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Summary

Shoulder mounted signs with reflectorized and opaque legends with
reflectorized backgrounds have been studied on the roadway in rural
areas and on urban freeways with fixed roadway illumination. Included
in the study were signs with white reflectorized legend and reflec-
torized backgrounds of green, blue and red and signs with opaque
legend with reflectorized backgrounds of white, orange and yellow.

It has been determined that night legibility distance of signs with
reflectorized legend and background varies with the driver. However,
the night legibiiity distance for most drivers varies as a function of
Contrast Ratio (specific intensity of the legend over the specific
intensity of the background). Night legibility distance for most dri-
vers (those who do not have serious night vision impairment)

increases as the "Contrast Ratio" increases up to 15. Night legibi-
lity distance then remains fairly constant for higher contrast

ratios.

The only deviation found from this characteristic trend was for signs
with legend S.I. (specific intensity) greater than 237 (button remo-
vable copy) when viewing with headlights on high beam; in this case,
legibility distance was maximum at contrast ratios below 5. At a
contrast ratio of about 12, the legibility distance for low beam and
high beam was equal. At higher contrast ratios, the legibility
distance for Tow beam exceeded the legibility distance for high beam
by approximately 5 percent. These characteristics are a result of
halo effect.

Signs with S.I. Tegends above 237 with contrast ratios below 5 on

high beams and signs with S.I. legends from 100 to 120 with contrast
ratios from 9 to 15 on high beams produce the greatest legibility
distances and are equal in legibility distance. On Tow beams, signs
with legend S.I. above 100 with contrast ratios above 10, yield

the greatest legibility distances, about 5 to 6 percent lower than the
optimum signs for high beams.

Signs constructed with background S.I. equivalent to Texas State
Department of Highways and Public Transportation Departmental
Materials Specification D-9-8300, Flat Surface Sheeting, Type A and
legends meeting Type E of D-9-8300 or D-9-8400 produce overall best
legibility performance. Signs produced with materials of other types
produce higher target values in some cases, but shorter legibility
distances.

Legibility distance of signs with opaque legend and reflective

background increases rapidly to a background S.I. of around 45.

Thereafter the rate of increase in legibility distance slowly

decreases to a maximum legibility distance at a background S.I. of 110

to 120 and then the legibility distance decreases, due to the halo effect.



Implementation

In order for the Department to realize the optimum return from the
monies expended on this project, the following specifications have
been adopted for state wide use.

Item 634 Plywood Signs (Type A)

Item 636 Aluminum Signs (Type A)

Item 638 Aluminum Railroad Crossbuck

Sign Panel Assembly

Item 644 Conformable Sheeting Reflectorized Signs
of the 1982 Standard Specifications for Construction of Highway,
Streets and Bridges and the following Departmental Material Specifications.

D-9-8300 Flat Surface Reflective Sheeting

D-9-8400 Reflectorized Removable Legend

iv
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II1.

. Subject:
Evaluation of Materials for Shoulder-Mounted Signs and Sign

Maintenance Management.

Purpose:

The objects of this study are:

1. Determine minimum and maximum reflective requirements for
optimum legibility of signs utilizing reflective legend and
background. Determine these requirements for both engineer-
grade and high specific intensity sheeting.

2. Determine need, if any, and where high specific intensity
sheeting should be utilized for shoulder-mounted signs, such
as crossbucks, yield, and stop signs. Evaluate high specific
intensity and engineer-grade sheeting for construction signs
and barricades. Determine if, when, and where high specific
intensity sheeting should be used.

3. Develop a sign maintenance program that will yield the
optimum cost-effective functional life of signs.

4, Develop a sign management program that will allow the
Department to determine realistic expenditures for signing.
5. Revise or develop specifications and guidelines commen-
surate with the above objectives.

6. Assist Districts and other Divisions with implementation.

Objectives 3 and 4 were deleted from the study. Objective 2
was not specifically addressed due to termination of the
project.

Conclusions and Recommendations:

Signs of optimum functionality can be produced from reflective
materials available in a competitive market. Type A (Engineer
Grade) and Type B (Super Engineer Grade) sheeting, as spe-
cified in Departmental Material Specification D-9-8300, Flat
Surface Reflective Sheeting, produce signs with satisfactory
legibility distance. Type C (High Specific Intensity)
sheeting produces signs of higher target value but less legi-
bility distance. The use of Type C reflective sheeting is
only recommended in those few locations where target value is
of extreme importance and legibility is of minor importance.
The use of Type A sheeting is recommended for all shoulder
mounted signs.

Sheeting with specific intensity from 110 to 120 produces the
optimum legibility distance for signs with opaque legends.
Signs with reflectorized legend and background exhibit optimum
legibility distance when the specific intensity of the legend
js from 140 to 200 footcandles per footcandle per square foot
and the background specific intensity is 7 to 11 percent of
the Tegend specific intensity.

Specifications and test procedures have been developed, recom-
mended and adopted for statewide use.



IV. Materials:

VI.

Reflectorized sheeting materials of various grades and reflec-
tive levels produced by five diffevent manufacturers have beein
evaluated. Acrylic plastic reflectors for removable sign
legend produced by two companies have been evaluated.

. Equipment:
Brightness of reflective sheeting materials used in this study

was determined with a Tektronix J-16 Light Meter utilizing a
J-6511 probe. For uniformity in comparing data, all data was
converted to Specific Intensity, footcandles per footcandle
per square foot.

Specific Intensity of acrylic plastic reflectors was measured
per unit instead of per square foot.

An Atlas Weatherometer was utilized for accelerated testing of
reflective sheeting materials. A test fence facing south at
45° atop a five story building at the Department Camp Hubbard
Complex in Austin, Texas was utilized for accelerated
weathering in conjunction with the weatherometer.

Color was determined with a Gardner Color Difference Meter,
XL20. Infrared characteristics were determined with a
Perkin-Elmer 521 Grating Infrared Spectrophotometer.

Procedure for Data:

Performance data, such as durability with respect to reflec-
tivity and color retention, was determined in the weathero-
meter and on the test fence.

Legibility distances were determined on actual roadways. One
roadway was a rural two lane roadway. The other was a six

lane controlled access roadway with fixed roadway illumina-

tion. The legibility studies were carried out under actual

road conditions; no attempt was made to alter traffic in any manner.

