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ABSTRACT

Coating materials based on thermal setting polyester, thermal
setting polyvinylidene fluoride, and air dry polyvinylidene
fluoride have been found to be satisfactory coating materials

for Overhead Guide Signs.

The above three coatings also show excellent promise as materials
for refurbishing deteriorated porcelain-enameled aluminum Overhead

Guide Signs.

Coatings based on polyurethane, vinyl toluene/acrylate copolymers,
acrylic and alkyd do not produce overhead guide sign backgrounds

of sufficient durability and color retention to warrant their use.

Overhead Guide Signs can be illuminated to sufficient target value

and uniformity with certain 100-watt mercury vapor lighting units.

Most 175- and 250-watt mercury vapor lighting units present legi-

bility washout problems, in particular the 250-watt units.




SUMMARY

Materials possibly suitable for overhead sign backgrounds, such as
polyester, polyvinylidene fluoride, polyurethane, vinyl toluene
acrylate, acrylic and alkyd, have been studied in the field and

by accelerated tests. In addition to evaluating the above new
materials, a survey has been made of materials used for the last
fifteen years or so. These materials are various forms of porce-
lain enamel, acrylic film and polyvinyl fluoride film. Durability
and color retention of sign backgrounds utilizing vinyl toluene
acrylate, acrylic and alkyd are relatively short and therefore

the use of these materials is not economically feasible.

Results of polyurethane are conflicting to date, but it too will

probably be in the list of non-feasible materials.

All tests to date (field and accelerated) show strong indications
that sign backgrounds utilizing polyester or polyvinylidene fluoride
will give excellent durability and color retention for a minimum of
ten years. Specifications for polyvinylidene fluoride and polyester

sign backgrounds have been prepared.

Porcelain-enameled extrusion sign backgrounds began to exhibit color
retention problems within two to three years along the coast of
Texas and in industrial atmospheres. In the remainder of the state,

color retention problems became quite noticeable in eight to ten years.




Porcelain-enameled aluminum honeycomb began to show color retention
problems the same as extrusion, but, in addition, immediately exhibi-
ted buckling problems. Honeycomb also exhibited corrosion problems
within five years along the coats, and in approximately ten years in

the remainder of the state.

Thermal setting polyester, thermal setting polyvinylidene fluoride,
and air dry polyvinylidene fluoride appear to be excellent materials
for refurbishing existing deteriorated porcelain aluminum sign panels
at approximately half the cost of a new sign panel. At the present
time, it appears that the color retention of the refurbished panel

will be better than a new porcelain panel.

Illumination of overhead signs with mercury vapor lighting units has
been studied utilizing 250-, 175- and 100-watt mercury vapor units.
The study results show that overhead signs up to fourteen feet in
height can be illuminated with satisfactory uniformity, legibility
and target value with certain 100-watt mercury vapor units. Results
of visual observations show that as the wattage dropped, uniformity
and legibility increased and target value dropped slightly. Legi-

bility washout is a problem with most 250-watt mercury vapor units.
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IMPLEMENTATION

In order for the Department to realize the optimum return from
the monies expended on this project, to enjoy the full benefits
of a competitive market, and to experience a minimum of material
problems, the Department has adopted the Overhead Guide Sign
specification and Sign Lighting specifications developed by this

project for statewide use.

Since existing 250-watt mercury vapor sign lighting installations
require maintenance in the form of new ballasts, it is recommended
that lighting units be converted on a replacement basis to 100- and
175-watt systems. Information on which 250-watt units can be success-
fully converted to 100- or 175-watts and retain satisfactory sign
lighting criteria is obtainable from the Materials and Tests Division,

Section B, Austin, Texas.
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SUBJECT:
Evaluation of Overhead Sign Background Materials and Mercury Vapor

Sign Lighting Fixtures.

PURPOSE:
The objects of this study are:
A. Evaluate available coatings that show promise of producing

satisfactory overhead sign backgrounds.

B. Determine the feasibility of illuminating overhead signs with

mercury vapor lighting fixtures.

An additional object of this study incorporated after the study
began was to determine a feasible and satisfactory method to reclaim

existing deteriorated porcelain-enameled extrusions.

CONCLUSIONS AND RECOMMENDATIONS:

Thus far, three coatings have been found that will produce satis-
factory backgrounds for overhead signs. These are polyvinylidene
fluoride (thermal setting and air dry) and polyester (thermal set-
ting). The above three coatings show promise as coatings for

refurbishing porcelain-enameled extrusions.

