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ABST KACT 

Overhead Guide S i g n s  can be i l l u m i n a t e d  t o  s u f f i c i e n t  t a r g e t  va lue  and u n i f o r -  

mi ty  w i t h  c e r t a i n  100 w a t t  mercury vapor l i g h t i n g  u n i t s .  

Coa t ing  m a t e r i a l s  based on the rmal  s e t t i n g  p o l y e s t e r ,  and the rmal  s e t t i n g  poly- 

v i n y l i d e n e  f l u o r i d e  have been found t o  be s a t i s f a c t o r y  c o a t i n g  m a t e r i a l s  f o r  

Overhead Guide S igns .  

A c r y l i c  cured a l i p h a t i c  u re thane ,  s i g n  enamel, thermal  s e t t i n g  p o l y e s t e r  and 

r e f l e c t o r i z e d  s h e e t i n g  have been proven a s  s a t i s f a c t o r y  m a t e r i a l s  f o r  r e f u r -  

b i s h i n g  d e t e r i o r a t e d  porcelain-enameled aluminum Overhead Guide S igns .  

P r e l i m i n a r y  f i e l d  e v a l u a t i o n s  and l e g i b i l i t y  s t u d i e s  i n d i c a t e  t h a t  approximately  

55% of t h e  Overhead Guide s i g n s  i n  t h e  S t a t e  would no t  r e q u i r e  i l l u m i n a t i o n  i f  

t h e  legend i s  r e f l e c t i v e .  



SUMMARY 

A s  s t a t e d  i n  Report  Number 222-1 Overhead Guide S igns  can be i l l u m i n a t e d  t o  su f -  

f i c i e n t  t a r g e t  v a l u e  and u n i f o r m i t y  wi th  c e r t a i n  100 w a t t  mercury vapor l i g h t i n g  

u n i t s .  Most 175 w a t t  and 250 w a t t  mercury vapor  l i g h t i n g  u n i t s  p r e s e n t  

e x c e s s i v e  b r i g h t n e s s  which reduces  l e g i b i l i t y ,  i n  p a r t i c u l a r  t h e  250 w a t t  u n i t s .  

The 100 w a t t  mercury vapor  u n i t s  a r e  p r e s e n t l y  being used  on a s t a t e w i d e  b a s i s .  

T h i s  a r e a  of r e s e a r c h  is  complete. 

Repor t  Number 222-1 covered t h e  work i n  t h e  a r e a  of s i g n  background c o a t i n g s .  

Many d i f f e r e n t  c o a t i n g s  were i n v e s t i g a t e d  p r i o r  t o  t h e  i s s u a n c e  of t h a t  r e p o r t .  

The work on d u r a b i l i t y  of t h e  m a t e r i a l s  has  con t inued  s i n c e  t h e  i s s u a n c e  of t h e  

r e p o r t .  Thermal s e t t i n g  p o l y e s t e r  and the rmal  s e t t i n g  p o l y v i n y l i d e n e  f l u o r i d e  

have been found t o  be s a t i s f a c t o r y  c o a t i n g  m a t e r i a l s  f o r  Overhead Guide Signs .  

The c o a t i n g s  have shown i n  a c c e l e r a t e d  t e s t i n g  t o  g i v e  e x c e l l e n t  d u r a b i l i t y  and 

c o l o r  r e t e n t i o n  f o r  a p r o j e c t e d  minimum l i f e  of t h i r t y  y e a r s .  

S p e c i f i c a t i o n s  f o r  t h e  p o l y e s t e r  c o a t i n g  and t h e  p o l y v i n y l i d e n e  f l u o r i d e  c o a t i n g  

have been w r i t t e n  and i s s u e d .  The c o a t i n g s  a r e  being used on a  s t a t e w i d e  b a s i s .  

A d d i t i o n a l  work w i l l  be c a r r i e d  on i n  t h e  subsequent  P r o j e c t  1-9-84-276, 

"Eva lua t ion  of Guide S i g n  C o n s t r u c t i o n  M a t e r i a l s " .  

Numerous c o a t i n g s  have been t e s t e d  a s  p o s s i b l e  c o a t i n g s  f o r  t h e  r e f u r b i s h i n g  of 

d e t e r i o r a t e d  porcela in-enameled aluminum Overhead Guide S i g n s .  A c r y l i c  cured 

a l i p h a t i c  u r e t h a n e  and s i g n  enamel have proven a s  s a t i s f a c t o r y  m a t e r i a l s  f o r  t h e  

r e f u r b i s h i n g  work. The porcelain-enameled s u r f a c e  must be thoroughly c leaned ,  

abraded  w i t h  e i t h e r  c o a r s e  sand paper  o r  s t e e l  wool, c l e a n e d  a g a i n  and then  coa ted .  

S i g n s  r e f u r b i s h e d  i n  t h i s  manner have been i n  f i e l d  s e r v i c e  f o r  over  e i g h t  

y e a r s .  Cont ra ry  t o  s h e e t i n g  manufac tu re r s  recommendations i t  was found t h a t  

d e t e r i o r a t e d  porcela in-enameled e x t r u s i o n s  can be s a t i s f a c t o r i l y  r e f u r b i s h e d  



with  t h e  a p p l i c a t i o n  of engineer  grade,  super engineer  grade and high s p e c i f i c  

i n t e n s i t y  r e f l e c t i v e  shee t ing .  The ex t rus ions  were merely cleaned, abraded and 

t h e  shee t ing  was hand appl ied  d i r e c t l y  t o  t h e  porcelain-enameled ex t rus ions  i n  

t h e  D i s t r i c t  12 Sign Shop. 

Thermal s e t t i n g  p o l y e s t e r  has a l s o  proven s a t i s f a c t o r y  i n  r e fu rb i sh ing  of 

d e t e r i o r a t e d  porcelain-enameled aluminum Overhead Guide Signs. Several  means of 

c l ean ing  t h e  po rce l a in  su r f ace  were t r i e d .  However, poor adhesion was 

experienced when the  po rce l a in  su r f ace  was merely cleaned. When the  porcelain-  

enameled s u r f a c e  was completely removed, proper adhesion was experienced. 

F i e l d  exposure and acce l e ra t ed  t e s t i n g  shows t h a t  t h e  opaque background coa t ings  

s t u d i e d  and recommended f o r  use a r e  more durable  than the  r e f l e c t i v e  shee t ing  

backgrounds. 

Pre l iminary  f i e l d  eva lua t ions  and l e g i b i l i t y  s t u d i e s  have ind ica t ed  t h a t  

55% of t h e  Overhead Guide Signs i n  t h e  S t a t e  would not r equ i r e  i l l umina t ion  i f  

t h e  legend i s  r e f l e c t i v e .  Re f l ec t ive  backgrounds do not  s t a t i s t i c a l l y  i nc rease  

l e g i b i l i t y  but do provide conspicu i ty  ( t a r g e t  va lue) .  F i e l d  eva lua t ions  of t h e  

Overhead Guide S igns  were made i n  Houston, Corpus C h r i s t i ,  San Antonio, Dal las  

and E l  Paso. L e g i b i l i t y  s t u d i e s  were performed i n  Houston, Dal las  and E l  Paso. 

The f i e l d  eva lua t ions  were based upon the  f ind ings  of previous research  p r o j e c t s  

i n  t h e  a r e a s  of d e t e c t i o n ,  recogni t ion ,  l e g i b i l i t y  and reac t ion .  The previous 

s t u d i e s  proved t h a t  i f  a  s i g n  has  1,100' t o  1,200' of u n r e s t r i c t e d  s i g h t  

d i s t a n c e  t h e  d r i v e r  can perform t h e  required d r iv ing  t a s k s  e a s i l y ,  I f  t he  

d r i v e r  can read and understand t h e  t e x t  w i th in  these  parameters on an unl ighted ,  

r e f l e c t o r i z e d  legend s i g n ,  then  t h e  s i g n  need not  be i l luminated.  A s  p rev ious ly  

s t a t e d  55% of t h e  s i g n s  i n  Texas met t h e  above requirements. 



To check the above, legibility studies were performed in Houston, Dallas and El 

Paso. Thirty seven participants, male and female, all age brackets were used in 

both day time and night time runs. Signs were selected that contained reflec- 

tive and opaque backgrounds, button and high specific intensity stick on copy, 

with sign illumination and without sign illumination and with freeway illumina- 

tion and without freeway illumination. The legibility studies proved that there 

are no significant differences in legibility distances whether the freeway signs 

were lighted or unlighted, stick on copy or button copy and opaque or reflective 

background. The reflective background merely added conspicuity and did not 

increase the legibility distance of the sign. The sampling of the participants 

did not correspond with the population mix in the United States and was of 

insufficient quantity to statistically evaluate the effect of sign lighting in 

most cases. 

As a direct result of this project several specifications and Administrative 

Circulars were issued. Also as a result of this project two new research pro- 

jects have been approved, Project Number 1-18-84-277, entitled "Functional 

Characteristics of Guide Signs" and Project Number 1-9-84-276, entitled 

"Evaluation of Guide Sign Construction Materials". 



IMPLEMErn AT I O N  

The Department is  r e a l i z i n g  r e t u r n s  from t h e  monies expended on t h i s  p r o j e c t  by 

t h e  s t a t e w i d e  usage of t h e  s i g n  c o a t i n g  m a t e r i a l s  r esea rched  and recommended. 

The S t a t e  is  a l s o  r e a l i z i n g  r e t u r n s  by t h e  s t a t e w i d e  usage of t h e  100 w a t t  mer- 

c u r y  vapor s i g n  l i g h t s  developed on t h i s  p r o j e c t .  It is  recommended t h a t  t h e  

S t a t e  c o n t i n u e  on a  planned r e t r o f i t  from t h e  e x i s t i n g  t roublesome f l u o r e s c e n t  

s i g n  l i g h t s  t o  t h e  100 w a t t  mercury vapor u n i t s .  Thought shou ld  a l s o  be g iven  

t o  t h e  replacement  of t h e  e x i s t i n g  250 w a t t  mercury vapor u n i t s  w i t h  t h e  more 

energy e f f i c i e n t  100 w a t t  u n i t s .  

I n  a r i d  a r e a s  o r  where minor t o  moderate ly  d e t e r i o r a t e d  porcelain-enameled s i g n s  

e x i s t ,  they  may be r e f u r b i s h e d  by c l e a n i n g  and b u f f i n g  of t h e  enameled s u r f a c e .  

Where d e t e r i o r a t i o n  has  f u r t h e r  p rogressed  but  t h e  c o a t i n g  has  good f i l m  

i n t e g r i t y ,  t h e  d e t e r i o r a t e d  porcelain-enameled aluminum s i g n  pane l s  can be 

e a s i l y  and economica l ly  r e f u r b i s h e d  u s i n g  a c r y l i c  cured a l i p h a t i c  u r e t h a n e  o r  

s i g n  enamel. It i s  no t  recommended t h a t  t h e  d e t e r i o r a t e d  p a n e l s  be r e f u r b i s h e d  

w i t h  the rmal  s e t t i n g  p o l y e s t e r  u n l e s s  t h e  r e f u r b i s h i n g  is done on a l a r g e  s c a l e  

p r o j e c t .  It w i l l  t a k e  a  l a r g e  amount of s i g n  s q u a r e  f o o t a g e  t o  make t h e  u s e  of 

t h e  p o l y e s t e r  economical ly  f e a s i b l e .  D e t e r i o r a t e d  porcelain-enameled aluminum 

s i g n  e x t r u s i o n s  can  be s a t i s f a c t o r i l y  r e f u r b i s h e d  by c l e a n i n g ,  abrad ing  and t h e  

hand a p p l i c a t i o n  of e n g i n e e r  g r a d e ,  super  e n g i n e e r  grade o r  h i g h  s p e c i f i c  i n t e n -  

s i t y  r e f l e c t i v e  s h e e t i n g .  The c l e a n i n g ,  abrad ing  and s h e e t i n g  a p p l i c a t i o n  can 

e a s i l y  be done i n  d e p a r t m e n t a l  s i g n  shops.  



Results of t h i s  project indicate  that ground mounted guide s ign  panels made from 

deteriorated porcelain-enameled aluminum extrusions refurbished with e i ther  

. engineer grade, super engineer grade or high s p e c i f i c  i n t e n s i t y  r e f l e c t i v e  

sheet ing  can be used on a maintenance replacement bas i s  for  deteriorated plywood 

guide s igns .  



I. SUBJECT: 

Evalua t ion  of Overhead Sign Background Mater ia l s  and Mercury Vapor Sign 

Light ing  F i x t u r e s .  

11. PURPOSE: 

The ob jec t ives  of t h e  s tudy are :  

A.  Determine t h e  f e a s i b i l i t y  of i l l umina t ing  overhead s igns  with mercury 

vapor l i g h t i n g  f i x t u r e s .  

B. Evaluate  a v a i l a b l e  coa t ings  t h a t  show promise of producing s a t i s f a c t o r y  

overhead s i g n  backgrounds. 

C. Determine a  f e a s i b l e  and s a t i s f a c t o r y  method t o  r e fu rb i sh  e x i s t i n g  

d e t e r i o r a t e d  porcelain-enameled s ign  ex t rus ions .  

D. Determine t h e  f e a s i b i l i t y  of us ing  non-illuminated overhead guide s igns  

wi th  r e f l e c t o r i z e d  copy. This  study was t o  inc lude  opaque background 

s igns  and r e f l e c t o r i z e d  background s igns .  

Object ives  C and D of t h e  s tudy were incorporated a f t e r  t h e  s tudy was 

begun. 

. 111. CONCLUSIONS AND RECOMMENDATIONS: 

Overhead guide s igns  can be i l luminated  t o  s u f f i c i e n t  t a r g e t  va lue  and uni- 

formity with LOO wa t t  mercury vapor l i g h t i n g  u n i t s .  Most 175 wat t  and 250 

wat t  mercury vapor l i g h t i n g  u n i t s  present  excess ive  b r igh tnes s ,  which reduces 

l e g i b i l i t y ,  i n  p a r t i c l u a r  t he  250 wat t  u n i t s ,  r e f e r  t o  Report Number 222-1. 

The 100 wa t t  u n i t s  a r e  t h e  S t a t e  Standard. It i s  recommended t h a t  t he  S t a t e  con- 

t i n u e  on a  planned r e t r o f i t  from t h e  e x i s t i n g  troublesome f luo rescen t  s i g n  

l i g h t s  t o  t h e  more e f f i c i e n t  100 wat t  mercury vapor u n i t s .  Due t o  t h e  

reduced l e g i b i l i t y  thought should a l s o  be given t o  t he  replacement of t h e  

e x i s t i n g  250 wa t t  mercury vapor u n i t s .  



Coat ing m a t e r i a l s  based on thermal  s e t t i n g  p o l y e s t e r ,  thermal  s e t t i n g  poly- 

v i n y l i d e n e  f l u o r i d e ,  po lyv iny l  f l u o r i d e  f i l m ,  a c r y l i c  f i lm ,  a c r y l i c  cured 

a l i p h a t i c  u r e thane  and GES-2C s i g n  enamel have been found t o  be s a t i s f a c -  

t o r y  c o a t i n g  m a t e r i a l s  f o r  Overhead Guide Signs .  Thermal s e t t i n g  p o l y e s t e r  

and thermal  s e t t i n g  po lyv iny l idene  f l u o r i d e  a r e  p r e s e n t l y  being used on a  

s t a t e w i d e  b a s i s .  

A c r y l i c  cured a l i p h a t i c  u r e thane  and s i g n  enamel have been proven as s a t i s -  

f a c t o r y  m a t e r i a l s  f o r  r e f u r b i s h i n g  porcelain-enameled Overhead Guide S igns .  

Thermal s e t t i n g  p o l y e s t e r  has  a l s o  proven s a t i s f a c t o r y  i f  t h e  porce la in -  

enameled c o a t i n g  is  removed p r i o r  t o  a p p l i c a t i o n  of t h e  po lye s t e r .  I t  is 

n o t  recommended t h a t  t h e  d e t e r i o r a t e d  pane l s  be r e fu rb i shed  wi th  thermal  

s e t t i n g  p o l y e s t e r  u n l e s s  t h e  r e f u r b i s h i n g  is done on a l a r g e  s c a l e  p r o j e c t .  

I t  w i l l  t a k e  a  l a r g e  amount of s i g n  square  foo t age  t o  make t h e  use  of t h e  

p o l y e s t e r  economical ly  f e a s i b l e .  De t e r i o r a t ed  porcelain-enameled aluminum 

s i g n  e x t r u s i o n s  can be s a t i s f a c t o r i l y  r e fu rb i shed  by c l ean ing ,  abrad ing  and 

hand a p p l i c a t i o n  of eng ineer  g rade ,  super  eng inee r  grade o r  h igh  s p e c i f i c  

i n t e n s i t y  r e f l e c t i v e  s h e e t i n g  d i r e c t l y  t o  t h e  e x t r u s i o n s .  

Ground mounted gu ide  s i g n  pane l s  made from d e t e r i o r a t e d  porcelain-enameled 

aluminum e x t r u s i o n s  r e f u r b i s h e d  w i th  e i t h e r  eng ineer  grade,  super  eng ineer  

g rade  o r  h igh  s p e c i f i c  i n t e n s i t y  r e f l e c t i v e  s h e e t i n g  d i r e c t l y  app l i ed  t o  t h e  

e x t r u s i o n s  could be used on a  maintenance replacement b a s i s  f o r  d e t e r i o r a t e d  

plywood guide s i g n s .  It should be noted t h a t  t h e  aluminum s u b s t r a t e  i s  more 

d u r a b l e  t h a n  t h e  plywood s u b s t r a t e .  Add i t i ona l  r e s e a r c h  is recommended on 

gu ide  s i g n  m a t e r i a l s .  



Pre l iminary  f i e l d  e v a l u a t i o n s  and l e g i b i l i t y  s t u d i e s  have i n d i c a t e d  t h a t  

approximately  55% of t h e  Overhead Guide S igns  i n  t h e  S t a t e  would no t  

r e q u i r e  i l l u m i n a t i o n  i f  t h e  legend is r e f l e c t i v e  and i f  1 ,100 '  t o  

1,200'  u n r e s t r i c t e d  s i g h t  d i s t a n c e  i n  advance of t h e  s i g n  e x i s t s .  I t  

i s  recommended t h a t  a d d i t i o n a l  work on t h e  f u n c t i o n a l i t y  of guide s i g n s  

be performed. A s  a  r e s u l t  of t h i s  p r o j e c t ,  Research P r o j e c t s  

1-18-84-277, "Func t iona l  C h a r a c t e r i s t i c s  of Guide Signs"  and 1-9-84-276, 

"Eva lua t ion  of Guide S ign  Cons t ruc t ion  Ma te r i a l s "  have been approved. 

