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ABSTRACT

Overhead Guide Signs can be illuminated to sufficient target value and unifor- )

mity with certain 100 watt mercury vapor lighting units.

Coating materials based on thermal setting polyester, and thermal setting poly-
vinylidene fluoride have been found to be satisfactory coating materials for

Overhead Guide Signs.

Acrylic cured aliphatic urethane, sign enamel, thermal setting polyester and

reflectorized sheeting have been proven as satisfactory materials for refur-—

bishing deteriorated porcelain-enameled aluminum Overhead Guide Signs.

Preliminary field evaluations and legibility studies indicate that approximately
55% of the Overhead Guide signs in the State would not require illumination if

the legend is reflective.
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SUMMARY

As stated in Report Number 222-1 Overhead Guide Signs can be illuminated to suf-
ficient target value and uniformity with certain 100 watt mercury vapor lighting
units. Most 175 watt and 250 watt mercury vapor lighting units present
excessive brightness which reduces legibility, in particular the 250 watt units.
The 100 watt mercury vapor units are presently being used on a statewide basis.

This area of research is complete.

Report Number 222-1 covered the work in the area of sign background coatings.
Many different coatings were investigated prior to the issuance of that report.
The work on durability of the materials has continued since the issuance of the
report. Thermal setting polyester and thermal setting polyvinylidene fluoride
have been found to be satisfactory coating materials for Overhead Guide Signs.
The coatings have shown in accelerated testing to give excellent durability and

color retention for a projected minimum life of thirty years.

Specifications for the polyester coating and the polyvinylidene fluoride coating
have been written and issued. The coatings are being used on a statewide basis.
Additional work will be carried on in the subsequent Project 1-9-84-276,

"Evaluation of Guide Sign Construction Materials”.

Numerous coatings have been tested as possible coatings for the refurbishing of
deteriorated porcelain-enameled aluminum Overhead Guide Signs. Acrylic cured
aliphatic urethane and sign enamel have proven as satisfactory materials for the
refurbishing work. The porcelain-enameled surface must be thoroughly cleaned,
abraded with either coarse sand paper or steel wool, cleaned again and then coated.
Signs refurbished in this manner have been in field service for over eight

years. Contrary to sheeting manufacturers recommendations it was found that

deteriorated porcelain-enameled extrusions can be satisfactorily refurbished
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with the application of engineer grade, super engineer grade and high specific
intensity reflective sheeting. The extrusions were merely cleaned, abraded and
the sheeting was hand applied directly to the porcelain-enameled extrusions in

the District 12 Sign Shop.

Thermal setting polyester has also proven satisfactory in refurbishing of
deteriorated porcelain-enameled aluminum Overhead Guide Signs. Several means of
cleaning the porcelain surface were tried. However, poor adhesion was
experienced when the porcelain surface was merely cleaned. When the porcelain-

enameled surface was completely removed, proper adhesion was experienced.

Field exposure and accelerated testing shows that the opaque background coatings
studied and recommended for use are more durable than the reflective sheeting

backgrounds.

Preliminary field evaluations and legibility studies have indicated that

55% of the Overhead Guide Signs in the State would not require illumination if
the legend is reflective. Reflective backgrounds do not statistically increase
legibility but do provide conspicuity (target value). Field evaluations of the
Overhead Guide Signs were made in Houston, Corpus Christi, San Antonio, Dallas
and E1 Paso. Legibility studies were performed in Houston, Dallas and El Paso.
The field evaluations were based upon the findings of previous research projects
in the areas of detection, recognition, legibility and reaction. The previous
studies proved that if a sign has 1,100' to 1,200' of unrestricted sight
distance the driver can perform the required driving tasks easily. If the
driver can read and understand the text within these parameters on an unlighted,
reflectorized legend sign, then the sign need not be illuminated. As previously

stated 55% of the signs in Texas met the above requirements.
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To check the above, legibility studies were performed in Houston, Dallas and E1l
Paso. Thirty seven participants, male and female, all age brackets were used in
both day time and night time runs. Signs were selected that contained reflec-
tive and opaque backgrounds, button and high specific intensity stick on copy,
with sign illumination and without sign illumination and with freeway illumina-
tion and without freeway i1llumination. The legibility studies proved that there
are no significant differences in legibility distances whether the freeway signs
were lighted or unlighted, stick on copy or button copy and opaque or reflective
background. The reflective background merely added conspicuity and did not
increase the legibility distance of the sign. The sampling of the participants
did not correspond with the population mix in the United States and was of
insufficient quantity to statistically evaluate the effect of sign lighting in

most cases.

As a direct result of this project several specifications and Administrative
Circulars were issued. Also as a result of this project two new research pro-
jects have been approved, Project Number 1-18-84-277, entitled "Functional
Characteristics of Guide Signs™ and Project Number 1-9-84-276, entitled

"Evaluation of Guide Sign Construction Materials”.



IMPLEMENT AT ION

The Department is realizing returns from the monies expended on this project by

the statewide usage of the sign coating materials researched and recommended.

The State is also realizing returns by the statewide usage of the 100 watt mer-
cury vapor sign lights developed on this project., It is recommended that the
State continue on a planned retrofit from the existing troublesome fluorescent
sign lights to the 100 watt mercury vapor units. Thought should also be given
to the replacement of the existing 250 watt mercury vapor units with the more

energy efficient 100 watt units.

In arid areas or where minor to moderately deteriorated porcelain-enameled signs
exist, they may be refurbished by cleaning and buffing of the enameled surface.
Where deterioration has further progressed but the coating has good film
integrity, the deteriorated porcelain-enameled aluminum sign panels can be
easily and economically refurbished using acrylic cured aliphatic urethane or
sign enamel. It is not recommended that the deteriorated panels be refurbished -
with thermal setting polyester unless the refurbishing is done on a large scale
project. It will take a large amount of sign square footage to make the use of
the polyester economically feasible. Deteriorated porcelain-enameled aluminum
sign extrusions can be satisfactorily refurbished by cleaning, abrading and the
hand application of engiuneer grade, super engineer grade or high specific inten-
sity reflective sheeting. The cleaning, abrading and sheeting application can

easily be done in departmental sign shops.
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Results of this project indicate that ground mounted guide sign panels made from
deteriorated porcelain-enameled aluminum extrusions refurbished with either
engineer grade, super engineer grade or high specific intensity reflective
sheeting can be used on a maintenance replacement basis for deteriorated plywood

guide signs.
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II.

III.

SUBJECT:

Evaluation of Overhead Sign Background Materials and Mercury Vapor Sign

Lighting Fixtures.

PURPOSE:
The objectives of the study are:
A. Determine the feasibility of i1lluminating overhead signs with mercury

vapor lighting fixtures.

B. Evaluate avallable coatings that show promise of producing satisfactory

overhead sign backgrounds.

C. Determine a feasible and satisfactory method to refurbish existing

deteriorated porcelain-enameled sign extrusions.

D. Determine the feasibility of using non-{lluminated overhead guide signs
with reflectorized copy. This study was to include opaque background

signs and reflectorized background signs.

Objectives C and D of the study were incorporated after the study was
begun.

CONCLUSIONS AND RECOMMENDATIONS:

Overhead guide signs can be illuminated to sufficient target value and uni-
formity with 100 watt mercury vapor lighting units. Most 175 watt and 250

watt mercury vapor lighting units present excessive brightness, which reduces
legibility, in particluar the 250 watt units, refer to Report Number 222-1.

The 100 watt units are the State Standard. It 1is recommended that the State con-
tinue on a planned retrofit from the existing troublesome fluorescent sign

lights to the more efficient 100 watt mercury vapor units. Due to the

reduced legibility thought should also be given to the replacement of the

existing 250 watt mercury vapor units.



Coating materials based on thermal setting polyester, thermal setting poly-
vinylidene fluoride, polyvinyl fluoride film, acrylic film, acrylic cured
aliphatic urethane and GES-2C sign enamel have been found to be satisfac-
tory coating materials for Overhead Guide Signs. Thermal setting polyester
and thermal setting polyvinylidene fluoride are presently being used on a

statewide basis.

Acrylic cured aliphatic urethane and sign enamel have been proven as satis-
factory materials for refurbishing porcelain—enameled Overhead Guide Signs.
Thermal setting polyester has also proven satisfactory if the porcelain-
enameled coating is removed prior to application of the polyester. 1t is
not recommended that the deteriorated panels be refurbished with thermal
setting polyester unless the refurbishing is done on a large scale project.
It will take a large amount of sign square footage to make the use of the
polyester economically feasible. Deteriorated porcelain-enameled aluminum
sign extrusions can be satisfactorily refurbished by cleaning, abrading and
hand application of engineer grade, super engineer grade or high specific

intensity reflective sheeting directly to the extrusions.

Ground mounted guide sign panels made from deteriorated porcelain—-enameled
aluminum extrusions refurbished with either engineer grade, super engineer
grade or high specific intensity reflective sheeting directly applied to the
extrusions could be used on a maintenance replacement basis for deteriorated
plywood guide signs. It should be noted that the aluminum substrate is more
durable than the plywood substrate., Additional research is recommended on

guide sign materials.



Iv.

Preliminary field evaluations and legibility studies have indicated that
approximately 55% of the Overhead Guide Signs in the State would not
require illumination if the legend is reflective and 1if 1,100' to

1,200' unrestricted sight distance in advance of the sign exists., It

is recommended that additional work on the functionality of guide signs
be performed. As a result of this project, Research Projects
1~18-84-277, "Functional Characteristics of Guide Signs" and 1-9-84-276,

"Evaluation of Guide Sign Construction Materials” have been approved.

MATERIALS:

Thermal setting polyester, thermoplastic polyester, thermal setting polyvi-
nylidene fluoride, air dry polyvinylidene fluoride, polyvinyl fluoride
film, acrylic film, polyurethane, vinyl-toluene acrylate copolymer, acrylic
coating, acrylic urethane coating, silicone solution, GES-2C sign enamel,

thermal setting polyvinyl chloride and engineer grade, super engineer grade

and high specific intensity reflective sheeting have been tested as substrate

finishes. Substrate materials that were tested include new aluminum extru-
sions, old deteriorated porcelainized aluminum extrusions, high density

overlay plywood and A-B Grade pine plywood.

EQUIPMENT:

A grided simulated sign panel and J-16 light meter were used to evaluate
sign lights. Actual field exposure test racks at Austin and Corpus Christi
and a weatherometer were used to evaluate weatherizing characteristics. A
color difference meter, infrared spectrophotometer and x~ray diffractometer
were used to evaluate physical and chemical characteristics. A 1980
Plymouth Volare station wagon equipped with a Numetrics DE-140 digital
bidirectional distance instrument was used in the sign evaluation and legi-

bility studies.



VI.

PROCEDURE FOR DATA:

The procedure for collection of the coating and lighting data used on this
project was described on page 3 of Report Number 222~1. The procedure in
the background coating portion is continuing in this project and will con-

tinue in the subsequent project.

A survey was made of all the major SDH&PT urban distriets. It was found
that all the districts had large stocks of deteriorated porcelain-enameled
aluminum extrusion sign panels in their respective storage yards., This
stock was in addition to many deteriorated porcelain-enameled signs that
were still in service. Various methods‘were tried to refurbish these
deteriorated panels, including chemical cleaning and chemical etching.
Various background coatings were tried with these cleaning and etching
methods. None of the chemical cleaning and etching methods produced satis-
factory adhesion of any of the powder or liquid coatings to the original

porcelain-enamel finish.

Complete removal of the original porcelain-enamel finish produced satisfac-
tory adhesion of the polyester and polyvinylidene finishes. However, the
cost of the complete removal of the porcelain-enamel finish made this
method of refurbishing prohibitive unless done on large volume projects.
Physical abrasion with coarse sand paper or coarse steel wool produced
satisfactory adhesion with acrylic cured aliphatic urethene and sign ena-
mel. Deteriorated porcelain—enameled extrusions were washed, abraded with
steel wocl or sand paper, and washed again. Pressure sensitive engineer
grade, super engineer grade and high specific intensity reflective sheeting
were hand applied directly to the extrusions. Slight defects such as small
bubbles and wrinkles were experienced but these small defects have not pro-
ven to be any problem in appearance in the field or in durability of the

sheeting thus far. Therefore, contrary to manufacturers' recommendations,
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deteriorated porcelain-enameled extrusions can be satisfactorily refur-
bished with pressure sensitive engineer grade, super engineer grade or high
specific intensity reflective sheeting applied directly to the extrusions
without the use of an overlay face sheet. This type of refurbishing can

easily be done in the departmental sign shops.

