttime inspection accuracy. The table is organized
to show the distribution of type I errors, type II errors, and correct ratings. For clarity, a brief
discussion of the difference between type I and type II errors may be helpful. Figure 2 shows
that a type I error occurs when a sign receiving a grade of fail during the nighttime inspection
receives a grade of pass when the actual retroreflectivity is obtained and compared to the
proposed minimums. Type II error, on the other hand, occurs when a sign receiving a grade of
pass during the nighttime inspection receives a grade of fail when the actual retroreflectivity is
obtained and compared to the proposed minimums. The correct rating column signifies that the
proper grade of either pass or fail was assigned during the nighttime inspection (11). The table is
organized so that similar signs were grouped together to demonstrate which groups exhibited the
greatest inaccuracy by the researchers. Excluding group 5 due to their low occurrence, it can be
seen that the group exhibiting the greatest discrepancy was group 4 when examining type I errors
(3.1 %) and group 4 when examining type II errors (13.0 %). The group with the highest
accuracy was sign group 1, which exhibited an accuracy of nearly 91 percent.
Figures 3 through 5 provide the graphical representation of the information presented in Table 6.
Each plot shows the type I errors, type II errors, and correct ratings in relation to the minimum
requirements. The few signs that the researchers identified as being covered in removable
material are also shown.
One recurring issue encountered by the researchers, which contributed to the aforementioned
errors, was one regarding faded red sheeting. Throughout the study, several white on red signs
were found to have become extremely faded over time, yet still passed the proposed
retroreflectivity and contrast requirements. An example of this is shown in Figure 6. This
phenomenon exists because as the red fades, the white underneath begins to become revealed,
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thus increasing the red retroreflectivity reading. Visually, the sign becomes a blur of white;
however, the retroreflectivity measurements indicate that the sign would pass the required
minimums. Since the retroreflectivity of the red sheeting increases due to the fading, the sign
often passes the minimum requirements for retroreflectivity, but the increase is not substantial
enough to cause the sign to fail due to contrast. The same effect occurs in some “stop ahead”
signs, as shown in Figure 7. Since there is no contrast minimum for these signs, the red can fade
until it is completely white and still comply with the standards. One noteworthy point is that
some signs had a large contrast ratio and looked to be brand new during the nighttime inspection.
But, as shown in Figure 8, the retroreflectivity of the red sheeting was too low, thus rendering the
sign non-compliant with the proposed minimums.
Another interesting observation from the analysis of the data is revealed when the time log
recorded during collection is included. The visual nighttime inspection method was completed in
approximately 52 percent (2 times as fast) of the time required to complete the measured
retroreflectivity method. The nighttime method was completed at a rate of 28 signs/hour, 93
signs/hour, and 49 signs/hour for counties, cities, and towns, respectively. Whereas, the
measurement method was completed at a rate of 21 signs/hour, 48 signs/hour, and 31 signs/hour
for counties, cities, and towns, respectively. Comparing these rates reveals that the visual
nighttime inspection method was completed in a much quicker fashion than was the
measurement method. Also worth noting, which is shown in Table 6, is the pass/fail accuracy
level of approximately 88 percent when performing the visual nighttime inspection. That is, the
researchers correctly identified whether or not a sign was in compliance approximately 88
percent of the time. Therefore, 12 percent of the signs were incorrectly identified and would thus
have been either replaced when they were in fact in compliance or not have been replaced when
they were actually not in compliance. A final note to mention pertains to the rates provided
above. These rates are directly proportional to the sign density within counties, cities, and
towns. From this study, it was found that a sign density of 3.4 signs/mile, 27.9 signs/mile, and
24.3 signs/mile was observed for counties, cities, and towns, respectively.
DISCUSSION: Fiscal Impact of Proposed Minimums
By compiling a series of replacement costs, an average cost of replacement per sign involved in
this study of $64.58, presented in Table 7, was determined. This cost includes contributions
made by the labor, overhead, prepared sign sheeting, and sign post. It does not, however, include
the cost associated with sign anchors or brackets. This average was computed assuming that
high intensity sheeting material (i.e. diamond grade was not considered) mounted on a U-channel
post will be used and that the replacement crew will consist of two laborers, a part time
supervisor, and a truck. The wages for each crew member were adjusted to account for cost of
benefits incurred by the jurisdiction. It should also be noted that a typical sign size was selected
in determining this average and thus above average sign sizes could greatly affect its value.
Using this average, combined with sign failure density, an estimate of the cost per mile of
roadway (based on functional class) for counties, cities, and towns was determined. These costs
per mile are also presented in Table 7. As can be seen, towns exhibit the greatest cost per mile
with a total roadway cost per mile of $620.69 whereas counties exhibit the lowest cost per mile
with a total roadway cost per mile of $73.49. It must be noted, however, that the costs
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determined within Table 7 should only be used for comparison purposes and could change
substantially as the variables involved in its determination are altered (i.e. increase in sign cost).
Using the total statewide mileage from Table 2 and the total roadway costs per mile from Table
7, it was determined that the proposed minimums will cost local agencies in the State of Indiana
an estimated $14.2 million with $4.9 million coming from counties, $6.6 million coming from
cities, and $2.7 million coming from towns. Please refer to Example 1 for a demonstration of the
calculation of the fiscal impact to be experienced by a jurisdiction.
Example 1: Fiscal Impact Calculation
The City of Purdue has 50 miles of streets in its jurisdiction broken down into 6 miles of minor
urban arterials, 5.5 miles of urban collectors, and 38.5 miles of urban local roads. It has come
time to determine the budget for sign replacement and therefore an estimate of cost has been
requested by the City Council. Due to the urgency of the request, the City of Purdue is not able
to determine each sign’s compliance to required minimum standards within the city limits.
Therefore, the Street Commissioner must obtain an estimate using the data provided by the Local
Technical Assistance Program. This data, summarized in Table 7, shows the failed sign density
as a function of the functional class. Before using the data provided, the Street Commissioner
estimated an average sign cost for his/her city. This cost was estimated at $70 per sign.
C1 = F1*SC*M1;