I V .  MATERIALS : 

Thermal s e t t i n g  p o l y e s t e r ,  t h e rmop la s t i c  p o l y e s t e r ,  thermal  s e t t i n g  polyvi-  

ny l i dene  f l u o r i d e ,  a i r  dry po lyv iny l idene  f l u o r i d e ,  po lyv iny l  f l u o r i d e  

f i l m ,  a c r y l i c  f i l m ,  po lyure thane ,  v iny l - to luene  a c r y l a t e  copolymer, a c r y l i c  

c o a t i n g ,  a c r y l i c  u r e thane  coa t i ng ,  s i l i c o n e  s o l u t i o n ,  GES-2C s i g n  enamel, 

the rmal  s e t t i n g  po lyv iny l  c h l o r i d e  and eng inee r  g rade ,  super  eng ineer  grade 

and h igh  s p e c i f i c  i n t e n s i t y  r e f l e c t i v e  s h e e t i n g  have been t e s t e d  a s  s u b s t r a t e  

f i n i s h e s .  S u b s t r a t e  m a t e r i a l s  t h a t  were t e s t e d  i nc lude  new aluminum ex t ru-  

s i o n s ,  o l d  d e t e r i o r a t e d  po rce l a in i zed  aluminum e x t r u s i o n s ,  h igh  d e n s i t y  

ove r l ay  plywood and A-B Grade p ine  plywood. 

V.  EQUIPMENT: 

A g r ided  s imu la t ed  s i g n  pane l  and 5-16 l i g h t  meter  were used t o  e v a l u a t e  

s i g n  l i g h t s .  Actual  f i e l d  exposure t e s t  r acks  a t  Aus t in  and Corpus C h r i s t i  

and a  weatherometer were used t o  e v a l u a t e  wea the r i z i ng  c h a r a c t e r i s t i c s .  A 

c o l o r  d i f f e r e n c e  meter ,  i n f r a r e d  spectrophotometer  and x-ray d i f f r a c t o m e t e r  

were used t o  e v a l u a t e  phys i ca l  and chemical c h a r a c t e r i s t i c s .  A 1980 

Plymouth Vola re  s t a t i o n  wagon equipped w i th  a  Numetrics DE-140 d i g i t a l  

b i d i r e c t i o n a l  d i s t a n c e  ins t rument  w a s  used i n  t h e  s i g n  e v a l u a t i o n  and l e g i -  

b i l i t y  s t u d i e s .  



V I .  PROCEDURE FOR DATA: 

The p rocedure  f o r  c o l l e c t i o n  of t h e  c o a t i n g  and l i g h t i n g  d a t a  used on t h i s  

p r o j e c t  was descr i .bed on page 3 of Report Number 222-1. The procedure  i n  

t h e  background c o a t i n g  p o r t i o n  i s  con t inu ing  i n  t h i s  p r o j e c t  and w i l l  con- 

t i n u e  i n  t h e  subsequent  p r o j e c t .  

A survey  was made of a l l  t h e  major SDHdPT urban d i s t r i c t s .  It was found 

t h a t  a l l  t h e  d i s t r i c t s  had l a r g e  s t o c k s  of d e t e r i o r a t e d  porcelain-enameled 

aluminum e x t r u s i o n  s i g n  p a n e l s  i n  t h e i r  r e s p e c t i v e  s t o r a g e  yards .  T h i s  

s t o c k  was i n  a d d i t i o n  t o  many d e t e r i o r a t e d  porcelain-enameled s i g n s  t h a t  

were s t i l l  i n  s e r v i c e .  Var ious  methods were t r i e d  t o  r e f u r b i s h  t h e s e  

d e t e r i o r a t e d  p a n e l s ,  i n c l u d i n g  chemical  c l e a n i n g  and chemical  e t c h i n g .  

V a r i o u s  background c o a t i n g s  were t r i e d  w i t h  t h e s e  c l e a n i n g  and e t c h i n g  

methods. None of t h e  chemical  c l e a n i n g  and e t c h i n g  methods produced s a t i s -  

f a c t o r y  adhes ion  of any of t h e  powder o r  l i q u i d  c o a t i n g s  t o  t h e  o r i g i n a l  

porcela in-enamel  f i n i s h .  

Complete removal of t h e  o r i g i n a l  porcelain-enamel f i n i s h  produced s a t i s f a c -  

t o r y  adhes ion  of t h e  p o l y e s t e r  and po lyv iny l idene  f i n i s h e s .  However, t h e  

c o s t  of t h e  complete  removal of t h e  porcelain-enamel f i n i s h  made t h i s  

method of r e f u r b i s h i n g  p r o h i b i t i v e  u n l e s s  done on l a r g e  volume p r o j e c t s .  

P h y s i c a l  a b r a s i o n  w i t h  c o a r s e  sand paper  o r  c o a r s e  s t e e l  wool produced 

s a t i s f a c t o r y  a d h e s i o n  w i t h  a c r y l i c  cured a l i p h a t i c  u r e t h e n e  and s i g n  ena- 

mel. D e t e r i o r a t e d  porcelain-enameled e x t r u s i o n s  were washed, abraded w i t h  

s t e e l  wool o r  sand paper ,  and washed aga in .  P r e s s u r e  s e n s i t i v e  e n g i n e e r  

g rade ,  s u p e r  e n g i n e e r  g rade  and h igh  s p e c i f i c  i n t e n s i t y  r e f l e c t i v e  s h e e t i n g  

were hand a p p l i e d  d i r e c t l y  t o  t h e  e x t r u s i o n s .  S l i g h t  d e f e c t s  such a s  smal l  

bubbles  and w r i n k l e s  were exper ienced  but  t h e s e  s m a l l  d e f e c t s  have not  pro- 

ven t o  be any problem i n  appearance i n  t h e  f i e l d  o r  i n  d u r a b i l i t y  of t h e  

s h e e t i n g  t h u s  f a r .  T h e r e f o r e ,  c o n t r a r y  t o  manufac tu re r s '  recommendations, 
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d e t e r i o r a t e d  porcela in-enameled e x t r u s i o n s  can be s a t i s f a c t o r i l y  r e f u r -  

b i s h e d  w i t h  p r e s s u r e  s e n s i t i v e  e n g i n e e r  g r a d e ,  s u p e r  e n g i n e e r  g rade  o r  h igh  

s p e c i f i c  i n t e n s i t y  r e f l e c t i v e  s h e e t i n g  a p p l i e d  d i r e c t l y  t o  t h e  e x t r u s i o n s  

w i t h o u t  t h e  use  of a n  o v e r l a y  f a c e  s h e e t .  T h i s  t y p e  of r e f u r b i s h i n g  can  

e a s i l y  be done i n  t h e  d e p a r t m e n t a l  s i g n  shops .  

Although o u t  of t h e  rea lm of t h i s  overhead s i g n  p r o j e c t ,  t h e  r e f u r b i s h e d  

aluminum e x t r u s i o n s  cou ld  be u t i l i z e d  i n  i n e x p e n s i v e l y  upgrading of ground 

mounted s i g n s  a s  w e l l  a s  overhead s i g n s .  The r e f u r b i s h e d  aluminum s u b t r a -  

t e s  a r e  more d u r a b l e  t h a n  t h e  p r e s e n t l y  used plywood. The r e f l e c t i v e  

s h e e t i n g  d i c t a t e s  t h e  l i f e  of a  s i g n  n o t  t h e  background s u b s t r a t e .  

However, t h e  aluminum s u b s t r a t e  could  a g a i n  be r e f u r b i s h e d  w i t h  new s h e e t i n g .  

R e p o r t s  from p r e v i o u s  r e s e a r c h  p r o j e c t s  i n  t h e  a r e a  of r equ i rements  f o r  

s i g n  i l l u m i n a t i o n  were reviewed (See  Apprendix I ) .  The r e p o r t s  i n d i c a t e d  

t h a t  i f  a  s i g n  h a s  1 ,100 '  t o  1 ,200 '  of u n r e s t r i c t e d  s i g h t  d i s t a n c e  i n  

advance of t h e  s i g n  t h e  m o t o r i s t  can perform t h e  r e q u i r e d  d r i v i n g  t a s k s  

e a s i l y  i f  t h e  s i g n  h a s  r e f l e c t i v e  legend and no s i g n  i l l u m i n a t i o n  

(Example: Rober t son  and S h e l l o r  Repor t  - Bib l iography  I t em No. 5 ,  and 

Cleve land ,  Woods). The d r i v e r  can  r e c o g n i z e ,  r e a d ,  comprehend and r e a c t  

w i t h i n  t h e s e  pa ramete r s  u s i n g  u n l i g h t e d ,  r e f l e c t o r i z e d  legend s i g n s .  A l l  

overhead s i g n s  i n  Houston,  Corpus C h r i s t i ,  San Antonio ,  D a l l a s  and E l  Paso  

were e v a l u a t e d  u s i n g  t h e  aforement ioned pa ramete r s .  The r e s u l t s  of t h e  

e v a l u a t i o n s  showed t h a t  an  average  of 55% of t h e  overhead s i g n s  met t h e  

requ i rements  and c o u l d  p o s s i b l y  be non- i l luminated (See F igure  3A). To 

check t h e  above,  l e g i b i l i t y  s t u d i e s  were performed i n  Houston, D a l l a s  and 

E l  Paso. Houston d e p a r t m e n t a l  people  from bo th  t h e  Houston Urban O f f i c e  

and D i s t r i c t  12 O f f i c e  were used i n  t h e  s tudy .  D i s t r i c t  18 d e p a r t m e n t a l  

peop le  were used i n  t h e  a b r e v i a t e d  s t u d y  i n  D a l l a s .  D i s t r i c t  24 d e p a r t -  

men ta l  peop le  were used i n  t h e  E l  Paso s t u d y .  Depar tmenta l  people  were 



used i n  a l l  of t h e  s t u d i e s  performed due t o  l e g a l  l i a b i l i t i e s  i n  t h e  u s e  of 

a  s t a t e  v e h i c l e  i n  t h e  s t u d i e s .  I n  Houston and E l  Paso t h e  p a r t i c i p a n t s  

were b racke ted  i n t o  age groups  of 18-24, 25-34, 35-44 and 45  and over .  Two 

male p a r t i c i p a n t s  and two female  p a r t i c i p a n t s  were chosen f o r  each age 

b r a c k e t ,  one w i t h  eye  g l a s s e s  and one wi thou t  eye g l a s s e s .  A l l  b r a c k e t s  

were a t t a i n e d  i n  t h e  Houston s tudy .  A l l  b r a c k e t s  were n o t  a t t a i n a b l e  i n  

t h e  E l  Paso s tudy .  Only one female and one male p a r t i c i p a n t  were used i n  

D a l l a s .  

I n  t h e  Houston l e g i b i l i t y  s t u d y ,  s i g n s  inc luded  opaque backgrounds w i t h  

r e f l e c t o r i z e d  b u t t o n  copy, e n g i n e e r  grade and h igh  s p e c i f i c  i n t e n s i t y  

r e f l e c t o r i z e d  backgrounds w i t h  16" upper c a s e  and 12" lower c a s e  r e f l e c -  

t o r i z e d  b u t t o n  copy and h i g h  s p e c i f i c  i n t e n s i t y  r e f l e c t o r i z e d  s t i c k  on 

copy. The s i g n s  were i l l u m i n a t e d  and non- i l luminated and were l o c a t e d  i n  

s e c t i o n s  of f reeway t h a t  were i l l u m i n a t e d  w i t h  mercury vapor l i g h t i n g  and 

h i g h  p r e s s u r e  sodium l i g h t i n g .  The s i g n s  were a l s o  l o c a t e d  i n  non- 

i l l u m i n a t e d  s e c t i o n s  of freeway. Some were i n  urban s e c t i o n s  of freeway 

and some i n  semi- ru ra l  s e c t i o n s .  

I n  t h e  D a l l a s  s t u d y  t h e  s i g n s  were l o c a t e d  on a r u r a l  s e c t i o n  of freeway 

which r a n  e a s t  and west .  I n  t h e  westbound d i r e c t i o n  t h e  s i g n s  had h i g h  

s p e c i f i c  i n t e n s i t y  r e f l e c t i v e  backgrounds w i t h  r e f l e c t o r i z e d  b u t t o n  copy. 

I n  t h e  eas tbound d i r e c t i o n  t h e  s i g n s  had e n g i n e e r  g rade  r e f l e c t i v e  

backgrounds w i t h  r e f l e c t o r i z e d  b u t t o n  copy. A l l  of t h e  s i g n s  were non- 

i l l u m i n a t e d .  

The p a r t i c i p a n t s  made both  daytime and n i g h t  t ime runs  i n  a l l  of t h e  s t u -  

d i e s .  On s p e c i f i c  s i g n s  they were i n s t r u c t e d  t o  immediately say "NOW" when 

t h e y  cou ld  a c t u a l l y  read  t h e  l egend ,  n o t  j u s t  r ecognize  it. They 

were d r i v i n g  a  1980 Plymouth Vola re  s t a t i o n  wagon equipped wi th  a  



Numetrics DE-140 d i g i t a l  b i d i r e c t i o n a l  d i s t a n c e  ins t rument .  When t h e  par- 

t i c i p a n t  s a i d  "NOW" t h e  s t u d y  s u p e r v i s o r  would immediately c l e a r  t h e  

i n s t r u m e n t .  When t h e  c a r  came d i r e c t l y  under  the ,  s u b j e c t  s i g n  pane l ,  t h e  

s u p e r v i s o r  would immediately p l a c e  t h e  i n s t r u m e n t  on "HOLD". The i n s t r u -  

ment read ing  would t h e r e f o r e  be t h e  l e g i b i l i t y  d i s t a n c e  of t h a t  p a r t i c u l a r  

s i g n .  T h i s  method was used on a l l  t h e  s t u d i e s .  Sometimes t h e  p a r t i c i p a n t  

would read  t h e  s i g n  a loud  i n s t e a d  of say ing  "NOW" and a s  a  method check 

sometimes t h e  p a r t i c i p a n t  was t o l d  t o  read  t h e  s i g n .  I n  a l l  c a s e s  t h e  

l e g i b i l i t y  d i s t a n c e  was recorded i n  t h e  above manner. A d i s c u s s i o n  of t h e  

l e g i b i l i t y  s t u d y  r e s u l t s  i s  g iven  i n  a  l a t t e r  p o r t i o n  of t h i s  r e p o r t .  

F i g u r e s  1,  2 and 3 show t y p i c a l  s i g n s ,  l o c a t i o n s  and p a r t i c i p a n t s  i n  t h e  

l e g i b i l i t y  s tudy .  

It was planned t o  expand t h e  l e g i b i l i t y  s t u d y  t o  i n c l u d e  overhead s i g n s  

w i t h  s u p e r  e n g i n e e r  g rade  r e f l e c t i v e  backgrounds. Signs  were f a b r i c a t e d  

and e r e c t e d  i n  Houston. T h i s  work w i l l  be done on t h e  subsequent  p r o j e c t .  



T y p i c a l  S i g n s  - S e e  A p p e n d i x  "A" 
f o r  c o m p l e t e  l i s t i n g  of H o u s t o n ,  
E l  P a s o  & D a l l a s  s i gns .  
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FIGURE 1 
LEGIBILITY STUDY 

HOUSTON RESEARCH PROJECT 1 
I - 18-75-222 

I 

SIGN NO. I TEXT , BACKGROUND MATERIAL 

1 
NORTHBOUND: 

IUB-12A 

I I I A - I I A  

11IB-128 

mA-118 

I C - 4  

E D - 1 0  

I I C - 8  

01 LIGHTING ~UNO~TIONS 
EXlT 54A H I  S P .  INTEN R E n .  BKGRD. 

Tidwell 
1 6 "  U - C ,  H I  S P .  INTEN. S T I C K  ON COPY 
1 2 "  L a c .  FWY I L L -  MERCURY VAPOR 

FLUOR. S I G N  LIGHTS OFF 

EXIT 5 2 8  

Crosstimbers 

" 

H I  S P .  INTEN. REFL. BKGRD. 
H I  S P .  INTEN. S T I C K  ON COPY 
FWY I L L -  MERCURY VAPOR 
FLUOR. SIGN LIGHTS OFF 

H I  S P .  1NTEN.REFL. BKGRD. 

Parker Rd BUTTON COPY 
FWY ILL- MERCWY VAPOR 

Yale St FLUOR. SIGN LIGHTS OFF 

H I  S P .  1NTEN.REFL. BKGRD. 

Airline Or BUTTON COPY 
FWY I L L -  MERCURY VAPOR 
FLUOR. S I G N  LIGHTS ON 

OPAQUE BKGRD. 
BUTTON COPY 
FWY ILL- H. M. HPS 
MERCURY S I G N  LIGHTS ON 

El Oorado 

Bay Area 
Blvd # 

- 

ENGINEER GRADE REFL. BKGRD. 
BUTTON COPY 
FWY I L L -  NONE 
NO SIGN LIGHTS 

OPAQUE BKGRD . 
BUTTON COPY 
FWY I L L -  NONE 
FLUOR. SIGN LIGHTS ON 





PARTICIPANTS - HOUSTON LEGIBILITY STUDY 
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MAW 

FIGURE 3 

AGE GROUP 

18 - 24 
25 - 34 

35 - 44 

45 & Over 

T y p i c a l  P a r t i c i p a n t  L i s t  - See  
Appendix "A" 

F o r  Houston,  E l  Paso,  & Dallas L i s t s .  

A 

v 

FEMALE 

WITHOUT GLASSES 

J e f f  M i l l e r  

Andy House 
Lewis Rhodes 

Ed Vasut 

Leo Taggar t  
Dick McCasland 

AGE GROUP 

18 - 24 

25 - 34 

35 - 44 

45 & Over 

WITH GLASSES 

Char les  Hearn 

Darrell Gloyna 

Jerome Moore 
Gene R i t c h  

Bob Hauck 

WITHOUT GLASSES 

Sandy G i l l i a m  

Pam Harper  
P a t  T r i p p e l l  

Nancy Shaw 

Ann Walker 

WITH GLASSES 

J a n e l l e  Homfeld 
E l i z a b e t h  D e r r i g  

Linda P o t c i n s k e  

Caro l  L e t z  

Sue C h i l d r e s s  
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V I I .  DISCUSSION: 

A s  s t a t e d  i n  Report Number 222-1 t h e  advent of overhead s igning  crea ted  a 

mul t i tude  of problems i n  an e f f o r t  t o  so lve  one t r a f f i c  engineering 

problem: How does one make an in-glace, l e g i b l e ,  maintenance f r e e  s ign  

u n i t  with p leas ing  a e s t h e t i c s  t h a t  w i l l  f u l f i l l  a l l  t h e  needs of t h e  

moto r i s t s?  The problems seem simple. However, some of the  problems were 

reallfr  q u i t e  complex. Two of these  problems were background coat ings and 

s i g n  i l luminat ion .  