Although out of the realm of this overhead sign project, the refurbished
aluminum extrusions could be utilized in inexpensively upgrading of ground
mounted signs as well as overhead signs. The refurbished aluminum subtra-
tes are more durable than the presently used plywood. The reflective
sheeting dictates the life of a sign not the background substrate.

However, the aluminum substrate could again be refurbished with new sheeting.

Reports from previous research projects in the area of requirements for
sign illumination were reviewed (See Apprendix I). The reports indicated
that if a sign has 1,100' to 1,200' of unrestricted sight distance in
advance of the sign the motorist can perform the required driving tasks
easily if the sign has reflective legend and no sign illumination
(Example: Robertson and Shellor Report - Bibliography Item No. 5, and
Cleveland, Woods). The driver can recognize, read, comprehend and react
within these parameters using unlighted, reflectorized legend signs. All
overhead signs in Houston, Corpus Christi, San Antonio, Dallas and E1l Paso
were evaluated using the aforementioned parameters. The results of the
evaluations showed that an average of 557 of the overhead signs met the
requirements and could possibly be non-illuminated (See Figure 3A). To
check the above, legibility studies were performed in Houston, Dallas and
El Paso. Houston departmental people from both the Houston Urban Office
and District 12 Office were used in the study. District 18 departmental
people were used in the abreviated study in Dallas. District 24 depart-

mental people were used in the El1 Paso study. Departmental people were



used in all of the studies performed due to legal liabilitijes in the use of
a state vehicle in the studies. In Houston and E1 Paso the participants
were bracketed into age groups of 18-24, 25-34, 35-44 and 45 and over. Two
male participants and two female participants were chosen for each age
bracket, one with eye glasses and one without eye glasses. All brackets
were attained in the Houston study. All brackets were not attainable in
the E1 Paso study. Only one female and one male participant were used in

Dallas.

In the Houston legibility study, signs included opaque backgrounds with
reflectorized button copy, engineer grade and high specific intensity
reflectorized backgrounds with 16" upper case and 12" lower case reflec-
torized button copy and high specific intensity reflectorized stick on
copy. The signs were illuminated and non-illuminated and were located in
sections of freeway that were illuminated with mercury vapor lighting and
high pressure sodium lighting. The signs were also located in non-
illuminated sections of freeway. Some were in urban sections of freeway

and some in semi-rural sections.

In the Dallas study the signs were located on a rural section of freeway
which ran east and west. In the westbound direction the signs had high
specific intensity reflective backgrounds with reflectorized button copy.
In the eastbound direction the signs had engineer grade reflective
backgrounds with reflectorized button copy. All of the signs were non—

illuminated.

The participants made both daytime and night time runs in all of the stu-—
dies. On specific signs they were instructed to immediately say "NOW" when
they could actually read the legend, not just recognize it. They

were driving a 1980 Plymouth Volare station wagon equipped with a




Numetrics DE-140 digital bidirectional distance instrument. When the par-
ticipant said "NOW" the study supervisor would immediately clear the
instrument. When the car came directly under the, subject sign panel, the
supervisor would immediately place the instrument on “"HOLD". The instru-
ment reading would therefore be the legibility distance of that particular
sign., This method was used on all the studies. Sometimes the participant
would read the sign aloud instead of saying "NOW" and as a method check
sometimes the participant was told to read the sign. 1In all cases the
legibility distance was recorded in the above manner. A discussion of the
legibility study results is given in a latter portion of this report.
Figures 1, 2 and 3 show typical signs, locations and participants in the

legibility study.

It was planned to expand the legibility study to include overhead signs
with super engineer grade reflective backgrounds. Signs were fabricated

and erected in Houston. This work will be done on the subsequent project.



LEGIBILITY STUDY

FIGURE 1
HOUSTON RESEARCH PROJECT 1
|- 18-75-222
L SIGN NO. TEXT BACKGROUND ‘MATERIAL
NORTHBOUND: & LIGHTING CTONDITIONS
. IEX'T S4A L6 HI SP. INTEN RE¥L. BKGRD.
- " U.C4 HI SP. INTEN, STICK ON COPY
mB-i2A Tidwell 12" L.C.] FWY ILL- MERCURY VAPOR
Rd & (Typ.) | FLUOR. SIGN LIGHTS OFF
|EXIT 52B HI SP. INTEN.REFL. BKGRD.
] HI SP. INTEN. STICK ON COPY
OmA-IlA Crosstimbers FWY ILL- MERCURY VAPOR
Rd ’ FLUOR. SIGN LIGHTS OFF
[EXIT 544 HI SP. INTEN.REFL. BKGRD.
BUTTON COPY
InB-128 Parker Rd FWY ILL- MERCURY VAPOR
| Yale St FLUOR. SIGN LIGHTS OFF
Yo MILE
[ExIT 53 ] HI SP. INTEN.REFL. BKGRD.
- " BUTTON COPY
IMA-1IB Airline Or FWY ILL- MERCURY VAPOR
FLUOR, SIGN LIGHTS ON
[EXIT| g [ONLY :
| EXIT 418 | OPAQUE BKGRD.
) ALT BUTTON COPY
IC-4 B:::ad St FWY ILL- H. M. HPS
Wayside Dr MERCURY SIGN LIGHTS ON
Y2 MILE
ENGINEER GRADE REFL. BKGRD.
BUTTON COPY
IpD-10 El Dorado FWY ILL- NONE
Bivd ’ NO SIGN LIGHTS
OPAQUE BKGRD.
- Bay Area BUTTON COPY
Ic-8 y FWY ILL- NONE
Bivd ¥ 'FLUOR. SIGN LIGHTS ON

Typical Signs - See Appendix "A"

for complete listing of Houston,
FEl Paso & Dallas signs.
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PARTICIPANTS - HOUSTON LEGIBILITY STUDY

MALE
AGE GROUP WITHOUT GLASSES WITH GLASSES
18 - 24 Jeff Miller Charles Hearn
25 - 34 Andy House Darrell Gloyna
Lewils Rhodes
35 - 44 Ed Vasut Jerome Moore
Gene Ritch
45 & Over Leo Taggart Bob Hauck
Dick McCasland
FEMALE
AGE GROUP WITHOUT GLASSES WITH GLASSES
18 - 24 Sandy Gilliam Janelle Homfeld
Elizabeth Derrig
25 - 34 Pam Harper Linda Potcinske
Pat Trippell
35 - 44 Nancy Shaw Carol Letz
45 & Over Ann Walker Sue Childress
FIGURE 3

Typical Participant List - See
Appendix "A"
For Houston, E1 Paso, & Dallas Lists.
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ViI.

DISCUSSION:

As stated in Report Number 222-] the advent of overhead signing created a
multitude of problems in an effort to solve one traffic engineering
problem: How does one make an in-place, legible, maintenance free sign
unit with pleasing aesthetics that will fulfill all the needs of the
motorists? The problems seem simple. However, some of the problems were
really quite complex. Two of these problems were background coatings and

sign 11lumination.

When overhead signing first became a reality porcelain-enameled aluminum
was the only material available that promised any feasible durqbility.
Fluorescent lighting was considered the only feasible way to produce a
functional illumination system. In the coastal and industrial areas the
porcelain-enamel coating deteriorated rapidly (Figure 4). The fluorescent
sign lighting produced a multitude of maintenance problems that had not

been experienced in indoor applications.

During the sixties two film coatings, polyvinyl fluoride (Figure 5) and
acrylic were investigated by the department, and proven durable and satis-
factory for use. Several projects were contracted using these two film
coatings. The projects were successful. However, due to the limited
usage, the films were virtually withdrawn from the market, leaving once

again porcelain enamel as the only available coating.

Also in the sixties the first mercury vapor sign lights were developed
through departmental experimentation. Even though these first mercury
vapor units reduced maintenance due to reduced number of lamps and much
longer lamp life, the lighting uniformity was not good and the units were

not energy efficient.

11



N Main 5t
- -m

3/4 MILE

- - ~—

&8 noriu

Downtown
R

e

FIGURE 4: Typical Deteriorated Porcelain-enameled
Sign Panels with Fluorescent Lighting
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FIGURE 5: Polyvinyl Film coated sign panel with
porcelain-enameled cut out copy. The sign was
erected on a contract in 1966. The coating is
sti1l in excellent condition. Note the streaking
from the deteriorated procelain enameled copy.
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In view of the above stated problems the continuing experimentation by several
departmental offices was combined into this project, Number 1-18-75-222., As
explained in the previous project report, a concerted effort was expended in
these areas of endeavor. Numerous coatings were tested using various testing
methods. Numerous manufacturer's prototype fixtures were tested. A majority of
the coating materials tested did not prove satisfactory for various reasons such
as cracking, crazing, delamination from the substrate, fading and a multitude of
other reasons. The testing proved that coating materials based on thermal
setting polyester and thermal setting polyvinylidene fluoride are satisfactory
coating materials for Overhead Guide Signs. These coatings are presently being

used on a statewide basis.

Since the statewide usage of the above coatings began in 1977 testing of these
coatings has continued. In addition, other coatings that have become available
have been included in the test program. Some of the coatings did not survive
past preliminary testing. After the preliminary tests proved early failures for
various reasons, the coatings were removed from the project. A polyvinyl
chloride coating does show promise. At the writing of this report, the PVC
tests are not complete. The tests will be completed on Project Number

1-9-84-276. Figures 6 through 11 show various coatings and signs in the program.
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FIGURE 6

SIGN PANEL AHD F(XTURE TASULATION
PROJECT 1-18-73-222

TRAVEL,
MOUNT | NG DIREC~ TYPE OF COAT I NG WO+ OF FIXTURE
TYPE STRUCT. ND. STATION HiY. NC.  TION SIGN SIZE SIGN TEXT TYPE OF COATING SUBSTRATE MFGR FIXTURES MFGH .« REMARKS
Overhead RS-45-47-12 35+42.25 leHs 4% S.8. B'O"xi7'0" @@ SOUTH  Polyurethane Med. Dens. Hughson =250 Quallty
Plywood Chealcal Lights on
Gatveston
Overheod RS-43-47-6 14475 Laf t S$.8. 8'0"xI5'0" Plerce Ave Polyurethane Extra Aluma Hughson =100 W GsE»
Col (.Rd. Bagby St. 1=17% W MG tot=
Lights on Edlson
Overhasd RS-4%-47=12 35+42.2% {aHa 4% SR,  A'0"x18t6" MoK | nnay  Ave Folyvlay!ldens Extra Alum. Parnwalt 1=178 W G.Eo
NEXT LEFT Fluorlde 2-2%0 M Crouse-Hinds Lighted as one
Lights on contimous area
Overhead RS=45=47-12 35+42.25 leHe 4% S8 G'0"xIFVOV Alien Parkuway Polyviny[1dene Extr. Penmalt 2=250 W Crouse—Hinds
* 1/4 WMILE Fluor|de Plywood Lights on
Overhaad RS-45-4%9-2 115+20 leHe 45 $,8. 6'0"x120" Qul tman Standard Green Med, Dons. Stgn Shep 2-1000 W Q.E. Panel requested
st ’ Slgn Palnte Mo Plysced Lights on by Flle 0-%
Topcoat Fobrlcated by Dlst
12 Slgn Shop.
Overhead RS$-43-47-9 21+16.89 1.H. 43 §.8. &'0"x18'0™ High Intens ity Ovor lay b tExlste N/A Existing Lights
Allen Rot (act | ve Sheot over Filuor.) to remaln on
Parkvay Sheotlng Extr. Lights oft structure and
turned of f.
Ovorhead RS$-2 199+30 UsSe 290 W.Be B'O"x16'O" FREEWAY Slgn Palnt Extre Alume Alcoe— Project Contrector Bottom 2 extru=
ENDS Sfgn Shop Lights on slons damaged lo
1 MILE Repaired freight. Repalred
the bottom 2
extrusions with
polyurethane.
Overhead RS-4 862400 U.S. 290 w8,  8'0"x1i'0" FREEWAY Polyestar Atcoa Extr. Goodyear Project Contractor Palnted over
ENDS Alum, Lights on damagad polyester
coating.
Overhead RS-43-47-6 14473 Lett $.8.  3'0™x12'0" Dal los Ave Polyvlny |l deoe Extrs Aluma Alcoa =250 W Nu Ard
Coll.Rd. ’ Fluorlde PPG -0 W Holaphane
Lights on

Typical Experimental Signs - See
Appendix "B"
For Complete List



Top extrusions coated with thermal setting polyester.

Bottom extrusions coated with polyurethane. Polyurethane
faded after 2 years.

Three different experimental coatings on one structure.
From Teft to right; sign enamel with acrylic top coat,

polyurethane, and thermal setting polyester. The acrylic

top coat peeled off, but the sign enamel is in good con-
dition.

