FUNCTIONALITY OF GUIDE SIGNS
Research Report Number 277-1
Covering
LIGHTING OF GUIDE SIGNS - LEGIBILITY STUDY

Research Project Number 1-18-84-277

by

H. Dexter Jones
District Traffic Design Engineer
District 12

and

Roger W. McNees
Assistant Research Specialist
Texas Transportation Institute

Conducted by

District 12 and Texas Transportation Institute
in Cooperation with the
Transportation and Planning Division
Texas State Department of Highways and
Public Transportation

August 1988

Subiect to Revision



II.
ITI.
IvV.

VI.

TABLE OF CONTENTS

Acknowledgements

Disclaimer

Summary

Recommendations

Implementation

Subject

Objectives

Background and Significance of Work
Freeway Sign Legibility Study Methodology
Statistical Analysis and Results

Freeway Guide Signs Legibility Study Results

Appendices

Luminance Values of Overhead and Shoulder Mounted
Signs (Youngblood and Woltman)

Standard Specifications for Construction of Roads
and Bridges on Federal Highway Projects FP-79-1979
Section 633.06 - - Sheet Reflective Materials

Test Routes and Test Sign Locations and Text

Data Acquisition Form

Legibility Data Base

Statistical Analysis

Regression Analysis

Bibliography

Page

12
23
29

39

42

45
52
66
72
83
99



ACKNOWLEDGEMENTS

The authors wish to give special acknowledgement to Richard A. Oliver and
Ernest Kanak of Maintenance Operations Division, Sonny Wong and Louis Petry of

District 12 for their timely comments, guidance and assistance in this project.

Also, special thanks are given to the staff of the Texas Transportation Institute
for their support and technical expertise, especially to Dr. Olga Pendleton,

Mr. Jerry Alani, Mrs. Beth Steward, Mr. James Bradley and Mr. Mohammad Shan.

We also wish to express our thanks to the many people who worked with us in the
legibility study as test drivers and those who helped in the preparation of the

exhibits and other aspects of report preparation.



DISCLAIMER

The contents of this report reflect the views of the authors who are solely
responsible for the facts and accuracy of the data presented herein. The contents
do not necessarily reflect the views or policies of Texas State Department of
Highways and Public Transportation or the Federal Highway Administration. This

report does not constitute a standard, specification or regulation.



SUMMARY

This report describes the methodology and results of a sign legibility study
conducted under project 1-18-84-277 entitled "Functionality of Guide Signs". The
objectives of this project related to legibility were: (1) to determine the
legibility of both ground-mounted and overhead-mounted guide signs during daytime
and nighttime for various situations; and (2) to relate the legibility distance
to various factors which affect the signs legibility, including the materials
used for both background and legend. The most popular materials currently in use
for backgrounds and legends were used in this study.
The methodology used in this study was to drive two freeways in Houston,
Texas and record the distance each test driver (subject) read a particular test
sign. The test signs selected were both overhead and ground-mounted. The test
drivers did not know the specific test signs being studied. This was accomplished
using the key word technique. The test driver was given a key word (example,
Scott Street) and was told to read all signs that contained Scott Street. Only one
sign of the group that contained Scott Street was the test sign. The driver did
not know which sign was the test sign.
The major findings and conclusions of this study are as follows:
1. LEGIBILITY OF LIGHTED VERSUS UNLIGHTED OVERHEAD FREEWAY GUIDE SIGNS

Average legibility distance for all material combinations was greater for
lighted signs than unlighted signs. However, some material combinations performed
equally well in both the lighted and unlighted conditions. The combination of
engineer grade reflective sheeting with reflective button copy had an average
legibility distance of 947 linear feet without lighting and only 908 linear feet
with lighting. The results of the study show that when selected combinations
of materials are used, and an unrestricted sight distance of 1,100 to 1,200 linear
feet is existing, and the sign is not located in a visually complete background,
sign lighting does not improve legibility.
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2. GROUND-MOUNTED SIGNS COMPARED TO UNLIGHTED OVERHEAD-MOUNTED FREEWAY GUIDE SIGNS

Average Tlegibility distances of ground-mounted signs (unlighted) are essen-
tially the same as for unlighted overhead signs, 788-785 LF respectively.
3. COMPARISON OF DAY AND NIGHT LEGIBILITY DISTANCES

The nighttime average legibility distance for all the test signs was sixteen
(16) percent less than the daytime average legibility distance of the same test
signs. This substantiates a previous study report (TX 222-2F) where a decrease
in legibility distance at night of fourteen (14) percent was determined.
4. FREEWAY GUIDE SIGNING MATERIALS EFFECT ON LEGIBILITY DISTANCE

The sign material combination which had the best legibility distance in both
the lighted and unlighted conditions was engineer grade reflective sheeting
background with button copy. However, the study shows that several other
material combinations, such as high specific intensity background with removable
reflective button copy, will provide adequate legibility distances in both
lighted and unlighted conditions.
5. LEGEND MATERIALS AFFECT ON OVERHEAD GUIDE SIGNS LEGIBILITY

When comparing the materials used for the sign legend it was determined that
the differences in legibility distances were not statistically significant. 1In
both the lighted and the unlighted conditions the average legibility distance
for all signs with reflective button copy were greater than the average legibi-
lity distance for signs with stick-on copy. In the lighted condition reflective
button copy had a legibility distance of 828 L.F. and the high specific-
intensity reflective stick on copy had an average legibility distance of 798
L.F.
6. SIGN LIGHTING EFFECT ON LEGIBILITY DISTANCE

Sign lighting has a negligible affect on sign legibility. The average lighted



sign legibility distance was 813 linear feet and the average unlighted legibility
distance was 788 L.F. In practice this 25 foot difference is not significant.

At normal freeway speeds the 25 foot difference is traversed in .31 seconds.

The choice of sign material combinations has more effect on legibility distance
than whether or not sign lighting is used.

7. SIGN MOUNTING EFFECT ON LEGIBILITY DISTANCE

To analyze the difference between unlighted overhead guide signs and ground-
mounted signs the overhead signs on the unlighted route were compared to the
ground-mounted signs on both routes. The overhead mounted signs on the unlighted
route had an average legibility distance of 788 linear feet, whereas the ground-
mounted signs on both routes had an average legibility distance of 785 Tinear
feet. It is obvious there is no significant difference between these two types
of freeway guide signs.

A target value study was conducted as a part of this research project and a
draft final report prepared. The experimental approach used to determine target
value was an operational study in which the drivers were required to drive a
prescribed route and identify the location of all green guide signs. The drivers
were not task-loaded as in normal route following situations, resulting in the
development of a minimum viewing distance and not a true representation of target
value distance. Based on these results, a decision was made to not publish the
draft report. Researchers may obtain a copy of this unpublished report from the

Texas SDHPT, Planning and Research Division, Austin, Texas.



RECOMMENDATIONS

The results of this study indicate several significant recommendations for free-

way guide signing:

1. Due to the negligible difference in legibility distance between lighted and
uniighted overhead guide signs, when 1100-1200 L.F. of unrestricted sight
distance is available, high visual clutter is not present and sign materials
have good retroreflective characteristics, sign lights are not cost effective
and overhead signs should not be lighted.