Screens were obtained utilizing uniform dot patterns that
allowed reduction in the reflective intensity of the sheeting
at. 30, 50 and 70 percent. By utilizing these screens and
white opaque screen ink and selecting sheeting at various
reflective levels, sign backgrounds and legends were produced
at various levels of reflectivity.

Sheeting legend was made by cutting letters from aluminum and
then putting white reflective sheeting of various reflective
levels on the letter blank. Background sign panels were made
of the various colors and reflective levels. The legend was
fitted with studs on the back to match pre-drilled holes in
the sign panels. This allowed the rapid change of text on a sign.



VII.

To eliminate Tlegibility of legend by recognition as near as
possible, the words Olton, Alton, Elton, Eldon and Aldon were
selected. ATl letters were six inch series D capitols.
Observers were instructed by the recorder to drive the course
between 40 and 50 miles per hour and read the legend on each
sign. As the observer read the sign, the recorder activated a
distance measuring device (DMI) and then deactivated it when
the sign was passed. If the observer read the sign correctly
the recorder recorded the legibility distance. If the sign
was misread, the legibility distance was not recorded; this
also eliminated any remaining chance of legibility by recogni-
tion.

A similar situation was divised for signs with opaque Tlegend
and reflective backgrounds.

Both female and male observers were utilized who ranged in age
from eighteen to the mid-fifties. Some of the observers wore
glasses. At least one observer had night vision impairment.

A total of 99 observers participated in both the rural and
urban study.

A1l legibility studies were conducted at night during the
summer months. When a test run was scheduled, it was carried
out regardless of weather. Therefore, tests were conducted
during clear and rainy weather. However, no extreme heavy
rains were encountered.

Discussion:

Ever since man has used some manner of path or road as a com-
mon travel way to get from one place to another, he has used
some method of marking the way and/or destination. Early
signs were either crudely carved in wood or painted on wood.
Roads eventually became a convenience pattern and with this
convenience, signing that was usually paint on board. Man
eventually Tearned to reflectorize signs for better night
visibility and legibility. The first reflectorized signs were
glass spheres embedded in paint. Ever since then, there has
been a continuing effort to produce materials of higher
brightness for sign reflectorization.

For the last ten or more years, producers of reflective
materials have geared their efforts toward brightness and
durability with 1ittle thought given to the actual needs of
the motorist. Most users went along with brightness because
that was something readily apparent as one viewed two or more
signs of varying brightness. As this trend progressed, users
began to notice that, even though signs of higher brightness
had better target value, legibility or functionality may be
impaired. With such thoughts in mind, it was decided to do a
research study to determine the legihility of signs commonly
used on the roadway.

-3-



At that time, 1977, the most commonly used sign was black
legend on a white reflectorized background; and initial stu-
dies were conducted on this type of sign. Signs were made
with white reflectorized backgrounds of varying intensity
levels, using dot pattern screens that allowed reductions in
intensity of 30, 50 and 70 percent. Background specific
intensity (S.I.) ranged from 20 to 130 candlepower per foot-
candle per square foot. Five legends (7 inch series C
letters) were used; ELSA, EDNA, EULA, 2383 and 2838. The
study was conducted.on a two lane rural road using 57 obser-
vers (Figure 1). Legibility distance for a sign of any given
S.I. varied from observer tc observer. However, the legibi-
lity distance, with respect to varying S.I. for all observers,
exhibited the same characteristic. That is, as the S.I.
increased from the low of 20, the legibility distance
increased rapidly to an S.I. of around 45 or 50. Thereafter,
the rate of increase in legibility distance diminished with
increased S.I. Legibility distance peaked at an S.I. of about
110. At an S.I. above 110, the legibility distance actually
decreased. This was true for almost all observers. The reason
for this characteristic is that the background gets so bright
that it begins to "hale" the text. The only way to overcome
the effect of the higher brightness or S.I., is to use larger
letters with a wider stroke, which in turn means the sign must
be Targer. Therefore, it is not feasible to utilize reflec-
tive sheeting with an S.I. over 120 for shoulder mounted signs
with white reflectorized backgrounds and black legends (Figur
2). :

Figure 1

Rural Test Location

-d-
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To further check the legibility distance with respect to
varying S.1., two signs of different S.I. were piaced on the
same support. The same characteristic of legibility distance
with respect to varying S.I., as stated above, was observed.

Based on the information gained from the 1977 study, a study
was undertaken in 1980 to determine legibility distance as a
function of S.I. for signs with reflectorized legend and
background. Signs were studied with white legend and green,
blue and red backgrounds.

There are two ways to consider reflectivity of signs that
utilize reflective background and legend. One is to deter-

‘mine brightness of the entire sign and express the legend

brightness as a percent of the total brightness. Using this
method, it is difficult to conceive the actual or relative
brightness of either the legend or background, because it is
dependent on the actual area of each. The second method is
to express the relationship of the background and legend as
"contrast ratio", S.I. of legend divided by the S.I. of the
background per unit area. Under this method, one does not
know the exact S.I. of either the legend or background, but
does know that the legend is so many times as bright as the
background. The contrast ratio method was chosen to express
characteristics of signs studied. By choosing this method,
signs of any background S.I. could be studied with varying
legend S.I. Data could then be isolated easily by background
S.1. and compared to signs of other background S.I.

Under this portion of the research, legibility was studied on
a two Tane rural road and a six lane controlled access road-
way with fixed roadway illumination (Figure 3). Most obser-
vers participated in the studies on both types of roadway. A
majority of the studies were conducted using green background
and white legend. Backgrounds of red and blue were studied
sufficiently to determine that color variation was not a main
criteria in legibility of reflectorized signs. A main cri-
teria was considered as something that noticeably changed
legibility distance when all other characteristics of any two
or more signs remained constant or were of the same measured
value, such as letter size and S.I. As anticipated from the
initial study, legibility distance for a given size letter
varied as a function of contrast ratio. Here again, legibi-
lity distance varied from observer to observer for any given
sign. However, as the contrast ratio was increased from 2 to
approximately 50, the legibility distance of most drivers
followed the same general trend.



i

Urban Test Location

Consider a sign with a background S.I. of about 15. As the
legend S.I. increases from about 60 to about 250, the legibi-
lity distance increases until a legend S.I. of approximately
170 is obtained, and then decreases as the legend S.I. 1is
increased (Figure 4), Analysis of Figure 4 shows that, as the
background S.I. drops from 58, the legibility distance
increases rapidly to an S.I. of about 15 on high beams.