C2 = F2*SC*M2;

C3 = F3*SC*M3;

TC = C1 + C2 + C3

where, SC = Average Sign Cost ($70.00 per sign);
F1 = Failed Sign Density for Minor Urban Arterials (10.7 signs per mile);
M1 = Total Miles of Minor Urban Arterial Within Jurisdiction (6.0 miles);
C1 = Total Cost for Minor Urban Arterial ($4,494.00);
F2 = Failed Sign Density for Urban Collectors (7.6 signs per mile);
M2 = Total Miles of Urban Collectors Within Jurisdiction (5.5 miles);
C2 = Total Cost for Urban Collectors ($2,926.00);
F3 = Failed Sign Density for Urban Local Roads (9.5 signs per mile);
M3 = Total Miles of Urban Local Roads Within Jurisdiction (38.5 miles);
C3 = Total Cost for Urban Local Roads ($25,602.50);
Using the calculated costs for each of the three functional classes, a total cost was then estimated.
This cost is a sum of C1, C2, and C3, above. Therefore, the final total estimate for sign
replacement for the City of Purdue was $33,022.50.
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CONCLUSION
This research suggests that an agency could realize cost savings if they use a nighttime
inspection procedure as compared to the more laborious daytime measurement method. The
results presented previously support the notion that the nighttime inspection method is not only
cost effective but also reasonably accurate. This accuracy could be further enhanced with more
extensive training and experience. Alternatively, a hybrid approach could be used where
nighttime inspection and measured retroreflectivity are performed on alternate years.
This research also showed that a significant number of the signs in the sample set that was
examined would not comply with the proposed MUTCD standards. The percentages of noncompliant signs in the counties, cities, and towns were 33.9 percent, 33.9 percent, and 39.6
percent respectively.
A manageable situation that contributed to the high failure rates was the accumulation of
removable materials on signs. This includes, but is not limited to, food products and soil. Some
of the signs in the sample set that failed the visual nighttime inspection were found to be dirty
upon returning to complete the retroreflectivity measurement. If the given agency observed the
same phenomenon, the sign could quickly be cleaned and possibly prevent the need for
replacement. While the sign might have failed during the visual inspection, it could have
adequate retroreflectivity and simply been shielded by the dirt. This would generate savings
both in material costs and a portion of the labor costs.
Upon completion of the study, a few recommendations have been noted by the researchers in
regards to the proposed MUTCD retroreflectivity minimums. The issues of faded red sheeting
should be further examined. It was noted that many of the apparent discrepancies that were
observed could have been addressed had the contrast ratio requirements been set at four and/or a
maximum retroreflectivity for red sheeting been established based on sheeting type.
Although the proposed minimums will require a relatively large portion of the county, city, and
town signs be replaced, the analysis has shown that it will cost agencies within the state an
estimated $14.2 million. Also, it should be noted that many of the problematic signs surveyed
could be part of a sign replacement program and thus have already been accounted for in a
jurisdiction’s budget.
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b) Side 2
Figure 1 FHWA Retroreflectivity Sheeting Identification Guide
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FIGURE 2 Conceptual Demonstration of Type I and Type II Errors
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FIGURE 3 White on Red Contrast Ratios for Sign Group 1
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FIGURE 4 Black on White Retroreflectivity for Sign Group 2
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a) Sign Group 3 (Bold Symbols)
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b) Sign Group 4 (Fine Symbols)
FIGURE 5 Black on Yellow Retroreflectivity
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a) Nighttime Photo
b) Daytime Photo
FIGURE 6 Illustration of Marginal Sign Passing Contrast and Retroreflectivity
Mean Red Retroreflectivity: 27.6, Mean White Retroreflectivity: 98.8, Contrast: 3.6