When overhead s igning  f i r s t  became a r e a l i t y  porcelain-enameled aluminum 

was t h e  only m a t e r i a l  a v a i l a b l e  t h a t  promised any f e a s i b l e  d u r a b i l i t y .  

Fluorescent  l i g h t i n g  was considered t h e  only f e a s i b l e  way t o  produce a 

func t iona l  i l l umina t ion  system. I n  t h e  c o a s t a l  and i n d u s t r i a l  a r eas  t h e  

porcelain-enamel coa t ing  de te r io ra t ed  rap id ly  (Figure 4) .  The f luo rescen t  

s i g n  l i g h t i n g  produced a m l t i t u d e  of maintenance problems t h a t  had not 

been experienced i n  indoor appl ica t ions .  

During t h e  s i x t i e s  two f i l m  coat ings,  polyvinyl f l u o r i d e  (Figure 5) and 

a c r y l i c  were inves t iga t ed  by the  department, and proven durable and s a t i s -  

f a c t o r y  f o r  use. Several  p r o j e c t s  were cont rac ted  using these  two f i l m  

coat ings .  The p r o j e c t s  were successful .  However, due t o  t h e  l imi t ed  

usage, t h e  f i lms  were v i r t u a l l y  withdrawn from t h e  market, l eaving  once 

aga in  porce la in  enamel a s  t h e  only a v a i l a b l e  coat ing.  

Also i n  t h e  s i x t i e s  t h e  f i r s t  mercury vapor s i g n  l i g h t s  were developed 

through departmental experimentation. Even though these  f i r s t  mercury 

vapor u n i t s  reduced maintenance due t o  reduced number of lamps and much 

longer  lamp l i f e ,  t he  l i g h t i n g  uniformity w a s  not good and t h e  u n i t s  were 

not  energy e f f i c i e n t .  



N Ma111 !>t 
, 1 1 4 t o n  A v c  

Crosst imbers Rd . 

FIGURE 4: Typical Deteriorated Porcelain-enameled 
Sign Panels with Fluorescent Lighting 

12 



FIGURE 5: Pol.yviny1 Film coated sign panel with 
porcelain-enameled cut  out copy. The sign was 
erected on a contract  in 1966. The coatinp i s  
s t i l l  in excellent  condition. Note the streaking 
from the deteriorated procelain enameled copy. 



I n  view of t h e  above s t a t e d  problems the  continuing experimentation by s e v e r a l  

departmental  o f f i c e s  was combined i n t o  t h i s  p r o j e c t ,  Number 1-18-75-222. A s  

explained i n  t h e  previous p ro jec t  r epor t ,  a concerted e f f o r t  was expended i n  

t h e s e  a r e a s  of endeavor. Numerous coat ings were t e s t e d  using various t e s t i n g  

methods. Numerous manufacturer 's prototype f i x t u r e s  were tes ted .  A major i ty  of 

t h e  coa t ing  m a t e r i a l s  t e s t e d  d id  not prove s a t i s f a c t o r y  f o r  various reasons such 

a s  cracking, c raz ing ,  delaminat ion from the  s u b s t r a t e ,  fading and a mult i tude of 

o t h e r  reasons. The t e s t i n g  proved t h a t  coat ing ma te r i a l s  based on thermal 

s e t t i n g  po lyes t e r  and thermal s e t t i n g  polyvinylidene f l u o r i d e  a r e  s a t i s f a c t o r y  

coa t ing  m a t e r i a l s  f o r  Overhead Guide Signs. These coat ings a r e  present ly  being 

used on a s ta tewide  bas is .  

Since t h e  s ta tewide  usage of t he  above coat ings began i n  1977 t e s t i n g  of these  

coa t ings  has continued. I n  add i t ion ,  o t h e r  coat ings t h a t  have become a v a i l a b l e  

have been included i n  t h e  t e s t  program. Some of t h e  coat ings did not surv ive  

p a s t  prel iminary t e s t i n g .  Af t e r  t h e  preliminary t e s t s  proved e a r l y  f a i l u r e s  f o r  

va r ious  reasons,  t h e  coat ings were removed from the  pro jec t .  A polyvinyl 

c h l o r i d e  coa t ing  does show promise. A t  t he  wr i t i ng  of t h i s  r epor t ,  t he  PVC 

t e s t s  a r e  not  complete. The t e s t s  w i l l  be completed on P ro jec t  Number 

1-9-84-276. Figures 6 through 1 1  show various coat ings and s igns  i n  the  program. 



FIGURE 6 

TRAVEL 
SIGN HM~NTINB D I REC- TIPEW WIN@ m. a= FIXTURE 

NO. TTPE STRUCT. NO. STATION HYI. NO. TlON SIGN SIZE SIGN m(T TYPE OF COATI W SUBSTRATE MFGR. F l XTURES WGU. fml4MS - - 
S-I *head RS-45-47-12 3942.25 I.H. 45 Sd. B'Onx17'On @@WJTH Polyumth- Med. Deru. H u * m  2-250Y Quall ty 

Plyuood Cherlcal Llghts on 
Galnnton 

Pol yun tham Extr. Alum. H u * m  1-100 Y G.E. 
1-175 Y Ildk- 
Llghts on E d l m  

5-3 Overhead RS-45-47-12 W42.25 I*. 45 Sb. 6'0"x18'6" MdClnnoy Am Polyvlnyl ldsm Extr. Alum. Ponnualt 1-175 Y G.E. 
WU(T LEFT FluorIda 2-230 W Crw.btllnds Llghtod as one 

L l m t s  on contlnua~s area 

5-4 Onrhoad RS-45-47-12 3942.25 IH. 45 Sd. 6'0"x19'On AI len P v k w q  Polyvlnylldano Extr. P . n m m l t  2-2SOw Cmuso-nlnds 
I/4 MILE Flua-I& Plywood ~ l g h t s  cn 

Standard Grwn 
SIQII Palnt. No 
Tapcoat 

199+30 U.S. 290 W.8. 1'0"x16'On FREEWAY 
EMS 
I MILE 

(Exist. N/A 
Fluor.) 
Llghts dl 

Extr. 

Panel requested 
by FI Ia 0-9. 
Fobr lce td  by DIst  
12 SIW shq. 

Exlst lng L l w t s  
to r a a l n  on 
structure and 
t u r d  dt. 

Alum. A l c o b  FroJoet Contractor M tm  2 ex tw-  
S l e  Shop Llghts on s lom damaged I n  
fIqm1r.d trelght. Repalrod 

the bottom 2 
oxtrus Ions u l t h  
polyurethane. 

Alcoa Extr. Goodyeor RoJ& Cartrector Palnted over 
Alum. Llghts on dsmaged pol yoster 

costlng. 

r Alum A l o n  
PPG 

1-250 Y Nu Art  
1-250 Y Holaphan 
Llghts on 

Typical Experimental Signs - See 
Appendix "B " 

For Complete List 



FREEWAY 1 

Top ex t rus ions  coated w i t h  thermal s e t t i n g  po lyes ter .  
Bottom ex t rus ions  coated w i t h  polyurethane. Polyurethane 
faded a f t e r  2 years. 

Three d i f f e r e n t  experimental coat ings on one s t ruc tu re .  
From l e f t  t o  r i g h t ;  s i gn  enamel w i t h  a c r y l i c  t op  coat,  
polyurethane, and thermal s e t t i n g  po lyes ter .  The a c r y l  i c 
top coat  peeled o f f ,  b u t  t h e  s ign  enamel i s  i n  good con- 
d i  ti on. 

F igure 7: Various experimental  coat ings. Some o f  
which were n o t  successfu l .  



1/4 MILE 

Air Dry Polyvinylidene F l u ~ r i d e  - Original Condition . . 

8 years Field Service - The re lease  agent on p l a s t i c  coated 
plywood subs t ra te  caused delamination. Coating delaminated 
a f t e r  5 years.  

Figure 8: Experimental Coating Durabi 1 i t y  Comparison 



Figure  9: Thermal S e t t i n g  Po lyes ter  Coated Legend 
chal  k ing  and running down Engineer Grade R e f l e c t i v e  
Sheeting Background Sign i n  San Antonio. 

The above s i g n  was erected by con t rac t  i n  D i s t r i c t  15 i n  San Antonio. 
Lab t e s t i n g ,  exposure rack  t e s t i n g  and f i e l d  t e s t i n g  i n  Houston had 
produced s a t i s f a c t o r y  r e s u l t s  w i t h  a  thermal s e t t i n g  po lyes ter .  
However, the  above p i c t u r e  shows the  ~ r o b l e m  experienced on a  s i g n i n g  
p r o j e c t  i n  San Antonio. 

I n v e s t i g a t i o n s  have proven t h a t  t he  po l yes te r  coat ing  used on the  
legend on the  above s ign  was a c t u a l l y  a  h y b r i d  po l yes te r  t h a t  i n -  
cluded epoxy i n  the  fo rmula t ion .  The epoxy caused t h e  chalk ing.  
The h y b r i d  coa t i ng  d i d  n o t  meet the  s t a t e  s p e c i f i c a t i o n s  f o r  po l yes te r  
coat ing. Fu r the r  t e s t i n g  o f  po l yes te r  i s  t o  be done i n  p r o j e c t  
1-9-84-276. 



I D a l l a s  Ave  

Thermal Se t t i ng  Po lyes ter  Coating - Or ig ina l  Condit ion 

8 Years F i e l d  Service - Good Condi t ion i n  regards 
t o  c o l o r  and surface cond i t i on .  

F igure 10: Experimental Coating Durabi 1 i t y  Compari son 



I Qui tman I 

GES - 2C Green Sign Paint  without 
Topcoat - Or ig ina l  Condition 

GES - 2 C  Green Sign Paint  wi thout 
Topcoat - 8 Years F ie ld  Service 

Good Condi ti on i n  regards t o  co lor  
and surface condi t i o n  

Figure 11: Experimental Coating Durabil i ty Comparison 



Some o f  the  coat ing  product ion problems t h a t  have been experienced i n  

cont rac ts  s ince t h e  adoption o f  t h e  recommended coat ings have appeared 

i n  the  experimental panels. F igure 12 shows a thermal s e t t i n g  po lyes ter  

coated panel i n  which one end o f  one ex t rus ion  was n o t  p roper l y  cleaned. 

The improper c leaning caused complete delaminat ion o f  the  coat ing. 

L M ~  Kinney  
I EXIT 1 

Figure 12: Showing Thermal S e t t i n g  
Polyester  Coating Delamjnation due 
t o  Improper C1 e i n i  ng ' o r  Hand1 i ng o f  
Substrate du r ing  Coating Process - 
Otherw'l'se i n  Good Condtt ion i n  regards 
t o  Color and Surface Condi t ion 

Even though product ion problems do e x i s t  w i t h  the  recommended coat ings 

i n  cont inu ing exposure t e s t s  have proven them t o  be t h e  bes t  known a v a i l -  

ab le  coatings. The Expected Life-Years and Cost/Year-Life shown i n  t h e  

comparison t a b l e  on page 22 o f  Report 222-1 i s  indeed conservat ive. A l l  

evaluat ions t o  date i n d i c a t e  a conservat ive a n t i c i p a t e d  1 i f e  i n  excess 

of 30 years o r  double the l i f e  shown o r i g i n a l l y  f o r  po lyes ter  coat ing  

and po lyv iny l  i dene f 1 o u r i  de coat ing . 



The a n t i c i p a t e d  l i f e  f o r  engineer grade r e f l e c t i v e  sheet ing i s  7 

years. The a n t i c i p a t e d  l i f e  f o r  super engineer grade r e f l e c t i v e  

sheet ing i s  8 years. The a n t i c i p a t e d  l i f e  f o r  h igh  s p e c i f i c  i n t e n s i t y  

r e f l e c t i v e  sheet ing i s  10 years. The a n t i c i p a t e d  l i f e  f o r  bu t ton  copy 

i s  20 years p lus.  

Research Report Number 222-1 expla ined t h e  procedures used i n  the  deve- 

lopmen t o f  new improved mercury vapor s ign  1 i g h t s  . With the  cooperat ion 

o f  numerous l i g h t i n g  f i x t u r e  manufacturers, t h i s  p r o j e c t  has developed 

new improved mercury vapor s ign  1 i g h t i n g  f i x t u r e s .  The p r o j e c t  has 

proven t h a t  overhead guide s igns can be i l l u m i n a t e d  t o  s u f f i c i e n t  

t a r g e t  va lue and u n i f o r m i t y  w i t h  c e r t a i n  100 w a t t  mercury vapor l i g h t i n g  

u n i t s .  Most 175 w a t t  and 250 wa t t  mercury vapor l i g h t i n g  u n i t s  present  

excessive b r i gh tness  which reduces l e g i b i l  i t v ,  i n  u a r t i c u l a r  t he  250 w a t t  

un i t s .  The 100 w a t t  u n i t s  a r e  p r e s e n t l y  being used on a statewide bas is .  

Th is  p o r t i o n  o f  t he  p r o j e c t  i s  considered t o  be complete (F igure  13).  

Alvin I Pasadena 

Figure 13: Two Thermal S e t t i n g  Polyester  Coated 
Sign Panels and 100 Watt Mercury Vapor Sign 
L igh ts .  This  c o n t r a c t  i n s t a l l a t i o n  was made i n  
1982. 



The p r o j e c t  ob jec t ives  were expanded t o  inc lude  f ind ing  a  f e a s i b l e  and s a t i s -  

f a c t o r y  method t o  r e f u r b i s h  e x i s t i n g  d e t e r i o r a t e d  porcelain-enameled s i g n  

ex t rus ions .  A s t a t ewide  survey w a s  made. A l l  of t h e  major SDH&PT urban 

d i s t r i c t s  were contacted. It was found t h a t  a l l  of t he  d i s t r i c t s  had l a r g e  

s t o c k s  of d e t e r i o r a t e d  porcelain-enameled aluminum ex t rus ions  i n  t h e i r  respec- 

t i v e  s to rage  yards.  These s tocks  were i n  add i t i on  t o  many d e t e r i o r a t e d  

porcelain-enameled s i g n s  t h a t  were s t i l l  i n  serv ice .  

Various methods were t r i e d  t o  r e f u r b i s h  these  d e t e r i o r a t e d  panels.  Various chemi- 

cal c leaning  and chemical e t ch ing  methods were t r i e d .  With these  c leaning  and 

e t c h i n g  methods, va r ious  background coa t ings  were used. None of t he  chemical 

c l ean ing  and e t ch ing  methods produced s a t i s f a c t o r y  adhesion of any of t he  powder 

o r  l i q u i d  coa t ings  t o  t h e  o r i g i n a l  porcelain-enamel f i n i s h .  Complete removal of 

t h e  o r i g i n a l  porcelain-enamel f i n i s h  produced s a t i s f a c t o r y  adhesion of t he  

p o l y e s t e r  f i n i s h .  However, t h e  cos t  of t h e  removal of t h e  porcelain-enamel 

f i n i s h  made t h i s  method of r e fu rb i sh ing  p r o h i b i t i v e  un le s s  done on l a r g e  volume 

p r o j e c t s .  

Severa l  p rop r i e t a ry  coa t ings  were t r i e d  t h a t  supposedly requi red  mere washing 

and/or  l i g h t  abras ion  wi th  s t e e l  wool o r  sand paper. These p rop r i e t a ry  coa t ings  

were not successfu l .  

Even though many people involved i n  t h e  p ro j ec t  d id  not  be l i eve  the  coa t ings  

would succeed, Acry l i c  Cured A l i p h a t i c  Urethane and GES-2C Sign Enamel were 

t r i e d .  The d e t e r i o r a t e d  porcelain-enameled s i g n  ex t rus ions  were washed. 

Abrasion was done w i t h  medium sandpaper o r  coarse steel wool. The panels  were 

a g a i n  washed. Af t e r  drying,  enough ex t rus ions  t o  make a  s i g n  panel were coated 

w i t h  Acryl ic  Cured A l i p h a t i c  Urethane. Addit ional  ex t rus ions  t o  form another  

s i g n  panel  were coated wi th  GES-2C Sign Enamel. The two s i g n  panels  a r e  s t i l l  

i n  good condi t ion  a f t e r  7 years  s e r v i c e  (F igure  14) .  



WEST 1 

Siqn Panel Refurbi  shed Using 
A c r y l i c  Cured A l i p h a t i c  Urethane a f t e r  7 years F i e l d  Serv ice 

(Best o f  t h e  two coat ings shown on t h i s  page) 

Sign Refurbished w i t h  GES-2C Sign Enamel a f t e r  7 years Serv ice 

Figure 14: Refurbished Sign Panel s 



D i s t r i c t  24 ( E l  Paso) refurbished deter iora ted  porcelain-enameled s igns  i n  

t h e i r  s ign  shop by removing the  t e x t ,  washing t h e  panels ,  applying a powdered 

mild abrasive porcela in  cleaner and scouring wi th  a l a rge  f l o o r  buffer.  The 

panels  were then r insed,  new t e x t  applied and reused on the  roadway. The s ign  

panels a r e  i n  good condit ion a f t e r  5 years (See Appendix G ) .  

Sheeting manufacturers recommended the  use of r e f l e c t i v e  sheet ing as  a 

background mater ia l  f o r  refurbishing deter iora ted  porcelain-enameled aluminum 

s igns .  They recommended the  appl ica t ion  of the  sheet ing only on a t h i n  overlay 

over the  de te r io ra ted  s ign  panel. They recommended agains t  the  appl ica t ion  of 

t h e  sheet ing d i r e c t l y  t o  t h e  de te r io ra ted  extrusions.  Several  panels were 

refurbished using t h e  r e f l e c t i v e  sheet ing on t h i n  aluminum overlays. Five 

panels i n  Houston were refurbished using f a i r l y  r i g i d  ( thickness 0.040) alumi- 

num overlay sheets  which were coated with high s p e c i f i c  i n t e n s i t y  sheeting. 

Two of t h e  s ign  panels suffered  severe delamination of the  r e f l e c t i v e  sheet ing 

from the  aluminum overlay sheets .  These were replaced by the  manufacturer. It 

i s  believed t h a t  the  delamination was caused by improper preparat ion of the  

aluminum overlay sheet  p r i o r  t o  appl ica t ion  of the  r e f l e c t i v e  sheeting. The 

remaining t h r e e  panels and the  replacement panels a r e  s t i l l  i n  good condition. 