Figure 7: Various experimental coatings. Some of
which were not successful.



Aflen: ‘Parkway
riil/a miLE

8 years Field Service - The release agent on plastic coated

plywood substrate caused delamination. Coating delaminated
after 5 years.

Figure 8: Experimental Coating Durability Comparison
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EXIT 122
Priest Rd

Mathis Rd

Figure 9 Thermal Setting Polyester

chalking and running down Engine Reflective
it Ky, S S0 S e el DS e e Ar+nn e

s2neeting Ba ck ground >1gn 1Tn san ANtonio.

The above sign was erected by contract in District 15 in San Antonio.
Lab testing, exposure rack testing and field testing in Houston had
produced satisfactory results with a thermal setting polyester.
However, the above picture shows the problem experienced on a signing
project in San Antonio. .

Investigations have proven that the polyester coating used on the
legend on the above sign was actually a hybrid polyester that in-
cluded epoxy in the formulation. The epoxy caused the chalking.

The hybrid coating did not meet the state specifications for polyester
coating. Further testing of polyester is to be done in project
1-9-84-276.
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8 Years Field Service - Good Condition in regards
to color and surface condition.

Figure 10: Experimental Coating Durability Comparison
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GES - 2C Green Sign Paint without
Topcoat - Original Condition

GES - 2C Green Sign Paint without
Topcoat - 8 Years Field Service
Good Condition in regards to color
and surface condition

Figure 11: Experimental Coating Durability Comparison



Some of the coating production problems that have been experienced in
contracts since the adoption of the recommended coatings have appeared
in the experimental panels. Figure 12 shows a thermal setting polyester
coated panel in which one end of one extrusion was not properly cleaned.

The improper cleaning caused complete delamination of the cocating.

Figure 12: Showing Thermal Setting
Polyester Coating Delamination due

to Improper Cleaning or Handling of
Substrate during Coating Process -
Otherwise in Good Condition in regards
to CoTor and Surfage Condition

Even though production problems do exist with the recommended coatings

in continuing exposure tests have proven them to be the best known avail-
able coatings. The Expected Life-Years and ﬁost/Year—Life shown in the
comparison table on page 22 of Report 222-1 is jndeed conservative. All
evaluations to date indicate a conservative anticipated 1ife in excess

of 30 years or double the life shown originally for polyester coating

and polyvinylidene flouride coating.



The anticipated life for engineer grade reflective sheeting is 7
years. The anticipated life for super engineer grade reflective
sheeting is 8 years. The anticipated 1ife for high specific intensity
reflective sheeting is 10 years. The anticipated 1ife for button copy

is 20 years plus.

Research Report Number 222-1 explained the procedures used in the deve-
lopment of new improved mercury vapor sign lights. With the cooperation
of numerous lighting fixture manufacturers, this project has developed
new improved mercury vapor sign 1ighting fixtures. The project has
proven that overhead guide signs can be illuminated to sufficient

target value and uniformity with certain 100 watt mercury vapor Tighting
units, Most 175 watt and 250 watt mercury vapor lighting units present
excessive brightness which reduces legibility, in particular the 250 watt
units. The 100 watt units are presently being used on a statewide basis.

This portion of the project is considered to be complete {(Figure 13).

Figure 13: Two Thermal Setting Polyester Coated
Sign Panels and 100 Watt Mercury Vapor Sign
Lights. This contract installation was made in
1982.
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The project objectives were expanded to include finding a feasible and satis-
factory method to refurbish existing deteriorated porcelain—enameled sign
extrusions. A statewide survey was made. All of the major SDH&PT urban
districts were contacted. It was found that all of the districts had large
stocks of deteriorated porcelain-enameled aluminum extrusions in their respec-
tive storage yards. These stocks were in addition to many deteriorated

porcelain-enameled signs that were still in service.

Various methods were tried to refurbish these deteriorated panels. Various chemi-
cal cleaning and chemical etching methods were tried. With these cleaning and
etching methods, various background coatings were used. None of the chemical
cleaning and etching methods produced satisfactory adhesion of any of the powder
or liquid coatings to the original porcelain-enamel finish. Complete removal of
the original porcelalin-enamel finish produced satisfactory adhesion of the
polyester finish. However, the cost of the removal of the porcelain-enamel

finish made this method of refurbishing prohibitive unless done on large volume

projects.

Several proprietary coatings were tried that supposedly required mere washing
and/or light abrasion with steel wool or sand paper. These proprietary coatings

were not successful.

Even though many people involved in the project did not believe the coatings
would succeed, Acrylic Cured Aliphatic Urethane and GES-2C Sign Enamel were
tried, The deteriorated porcelain-enameled sign extrusions were washed.
Abrasion was done with medium sandpaper or coarse steel wool. The panels were
again washed. After drying, enough extrusions to make a sign panel were coated
with Acrylie Cured Aliphatic Urethane. Additional extrusions to form another

sign panel were coated with GES-2C Sign Enamel. The two sign panels are still

in good condition after 7 years service (Figure 14).
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Sign Panel Refurbished Using
Acrylic Cured Aliphatic Urethane after 7 years Field Service
(Best of the two coatings shown on this page)

Sign Refurbished with GES-2C Sign Enamel after 7 years Service

Figure 14: Refurbished Sign Panels



District 24 (E1 Paso) refurbished deteriorated porcelain-enameled signs in
their sign shop by removing the text, washing the panels, applying a powdered
mild abrasive porcelain cleaner and scouring with a large floor buffer. The
panels were then rinsed, new text applied and reused on the roadway. The sign

panels are in good condition after 5 years (See Appendix G).

Sheeting manufacturers recommended the use of reflective sheeting as a
background material for refurbishing deteriorated porcelain-enameled aluminum
signs. They recommended the application of the sheeting only on a thin overlay
over the deteriorated sign panel. They recommended against the application of
the sheeting directly to the deteriorated extrusions. Several panels were
refurbished using the reflective sheeting on thin aluminum overlays. Five
panels in Houston were refurbished using fairly rigid (thickness 0.040) alumi-
num overlay sheets which were coated with high specific intensity sheeting.

Two of the sign panels suffered severe delamination of the reflective sheeting
from the aluminum overlay sheets. These were replaced by the manufacturer. It
is believed that the delamination was caused by improper preparation of the
aluminum overlay sheet prior to application of the reflective sheeting. The
remaining three panels and the replacement panels are still in good conditiom.
The original panels have been in service for eight years (Figures 15 and 16).
Numerous panels were refurbished in place on the sign structures in San Antonio
using thin aluminum foil overlay sheets coated with high specific intensity
reflective sheeting. These panels experienced severe bubbling and wrinkling in
application. They are also experiencing rapid deterioration. The bubbles and
wrinkles on the San Antonio signs are so severe that legibility is definitely

impaired.
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Refurbished Sign Panel using Rigid Aluminum Overlay
Coated with High Specific Intensity Reflective Sheeting
and High Specific Intensity Stick on Copy

Same as above after 8 years Service - Good Condition

Figure 15: Experimental Reflective Sheeting Durabilitv Comparison
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Numerous panels have been refurbished in Houston in the District 12 Sign Shop by
the application of reflective sheeting directly to the deteriorated porcelain-
enameled aluminum extrusions. The extrusions were washed, abraded with steel wool
and washed again. The reflective sheeting was hand applied directly to the extru-—
sions. Engineering grade, super engineer grade and high specific intensity
reflective sheeting have all been used in this method. The directly applied
sheeting experienced some small bubbling and small wrinkles. These minor defects
have not proven to be any problem 1in appearance in the field or in durability of

the sheeting thus far.

Therefore, contrary to manufacturers recommendations, deteriorated porcelain-
enameled extrusions can be satisfactorily refurbished with engineer grade, super
engineer grade or high specific intensity reflective sheeting applied directly
to the extrusions without the use of an overlay face sheet. This type of refur-
bishing can easily be done in the departmental sign shops. This type of refur-
bishing preduced superior results compared with the use of thin foll pressure

gensitive overlay sheets.

The rigid (thickness 0.040) riveted aluminum overlay sheets also produced satis-

factory results.

The refurbished aluminum extrusions could be utilized in inexpensively upgrading

ground mounted signs as well as overhead signs.
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Refurbished Sign Panel using Rigid Aluminum Overlay
Coated with High Specific Intensity Reflective Sheeting

and Cut Out Button Copy.
EXIT 54B |

Same as Above with High Specific Intensity Stick on Copy

Figure 16: Refurbished Panels after 8 years service - Good Condition



Figure 17: Refurbished Sign Panels using High Specific Intensity
Reflective Sheeting Applied Directly to the Aluminum Extrusions
after 3 years of service - Good Condition
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The scope of the project was again expanded by adding the task of determining the
feasibility of using non-illuminated overhead guide signs with reflectorized
copy. 7This study was to include opaque background signs and reflectorized

background signs.

Reports from previous research projects in the area of requirements for sign
illumination were reviewed. The reports indicated that if a sign has 1,100' to
1,200" of unrestricted sight distance in advance of the sign, the motorist can
perform the required driving tasks easily if the sign has reflective legend and
ne sign 1llumination. The driver can recognize, read, comprehend and react

within these parameters on an unlighted, reflectorized legend sign.

The overhead sign evaluation studies performed in Houston, Corpus Christi, San
Antonio, Dallas and E1 Paso indicated that an average of 55% of the overhead

signs met the requirements and could possibly be non-illuminated. This finding
corresponds with the results of a similar study conducted in New Jersey.
Legibility studies were performed in Houston, Dallas and El Paso. Figure 18 shows
the numerical averages of the legibility distances. All the legibility distance
averages fell below the 1,100' to 1,200' sight distance used in the sign eva-

luation studies.

The overhead sign structures in Houston are being raised to a minimum clearance
of 21'-0" instead of the 17'-6" minimum clearance as specified in the Manual on
Uniform Traffic Control Devices, The raising of the structures is being done
because of the extremely high number of sign structures being knocked down by
overheight lcads and dump trucks with their dump beds in a raised position.
Concerns were raised as to the possible decrease in legibility distance due to
the increased mounting height of the signs. Figure 19 shows the legibility
distance readings for seven of the participants in the Houston Legibility Study

for signs mounted at 21'-(0".
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LEGIBILITY STUDY
RESEARCH PROJECT
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¥Night overages are with headlights on low beam

FIGURE I8
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There appears to be no detrimental decrease in legibility. This corresponds

with the finding of Woods and Rowan.

Texas Transportation Institute was contacted to assist in the statistical analy-
sis of the legibility studies as performed. Dr. Roger W. McNees was requested to
perform the statistical analysis. Dr. McNees' report will be published at a

later date as part of the effort of Project 1-18-84-277.

The legibility studies indicated that there are no significant differences in
legibility distances whether the freeway signs were lighted, unlighted, had high
specific intensity stick on copy or button copy, or had opaque or reflective
background. The reflective background merely added conspicuity (target value)

and did not increase the legibility of the sign.