Photometric tests and visual observations of field installations
show that overhead signs can be illuminated effectively with the

use of 100-watt mercury vapor sign lighting fixtures.



IN.

Specifications have been prepared for polyvinylidene fluoride
and polyester coatings, and for the 100-watt mercury vapor sign
lighting fixture. These specifications have been adopted for

statewide use.

MATERIALS:

Primarily, the materials evaluated thus far are polyvinylidene
fluoride (thermal setting and air dry), thermal setting poly-
ester, polyurethane, vinyl toluene/acrylate copolymer, acrylic
and alkyd. Substrates being evaluated are aluminum and high

density plastic face plywood.

EQUIPMENT :

Sign lighting equipment from ten manufacturers was evaluated. In
order to evaluate the photometrics, a simulated test sign and light
mounting rack were made. Actual footcandle measurements were made

with a Tektronix J-16 Light Meter utilizing a J-6511 probe.

An Atlas Weatherometer was utilized for accelerated testing and a
test fence facing southeast at 45° over salt water at Nueces Bay

near Corpus Christi was utilized for accelerated weathering.

Color was determined on a Gardner Color Difference Meter. Infrared
characteristics of coating materials were determined with a Perkin-
Elmer 521 Grating Infrared Spectrophotometer. X-ray analysis of

coating materials was determined with a Philips X-ray Diffractometer.



VI.

PROCEDURE FOR DATA:

Performance data, such as durability with respect to chalking

and color retention, is being evaluated in the field, on test
fences, and in the weatherometer. Most of the test panels were
produced at the same time panels for complete signs were manu-
factured. In some cases where results appeared to be conflicting,
additional test panels were prepared in the D-9 Laboratory in
Austin. Infrared spectra and X-ray diffraction patterns were run
using routine techniques on the applied materials and unapplied

materials, when possible, primarily for identification purposes.

To facilitate photometric testing of sign lighting units, a 12-foot
by 20-foot simulated sign was made of plywood painted green. The
entire sign face was then laid off on a one-foot grid. The

simulated sign face was oriented in a horizontal position.

Along the full length of one long side of the simulated sign face,
a vertical rack was built that would allow mounting of sign lights
above the edge of the sign face from 3.5 feet to 5.5 feet in one
foot increments. The rack for mounting sign lights was made so
that spacing between sign light units was variable up to 20 feet

when testing two units, or 10 feet when testing three units at a

time.



VIIT. DISCUSSION:

Since the advent of multi-lane freeways and the interstate
highway system, a new technique of highway signing has evolved
-- Overhead Signing. Overhead signing has 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 the
needs of the motorist? The problems seem simple, yet this is

a complete departure from signing on the roadway shoulder. The
mounting, available materials, and accessibility to shoulder

mounted signs becomes easy when compared to overhead signing.

Needless to say, the problems were defined and resolved one by
one until, as a final result, overhead signing has become an

effective, working identity on the roadway.

When overhead signing first became a reality, few materials

were available that could be adapted to such uses. Porcelain
enameled aluminum was the only material available at the time to
fabricate sign backgrounds with any resemblance of economics

and durability. Likewise, fluorescent lighting was the only
feasible way to produce a fixed lighting system to function with

the overhead sign and illuminate the sign uniformly.
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FIGURE 1: Deteriorated Porcelain
In the mid-sixties, polyvinylfluoride film was evaluated and found
to be superior to porcelain. Polyvinylfluoride has much better
color retention than porcelain enamel, is apparently unaffected by
marine and industrial atmosph , and can be used on aluminum Or
plywood substrates Unfortunately, polyvinylfluoride became un-
available except in large rolls and on special order. So the
Department was back to where it began -- using porcelaln enamel.
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The fixed lighting of the sign unit initially appeared excellent
since a very pleasing degree of uniform illumination was achieved.
But quite rapidly the problems began to show. These problems
(short lamp life, reduced lumen output, ballast problems and in-
accessibility by being overhead) are maintenance headaches that

drastically increase the cost of any maintenance function.