The o r i g i n a l  panels have been i n  service  f o r  e igh t  years  (Figures 15 and 16). 

Numerous panels were refurbished i n  place on the  s ign  s t r u c t u r e s  i n  San Antonio 

using t h i n  aluminum f o i l  overlay sheets  coated with high s p e c i f i c  i n t e n s i t y  

r e f l e c t i v e  sheeting. These panels experienced severe bubbling and wrinkling i n  

appl ica t ion .  They a r e  a l s o  experiencing rapid de te r io ra t ion .  The bubbles and 

wrinkles on the  San Antonio s igns  a r e  so  severe t h a t  l e g i b i l i t y  is d e f i n i t e l y  

impaired. 
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Refurb i  shed Si gn Panel us ing R i g i d  A1 uminum Overlay 
Coated w i t h  Hiqh S p e c i f i c  In tens  i t v  R e f l e c t i v e  S heet in  
and High S p e c i f i c  I n t e n s i t y  S t i c k  on Copy 

Same as above a f t e r  8 years Serv ice - Good Condi t ion 

Figure 15: Experimental R e f l e c t i v e  Sheeting Durab i l  i t v  Compari son 



Numerous panels have been refurbished i n  Houston i n  t h e  D i s t r i c t  12 Sign Shop by 

t h e  app l i ca t ion  of r e f l e c t i v e  sheet ing  d i r e c t l y  t o  t h e  de te r io ra ted  porcelain- 

enameled aluminum extrusions.  The extrusions were washed, abraded with s t e e l  wool 

and washed again. The r e f l e c t i v e  sheet ing was hand applied d i r e c t l y  t o  the  extru- 

s ions .  Engineering grade, super engineer grade and high s p e c i f i c  i n t e n s i t y  

r e f l e c t i v e  sheet ing  have a l l  been used i n  t h i s  method. The d i r e c t l y  applied 

sheet ing  experienced some small bubbling and small wrinkles. These minor defec ts  

have not proven t o  be any problem i n  appearance i n  t h e  f i e l d  o r  i n  d u r a b i l i t y  of 

t h e  sheet ing thus f a r .  

Therefore, cont rary  t o  manufacturers recommendations, de te r io ra ted  porcelain- 

enameled ext rus ions  can be s a t i s f a c t o r i l y  refurbished with engineer grade, super 

engineer  grade o r  high s p e c i f i c  i n t e n s i t y  r e f l e c t i v e  sheet ing applied d i r e c t l y  

t o  t h e  extrusions without t h e  use of an overlay face  sheet .  This type of refur-  

b ishing can e a s i l y  be done i n  t h e  departmental s ign  shops. This type of refur-  

b ishing produced super ior  r e s u l t s  compared with t h e  use of t h i n  f o i l  pressure 

s e n s i t i v e  overlay sheets .  

The r i g i d  ( thickness 0.040) r ive ted  aluminum overlay sheets  a l s o  produced s a t i s -  

f a c t o r y  r e s u l t s .  

The refurbished aluminum ext rus ions  could be u t i l i z e d  i n  inexpensively upgrading 

ground mounted s igns  a s  w e l l  a s  overhead signs.  



Refurb ished Sign Panel us ing  R i g i d  Aluminum Overlay 
Coated w i t h  High S ~ e c i  f i c  I n t e n s i t y  R e f l e c t i v e  Sheet ing 
and Cut Out But ton Copy. 

Same as Above w i t h  High S p e c i f i c  I n t e n s i t y  S t i c k  on Copy 

F igu re  16: Refurbished Panels a f t e r  8 years se rv i ce  - Good Cond i t ion  



Suqar Land 

Figure 17: Refurbished Sign Panels us ing Hiqh Spec i f i c  I n t e n s i t y  
Re f lec t i ve  Sheeting Appl ied D i r e c t l y  t o  the  Aluminum Extrus ions 
a f t e r  3 years o f  serv ice  - Good Condit ion 



The scope of t h e  p ro jec t  was aga in  expanded by adding t h e  t a s k  of determining t h e  

f e a s i b i l i t y  of us ing  non-illuminated overhead guide s igns  with r e f l e c t o r i z e d  

copy. Th i s  study was t o  inc lude  opaque background s igns  and r e f l e c t o r i z e d  

background s igns .  

Reports  from previous research  p r o j e c t s  i n  the  a rea  of requirements f o r  s i g n  

i l l umina t ion  were reviewed. The r e p o r t s  indica ted  t h a t  i f  a  s ign  has 1,100' t o  

1,200' of u n r e s t r i c t e d  s i g h t  d i s t ance  i n  advance of t he  s ign ,  t h e  motor i s t  can 

perform t h e  requi red  d r iv ing  t a s k s  e a s i l y  i f  t he  s ign  has r e f l e c t i v e  legend and 

no s i g n  i l luminat ion .  The d r i v e r  can recognize, read, comprehend and r e a c t  

w i t h i n  these  parameters on an unl ighted ,  r e f l e c t o r i z e d  legend sign. 

The overhead s i g n  eva lua t ion  s t u d i e s  performed i n  Houston, Corpus C h r i s t i ,  San 

Antonio, Dal las  and E l  Paso ind ica t ed  t h a t  an average of 55% of t h e  overhead 

s i g n s  met t h e  requirements and could possibly be non-illuminated. This  f ind ing  

corresponds wi th  t h e  r e s u l t s  of a  s i m i l a r  study conducted i n  New Jersey.  

L e g i b i l i t y  s t u d i e s  were performed i n  Houston, Dal las  and E l  Paso. Figure 18 shows 

t h e  numerical averages of t he  l e g i b i l i t y  d is tances .  A l l  t h e  l e g i b i l i t y  d i s t ance  

averages f e l l  below t h e  1,100' t o  1,200' s i g h t  d i s t ance  used i n  the  s ign  eva- 

l u a t i o n  s t u d i e s .  

The overhead s i g n  s t r u c t u r e s  i n  Houston a r e  being r a i sed  t o  a  minimum clearance  

of 21'-0" in s t ead  of t he  17'-6" minimum clearance  a s  s p e c i f i e d  i n  t h e  Manual on 

Uniform T r a f f i c  Cont ro l  Devices. The r a i s i n g  of t he  s t r u c t u r e s  is being done 

because of t h e  extremely high number of s ign  s t r u c t u r e s  being knocked down by 

overheight  loads  and dump t rucks  wi th  t h e i r  dump beds i n  a  r a i sed  pos i t ion .  

Concerns were r a i s e d  a s  t o  t h e  poss ib le  decrease i n  l e g i b i l i t y  d i s t ance  due t o  

t h e  increased  mounting he ight  of t he  s igns.  Figure 19 shows the  l e g i b i l i t y  

d i s t a n c e  readings f o r  seven of t h e  p a r t i c i p a n t s  i n  the  Houston L e g i b i l i t y  Study 

f o r  s igns  mounted a t  21'-0". 



LEGIBILITY STUDY 
RESEARCH PROJECT 

Day Night* Day Night* Day ~ i g h t *  Day ~ igh t *  

HOUSTON E L  PAS0 DALLAS AVERAGE 
(21 1 (14) (2 ) OF A L L  

Numerical Averages of SECTIONS 
oSigns lighted Legibility Distance ~ e a d i n g s  
ASigns not lighted 1716' C learam 

* ~ i ~ h t  overages ore with headlights on low beam 

FIGURE 18 
3 1 
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There  appears  t o  be no d e t r i m e n t a l  dec r ea se  i n  l e g i b i l i t y .  T h i s  corresponds 

w i t h  t h e  f i n d i n g  of Woods and Rowan. 

Texas T r a n s p o r t a t i o n  I n s t i t u t e  was con tac ted  t o  a s s i s t  i n  t h e  s t a t i s t i c a l  analy- 

s i s  of t h e  l e g i b i l i t y  s t u d i e s  a s  performed. D r .  Roger W. McNees was reques ted  t o  

perform t h e  s t a t i s t i c a l  a n a l y s i s .  D r .  McNees' r e p o r t  w i l l  be pub l i shed  a t  a 

l a t e r  d a t e  a s  p a r t  of t h e  e f f o r t  of P r o j e c t  1-18-84-277. 

The l e g i b i l i t y  s t u d i e s  i n d i c a t e d  t h a t  t h e r e  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  i n  

l e g i b i l i t y  d i s t a n c e s  whether t h e  freeway s i g n s  were l i g h t e d ,  un l i gh t ed ,  had h igh  

s p e c i f i c  i n t e n s i t y  s t i c k  on copy o r  bu t ton  copy, o r  had opaque o r  r e f l e c t i v e  

background. The r e f l e c t i v e  background merely added consp i cu i t y  ( t a r g e t  va lue )  

and d i d  no t  i n c r e a s e  t h e  l e g i b i l i t y  of t h e  s ign .  

The sampling of t h e  p a r t i c i p a n t s  d i d  not  correspond w i t h  t h e  popula t ion  mix i n  

t h e  Uni ted S t a t e s .  The re fo r e ,  t h e  l e g i b i l i t y  s t u d i e s  w i l l  be expanded i n  sub- 

s equen t  P r o j e c t  Number 1-18-84-277, "Func t iona l  C h a r a c t e r i s t i c s  of Guide Signs".  
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LEGIBILITY STUDY 
HOUSTON RESEARCH PROJECT 1 

I 

BACKGROUND MATERIAL 
8 LIGHTING CONDITIONS 

H I  S P ,  INTEN. REFL.  BKGRD. 
H I  S P .  INTEN. S T I C K  ON COPY 
FWY I L L -  MERCURY VAPOR 
FLUOR. S I G N  L I G H T S  O F F  

H I  S P .  INTEN. REFL. BKGRD. 
H I  S P .  INTEN. S T I C K  ON COPY 
FWY I L L -  MERCURY VAPOR 
FLUOR. SIGN L I G H T S  OFF 

H I  SP. INTEN. REFL.  BKGRD. 
BUTTON COPY 
FWY ILL- MERCURY VAPOR 
FLUOR. S I G N  L I G H T S  O F F  

H I  S P .  INTEN. REFL.  BKGRD. 
BUTTON COPY 

@ FWY I L L -  MERCURY VAPOR 
FLUOR. S I G N  L I G H T S  ON 

. 
OPAQUE B m D .  
BUTTON COPY 
FWY ILL- H. M. HPS 
MERCURY S I G N  LIGHTS ON 

ENGINEER GRADE REFL.  BKGRD. 
BUTTON COPY 
FWY I L L -  NONE 
NO S I G N  LIGHTS 

OPAQUE BKGRD. 
BUTTON COPY 
FWY ILL- NONE 
FLUOR. S I G N  L I G H T S  ON 

I -  18-75-222 

SIGN NO. I TEXT 
NORTHBOUND: 

]It 8 - 12A 

IUA-IIA 

JKB-128 

mAol1B 

I C - 4  

E D - I 0  

EXlT 5 4 A  

Tidwell 
16" 
12" L . C .  
( R P )  

EXIT 528 

Crosstimbers 

Porker Rd 
Yale St 

Airline Or 

k2 MILE 

El Dorodo 

Bay Area ILC-8 
Blvd # 



LEGIBILITY STUDY 
HOUSTON RESEARCH PROJECT 2 

BACKGROUND MATERIAL 
a LIGHTING CONDITIONS , 

ENGINEER GRADE R E F L .  BKGRD. 
BUTTON COPY 
FWY ILL- MERCURY VAPOR 
FLUOR. S I G N  L I G H T S  ON 

OPAQUE BKGRD. 
BUTTON COPY 
FWY ILL- MERCURY VAPOR 
MERCURY S I G N  L I G H T S  ON 

H I  S P .  INTEN. REFL. BKGRD. 
H I  S P .  INTEN. S T I C K  ON COPY 
FWY ILL-MERCURY VAPOR 
FLUOR. S I G N  L I G H T S  ON 

OPAQUE BKGRD. 
BUTTON COPY 
FWY ILL- MERCURY VAPOR 
FLUOR. S I G N  L I G H T S  ON 

OPAQUE BKGRD. 
BUTTON COPY 
FWY I L L -  NONE 
FLUOR. S I G N  LIGHTS O F F  

OPAQUE BKGRD. 
BUTTON COPY 
FWY I L L -  NONE 
FLUOR. S I G N  L I G H T S  O F F  

OPAQUE BKGRD. 
BUTTON COPY 
FWY ILL- NONE 
FLUOR. S I G N  LIGHTS ON 

ENGINEER GRADE REFL.  BKGRD. 
BUTTON COPY 
FWY I L L -  NONE 
NO S I G N  LIGHTS 

I -  18-75-222 

SIGN NO. I TEXT 
SOUTHBOUND: 

I I A - 5  Cavalcade St 16" U ' C .  

I I A - 6  

EI 8-13 

I B - 2  

10-3 

I A - I  

IIC-7 

no-9 

> 

Beaumont 

Allen 

\ Parkway 

College Ave 

Airport B I V ~ P  

Edgebrook 01 

Clearwood or 

Scarsdale Blvd 

Fr ie ndswood 

€1 Dorado 





PARTICIPANTS - HOUSTON LEGIBILITY STUDY 

b 

r 

MfqE 

b 

.- 

t 

FEMALE 

WITH GLASSES 

Charles Hearn 

D a r r e l l  Gloyna 

Jerome Moore 
Gene Ritch 

Bob Hauck 

AGE GROUP 

18 - 24 
25 - 34 

35 - 44 

45 & Over 

.) 

AGE GROUP 

18 - 24 

25 - 34 

35 - 44 

45 & Over 

, 

WITHOUT GLASSES 

J e f f  Mi l l e r  

Andy House 
Lewis Rhodes 

Ed Vasut 

Leo Taggart 
Dick McCasland 

WITHOUT GLASSES 

Sandy Gi l l iam 

Pam Harper 
Pat  T r i p p e l l  

Nancy Shaw 

Ann Walker 

WITH GLASSES 

J a n e l l e  Homfeld 
El izabe th  Derr ig  

Linda Potc inske  

Carol Letz 

Sue Chi ldress  



: 
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LEGIBILITY STUDY 
*NOTE: ALL SIGNS ON 

DALLAS RESEARCH PFtOJECT DALLAS STUDY ARE WITH- 
OUT FREEWAY ILL.  AND 
HAVE NO SIGN LIGHTS. 

I 

BACKGROUND MATERIAL 
8 LIGHTING CONDITIONS 

H I  SP. INTEN. REFL. BKGRD. 
BUTTON COPY 

. 
HI  SP.  INTEN. REFL. BKGRD. 
BUTTON COPY 

H I  SP.  INTEN. REFL. BKGRD. 
BUTTON COPY 

H I  SP. INTEN. REFL. BKGRD. 
BUTTON COPY 

H I  SP. INTEN. REFL. BKGRD. 
BUTTON COPY 

H I  SP.  INTEY. REFL. BKGRD. 
BUTTON COPY 

H I  SP.  INTEN. REFL. BKGRD. 
BUTTON COPY 

HI SP. INTEN. REFL. BKGRD. 
BUTTON COPY 

. 

1 - 18-75-222 

SIGN NO. 1 TEXT 
,WESTBOUND: 

I- WB 

n-we 

III- WB 

=-we 

Y- WB 

14 MILE 

Volleyview Ln 

Mac Arthur 

Blvd (I 
'l 

Belt Line Rd 

I MILE 

Cotton Rd 

2 MILES 

=-we 

m - W B  
3 4  MILE 



*NOTE: ALL S I G N S  ON 
DALLAS STUDY ARE WITH- 
OUT FREEWAY I L L .  AND 

ENGINEER GRADE REFL.  BKGRD. 
BUTTON COPY 

BUTTON COPY 
Bell Line Rd 

ENGINEER GRADE REFL.  BKGRD. 
BUTTON COPY 

ENGINEER GRADE REFL.  BKGRD. 
BUTTON COPY 

ENGINEER GRADE REFL.  BKGRD. 
BUTTON COPY 

- ENGINEER GRADE REFL. BKGRD. 
BUTTON COPY 

XU EB 

m - E B  

I 

Dallas 

- - -  

ENGINEER GRADE REFL. BKGRD. 
BUTTON COPY 

ENGINEER GRADE REFL.  BKGRD. 
BUTTON COPY 





PARTICIPANTS - DALLAS LEGIBILITY STUDY 

7 

MAW 

L 

L 

7- 

FEMqLE 

WITH GLASSES 

L e r o y  W a l l e n  

AGE GROUP 

18 - 24 
25 - 34 
35 - 44 
45 & O v e r  

AGE GROUP 

18 - 24 
,25 - 34 
35 - 44 

45 & O v e r  

WITHOUT GLASSES 

WITHOUT GLASSES WITH GLASSES 

E l l e n  Lyon  ( C o n t a c t  lenses) 

- 



LEGIBILITY STUDY 
EL PASO RESEARCH PROJECT 1 

BACKGROUND MATERIAL 
8 LIGHTING CONDITIONS 
OPAQUE BKGRD . 
BUTTON COPY 
MERCURY VAPOR FREEWAY I L L .  

OPAQUE BKGRD. 
BUTTON COPY 
MERCURY VAPOR FREEWAY I L L .  

OPAQUE BKGRD . 
BUTTON COPY 
MERCURY VAPOR HIGH MAST ILL. 

OPAQUE BKGRD. 
BUTTON COPY 
HIGH PRESSURE SODIUM FRWY. ILL. 

OPAQUE BKGRD. 
BUTTON COPY 
HIGH PRESSURE SODIUM FRWY. I L L .  

OPAQUE BKGRD. 
BUTTON COPY 
H I G H  PRESSURE SODIUM FRWY. I L L .  

OPAQUE BKGRD . 
BUTTON COPY 
HIGH PRESSURE SODIUM FRWY. I L L .  

- 

OPAQUE BKGRD. 
BUTTON COPY 
HIGH PRESSURE SODIUM FRWY. ILL. 

I - 18-75-222 

SIGN NO. I TEXT 

1 - W B  

2- W B  

3 - W E  fo 

N B 

4 - N B  

5 - N B  

6- S B  

7- S B  

8 - S B  

2ND FROM RIGHT 

Raynolds S t  
16" U . C .  

'CENTER LEFT OF BROWN 

J u a r e z  

J u a r e z  

CENTER 

Fred Wilson Rd 

Ra i l road  Dr 
E X I T  2 '/4 M I  

RIGHT 

J u a r e z  
V a n  H o r n  

EXlT ONLY 



RESEARCH PROJECT 

OPAQUE BKGRD. 
BUTTON COPY 
MERCURY VAPOR FREEWAY ILL. 

OPAQUE BKGRD. 
BUTTON COPY 

Geronimo Dr MERCURY VAPOR FREEWAY ILL. 