The sampling of the participants did not correspond with the population mix in
the United States. Therefore, the legibility studies will be expanded in sub-

sequent Project Number 1-18-84-277, "Functional Characteristics of Guide Signs".
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APPENDIX A

LEGIBILITY STUDY

Sighs, Layouts, & Participants
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LEGIBILITY STUDY

1-18-75-222
1L SIGN NO. TEXT BACKGROUND MATERIAL
NORTHBOUND: & LIGHTING CONDITIONS
- [EXIT 54A HI SP, INTEN, REFL. BKGRD,
- . HI SP. INTEN. STICK ON COPY
mB-12A Tidwell 16" y c.| FWY ILL- MERCURY VAPOR
Rd ’ 12" . c.| FLUOR. SIGN LIGHTS OFF
(TYP)
[EXIT 528 HI SP. INTEN. REFL. BKGRD.
) HI SP. INTEN., STICK ON COPY
omA-I1lA Crosstimbers FWY ILL- MERCURY VAPOR
Rd ’ FLUOR, SIGN LIGHTS OFF
[ EXIT 54A] HI SP. INTEN. REFL. BKGRD,
: BUTTON COPY
InB-i2B . Parker Rd FWY ILL- MERCURY VAPOR
Yale St FLUOR, SIGN LIGHTS OFF
Yo MILE
EXIT 53 |

HI SP, INTEN,REFL. BKGRD,

mA-ilB Airline Dr . BUTTON COPY
. FWY ILL- MERCURY VAPOR

[EXIT < on FLUOR, SIGN LIGHTS ON
EXIT 418 ] OPAQUE BKGRD.
] ALT BUTTON COPY
IC 4 Broad St Fwy ILL- H, M., HPS
Wstide Dr MERCURY SIGN LIGHTS ON
¥ MILE
ENGINEER GRADE REFL. BKGRD.
- El Dorodo BUTTON COPY
op-lo FWY ILL-~ NONE
Bivd ’ NO SIGN LIGHTS
OPAQUE BKGRD,
- Bay Area BUTTON COPY
Ic-8 FWY ILL~ NONE
Bivd ¥ FLUOR. SIGN LIGHTS ON
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LEGIBILITY STUDY

RESEARCH PROJECT

Bivd ¥

HOUSTON 2
I-18-75-222
SIGN NO. TEXT BACKGROUND MATERIAL
SOUTHBOUND: 8 LIGHTING CONDITIONS
| EXIT 50 | ENGINEER GRADE REFL. BKGRD.
_ ] BUTTON COPY
IA-5 Cavalcade St | ., c. | FWY ILL- MERCURY VAPOR
A | 1 6| FLUOR. SIGN LIGHTS ON
Patton St (TYP)
| EXIT 48A | OPAQUE BKGRD.
BUTTON COPY
IA-6 EAST FWY ILL- MERCURY VAPOR
Beaumont MERCURY SIGN LIGHTS ON
%
[EXIT 47A] HI SP, INTEN. REFL. BKGRD,
HI SP. INTEN. STICK ON COPY
mB-i3 Allen FWY ILL-MERCURY VAPOR
‘ FLUOR. SIGN LIGHTS ON
\ Parkway
OPAQUE BKGRD.
College Ave BUTTON COPY
IB-2 FWY ILL- MERCURY VAPOR
Airport Blyd ¥ FLUCR, SIGN LIGHTS ON
OPAQUE BKGRD,
- Edgebrook Or BUTTON COPY
IB-3 FWY ILL- NONE
Clearwood Dré® FLUOR. SIGN LIGHTS OFF
=] OPAQUE BKGRD.
2553 BUTTON COPY
IA-] South Belt ¥ FWY ILL- NONE
Scarsdale Bivd FLUOR. SIGN LIGHTS OFF
OPAQUE BKGRD.
BUTTON COPY
nc-7 Friendswood FWY ILL- NONE
’ FLUOR, SIGN LIGHTS ON
ENGINEER GRADE REFL. BKGRD,
ID-9 El Dorado BUTTON COPY

FWY ILL- NONE
NO SIGN LIGHTS
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PARTICIPANTS - HOUSTON LEGIBILITY STUDY

MALE
AGE GROUP WITHOUT GLASSES WITH GLASSES
18 - 24 Jeff Miller Charles Hearn
25 - 34 Andy House Darrell Gloyna
Lewis Rhodes
35 - 44 Ed Vasut Jerome Moore
Gene Ritch
45 & Over Leo Taggart Bob Hauck
Dick McCasland
FEMALE
AGE GROUP WITHOUT GLASSES WITH GLASSES
18 - 24 Sandy Gilliam Janelle Homfeld
Elizabeth Derrig
25 - 34 Pam Harper Linda Potcinske
Pat Trippell
35 - 44 Nancy Shaw Carol Letz
45 & Qver Ann Walker Sue Childress
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LEGIBILITY STUuDY

RESEARCH PROJECT

*NOTE: ALL SIGNS ON

DALLAS DALLAS STUDY ARE WITH-
1-18-75-222 OUT FREEWAY ILL. AND
HAVE NO SIGN LIGHTS.
SIGN NO. TEXT BACKGROUND MATERIAL
WESTBOUND: & LIGHTING CONDITIONS
, HI SP. INTEN. REFL. BKGRD.
I-WB Luna  Rd e uc. | BUTTON COPY
12" L.C.
o MILE (TYP)
HI SP. INTEN. REFL. BKGRD.
BUTTON COPY
I-WB Luna
‘Rd ,
HI SP. INTEN. REFL. BKGRD.
. BUTTON COPY
TI- WB Valieyview Ln ‘
[ExiT]§r lONLY]
HI SP. INTEN. REFL. BKGRD.
BUTTON COPY
IV-wWB Mac Arthur
Bivd ’
HI SP. INTEN. REFL. BKGRD.
W Belt Line Rd BUTTON COPY
| | MILE
HI SP. INTEN. REFL..BKGRD.
vI-wB Cotton Rd BUTTON COPY
21/, MILES
HI SP. INTEN. REFL. BKGRD.
121 BUTTON COPY
yii-ws DFW Airport
Bethel Rd
2 MILES
HI SP. INTEN. REFL, BKGRD.
12 BUTTON COPY :
yin-we DFW  Airport
3/4 MILE
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LEGIBILITY STUDY

*NOTE: ALL SIGNS ON

DALLAS RESEARCH PROJECT DALLAS STUDY ARE WITH-
|-18-75-222 OUT FREEWAY ILL, AND
HAVE NO SIGN LIGHTS.
SIGN NO. TEXT BACKGROUND MATERIAL
EASTBOUND: 8 LIGHTING CONDITIONS
ENGINEER GRADE REFL. BKGRD.
: BUTTON COPY
I-EB Cotton 16" U.C.
12" L.C.
Rd , (TYP)
ENQINEER GRADE REFL. BKGRD.
‘ BUTTON COPY
O-EB Belt Line Rd
I MILE
ENGINEER GRADE REFL. BKGRD.
. BUTTON COPY :
II-EB Belt Line
Ra
ENGINEER GRADE REFL. BKGRD.
. BUTTON COPY
IY-EB Valleyview Ln
2 MILES
ENGINEER GRADE REFL. BKGRD.
Y-EB Valleyview Ln BUTTON COPY
3
/4 MILE
— o "ENGINEER GRADE REFL. BKGRD.
€E5 BUTTON COPY
_m‘ EB » n'o
Dallas
2 MILES
ENGINEER GRADE REFL. BKGRD.
£ BUTTON COPY
B
I Dallas
I 144 MILES -
— ENGINEER GRADE REFL. BKGRD.
@ @ BUTTON COPY
YT1I-EB
Denton ’
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PARTICIPANTS - DALLAS LEGIBILITY STUDY

MALE

AGE GROUP WITHOUT GLASSES WITH GLASSES
18 - 24
25 - 34
35 - 44
45 & Over Leroy Wallen

FEMALE
AGE GROUP WITHOUT GLASSES WITH GLASSES
18 - 24 Ellen Lyon (Contact lenses)
25 - 34
35 - 44
45 & Over
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LEGIBILITY STUDY

EL PASO RESEARCH PROJECT 1
1-18-75-222
SIGN NO. TEXT BACKGROUND MATERIAL
8 LIGHTING CONDITIONS
2ND FROM RIGHT OPAQUE BKGRD,
BUTTON COPY
|l-WB Raynolds St L6y ¢ | MERCURY VAPOR FREEWAY ILL.
EXIT 4 mi | 12" L.C.
(TYP)
CENTER LEFT OF BROWM OPAQUE BKGRD,
BUTTON COPY
- MERCURY VAPOR FREEWAY ILL.,
2-WB Ailmogordo
Juarez
ExiT]| 1/4 MI[onry
LEFT OPAQUE BKGRD.
BUTTON COPY
3—-WB fo Judrez MERCURY VAPOR HIGH MAST ILL.
NB L8
CENTER OPAQUE BKGRD,
BUTTON COPY
4-NB Fred Wilson Rd HIGH PRESSURE SODIUM FRWY. ILL.
Railroad Dr ’
EXIT2 174 M)
RIGHT OPAQUE BKGRD,
BUTTON COPY
5-NB Pershing Dr HIGH PRESSURE SODIUM FRWY. ILL.
LEFT
OPAQUE BKGRD.,
BUTTON COPY
6— SB HIGH PRESSURE SODIUM FRWY. ILL,
Juarez
Van Horn
NEXT EXIT
RIGHT
EAST OPAQUE BKGRD,
BUTTON COPY
7—-SB HIGH PRESSURE SODIUM FRWY, ILL|
an Horn
YExiT ony| @
LEFT OPAQUE BKGRD,
BUTTON COPY
8-SB WEST HIGH PRESSURE SODIUM FRWY. ILL)
Juarez

4
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LEGIBILITY STUDY

oL paso RESEARCH PROJECT 2
|- 18-75-222 _ ‘
SIGN NO. TEXT BACKGROUND MATERIAL
‘ & LIGHTING CONDITIONS
2ND FROM RIGHT OPAQUE BKGRD,
N BUTTON COPY
9-EB Trowbridge Dr 16" U c.| MERCURY VAPOR FREEWAY ILL.
EXIT I/2 M1 | 12" L.C,
b (TYP)
CENTER
OPAQUE BKGRD,
' BUTTON COPY
I0—-EB Geronimo Dr

MERCURY VAPOR FREEWAY ILL.

EXlT*I/Z MI
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PARTICIPANTS - EL PASO LEGIBILITY STUDY

AGE GROUP WITHOUT GLASSES - WITH GLASSES
18 - 24 Mark C. Longenbaugh Charles H. Berry, Jr.
25 - 34 Charles Veale Raymond E. Lucero
35 - 44 Manny Aguilera Richard Hubbard
45 & Over A.L. fButch" Martinez Albert Andrew

FEMALE

AGE GROUP WITHOUT GLASSES WITH GLASSES
18 - 24 Pamela K. Lester Gloria Gomez
25 - 34 Maria Lucia DePlata
35 - 44 Dale Atkinson Mary Johnson
45 & Over Rose Morton
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APPENDIX B
EXPERIMENTAL  SIGN

BACKGROUND COATINGS
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SIGN

- ND.

5-1

52

s-3

57

SIGN PANEL, AND FIXTURE TABULATION
PROJECT 1-18-75-222

TRAVEL
MOUNTING DIREC~ TYPE OF GOATING . OF FIXTURE
TYPE  STRICT. ND. STATION Y. . TIN SIN SIZE SIN TEXT TYPE OF (DATING SUBSTRATE MFGR. FIXTURES MAR. REMARKS
Overhead RS-45-47-12 35+42.25 I.H.45  S.B. 8'0"x17'0" @ SWUTH  Polyurethane Med, Dens.  Hughson 2-250 W Quality
Plywood Chemd cal Lights on
Galveston
Overhead RS45-47-6 14475 left S.B. B'0"x15'0" Pierce Ave Polyurethane Extr. Alum.  Hughson 1-100 W G.E.
Coll.Rd. Baghy,_St. 1-175 W McGrar
L 2 Lights on  Edison
Overhead RS-45-47-12 35+42.25 I.H. 45 S.B. 6'0"xl13'6" McKinney Ave Polyvinylidene Extr. Alum. Perrwmlt 1~175 W G.E.
NEXT 1EFT Fluoride 2-250 W Crouse-iiinds  Lighted as one
Lights on continious area
Overhead RS-45-47-12 35#42.25  I.H. 45 S.B. 6'0"x19'0" Allen Parkuay Polyvinylidene Extr. Penrwalt 2250 W Crouse—Hinds
* 1/, MOE Fluoride Plywood Lights on
Overhead RS-45-49-2 115420 I.H. 45 S.B. 6'0"x12'0" Quitman Standard Green Mad. Dens. Sign Shop 2-1000 W G.E. Panel requestad
St ’ Sign Paint. No  Plywood Lights an by File D-9.
Topcoat Fabricated by Dist
12 sign Stop.
Overhead RS-45-47-9 27+16.89 I.H. 45  S.B. 6'0"x16'0" High Intensity  Overlay N (Extst. NA Existing Lights
Allen Reflective Sheet over Fluor.) to remain on
Partesay Sheeting Extr. Lights off structure and
turned off.
Overhead RS-2 199450 U.S. 290 W.B. 8'0"x16'0" FREBIAY Sign Paint Extr. Alim. Alcoa— Project Contractor Bottom 2 extru-
ENDS Sign Shop Lights on sions damaged in
1 MILE Repaired freight. Repaired
the bottom 2
extrusions with
polyurethane.
Overhead RS 2862400 U.S. 290 W.B. 8'0"x1l'0" FREEWAY Folyester Alcoa Extr.  Goodyear Project Contractor Painted over
ENDS Ahm. Lights on damaged polyester
coating.
Overhead RS-45-47-6 14475 Left S.B. 5'0"x12'0" Dallas Ave Thermsetting Extr. Alhmn.  Alcoa 1-250 W Na Art
Coll.Rd. ’ Polyester 38 1-250 w Holophane