In view of these unfavorable conditions, several of the Districts,
Houston Urban Office and Divisions began to seek alternatives in
overhead sign background materials and sign lighting units. 1In
early 1975, all efforts in the Department were combined into one
single project, 1-18-75-222, to study overhead sign background
materials and sign lighting units since the two must function
together as a single identity to impart a message of useful in-
formation to the motorist. To facilitate this study effort, the
research staff was composed of traffic engineers from the field

and personnel in the Austin offices that specialize in traffic
engineering, signing and illumination. One unspoken ground rule
applies to all investigations undertaken and the evaluation of
results obtained. That rule is: Personal preferences, beliefs

and ideas about how things should be are minimized and are replaced
with one objective -- to determine the most economical methods,
materials and equipment to obtain an in-place system that is as
maintenance-free as possible, and satisfy the needs of the motorist.
All systems are evaluated on a cost-per-year basis which includes

initial cost and maintenance cost.



With the above in mind, it was decided that all background
materials would be evaluated in the field, on test fences, and

in the Weatherometer. Sign lighting units would be evaluated by
making photometric measurements on a simulated sign (Figure 2)
placing on existing overhead sign structures, and evaluating the
quality of illumination afforded the sign by actual observation

of the research staff members. The results of actual observations
would then be matched to photometrics to determine acceptable and
nonacceptable photometric characteristics of sign lighting units.
Since mercury vapor lighting systems have given the Department the
least maintenance problems, the mercury vapor source was selected

as the source of sign illumination to study.

With this approach in mind, a screening of coating materials began.
Several materials used for other type coatings that were performing
satisfactorily were included in the study. Coatings based on the
following resins were selected for study: thermal setting polyvinyl-
idene fluoride, air dry polyvinylidene fluoride, thermal setting
polyester, vinyl toluene/acrylate copolymer, acrylic, polyurethane
and alkyd. In addition, an internally-illuminated sign utilizing
polycarbonate face material and high specific intensity reflectorized
sheeting legend was included in the study. A high specific intensity

reflectorized sheeting background sign was also included.

Signs were fabricated utilizing the various coating materials and
were placed on the operating freeway system in Houston. As the

individual panels were being made for complete signs, additional
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Panels prepared for fence and weatherometer testing were taken to
Materials and Tests Laboratory for testing. After receiving test
panels in the laboratory, cone panel of each material was numbered
and taken to Corpus Christi to be placed on the D-9 test- fence at
Nueces Bay. The test fence 1s located to the east side of the Nue

Bay Causeway on U.S. 181, facing southeast into prevailing wind

at 45° to horizontal, and the bottom of the fence platform is
approximately eight feet above meantide. The prevailing wind at
the test fence site comes out of the Gulf of Mexico, across Corpus
Christi Bay, and then about 400 yards of land before reaching the

test fence. Corrosion data shows this general area to be the most

corrosive atmospheric marine environment along the Texas Coast.
At periodic inte i | the test panels are evaluated for film

the
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Another panel of each material was cut so that at least two

3 by 9-inch panels were obtained for weatherometer testing. The
chromaticity coordinates and brightness of each panel were deter-
mined on a Gardner Color Difference Meter before exposing in the
weatherometer, and were determined again at various exposure in-
tervals as well as making visual ratings. The weatherometer is
an Atlas Sunshine Type fitted with an 18-102 (18 minutes of

sunshine and rain, and 102 minutes of sunshine) cyclic gear.

The remaining pieces of the panels from which the weatherometer
panels were cut were saved and processed for infrared and X-ray
tests. Liquid paint or powdered coating samples were obtained.
Infrared and X-ray analysis were made for identification purposes
so a very small amount of coating could be removed from a com-
pleted sign panel to determine if the coating supplied was the
one specified. The test also determines whether a thermosetting

coating has been undercured, cured properly or overcured.

Signs utilizing thermal setting polyvinylidene fluoride, thermal
setting polyester, polyurethane, vinyl toluene/acrylate copolymer
and acrylic, alkyd and the high specific intensity sheeting have
been placed on the freeways in Houston. At the beginning of the
project, an internally-illuminated sign was placed on the roadway.
Due to legibility problems that could not be resolved, the sign

was removed from the freeway and from further study on the project.
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Panels of thermal setting polyvinylidene fluoride, thermal setting
polyester, air dry polyvinylidene fluoride, polyurethane, vinyl
toluene/acrylate and acrylic, alkyd and urethane acrylic were ex-
posed on the test fence at Corpus Christi. Some 15 months after
placing the panels on the test fence, a weather disturbance destroyed
most of the test fence and panels. The test fence was rebuilt and
test panels of thermal setting polyester and air dry polyvinylidene
“luoride were salvaged and replaced on the test fence. New panels
were prepared with the polyurethane, urethane acrylic and air dry
polyvinylidene fluoride and placed on the test fence. The new set

of test panels were placed on the test fence on November 3, 1976.