PARTICIPANTS - EL PAS0 LEGIBILITY STUDY 

* 
MALE 

WITH GLASSES 

Char les  H. Ber ry ,  Jr. 

Raymond E .  Lucero 

Richard Hubbard 

A l b e r t  Andrew 

AGE GROUP 

18 - 24 

25 - 34 

35 - 44 

45 & Over 

k 

FEMALE 

WITHOUT GLASSES 

Mark C. Longenbaugh 

C h a r l e s  Veale  

Manny A g u i l e r a  

A.L. "Butch" Mart inez  

AGE GROUP 

18 - 24 

25 - 34 

35 - 44 

45 & Over 

WITHOUT GLASSES 

Pamela K. L e s t e r  

Xar ia  Luc ia  DePla ta  

Dale Atkinson 

WITH GLASSES 

G l o r i a  Gomez 

Mary Johnson 

Rose Morton 
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APPENDIX B 

EXPERIMENTAL SIGN 

BACKGROUND COATINGS 



S-1 (kertPad -5-47-l2 3942.25 I.H. 45 S.B. 8'(Y'x17'0" 

S-2 Oueshd RS-45-47-6 lot75 Left S.B. 8'0"xl5'0" Pieroe Aw klY==th== 
c0ll.M. 

1-100 W G.E. 
1-175 W NSraw- 
Lightear warn 

S-3 (kerhd W W 7 - I 2  3942.25 I.H. 45 S.B. 6'0"x18'6" k X h q  lhre klyvInyli&w 
m m  FkPriQ 

Bbr. Alun. M t  1-175 W G.E. 
E m u  ckumellirds 
Lights 

Ltghted as cne 
cpntinausar€a 

S-4 Owemead W4-7-12 35442.25 I.H. 45 S.B. 6'Wx19'0" AUen P a r h y  hlyvInyli&w 
P * v 4 m  fluoride 
CO 

Bar. kmdt  
m w  

S-5 REQ5-4+2 1W20 1.H. 45 S.B. 6'0"x12'0" QiItmul Stn~~lanl Gr~el l  

st F sign Paint. ND 
Topooat 

W . b .  sign* 
nyumd 

Pard reqwsted 
byrueD-9. 
Fabrhxted by Mst 
12 sign !3q. 

S-6 &mead -5-47-9 27+16.89 I.H. 45 S.B. 6'0"xM'O" ttigh Int-itY 
kflectiw 

-=lay 3f 
Swt mer 
Bbr. 

@xist. N/A 
-.I 
Lights d f  

Wtirlg Lights 
tormuincn 
structure a d  
tunEd d f .  

S-7 (kerhead PS-2 1- U.S. 290 W.B. 8'0"x16'0" FWBiU sign palm 
nus 
lum 

r . .  A l e  

sign * 
w e d  

Project -ator 
Ltgh- 

Bottom 2 eanr 
s k m  &ma@ in 
freight. w 
the bottan 2 
ahleirm uith 
po1yure-. 

S-8 OvemaadREQ B62-tOO U.S. 290 W.B. 8'0"x11'0" FlWMM hlyester 
FX6 

Project htractor 
Lights 

Painted aRr 
w alyester 
mat*. 

S-9 (kemeed REQW7-6 lot75 Ieft S.B. 5'0"x12'0" th l l ss lh re  Iknmeettirlg 
c0ll.M. # miyestex 

r . .  Alarm 
P E  



4 4 4  
Z Z Z  

e! z  4 z  4 z  4 Z 

2 
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Y  H H Y  Y  Y  Y  d 

Y  



I.H. 45 N.B. 6'0"xU'O" 

I.H. 45 N.B. 8'0"x17'6" Cevalcade S t  m. CT. 
LLd(W W l .  Stg. 
112 mu 

I.H. 45 N.B. 6'0"xL5'0" httal W w i t y  

st F W l .  Stg. 
Refurbished ky 
File D-9. 

I.H. 45 N.B. 7'0"x17'0" 

Overhead w5-50-5 m 3 5  I.H. 45 N.B. 7'6"x2016" helainized Polymer 
Barusiam 

I.H. 4% 8'0"xl1'6" 
IS.  610 
N* w 
I.H. 456 8'O"x1l10" 
I .H.  610 
N. w 

Overhead -5-562 3 6 W  I.H. 45 N.B. 9'0"x17'6" Little York lhermD 
Rd blyester 

1 114 MILES 

I.H. 45 N.B. 7'0"xl7'6" Parker Rd lhermo 
Y a l e  St  mlyester 

RDelainized Polymer 
Rtrueiare 

coated by TexM 
m l C K o t e  Co. 

I.H. 610 E.B. 7'0"x17'0" 
N. w 
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APPENDIX C 

CURRENT SIGN BACKGROUND 

COATING S PEClFKYXTlONS 



ITEM 642 

ALUMINUM SIGNS (Type 0) 

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

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

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

(2) Sign Panel Substrate. Sign substrates shall be extruded aluminum 
and shall meet the requirements specified below. Aluminum for aluminum 
signs shall conform with the requirements of Departmental Specification 
D-9-7 110, "Aluminum Sign Blanks", or similar alloy approved by the Engi- 
neer which is suitable for background coating to meet the specifications 
contained herein. 

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

Sign faces are not acceptable if the variation of the surface in any direc- 
tion exceeds an amount equal to 118 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 1116 inch. 

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

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



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

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

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

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

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

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

642.3. Fabrication. 

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

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

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



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

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

(5) Background Coatings. Surface preparation of the face side of the 
background substrate prior to application of various background coatings 
shall be as recommended by the manufacturer of the specific coating and 
approved by the Engineer. The face side of aluminum extrusion flanges 
shall be cleaned and prepared in the same manner as the sign panel face. 

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

The acrylic polymer film (Class B) shall be applied to the face and a mini- 
mum of 112 of the outside face of aluminum extrusion flanges. The film may 
be factory overlaid or vacuum overlaid by the sign panel fabricator. 

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

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

642.4. Ekection. Completed sign blanks and panels shall be trans- 
ported, handled and stored in such a manner that comers, edges and faces 



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

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

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

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

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

642.8. Payment. Payment for Aluminum Signs (Type 0 )  shall be made 
a t  the unit price bid per square foot for "Aluminum Signs (Type 0)" which 
price shall be full compensation for furnishing sign panels; fabrication of 
the panels, any treatment of sign panels that might be required prior to a p  
plication of the background coating, application of the background coating 
to the sign panels. the messages attaching to the sign faces; furnishing 
wind beams and stiffeners that are required, furnishing all bolts. rivets, 
screws, fasteners, clamps, brackets, and sign support connections; assem- 
bling and erecting the signs; washing and cleaning the signs after erection; 
and all other labor, materials and incidentals necessary to provide signs 
complete and attached to the sign supports. 
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F l a t  S u r f a c e  R e f l e c t i v e  S h e e t i n g  

I. D e s c r i p t i o n :  T h i s  s p e c i f i c a t i o n  s h a l l  g o v e r n  f o r  t h e  
m a t e r i a l s ,  c o m p o s i t i o n ,  q u a l i t y ,  s a m p l i n g  and  t e s t i n g  o f  
s i x  t y p e s  ( T y p e  A - e n g i n e e r  g r a d e ,  T y p e  B - s u p e r  e n g i n e e r  
g r a d e ,  T y p e  C - h i g h  s p e c i f i c  i n t e n s i t y ,  Type  D- 
c o n f o r m a b l e  e n g i n e e r  g r a d e  w i t h  a g g r e s s i v e  a d h e s i v e , T y p e  
E - e n g i n e e r  g r a d e  u s e d  f o r  c u t  o u t  l e g e n d ,  T y p e  F -  
b a r r i c a d e  s h e e t i n g )  o f  f l a t  s u r f a c e  r e f l e c t i v e  s h e e t i n g ,  
as s p e c i f i e d  h e r e i n a f t e r .  The i n t e n t  o f  t h i s  s p e c i f i c a -  
t i o n  i s  t o  o b t a i n  s h e e t i n g  t h a t  i s  s u i t a b l e  f o r  p r o d u c -  
t i o n  o f  a c c e p t a b l e  s i g n s .  

11. B i d d e r ' s  a n d / o r  S u p p l i e r ' s  R e q u i r e m e n t s :  

A. P r o c u r e m e n t  b y  t h e  S t a t e :  A l l  p r o s p e c t i v e  b i d d e r s  
a r e  h e r e b y  n o t i f i e d  t h a t ,  b e f o r e  a n y  b i d  i s  c o n -  
s i d e r e d ,  t h e  m a t e r i a l  p r o p o s e d  f o r  s u b m i s s i o n  s h a l l  
be  a  m a t e r i a l  o f  m a n u f a c t u r e  a n d  p r o d u c t  c o d e  o r  
d e s i g n a t i o n  shown o n  t h e  l i s t  o f  a p p r o v e d  m a n u f a c -  
t u r e r s  o f  m a t e r i a l s  c o v e r e d  b y  t h i s  s p e c i f i c a t i o n  
m a i n t a i n e d  b y  t h e  D e p a r t m e n t .  

B. C o n t r a c t s :  A l l  c o n t r a c t o r s  a n d / o r  s i g n  f a b r i c a t o r s  
a r e  h e r e b y  n o t i f i e d  t h a t  a l l  f l a t  s u r f a c e  r e f l e c t i v e  
s h e e t i n g  a n d  s c r e e n  i n k s ,  u t i l i z e d  i n  p r o d u c t i o n  o f  
p r o d u c t s  f o r  t h e  D e p a r t m e n t ,  s h a l l  be  a  r e f l e c t i v e  
s h e e t i n g  o r  s c r e e n  i n k  o f  m a n u f a c t u r e  and  p r o d u c t  
c o d e  o r  d e s i g n a t i o n  shown on  t h e  l i s t  of  a p p r o v e d  
m a n u f a c t u r e r s  o f  f l a t  s u r f a c e  r e f l e c t i v e  s h e e t i n g  
and s c r e e n  i n k s  m a i n t a i n e d  b y  t h e  D e p a r t m e n t .  

111.  P a y m e n t :  

A.  P r o c u r e m e n t  By t h e  S t a t e :  P a y m e n t  f o r  a l l  m a t e r i a l s  
u n d e r  t h i s  s p e c i f i c a t i o n  s h a l l  b e  i n  a c c o r d a n c e  w i t h  
t h e  c o n d i t i o n s  p r e s c r i b e d  i n  t h e  c o n t r a c t  a w a r d e d  b y  
t h e  S t a t e .  

B .  C o n t r a c t s :  A l l  m a t e r i a l s  u n d e r  t h i s  s p e c i f i c a t i o n .  
u t i l i z e d  i n  t h e  p r o d u c t i o n  o f  p r o d u c t s  f o r  t h e  
D e p a r t m e n t  s h a l l  be  c o n s i d e r e d  a s  s u b s i d i a r y  t o  t h e  
b i d  i t e m  i n  t h e  c o n t r a c t .  



I . V .  P r e a u a l i f  i c a t i o n  a n d  P e r f o r m a n c e  H i s t o r y :  

A. E s t a b l i s h m e n t  o f  P e r f o r m a n c e  H i s t o r y :  P r o s p e c t i v e  
B i d d e r s  a n d / o r  S u ~ ~ l i e r s  who d e s i r e  t o  e s t a b l i s h  a  
p e r f o r m a n c e  h i s t o r y  f o r  m a t e r i a l s  g o v e r n e d  b y  t h i s  
s p e c i f i c a t i o n ,  s h o u l d  c o n t a c t  t h e  E n g i n e e r - D i r e c t o r ,  
S t a t e  D e p a r t m e n t  o f  H i g h w a y s  a n d  P u b l i c  
T r a n s p o r t a t i o n ,  A u s t i n ,  T e x a s  7 8 7 0 1 ,  A t t e n t i o n :  F i l e  
0 - 4 .  P r o s p e c t i v e  B i d d e r s  a n d / o r  S u p p l i e r s  w i l l  b e  
n o t i f i e d ,  a f t e r  t h e i r  m a t e r i  a1  h a s  b e e n  e v a l u a t e d ,  
as  t o  c o n f o r m a n c e  w i t h  r e q u i r e m e n t s  o f  t h i s  s p e c i f i -  
c a t i o n .  T e n t a t i v e  a p p r o v a l  may b e  g r a n t e d  a f t e r  s u c -  
c e s s f u l  c o m p l e t i o n  o f  a n y  o f  t h e  d u r a b i l i t y  
r e q u i r e m e n t s  h e r e i n a f t e r .  F u l l  p r e q u a l i f i c a t i o n  
w i l l  n o t  b e  g r a n t e d  u n t i l  s u c c e s s f u l  c o m p l e t i o n  o f  
a1 1  d u r a b i  li t y  r e q u i r e m e n t s .  F a i  1  u r e  t o  s u c c e s s -  
f u l l y  c o m p l e t e  a l l  d u r a b i l i t y  r e q u i r e m e n t s  s h a l l  b e  
g r o u n d s  f o r  c a n c e l l a t i o n  o f  T e n t a t i v e  A p p r o v a l .  

B. P e r f o r m a n c e  H i s t o r y :  Some o f  t h e  t e s t s  r e q u i r e d  b y  
t h i s  s p e c i f i c a t i o n  e x t e n d  o v e r  a  p r o l o n g e d  p e r i o d  o f  
t i m e  a n d  some t e s t s  c a n n o t  b e  made a f t e r  t h e  
m a t e r i  a 1  i s  a p p l i e d .  T h e r e f o r e ,  t e s t i n g  f o r  a c c e p -  
t a n c e  o f  m a t e r i a l s  s u p p l i e d  o n  a n y  c o n t r a c t  o r  S t a t e  
p u r c h a s e  o r d e r  w i l l  o n l y  b e  c o n s i d e r e d  o n  t h o s e  m a t e r i a l s  
w h i c h ,  i n  t h e  o p i n i o n  o f  t h e  M a t e r i a l s  a n d  T e s t s  
E n g i n e e r ,  a r e  i d e n t i f i a b l e  a s  b e i n g  a  m a t e r i a l  
h a v i n g  an  e s t a b l i  s h e d  p e r f o r m a n c e  h i s t o r y  o f  
c o m p l i a n c e  w i t h  t h e  c r i t e r i a  e s t a b l i s h e d  b y  t h i s  
s p e c i f i c a t i o n .  

C .  R e - e v a l u a t i o n :  When, i n  t h e  o p i n i o n  o f  t h e  
M a t e r i a l s  and  T e s t s  E n g i n e e r ,  c h a n g e s  h a v e  b e e n  made 
i n  t h e  c o m p o s i t i o n ,  m a n u f a c t u r i n g  p r o c e s s ,  o r  
q u a l i t y  o f  a  p r e q u a l i f i e d  m a t e r i a l  t h a t  may a f f e c t  
i t s  d u r a b i l i t y ,  a  r e - e v a l u a t i o n  o f  t h e  p e r f o r m a n c e  
may b e  r e q u i r e d .  The  D e p a r t m e n t  r e s e r v e s  t h e  r i g h t  
t o  c o n d u c t  w h a t e v e r  t e s t s  a r e  deemed n e c e s s a r y  t o  
i d e n t i f y  a  p r e q u a l i f i e d  m a t e r i a l  a n d  t o  d e t e r m i n e  i f  
a  c h a n g e  h a s  b e e n  made i n  c o m p o s i t i o n ,  m a n u f a c t u r i n g  
p r o c e s s  o r  q u a l i t y ,  t h a t  may a f f e c t  i t s  d u r a b i l i t y .  
C h a n g e s  t h a t  a r e  d e t e c t e d  i n  c o m p o s i t i o n ,  m a n u f a c -  
t u r i n g  p r o c e s s  o r  q u a l i t y ,  t h a t  may a f f e c t  d u r a b i -  
l i t y  and  h a v e  n o t  b e e n  r e p o r t e d  b y  t h e  m a n u f a c t u r e r  
s h a l l  b e  c a u s e  f o r  r e m o v a l  o f  t h a t  m a t e r i a l  f r o m  t h e  
l i s t  o f  p r e q u a l i f i e d  r e f l e c t i v e  s h e e t i n g  m a t e r i a l s .  



D. P e r i o d i c  E v a l u a t i o n :  The  D e p a r t m e n t  r e s e r v e s  t h e  
r i g h t  t o  p e r i o d i c a l l y  e v a l u a t e  t h e  p e r f o r m a n c e  o f  
m a t e r i a l s .  S a m p l e s  f o r  p e r i o d i c  e v a l u a t i o n  o f  p e r -  
f o r m a n c e  w i l l  b e  s e l e c t e d  a t  r a n d o m  f r o m  m a t e r i a l s  
s u b m i t t e d  t o  t h e  D e p a r t m e n t  o n  c o n t r a c t s  o r  d i r e c t  
S t a t e  p u r c h a s e  o r d e r s .  F a i l u r e  o f  m a t e r i a l s  t o  
c o m p l y  w i t h  t h e  r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a t i o n  
a s  a  r e s u l t  o f  p e r i o d i c  e v a l u a t i o n ,  s h a l l  b e  c a u s e  
f o r  r e m o v a l  o f  t h o s e  m a t e r i a l s  f r o m  t h e  l i s t  o f  p r e -  
q u a l i f i e d  r e f l e c t i v e  s h e e t i n g  m a t e r i a l s .  

V .  W a r r a n t v :  

A. C o n t r a c t s :  I f  i t  i s  n o r m a l  t r a d e  p r a c t i c e  f o r  a  
s h e e t i n g  m a n u f a c t u r e r  t o  f u r n i s h  a  w a r r a n t y  f o r  
s h e e t i n g ,  t h e  w a r r a n t y  s h a l l  be  p r o v i d e d  t o  t h e  
D e p a r t m e n t  f o r  p o t e n t i a l  d e a l i n g  w i t h  t h e  w a r r a n t o r .  
T h e  e x t e n t  o f  s u c h  a  w a r r a n t y  w i l l  n o t  b e  a  f a c t o r  
i n  a c c e p t a n c e  o r  r e j e c t i o n  o f  s h e e t i n g .  

B.  S t a t e  P u r c h a s e s :  S h e e t i n g  s u p p l i e r s  s h a l l  g u a r a n t e e  
t h e i r  m a t e r i a l  t o  b e  i n  a c c o r d a n c e  w i t h  t h e  m o r e  
s t r i n g e n t  o f  t h e  f o l l o w i n g  t w o  w a r r a n t i e s :  

1. M a n u f a c t u r e r ' s  s t a n d a r d  w a r r a n t y .  

2. M i n i m u m  w a r r a n t y  o f  c o m p l i a n c e  w i t h  t h e  r e q u i r e -  
m e n t s  o f  t h i s  s p e c i f i c a t i o n  s h a l l  b e  5 y e a r s  f o r  
T y p e s  A, E a n d  D; 7 y e a r s  f o r  T y p e  B ;  1 0  y e a r s  
f o r  T y p e  C e x c e p t  o r a n g e ;  3 y e a r s  f o r  T y p e  C 
o r a n g e ;  a n d  2 y e a r s  f o r  T y p e  F .  