Lights on
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0§

‘TRAVEL
SIGN MOUNTING DIREC- TYPE OF (DATING N. OF FIXTURE
ND. TYPE STRUCT. ND. STATION BY. . TIN SIN SIZE SIGN TEXT TYPE OF COATING SUBSTRATE MFGR. FIXTURES MFGR. REMARKS
519 Overhead RS-45-49-68 133400 I.H. 45 N.B. 6'0"x15'0" Patton St WF; Porcelainized Desoto (Exist Fluor) Coated by File
1/2 MILE Alr Dry Extrusfons D-9.
$-20 Overthead RS-45-50-2 157490 I.H. 45 N.B. 8'0"xl7'6" Cavalcade St Engr. Gr. Porcelainized 3M (Extst Fluor) Refurbished by
Lirk Rd Refl. Shtg. Extrusions Lights on File D-9.
1/2 MILE
s-21 Overhead RS-45-50-2 157490 I.H. 45 N.B. 6'0"x15'0" Pattoa High Intensity Porcelainized 3M (Exist Fluor) Refurbished by
st ’ Refl. Shtg. Extrusions Lights on File D99.
S22 Overhead RS-45-50-5 188+35 I.H. 45 N.B. 7'0"x17'0" NRTH Thermo Porcelainized Annstrong (Exist Fluor) Coated by
Polyester Extrusions Lights on Industrial
Coatirgs, Inc.
s-23 Overhead RS-45-50-5 188435 I.H. 45 N.B. 7'6™x20'6" WEST @ EAST Thermo Porcelainized Polymer (Exist Fluor) Coated by
Polyester Extrusions Lights off Industrial
W12 e Coatirgs, Inc.
S-24 Overhead RS-45-51-6 225466 L.H. 45 8'0"x11'6" Urethane Porcelainized (Exist Fluor) Coated by
I.H. 610 WST  AcryMe Extrusions Lights off File D9.
N. Loop ‘
525 Overhead RS-45-51-6 225466 L.H. 45 8'0"x11'0" EAST Sign Paint Porcelainized (Exist Fluor) Coated by
1.H. 610 Extrusions Lights off File D9.
N. Loop ’
§-26 Overhead RS-45-54-2 369+40 I.H. 45 N.B. 9'0"xl17'6" Little York Thermo Porcelainized Ammstrong (Exist Fluor) Coated by Pioneer
Rd Polyester Extrusions Lights on Powder Coating.
1 1/4 MI1ES
s-27 Overhead RS-45-54-2 369+40 I.H. 45 N.B. 7'07xl17'6" Parker Rd Thermo Porcelainized Polymer (Exist Fluor) Coated by Texms
Yale St Polyester Extrusions Lights on Powder—¥ote Co.
S-28 Overhead RS-610-17-1 220420 I.H. 610 E.B. 7'0"x17'0" Thermo Porcelainized Ammstrong (Exist Fluor) Coated by
N. Loop EAST  Folyester Extrusions Lights an Industrial
Coatirgs, Inc.
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APPENDIX C

CURRENT SIGN BACKGROUND
COATING SPECIFICATIONS
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642.1 to 642.2

ITEM 642

ALUMINUM SIGNS (Type 0)

642.1. Description. This item shall govern for the composition, applica-
tion, sampling, testing, measurement and payment of complete, in place
aluminum overhead guide signs.

642.2. Materials. Copies of Departmental Material Specifications are
available from the State Department of Highways and Public Transporta-
tion, Materials and Tests Division, 38th and Jackson St., Austin, Texas,
78703.

{1) Background Materials Choice. Unless otherwise specified in the
plans, the Contractor shall have the option to utilize either Class A, B, C, or
D non-reflective background coatings conforming to Departmental Specifi-
cation D-9-8500, ‘‘Non-reflective Background Coatings’’. The background
coating on all aluminum overhead guide signs for any one project, however,
shall be of the same generic material for each color.

{2) Sign Panel Substrate. Sign substrates shall be extruded aluminum
and shall meet the requirements specified below. Aluminum for aluminum
signs shall conform with the requirements of Departmental Specification
D-9-7110, ‘*Aluminum Sign Blanks”, or similar alloy approved by the Engi-
neer which is suitable for background coating to meet the specifications
contained herein,

Extruded aluminum sign panels shall have a minimum thickness of
0.078 inch. Panels shall be of a 12-inch width except that one 6-inch width
panel per sign may be used to obtain the specified overall sign height. Adja-
cent panels shall be attached to each other by means of bolts. The normal
final background coating color is green but may be other colors as shown in
the plans.

Sign faces are not acceptable if the variation of the surface in any direc-
tion exceeds an amount equal to 1/8 inch per foot of defect in width or
height as the case may be. Any vertical or horizontal misalignment between
panel faces shall not be greater than 1/16 inch.

(3) Stiffeners, Wind Beams and Fasteners. Stiffeners, wind beams and
fasteners shall be stainless steel, galvanized steel, or aluminum, in accor-
dance with Departmental Specification D-9-7120, ‘‘Sign Hardware”. Dis-
similar metals shall be so selected or insulated as to prevent corrosion.

{4) Sign Message. The sign message shall be of the size, type and color
shown on the plans.
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642.3

Reflectorized removable legend specified on the plans for various signs
shall conform with Departmental Specification D-9-8400, ‘‘Reflectorized
Removable Legend”'.

When sheet aluminum signs are required as a part of the sign message,
they shall be reflectorized and shall conform with the plans in size and
shape and with the Item, ‘‘Aluminum Signs (Type A)”, latest revision
thereto.

Sheet aluminum signs shall be attached to guide signs by screws or
bolts as shown on the plans.

{5) Sign Support Connections and Hardware. Sign support connections
shall be as shown on the plans or of the Contractor’s choice subject to ap-
proval by the Engineer.

Connections shall be capable of developing the full strength of the sign.

If not specifically addressed on the plans, all bolts, nuts, washers, lock
washers, and other hardware used in making the signs or support connec-
tions shall be galvanized steel, stainless steel or aluminum in accordance
with Departmental Specification D-9-7120, *“‘Sign Hardware''. Dissimilar
metals shall be so selected or insulated to prevent corrosion.

642.3. Fabrication.

(1) Working Drawings. Prior to fabrication, the Contractor shall submit
for approval of the Engineer six prints of the working drawings for each
aluminum overhead guide sign except that when there are two or more
signs of identical design, the required prints of the working drawings for
only one of the signs need be submitted. The working drawings shall show
the details of the panels, wind beams, stiffeners, splices, fasteners,
brackets, sign support connections, dichromate-sealed finish for aluminum
hardware where required by the plans, and methods of attaching the mes-
sage to the sign face.

In addition, the working drawings shall show interline spacing of the
message in sufficient detail to check against the plans. Accompanying the
working drawings, the Contractor shall submit the following: the manufac-
turer’s name, the extrusion number, a dimensional cross section of the
panel, and the manufacturer’s calculated moment of inertia and section
moduli for each type of extruded panel the Contractor proposes to use, Ex-
trusions should be designed to the maximum spacing of sign supports
shown in the plans.

(2) Splicing. Where splicing is required, the splicing shall be done by
rivets, bolts, or other fasteners as shown on working drawings furnished by
the Contractor subject to approval by the Engineer. Rivets or other fas-
teners shall be flush with the face side to provide a smooth, even surface for
the application of background coating.
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642.4

(3) Fastening. The pieces of substrate used in making the sign shall be
fastened to stiffeners or wind beams as shown on the plans or on working
drawings furnished by the Contractor subject to approval by the Engineer.

(4) Panel Preparation. All preparation of substrates used in making the
signs, including cutting and drilling or punching of holes, except holes for
attaching removable reflectorized legend, shall be complete prior to
degreasing and application of background coating.

(5) Background Coatings. Surface preparation of the face side of the

- background substrate prior to application of various background coatings

shall be as recommended by the manufacturer of the specific coating and

approved by the Engineer. The face side of aluminum extrusion flanges
shall be cleaned and prepared in the same manner as the sign panel face.

Application of the various coatings to the substrate shall be as per
manufacturer’s recommendations approved by the Engineer.

The acrylic polymer film (Class B} shall be applied to the face and a mini-
mum of 1/2 of the outside face of aluminum extrusion flanges. The film may
be factory overlaid or vacuum overlaid by the sign panel fabricator.

Thermoplastic or thermosetting polyester coatings (Class C) shall be
shop applied and oven baked with proper pretreatment and primer (when
recommended by coating manufacturer). The coating shall be applied to the
sign face and outside surfaces of extrusion flanges. The back and/or inside
surfaces of the extrusion flanges are not to be coated; unavoidable
overspray in these areas may be permissible. Spray application shall be per-
formed by air, airless or electrostatic techniques. Curing shall be performed
in a ‘“continuous or batch” oven according to coating manufacturer’s
recommendations and at no time shall 700 F be exceeded. The dry film
thickness of the finish coating shall be a minimum of 0.004 inch and a max-
imum of 0.012 inch. The coating shall be uniform throughout and free of
blemishes, blisters, pinholes, cracks, sags and crazing.

Polyvinylidene Flouride Plastic Thermosetting coatings (Class D) shall
be shop-applied and oven-baked with proper pretreatment and primer. The
coating shall be applied to the sign face and outside surfaces of extrusion
flanges. The back and/or inside surface of extrusion flanges are not to be
coated; unavoidable overspray in these areas may be permissible. Spray ap-
plication shall be performed by air, airless, or electrostatic techniques. Cur-
ing shall be performed in a “‘continuous or batch’* oven according to manu-
facturer’s instructions. The dry film thickness of the coating shall be a
minimum of one (1) mil (0.2-0.3 mil primer and 0.8 mil minimum of the top
coat). The coating shall be uniform throughout and free of blemishes,
blisters, sags or crazing.

642.4. Erection. Completed sign blanks and panels shall be trans-
ported, handled and stored in such a manner that corners, edges and faces
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6425 to 644.1

are not damaged. Any mars, scratches or other damage to the sign faces
which are not visible when viewed as outlined in the MANUAL OF TEST-
ING PROCEDURES at a distance of fifty (50) feet, shall be acceptable.
Finished sign faces shall be stored off the ground in a vertical position and
protected from the weather until properly erected.

Prior to erection, all bolt heads and hardware showing on sign faces shall
be painted similar in color to the sign face.

642.5. Cleaning. The signs shall be cleaned prior to inspection. The
signs shall be washed with a cleaning solution acceptable to the manufac-
turer of the sign coating to remove all grease, oil, dirt, smears, streaks,
finger marks, and other foreign particles prior to shop inspection and prior
to final inspection, after erection.

642.6. Sampling and Testing. Sampling and testing will be in accor-
dance with the Department’'s MANUAL OF TESTING PROCEDURES,
unless otherwise specified herein.

642.7. Measurement. Aluminum Signs (Type 0) will be measured by the
square foot. Measurement will be made to the nearest 0.01 square foot of
the area of the vertical front face of the signs erected as determined from
the plans and specifications, with no deductions for rounding off corners,
and no measurement will be made for area in excess of this minimum area.

6428. Payment. Payment for Aluminum Signs (Type 0} shall be made
at the unit price bid per square foot for **Aluminum Signs (Type 0}’ which
price shall be full compensation for furnishing sign panels; fabrication of
the panels, any treatment of sign panels that might be required prior to ap-
plication of the background coating; application of the background coating
to the sign panels, the messages attaching to the sign faces; furnishing
wind beams and stiffeners that are required, furnishing all bolts, rivets,
screws, fasteners, clamps, brackets, and sign support connections; assem-
bling and erecting the signs; washing and cleaning the signs after erection;
and all other labor, materials and incidentals necessary to provide signs
complete and attached to the sign supports.
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IT.

[1I.

STATE DEPARTMENT OF HIGHWAYS
AND
PUBLIC TRANSPORTATION

Departmental Materials Specification: D-9-8300
Flat Surface Reflective Sheeting

Description: This specification shall govern for the

materials, composition, quality, sampling and testing of
six types (Type A-engineer grade, Type B-super engineer
grade, Type C-high specific intensity, Type D-
conformable engineer grade with aggressive adhesive,Type
E-engineer grade used for cut out legend, Type F-
barricade sheeting) of flat surface reflective sheeting,
as specified hereinafter. The intent of this specifica-
tion is to obtain sheeting that is suitable for produc-
tion of acceptable signs.

Bidder's and/or Supplier's Requirements:

A. Procurement by the State: Al1l prospective bidders
are hereby notified that, before any bid is con-
sidered, the material proposed for submission shall
be a material of manufacture and product code or
designation shown on the list of approved manufac-
turers of materials covered by this specification
maintained by the Department.

B. Contracts: A1l contractors and/or sign fabricators
are hereby notified that all flat surface reflective
sheeting and screen inks, utilized in production of
products for the Department, shall be a reflective
sheeting or screen ink of manufacture and product
code or designation shown on the list of approved
manufacturers of flat surface reflective sheeting
and screen inks maintained by the Department.