2. Engineer grade reflective sheeting signs outperformed all other types of
signs in both the lighted and unlighted conditions. This reflective sheeting
is a good all purpose sign material and has a lower initial cost than the
other types of reflective sheetings tested. Engineer grade reflective sheeting
is recommended for use on overhead signs.

3. The results of this study indicate that refiective materials should be used on
unlighted overhead signs. Opaque signs did not prove to be quite as effective
as reflective sheeting signs in the unlighted condition.

4, Button removable copy was superior to high specific-intensity reflective
stick-on copy. Reflective button removable copy will produce a more legible
sign and is recommended for usage under all conditions.

5. The results of this study indicate that there was virtually no difference in
the legibility distance between ground-mounted guide signs and unlighted
overhead guide signs. The same materials used on overhead freeway guide signs

should be used on all ground-mounted signs.



IMPLEMENTAT ION

The Texas State Department of Highways and Public Transportation incurs great
expense in the initial installation of lighting on urban freeway signing. The
installation of the sign lighting systems results in increased operating and
maintenance costs for many signs which may perform as well without sign lighting
as with sign lighting. When considering legibility distance only, the results of
this study indicate that the department could in many cases save the cost of free-
way guide sign lighting. The study results indicated the reflective button copy
performed better than reflective stick-on copy on both overhead and ground-
mounted signs and should be used.

The results of this study indicate that sign lights should be used where there

is Timited sight distance (less than 1,100 linear feet) and horizontal curvature
greater than 4°, Sign lights should also be used at major freeway splits where
the total distance from the first guide sign to the existing ramp is less than

2,000 feet and where signs are located in high visual clutter areas.



I. SUBJECT

Increasing operational costs and maintenance costs for overhead guide sign
lights make it desirable to eliminate as many sign lights as possible without
diminishing overhead guide sign functionality. Limited personnel and funds make
it increasingly difficult to operate and maintain sign lights. Maintenance on
overhead sign lights requires lane closures which increase accidents and inter-
rupts normal roadway operations. Elimination of as many sign lights as feasible
will substantially reduce the number of lane closures necessary for maintenance
operations.

Previous research has proven that opaque background coatings are more dur-
able and maintenance free than reflective background coatings. Previous research
also indicated the use of opaque background does not decrease the functionality
of the ground mounted guide signs.

Preliminary studies in Houston and E1 Paso under State project 1-18-75-222
indicate that functionality, including legibility, conspicuity and other opera-
tional factors, of overhead guide signs without fixed sign lighting is not impaired
when sight distances are 1100 feet or over. There was some indication that when
button removable copy of the quality specified by the Texas Department of Highways
and Public Transportation is utilized, functionality increases slightly when
fixed sign lighting is not present. Also, there was some indication that as the
luminance of the sign background increases from opaque materials to high specific
intensity materials, the legibility may decrease.

Preliminary studies under State Project 1-9-80-270 indicate that as the
luminance of legend to background ratio increases, functionality increases for
ground mounted signs.

Therefore, it was desirable to take the initial studies and convert them



into a full matrix to determine the requirements necessary for fully functional

guide signs.

IT.

1.
as

as

OBJECTIVES
When not currently in place on freeways in Houston, construct and erect signs
needed, utilizing button removable and high specific-intensity reflective copy

text and backgrounds of opaque material, engineer grade reflective sheeting,

super-engineer grade reflective sheeting and high specific-intensity refiective

sheeting.

2.

Determine day and night functionality of overhead signs on freeways under

existing traffic and the following conditions.

3.

a. Sight distances of 1000 or more feet and no horizontal or vertical
curve over 2 degrees.

b. Sight distances of 1000 or more feet with horizontal and/or vertical
curves greater than 2 degrees.

c. Under night conditions with fixed freeway Tighting on and sign
lTighting on and off.

d. Under night conditions with no fixed freeway 1ighting and sign
lighting on and off,

Determine day and night functionality of ground mounted guide signs under

above conditions as applicable.

4.

Statistically analyze operational and maintenance costs and functionality

of guide signs. The statistical analysis of variance regression and other para-

metric tests will be conducted. This shall also include but not be Timited to

conspicuity, human factors, economics and safety aspects.

ITI.

BACKGROUND AND SIGNIFICANCE OF WORK

For the past several years many states have experienced problems with



lighting equipment on large overhead freeway guide signs. The lighting equip-
ment in most cases is over fifteen years old and needs replacing. The cost for
replacement of this equipment will be excessive and does not include future cost
of electricity to power these lighted signs.

This problem has forced many states to issue informal guidelines with re-
spect to maintenance of lighting for freeway guide signs. These informal guide-
lines generally state "that non-critical guide sign lighting will not be replaced
after the lighting has burned-out". In these non-critical situations power to
the sign lights will be disconnected. California has petitioned the United
States Department of Transportation for relief from the lighting requirements
for overhead guide signs in the Manual of Uniform Traffic Control Devices (MUTCD).
California has cited the massive cost of replacing literally thousands of over-
head guide signs with new lighting equipment, conduit and electrical lines.

The U. S. Department of Transportation, specifically the Federal Highway
Administration (FHWA) has taken the position that all overhead guide signs shall
be lighted unless the background is reflectorized and the sign does not have a
critical sight distance of less than 1100-1200 feet. Section 2A-16 of the MUTCD
specifically states:

Regulatory and warning signs, unless accepted in the standards

covering a particular sign or group of signs, shall be reflec-

torized or illuminated to show the same shape and color both

day and night. ALL OVERHEAD SIGN INSTALLATIONS SHOULD BE

ILLUMINATED WHERE AN ENGINEERING STUDY SHOWS THAT REFLECTORI-

ZATION WILL NOT PERFORM EFFECTIVELY. Reflectorization, non-

reflectorization, or illumination of guide signs shall be as

provided in subsequent sections.

The MUTCD addresses the reflectorization of freeway guide signs in section

2E-6 which is in the expressway sign section.
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Letters, numerals, symbols, and border shall be reflectorized. The
background of expressway guide signs may be reflectorized or non-
reflectorized. However, the mixing of signs with reflectorized or
non-reflectorized backgrounds in the same general area should be

avoided.

In general, where there is no serious interference from extraneous
light sources, reflectorized signs will usually be adequate. How-
ever, on expressways where much driving at night is done with low
beam headlights, the amount of headlight illumination incident to

an overhead sign display is relatively small. Therefore, all over-
head sign installations should normally be illuminated. The type of
illumination chosen should provide effective and reasonably uniform
illumination of the sign face and message. When a sign is internally
illuminated the requirement for reflectorized legend and borders does
not apply.

Various methods used for illumination are specified in Section 2A-17 of

the MUTCD.