V I .  S a m p l i n g  a n d  T e s t i n g :  S a m p l i n g  a n d  t e s t i n g  s h a l l  be  i n  
a c c o r d a n c e  w i t h  t h e  S t a t e  D e p a r t m e n t  o f  H i q h w a y s  and  
P u b l i c  T r a n s p o r t a t i o n ,    ate rials a n d  ~ e s t s - ~ i v ;  s i o n  
M a n u a l  o f  ~ e s t i n ~  p r o c e d u r e s .  

C o s t s  o f  s a m p l i n g  and  t e s t i n g  a r e  n o r m a l l y  b o r n e  b y  t h e  
D e p a r t m e n t .  H o w e v e r ,  t h e  c o s t s  o f  s a m p l i n g  and  t e s t i n g  
o f  m a t e r i a l s  f a i l i n g  t o  c o n f o r m  w i t h  t h e  r e q u i r e m e n t s  o f  
t h i s  s p e c i f i c a t i o n  s h a l l  b e  b o r n e  b y  t h e  C o n t r a c t o r  o r  
S u p p l i e r .  C o s t s  o f  s a m p l i n g  a n d  t e s t i n g  o f  f a i l i n g  
m a t e r i a l  s h a l l  b e  a s s e s s e d  a t  t h e  r a t e  e s t a b l i s h e d  b y  
t h e  M a t e r i a l s  a n d  T e s t s  E n g i n e e r ,  a n d  i n  e f f e c t  a t  t h e  
t i m e  o f  t e s t i n g .  A m o u n t s  d u e  t h e  D e p a r t m e n t  f o r  c o n -  
d u c t i n g  s u c h  t e s t s  w i l l  b e  d e d u c t e d  f r o m  m o n t h l y  o r  
f i n a l  e s t i m a t e s  o n  c o n t r a c t s  o r  f r o m  p a r t i a l  o r  f i n a l .  
p a y m e n t s  o n  d i r e c t  p u r c h a s e s  b y  t h e  S t a t e .  



V I I .  M a t e r i  a1  R e q u i r e m e n t s  F o r  R e f l e c t i v e  S h e e t i n g  M a t e r i a l s :  

A. G e n e r a l  R e a u i r e m e n t s :  

T h i s  s p e c i f i c a t i o n  c o v e r s  t h e  g e n e r a l  a n d  s p e c i f i c  
r e q u i r e m e n t s  f o r  s i x  T y p e s ,  T y p e  A, B, C ,  D, E  and  
F, o f  r e f l e c t i v e  s h e e t i n g  m a t e r i a l s .  A l l  T y p e s  o f  
r e f l e c t i v e  s h e e t i n g  m a t e r i a l s  s h a l l  m e e t  a l l  
r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a t i o n  e x c e p t  when s p e -  
c i f i c  r e q u i r e m e n t s  a r e  shown f o r  a  p a r t i c u l a r  t y p e  
o f  r e f l e c t i v e  s h e e t i n g  m a t e r i a l .  R e f l e c t i v e  
s h e e t i n g  s h a l l  c o n s i s t  o f  r e f l e c t i v e  l e n s e s  i n c o r -  
p o r a t e d  w i t h i n  t h e  s h e e t i n g  f i l m  i n  s u c h  a  m a n n e r  as  
t o  p r o d u c e  t h e  r e q u i r e d  r e f l e c t i v e  c h a r a c t e r i s t i c s ,  
s u c h  as  c o l o r  a n d  b r i g h t n e s s .  The  o u t e r  s u r f a c e  o f  
t h e  r e f l e c t i v e  s h e e t i n g  a s  e x p o s e d  i n  u s e  s h a l l  b e  
s m o o t h .  

B. F i l m  C h a r a c t e r i s t i c s :  

1. T e n s i l e  S t r e n g t h  a n d  E l o n g a t i o n :  The n u m e r i c a l  sum 
o f  t h e  t e n s i l e  s t r e n g t h  p e r  i n c h  o f  w i d t h  and  t h e  
p e r c e n t  e l o n g a t i o n  o f  ~ ~ p e  A, B, D, a n d  E  
s h e e t i n g  o r  s i g n  f a c e s  s h a l l  n o t  b e  l e s s  t h a n  
20 .0 .  F u r t h e r m o r e ,  t h e  t e n s i l e  s t r e n g t h  s h a l l  
n o t  b e  l e s s  t h a n  5 . 0  a n d  t h e  n u m e r i c a l  v a l u e  o f  
t h e  p e r c e n t  e l o n g a t i o n  s h a l l  e q u a l  o r  e x c e e d  t h e  
n u m e r i c a l  v a l u e  o f  t h e  t e n s i l e  s t r e n g t h .  
T e n s i l e  s t r e n g t h  s h a l l  b e  t e s t e d  i n  a c c o r d a n c e  
w i t h  ASTM D - 8 2 8 .  E l o n g a t i o n  s h a l l  b e  t e s t e d  i n  
a c c o r d a n c e  w i t h  ASTM D  9 8 7 - 4 8 T .  The  s h e e t i n g  o r  
s i g n  f a c e  s h a l l  b e  c o n d i t i o n e d  a t  r o o m  t e m -  
p e r a t u r e  ( 7 2  t o  8 0  F . )  f o r  a  m i n i m u m  o f  4 8  h o u r s  
p r i o r  t o  t e s t i n g .  

2. F l e x i b i l i t y :  S h e e t i n g  o r  s i g n  f a c e s ,  when 
a p p l i e d  a c c o r d i n g  t o  m a n u f a c t u r e r ' s  recommen-  
d a t i o n s ,  t o  c l e a n  a n d  e t c h e d  0 .015  i n c h  x 2  i n c h  
x 8  i n c h  a l u m i n u m  p a n e l s ,  s h a l l  b e  s u f f i c i e n t l y  
f l e x i b l e  t o  show n o  c r a c k i n g  when b e n t  a r o u n d  a  
3 / 4  i n c h  m a n d r e l .  The  s h e e t i n g  s h a l l  b e  c o n -  
d i t i o n e d  a t  r o o m  t e m p e r a t u r e  f o r  4 8  h o u r s  p r i o r  
t o  t e s t i n g .  The  s h e e t i n g  o r  s i g n  f a c e s  s h a l l  b e  
t e s t e d  a t  7 2  t o  8 0  F a n d  a t  a n y  r e l a t i v e  h u m i d -  
i t y  b e t w e e n  5 0  a n d  80%.  

3 .  W o r k a b i l i t y :  The  i n t e g r i t y  o f  t h e  f i l m  s h a l l  b e  
s u c h  t h a t  when t h e  s h e e t i n q  o r  a  c o m ~ l e t e d  s i q n  
f a c e  i s  t r i m m e d ,  i n  t h e  n o r m a l  m a n n e r ,  t o  m a t i h  
t h e  s i g n  s u b s t r a t e ,  t h e  f i l m  s h a l l  n o t  c r a c k ,  
f l a k e  o r  c h i p  o n  t h e  s i g n  p a n e l  o r  s i g n  f a c e  
s i d e  o f  t h e  t r i m  l i n e .  



4.  T e m p e r a t u r e  S t a b i l i t y :  A t  a n y  c o m b i n a t i o n  o f  
t e m p e r a t u r e s  f r o m  5 0  t o  1 0 0  F  a n d  r e l a t i v e  h u m i -  
d i t y  f r o m  2 0  t o  90%, t h e  s h e e t i n g  s h a l l  p e r m i t  
c u t t i n g ,  a p p l i c a t i o n ,  a n d  c o l o r  p r o c e s s i n g .  
U n a p p l i e d  s h e e t i n g  w i l l  p e r m i t  c u r i n g  o f  p r o c e s s  
i n k s  a t  t e m p e r a t u r e s  u p  t o  1 5 0  F  a n d  a p p l i e d  
s h e e t i n g  w i l l  p e r m i t  h e a t  c u r i n g  o f  p r o c e s s  i n k s  
a t  t e m p e r a t u r e s  up  t o  2 0 0  F, u n l e s s  recommended 
o t h e r w i s e  b y  t h e  s h e e t i n g  m a n u f a c t u r e r  and  so  
s t a t e d  i n  t h e i r  t e c h n i c a l  l i t e r a t u r e .  

5 .  C h e m i c a l  R e s i s t a n c e :  The  s u r f a c e  o f  t h e  
s h e e t i n g  o r  t h e  f a c e  o f  a  c o m p l e t e d  s i g n  s h a l l  
be c h e m i c a l  r e s i s t a n t  t o  t h e  e x t e n t  t h a t  t h e r e  
w i l l  b e  no  s u r f a c e  c h a n g e  when w i p e d  w i t h  a  
s o f t ,  c l e a n  c l o t h  dampened w i t h  V M & P ,  n a p h t h a ,  
m i n e r a l  s p i r i t s ,  t u r p e n t i n e ,  m i l d  s o a p s ,  o r  m i l d  
d e t e r g e n t s .  

6. M i l d e w  R e s i s t a n c e :  The  s h e e t i n g  s h a l l  e v i d e n c e  
no f u n g u s  g r o w t h  when t e s t e d  b y  F e d e r a l  T e s t  
M e t h o d  6 2 7 1 . 1  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  

1. T e s t  s p e c i m e n s  s h a l l  b e  l e a c h e d  w i t h  w a t e r  
b e f o r e  i n o c u l a t i o n .  

2. The  t e s t  o r g a n i s m  s h a l l  b e  p u l l u l a r i a  
p u l l u l a n s .  

3. The l e n g t h  o f  t h e  i n c u b a t i o n  p e r i o d  s h a l l  
b e  2 1  d a y s .  

C.  A d h e s i v e :  The b a c k s i d e  o f  t h e  r e f l e c t i v e  s h e e t i n g  
s h a l l  b e  p r e c o a t e d  w i t h  e i t h e r  a  h e a t  a c t i v a t e d  o r  
p r e s s u r e  s e n s i t i v e  a d h e s i v e .  No a d d i t i o n a l  c o a t s  o f  
a d h e s i v e  s h a l l  b e  r e q u i r e d  t o  a f f i x  t h e  r e f l e c t i v e  
s h e e t i n g  t o  t h e  s i g n  b l a n k .  

1. H e a t  A c t i v a t e d :  H e a t  a c t i v a t e d  s h e e t i n g  s h a l l  
i n c l u d e  a  p r e c o a t e d  t a c k  f r e e  a d h e s i v e  w h i c h  
w i  1 1  a d h e r e  t o  p r e s c r i b e d  s u r f a c e s  o n l y  when 
a c t i v a t e d  b y  t e m p e r a t u r e s  a b o v e  1 7 5  F i n  a c c o r -  
d a n c e  w i t h  m a n u f a c t u r e r s  r e c o m m e n d a t i o n s .  

2. P r e s s u r e  S e n s i t i v e :  P r e s s u r e  s e n s i t i v e  s h e e t i n g  
s h a l l  i n c l u d e  a  p r e c o a t e d  p r e s s u r e  s e n s i t i v e  
a d h e s i v e  a n d  s h a l l  b e  a p p l i e d  a s  s p e c i f i e d  b y  
t h e  s h e e t i n g  m a n u f a c t u r e r .  I n  a d d i t i o n ,  t h e  
a d h e s i v e  b a c k i n g  o f  t h e  T y p e  D r e f l e c t i v e  
s h e e t i n g  s h a l l  b e  s u c h  t h a t  t h e  r e f l e c t i v e  
s h e e t i n g  o r  s i g n s  made o f  T y p e  D r e f l e c t i v e  
s h e e t i n g  c a n  b e  a f f i x e d  t o  r o u g h  a n d  p o r o u s  s u r -  
f a c e s  s u c h  a s  c o n c r e t e ,  a s p h a l t ,  s t e e l ,  b r i c k ,  



w o ~ d ,  s t e e l  p i p e  p o s t s ,  t i m b e r  p o s t s ,  a l u m i n u m  
a n d / o r  p l y w o o d .  T y p e  D  r e f l e c t i v e  s h e e t i n g  m u s t  
b e  a  p r o d u c t  s u i t a b l e  f o r  u s e  o n  t h e s e  s u b s t r a -  
t e s .  

3 .  P r o t e c t i v e  L i n e r :  A  p r o t e c t i v e  l i n e r  s h a l l  b e  
a t t a c h e d  t o  t h e  a d h e s i v e  t o  p r o t e c t  i t s  a d h e s i v e  
q u a l i t i e s  u n t i l  t h e  t i m e  o f  a p p l i c a t i o n  o f  t h e  
s h e e t i n g .  T h e  p r o t e c t i v e  l i n e r ,  a t t a c h e d  t o  t h e  
a d h e s i v e ,  s h a l l  b e  e a s i l y  r e m o v e d  b y  p e e l i n g ,  
w i t h o u t  s o a k i n g  i n  w a t e r  o r  o t h e r  s o l v e n t s ,  a n d  
s h a l l  a l s o  b e  e a s i l y  r e m o v e d  a f t e r  a c c e l e r a t e d  
s t o r a g e  f o r  f o u r  h o u r s  a t  1 5 0  F  a n d  2 .5  p o u n d s  
o f  w e i g h t  p e r  s q u a r e  i n c h .  S u p p l i e r s  o f  r e f l e c -  
t i v e  s h e e t i n g  u t i l i z i n g  a  p o r o u s ,  t e x t u r e d  
b a c k i n g  p a p e r  t o  p r o t e c t  t h e  a d h e s i v e  l a y e r  t h a t  
i s  n o t  s u i t a b l e  f o r  us,e a s  a  s l i p  s h e e t  f o r  
p a c k a g i n g  o f  c o m p l e t e d  s i g n s  a n d / o r  s i g n  p a n e l s ,  
s h a l l  s u p p l y  r o l l s  o f  s l i p  s h e e t  p a p e r  i n  t h e  
v a r i o u s  w i d t h s  o f  r e f l e c t i v e  s h e e t i n g  s u p p l i e d .  
S q u a r e  f o o t a g e  o f  s l i p  s h e e t  p a p e r  s u p p l i e d  i n  
t h e  v a r i o u s  w i d t h s  s h a l l  b e  t h e  same a s  t h e  
s q u a r e  f o o t a g e  o f  r e f l e c t i v e  s h e e t i n g  s u p p l i e d  
i n  t h e  v a r i o u s  w i d t h s .  S l i p  s h e e t  p a p e r  
s u p p l i e d  s h a l l  b e  c o n s i d e r e d  a s  s u b s i d i a r y  t o  
t h e  r e f l e c t i v e  s h e e t i n g ,  a n d  a n y  c o s t s ,  d i r e c t  
o r  i n d i r e c t ,  s h a l l  b e  i n c l u d e d  i n  t h e  b i d  p r i c e  
f o r  r e f l e c t i v e  s h e e t i n g  o n  S t a t e  p u r c h a s e s .  

4. R e q u i r e d  A d h e s i o n :  S h e e t i n g  o r  s i g n  f a c e s  
a ~ ~ l i e d  ( a c c o r d i n q  t o  m a n u f a c t u r e r ' s  
i n s t r u c t i o n s )  t o  c l e a n ,  s m o o t h ,  p a i n t a b l e  s u r -  
f a c e s ,  s h a l l  a d h e r e  s o  s e c u r e l y  a t  t e m p e r a t u r e s  
o f  f r o m  - 2 0  t o  1 7 5  F, t h a t  i t  i s  i m p o s s i b l e  t o  
p e e l ,  o r  p u l l ,  m a t e r i a l  f r o m  t h e  a d h e r i n g  s u r -  
f a c e s  i n  p i e c e s  c o n t a i n i n g  a r e a s  g r e a t e r  t h a n  
t w o  s q u a r e  i n c h e s .  A d h e s i o n  t e s t s  w i l l  b e  r u n  
n o t  l e s s  t h a n  4 8  h o u r s  a f t e r  a p p l i c a t i o n .  
R e f l e c t i v e  s h e e t i n g  w i t h  p r e s s u r e  s e n s i t i v e  
a d h e s i v e  s h a l l  b e  a g e d  36 h o u r s  a t  1 4 0  F  a n d  
a l l o w e d  t o  c o o l  a t  r o o m  t e m p e r a t u r e  f o r  1 2  h o u r s  
b e f o r e  t e s t i n g  a d h e s i o n  c h a r a c t e r i s t i c s .  

5. S t a i n  R e s i s t a n c e :  T h e  a d h e s i v e  s h a l l  h a v e  no  
s t a i n i n g  e f f e c t  o n  t h e  r e f l e c t i v e  s h e e t i n g .  

D.  D u r a b i  1  i t y :  

1. S h e e t i n g :  S h e e t i n g  o r  s i g n  f a c e s  s h a l l  show n o  
c r a c k i n g ,  c r a z i n g ,  b l i s t e r i n g ,  c h a l k i n g ,  o r  
d i m e n s i o n a l  c h a n g e  a f t e r  w e a t h e r - o - m e t e r  a n d  
e x t e r i o r  e x p o s u r e .  E x p o s u r e  t i m e  f o r  t h e  
v a r i o u s  t y p e s  o f  r e f l e c t i v e  s h e e t i n g  s h a l l  be  a s  
shown i n  t h e  f o l l o w i n g  t a b l e .  



T y p e  o f  S h e e t i n g  T y p e  E x p o s u r e  E x p o s u r e  T i m e  

T y p e  A & E  & D  W-O-M 
E x t e r i o r - 4 5 "  
E x t e r i o r - 9 0 "  

W-O-M 
E x t e r i o r - 4 5 "  
E x t e r i o r - 9 0 "  

T y p e  C ( a l l  c o l o r s  W - O - M  
e x c e p t  o r a n g e )  E x t e r i o r - 4 5 "  

E x t e r i  o r - 9 0 "  

T y p e  C ,  o r a n g e  W - O - M  
E x t e r i o r - 4 5 "  
E x t e r i o r - 9 0 "  

W - O - M  
E x t e r i o r - 4 5 "  
E x t e r i o r - 9 0 "  

1 2 0 0  h o u r s  
1 8  m o n t h s  
5  y e a r s  

1 4 0 0  h o u r s  
2 4  m o n t h s  
7  y e a r s  

2 0 0 0  h o u r s  
3 0  m o n t h s  
1 0  y e a r s  

7 2 0  h o u r s  
9  m o n t h s  
3  y e a r s  

4 0 0  h o u r s  
7  m o n t h s  
2  y e a r s  

W e a t h e r - o - m e t e r  e x p o s u r e  s h a l l  b e  i n  an  A t l a s  
W e a t h e r - O - M e t e r  u t i l i z i n g  an 1 8 - 1 0 2  cam, i n  
a c c o r d a n c e  w i t h  ASTM G23 -81 ,Me thod  1, T y p e  E H .  
E x t e r i o r  e x p o s u r e  s h a l l  b e  f a c i n g  s o u t h  a t  t h e  
D e p a r t m e n t ' s  e x t e r i o r  e x p o s u r e  t e s t  s i t e  i n  
A u s t i n ,  T e x a s  o r  o t h e r  l o c a t i o n s ,  a s  deemed 
n e c e s s a r y  b y  t h e  M a t e r i a l s  a n d  T e s t s  E n g i n e e r .  