If legibility distance is plotted against contrast ratio
(Figure 5} at constant legend S.I., the effect of halo can be
realized. The legend with an S.I. of 237, High Specific
Intensity Sheeting, on high beams begin to halo with
backgrounds of S5.I. less than 40 (contrast ratio of 6). Once
the background S.I. drops below about 13 (contrast ratio about
20), the halo effect remains almost constant. On the other
hand, if one observes the same signs with low beams, it is
apparent that the halo effect is not encountered until the
background S.I. drops to about 15 (contrast ratio of 16) and
is constant for lower background S.I.'s.

No significant effect was observed with legend S.I. of 102 and
the maximum legibility distance was achieved. This is in
agreement with results obtained on the black legend on white
réf lectorized background study.

A study of Figure 5 shows that the rate of change in legibi-
ity distance is less between contrast ratios of 9 and 14.
This suggests that signs with good Tegibility characteristics
can be produced over a relatively wide range of reflectivity.

-7-
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If one considers the data from both studies, one finds that
legibility of reflectorized signs is dependent on reflectivity
difference, the same as nonreflectorized signs are dependent
on color difference. For instance, consider black legend on a
white background, nonreflectorized, and consider gray as a
shade of black. Then, as the darkness of gray is increased to
pure black, the legibility will increase, such that it could
be said that maximum contrast in color produces maximum legi-
bility. This same characteristic would be true for signs with
reflectorized background and legend, if it were not for the
"halo" effect. A1l data shows that, as the contrast between
legend and background reflectivity increased, so did the legi-
bility distance, to some point, for each observer, and then it
began to decrease. A1l observers who were questioned, com-
mented that the legends of higher reflectivity began to
"halo". Some even noted that, briefly, legends of high
brightness could be read before the halo effect was encoun-
tered. In normal signing of roadways, the halo effect can be
eliminated by increasing the letter size sufficiently to
offset the halo effect due to the brightness of automobile
headlights. An effort was made to check the halo effect of
button removable copy, by replacing the buttons with buttons
of the next smaller size. Limited tests were conducted
because the buttons were still so bright that the halo effect
dominated.

In all of the studies performed, best legibility distances
were achieved for 6 and 7 inch legend when the predominant
S.1., background or legend was around 100 to 110. Ten inch
button removable copy yielded comparable legibility distances
to 6 inch reflectorized legend of 100 S.I. with a background
S.I. of 10 and the 7 inch opaque legend with 100 S.I.
background. Total measured luminance for each legend with but-
ton removable copy was slightly higher than total measured
luminance for each legend with high specific intensity
sheeting.

Typical legibility distance data is contained in Appendix A
and B. Specifications developed as a result of this study and
previous work on signing materials are contained in Appendix
C.

-10-



APPENDIX A
Typical Data for 1977 Study
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Z| 3A8 | 2839 117 2878 |85
S LBk L EDufl o) P8 EDvs | 6O
R e B B S R VR s
g | /e EDMAIST EDNA /S
. | Z f?C EVULHA 225 EULA | 60
2 Fec 2383 125 2323 |

3_, 4 OQ/W/’

/ A D

|
e 0 .- =

4/—)(,

U

Z HA

2 | 0433 7S




Y . DATA SHEET
#9.

Observer:

MICKEY  CociiR iy

Date:

Car: CHEV}’ CHEVELLE.

Z . o
(24 o

Position of Observer: (Drwer)or Passenger
Headlights: High Beam or{Low Beam.
e

Remarks: VISIoN  (pPRec7z D Wi

GUASSES .

=) e /77

Speed:

30 MPH

—- = SKY LeXLE

ACE= miD 3os

et =~
| Key siw = EDWA]

Nugggr Sign ldentification  Message Read Distance  Actual Message AEDEOX

[ ] ZAA L/ en oD | ELSH B0
| & Z Bl Epma U LI EZHUQ 50
i 3 < FI culpn v | 0514 HULS /C
4 5 KA £ oo EDIE [ 20
S | 2 B4 2533 | po| 2838 | SO

s /| HD =383 ! ‘7§ 2383 Z0

7 | BD epwpt 126 | EDNVA 3S

- 2 Ac Eulpt g | £vL/ GO

7 5 AD L Dpd LSQ_ £ DA A 8O

/O / HA sLoepd !l | oo | ELSA 20
o BLAVK g wo | EDNA | GO
Sz ome i | 78 | epwn |Us
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&

.. . DATA SHEET

Observer: L AL  SAUVDACLL, Date:
Car: ‘ [24LA4 . Speed:

Position of Observer: Driver or Passenger

Headlights: High Beam or Low Beam

7-28-77

3

30 MPH

Remarks : AGe (8 A0 r/‘/L_AS.' S

Run Appr
Number  Sign Identification Message Read Distance Actual Message S.1
1. 4 BLANK EL\SAA - ;OO ELSA B 10¢
2.' 1 BB £ L(L 4 ‘;25—0 EULA 40
3. 3 AD £ A T EDNA 80
“, 1 HD 2343 <O 2383 20
5. . 2 AC B E(/‘([.A -ZOO EULA 60
6. 1 BC ELkSA - ZZB/ ELSA 40
7. 3 BLANK - L_ggg _ _/5/0 2383 130
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Observer:

HERE

DATA SHEET

f;/7)17ﬂ27—

ar FORD  ToRi o (*190A)

___Date:

2 JUNE T

Speed:

Position of QObserver: r Passenger

Headlights:

Remarks:

ﬁﬁfﬂ'j CLoloy

High Beam or

X IMDICATES

Low Beam (CE?>CLE(Z§)V

20 MPH

DCOMPE,  HEADLICHTS.,

G L ASSES
Run
Number  Sign Identificaticr

Full moan)

_ACE=E _LATE

Jo's

Message Read

Jistance

Actual Message S.1.