I1lumination may be by means of:

1. A light behind the sign face, illuminating the main message
or symbol, or the sign background, or both, through a trans-
Tucent material; or

2. An attached or independently mounted light source designed to
direct essential uniform illumination over the entire face of
the sign; or

3. Some other effective device, such as luminous tubing or fiber
optics shaped to the lettering or symbol, patterns of incan-
descent light bulbs, or luminescent panels that will make the
sign clearly visible at night.
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The requirements for sign illumination are not considered to be satisfied
by street or highway lighting, or by strobe lighting.
And finally, when reflectorization is required, Section 2A-18 of the MUTCD

specifies the means by which reflectorization may be achieved.
Reflectorization may be by means of:
1. Reflector "buttons" or similar units set into the symbol,
message and border; or
2. Reflective sheeting, either on the sign background or where
a white legend is used on a black or colored background in

the symbol or message and border.

IV. FREEWAY SIGN LEGIBILITY STUDY METHODOLOGY

In January 1981 a freeway guide sign illumination legibility study 1-18-75-
222 was conducted in the Houston, Texas area. Additional studies were conducted
in E1 Paso and Dallas, Texas. Various factors were studied using fifteen (15)
signs in Houston, ten (10) signs in E1 Paso, and sixteen (16) signs in Dallas,
Texas.

This study investigated the legibility distance of signs constructed using
opaque backgrounds, engineering grade reflective sheeting, and high specific-in-
tensity reflective sheeting backgrounds with reflective button and stick-on legends.
The average legibility distance for lighted freeway guides signs was 781 feet and
for unlighted freeway guide signs was 762 feet (a difference of 19 linear feet).
These results indicate that sign lighting and background materials do not have
significant effects on legibility distance.

The study procedure and test signs were modified from that used in the
1981 study. Sixteen (16) test signs were selected on both routes, eight (8)
overhead and eight (8) ground mounted. Any sign mounted 17.5 feet or higher was

classified as an overhead regardless of location within the visual field. All
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signs lower than 17.5 feet were classified as ground-mounted.

The study procedure used in the operational study precluded the test driver
from knowing the specific test signs being studied. In this type of study a
normé] eye pattern was desirable and the subject should not know which sign was
being evaluated. To accomplish this, the subject was given a key word which they
had to read aloud to the test administrator, who would record the legibility dis-
tance for at least one additional sign plus the test sign. The test subject
would scan all signs normally and would read aloud the entire message on the sign.
The test administrator would record the distance from when the subject started
readfng the sign until the subject passed the sign. Signs which the subjects
misread or missed entirely were noted on the answer sheet and not included in the
analysis of the data. Table 1 presents the list of the key words, the number of
signs with that key word, and the signs which were included in the data that was
collected.

The primary objective of this study is to determine the Tlegibility distance
for lighted and unlighted freeway guide signs of various materials. Table 2,
presents the factors considered in this study. The factors include weather,
roadway geometrics, sign location, sign illumination, freeway illumination,

backgrdund materials, and legend (copy) material.

Ambient Weather
Ambient weather was determined at the time the test run was conducted.

Those signs read in the rain were so marked in the comments section on the data

form. There was limited rain data and no fog data.

Roadway Geometrics .
Roadway geometrics were obtained from existing roadway plans. Horizontal

curves of less than 2° were considered tangent sections of freeway. Texas gen-

erally will not place freeway guide signs on roadway with horizontal displacements
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Table 1. List of Key Words, Number of Signs with Key Words and the
Number of Signs Legibility Distances Were Recorded

Number of Number of Signs
Signs with Legibility Distance
Key Word Key Words Were Recorded
Post Oak Rd. 3 2
Richmond Ave. 4 2
Chimney Rock Road 2 2
Bellaire Blvd. 2 2
Houston Baptist Univ., 1 1
Airport Blvd. 3 2
Sugartand 2 2
Williams Trace Blvd. 5 3
West Bellfort Ave. 1 1
Bissonnet Street 3 3
Fondren Road 2 2
Hillcroft Ave. 1 1
San Felipe Rd. 2 1
Washington Ave, 3 3
Scott Street 2 1
Long Drive 5 3
Monroe Drive 4 3
Edgebrook Drive 2 2
Almeda-Genoa Road 5 3
Ellington Field 4 2
E1 Dorado Blvd. 2 2
Choate Road 3 2
Clearwood Drive 3 2
Broadway Blvd. 3 2
Frontage Road 1 1
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Table 2. Factors Used in the Legibility Study

Sign Background Material

a) Opaque

b) Engineer Grade Reflective Sheeting

c) Super Engineer Grade Reflective Sheeting

d) High Specific-Intensity Reflective Sheeting
Sign Copy Material

a) Removable Reflective Button

b) High Specific-Intensity Reflective Stick-0On

Weather
a) Clear
b) Rain
c) Fog

Roadway Geometrics

a) Horizontal and/or Vertical Alignments less than 2 degrees

b) Horizontal and/or Vertical Alignments greater than 2 degrees
Sign Mounting

a) Overhead Mounted Sign

b) Ground Mounted Sign

Sign Lighting-This specifically applies to overhead mounted since
ground signs are non-illuminated.

a) On

b) off
Freeway Lighting

a) On

b) Off
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greater than 4°. Curvatures greater than 4° create target value problems as well
as legibility problems. This is because the driver must detect and recognize a
freeway sign before reading the sign.

Sign Location
The location of the sign is another important factor which affects both

the signs target value and legibility distance. The two locations considered in
the study were overhead and side (shoulder) ground mounted. The overhead signs
consisted of overhead bridge mounts, median mounts, cantilever mouhts and ele-
vated T-mounts within the freeway right-of-way. A1l of these structures are
17.5 feet or higher above the roadway surface. Shoulder ground mounted signs
are any signs placed to the right or left of the mainlanes less than 17.5 feet in
height. The apparent brightness to the motorist of sign background sheeting is
affected by the sign position. Shoulder ground mounted signs reflect more light
with less traffic and low-beam light usage. Overhead signs will reflect Tless
light back to the driver under the conditions just described. For overhead
signs to reflect sufficient Tight from the green background back to the driver
requires vehicle headlamps to be on high-beam or have sufficient street traffic
to illuminate the sign. High ambient illumination will also aid the detection,
recognition and legibility of overhead guide signs. Most urban freeway drivers
use low beam head lights, but there are normally sufficient traffic to provide
the necessary light for reflection and detection.

I1Tlumination
Sign and freeway illumination were also considered in this study. The

sign lighting was either on or off. The same freeway lighting conditions were
used along the two routes. Both test sections started in highly complex, high
ambient illumination areas and continued into the suburbs where freeway lighting
was discontinued or nonexistent. In this way the complexity of the background

was varied along the route. Shoulder ground mounted signs are not Tighted in
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Texas. Overhead signs were illuminated along one route and not illuminated

along the other route.

Sign Materials
The sign background materials used in this study are those most commonly

used. These materials are opaque, engineer grade reflective sheeting, super
engineer grade reflective sheeting, and high specific-intensity reflective sheet-
ing. These are the typical types of backgrounds used in the United States.

Legend Materials
And finally, the copy materials used in this study were removable reflective

button or high specific-intensity reflective stick-on. The inclusion of the
other types of copy material was not considered due to project economic con-
siderations.