After approximately two years on the roadway, 15 months on the test
fence, and 600 hours of exposure in the weatherometer, polyvinyli-
dene fluoride and polyester were judged by the committee as having
durability and color retention characteristics similar to or better
than porcelain enamel, and were therefore suitable for use as over-
head sign background coating materials. Since all existing overhead
sign specifications utilized basically aluminum and plywood as
substrate‘materials, it was decided to rewrite specifications in
such a manner that all acceptable substrates and coatings for overhead
signs, as well as all other specifications for overhead signs, would
be contained in one specification. The revised specification is in
Appendix I. Polyvinylidene and polyester are included in the

specification.
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At the approximate two-year period when all signs installed on

the roadway were evaluated, the committee agreed that the particular
location of the high specific intensity sign was not realistic for an
accurate, overall evaluation. It was determined that high specific
intensity sheeting did not have sufficient retrodirective reflective
properties to be of much value to the motorist (specifically target
value) when placed in critical maneuvering areas or areas of short
cight distance. The committee appraised the situation and decided

to place additional high specific intensity signs on the roadway.
Locations were selected so that the minimum sight distance would be

approximately 1000 feet and all signs would be facing south.

A total of four new high specific intensity signs were made. Two of
the signs utilized high density plastic face plywood as background
substrate. One of the plywood signs utilized high specific intensity
sheeting removable legend and border, and the other utilized re-
movable legend and border meeting requirements for acrylic plastic
reflector button legend. The two plywood signs were made complete

with all hardware ready to place on existing sign bridges.

The other two high specific intensity signs utilized 0.060 aluminum
sheet as substrate. One aluminum sign utilized high specific in-
tensity sheeting legend and border, and the other utilized removable
legend and border meeting requirements for acrylic plastic reflector
button legend. These two signs were fabricated in panels to be
placed as overlays over existing deteriorated porcelain aluminum
signs.
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When the four high specific intensity signs were erected on the roadway

the existing sign illumination was not turned off on the two ply-

wood signs, but was turned off on the two aluminum signs.

Several Districts and the Houston Urban Office have been utilizing
250-watt mercury vapor sign lighting fixtures in recent years with
success. Therefore, the initial investigation of sign light fix-
tures centered around the 250-watt mercury vapor unit. It was

noted after testing that the photometric output of all units fell
into three categories. The first category was units that exhibited
photometric characteristics measured in footcandles, approximately
twice the minimum specified in the specification in use for 250-watt
units. The second category was units that produced photometrics
about one and one-half times the current minimum specified. The

third category was units that barely met current minimum requirements.

Projects had been completed utilizing units in all three categories
of 250-watt units. These projects were viewed and it was concluded
that as a rule signs illuminated with units in category three had
good target value and legibility. Signs illuminated with units in
categories one and two had excellent target value, but legibility
was impaired due to washout caused by high intensities of illumina-

tion on the sign face.

The situation was appraised and it was concluded that the wattage

could be dropped to 175 watts and still obtain satisfactory results.
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Several 175-watt ballasts and lamps were secured and placed in

some of the 250-watt units previously tested. Photometrics of the
units utilizing the 175-watt ballasts and lamps were determined.
All units were then placed on existing overhead sign structures

and evaluated. After evaluation, it was concluded that the wattage

in the better units (category one) could be reduced to 100 watts.

Several 100-watt ballasts, lamps and units were secured, tested for
photometric characteristics, and then placed on existing overhead
sign structures. After installation of the 100-watt units, there
were systems on the roadway utilizing 250-, 175- and 100-watt

mercury vapor clear and color-corrected lamps.

The installed sign lighting systems were individually evaluated by
each member of the research committee. To make sure the systems
were evaluated as fairly and as impartially as possible, continuous
fluorescent and 250-watt clear mercury vapor lighting systems were
viewed before, during and after viewing the systems in the research
study. To obtain results of the evaluation, each committee member
except the two primary researchers voted on each unit under test
according to his evaluation of that unit. All members of the
committee agreed, by the independent vote process, that certain
100-watt mercury vapor units produced sufficient illumination for
good target value, satisfactory uniformity and good legibility. A
majority of the committee members felt that the clear lamp gave
better overall color rendition and legibility, and preferred the
clear lamp use over the color-corrected lamp.
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After the visual evaluation of the sign lighting units on the
roadway, the units were compared as to photometric data. The
photometric data for previously accepted 100-watt units was
photometrically evaluated and photometric criteria was generated
for specification purposes. Specifications covering 100-watt
mercury vapor sign lighting fixtures as developed by the research

committee can be found in Appendix I, Specifications Developed.