2. P r o c e s s  I n k s :  No p r o c e s s  i n k  s h a l l  b e  r e m o v e d ,  
when  t e s t e d  a c c o r d i n q  t o  F e d e r a l  T e s t  M e t h o d  
6 3 0 1 ,  a f t e r  a  m i n i m u m  o f  96  h o u r s  a f t e r  p r o -  
c e s s i n g ,  o r  a f t e r  e x p o s u r e  o f  t h e  v a r i o u s  t y p e s  
o f  s h e e t i n g  a s  shown i n  t h e  a b o v e  t a b l e .  

E .  C o l o r :  

1. D i f f u s e  Day  C o l o r :  

a. C h r o m a t i c i t y  C o o r d i n a t e s :  The  C I E  c h r o -  
m a t i c i t y  c o o r d i n a t e s  o f  a l l  t y p e s  o f  r e f l e c -  
t i v e  s h e e t i n g ,  b e f o r e  a n d  a f t e r  w e a t h e r o m e t e r  
a n d  e x t e r i o r  e x p o s u r e ,  s h a l l  f a l l  w i t h i n  t h e  
a r e a s  h a v i n g  t h e  c o r n e r  p o i n t s  a n d  r e f l e c t a n c e .  
r e q u i r e m e n t s  f o r  t h e  v a r i o u s  c o l o r s  a s  shown 
i n  t h e  f o l l o w i n g  t a b l e .  



CHROMATICITY COORDINATES 

C o l o r  C h r o m a t i c i t y  R e f l e c t a n c e  
X Y Y 

W h i t e  0 .310 0 .300 40 M in imum 
0 . 2 9 0  0.320 Types A,B,D 
0 .360  0 .360  and F 
0 .340  0 .380  27.5 M in imum 

Type C 

Red 5-12,  Types  A,B, 
D and F 

2 .5 -11,  Type C 

Orange  

B rown  

Ye1 l o w  30-60,  Types  A ,  
B, D and  F 
14 -30 ,  Type C 

Green  

B l u e  

b. T e s t s :  C o l o r  s h a l l  be d e t e r m i n e d  i n  
a c c o r d a n c e  w i t h  T e s t  M e t h o d  Tex-839-B.  

2. R e f l e c t e d  N i g h t  C o l o r :  The r e f l e c t e d  n i g h t  c o l o r  s h a l l  
a p p e a r  t o  be  e s s e n t i a l l y  t h e  same as  t h e  d a y  c o l o r  
when o b s e r v e d  a t  5 0  f e e t .  



F .  G l o s s :  

1. T h e  s h e e t i n g ' s  f a c e  a n d  s c r e e n e d  a r e a s  s h a l l  
h a v e  a n  8 5 "  g l o s s  m e t e r  r a t i n g  o f  n o t  l e s s  t h a n  
3 5  b o t h  b e f o r e  a n d  a f t e r  w e a t h e r o m e t e r  a n d  
e x t e r i o r  e x p o s u r e .  

2. T e s t s :  G l o s s  w i l l  b e  d e t e r m i n e d  i n  a c c o r d a n c e  
w i t h  ASTM M e t h o d  D523.  

O p t i c a l  P e r f o r m a n c e :  

1. S p e c i f i c  I n t e n s i t y :  R e f l e c t i v e  s h e e t i n g  ( f o r  
b a c k g r o u n d )  a n d  r e v e r s e  s c r e e n e d  s i g n s  ( u s i n g  
t r a n s p a r e n t  i n k )  o f  t h e  v a r i o u s  s h e e t i n g  t y p e s  
s h a l l  h a v e  t h e  m i n i m u m  b r i g h t n e s s  v a l u e s ,  b e f o r e  
e x p o s u r e ,  a s  shown i n  t h e  f o l l o w i n g  t a b l e s .  
M i n i m u m  b r i g h t n e s s  v a l u e s  a f t e r  w e a t h e r o m e t e r  
a n d  e x t e r i o r  e x p o s u r e  s h a l l  n o t  b e  l e s s  t h a n  6 0  
p e r c e n t  o f  t h e  v a l u e s  shown i n  t h e  f o l l o w i n g  
t a b l e s .  B r i g h t n e s s  v a l u e s  s h a l l  b e  d e t e r m i n e d  
a t  t h e  d i v e r g e n c e  a n d  e n t r a n c e  a n g l e s  shown a n d  
s h a l l  b e  e x p r e s s e d  i n  u n i t s  o f  c a n d l e  p o w e r  p e r  
f o o t - c a n d l e  p e r  s q u a r e  f o o t .  

a. T y p e s  A, D & F R e f l e c t i v e  S h e e t i n g  

BRIGHTNESS VALUES 

C o l o r  D i v e r g e n c e  A n g l e  o f  I n c i d e n c e  
A n g l e  2 "  1 0 "  2 0 "  

W h i t e  0 . 2 "  
1 / 3 "  

G r e e n  0 . 2 "  
1 / 3 "  

Y e l l o w  0 . 2 "  
1 / 3 "  

R e d  0 .2 "  
1 / 3 "  

O r a n g e  0 . 2 "  
1 / 3 "  

B r o w n  0 .2 "  
1 / 3 "  



b. T y p e  B  R e f l e c t i v e  S h e e t i n g  

BRIGHTNESS VALUES 

C o l o r  D i v e r g e n c e  A n g l e  o f  I n c i d e n c e  
A n g l e  - 4  + 3 0  

W h i t e  0 . 2  
0 . 5  

Ye1 l o w  0 . 2  
0 . 5  

G r e e n  0 . 2  
0 . 5  

O r a n g e  0 . 2  
0 . 5  

c .  T y p e  C R e f l e c t i v e  S h e e t i n g  

BRIGHTNESS VALUES 

C o l o r  D i v e r g e n c e  A n g l e  o f  I n c i d e n c e  
A n g l e  - 4  + 3 0  

W h i t e  0 . 2  
0 .5  

G r e e n  0 . 2  
0 .5  

Ye1 l o w  0 . 2  
0 .5  

R e d  0 . 2  
0 .5  

O r a n q e  0 . 2  7 0  4 0  

d. T y p e  E R e f l e c t i v e  S h e e t i n g  

BRIGHTNESS VALUES 

C o l o r  D i v e r g e n c e  A n g l e  o f  I n c i d e n c e  
A n g l e  2 " 1 0 "  2 0 "  

W h i t e  0 . 2 "  9 0  8 0  7 0  
1 / 3  6 0  5 0  4 0  



2. T e s t s :  S p e c i f i c  i n t e n s i t y  w i l l  be  d e t e r m i n e d  i n  
a c c o r d a n c e  w i t h  T e s t  M e t h o d  T e x - 8 4 2 - B .  

H. M a t e r i  a1 I d e n t i f i c a t i o n :  E a c h  c o n t a i n e r ,  c a r t o n ,  o r  
b o x  c o n t a i n i n g  r e f l e c t i v e  s h e e t i n g  s h a l l  c l e a r l y  
i n d i c a t e  t h e  T o t ,  b a t c h ,  a n d / o r  r o l l  number .    he 
i d e n t i f i c a t i o n  n u m b e r  o r  n u m b e r s  s h a l l  a l s o  a p p e a r  
o n  t h e  i n s i d e  o f  t h e  s h e e t i n g  r o l l  c o r e .  The number  
o r  n u m b e r s  o n  t h e  o u t s i d e  o f  t h e  b o x  a n d  o n  t h e  
i n s i d e  o f  t h e  c o r e  s h a l l  m a t c h ;  m i s m a t c h  o f  t h e s e  
n u m b e r s  c a n  a n d  may b e  c a u s e  f o r  r e j e c t i o n .  

The  P r o d u c e r  s h a l l  n o t i f y  t h e  M a t e r i a l s  & T e s t s  
E n g i n e e r  i n  w r i t i n g  o f  t h e  s i z e  o f  h i s  s t a n d a r d  p r o -  
d u c t i o n  l o t  ( j u m b o  r o l l )  i f  t h e  l o t  s i z e  e x c e e d s  
32 ,500  s q u a r e  f e e t .  Any  l o t  e x c e e d i n g  e i t h e r  t h e  
32 ,500  s q u a r e  f e e t  maximum s i z e  o r  t h e  s t a t e d  l o t  
s i z e  w i  1 1  b e  r e j e c t e d .  

V I I I .  M a t e r i  a1 R e q u i r e m e n t s ,  S c r e e n  I n k s :  

A. G e n e r a l  R e q u i r e m e n t s :  S c r e e n  i n k s  s h a l l  b e  a  
m a t e r i a l  s p e c i f i c a l l y  f o r m u l a t e d  f o r  u s e  as  a  s c r e e n  
i n k  i n  t h e  s c r e e n i n g  o f  s i g n  f a c e s  a n d / o r  l e g e n d  o n  
r e f l e c t i v e  s h e e t i n g  o f  t h e  v a r i o u s  t y p e s  o f  r e f l e c -  
t i v e  s h e e t i n g ,  a s  s p e c i f i e d  e l s e w h e r e  i n  t h i s  s p e c i -  
f i c a t i o n .  

B. C o l o r :  S c r e e n  i n k s  o f  t h e  v a r i o u s  c o l o r s  s p e c i f i e d ,  
as  s u p p l i e d  o r  t h i n n e d  i n  a c c o r d a n c e  w i t h  t h e  
m a n u f a c t u r e r ' s  i n s t r u c t i o n s ,  when s c r e e n e d  o n t o  
w h i t e  r e f l e c t i v e  s h e e t i n g  o f  t h e  t y p e  a s  recommended  
b y  t h e  s c r e e n  i n k  m a n u f a c t u r e r ,  a n d  u s i n g  a  
p o l y e s t e r  s c r e e n  e q u i v a l e n t  t o  a  1 0 - 1 2 x x  s i l k  
s c r e e n ,  s h a l l  p r o d u c e  a  c o l o r  w i t h i n  t h e  c o l o r  
r e q u i r e m e n t s  s p e c i f i e d  f o r  t h e  v a r i o u s  c o l o r s  o f  
r e f l e c t i v e  s h e e t i n g  i n  a r t i c l e  V I I . E . ( l ) ( a )  a b o v e .  
C o l o r  w i l l  be  d e t e r m i n e d  u t i l i z i n g  i n k  f r o m  s e a l e d ,  
u n o p e n e d  c o n t a i n e r s  as  r e c e i v e d  f r o m  t h e  m a n u f a c -  
t u r e r .  

C .  T r a n s p a r e n c y :  The  t r a n s p a r e n c y  o f  p r o p e r l y  t h i n n e d  
s c r e e n  i n k s ,  o t h e r  t h a n  B l a c k  S c r e e n  I n k ,  when 
s c r e e n e d  o n t o  w h i t e  r e f l e c t i v e  s h e e t i n g  o f  t h e  t y p e  
recommended  b y  t h e  i n k  m a n u f a c t u r e r ,  u s i n g  a  p o l y -  
e s t e r  s c r e e n  e q u i v a l e n t  t o  a  1 0 - 1 2 x x  s i l k  s c r e e n ,  
s h a l l  b e  s u c h  t h a t  t h e  m i n i m u m  r e f l e c t i v i t y  o f  s i g n  
f a c e s  p r o d u c e d  u t i l i z i n g  c o l o r e d  t r a n s p a r e n t  s c r e e n  
i n k s  o n  w h i t e  s h e e t i n g  s h a l l  b e  t h e  same a s  t h e  
m i n i m u m  r e f l e c t i v i t y  f o r  r e f l e c t i v e  s h e e t i n g  o f  t h e  
same c o l o r .  B l a c k  s c r e e n  i n k  s h a l l  p r o d u c e  t o t a l  
o p a c i t y .  



D. -- D u r a b i l i t y :  S c r e e n  i n k s  a s  r e c o m m e n d e d  b y  t h e  i n k  
m a n u f a c t u r e r  f o r  u s e  o n  t h e  v a r i o u s  t y p e s  o f  r e f l e c -  
t i v e  s h e e t i n g  s h a l l  e x h i b i t  t h e  same d u r a b i l i t y  a s  
s p e c i f i e d  f o r  t h a t  t y p e  o f  r e f l e c t i v e  s h e e t i n g .  

I X .  S i g n  F a c e s  a n d  C o m p l e t e d  S i g n s :  F o r  a l l  s i g n s ,  s i g n  
~ a n e l s .  s i a n  f a c e s  a n d  t r a f f i c  c o n t r o l  d e v i c e s  t h a t  
u t i l i z e  r e f l e c t o r i z e d  r e d  a n d  w h i t e ,  t h e  q u o t i e n t  o f  
w h i t e  s p e c i f i c  i n t e n s i t y  / r e d  s p e c i f i c  i n t e n s i t y  s h a l l  
n o t  b e  l e s s  t h a n  5 .0 ,  n o r  m o r e  t h a n  1 5 . 0 .  F o r  a l l  
s i g n s ,  s i g n  p a n e l s ,  s i g n  f a c e s  a n d  t r a f f i c  c o n t r o l  
d e v i c e s  t h a t  u t i l i z e  r e f l e c t o r i z e d  o r a n g e  a n d  w h i t e  
t h e  q u o t i e n t  o f  w h i t e  s p e c i f i c  i n t e n s i t y  / o r a n g e  
s p e c i f i c  i n t e n s i t y  s h a l l  n o t  b e  l e s s  t h a n  2.0, n o r  m o r e  
t h a n  1 5 . 0 .  F o r  o t h e r  s i g n s  u t i l i z i n g  c o m b i n a t i o n s  o f  
r e f l e c t o r i z e d  c o l o r s ,  t h e  q u o t i e n t s  o f  w h i t e  s p e c i f i c  
i n t e n s i t y  / o t h e r  c o l o r  o r  c o l o r s  s p e c i f i c  i n t e n s i t y  
s h a l l  n o t  b e  l e s s  t h a n  5.0.  

X .  P a c k a g i n g :  T h e  m a t e r i a l  s h a l l  b e  p a c k a g e d  i n  c o n t a i n e r s  
t h a t  w i l l  p e r m i t  n o r m a l  s h i p p i n g  a n d  s t o r a g e  w i t h o u t  t h e  
m a t e r i a l  s u s t a i n i n g  damage o r  b e c o m i n g  d i f f i c u l t  t o  
a p p l y .  R o l l  m a t e r i a l  s h a l l  c o n t a i n  n o  m o r e  t h a n  t h r e e  
( 3 )  s p l i c e s  p e r  5 0  y a r d ,  l i n e a r  m e a s u r e m e n t .  T h e  l e n g t h  
o f  t h e  r o l l  c o r e  s h a l l  n o t  b e  l e s s  t h a n  t h e  w i d t h  o f  t h e  
m a t e r i a l .  P r e s s u r e  S e n s i t i v e  M a t e r i a l :  T h e  e n d s  o f  t h e  
m a t e r i a l  s h a l l  b e  c u t  s q u a r e  w i t h  a n  o v e r l a p  s p l i c e  o f  
3 / 8 " ,  ( +  1 / 8 " )  i n  w i d t h .  E d g e s  o f  t h e  o v e r l a p  s p l i c e  
a r e  t o  6 e  s t r a i g h t  a n d  s q u a r e .  H e a t  A c t i v a t e d  M a t e r i a l :  
T h e  e n d s  o f  t h e  m a t e r i a l  s h a l l  b e  c u t  s q u a r e ,  b u t t  
j o i n t e d  c l o s e l y  t o g e t h e r  a n d  h e l d  s e c u r e l y  i n  p l a c e  w i t h  
a  r e m o v a b l e  t a p e .  



STATE DEPARTMENT OF HIGHWAYS 
A N D  

PUBLIC TRANSPORTATION 

D e p a r t m e n t a l  M a t e r i a l s  S p e c i f i c a t i o n :  0 - 9 - 8 4 0 0  
R e f l e c t o r i z e d  R e m o v a b l e  L e g e n d  

I. D e s c r i p t i o n :  -- T h i s  s p e c i f i c a t i o n  s h a l l  g o v e r n  f o r  
t h e  m a t e r i a l s ,  c o m p o s i t i o n ,  q u a l i t y ,  s a m p l i n g  and  
t e s t i n g  o f  r e f l e c t o r i z e d  r e m o v a b l e  l e g e n d ,  as  s p e -  
c i f i e d  h e r e i n a f t e r .  

11. B i d d e r ' s  a n d / o r  S u p p l i e r ' s  R e q u i r e m e n t s :  A l l  
p r o s p e c t i v e  b i d d e r s ,  s u p p l i e r s ,  c o n t r a c t o r s ,  s i g n  
f a b r i c a t o r s ,  a n d / o r  c o a t e r s  a r e  h e r e b y  n o t i f i e d  t h a t  
t h e  m a t e r i a l s  u t i l i z e d  t o  c o a t  t h e  f r a m e s  f o r  t h e  
r e f l e c t o r i z e d  r e m o v a b l e  l e g e n d  s h a l l  b e  e i t h e r  p o l y -  
v i n y l i d e n e  f l o u r i d e  p l a s t i c - t h e r m o s e t t i n g  o r  t h e r m -  
o s e t t i n g  p o l y e s t e r  p r e q u a l i f i e d  u n d e r  D e p a r t m e n t a l  
S p e c i f i c a t i o n  D-9-8500,  " N o n - r e f l e c t i v e  B a c k g r o u n d  
C o a t i n g s . "  

Paymen t :  

A .  P r o c u r e m e n t  b y  t h e  S t a t e :  Paymen t  f o r  a l l  
m a t e r i a l s  g o v e r n e d  b y  t h i s  s p e c i f i c a t i o n  w i l l  be  
i n  a c c o r d a n c e  w i t h  t h e  p r o v i s i o n s  o f  t h e  
p u r c h a s e  o r d e r  awarded  b y  t h e  S t a t e .  