Legibility Pilot Study
Prior to conducting the Operational Study a pilot study was conducted to

accomplish several objectives. These objectives were to determine (1) whether
there was any effect on legibility distance due to the order in which the signs
were presented to the subjects, (2) whether there were any differences in test
signs on either route which would require selecting new signs or possibly even
more routes, (3) whether there was a difference in legibility distances using

the experimental approach used in the 1-18-75-222 study and the one to be used

in the operational study, (4) the sample size and the degree of accuracy obtained
with the new experimental design and (5) to train the test administrators, de-
termine reliability of the test equipment and potential problem areas in the

test procedure. The same routes, test equipment and test procedure were used

in both the pilot study and the Operational Study. The pilot study was con-
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ducted before the full complement of test signs were in place. However, suf-
ficient observations to accomplish the pilot study objectives were achieved.
Tho pilot study indicated that the data collected in the 222 study was valid.

The pilot study also indicated that the order ir which the signs were pre-
sented had no significant effect on legibility distance and that there was no dif-
ference in the same type of signs on either route. The Pilot Study indicated
the sample size required for the Operational Study.

Test Subjects
Thirty-seven (37) subjects were used in the pilot study. Seven (7) were

subjects previously used in the 1-18-75-222 project. The seven individuals were
used to compare legibility distances using the new test procedure to the legibil-
ity distances using the old test procedure. By comparing the legibility distan-
ces using the two test procedures, the decision could be made as to whether to
include the legibility data previously collected to jncrease the data base for
analysis. The distribution of the subjects for the pilot and study was as

follows:

Age Group Male Female

17-24
25-34
35-44
4554
55-64
Over 65

e 0 O W

:1!—'NNI\)\IOJ

O

Total

The test drivers were tested for visual acuity, depth perception and color
blindness. One individual used in the study passed away before we could obtain
his visual characteristics. The visual acuities ranged from 20/17 to 20/25 with
a mean visual acuity of 20/20. The individual that passed away had extremely

long legibility distance which may indicate that his visual acuity was extremely

-18-



good. The mean of 20/20 indicated that most test subjects had extremely good
eyesight and would therefore result in longer Tlegibility distances than drivers
with poorer visual acuities. The individual depth perception ranged from 20/22
to 20/50 with a mean of 20/31. This test indicates the subjects ability to
judge position at varying distances. This test was used to indicate the ability
of each subject to locate a sign several hundred feet away embedded in a complex
background.

And, finally, all test drivers were tested for color blindness. Since all
of the drivers were told to read the green destination sign it was imperative
that they were not color blind with respect to that color. In all of the subjects
none were blind to any one color combination.

Based oh the results of the pilot study only seventeen test drivers were
required to perform the Operational Study after all the sign material combinations
were in place. The same percentage distribution was used for the seventeen addi-
tional test drivers in the Operational Study. The color blindness, acuity and
other tests on the subjects were again performed.

Test Routes

Two test sections utilizing both loop and arterial freeways in the Houston,
Texas area were used. Each test section was approximately 50 miles in length.
The length of the sections was of concern to the researchers because of the
possibility of fatigue to the drivers. The pilot study indicated that the dri-
vers did not incur any unusual fatigue due to the length of the test sections.

One of the test sections commenced on southbound I-610 (West Loop) and
proceeded south on US-59 (Southwest Freeway). The return trip was over the same
two routes and a portion of I-10 (Katy Freeway) eastbound. This route covered a

total of 48 miles. The second test section began on eastbound I-610 (South Loop)
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and proceeded southbound on I-45 (Gulf Freeway) to E1 Dorado Blvd. The return
route was over the same two freeways and ended at Texas 288 (South Freeway)
where it began. This test section was 54 miles in length. Appendix C docu-
ments the two sections and the test signs used in this research project.

Each route contained a full compliment of freeway guide signs according to
the experimental design. Both overhead and shoulder mounted guide signs were in-
cluded on both routes. To avoid a learning effect due to the test drivers being
used more than once, the (I-10, I-610, US 59) route had all overhead signs
lighted whereas the (I1-610, I-45) route had all the overhead signs unlighted.

The freeway guide signs were selected randomly on both routes to prevent an or-
dering effect. Each route contained sixteen (16) test signs, eight (8) shoulder
ground mounted and eight (8) were overhead.

Test Signs

The experimental design required eight (8) overhead freeway guide signs and
eight (8) shoulder mounted guide signs. The eight (8) overhead and shoulder ground

mounted freeway guide signs utilize the following materials:

Background Legend
Opaque Removable Reflective Button
Opaque High Specific-Intensity
Reflective Stick-On
Engineer Grade Reflective Sheeting Removable Reflective Button
Engineer Grade Reflective Sheeting High Specific-Intensity
Reflective Stick-0On
Super Engineering Grade Reflective Sheeting Removable Reflective Button
Super Engineering Grade Reflective Sheeting High Specific-Intensity
Reflective Stick-0On
High Specific-Intensity Reflective Sheeting Removable Reflective Button
High Specific-Intensity Reflective Sheeting High Specific-Intensity

Reflective Stick-0n

-20-~



The new test signs were fabricated in the SDHPT District 12 sign shop. Since
the test signs were to be placed on an operating freeway system the legends were
kept the same as the signs they replaced. The test signs contained some new
signs and some old signs. Some of the old signs were 20 years old. Appendix C,
also contains the test and material properties of each test sign. The overhead
test signs were paired by having each of the eight material combinations with
external lighting and without external lighting. The ground mounted test signs
were paired by having each of the eight material combinations on both routes.

Test Equipment
The test equipment used to record the drivers responses and determine legi-

bility distance consisted of (1) a distance measuring instrument (DMI) and (2) a
tape recorder. Each of these devices were placed in each test vehicle. The test
vehicles used were two 1984 Chevrolet Malibu sedans.

The distance measuring instruments were Numetrics Model K-55. This parti-
cular model has a hold and memory feature. When the hold button is depressed the
DMI freezes the display and does not continue measuring distance. When the memory
button is depressed it continues measuring distance internally. The DMI was reset
when the driver first read the sign and then placed on memory, as the test ve-
hicle passed the sign which the driver was reading. This procedure allowed the
test administrator to record the legibility distance while not destroying the
total distance travelled by the test vehicle in case any unusual event might occur.

A tape recorder was placed in the test vehicle for two purposes. The first
was to present the study objectives to the test drivers and present the key words
the drivers were to locate. The second function the tape recorder performed was
to record the subjects responses to determine the correctness of the responses.

The legibility distance began when the driver first started to read each sign.
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If a driver started too early and/or incorrectly read the sign, the legibility
distance for that sign was not used. There were very few instances where this
occurred.

Test Procedure
As the test drivers were travelling along a previously described route a

key word(s) was presented to them. The test driver would scan the horizon in a
typical search fashion until a sign with the key word(s) was located. They would
not know whether this sign would be a shoulder ground mounted or overhead mounted
sign. If it was overhead it could be a median, sign bridge, cantilever, raised
T-mount or a cantilever or T-mount placed alongside the roadway. After the test
drivers located the sign they were required to read the message in its entirety.
This process could continue until a different key word was presented.

In order to camouflage the true test signs from the driver, legibility dis-
tances for other signs with the same key word were also obtained. Drivers were
never sure which signs were being studied. For those signs without numbers, in
Appendix D, the legibility distances were not recorded. Those signs with numbers had
legibility recorded and those with asterisks were the test signs. The material
combination for each test sign was also given.