/B 2 AL EULA . Zoo ZUA 6D
20| 3 BtAvk 2333 17| 238% /3¢
3D 3 WL | 2838 25| 2832 | 3o
10 ) BB ;EULH IS0 euLA | Fo
M s® | 4 Bravk _"__/i,sﬁ cl 7S ELsA Joc
c®| 3 A | £DNA v 1SD| £OVA o
28 ) HD 283 >/ 1251 2333 20
5@ 494 A :]_:2_%53 IS0 | 2838 70
OB | 4 BeanK ' £LshA 12501 ECSA 10c
;o ZAc L EULA 0T EuLA e
N® dac L2239 X075 2838 | 7o
) HD 753% 1200 | 23853 20

o)
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APPENDIX B

Typical Data for 1980 Study
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;(ja;!/f;a’q”—z ‘ \.an Se/ Lp

Pura/
Bacfjrauna/ Color Reo/ J‘);/‘ 5/3-6/
/"*enl'nlles
SI-§ 37-13 S7- 5~ 37-2/ SI 3
Sn ot/ 220 32 222 w3 _#7 _ w9 023 45 47
l:j‘”"/ (olor  Lhife

[h /en.l‘l’ﬁ/ a'/? {ej”e:’?n/_ on }Q/n

Kon g/
S$I-237 SI228 $I-r02 SI-72s S1-20%
&,n #/ Ollon  #0 Etlon 43 Alon _ #8 Llalon 45 Lidin
Kon #2 ST-43.8
{jn #/ Aldon_ g2 Olon  #3E/dos. g8 Alfor #5 Lt

Run #3
Sogn 4/ Oldsn 47 Albdor #3 Olten 8 Dlfor 88 Ablon

/?:/n #5
Sign #/ L8600 42 Olian #3 Alden 3 Oflfon g5 Elo

v n ff
Signt/ Moz #2 Liten #3 Dlin 7 Pton 5 DVt

nd 6
3 t&f’?l/ﬂé.’l. #2 Alfpn_ #‘3_4/12_"__ 2 lon_ #IMJ—-
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Driver_Zerr: Cé“f’/ Aje 25 Gender _f__ Glisses ME_
/ ¢ e r
Dﬂle &(3'5 M"r/“,é*)” /Y80 f,g/r-maf;/ Uc#‘er Clear 3

hin O
Rong —L
— Head /194 +s |
. Low Beam High beam Messis e
Signul 390 297 94 Ol
L 342 ¢4 Ao
252 &4 233 #4 Do n
Sign # 2 32t P 22% _ § E [t on
265 P 29 _p4 - OlFfen
243X b __Aldes
Siga # 3 322 _ P4 308 _ P4 4/%:
358 4 3/5 £ e q
256 4§ 3y f Off o
Sljn 'E4 27/ df 39 P4 _L/ldon |
276 Pt 339 $/ A/#on
508 4 303 P £/fos
Sign #5 250 _$f 305 ¥ __Ollsy
26/ P4 _317 P _Llden
232 44 302 Y _Alfos
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Dewvar_Jlerr fﬁu

Age

Z‘(Gom/er F chgeg Mo

Date 5138/ Moke&yr 2960 Loirment  Leghher g 5/
fore = e 134t
£ Low Beam High Beam Message
Sign# !l 25 o 7295 4 E ol on
269 309 ¥ _Ales
296 ) 33% P E /Fon
Sign # 2 238 Zﬁ/q #/ O/pl 2 1
2y P 288 _$4 - Lldon
23v 4 _ 307 Ao
Sign #3 226 44 293 $¢ __Allon
265 pf 285 ¥ _ Dhen
203 4 300 A4} __Elcles
Sign #¥ 326 P4 200 _ P4 _Olos
29 _$4 322 44 Abbn
2/6 P4 3/2 P/ b
Sign ¢ 5 3/ P} 255 P4 £/ton
22 P} 225 H__Offes
139 44 250 Y _Aledes
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Driver [ee ﬂf/yﬁ"" ,453 24 Gcna'ér__/,t___ G/as.scs é.;_

Date S-/3-p/ ,Cn:’)“f,, /98/ LeRaron _ Legther Clear g
Hong L
£ Hesd 11 9h7s
S Low Bea™ H:gh Beam Messige
Sign el 255 P 5 4 _0//;,, N
26 __ 255 __ ¥ Alaon .
50/ P 38/ $4 D/l 5 _
Sign # 2 355 P} s06 _ #f £/ Fon
2 60 4 - _Offos
SYAINE 93 P4 Aol 27
Sign #3 3722 _H 22 Pt _AfFen
yo8 __ $/ S _ M _LEAen
ss 36/ _ 4 _Offon
Sign #% 352 Pt 38/ Pt Ldon
397 &4 50 44 B f o
vg7 4 370 _Pf L,
Sign +5 3zv 4 5 b Oy
Joz Pt 27 H L len
357 A 00 _Alten




Driver Lee Mot rtern

/4_3£ 2& Gender

I

c——

Clear (B

’:',')JSJC-‘ .4.;_4./(_

Dite 2134/ ﬁ',’/(.;*,, L9804e Beron  Ueglher 4, O
Rong 2
- Head /14hts
£ Low Beam High Beam Messsge
Sinw! LW 204 _Elen
s N 570 ] Allon
73 P 7 Py £//on
Sign # 2 BECHNNE T (2N Qldlon —:
| BELLONNT < B A Y N v/ 7 Y
s A 37 @b _Alfe
Sign # 3 (7P 392 FH _Alen
3¢5/ A5 P O/ ez
286 4} 322 4} Lloon
Sign #9 323 P4 %28 p1 Often
320 P4 387 4l Ao
5 P4 s2/ P o/
Sign ¢85 3T _#8L $ _Etter
. vy, P D/ 4 0x
289 P4 556 B Aleon
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Driver [3"’2’ Uo"‘/é?_ /oje 3/ GCender A Glisses He

Date S35/ ,C,,','k,;fy, /50 42802 Llegther ;"’;" 5
Rong —L— |
< Hesd /194 ts
S Low Beam High Beam Messtge
Sign # 1 20 536§ %y
50/ Y ) A
Y35 # 107 Y Okdos
Sign # 2 v P 503 E/4z
573 $50 _ p4 D/ Fon
356 3 b Ao
Sign # 3 280 H 2=l Al
73 P s2y  Pf £/7en
52 4y 50 b Offen
Sign #¥ 306 _ 04 388 P4 Eon
_ 339 b 233 44 A/ F pr
58 _ 44 278 Lo
Sign &5 356 #4 _sxy $F _Ofon
277 Pt 382 H _Llales
353 $4 0 zvo Y Alfon

22




Derver__Larry 4 prode »