a) Nighttime Photo
b) Daytime Photo
FIGURE 7 Illustration of Severely Faded Red Passing Retroreflectivity
Mean Red Retroreflectivity: 33.2

a) Nighttime Photo
b) Daytime Photo
FIGURE 8 Illustration of New Sign Failing Red Retroreflectivity
Mean Red Retroreflectivity: 3.6, Mean White Retroreflectivity: 77.3, Contrast: 21.5
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TABLE 1 Minimum Maintained Retroreflectivity Levels (6)
Sign Color

Criteria

See Note 1
See Note 2
Black on Orange or Yellow
See Note 3
Black on White
Overhead
White on Green
Shoulder

I

White on Red

*
*
*//7
*//7

Sheeting Type (ASTM D4956-01a)
II
III
VII
VIII
35//7
50
75
50
250//25
*//15
*//25
120//15

IX

Notes: Levels in cells represent legend retroreflectivity // background retroreflectivity (for positive contrast signs). Units are
cd/lx/m2 measured at an observation angle of 0.2° and an entrance angle of -4.0°.
1 Minimum Contrast Ratio ≥ 3:1 (white retroreflectivity ÷ red retroreflectivity).
2 For text signs measuring 48 in. (1219.2 mm) or more and all bold symbol signs.
3 For text signs measuring less than 48 in. (1219.2 mm) and all fine symbol signs.
* Sheeting type should not be used.

TABLE 2 Statewide Functional Classification Summary Report (10)
Agency Total Statewide
Percent
Portion of Agency
Functional Class
Type
Mileage (miles)
Contribution
Type Miles
County
66,799.26
81.5%
Rural Local Roads
74.0%
Major Rural Collector
10.0%
Minor Rural Collector
16.0%
Total
100.0%
City
10,765.44
13.1%
Minor Urban Arterial
12.0%
Urban Collector
11.0%
Urban Local Roads
77.0%
Total
100.0%
Town
4,368.59
5.3%
Minor Urban Arterial
7.0%
Urban Collector
8.0%
Urban Local Roads
85.0%
Total
100.0%
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TABLE 3 Research Study Functional Class Breakdown
County (n = 6)
(miles) % of County Miles
Rural Local Road 135.3
74.0%
Major Rural Collector 18.5
10.1%
Minor Rural Collector 29.0
15.9%
County Sub Total = 182.8
100.0%

% of Overall Total

81.3%

City (n = 5)
Minor Urban Arterial
Urban Collector
Urban Local Road
City Sub Total =

(miles)
3.5
3.4
23.0
29.9

% of City Miles
11.8%
11.4%
76.8%
100.0%

% of Overall Total

13.3%

Town (n = 5)
(miles)
Minor Urban Arterial 0.8
Urban Collector 1.1
Urban Local Road 10.2
Town Sub Total = 12.1
Overall Total Miles = 224.8

% of Town Miles
6.8%
9.0%
84.2%
100.0%

% of Overall Total

5.4%
100.0%

TABLE 4 Evaluation of Retroreflectivity Meeting Proposed Standards, by Agency

Guide
Regulatory
Warning
Total Signs

Guide
Regulatory
Warning
Total Signs

Guide
Regulatory
Warning
Total Signs

a) County Signs (Values represent # of signs)
# With Measured % With Measured # With Non- % With Non# With Both Measured
# Examined Retroreflectivity Retroreflectivity Compliant
Compliant Retroreflectivity Below Minimums
Below Minimums Below Minimums
Sheeting
and Non-Compliant Sheeting
Sheeting
2
2
100.0%
2
100.0%
2
224
36
16.1%
0
0.0%
0
388
119
30.7%
163
42.0%
112
614
157
25.6%
165
26.9%
114
b) City Signs (Values represent # of signs)
# With Both Measured
# With Measured % With Measured # With Non- % With NonCompliant Retroreflectivity Below Minimums
# Examined Retroreflectivity Retroreflectivity Compliant
Sheeting
and Non-Compliant Sheeting
Below Minimums Below Minimums
Sheeting
14
0
0.0%
0
0.0%
0
689
184
26.7%
0
0.0%
0
133
83
62.4%
88
66.2%
72
836
267
31.9%
88
10.5%
72
c) Town Signs (Values represent # of signs)
# With Both Measured
# With Measured % With Measured # With Non- % With NonCompliant Retroreflectivity Below Minimums
# Examined Retroreflectivity Retroreflectivity Compliant
Sheeting
and Non-Compliant Sheeting
Below Minimums Below Minimums
Sheeting
2
1
50.0%
0
0.0%
0
232
62
26.7%
1
0.4%
1
59
39
66.1%
49
83.1%
35
293
102
34.8%
50
17.1%
36
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TABLE 5 Evaluation of Retroreflectivity Meeting Proposed Standards, by Road Class
a) County Signs (Values represent # of signs)
Rural Local Road
Major Rural Collector
Minor Rural Collector