It should be noted that the tests were conducted using low beam headlights.
The headlights on the test vehicles were normal headlights; they were not the

halogen type. The headlights were checked for proper aiming.
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V. STATISTICAL ANALYSIS AND RESULTS

A large amount of effort was spent to insure that the reported measurements
were recorded correctly on the data sheets and in the computer. While this does
not appear to be a task worth mentioning, the size of the data set made this a
slow and complicated prbcess. This effort insures that the data being analyzed
represents the experiment correctly. The data set used in this study is contained
in Appendix E. The signs used in this study are listed in Table 3.

A11 overhead signs along route 1 were Tlighted and all overhead signs along
route 2 were unlighted. Legibility distances of less than 200 feet were unusual
and produced large differences in the matched pair of signs. These measurements
were often the result of the test vehicle being behind a truck which would
obscure the view. These points were removed from the analysis, since they did
not represent a true measure of the signs legibility. The differences in legi-
bility were calculated by subtracting the unlighted distance from the Tighted
distance for each pair of signs. Hence, a negative difference, as in Table 4
indicates the unlighted sign of the pair is more legible than the Tlighted sign.

An analysis of variance procedure was used to test for the equality of
legibility distances under lighted and unlighted conditions for various sign
types. The ordered difference in mean Tlegibility distances for each test sign
pair are listed in Table 5. The two-way analysis of variance model using dis-
tances as the dependent variable and the lighted and unlighted condition as the
classification variable, revealed there was a significant difference among these
means (p <.001). The difference of the average distance for each pair (lighted
and unlighted) is listed in Table 4 ordered from largest to smallest. That is,
the largest difference in legibility distance was found for sign pair number 15

(super-engineer grade reflective sheeting with reflective button copy). This
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Table 3. Overhead Sign Pairs on Both Routes and Sign Materials

Pair Number Material Route 1 Route 2
Signs Signs

Lighted Unlighted
No. No.
1 ENG/SO 4 SB 5 NB
8 ENG/BC 7 NB 14 SB
10 0P /SO 11 NB 14 NB
11 HI/BC 2 SB 7 NB
13 0P /BC 8 SB 11 SB
14 SE/SO 13 SB 12 NB
15 SE/BC 8 NB 1 SB
16 HI/SO 10 NB 7 SB

Background Materials

ENG - Engineer Grade Reflective Sheeting
OP - Opaque
HI - High Specific-Intensity Reflective Sheeting
SE - Super-Engineer Grade Reflective Sheeting

Legend Materials

BC - Reflective Button Removable
SO - High Specific-Intensity Reflective Sheeting
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Table 4. Average and Standard Deviations of A1l Overhead Test Signs and the
Differences Between the Lighted and Unlighted Signs on Both Routes

Pair n Material Differences Lighted Unlighted
Avg. Avg Std Avg Std
1 14 ENG/SO 129 775 189 646 150
8 17 ENG/BC -39 908 169 947 235
10 13 oP /S0 -69 692 117 761 103
11 13 HI/BC -217 666 162 883 185
13 16 OP /BC 38 830 117 792 192
14 15 SE/SO 139 835 164 696 156
15 12 SE/BC 165 907 153 742 82
16 14 HI/SO ' 50 888 119 838 111

n - number of observations

Background Materials

ENG - Engineer Grade Reflective Sheeting

0P - Opaque

HI - High Specific-Intensity Reflective Sheeting
SE - Super-Engineer Grade Reflective Sheeting

Legend Materials

BC - Reflective Button Removable
SO - High Specific-Intensity Reflective Sheeting
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Table 5. Ordered Differences in Legibility between
Lighted and Unlighted Overhead Signs

Pair Number Material Difference of
Mean Distances

15 SE/BC 165
14 SE/SO 139
1 ENG/SO 129
16 HI/SO 50
13 opP /BC 38
8 ENG/BC -39
10 0P /S0 -69
11 HI/BC =217

Background Materials

ENG - Engineer Grade Reflective Sheeting
0P - Opaque
HI - High Specific-Intensity Reflective Sheeting
SE - Super-Engineer Grade Reflective Sheeting

Legend Materials

BC - Reflective Button Removable
SO - High Specific-Intensity Reflective Sheeting

-26-



sign type had a legibility distance, on the average, 165 feet further under
lighted conditions than unlighted. At the other extreme, sign pair number 11
(high specific-intensity reflective sheeting with reflective button copy) was
detected 217 feet further under unlighted conditions than lighted conditions. A
Ducans multiple range test on these means revealed that sign pairs 15 and 14
(super-engineer reflective grade sheeting with stick-on reflective copy and
reflective button copy) were significantly better under Tlighted conditions.

Sign pair 11 was detected significantly better under unlighted conditions.

There was no significant difference among the other sign pairs. The statistical
analysis, Appendix (F), contains plots of this model by subject and sign pair and
reveals the amount of variability inherent in this data set. In this study it
was determined that the signs background type, legend type and ambient illumina-
tion had significant effects on the signs legibility distance. One of the
important bits of information that is evident from Table 5 is that some sign
material combinations are not greatly affected in legibility distance by the
presence or absence of sign lighting (OP/BC, ENG/BC).

The statistical analysis indicates that several parameters which are usually
considered as reliable indications of both sign legibility and target value were
not reliable in this study. These parameters were (1) background luminance, (2)
legend Tuminance, (3) contrast ratios, and (4) background complexity. Background
luminance and legend luminance did not prove to be a reliable indicator because
of the variability of the data. It is virtually impossible to obtain the exact
background and legend luminance at the instant each test driver read the sign.
Without the luminance values for each test driver it is impossible to get a high
correlation between the legibility distance and the luminance values. The result-

ant contrast ratios therefore will also not provide a good correlation. Field
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data of these parameters will not result in high correlation values as laboratory
or controlled field studies. The complexity of the background has an affect on
both sign legibility and target value. Several studies have shown this and pro-
vided some methodology in trying to understand why this happens. At present there
is no methodology which provides numerical values for complexity which can be
accurately correlated with legibility and target distance. In some situations

the sign is placed in front of a light source whereas in other situations light
sources (fixed roadway illumination) are placed in close proximity to the sign
face. To study the exact reduction in both legibility distance and target de-

tection, extensive controlled field studies would have to be performed.
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VI. FREEWAY GUIDE SIGNS LEGIBILITY STUDY RESULTS

Figure 6 illustrates the differences in legibility distance between Tighted
and unlighted signs for different sign material combinations, Signs which drivei's
read at a greater distance with the sign lights turned on have a positive legibil-
ity distance difference, whereas those read at a greater distance with the sign
lights turned off have a negative legibility distance difference. The two signs
which performed extremely well in the lighted condition were super engineer re-
flective sheeting with reflective button copy and engineer grade reflective sheet-
ing with reflective button copy. High specific-intensity reflective sheeting with
reflective button copy performed extremely well in the unlighted condition. This
large distance may be the result of this sign being in a rural location. All other
combinations performed equally well in the lighted and unlighted conditions.