At the present time, there are six manufacturers that have submitted
sign lighting units that will meet the specifications developed.

The committee will continue to test and evaluate units already on
the roadway and any new units submitted that warrant testing for
specification compliance, as well as revise the specification if

deemed necessary by the committee.

Included in Appendix II are typical data and photometric isolux
curves for 250-, 175- and 100-watt mercury vapor sign lighting

fixtures.

The above encompasses all work completed since the project began
approximately four years ago. All coating materials and sign
lighting fixtures are continuing to be monitored and new coating

materials are being sought.



Based on figures obtained from the manufacturers and the Equipment
and Procurement Division (File D-4), the table below shows an

estimated cost-per-year per-square-foot of sign background coating.
The figures do not include substrate cost, but do include applica-

tion costs.

Expected Cost/ft.?
Material Life-yrs.* Initial Cost/yr.-Life
Engr. Gr. Sheeting 5 $1.472 $0.294
H.I. Sheeting 10 $2.472 $0.247
Urethane Acrylic S $0.863 $0.173
PVF,, air dry TR $0.612 $0.087
PVF,, thermal 15%% $0.601 $0.040
Porcelain 10 $1.00 $0.100
Polyester 15%% $1.00 $0.067

*Expected life is determined as the anticipated time when chalking

occurs to the point that the sign is unsightly.

**Weatherometer tests indicate that the PVF, air dry film may last

ten years or more, and the PVF, thermal film and polyester may last

twenty years or longer.

All cost figures in the above table are based on quotes from
producers, except that the two sheeting costs are costs to the
Department as of September 1978. Competition could and should shift
the other cost data slightly one way or the other, depending on the
quantity required on a project or group of projects let at the same

time.




- SPECIAL SPECIFICATION
ITEM 7345

OVERHEAD GUIDL SIGNS

Scope. This item shall govern the materials, composition, application, sampling,
testing, measurement and payment of substrates, background coatings, and
Removable Reflectorized Cutout Letters, Numerals, Arrows, Symbols, Corner Radii
for Sign Borders and Borders, Frames, Stiffeners, Windbeams and Joint Backing
Strips utilized in the makcup of complete, in place Overhead Guide Signs.

Intent. It is the intent of this specification to insure the installation, on
the roadway, of aesthetically-legible, Overhead Guide Signs of the quality
specified hereinafter.

Specifications, codes, accepted practices, etc., rot specifically listed in these
specifications are not applicable.

Materials Choice. Unless otherwise specified in the plans, the Contractor
shall have the option to supply Overhead Guide Signs utilizing substrates and
background coatings conforming to the requirements of this specification of
his choice, subject to the following restrictions:

A. The background coating on all Overhead Guide Signs for any one project shall
be of the samc generic material except as follows:

(1) When one or more substrates (plywood or aluminum) are specified for
specific signs, then all signs of each type substrate shall have the same
background coating matcrlal.

(2) When one or more substrates (plywood or aluminum) are specified for
specific signs, the Contractor may use a background coating that is compatible
with both substrates as shown in Subarticle 3.B. of this specification.

(3) When the background color for specific signs restricts the use of materials
due to quantities involved, then all such signs shall be of one background
coating.

B. Background coatings shall be utilized only on substrates shown in the

following table.
Background Coating

Material Substrate
Polyvinyl Fluoride plywood or aluminum (extruded or sheet)

Plastic Film (PVF)

Polyvinylidene Fluoride . aluminum (extruded or sheet)
Plastic (PVF2 thermosetting)

Polyvinylidene Fluoride plywood or aluminum (extruded or sheet)
Plastic (PVF, Air-dry)

Thermoplastic Polyester aluminum (extruded or sheet)
Acrylic Polymer Film plywood or aluminum (extruded or sheet)
Porgelain aluminum (extruded or sheet) 7345 .000

10-77
1-11




C. Coatings on removable reflectorized cutout letters, numerals, arrows, symbols,
corner radii for sign borders and borders shall be the same generic type
coating as used on the background or polyvinylidene fluoride (either thermo-
setting or air-dry) except when polyvinylidene fluoride thermosetting is used
on the background it shall also be on the text and borders.

The Contractor shall, within 30 days after issuance of work order, submit to
the Engineer his option as to choice of substrates and background coatings
to be supplied on the project by Type and Class (example: Type 1 Class A
would be aluminum extrusion coated with polyvinyl fluoride plastic film).