Rural Local Road
Major Rural Collector
Minor Rural Collector

Minor Urban Arterial
Urban Collector
Urban Local Road

Minor Urban Arterial
Urban Collector
Urban Local Road

Minor Urban Arterial
Urban Collector
Urban Local Road

Minor Urban Arterial
Urban Collector
Urban Local Road

Guide Signs
Regulatory Signs
# Examined
# Failed % Failed # Examined # Failed % Failed
0
0
N/A
176
27
15.3%
2
2
100.0%
21
6
28.6%
0
0
N/A
27
3
11.1%
Warning Signs
Total Signs
# Examined
# Failed % Failed # Examined # Failed % Failed
257
105
40.9%
433
132
30.5%
31
20
64.5%
54
28
51.9%
100
45
45.0%
127
48
37.8%
Total
614
208
33.9%
b) City Signs (Values represent # of signs)
Guide Signs
Regulatory Signs
# Examined
# Failed % Failed # Examined # Failed % Failed
13
0
0.0%
62
22
35.5%
1
0
0.0%
55
11
20.0%
0
0
N/A
570
151
26.5%
Warning Signs
Total Signs
# Examined
# Failed % Failed # Examined # Failed % Failed
19
16
84.2%
94
38
40.4%
23
15
65.2%
79
26
32.9%
93
68
73.1%
663
219
33.0%
Total
836
283
33.9%
c) Town Signs (Values represent # of signs)
Guide Signs
Regulatory Signs
# Examined
# Failed % Failed # Examined # Failed % Failed
0
0
N/A
4
0
0.0%
0
0
N/A
23
10
43.5%
2
1
50.0%
205
52
25.4%
Total Signs
Warning Signs
# Examined
# Failed % Failed # Examined # Failed % Failed
8
8
100.0%
12
8
66.7%
7
6
85.7%
30
16
53.3%
44
39
88.6%
251
92
36.7%
Total
293
116
39.6%

TABLE 6 Accuracy Analysis of Nighttime Inspection
Sign Group
1
2
3
4
5
All Signs

Signs Surveyed
681
505
391
162
4
1743

Type I Error
9
1
6
5
0
21

% Type I Type II Error % Type II
1.3%
56
8.2%
0.2%
65
12.9%
1.5%
44
11.3%
3.1%
21
13.0%
0.0%
3
75.0%
1.2%
189
10.8%

Correct Rating % Correct Rating
616
90.5%
439
86.9%
341
87.2%
136
84.0%
1
25.0%
1533
88.0%

Notes: Sign Group 1 represents signs with white legend and red background. (Stop, Yield, Do Not Enter, 4-way, 3-way, All-way, etc.)
Sign Group 2 represents signs with black legend on white background. (Speed Limit, One Way, Guide Arrows, Truck Route, Weight Limit, etc.)
Sign Group 3 represents signs with black legend on yellow background considered bold symbol signs. (Caution, Road Direction
signs, School Signs, RR Crossing Ahead, etc.)
Sign Group 4 represents signs with black legend on yellow background considered fine symbol signs. (Lettered signs, Playground signs, etc.)
Sign Group 5 represents all other signs not included in Groups 1-3.
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TABLE 7 Cost Analysis by Functional Class
a) County Signs
Rural Local Road
Major Rural Collector
Minor Rural Collector
Total Roadways

Failed Sign Density (per mile)
1.0
1.5
1.7
1.1

Cost (per sign) Cost (per mile) Statewide Total Cost
$64.58
$63.01
$3,114,586
$64.58
$97.75
$652,948
$64.58
$106.90
$1,142,499
$64.58
$73.49
$4,910,033

b) City Signs
Failed Sign Density (per mile)
10.7
Minor Urban Arterial
7.6
Urban Collector
9.5
Urban Local Road
9.5
Total Roadways

Cost (per sign) Cost (per mile) Statewide Total Cost
$64.58
$693.27
$895,600
$64.58
$492.42
$583,129
$64.58
$615.48
$5,101,964
$64.58
$610.66
$6,580,693

c) Town Signs
Failed Sign Density (per mile)
9.8
Minor Urban Arterial
14.7
Urban Collector
9.1
Urban Local Road
9.6
Total Roadways

Cost (per sign) Cost (per mile) Statewide Total Cost
$64.58
$630.08
$192,680
$64.58
$948.01
$331,318
$64.58
$584.81
$2,171,577
$64.58
$620.69
$2,695,575