A study of the signs background and Tegend material indicate that the sign
combination which had the best legibility distance in the unlighted condition was
engineer grade reflective sheeting with reflective button copy (947 feet). The
variance, however, was extremely large (253 feet). This means that the legibi-
1ity distances ranged from 712 feet to 1182 feet with a mean of 947 feet. A
large proportion of the drivers will be able to read the signs with this com-
bination at 1100 feet while others can read it at 712 feet. High specific-inten-
sity reflective sheeting with reflective button copy had the greatest differen-
tial between the lighted and unlighted condition and was seen best in the un-
lighted condition.

Table 7 presents the sign material combinations with their associated
leqgibility distance in the lighted and unlighted conditions, and variance. In
the lighted condition super engineer grade reflective background with reflective

button copy and engineer grade reflective sheeting with reflective button copy
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had the longest legibility distance. High specific-inténsity reflective
sheeting with high specific-intensity grade reflective stick-on copy, opaque
with reflective button copy and engineer grade reflective sheeting with stick-on
reflective copy, high specific-intensity grade reflective sheeting with reflec-
tive button copy and super engineer reflective sheeting with stick-on copy had
the poorest legibility distances in the lighted condition, all having less than
700 feet. The Tighted condition resulted in more uniform variances than the
unlighted condition.

In the unlighted condition engineer grade reflective sheeting with reflec-
tive button copy was the only combination resu1ting in a legibility distance
greater than 900 linear feet. The 947 linear feet is longer than the 907 linear
feet in the lighted condition. High specific-intensity reflective sheeting with
reflective button copy, high specific-intensity reflective sheeting with reflec-
tive stick-on copy, opaque with reflective button copy, opaque with high speci-
fic-intensity grade reflective stick-on copy and super engineer grade reflective
sheeting with reflective button copy had legibility distances ranging from 742
linear feet to 883 linear feet. Super engineer grade reflective sheeting with
high specific-intensity grade reflective stick-on copy and engineer grade reflec-
tive sheeting with high specific-intensity grade reflective stick-on copy had
legibility distances less that 700 linear feet. The unlighted condition resulted
in a wider variance range (82 linear feet - 235 linear feet) than the lighted
condition (116 feet - 189 feet).

Table 8, presents the different sign combinations ranked in order by legi-
bility distance. Engineer grade reflective sheeting with reflective button copy
was legible over 900 linear feet 5n both the lighted and unlighted conditions.
This sign material combination has excellent legibility distance and provides

over eleven (11) seconds of travel time for the motorist to change lanes. On
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Table 7. Legibility Distance and Standard Deviation for Lighted and
Unlighted Overhead Signs, by Sign Materials Combinations

Sign Distance (Ft.) Standard Deviation
Material Lighted Unlighted Lighted Unlighted
SE/BC _ 907 742 153 82
SE/SO 635 696 164 156

ENG /SO 775 646 189 150
HI/SO 888 838 119 111

OpP /BC 830 792 117 192
ENG/BC 908 947 169 235

0P /S0 692 761 117 103
HI/BC 666 883 162 185

Background Materials

ENG - Engineer Grade Reflective Sheeting
0P - Opaque
HI - High Specific-Intensity Reflective Sheeting
SE - Super-Engineer Grade Reflective Sheeting

Legend Materials

BC - Reflective Button Removable
SO - High Specific-Intensity Reflective Sheeting
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Table 8. Sign Materials Legibility, Distance for Lighted and Unlighted
Overhead Sign Conditions Ranked by Legibility Distance

Rank Sign Sign Lighted Sigr. Sign
Order Pair Material Distance Pair Material UnTlighted
Number (Ft.) Number

1 8 ENG/BC 908 8 ENG/BC 947
2 15 SE/BC 907 11 HI/BC 883
3 16 HI/SO 888 16 HI/SO 838
4 14 SE/SO 835 13 Op /BC 792
5 13 OP /BC 830 10 0P /S0 761
) 1 ENG /SO 775 15 SE/BC 742
7 10 0P /S0 692 14 SE/SO 696
8 11 HI/BC 666 1 ENG/BC 646

Background Materials

ENG - Engineer Grade Reflective Sheeting

0P - Opaque

HI - High Specific-Intensity Reflective Sheeting
SE - Super-Engineer Grade Reflective Sheeting

Legend Materials

BC - Reflective Button Removable
SO - High Specific-Intensity Reflective Sheeting
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most large freeways with 3 to 4 Tanes the driver would require between 900 - 1300
linear feet depending on the freeway level of service and number of lanes (11).
This sign combination would provide sufficient distance if it were placed as
close as 353 linear feet upstream from the exit.

Table 9 presents the legibility distances for each sign combination in the
standard feet per inch of letter height. In this study all signs used sixteen
(16) inch upper case with twelve (12) inch lower case letters. The lighted signs
ranged from 37 feet/inch for high specific-intensity reflective sheeting with
reflective button copy to 57 feet/inch for engineer grade reflective sheeting
with reflective button copy and super engineer grade reflective sheeting with
reflective button copy. For the unlighted overhead signs the signs ranged from
38 feet/inch for engineer grade reflective sheeting with high specific-intensity
reflective grade stick-on copy to 59 feet/inch for engineer grade reflective
sheeting with reflective button copy. For the ground mounted signs, the signs
ranged from 38 feet/inch with engineer grade reflective sheeting with high-
specific-intensity grade reflective stick-on copy to 51 feet/inch for super
engineer grade reflective sheeting with reflective button and high specific-
intensity reflective grade stick-on copy and opaque with high specific-intensity
grade reflective stick-on copy. This analysis points out the non-significant
differences with respect to sign lighting and sign location. One comment should
be made at this time with respect to the legibility distance of the signs using
high specific-intensity reflective sheeting with reflective button copy in the
lighted condition. The legibility distance indicates that in the lighted con-
dition specular glare reduced the distance the drivers were able to read the
sign. This condition did not occur with signs using engineer grade reflective
sheeting with reflective button copy and super engineer grade reflective

sheeting with reflective button copy. All other sign combinations were legible
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Table 9. Legibility Distance in Feet Per Inch of Letter Height for 16 Inch
Letters, Lighted and Unlighted by Sign Material and Location

Sign Legibility Distance (Ft.)

Material Location Lighted Unlighted
HI/BC OVH 42 55
GND -- 47
HI/SO OVH 56 52
GND -- 50
SE/BC OVH 57 46
GND -- 52
SE/SO OVH 52 44
GND -- 51
ENG/BC OVH 57 59
GND - 50
ENG /SO OVH 48 40
GND -- 38
OP /BC OVH 52 50
GND -- 50
op /S0 OVH 43 , 48
GND -- 51

Background Materials

ENG - Engineer Grade Reflective Sheeting

0P - Opaque

HI - High Specific-Intensity Reflective Sheeting
SE - Super-Engineer Grade Reflective Sheeting

Legend Materials

BC - Reflective Button Removable
SO - High Specific-Intensity Reflective Sheeting

Sign Locations

OVH - Overhead
GND - Ground mounted
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farther with both reflective button and high specific-intensity grade reflective
stick-on copy and the opaque background with stick-on copy were legible farther
on ground-mounted signs than overhead. A1l other combinations were legible

~ farther on overhead than ground-mounted signs.