/)_98 3! Gander M Glisses Vo

Dete SLIE ety L8 LeBarer Ueshier " E
Romnyg 2
-2 Head /194+s
-3 Low Beam High Beam Message
Sign # ! e 57/ _ 4 E/a;m |
| S Y AN, At o
Y5 P 354 P E/#pm
Sign # 2 728 _p 3% @ Odan
23 P 3/0 24 o Elelon
72 _#H Y2/ Pt _Alen
Siga a3 295 23 Ak
¥39 g 367 M Ohan
228 4 270 _ 4 __Lhlos
S 1gn &Y 376 4 %57 b4 Ot
225 P 298 44 Al
LB Ay o P O/dan
Sign ¢ 5 5 Pl ssp PP Elhen
527 P ss/  H Ol
58 ¥ _m5 Y Alees




Driver Bl 2, /Oevlu/éo?cfécf /)_9e S Gander M_ Glisses

Cs ey r '
Di‘le J-/3-8/ m;‘k‘ld’, /980 Forrmont Uc?‘fl‘ef :"I: )

C
pwny ..___/_..
..__Z.—- Hlld’/”l?"!
. Low Beam High Beam Message
Sign e ! 293 @y 245 g _Offer
BELEAN ) LA Aoton
28 TZE N Ol
Slja # 2 ..,...3_.‘?’; £+ ___{:K_;:_ #{ L7

< ”/'I;j £ ! < 57 -f .{ /) // "/0 -

— —————— |

B Y 26/ pi Alelon

- D e M -

Sign &3 238 P4 25y Pb ALt
256 4 _ 288 YW Lo
243 362 4 _Olfes
Sljn 4y /Y8 pp 20/ Pd Lhoen
208 pb 283 g4 _Afer
R7E P 55 Pl L fen
Sign 05 L3 257 ¥ _Okes
7 Pl 208 p LlAon
206 4f 277 Y Affen

S

m—— RS




DHVOI' /OﬁL// .D /Qeo;u/,a/ac/c»« /)Je 27 Gender

M C/J.ch Zéé_

Date 5/3-8/ gy’;k. By r LD Fo17me 27 Weather ;,';' g
Ron g 2
- Head [1947s
£ Low Beam High Beam Messege
Sign# 1 269 363 94 __[/c/; |
Y 226 Alton
J38  p 3%  p L /7o
Sign # 2 /25 360 __ # Dol 24
S 297 4 _Lidon
268 Y 337 _p4 Alfoq
Sign # 3 Y P /8/ P4 ey
/9 g 305 Clol21
O A H_Elden
S:jn s 4 135 _Pf _ 378 4 Cfe s
I M s P Hlelpn
285 P4 362 P/ O/l 47
Sun ¢85 308 P4 320 4 _Elfes
206 ¥4 36 H_Ofton
/59 P4 1534 A) [olon

25




Loc 2%(. "

Loop K Wop/r)
URBA YV

f({f N (_‘[;‘87‘/ ///-"

—_—

Bac/fjraunq/ ;(0./,1» Bise j),y/c D-E-E/

/n%enh /ICS

S7-6.3 Sr-30 S7-35°7 SE28.6 $7
Sryn W/ HD _ p2 RO W3 2O wmy HP #S ¥ 3¢
l:jlnﬂ/ C.,o/ﬁv" ,/il'./ﬁ_.
]n %en.rtﬁ/ mﬂ /;Iife,no"f ¥4 ;Q/'J
Kon sl
S7- 237 ST ST-20% S7-728 22k

,i:] nw/ _Olfon #7 ,ﬁ:ﬁ*ﬁfﬁ:ﬁ P 3 an #Y Lben #5 2 ”*’ oo,

lé’un #2 R
ST 63 ¢

L;(:jﬂ #/_,M’J_ ¥ _’ff”i_ i A #f/ /7/03/7 5"5;5/45';_

————

Kun #3

:{‘fjn p) LHon sl Alton H3 Lion ¥ Al #E Lo

/?un w5
(Jn#/mequzﬁlﬂflﬁﬁzﬂ/!wb AE e,

Ruon #5

S/ Mo 42 L1000 55 e ) oo #5 Dor.
pv) 4 L -,
Sing/ Lten 27 ldlar i3 Lo ¥ Lon g5 Ables
at's ) i

oL



Driver Linds B/

/4_96 Z7 Gender £_ C/;_ges ‘Zg_

27

Dote SL.8. makefye LB, 12802 Ueabler fort” =
" Bony L Ronyg 2
Head /194ts < | = )
Low Beam 5 — Messsge L Messig e
Signgl 203 ¥4 O/Fon 275 4 é-/c/a'ﬂ
<L) Aol $50 O/cla
52 _# Ll 57 # _Aldos
Sign w2 L3 # At o 526 _ Y £/ ton
396 #4 _Olitos 557 P L/ obn
389 pi  Aldon 22 Pt Olan
Sign#3 I Pt _Otlon 3722 P Aeton
6/ Alton S0 Pl L,
svy A OFor 0 b Los
Sign #9 vV b _Eleles V8 P4 Offes
585 pl Olan 350 A Aon
56 dl  AlAoa 597 A A (Etn)
C Sugn 85 T30 Ll | TH P Al
~. 25 _Edaor soy P _Olton
w52 Y Oblon 387 Y Aldon




Drwver (/srence N

:4_96 .?./i Gender ﬂ.. G’JSJC& Q:{/__,

’ Ca . Clesr &
Dg/e _2_—_&&( m;kﬂf’)” ___/950 L‘ra/rmav/ Ue;#er RH?

. U
Ronyg L Ron gy 2.
Head /194 s L | 2
Low Beam O Messeg e _6 Messige
Sign# 1 il Y 0/ Fon E i,
07 g A /el 3Y2 gl Oldarn
38/ i L fen  3¥3 P A 407
Sign w2 I3 H e SECa? £/
52 pe (e £06 L Elbn
327 P4 Ao en 395 pl Y
Sign#3 222 _F __Oher 350 _ b Ao,
387 44 Alron sy Y E/F 00
358 44 _O/Fes 28y Yt Eleon
S,jn #Y B3 P4 _Llgon | SYL P4 _Otes
vy7 ) Dldan _ __28Y  44 Al alo s
336 _f _Adlton 3% P £y
Sgn 5 IO P} ;_é /7@»;. _ 3o P4 Ao,
205 H Lan, N7 R
3753 4@/ 2Ly 370 ;{U W27y
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Dr,y‘r Jerr C/oua/