Payment:

A. Procurement By the State: Payment for all materials
under this specification shall be in accordance with
the conditions prescribed in the contract awarded by
the State.

B. Contracts: A1l materials under this specification
utilized in the production of products for the
Department shall be considered as subsidiary to the
bid item in the contract.

1-12
58 0D-9-8300
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Iv. Prequalification and Performance History:

A.

Establishment of Performance History: Prospective
Bidders and/or Suppliers who desire to establish a
performance history for materials governed by this
specification, should contact the Engineer-Director,
State Department of Highways and Public
Transportation, Austin, Texas 78701, Attention: File
D-4. Prospective Bidders and/or Suppliers will be
notified, after their material has been evaluated,
as to conformance with requirements of this specifi-
cation. Tentative approval may be granted after suc-
cessful completion of any of the durability
requirements hereinafter. Full prequalification
will not be granted until successful completion of
all durability requirements. Failure to success-
fully complete all durability requirements shall be
grounds for cancellation of Tentative Approval.

Performance History: Some of the tests required by
this specification extend over a prolonged period of
time and some tests cannot be made after the
material is applied. Therefore, testing for accep-
tance of materials supplied on any contract or State
purchase order will only be considered on those materials
which, in the opinion of the Materials and Tests
Engineer, are identifiable as being a material
having an established performance history of
compliance with the criteria established by this
specification.

Re-evaluation: When, in the opinion of the
Materials and Tests Engineer, changes have been made
in the composition, manufacturing process, or
quality of a prequalified material that may affect
its durability, a re-evaluation of the performance
may be required. The Department reserves the right
to conduct whatever tests are deemed necessary to
identify a prequalified material and to determine if
a change has been made in composition, manufacturing
process or quality, that may affect its durability.
Changes that are detected in composition, manufac-
turing process or quality, that may affect durabi-
1ity and have not been reported by the manufacturer
shall be cause for removal of that material from the
list of prequalified reflective sheeting materials.

2-12 D-9-8300
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V.

VI.

D. Periodic Evaluation: The Department reserves the
right to periodically evaluate the performance of
materials. Samples for periodic evaluation of per-
formance will be selected at random from materials
submitted to the Department on contracts or direct
State purchase orders. Failure of materials to
comply with the requirements of this specification
as a result of periodic evaluation, shall be cause
for removal of those materials from the list of pre-
qualified reflective sheeting materials.

Warranty:

A. Contracts: If it is normal trade practice for a
sheeting manufacturer to furnish a warranty for
sheeting, the warranty shall be provided to the
Department for potential dealing with the warrantor.
The extent of such a warranty will not be a factor
in acceptance or rejection of sheeting.

B. State Purchases: Sheeting suppliers shall guarantee
their material to be in accordance with the more
stringent of the following two warranties:

1. Manufacturer's standard warranty.

2. Minimum warranty of compliance with the require-
ments of this specification shall be 5 years for
Types A, E and D; 7 years for Type B; 10 years
for Type C except orange; 3 years for Type C
orange; and 2 years for Type F.

Sampling and Testing: Sampling and testing shall be in
accordance with the State Department of Highways and
Public Transportation, Materials and Tests Division
Manual of Testing Procedures.

Costs of sampling and testing are normally borne by the
Department. However, the costs of sampling and testing
of materials failing to conform with the requirements of
this specification shall be borne by the Contractor or
Supplier. Costs of sampling and testing of failing
material shall be assessed at the rate established by
the Materials and Tests Engineer, and in effect at the
time of testing. Amounts due the Department for con-
ducting such tests will be deducted from monthly or
final estimates on contracts or from partial or final.
payments on direct purchases by the State.
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VII. Material Requirements For Reflective Sheeting Materials:

A.

General Requirements:

This specification covers the general and specific
requirements for six Types, Type A, B, C, D, E and
F, of reflective sheeting materials. A1l Types of
reflective sheeting materials shall meet all
requirements of this specification except when spe-
cific requirements are shown for a particular type
of reflective sheeting material. Reflective
sheeting shall consist of reflective lenses incor-
porated within the sheeting film in such a manner as
to produce the required reflective characteristics,
such as color and brightness. The outer surface of
the reflective sheeting as exposed in use shall be
smooth.

Film Characteristics:

1. Tensile Strength and Elongation: The numerical
of the tensile strength per inch of width and the
percent elongation of Type A, B, D, and E
sheeting or sign faces shall not be less than
20.0. Furthermore, the tensile strength shall
not be less than 5.0 and the numerical value of
the percent elongation shall equal or exceed the
numerical value of the tensile strength.

Tensile strength shall be tested in accordance
with ASTM D-828. Elongation shall be tested in
accordance with ASTM D 987-48T. The sheeting or
sign face shall be conditioned at room tem-
perature (72 to 80 F.) for a minimum of 48 hours
prior to testing.

2. Flexibility: Sheeting or sign faces, when
applied according to manufacturer's recommen-
dations, to clean and etched 0.015 inch x2 inch
x8 inch aluminum panels, shall be sufficiently
flexible to show no cracking when bent around a
3/4 inch mandrel. The sheeting shall be con-
ditioned at room temperature for 48 hours prior
to testing. The sheeting or sign faces shall be
tested at 72 to 80 F and at any relative humid-
ity between 50 and 80%.

3. MWorkability: The integrity of the film shall be

such that when the sheeting or a completed sign
face is trimmed, in the normal manner, to match
the sign substrate, the film shall not crack,
flake or chip on the sign panel or sign face
side of the trim line.

4-12 D-9-8300
61 1-84



Temperature Stability: At any combination of
temperatures from 50 to 100 F and relative humi-
dity from 20 to 90%, the sheeting shall permit
cutting, application, and color processing.
Unapplied sheeting will permit curing of process
inks at temperatures up to 150 F and applied
sheeting will permit heat curing of process inks
at temperatures up to 200 F, unless recommended
otherwise by the sheeting manufacturer and so
stated in their technical literature.

Chemical Resistance: The surface of the
sheeting or the face of a completed sign shall
be chemical resistant to the extent that there
will be no surface change when wiped with a
soft, clean cloth dampened with VM&P, naphtha,
mineral spirits, turpentine, mild soaps, or mild
detergents.

Mildew Resistance: The sheeting shall evidence
no fungus growth when tested by Federal Test
Method 6271.1 under the following conditions:

1. Test specimens shall be leached with water
before inoculation.

2. The test organism shall be pullularia
pullulans.

3. The length of the incubation period shall
be 21 days.

Adhesive: The backside of the reflective sheeting
shall be precoated with either a heat activated or
pressure sensitive adhesive. No additional coats of
adhesive shall be required to affix the reflective
sheeting to the sign blank.

1.

Heat Activated: Heat activated sheeting shall

include a precoated tack free adhesive which
will adhere to prescribed surfaces only when
activated by temperatures above 175 F in accor-
dance with manufacturers recommendations.

Pressure Sensitive: Pressure sensitive sheeting

shall include a precoated pressure sensitive
adhesive and shall be applied as specified by
the sheeting manufacturer. In addition, the
adhesive backing of the Type D reflective
sheeting shall be such that the reflective
sheeting or signs made of Type D reflective
sheeting can be affixed to rough and porous sur-
faces such as concrete, asphalt, steel, brick,
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wocd, steel pipe posts, timber posts, aluminum
and/or plywood. Type D reflective sheeting must
be a product suitable for use on these substra-
tes.

Protective Liner: A protective liner shall be
attached to the adhesive to protect its adhesive
qualities until the time of application of the
sheeting. The protective liner, attached to the
adhesive, shall be easily removed by peeling,
without soaking in water or other solvents, and
shall also be easily removed after accelerated
storage for four hours at 150 F and 2.5 pounds
of weight per square inch. Suppliers of reflec-
tive sheeting utilizing a porous, textured
backing paper to protect the adhesive layer that
is not suitable for use as a slip sheet for
packaging of completed signs and/or sign panels,
shall supply rolls of slip sheet paper in the
various widths of reflective sheeting supplied.
Square footage of slip sheet paper supplied in
the various widths shall be the same as the
square footage of reflective sheeting supplied
in the various widths. Slip sheet paper
supplied shall be considered as subsidiary to
the reflective sheeting, and any costs, direct
or indirect, shall be included in the bid price
for reflective sheeting on State purchases.

Required Adhesion: Sheeting or sign faces
applied (according to manufacturer's
instructions) to clean, smooth, paintable sur-
faces, shall adhere so securely at temperatures
of from -20 to 175 F, that it is impossible to
peel, or pull, material from the adhering sur-
faces in pieces containing areas greater than
two square inches. Adhesion tests will be run
not less than 48 hours after application.
Reflective sheeting with pressure sensitive
adhesive shall be aged 36 hours at 140 F and
allowed to cool at room temperature for 12 hours
before testing adhesion characteristics.

Stain Resistance: The adhesive shall have no
staining effect on the reflective sheeting.

D. Durability:

1.

Sheeting: Sheeting or sign faces shall show no
cracking, crazing, blistering, chalking, or
dimensional change after weather-o-meter and
exterior exposure. Exposure time for the
various types of reflective sheeting shall be as
shown in the following table.
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Type of Sheeting

Type Exposure

Exposure Time

Type A & E & D W-0-M 1200 hours
Exterior-45° 18 months
Exterior-90° 5 years
Type B W-0-M 1400 hours
Exterior-45° 24 months
Exterior-90° /7 years
Type C (all colors W-0-M 2000 hours
except orange) Exterior-45° 30 months
Exterior-90° 10 years
Type C, orange W-0-M 720 hours
Exterior-45° 9 months
Exterior-90° 3 years
Type F W-0-M 400 hours
Exterior-45° 7 months
Exterior-90° 2 years

Weather-o-meter exposure shall be

in an Atlas

Weather-0-Meter utilizing an 18-102 cam, in
accordance with ASTM G23-81,Method 1, Type EH.
Exterior exposure shall be facing south at the
Department's exterior exposure test site in

Austin, Texas or other locations,

as deemed

necessary by the Materials and Tests Engineer.

Process Inks:

No process

ink shall be removed,

when tested according to Federal Test Method
6301, after a minimum of 96 hours after pro-
cessing, or after exposure of the various types
of sheeting as shown in the above table.

E. Color:

1.

Diffuse Day Color:

a. Chromaticity Coordinates: The CIE chro-
maticity coordinates of all types of reflec-
tive sheeting, before and after weatherometer
and exterior exposure, shall fall within the
areas having the corner points and reflectance
requirements for the various colors as shown
in the following table.
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CHROMATICITY COORDINATES

Color Chromaticity Reflectance
X y Y
White 0.310 0.300 40 Minimum
0.290 0.320 Types A,B,D
0.360 0.360 and F
0.340 0.380 27.5 Minimum
Type C
Red 0.600 0.290 5-12, Types A,B,
0.700 0.300 D and F
0.650 0.350
0.550 0.350 2.5-11, Type C
Orange 0.530 0.360 12-30
0.530 0.400
0.590 0.410
0.640 0.360
Brown 0.430 0.340 3-8
0.430 0.390
0.560 0.440
0.600 0.400
Yellow 0.440 0.460 30-60, Types A,
0.490 0.510 B, D and F
0.540 0.460 14-30, Type C
0.490 0.410
Green 0.250 0.330 3.5-10
0.250 0.430
0.020 0.540
0.030 0.370
Blue 0.130 0.050 1.8-9
0.230 0.200
0.200 0.240
0.090 0.150
b. Tests: Color shall be determined in

accordance with Test Method Tex-839-B.

Reflected Night Color:

8-12

The reflected night color shall
appear to be essentially the same as the day color
when observed at 50 feet.
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Gloss:

1.

2.

The sheeting's face and screened areas shall
have an 85° gloss meter rating of not less than
35 both before and after weatherometer and
exterior exposure.

Tests: Gloss will be determined in accordance
with ASTM Method D523.