“Background Luminance, Legend Luminance and Ambient Light

One basic factor of sign design which contributes to the signs target value and
to a Tesser degree to the legibility of the sign is the background retroreflec-
tive property. Many studies have pointed out that as the amount of retroreflec-
tivity increases, the signs conspicuity increases. Additional factors which may
contribute to the signs conspicuity are (1) the sign location (overhead or
shoulder mounted), (2) the presence of freeway illumination, (3) the presence of
sufficient traffic volumes to increase illumination on the signs (traffic stream
illumination), and (4) the presence of sign 1jghting.

The legibility distance of a sign is dependent to a large extent on the con-
trast ratio between the background and legend Tuminance.

In an attempt to correlate the legibility distances of the test signs to back-
ground luminance, legend luminance and ambient Tight, photometric readings were
- taken in the field to measure these itemsrfor each test sign. The measurements
wereAmade.with a Pritchard photometer, using a 6' aperturé at a distance of 300
feet. Five readings were taken at each location. The variation in the readings
due to changes in the amount of light from vehicle headlights indicated that
uﬁder field cohditions, photometric data is of questionable value and any one
reading could not be dup]icated. It was_determined that no valid conclusions
could be obtained from the photometric data collected under actual field con-
ditions withoht_some confrol over the traffic stream which was impossible in our

study sections.
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Sign Lighting

Sign lighting effects were determined by averaging the legibility distance
for all lighted overhead guide signs and comparing that to the average legibil-
ity distance for all un.ighted overhead guide signs. The average legibility dis-
tance for the Tighted signs was 813 linear feet and the average legibility dis-
tance for the unlighted signs was 788 linear feet. This twenty-five (25) foot dif-
ference is not statistically significant. The legibility distance had a range
of 242 linear feet (908-666) on the lighted signs and the unlighted signs had a
range of 301 linear feet (947-646). This indicates that the variability of the

legibility distance is reduced by sign Tlighting.

Sign Mounting

In analyzing the effect of sign mounting (overhead vs. ground), legibility
distances for the ground mounted signs on both routes were combined and compared
to the legibility distance of unlighted overhead signs. This analysis compared
all unlighted signs by mounting type. The overhead unlighted signs had an
average legibility distance of 788 linear feet and the ground mounted signs had an
average legibility distance of 787 linear feet. The unlighted overhead guide
signs had a range of 301 linear feet compared to the ground mounted range of 222
linear feet (878-656). The variability of the ground mounted signs is less than

the overhead signs.

Age Group

The test drivers were grouped according to age and classified as young

(Tess than 40) and old (over 40). The legibility distances for all test signs
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were averaged and also tested by sign mount. It was found that for both overhead
and ground mounted the younger drivers performed consistently better than the

older drivers. The younger drivers had an average legibility distance of 29

feet Tonger.
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APPENDIX A. LUMINANCE VALUES OF OVERHEAD AND SHOULDER-MOUNTED
SIGNS (YOUNG-BLOOD AND WOLTMAN)
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APPENDIX B. STANDARD SPECIFICATIONS FOR CONSTRUCTION OF ROADS
AND BRIDGES ON FEDERAL HIGHWAY PROJECTS FP-79-1979
SECTION 633.06--SHEET REFLECTIVE MATERIALS
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Standard Specifications for Construction of
Roads and Bridges on Federal Highway Projects
FP-731979 Section 633.06 — Sheet Reflective Materials

633.06 Sheet Reflective Materials. Type I, Type II, T)}pe 1L and Type [V reflective
sheeting.

(a) Description

Reflective sheeting shall consist of a retroreflective lens system having a smooth cuter
surface. When adhesive bucking is used the sheeting shail have a precoated adhesive on the
backside protected by an easily removable liner. Types I. — 1V refer to levels of perform-
ance in terms of reflective intensity.

(b) Color Requirements

(1) The colors specified shall be matched visually and shall be within the color tolerance
limits shown on the appropriate Highway Color Tolerance Charts issued by the Federal
Highway Administration utilizing the instructions thereon. Certification as to conformance
with this requirement may be accepted by the purchaser.

(or}
(2) Through instrumental color testing the diffuse day color of the reflective material
shall conform to the requirements of Table I or I and shall be determined in accordance with
ASTM E 97, “Standard Method of Test for 45-Degree, 0-Degree Directional Reflectance of
Opaque Specimens by Filter Photometry.” (Geometric characteristics must be confined to
illumination within 10 degrees of, and centered about, a direction of 45 degrees from the
perpendicular to the test surface; viewing is within 15 degrees of, and center about, the
perpendicular to the test surface. Conditions of illumination and observation must not be
interchanged.) The standards to be used for reference shail be the MUNSELL PAPERS
designated in Table I and I1 s The papers must be recently calibrated on a spectrophotometer.
The test instrument shall be one of the following or approved equal:
1. GARDNER Multipurpose Reflectometer or Model XL20 Color Difference Meter.
2. GARDNER Model AC-2a Color Difference Meter or Model XL30 Color Difference
Meters.

8. MEECO Model V Colormaster

4 HUNTERLAB D25 Color Difference Meter
(¢) Reflective Intensity

The reflective sheeting shall have minimum Specific Intensity per unit area (SIA) as shown
in Tables I11, IV, V, or VI expressed as “candelag per footcandle per square foot” [(C d
fe ") ft. %), Four levels of performance relative to SIA are available to be selected by the

purchaser for specific uses. Measurement of SIA shall be conducted in accordance with the
method detailed in Section 718.

(d) Specular Glosa

The reflactive sheeting shall have an 85 degree specular glosa of not less than 40 for types
[ and II, and not less than 50 for [I11~ IV, when tested in accordance with ASTM D 523.

(e) Color Processing

The sheeting shall permit cutting and color pr ing with ible transparent and
opaque process inks in accordance with the Manufacturers recommendation at temperatures
of 60°F to 100°F and relative humidity R.H. at 20 to 80 percent. The sheeting shall be heat
registant and permit force curing without staining of applied or unapplied sheeting at temper-
atures as recommended by the manufacturer. Color processing for Type I11I material shall be

restricted to sheeting with heat activated adhesive backing unless otherwise recommended
by the manufacturer.

(f) Shrinkage

A 9 inch by 9 inch reflective sheeting specimen with liner shall be conditioned a minimum
of 1 hour at 72°F and 50 percent-relative humidity. The liner shall be removed and the
specimen placed on a flat surface with the adhesive side up. Ten minutes after liner is
removed and again after 24 hours, the speci shall be ed to determine the amount
of dimensional change. The reflective sheeting shall not shrink in any dimension more than Y33
inch in 10 minutes nor more than Yg inch in 24 hours.

(g) Flexibility

Types I and I Sheeting Material: The sheeting, applied according to the manufacturer’s
recommendations to a clean, etched 0.020 inch by 2 inch by 8 inch aluminum panel of alloy
6061-T6 conditioned a minimum of 48 hours and tested at 72°F and 50 percent relative

humidity shall be sufficiently flexible to show no cracking when bent around a ¥ inch man-
drel.