Sign Panel Substrates. Overhead guide sign substrates shall meet the requirements
specified below for the various types of substrates. Aluminum for Types 1 & 2
aluminum signs shall conform with the requirements of ASTM Specification B209 alloy
6061 or alloy 6063 for sheet aluminum, ASTM Specification B221 alloy 6061 or alloy
6063 for aluminum extrusions, or similar alloy approved by the Engineer which is
suitable for background coating to meet the specifications contained herein. Minimum
yield strength of the aluminum shall be 12,000 psi.

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 fasteners shall be flush with the face
side to provide a smooth, even surface for the application of background coating.

The pieces of substrate used in making the sign shall be fastened to frames,
stiffeners, wind beams, or joint backing strips as shown on the plans or on

working drawings furnished by the Contractor, subject to approval by the Engineer.
Stiff{eners, wind beams, joint backing strips, and fasteners shall be stainless steel,
galvanized steel, or aluminum, subject to the condition that dissimilar metals shall
be selected or insulated to prevent corrosion.

All fabrication of substrates used in making the signs, including cutting and drilling
or punching of holes, except holes for attaching removable cutout letters, numerals,
arrows, symbols, borders, and corner radii for sign borders, shall be complete prior
to degreasing and application of background coating.

A. Type 1 (Extruded Aluminum). Extruded aluminum sign panels shall have a minimum
thickness of 0.109 inch except in the case of 6'" panels, 0.080 inch thickness
may be used. 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. Ad-
jacent 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.

B. Type 2 (Sheet Aluminum). Aluminum Signs (Type 2) are usually, but not restricted
to, multi-piece sheet aluminum construction having green background coating on
the face side unless otherwise specified in the plans. Sheet aluminum shall be
of the thickness shown on the plans.

As nearly as possible, individual pieces of sheet aluminum used in making a sign
shall have a width of five (5) feet, and the number of pieces used in making
any one sign shall be kept to a practical minimum. Not more than two (2) pieces
for any one complete sign may be fabricated to less than five (5) feet in width
to obtain a specific overall sign dimension.

2-11 7345.000
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Each piece of sheet aluminum shall be flat within measured plus or minus
0.040 inch per foot across the plane of the plece from opposite corners.
All edges shall be straight within a tolerance of plus or minus 1/16 inch.

When more than one piecc of sheet aluminum is used in making a sign, backing
strips shall be used at the joints to keep abutting pieces in proper alignment.
Each piece shall be provided with suitable fastenings which are designed to
permit easy attachment to and removal from supporting members and which will
develop the full strength of the sign.

Type 4 (Plywood). Plywood signs (Type 4) are usually, but not restricted to,
multi-piece plywood panel construction and normally have a green background
coating on the face side.

Panels shall be four (4) feet by eight (8) feet or smaller and shall be of one
piece construction free of either scart or butt joints. Unless otherwise shown
in the plans, no panel shall have a face dimension less than 1' - 6". Number
of panels per completed sign shall be kept to a minimum.

The panels shall be of a smooth, weather-resistant material suitable for
highway signs produced by permanently bonding high density plastic overlay
sheets to both sides of Exterior Grade douglas fir or western larch plywood
panels. The high density plastic overlay sheets shall meet the requirements
of the latest revision of U.S. Product Standard PS 1 "High Density Type".

The overlay sheets shall have a finished surface that is hard, smooth, unbroken
and of such character that further finishing by paint or varnish is not required.

Defects in Veneer, Permits and Bond of Veneers shall be in accordance with the
latest revision of U.S. Products Standard PS 1. Neither edge of a panel shall
have any core gaps or edge splits in excess of 3/8" wide nor shall the average
width exceed 3/16". Core gaps and edge splits per-8 feet of cross band layer
shall not exceed four in number.

To be acceptable for sign use, a panel, when placed on a level, plane surface,
shall not deviate from the surface more than two inches at any point.

All panels shall be free of dents, bruises, scratches, veneer or overlay
delaminations, paint, stains or other damage which would interfere with its
use in sign construction.

All panels shall bear legible American Plywood Association (DFPA) grade-markings
which shall reflect the following:

Plywood Grade (Ext.)