Optical Performance:

1. Specific Intensity: Reflective sheeting (for
background) and reverse screened signs (using
transparent ink) of the various sheeting types
shall have the minimum brightness values, before
exposure, as shown in the following tables.
Minimum brightness values after weatherometer
and exterior exposure shall not be less than 60
percent of the values shown in the following
tables. Brightness values shall be determined
at the divergence and entrance angles shown and
shall be expressed in units of candle power per
foot-candle per square foot.

a. Types A, D & F Reflective Sheeting
BRIGHTNESS VALUES
Color Divergence Angle of Incidence
Angle 2° 10° 20°
White 0.2° 75 50 25
1/3° 60 35 12

Blue 0.2° 6 3.0 -

1/3° 2.5 1.5 -

Green 0.2° 7.0 4.0 -

1/3° 4.5 2.0 -

Yellow 0.2° 18 14 6

1/3° 12 8 4

Red 0.2° 7.5 5.0 2.5

1/3° 5.0 2.5 1.0
Orange 0.2° 18 14 6
1/3° 12 8 4
Brown 0.2° 2 1 -
1/3° 1 0.6 -
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b. Type B Reflective Sheeting
BRIGHTNESS VALUES

Color Divergence Angle of Incidence
Angle -4 +30
White 0.2 140 65
0.5 48 28
Yellow 0.2 70 33
0.5 30 18
Green 0.2 30 8
0.5 7 3.5
Orange 0.2 50 20
0.5 15 10

c. Type C Reflective Sheeting
BRIGHTNESS VALUES

Color Divergence Angle of Incidence
Angle -4 +30
White 0.2 250 140
0.5 95 55
Green 0.2 ' 30 17
0.5 12 6
Yellow 0.2 170 90
0.5 62 36
Red 0.2 30 19
0.5 13 7.8
Orange 0.2 70 40
0.5 25 15

d. Type E Reflective Sheeting
BRIGHTNESS VALUES

Color Divergence Angle of Incidence
Angle 2° 10° 20°
White 0.2° 90 80 70
1/3 60 50 40
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2. Tests: Specific intensity will be determined in
accordance with Test Method Tex-842-B.

Material Identification: Each container, carton, or
box containing reflective sheeting shall clearly
indicate the lot, batch, and/or roll number. The
identification number or numbers shall also appear
on the inside of the sheeting roll core. The number
or numbers on the outside of the box and on the
inside of the core shall match; mismatch of these
numbers can and may be cause for rejection.

The Producer shall notify the Materials & Tests
Engineer in writing of the size of his standard pro-
duction lot (jumbo roll) if the lot size exceeds
32,500 square feet. Any lot exceeding either the
32,500 square feet maximum size or the stated lot
size will be rejected.

VIII. Material Requirements, Screen Inks:

A.

General Requirements: Screen inks shall be a
material specifically formulated for use as a screen
ink in the screening of sign faces and/or legend on
reflective sheeting of the various types of reflec-
tive sheeting, as specified elsewhere in this speci-
fication.

Color: Screen inks of the various colors specified,
as supplied or thinned in accordance with the
manufacturer's instructions, when screened onto
white reflective sheeting of the type as recommended
by the screen ink manufacturer, and using a
polyester screen equivalent to a 10-12xx silk
screen, shall produce a color within the color
requirements specified for the various colors of
reflective sheeting in article VII.E.(1l)(a) above.
Color will be determined utilizing ink from sealed,
unopened containers as received from the manufac-
turer.

Transparency: The transparency of properly thinned

screen inks, other than Black Screen Ink, when
screened onto white reflective sheeting of the type
recommended by the ink manufacturer, using a poly-
ester screen equivalent to a 10-12xx silk screen,
shall be such that the minimum reflectivity of sign
faces produced utilizing colored transparent screen
inks on white sheeting shall be the same as the
minimum reflectivity for reflective sheeting of the
same color. Black screen ink shall produce total
opacity.
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IX.

D. Durability: Screen inks as recommended by the ink
manufacturer for use on the various types of reflec-
tive sheeting shall exhibit the same durability as
specified for that type of reflective sheeting.

Sign Faces and Completed Signs: For all signs, sign

panels, sign faces and traffic control devices that
utilize reflectorized red and white, the quotient of
white specific intensity / red specific intensity shall
not be less than 5.0, nor more than 15.0. For all
signs, sign panels, sign faces and traffic control
devices that utilize reflectorized orange and white

the quotient of white specific intensity / orange
specific intensity shall not be less than 2.0, nor more
than 15.0. For other signs utilizing combinations of
reflectorized colors, the quotients of white specific
intensity / other color or colors specific intensity
shall not be less than 5.0.

Packaging: The material shall be packaged in containers
that will permit normal shipping and storage without the
material sustaining damage or becoming difficult to
apply. Roll material shall contain no more than three
(3) splices per 50 yard, linear measurement. The length
of the roll core shall not be less than the width of the
material. Pressure Sensitive Material: The ends of the
material shall be cut square with an overlap splice of
3/8", (+ 1/8") in width. £Edges of the overlap splice
are to be straight and square. Heat Activated Material:
The ends of the material shall be cut square, butt
jointed closely together and held securely in place with
a removabile tape.
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STATE DEPARTMENT OF HIGHWAYS
AND
PUBLIC TRANSPORTATION

Departmental Materials Specification: D-9-8400

I1.

I11.

Iv.

Reflectorized Removable Legend

Description: This specification shall govern for
the materials, composition, quality, sampling and
testing of reflectorized removable legend, as spe-
cified hereinafter.

Bidder's and/or Supplier's Requirements: All
prospective bidders, suppliers, contractors, sign
fabricators, and/or coaters are hereby notified that
the materials utilized to coat the frames for the
reflectorized removable legend shall be either poly-
vinylidene flouride plastic-thermosetting or therm-
osetting polyester prequalified under Departmental
Specification D-9-8500, "Non-reflective Background
Coatings."

Payment:

A. Procurement by the State: Payment for all
materials governed by this specification will be
in accordance with the provisions of the
purchase order awarded by the State.

B. Contract: Al]l materials governed by this speci-
fication utilized in the manufacture or produc-
tion of sign faces, sign panels, and/or
completed signs, shall be considered as sub-
sidiary to the signs on which they are used.

Sampling and Testing: Sampling and testing shall be
in accordance with the State Department of Highways
and Public Transportation, Materials and Tests
Division Manual of Testing Procedures. Costs of
sampling and testing are normally borne by the
Department. However, the costs of sampling and
testing of materials failing to conform with the
requirements of this specification shall be borne by
the contractor or supplier. Costs of sampling and
testing of failing material shall be assessed at the
rate established by the Materials and Tests
Engineer, and in effect at the time of testing.
Amounts due the Department for conducting such tests
will be deducted from monthly or final estimates on
contracts or from partial or final payments on
direct purchases by the State.

1-3 D-9-8400
70 3-83



v.

Material Requirements:

A.

General Requirements: This specification covers
the general and specific requirements of reflec-
torized removable legend which shall consist of
acrylic-plastic reflectors supported by
embossed-aluminum frames. All reflectorized
removable legend supplied on any one contract
project shall be of the same manufacture.

Embossed Aluminum Frames: The aluminum frames
design shall be the Federal Highway
Administration's Standard Alphabet for Highway
Signs, modified to accommodate the required
reflectors. The frames shall be fabricated from
0.040 inch aluminum sheet conforming to the
requirements of ASTM Specification B209 alloy
3003. The size and spacing of the holes for
reflectors in the frames shall be such as to
afford maximum night and day legibility and
visibility to the finished figure.

Coatings: The fabricated frames shall be coated
with either a Class A or Class B coating meeting
the requirements of Departmental Specification
D-9-8500, "Non-Reflective Background Coatings",
except that the thickness of the Class B coating
shall be 2.0 to 8.0 mils. The color of the
coating shall be white, unless specified other-
wise.

Acrylic-Plastic Reflectors: The reflectors
shall be acrylic plastic and shall consist of a
clear and transparent plastic face, herein
referred to as the lens, and back material
attached to the lens around the entire perimeter
to form a homogeneous unit permanently sealed
against dust, water and air. The reflectors
shall be colorless. The lens shall consist of a
smooth front surface free from projection or
indentations other than for identification and a
rear surface bearing a prismatic configuration
such that it will effect internal reflection of
light. The manufacturer's name or trade mark
shall be moulded legibly into the face or back
of the lens.

Reflectors shall be designed for installation as
an integral part of the frame or otherwise
securely affixed to the frame to prevent their
displacement in handling or service. Frames in
which reflectors are assembled by means of tape
are unacceptable.
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1.

Optical Performance: The specific intensity

of the reflectors shall equal or exceed the
following minumum values:

Entrance Angle Divergence Angle Specific Intensity
Degrees Degrees Cp./Sq. Foot/Foot-Candle
0 1/10 2000
20 1710 800
0 1/3 1000
20 1/3 400
2. Seal Test: The reflectors shall comply with

the requirements listed in Test Method

Tex-845-B.

Heat-Resistance Test: The reflectors shall

comply with the requirements listed in Test
Method Tex-846-B.
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IT.

Iv.

STATE DEPARTMENT OF HIGHWAYS
AND
PUBLIC TRANSPORTATION

Departmental Materials Specification: D-9-8500
Non-reflective Background Coatings

Description: This specification shall govern for the
materials, composition, quality, sampling and testing of
non-reflective background coatings as specified
hereinafter,

Bidder's and/or Supplier's Requirements: All prospec-
tive bidders or suppliers are hereby notified that,
before any material is considered, the material proposed
for submission shall be a material that has been pre-
viously submitted for testing and complies with the
durability and other requirements of this specification.

Payment:

A. Procurement by the State: A1l materials governed by
this specification will be paid for in accordance
with provisions of the purchase order awarded by the
State.

B. Contracts: All materials governed by this specifi-
cation utilized in the production of sign panels or
completed backgrounds, will be considered as sub-

sidiary to the bid item in the contract.

Prequalification and Performance History:

A. Establishment of Performance History: Prospective
Bidders and/or Suppliers who desire to establish a
performance history for materials governed by this
specification, should contact the Engineer-Director,
State Department of Highways and Public
Transportation, Austin, Texas 78703, Attention: File
D-9. Prospective Bidders and/or Suppliers will be
notified, after their material has been evaluated as
to conformance with requirements of this specifica-
tion.

B. Performance History: Some of the tests required by
this specification extend over a prolonged period of
time. For this reason, the Department will only
consider testing for acceptance those materials
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VI.

which are determined by the Materials and Tests
Engineer to be identifiable as a material having an
established performance history of compliance with
the criteria established by this specification.

C. Re-evaluation: When it has been determined by the
Materials and Tests Engineer that changes have been made
in the composition, manufacturing process, or
quality of a material that may affect its durabi-
lity, a re-evaluation of its performance may be
required. The Department reserves the right to con-
duct whatever tests are deemed necessary to identify
a material and verify its prequalification.

D. Periodic Evaluation: The Department reserves the
right to periodically evaluate the performance of
materials. Samples for periodic evaluation of per
formance will be selected at random from materials
submitted to the Department on contracts or direct
State purchase orders. Failure of materials to
comply with the requirements of this specification
as a result of periodic evaluation, shall be cause
for removal from the list of prequalified materials.

Sampling and Testing: Sampling and testing shall be in

accordance with the State Department of Highways and
Public Transportation, Materials and Tests Division
Manual of Testing Procedures.

Costs of sampling and testing are normally borne by the
Department. However, the costs of sampling and testing
of materials failing to conform with the requirements of
this specification shall be borne by the Contractor or
Supplier. Costs of sampling and testing of failing
material shall be assessed at the rate established by
the Materials and Tests Engineer, and in effect at the
time of testing. Amounts due the Department for con-
ducting such tests will be deducted from monthly or
final estimates on contracts or from partial or final
payments on direct purchases by the State.

Material Requirements: This specification covers the

general and specific requirements for four classes of
non-reflective background coatings. All classes of non-
reflective background coating shall meet all require-
ments of this specification except when specific
requirements are shown for a particular class of non-
reflective background coatings.
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Classes:

1. Class A - Class A non-reflective background
coating shall be a thermosetting polyester
powder coating.

2. Class B - Class B non-reflective background
coating shall be a thermosetting polyvinylidene
coating applied over a primer recommended by the
manufacturer of the polyvinylidene coatings.

3. Class C - Class C non-reflective background
coating shall be polyvinylflouride film bonded
to the substrate surface with adhesive(s)
approved by the polyvinylflouride film manufac-
turer.

4, Class D - Class D non-reflective background
coating shall be an acrylic film bonded to the
substrate surface with adhesive(s) approved by
the acrylic film manufacturer.

Film Thickness: The various classes of non-
reflective background coatings shall meet the film
thickness requirements as shown below for the
various classes.

Class Film Thickness
(Mils)
A 4.0 to 12.0
B 1.0 min. *
C 1.0 min.
D 3.0 min.

* Film thickness of Class B coating shall include
primer and coating. Minimum thickness of primer
shall be 0.2 mil and minimum thickness of the poly-
vinylidene coating shall be 0.8 mil.