TABLE U1

Color Specification Limits and Reference Standards
Types 111 and IV Sheeting

633.06
TABLE 1
Color Specification Limits and Reference Standards
Types I and Il Sheeting
Chromatiaty Courdinates*
(Corner puints) Reflectance Reference eee
Limits (%Y) Standard
1 2 3 1 Y (Munselt
Papers)
Color x y x ¥y x y x y Min. Mux
White** 306 290 360 342 FOTR T 2% 2ue 35 - |63GY 6&Tux
Red 802 317 664 336 644 366 516 356 8 12 |82R 378140
Orange 535 375 607 39 582 AT 536 399 8 30 [28YR 556/140
Brown 446 353 604 386 556 443 445 286 4 ? |BOYR 36
Yellow 482 450 Bu2 466 506 494 AT6  A¥S 29 46 {125Y en2
Green 130 369 1391 166 460 w7 439 35 9 |066HG 284/8.45
Blue 14T 076 176 081 176 151 406 .3 X] 4 |sHPH  1326x

Chromaticity Coardinates®
(Corner pointa) Reﬂ.ed.lm:e Ref. S, **
Limits (%Y)
A Y (Munseit
! 2 3 Papera)
Color x y x y x y x y Min Max
White*® 303 287 368 383 340 380 274 318 21 —_ 50r8 M
Red 613 297 08 292 836 384 558 362 25 1n T5R 3N2
Orange 550 260 £30 370 581 Al8 516 394 14 30 25YR  65/14
Yollow. A8 412 5567 442 479 520 438 AT2 16 40 128Y 6n2
Green ~ 030 380 166 246 286 A28 201 176 3 8 10G 38
Blue 144 0630 244 202 180 247 066 208 1 19 BSPB  132/68

*The four paire of chromaticity coordinates determine the acceptahle color in terms of the CIE 1431 standard colorimet-
ric system with d illumi source C.

*=Silver white ia an acceptable color designation.

"eAvailadle fron Mmsell Color Compeny; 2441 Calvert SC.,
Baltizore, D, 21218.

TABLE 111
Minimum Specific Intensity Per Unit Area (SIA)

*The four pairs of chromaticity coordinates determine the acceptable color in tarms of the CIE 1831 standard colorimet-
ric system measured with atandard illumination source C.
*sSilver white i an scceptable color designation.

esopvatiable from Mursel) Color Cospany, 2441 Calvert St..
Baltimore, FD, 21218.

TABLE IV
Minimum Specific Intensity Per Unit Area (SIA)

(Candelas Per Footcandle Per Square Foet) (Candelas Per Footcandle Per Square Foot)
Type I Sheeting Type 11 Sheeting
Ohgervation  Entrance Observation  Entrance
le () Angle () White Red Orange Brown Yellow Green Blue Angle (0 Angle () White Red Orange Brown Yellow Green Blue
02 -4 50 10 130 Lo 26 5 38 02 -4 70 145 25.0 10 50 90 40
02 +30 12 3 40 04 7 2 10 02 +30 30 60 70 03 22 15 17
06 -4 16 5 65 03 10 3 20 05 -4 a0 k2 135 0.4 J 45 20
a5 +30 6 ] 25 (34 3 1 ox 05 +30 16 30 490 02 22 08
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TABLE V

Minimum Specific Intensity Per Unit Area (SIA)
(Candelas Per Footcandle Per Square Foot)
Type 1II Sheeting

A — Glass Bead Retro-Reflective Element Material

TABLE VI

Minimum Specific Intensity Per Unit Area (SIA)
(Candclas Cer Foot Candle Per Square Foot)
Type IV Sheeting*

Observation Fintrance Obsarvation Entrance
Angle (O Angle (*) White Red Orange Yellow Green Blue Angle (%) Angle (") White Red Dvange Yellow Green Blue
02 -4 250 4% 100 170 45 200 02 -4 260 36.0 k) 170 30.0 200
02 +30 150 25 60 100 25 1ne 0z +30 . 9% 133 26 o 4 16
05 -4 86 18 30 62 15 75 0.6 -4 200 28.0 [ (& 24.0 180
05 +30 65 10 25 4 10 50 05 - 60 a4 7 40 72 48
*Tewt samples are t¢ be mounted it accordaree with manufacturer's re
B—Prismatic Retro-Reflective Element Material
Observation Entrance
Angle () Angle () White Red Orange Yellow Green Blue
02 -4 250 450 100 170 450 200
02 +30 9% 133 28 64 14 16
05 -4 200 280 658 136 240 180
05 +30 65 100 25 45 100 50

Type I1I and IV Sheeting Material: The sheeting, with the liner removed and conditioned
for 24 hours at 72°F and 50 percent R. H., shall be sufficiently flexible to show no cracking
when slowly bent, in one second’s time, around a Yy inch mandrel with adhesive contacting the
mandrel. NOTE: For ease of testing, spread taleum powder on aunesive to prevent stiching
to the mandrel.

Non-adhesive sheetings shall show no signs of crucking or crazing when flexed repeatedly
over a Yjg inch mandrel to 180° at 72°F.

(h) Adhesive

The reflective sheeting shall include a pre-coated pressure sensitive adhesive backing
(Class 1) or a tack-free heat activited adhesive backing (Class 2) either of which may be
applied without necessity of additional adhesive coats on either the reflective sheeting or
application surface.

The Class 1 adhesive shall be a pressure sensitive adhesive of the aggressive tack type
requiring no heat solvent or other preparation for adhesion to smooth clean surfades. The
Class 2 adhesive backing shall be a tack-free adhesive activated by applying heat in excess of
175°F to the material as in the heat-vacuum process of sign fabrication.

The protective liner attached to the adhesive shall be removed by peeling without soaking
in water or other solvents without breaking, tearing or removing any adhesive from the
backing. The protective liner shall be easily removed following accelerated storage for 4
hours at 160°F under a weight of 25 pounds per square inch.

The adhesive backing of the reflective sheeting shall produce a bond to support a 1 EA
pound weight for 5 minutes, without the bond peeling for a distance of more than 2.0 inches
when applied to a smooth aluminum surface and tested as specified in Section 718.

(i) Impact Resistance -

Types I, 1I and III reflective sheeting material, applied according to the manufacturer’s
r dations to a cl d, etched al panel of alloy 6061-T6, 0.04 inches by 3.0
inches by 5 inches and conditioned for 24 hours at 72°F and 50 percent R.H., shall show no
cracking when the face of the panel is subjected to an impact of a 2.0 pound weight with a %s
inch rounded tip dropped from a 10 inch pound setting on a Gardner Variable Impact Tester,

1G-1120. For Type IV material 2 100-inch-pound setting should be used.

() Accelerated Weathering :

When applied in accordance with recommended procedures, the reflective material shall be
weather resistant and, following cleaning in accordance with manufacturers recommenda-
tions, shall show ne appreciable discoloration, cracking, blistering or dimensional change.
Following exposure, the panels shall be washed with a 5% HCI solution for 45 seconds, rinsed
thoroughly with clean water, blotted with a soft clean cloth, brought to equilibrium at stan-
dard conditions and tested. It shall have not less than the percent of the minimum SIA
specified in the table below when subjected to a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>