Overlay (HDO for High Density Overlay)
The Inspection Agency (DFPA)

The Specification (PS 1)

The Producing-Mill Identification
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Frames, Stiffeners, Wind Bcams, Joint Backing Strips, and Fasteners. Frames,
stiffeners, wind beams, joint backing strips and fasteners shall be stainless
steel, galvanized steel, or aluminum, subject to the condition that dissimilar
metals shall be so selected or insulated as to prevent corrosion.

Unless required otherwise by the plans, stainless steel frames, stiffeners,
wind beams, and fasteners shall conform with ASTM Specification A276, Type 302,
Annealed, and stainless stcel joint backing strips shall conform with ASTM
Specification A240, Type 302, Annealed.

Galvanized steel frames, stiffeners, wind beams, joint backing strips, and
fasteners shall conform with ASTM Specification A36. Galvanizing shall conform

to ASTM Designation: Al153, Class A.

Aluminum frames, stiffeners, wind beams, and joint backing strips shall conform
to ASTM Specification B308 ailoy 6061-T6, ASTM Specification B235 alloy 6061-T6,
or ASTM Specification B209 alloy 6061-T6. Aluminum fasteners shall conform with
the latest recommendations of the Aluminum Association's Committee on Highway
Applications.

Background Coating Materials. All overhead guide sign panels shall be coated

on the face side with one or more of the background coatings listed below subject
to requirements and/or restrictions elsewhere in this specification or as noted
on the plans.

Surface preparation of background substrates prior to application of various back-
ground coatings shall be as recommended by the manufacturer of the specific coating
and approved by the Engineer and/or as specifically noted for specific coatings,
hereinafter.

Application of the various coatings to the substrate shall be as per manufacturer's
recommendations approved by the Engineer and/or as specified, hereinafter.

A. Class A Background Coating (Polyvinyl Fluoride Plastic Film PVF). Polyvinyl
fluoride plastic film may be applied on all types of substrates listed under
Item 4 above and shall meet the following requirements.

The sign panel shall be overlaid with a PVF film a minimum of 0.0015" thick.
The PVF film shall be bonded to the sign panel substrate with adhesives and
procedures recommended by the film manufacturer.

The top edge of plywood guide sign panels shall be sealed with pressure
sensitive film during panel fabrication operation. The long edges and bottom
edge of the laminate shall be sealed with a high grade liquid exterior sealer,
color matched to the film overlay. All field cut raw edges not protected by
acrylic film shall be sealed by a heavy coat of exterior sealer color matched
to the film overlay.
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Class B Background Co.ating (Polyvinylidene Fluoride Plastic - Thermosectting
PVFZ). Polyvinylidene fluoride plastic - thermosetting (Class B) shall only be
applied on aluminum substrates, Types 1 or 2, of Item 4 above and shall meet
the requirements therein. Surface preparation, application and applied
PVF)-thermosetting requirements shall be as specified below.

(1) Surface Treatment. The aluminum surfaces of the sign shall be chemically
cleaned prior to application of the coating, free from grease, oil, dirt and

excess oxide. The surface preparation shall be according to coating manufacturer's
recommendations and approved by the Engineer.

(2) Finish. All aluminum panels shall receive a shop-applied, oven-baked coating
based on polyvinylidenc fluoride 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. Application shall be pcrformed by spray - air or electrostatic.

Curing shall be performed in a "continuous or batch" oven according to manu-
facturer's instructions.

(a) Thickness. The dry film thickness of the coating shall be a minimum
of one (1) mil (0.2-0.3 mil primer and 0.8 mils minimum of the top
coat). The coating shall be uniform throughout and free of blemishes,
blisters, sags or crazing.

Class C Background Coating (Polyvinylidene Fluoride Plastic - Air Dry, PVF,-AD).
Polyvinylidene fluoride plastic - air dry (Class C) may be applied to all
background substrates shown in Item 4 above and shall meet the following
requirements.

(1) Surface Preparation. Aluminum surfaces shall be prepared as specified in
6.B. (1) above for Class B Background Coating or other surface preparation
recommended by the coating manufacturer and approved by the Engineer. Surface
preparation of plywood surfaces shall be by solvent washing with methyl-ethyl-
ketone, methyl-isobutyl-ketone or a mixture of the two. In addition to solvent
washing, the plywood surface shall be further prepared by the application of a
primer, tie-coat and/or intermedidte coat, when recommended by the coating manu-
facturer, prior to application of the final color coat.

(2) Finish. All sign panels shall receive a shop-applied, air-dry coating

based on polyvinylidene fluoride with proper surface preparation and pretreat-
ment. The coating shall be applied to the face side only, except that edges of
plywood and outside faces of extrusion flanges shall be coated also. Application
shall be by spray only - air, airless or electrostatic. Curing shall be by air
drying and/or low temperature oven baking according to the coating manufacturer's
recommendations.