Color: The diffuse day color, of all classes of
non-reflective background coatings, before and after
weather-o-meter exposure, shall comply with the

color requirement specified below. Color require-

ments are defined by an enclosed area formed by

using the CIE Chromaticity Coordinates as corner

points and the listed Y reflectance limits. Color

shall be tested in accordance with Test Method Tex-839-B.
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CHROMATICITY COORDINATES

Color Chromaticity Reflectance
X y Y
White 0.310 0.300 40 min.
0.290 0.320 .
0.360 0.360
0.340 0.380
Green 0.250 0.330 3.5-10
0.250 0.430
0.020 0.540
0.030 0.370
Yellow 0.440 0.460 30-60
0.490 0.510
0.540 0.460
0.490 0.410
Red 0.600 0.290 5-12
0.700 0.300
0.650 0.350
0.550 0.340
Brown 0.430 0.340 3-8
0.430 0.390
0.560 0.440
0.600 0.400
Blue 0.130 0.050 1.8-9
0.230 0.200
0.200 0.240
0.090 0.150

Gloss: The gloss of all classes of coatings at 60°
(ASTM D523) shall be as follows:

Color Gloss at 60°
White . 60-90
Green 90 max.
Yellow 90 max.
Red 90 max.

Infrared Analysis: All coatings shall match the
infrared spectra on file with the Department's
Materials and Tests Division.

X-Ray Diffraction Analysis: A1l coatings shall
match the x-ray diffraction pattern on file with the
Department's Materials and Tests Division.
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G. Applied Film Characteristics: All coatings shall

meet the following requirements after the coatings
have been applied to background substrate:

1.

Adhesion: There shall be no removal of the

coating when tested as follows: Using a

sharp knife, make six or more parallel cuts

-at 1/8-inch intervals through the finish to

substrate. Cross-hatch similarly. Apply
Scotch cellophane tape firmly to scribed
area. Pull tape off with a sharp jerk. No
loss of adhesion shall occur.

Pencil Hardness: The applied coatings or

films shall have a pencil hardness of F
minimum in accordance with Gardner-Sward
Point Testing Manual, method 5.1.2.16.

Durability: The applied coatings or films,

when subjected to the following tests, shall
exhibit no loss of bond strength,
blistering, checking, crazing, chalking or
other film appearance and/or adhesion
defects.

Tests Exposure Time

Boiling water immersion 100 hrs.

Fog Chamber (100 F & 100% R.H.) 12 wks.

Atlas Weather-0-Meter 3,000 hours
(18-102 cyclic gear,
Test Method Tex-801-B)
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GES-2c, Green Enamel, Sign

Pounds

Phthalocyanine Green, Sun Chemical Corp.,
Fastolux Green 264-0414 50
Light Chrome Yellow, Du Pont, Y-433-D 30
Titanium Dioxide, Rutile, Du Pont, R-900 30
Medium Oil Alkyd Resin, 507% Solids 610
Bentone 38 2
Butyl Alcohol 1
247 Lead Drier 6
6% Cobalt Drier 3
Anti-Skinning Agent 4
Mineral Spirits 65
Xylol 30
831

Consistency: 68-78 KU

Grind: 7min. Particles: 8 max.

Gallon weight: +.05 1bs. of theoretical gallon weight

Color: Match color standard ( Spray outs must be used)

Skinning: No skinning within 48 hours (Test Method
Tex-811-B).

Raw Materials Shall Meet the Requirements of Paint Speeifi-

cation D-9-1, 11-64.
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ADMINISTRATIVE CORRESPONDENCE
&

CURRENT MERCURY VAPOR SIGN
LIGHTING FIXTURE DETAIL SHEET
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COMMISSION STATE DEPARTMENT OF HIGHWAYS ENGINEER-DIRECTOR

REAGAN TOUSTON. GrARMAN AND PUBLIC TRANSPORTATION B. L DEBERRY
DEWITT C. GREER AUSTIN, TEXAS 78701
CHARLES E. SIMONS January 25’ 1978

IN REPLY REFER TO
T0: ALL DISTRICT ENGINEERS AND ENGINEER-MANAGER FILENO. p_18T

SUBJECT: Standard Sheet for Mercury Vapor Sign Lighting Fixtures

Gentlemen:

Attached is a copy of Interstate Standard Sheet SL(MV), '"Mercury Vapor Sign Lighting
Fixtures." This standard sheet was developed as a result of Research Project 1-18-
75-222 and will eliminate the use of Interstate Standard Sheet SL(MV-F), '"Mercury
Vapor Sign Lighting Fixtures Fixed Mounting Base," and SL(MV-Al) and SL(MV-A2),
"Mercury Vapor Sign Lighting Fixtures Adjustable Mounting Base.'" The new standard
sheet calls for using 100 watt clear mercury vavor lamps instead of 250 watt mer-
cury vapor lamps presently being used for lighting overhead guide signs. The photo-
metric data, color rendition and uniformity produced by the 100 watt mercury vapor
lamp is similar to that produced by the 250 watt mercury vapor lamp using the same
fixture spacing. This will reduce energy consumption and power costs.

Although use of fluorescent lighting fixtures is permitted, its use should be mini-
mized due to the short life span of fluorescent lighting fixtures and constant main-
tenance problems. It is also recommended that wherever possible, mercury vapor sign
lighting fixtures be used to replace existing fluorescent fixtures on a maintenance
replacement basis utilizing the same spacing as shown in this standard sheet. This
will reduce long-term maintenance costs as well as the exposure of maintenance per-
sonnel in the field.

This standard sheet should be used on future projects beginning with the May 1978 and
subsequent lettings. Projects already submitted and currently under review, will be

modified by this office. If you should have any questions concerning the above sub-

ject, please feel free to contact this office.

Sincerely yours,

B. L. DeBerry
Engineer-Dir

Byron¥C. Blaschke, Chief Engineer
DT:id of Maintenance Operations
Attachment
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APPENDIX E

ADMINISTRATIVE CIRCULAR 48-83

Use of Sign Lights on
Overhead Signs
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STATE DEPARTMENT OF MIGHWAYS
AND PUBLIC TRANSPORTATION

ADMINISTRATIVE CIRCULAR NO. —-#8-83

To: ALL DISTRICT ENGINEERS, ENGINEER-MANAGER AND Date: July 11, 1983
DIVISION HEADS

Subject: yse of Sign Lights on Overhead Signs Expires: See below

Reference: Administrative Circular 56-75 File: D-18T

Gentlemen:

Reference is made to Administrative Circular 56-75 which transmitted Revision
No. 1 to the D-18 Procedure Manual for Expressway and Freeway Signing. This
Procedure Manual also includes Department policy on the use of certain materials
and design concepts for overhead signs. Included is the provision that all
overhead signs be independently illuminated.

The results of Research Project 1-18-75-222 indicate the need for a change in

the Department's policy on the use of lights for all overhead signs. FHWA

policy permits overhead signs without sign lights under some conditions only

in rural areas. Therefore, it is also necessary to establish an easily deter-
mined boundary between urban and rural freeway sections. City population

is not appropriate to use to distinguish urban and rural freeway sections

since many small cities and unincorporated areas exist around major metropolitan
centers which are very urbanized. :

Since most of our urban freeways have continuous illumination and most of our
rural freeways do not, the most practical dividing line between where lighted
and unlighted signs would be permitted, is whether or not the freeway has
continuous illumination. Generally, in metropolitan areas the continuous
illumination system ends near the fringes of the urbanized area. Using the
existence of continuous illumination as the deciding factor on whether external
sign lights on overhead signs could be eliminated is logical, since the non-
lighted reflective signs would be more effective in the reduced ambient light
of a non-illuminated freeway section.

Based on,the above, the following is established as the Department Policy on
use of sign lights for overhead signs.

AREA NEW SIGN INSTALLATION SIGN REFURBISHING

Rural No sign lights* (District option to remove or retain
sign lights)*

Urban Use sign lights Use sign lights.

*In rural areas sign lights are to be omitted only when roadway curvature
allows vehicle headlights to illuminate the sign for a distance of 1200 ft.

Unless otherwise approved by D-18, engineer-grade reflective sheeting back~-

ground will be used when signs are not lighted and non-reflective background
material will be used when signs are lighted:
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The portions of the D-18 Procedure Manual for Expressway and Freeway Signing,

transmitted by Administrative Circular 56-75, in conflict with the above are hereby
canceled.

This Circular will remain in effect until its contents are incorporated into the
appropriate Division Manuals.

Sincerely yours,

M. G. G e
Engineer-Director

DISTRIBUTION:
District Engineers
Division Heads
Engineer-Manager

. Maintenance Foremen
Resident Engineers
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APPENDIX F

ADMINISTRATIVE CIRCULAR NO.50-83

Use of High Specific Intensity
Type Reflective Sheeting on
Construction Projects
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SVATE DEPARTMENT OF MIGHWAYS

AND PUBLIC TRANSPORTATION
ADMINISTRATIVE CIRCULAR NO, —39-83_

To:  ALL DISTRICT ENGINEERS, ENGINEER-MANAGER AND Date: July 13, 1983
DIVISION HEADS _

Subject: Use of High Specific Intensity Type Reflective Expires: See below
Sheeting on Construction Projects

Reference: File: D-18T

Gentlemen:

The Federal Highway Administration's and the Department's joint Process Review
Committee for Traffic Control through Construction Work Zones visited eight
District Offices from April 1982 through May 1983, and have identified several
items that could be improved to better accomplish the Department's goals in
handling traffic safely through work zones.

One item that has been recommended by several Districts and that has been the
subject of numerous research reports is the use of high specific intensity type
reflective sheeting on construction traffic control devices. The Process Review
Committee found that on urban projects, channelization devices require more clean-
ing and replacement than any other traffic control devices using a reflective sur-
face. This is due, in part, to lower mounting height and lateral clearance require-
ments for channelizing devices. 1In addition, due to store fronts, advertising media
and various other factors that are continuously competing for the driver's atten-
tion, construction traffic control devices used for channelization purposes should
provide the most reflectivity possible.

High specific in;ensity type reflective sheeting has been found to provide a
much better reflective surface on channelizing devices used in urban areas and
requires less maintenance to achieve desirable reflectivity.

Therefore, in construction projects involving work in metropolitan areas, and
based on the District Engineer's approval, the District may include a plan note
on the Specification Data Sheets requiring the use of high specific intensity
reflective sheeting on channelizing devices. The following note may be used:

ITEM 502 - For this project, reflective surfaces on channelizing
devices, such as cones, vertical panels, drums, and barricades
shall be the high specific intensity type, flat surface, reflec~
tive sheeting and shall conform with Departmental Specification,
“Flat Surface Reflective Sheeting," D-9-8300, Type C. Reflective
surfaces on signs shall conform with Departmental Specification
D-9-8300, Type A.

This Administrative Circular will expire when its contents are included in the
appropriate Division Manuals.

Sincerely yofrs,

' L]
. G. G e

Engineer-Director
DISTRIBUTION:
District Engineers
Engineer-Manager
Division Heads 86
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APPENDIX G

REVISING TEXT ON EXISTING
OVERHEAD SIGNS

(Porcelain Enameled)
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REVISING TEXT ON EXISTING
OVERHEAD SIGNS

BY
MANUEL F. AGUILERA

SR. TRAFFIC ENGINEER
DISTRICT 24






District 24 recently had a need to revise the text on
twenty overhead sign bridge signs. Several alternatives
were considered, such as fabricating new signs, overlaying
with a thin material, repainting, or washing the panels with
a porcelain cleaner. The following series of photographs
show the regulta of our sign washing efforts on one of the
signs we modified. We had similar resulté on all of the

signs we revised. These signs had been in service approxi-

mately nine years,



Montana Ave

Altura Ave

Sign as removed from sign bridge
with original text,



Sign with cext removed.



Stign blank washed with soap

and water,



Sign blank scrubbed wicth floor
polisher and powdered chlorinated
cleaner,



Sign blank rinsed and mopped
dry.



Sign blank after drying.
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New text being applied to sign
blank,
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Sign with new text.
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Sign installed on sign bridge.



Close up view of revised sign
on existing sign bridge.

99



We were careful to revise signs in which an acceptable letter
to letter and row to row spacing could be maintained. Several
signs were relocated on the sign bridges to achieve this,

The total area of all the signs revised by malntenance forces
wag approximately 2,000 Bquare feet. Our cost was estimated at
$1,840. This estimate includes labor, use of Department equipment,
and materials used, The current price for new signs installed by
contract is about $10 per square foot. One can readily see the
savings involved by utilizing maintenance forces to recycle existing
signs,

If you have any questions regarding thig process, please feel
free to contact Mr., Manuel F, Aguilera, Sr, Traffic Engineer,

District 24 - E1 Paso, Tex-An 846-8776,
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