/Q_,e 2¢ Go‘no’er [:_. Glasses

29

Deve 968/ ok fyr [oBaren __ uerbler g o
"~ Bongy L Konyg 22
Head /194 +s < - e |
Low Béam 3 Messige 2 Messag =
Sﬂ” p! 3% _ 84 O/ fo = #3344 f/o/a;,-
363 @ Aies 3Y3 ) L4
Y93 p1 LA es 350 $ AV Hss
Sign # 2 339§ Ao, 393_ ¢4 L //M(Z//;a;
265 44 _Plfen 320 94 Lo
_327 p4  _Alles 53 _#4  _Dldes
Sign # 3 _330 H4 O/ele 25 A Aoy
38 P _Altons 356 _ 44 E/ton
373 4 _Otton 32/ W _Ellon
Sign #¥ 213 _ $4 £/don ISP Ol
33 A Llzan 3Dl
37¢ ,P./___ A7 285 P Ao (B4
 Suga #5387 _Elen 503 ¥ ik,
315 P oo 305 H_Olfes
33/ ;[7/ O/dan 379 f/ A/elpn




Drwver_Gary LA Fere

Car ,
Di'/e ,_9__', é’él; mak‘lé“)(f _/&5[7 [i/’MOI) 7

Uer#e r Rara

— .r?_ge 32 Gender M Glisses s

Ciegr =g
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 Pony L Rony 2
Head l194+s  —<— =
Low Beam - Messige _ Messige
Sign gl I 4 _Ottes S0 L )
366 4/ S 1en 273 ry _Q.{i/f_’l .
v08 _pp  _Lifen 376 K/
Sign # 2 Y § Al 327 $f £ o,
377 £} Ofens 337 P Llon
_ 343 P4 Al 335 P4 Ol
Sign#3 370 4 _Clden 3/ P A,
Y25 . Alfon 568 Y LSy
378 4t O/70a 230 4t Fidey
Sign #7 20l $4 Ll 308 P4 _ QO
32/ 4! _Oldes 355 4L Aaon
379 Pl Alten Y E A,
 Siga 85 _ P R Eon  _35Y  BE Yo
33 Pl Ldon 375 4 ) o
38y Y Oidan_ 38/ Bl Alelon
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Adopted by the Texas State Department of Highways snd Public Transportstion, September 1, 1982

ITEM 634
PLYWOOD SIGNS (Type A)

634.1. Description. This item shall govern for plywood signs having
sign blanks made from high density plastic-faced plywood and having sign
faces reflectorized with flat suriace reflective sheeting.

634.2. Materiais. Copies of Departmental Material Specifications are
available from the State Department of Highwavs and Public Transporta-
tion. Materials and Tests Division. 38th and Jackson St.. Austin, Texas,
T8703.

(1) Sign Blanks. Sign blanis shall be in accordance with Departmental
Specification. D-9-7100, "Plywood Sign Blanks ™

Sign faces are not acceptable if the variation of the surface in any direc-

tion exceeds an amount equal 1o u/&-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.

12} Sign Face Reflectorizadon. Sign faces shall be reflectorized with
flat surface reflective sheeting and shall be of the coior shown on the plans.
The sheeting shall be of the same manufacture for all signs of the same
classilication throughout the project and shall be in accordance with De-
partmental Specification D-9-8300, 'Flat Surface Reflective Sheeting’.
Type A.

(3) Sigp Message. The sign message shall be of the size, type and color
shown on the plans.

(al Screen processing ink approved by the Department’'s Material and
Test Division shail be used for sign messages applied to sign faces by the
screen process. Messages shall have clean. sharp edges with no runs or sags
and shall be of sufficient thickness to compietely cover the background
material. Screen inks shall conform to Departmental Specification
D-9-8300. "Flat Surface Reflective Sheeting™.

tb) Reflectorized removable legend specified on the plans for various
signs shall conform with Departmental Specification, D-9-8400, “‘Reflec-
torized Remnovable Legend'.
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tc) Reflectorized sheeting legend. specified on the plans for various
signs. shall be made from material conforming to Departmental Specifica-
tion D-9-8300, “'Flat Surface Reflective Sheeting’".

(d) When sheet aluminum signs are required as a part of the message,
they shall conform with the plans and with the Item, “Aluminum Signs
(Type A)".

(4 Hardware. All bolts, nuts, washers, lock washers, and other hard-
ware used in making the signs which are not specifically covered on the
plans shall be galvanized steel. stainless steel or aluminum in conformance
with Departmental Specification D-8-7120, *'Sign Hardware. Dissimular
metals shall be so selected or insulated as to prevent corrosion.

{5) Sign Post Connections. All sign post or support connections shall be
capable of developing the full strength of the sign and theyv shall be
stainless steel, gaivanized steel, or aluminum, in conformance with Depart-
mental Specification D-9-7120, *'Sign Hardware ™. Dissimilar metals shall
be so seiected or insulated as to prevent corrosion.

634.3. Fabrication.

(1) Working Drawings. Prior to fabrication the Contractor shall submit
for approval of the Engineer five prints of the working drawing for each
sign using removable reflectorized legend. except that when there are two
or more signs of identical design. a working drawing for only one of the
signs need be submitted. The working drawings shall show the details of
the panels, frames. wind beams, stiffeners, joint backing plates, splices, if
any. fasteners. brackets, sign post or support connections. and methods of
attaching legend to the sign face. In addition. the working drawing shall
show letter height and interline spacing of the legend in sufficient detail to
check against the plans.

(2] Sign blanks shall be cut to the proper size and shape shown on the
plans for the various signs. Thickness of the sign blanks shail be as shown
on the plans. Unless otherwise shown on the plans, no panel shall have a
face dimension less than 2'-0”. Signs 4’ x 8’ or smaller in either dimension
shall be of one-piece construction.

(3} All sign blanks or sign panel fabrication, including cutting, drilling.
and edge routing shall be completed prior to application of reflective

. materials.

4 Reflective Sheeting shall be applied to sign faces in conformance
with the recommended procedures of the manufacturer of the sheeting.

Whenever a sign face is comprised of two or more panels. the reflective
sheeting on adjacent panels must be matched carefully for color to provide
uniform appearance and brilliance both day and night. Because cne roil of
sheeting may be sufficient to cover severai paneis. eacn panei shall ce



match-marked consecutively as sheeting is applied from any one sheeting
roll. Panels shall then be assembled consecutively as shown below to con-
struct the completed sign:

TYPICAL ASSEMBLY

& ~ Matchmarks

L. = Left edge of sheeting as it comes off the roll.
R = Right edge of sheeting as it comes off the roll.

J

i L l AL,
<41 D‘D l
Ll = ] |
S mo1 . ‘

* Note: Staggered Horizon-

tal Joints are preferred: how-
ever a single horizontal joint
across the sign face is permissi-
ble.