(a) Thickness. The dry film thickness of any primer, tie-coat or
intermediate coat recommended by the coating manufacturer shall be
as recommended. The dry film thickness of the final color coat shall
be a minimum of 1.0 mil,

5-11 7345.000
10-77




Class D Background Coating (Thermoplastic Polyester). Thermoplastic poly-
ester (Class D) shall be applied on only aluminum substrates Types 1 or 2
of Item 4 above and shall meet the following requirements.

(1) Surface Treatment. The aluminum surfaces to which the coating 1s to be
applied shall be free from grease, oil, dirt and excess oxide, and be chemically

cleaned prior to application of the coating.

(2) Finish. All aluminum panels shall receive a shop-applied, oven-baked
coating based on Thermoplastic Polyester 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. Application
shall be performed by spray - air, airless or electrostatic. Curing shall be
performed in a "continuous or batch" oven according to coating manufacturer's
recommendations and at no time shall it exceed 700°F.

(a) The dry film thickness of the finish coating shall be a minimum of
0.004 inch and a maximum of 0.012 inch. The coating shall be uniform
throughout and free of blemishes, blisters, pinholes, cracks, sags or
crazing.

Class E Background Coating (Acrylic Polymer Film). Acrylic polymer film
Class E may be applied to all substrates listed in Item 4 above "and shall

meet the following requirements.

(1) Surface Treatment. The face side of sign panels shall be cleaned and
prepared for the application of the acrylic polymer film according to the

film manufacturer's recommendations. The face side of aluminum extrusion
flanges shall be cleaned and prepared in the same manner as the sign panel face.

(2) Application. The acrylic polymer film shall be a minimum of 0.003 inch
thick and be bonded to the substrate with adhesives and procedures recommended

by the film manufacturer.

The acrylic polymer film shall be applied to the face only of aluminum sheet
substrates.

The acrylic polymer film shall be applied to the face and a minimum of 1/2 of
the outside face of aluminum extrusion flanges.

The top edge of plywood panels shall be sealed with pressure sensitive film
during panel fabrication operations. The long edges and bottom edge of the
laminate shall be sealed with a high-grade liquid exterior sealer, color
matched film overlay.

The acrylic polymer film may be factory overlaid or vacuum overlaid by the
sign panel fabricator.

\
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Class F Background Coating (Porcelain Enamel). Porcelain enamel Class F
may be applied to aluminum substrates listed in Item 4 (Types 1 and 2) above,
and shall meet the following requirements.

(1) Surface Preparation. Beforec the porcelain enameling process, panels shall
be given a suitable surface preparation as described in the Porcelain Enamel
Institute Bulletin AL-2A, 4th Edition, Section II, "Surface Preparation'.

(2) Application of Porcelain Enamel to Face and Edges of Extruded Aluminum
Sign Panels. Porcelain enamel shall be so applied to the face side and to the
edges of the panels that no aluminum is visible. The thickness of the
porcelain enamel application shall be between 0.0015 and 0.007 inch. There
shall be no tooling marks on the face side of the panel.

Adherence will be checked on samples selected as outlined in State Department
of Highways and Public Transportation MANUAL OF TESTING PROCEDURES. Porcelain
enamel aluminum sign faces shall be uniformly finished and free from surface
defects. Blemishes which are not visible from a distance of fifty feet when
viewed at eye level with the sign surface shall be acceptable.

After porcelain enameling is completed, the extruded aluminum sign panel

faces shall be flat and true within a tolerance of one-fourth inch per eight (8)
feet of panel length. Flatness along the narrow axis of the panel on the sign
face side shall be limited to 0.005 inch per inch of width. 2

(3) Requirements. Porcelain enamel shall conform with Specifications for
Porcelain Enamel on Aluminum as used for Signs and Architectural Applicationms,
Porcelain Enamel Institute Designation ALS-105(57), except that paragraph (e)

of Part 2 "Requirements' of ALS-105(57) is deleted and replaced by the following
requirement: "The porcelain enamel shall have a weight loss of no more than

20 mg/sq.in. in the boiling acid test, when tested according to ASTM C282."

Background Coatings, Applied Film Characteristics: Background Coatings of Classes

A, B, C, D and E shall meet the following requirements after the coatings have been
applied to the Background Substrate.
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