Nonconformance with this assembly procedure may result in non-
uniform shading and an undesirable contrast between adjacent widths of
applied sheeting which will not be acceptable. When splicing of sheeting is
necessary, the number of splices shall be held to a minimum consistent with
the sheeting widths furnished by the manufacturer. The minimum dimen-
sion for any one piece of sheeting material shall be 1-0".

(5) Cutting, Handling and Storing Sign Blanks and Paneis. High densi-
ty exterior type plywood panels may be fabricated with standard wood-
working equipment. Precaution shall be taken to prevent overlay surfaces
from coming in contact with any substance which would inhibit adhesion of
reflective sheeting. Fabrication of all plywood signs shall be accomplished
in a uniform and workmanlike manner.

(6) Sign identification decals shall be coded and attached to the sign
panels after fabrication as specified in the plans.
634.4. Erection.

(1} Prior to erection. all bolt heads and hardware showing on sign faces
shall be covered with reilective sheeting or painted similar in color to the
sign face.
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(2) Completed sigr blanks and panels shall be handled and stored in
such manner that corners, edges and faces are not damaged. Any mars.
scratches or other damage to the sign faces which are not wvisible when
viewed, as outlined in the Department’'s MANUAL OF TESTING PRO-
CEDURES. at a distance of fifty 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.

{3) Sign identification decals shall be coded after erection as specified
in the plans.

634.5. 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.

634.6. Sampling and Testing. Sampling and testing will be in accor-
dance with the Department's MANUAL OF TESTING PROCEDURES

634.6. Measurement. Plywood Signs (Type A) 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 the specifications with no deductions for rounding off cor-
ners. No measurement will be made for area in excess of this mummum area.

634.8. Payment. Payment for Plywood Signs (Type A) shall be made at
the unit price bid per square foot for *'Plvwood Signs {Type Al as speci-
fied, which price shall be fuli compensation for furnishing the high density
sign blanks and/or panels: fabrication of the blanks and or panels: furnish-
ing and application of reflective sheeting to the faces of blanks and or
panels; application of message to the sign faces as required by the plans:
furnishing and fabrication of frames, wind beams, stiffeners. and.or joint
backing strips that are required; furnishing all bolts, rivets, screws.
fasteners, clamps. brackets and sign post or support connections: assembi-
ing and erecting the signs, washing and cleaning the signs after erection:
and all other labor. materials. and incidentals necegsary to provide signs
complete and attached to the sign posts or supports.



Adopted by the Taxss Sute Depsrtment of Hi

and Pubiic T: 1. 1082

ITEM 635
ALUMINUM SIGNS (Type A)

636.1. Description. This item shall govern for aluminum signs which
are of one piece construction made from sheet aluminum, and which have
the face side reflectorized.

636.2. 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) Sign Blanks. Sheet aluminum sign blanks shall conform with De-
partmental Specification D-9-7110, **Aluminum Sign Blanks", and shall be
of the thickness shown on the plans.

(2) Sign Face Reflectorization. Sign face reflectorization shall be of the
color shown on the plans.

Flat surface reflective sheeting shall be used for reflectorization of sign
faces with messages applied by the screen process, using process ink, in
conformance with the plans. Flat surface reflective sheeting shall be of the
same manufacture for all signs of the same classification throughout the
project.

Flat surface reflective sheeting shall conform with Departmental Speci-
fication D-9-8300, 'Flat Surface Reflective Sheeting’', Type A.

i3) Hardware for Attaching Aluminum Signs (Type A} to Guide Signs.
Attachments of Aluminum Signs (Type A} to guide signs as a part of the
guide sign message shall be made by screws of stainless steel, galvanized
steel. or aluminum. in conformance with Departmental Specification
D-9-7120. ~Sign Hardware'". Dissimilar metals shall be so selected or in-
suiated as to prevent corrosion.
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When required by the plans. aluminum hardware used for signs located
in coastal and heavy industrial atmospheres shall be given a dichromate
sealed finish conforming with the requirements of Departmental Specifica-
tion D-9-7120, “‘Sign Hardware'".

636.3. Fabrication.

(1} Cutting and Handling. Sign blanks shall be cut to the proper size
and shape as shown on the plans, shall be free of buckles, warps. burrs,
dents, cockles, and other defects resulting from fabrication, and shall be es-
sentially a plane surface.

The sign blanks shall not be handled except by device or clean canvas
gloves between all cleaning operations and the application of the reflective
material. There shall be no opportunity for the blanks to come in contact
with grease, oils, or contaminants prior to the application of the reflective
material

(2) Application of Reflective Sheeting to Sign Faces. Sheeting shall be
applied to sign faces in conformance with the recommended procedures of
the manufacturer of the sheeting. When splicing of sheeting is necessary,
the number of splices shall be held to a minimum consistent with the
sheeting widths furnished by the manufacturer, and the minimum dimen-
sion for any one piece of sheeting shall be 1-0".

3 Sign M ge. Sign shall be the size and color shown on
the plans. Screen processing ink approved by the Department's Materiais
and Tests Division shall be used for sign messages applied to sign faces by
the screen process. Messages shall have clean, sharp edges with no runs or
sags and shall be of sufficient thickness to completely cover the back-
ground material. Screen inks shall conform to Departmental Specification
D-9-8300, "*Flat Surface Reflective Sheeting”".

636.4. Sign Identification Decals. Sign identification decals shall be af-
fixed to each independently mounted sign panel and coded after fabrication
and after erection as specified in the pians.

636.5. Sign Poat Conpections. Sign post connections shall conform
with the designs shown on the plans.

636.6. 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.

636.7. Sampling and Testing will be in accordance with the Depart-
ment's MANUAL OF TESTING PROCEDURES.
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ITEM 638

ALUMINUM RAILROAD
CROSSBUCK SIGN PANEL ASSEMBLY

638.1. Description. This item shall govern for railroad crossbuck sign
panel assemblies which are made from aluminum and which have the face
side reflectorized.

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

(1) Sign Panels. Extruded aluminum railroad crossbuck sign panels
and sheet aluminum suppiemental track number signs shall be of the
thickness shown on the plans and shall conform with Departmental
Specification D-9-7110, “'Aluminum Sign Blanks"'.

Panels shall be dimensioned as shown in the plans,

{2) Sign Face Reflectorization. Sign face reflectorization shall be of the
color shown on the plans.

Flat surface reflective sheeting shall be used for reflectorization of sign
panels and shall conform with Departmental Specification D-9-8300, “Flat
Surface Reflective Sheeting”. Type C. All sheeting shall be of the same
manufacture for all railroad crossbuck assemblies on this project.

3) Sign Support Connections and Hardware. Sign support connections
shall be as shown on the plans and shall conform with Departmental Speci-
fication D-9-7120, ""Sign Hardware .

All bolts, nuts, washers, lock washers, fasteners. and other hardware
used in making the signs which are not specifically covered on the pians
shall be galvanized steel. stainless steel. or aluminum, subject to the condi-
tion that dissimilar metals shall be so selected or insulated as to prevent
corrosion.

w

638.3. Fabrication.

(1} Cutting and Handling. All fabrication of sign panels including cut-
ting and drilling or punching of holes shall be completed prior to metal
degreasing and application of the reflective material

The sign panels shall not be handled except by device or clean canvas
gloves between all cleaning operations and the appiication of the reflective
material. There shall be no opportunity for the panels to come in contact
with grease, oils, or contaminants prior to the application of the reflective
material

2} Application of Reflective Sheeting to Sign Faces. Reflective sheet-
ing shall be appiied without splices to the sign faces in conformance with
the recommended procedures of the manufacturer of the reflective sheeting.

(3} Sign Message. The sign message shall be of the size. type and color
shown on the plans. Processing ink used in applying the message shall be
approved by the Department's Materials and Tests Division. The message
shall have clean, sharp edges with no runs or sags and shall be of sufficient
thickness to completelv cover the background material. Screen inks shall
conform to Departmental Specification D-9-8300. *"Flat Surface Reflective
Sheeting .

638.4. 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.

638.5. Sampling and Testing. Sampling and testing will be in accor-
dance with the Department's MANUAL OF TESTING PROCEDURES.

638.6. Measurement. Aluminum Railroad Crossbuck Sign Panel
Assembly will be measured by each two-panel crossbuck assembly and sup-
plemental track number sign when required. complete and attached to the

sign supports.

638.7. Payment. Work performed and materials furnished as pre-
scribed by this item. measured as prescribed under ""Measurement . shall
be paid for at the unit price bid per sign for * Aluminum Railroad Crossbuck
Sign Panel Assembly’. which price shall be full compensation for fur-
nishing aluminum sign paneis: fabrication of the panels: treatment of the
sign panels required by this specification; furnishing and appiying reflec-
tive sheeting to the sign panels: screening of the message as required by the
plans; furnishing the sign pest connectors; washing and cleaning of the
signs after erection: and furnishing all other materials, labor and inciden-
tals necessary to provide signs completed and attached to the sign sup-
ports.

636.8. Measurement. Aluminum Sigps (Type A) will be measured by
the square foot. Measurement will be made to the nearest 0.01 squsre 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.

636.9. Payment. Payment for Aluminum Signs (Type A} shall be made
at the unit price bid per square foot for ** Aluminum Signs (Type A)* which
price shall be full compensation for furnishing sheet aluminum sign blanks:
fabrication of the sign blanks, treatment of the sign blanks required by this
specification: furnishing and applying reflective sheeting to the sign faces:
screening of messages as required by the plans: furnishing the sign connec-
tions; washing and cleaning the signs after erection; and furnishing all
other materials, labor and incidentals necessary to provide signs completed
and attached to the sign support or guide sign as specified on the plans.
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ITEM 644
CONFORMABLE SHEETING REFLECTORIZED SIGNS

644.1. Description. This item shall govern for the furnishing and in-
stallation of signs made solely of reflective sheeting which has a pressure-
sensitive adhesive backing that allows the sign to be affixed to such sur-
faces as are shown in the plans.

644.2. 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.

The reflective sheeting shall be capable of being applied to and used on
rough, porous surfaces such as concrete, asphalt, steel, brick, and wood for
the purpose of posting overhead clearances for bridges. The material must
bé a product suitable for use in these exposure conditions and must con-
form to Departmental Specification D-9-8300, “‘Flat Surface Reflective
Sheeting”, Type D.

644,3. Fabrication. The message as shown on the plans shall be
screened on the reflective sheeting in accordance with the sheeting pro-
ducer’s recommended practices utilizing screen inks approved by the De-
partment. Screen inks shall conform to Departmental Specification
D-9-8300, “Flat Surface Reflective Sheeting”.

644.4. Installation. Signs will be installed as shown on the plans or as
directed by the Engineer. Before application, the surface must be prepared
to the satisfaction of the Engineer in accordance with the manufacturer's
instructions.

Whenever the sign is applied over expansion joints, deep cracks or
seams, it is to be slit to avoid tearing or Lifting. Any applied sign that has
wrinkles, air pockets, ragged edges, tears or bends shall be removed and re-
placed at the sole cost of the Contractor. The installation as a whole shall be
carried out in conformance with requirements herein stated and with
details and dimensions shown in the plans. Upon completion, the work shall
present a neat and workmanlike appearance.

644.5. Sampling and Testing. Sampling and testing will be in accor-
dance with the Department’'s MANUAL OF TESTING PROCEDURES.

36

644.6. Measurement. Conformable Sheeting Reflectorized Signs will be
measured to the nearest 0,01 square foot of material in place. No deductions
for rounding off sign radii corners will be made.

644.7. Payment. The materials furnished and work performed as pre-
scribed by this item, measured as provided under ‘‘Measurement’’ shall be
paid for at the unit price bid for “Conformable Sheeting Reflectorized
Signs" which price shall be full compensation for furnishing all labor, tools,
equipment, and incidentals necessary to fabricate and install the signs and
to otherwise complete the work.
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Departmental Materials Specification: D-9-8400
Reflectorized Removable Legend

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

I1. 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."

I1I. 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: A1l 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.

IV. 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.

D-9-8400
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Material Reguirements:

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. A1l 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 A 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 pltastic 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 1eg1b1y 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.

38 D-9-8400
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1, Optical Performance: The spécific intensity
of the reflectors shall equal or exceed the
following minumum values:

Entrance Angle Divergence Angle Specific Intensity
Degrees Degrees Cp./Sq. Foot/Foot-Candl:
0 1/10 2000
20 1/10 800
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.

3. Heat-Resistance Test: The reflectors shall
comply with the regquirements listed in Test
Method Tex-846-B.

D-9-8400
3-83
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