B. C o n t r a c t :  A l l  m a t e r i a l s  g o v e r n e d  b y  t h i s  s p e c i -  
f i c a t i o n  u t i l i z e d  i n  t h e  m a n u f a c t u r e  o r  p r o d u c -  
t i o n  o f  s i g n  f a c e s ,  s i g n  p a n e l s ,  a n d / o r  
c o m p l e t e d  s i g n s ,  s h a l l  be  c o n s i d e r e d  as s u b -  
s i d i a r y  t o  t h e  s i g n s  o n  w h i c h  t h e y  a r e  used .  

I V .  S a m p l i n g  and  T e s t i n g :  S a m p l i n g  and  t e s t i n g  s h a l l  be  
i n  a c c o r d a n c e  w i t h  t h e  S t a t e  D e p a r t m e n t  o f  H i g h w a y s  
and  P u b l i c  T r a n s p o r t a t i o n ,  M a t e r i a l s  and T e s t s  
D i v i s i o n  M a n u a l  o f  T e s t i n g  P r o c e d u r e s .  C o s t s  o f  
s a m p l i n g  and  t e s t i n g  a r e  n o r m a l l y  b o r n e  b y  t h e  
D e p a r t m e n t .  However,  t h e  c o s t s  o f  s a m p l i n g  and  
t e s t i n g  o f  m a t e r i a l s  f a i l i n g  t o  c o n f o r m  w i t h  t h e  
r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a t i o n  s h a l l  be  b o r n e  b y  
t h e  c o n t r a c t o r  o r  s u p p l i e r .  C o s t s  o f  s a m p l i n g  and  
t e s t i n g  o f  f a i l i n g  m a t e r i a l  s h a l l  b e  a s s e s s e d  a t  t h e  
r a t e  e s t a b l i s h e d  b y  t h e  M a t e r i a l s  and T e s t s  
E n g i n e e r ,  and i n  e f f e c t  a t  t h e  t i m e  o f  t e s t i n g .  
Amoun ts  d u e  t h e  D e p a r t m e n t  f o r  c o n d u c t i n g  s u c h  t e s t s  
w i l l  be  d e d u c t e d  f r o m  m o n t h l y  o r  f i n a l  e s t i m a t e s  o n  
c o n t r a c t s  o r  f r o m  p a r t i a l  o r  f i n a l  p a y m e n t s  on  
d i r e c t  p u r c h a s e s  b y  t h e  S t a t e .  



V .  M a t e r i a l  R e q u i r e m e n t s :  

A. - G e n e r a l  R e q u i r e m e n t s :  T h i s  s p e c i f i c a t i o n  c o v e r s  
t h e  g e n e r a l  a n d  s p e c i f i c  r e q u i r e m e n t s  o f  r e f l e c -  
t o r i z e d  r e m o v a b l e  l e g e n d  w h i c h  s h a l l  c o n s i s t  o f  
a c r y l i c - p l a s t i c  r e f l e c t o r s  s u p p o r t e d  b y  
e m b o s s e d - a l u m i n u m  f r a m e s .  A l l  r e f l e c t o r i z e d  
r e m o v a b l e  l e g e n d  s u p p l i e d  o n  a n y  o n e  c o n t r a c t  
p r o j e c t  s h a l l  b e  o f  t h e  same m a n u f a c t u r e .  

B. Embossed  A l u m i n u m  F r a m e s :  The  a l u m i n u m  f r a m e s  
d e s i g n  s h a l l  b e  t h e  F e d e r a l  H i g h w a y  
A d m i n i s t r a t i o n ' s  S t a n d a r d  A l p h a b e t  f o r  H i g h w a y  
S i g n s ,  m o d i f i e d  t o  accommoda te  t h e  r e q u i r e d  
r e f l e c t o r s .  The  f r a m e s  s h a l l  b e  f a b r i c a t e d  f r o m  
0 . 0 4 0  i n c h  a l u m i n u m  s h e e t  c o n f o r m i n g  t o  t h e  
r e q u i r e m e n t s  o f  ASTM S p e c i f i c a t i o n  8 2 0 9  a l l o y  
3003 .  The  s i z e  and  s p a c i n g  o f  t h e  h o l e s  f o r  
r e f l e c t o r s  i n  t h e  f r a m e s  s h a l l  b e  s u c h  as t o  
a f f o r d  maximum n i g h t  a n d  d a y  l e g i b i l i t y  a n d  
v i s i b i l i t y  t o  t h e  f i n i s h e d  f i g u r e .  

C.  C o a t i n g s :  The  f a b r i c a t e d  f r a m e s  s h a l l  b e  c o a t e d  
w i t h  e i t h e r  a  C l a s s  A  o r  C l a s s  B  c o a t i n g  m e e t i n g  
t h e  r e q u i r e m e n t s  o f  D e p a r t m e n t a l  S p e c i f i c a t i o n  
0 - 9 - 8 5 0 0 ,  " N o n - R e f l e c t i v e  B a c k g r o u n d  C o a t i n g s " ,  
e x c e p t  t h a t  t h e  t h i c k n e s s  o f  t h e  C l a s s  B  c o a t i n g  
s h a l l  b e  2 . 0  t o  8 . 0  m i l s .  The  c o l o r  o f  t h e  
c o a t i n g  s h a l l  be  w h i t e ,  u n l e s s  s p e c i f i e d  o t h e r -  
w i s e .  

D. A c r y l i c - P l a s t i c  R e f l e c t o r s :  The  r e f l e c t o r s  
s h a l l  b e  a c r y l i c  ~ l a s t i c  a n d  s h a l l  c o n s i s t  o f  a  
c l e a r  and  t r a n s p a r e n t  p l a s t i c  f a c e ,  h e r e i n  
r e f e r r e d  t o  as  t h e  l e n s ,  a n d  b a c k  m a t e r i a l  
a t t a c h e d  t o  t h e  l e n s  a r o u n d  t h e  e n t i r e  p e r i m e t e r  
t o  f o r m  a  homogeneous  u n i t  p e r m a n e n t l y  s e a l e d  
a g a i n s t  d u s t ,  w a t e r  a n d  a i r .  The  r e f l e c t o r s  
s h a l l  b e  c o l o r l e s s .  The  l e n s  s h a l l  c o n s i s t  o f  a  
s m o o t h  f r o n t  s u r f a c e  f r e e  f r o m  p r o j e c t i o n  o r  
i n d e n t a t i o n s  o t h e r  t h a n  f o r  i d e n t i f i c a t i o n  a n d  a  
r e a r  s u r f a c e  b e a r i n g  a  p r i s m a t i c  c o n f i g u r a t i o n  
s u c h  t h a t  i t  w i l l  e f f e c t  i n t e r n a l  r e f l e c t i o n  o f  
l i g h t .  The  m a n u f a c t u r e r ' s  name o r  t r a d e  m a r k  
s h a l l  b e  m o u l d e d  l e g i b l y  i n t o  t h e  f a c e  o r  b a c k  
o f  t h e  l e n s .  

R e f l e c t o r s  s h a l l  b e  d e s i g n e d  f o r  i n s t a l l a t i o n  as  
an i n t e g r a l  p a r t  o f  t h e  f r a m e  o r  o t h e r w i s e  
s e c u r e l y  a f f i x e d  t o  t h e  f r a m e  t o  p r e v e n t  t h e i r  
d i s p l a c e m e n t  i n  h a n d l i n g  o r  s e r v i c e .  F r a m e s  i n  
w h i c h  r e f l e c t o r s  a r e  a s s e m b l e d  b y  means o f  t a p e  
a r e  u n a c c e p t a b l e .  



1. O p t i c a l  P e r f o r m a n c e :  T h e  s p e c i f i c  i n t e n s i t y  
o f  t h e  r e f l e c t o r s  s h a l l  e q u a l  o r  e x c e e d  t h e  
f o l l o w i n g  m i n u m u m  values: 

E n t r a n c e  A n g l e  D i v e r g e n c e  A n g l e  S p e c i f i c  I n t e n s i t y  
D e g r e e s  D e g r e e s  Cp./Sq. F o o t / F o o t - C a n d l e  

2. S e a l  Test: T h e  r e f l e c t o r s  s h a l l  c o m p l y  w i t h  
t h e  r e q u i r e m e n t s  l i s t e d  i n  T e s t  M e t h o d  

3. H e a t - R e s i s t a n c e  Test: T h e  r e f l e c t o r s  s h a l l  
c o m p l y  w i t h  t h e  r e q u i r e m e n t s  l i s t e d  in T e s t  
M e t h o d  Tex-846-B. 



STATE DEPARTMENT OF HIGHWAYS 
AND 

PUBLIC TRANSPORTATION 

D e p a r t m e n t a l  M a t e r i a l s  S p e c i f i c a t i o n :  D - 9 - 8 5 0 0  
N o n - r e f l e c t i v e  B a c k g r o u n d  C o a t i n g s  

I. D e s c r i  t i o n :  T h i s  s p e c i f i c a t i o n  s h a l l  g o v e r n  f o r  t h e  
m a t e r i a  s  c o m p o s i t i o n ,  q u a l i t y ,  s a m p l i n g  a n d  t e s t i n g  o f  + 
n o n - r e f l e c t i v e  b a c k g r o u n d  c o a t i n g s  a s  s p e c i f i e d  
h e r e i  n a f  t e r .  

11. B i d d e r ' s  a n d / o r  S u p p l i e r ' s  R e q u i r e m e n t s :  A l l  p r o s p e c -  
t i v e  b i d d e r s  o r  s u p p l i e r s  a r e  h e r e b y  n o t i f i e d  t h a t ,  
b e f o r e  a n y  m a t e r i a l  i s  c o n s i d e r e d ,  t h e  m a t e r i a l  p r o p o s e d  
f o r  s u b m i s s i o n  s h a l l  b e  a  m a t e r i a l  t h a t  h a s  b e e n  p r e -  
v i o u s l y  s u b m i t t e d  f o r  t e s t i n g  and  c o m p l i e s  w i t h  t h e  
d u r a b i l i t y  and  o t h e r  r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a t i o n .  

I I I. P a v m e n t :  

A. P r o c u r e m e n t  b y  t h e  S t a t e :  A l l  m a t e r i a l s  g o v e r n e d  b y  
t h i s  s p e c i f i c a t i o n  w i l l  b e  p a i d  f o r  i n  a c c o r d a n c e  
w i t h  p r o v i s i o n s  o f  t h e  p u r c h a s e  o r d e r  a w a r d e d  b y  t h e  
S t a t e .  

0 .  ---- C o n t r a c t s :  A l l  m a t e r i a l s  g o v e r n e d  b y  t h i s  s p e c i f i -  
c a t i o n  u t i l i z e d  i n  t h e  p r o d u c t i o n  o f  s i g n  p a n e l s  o r  
c o m p l e t e d  b a c k g r o u n d s ,  w i l l  b e  c o n s i d e r e d  as  s u b -  
s i d i a r y  t o  t h e  b i d  i t e m  i n  t h e  c o n t r a c t .  

I V .  P r e q u a l i f i c a t i o n  a n d  P e r f o r m a n c e  H i s t o r y :  

A. E s t a b l i s h m e n t  o f  P e r f o r m a n c e  H i s t o r y :  P r o s p e c t i v e  
B i d d e r s  a n d / o r  S u ~ ~ l i e r s  who d e s i r e  t o  e s t a b l i s h  a  
p e r f o r m a n c e  h i  s t o r y  f o r  m a t e r i  a1  s  g o v e r n e d  b y  t h i s  
s p e c i f i c a t i o n ,  s h o u l d  c o n t a c t  t h e  E n g i n e e r - D i r e c t o r ,  
S t a t e  D e p a r t m e n t  o f  H i g h w a y s  a n d  P u b l i c  
T r a n s p o r t a t i o n ,  A u s t i n ,  T e x a s  7 8 7 0 3 ,  A t t e n t i o n :  F i l e  
D - 9 . '  P r o s p e c t i v e  B i d d e r s  a n d / o r  S u p p l i e r s  w i l l  b e  
n o t i f i e d ,  a f t e r  t h e i r  m a t e r i a l  h a s  b e e n  e v a l u a t e d  a s  
t o  c o n f o r m a n c e  w i t h  r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a -  
t i o n .  

0 .  P e r f o r m a n c e  H i s t o r y :  -- Some o f  t h e  t e s t s  r e q u i r e d  b y  
t h i s  s p e c i f i c a t i o n  e x t e n d  o v e r  a  p r o l o n g e d  p e r i o d  o f  
t i m e .  - F o r  t h i s  r e a s o n ,  t h e  D e p a r t m e n t  w i l l  o n l y  
c o n s i d e r  t e s t i n g  f o r  a c c e p t a n c e  t h o s e  m a t e r i a l s  



w h i c h  a r e  d e t e r m i n e d  b y  t h e  M a t e r i a l s  and T e s t s  
E n g i n e e r  t o  b e  i d e n t i f i a b l e  as  a  m a t e r i a l  h a v i n g  an  
e s t a b l i s h e d  p e r f o r m a n c e  h i s t o r y  o f  c o m p l i a n c e  w i t h  
t h e  c r i t e r i a  e s t a b l i s h e d  b y  t h i s  s p e c i f i c a t i o n .  

C.  R e - e v a l u a t i o n :  When i t  h a s  been  d e t e r m i n e d  b y  t h e  
M a t e r i a l s  a n d  T e s t s  E n g i n e e r  t h a t  c h a n g e s  h a v e  b e e n  made 
i n  t h e  c o m p o s i t i o n ,  m a n u f a c t u r i n g  p r o c e s s ,  o r  
q u a l i t y  o f  a  m a t e r i a l  t h a t  may a f f e c t  i t s  d u r a b i -  
l i t y ,  a  r e - e v a l u a t i o n  o f  i t s  p e r f o r m a n c e  may be  
r e q u i r e d .  The D e p a r t m e n t  r e s e r v e s  t h e  r i g h t  t o  c o n -  
d u c t  w h a t e v e r  t e s t s  a r e  deemed n e c e s s a r y  t o  i d e n t i f y  
a  m a t e r i a l  and v e r i f y  i t s  p r e q u a l i f i c a t i o n .  

D. P e r i o d i c  E v a l u a t i o n :  The D e p a r t m e n t  r e s e r v e s  t h e  
r i g h t  t o  p e r i o d i c a l l y  e v a l u a t e  t h e  p e r f o r m a n c e  o f  
m a t e r i a l s .  Samp les  f o r  p e r i o d i c  e v a l u a t i o n  o f  p e r  
f o r m a n c e  w i l l  be  s e l e c t e d  a t  r a n d o m  f r o m  m a t e r i a l s  
s u b m i t t e d  t o  t h e  D e p a r t m e n t  o n  c o n t r a c t s  o r  d i r e c t  
S t a t e  p u r c h a s e  o r d e r s .  F a i l u r e  o f  m a t e r i a l s  t o  
c o m p l y  w i t h  t h e  r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a t i o n  
as  a  r e s u l t  o f  p e r i o d i c  e v a l u a t i o n ,  s h a l l  be  c a u s e  
f o r  r e m o v a l  f r o m  t h e  l i s t  o f  p r e q u a l i f i e d  m a t e r i a l s .  

V .  S a m p l i n g  and  T e s t i n g :  S a m p l i n g  and  t e s t i n g  s h a l l  be  i n  
a c c o r d a n c e  w i t h  t h e  S t a t e  D e p a r t m e n t  o f  H i g h w a y s  and  
P u b l i c  T r a n s p o r t a t i o n ,  M a t e r i a l s  and  T e s t s  D i v i s i o n  
Manua l  o f  T e s t i n g  P r o c e d u r e s .  

C o s t s  o f  s a m p l i n g  and t e s t i n g  a r e  n o r m a l l y  b o r n e  b y  t h e  
D e p a r t m e n t .  However ,  t h e  c o s t s  o f  s a m p l i n g  and t e s t i n g  
o f  m a t e r i a l s  f a i l i n g  t o  c o n f o r m  w i t h  t h e  r e q u i r e m e n t s  o f  
t h i s  s p e c i f i c a t i o n  s h a l l  be b o r n e  b y  t h e  C o n t r a c t o r  o r  
S u p p l i e r .  C o s t s  o f  s a m p l i n g  a n d  t e s t i n g  o f  f a i l i n g  
m a t e r i a l  s h a l l  be  a s s e s s e d  a t  t h e  r a t e  e s t a b l i s h e d  b y  
t h e  M a t e r i a l s  and T e s t s  E n g i n e e r ,  and  i n  e f f e c t  a t  t h e  
t i m e  o f  t e s t i n g .  Amounts  due t h e  D e p a r t m e n t  f o r  c o n -  
d u c t i n g  s u c h  t e s t s  w i l l  be  d e d u c t e d  f r o m  m o n t h l y  o r  
f i n a l  e s t i m a t e s  on  c o n t r a c t s  o r  f r o m  p a r t i a l  o r  f i n a l  
p a y m e n t s  o n  d i r e c t  p u r c h a s e s  b y  t h e  S t a t e .  

V I .  M a t e r i a l  R e q u i r e m e n t s :  T h i s  s p e c i f i c a t i o n  c o v e r s  t h e  
q e n e r a l  and s ~ e c i f i c  r e q u i r e m e n t s  f o r  f o u r  c l a s s e s  o f  
i o n - r e f  l e c t i v e  b a c k g r o u n d  c o a t i n g s .  A1 1  c l a s s e s  o f  n o n -  
r e f l e c t i v e  b a c k g r o u n d  c o a t i n g  s h a l l  m e e t  a l l  r e q u i r e -  
m e n t s  o f  t h i s  s p e c i f i c a t i o n  e x c e p t  when s p e c i f i c  
r e q u i r e m e n t s  a r e  shown f o r  a  p a r t i c u l a r  c l a s s  o f  non -  
r e f l e c t i v e  b a c k g r o u n d  c o a t i n g s .  



C l a s s e s :  

1. C l a s s  A - C l a s s  A n o n - r e f l e c t i v e  b a c k g r o u n d  
c o a t i n g  s h a l l  be  a  t h e r m o s e t t i n g  p o l y e s t e r  
p o w d e r  c o a t i n g .  

2. C l a s s  B  - C l a s s  B  n o n - r e f l e c t i v e  b a c k g r o u n d  
c o a t i n g  s h a l l  be  a  t h e r m o s e t t i n g  p o l y v i n y l i d e n e  
c o a t i n g  a p p l i e d  o v e r  a  p r i m e r  recommended b y  t h e  
m a n u f a c t u r e r  o f  t h e  p o l y v i n y l i d e n e  c o a t i n g s .  

3. C l a s s  C - C l a s s  C n o n - r e f l e c t i v e  b a c k g r o u n d  
c o a t i n g  s h a l l  b e  p o l y v i n y l f l o u r i d e  f i l m  b o n d e d  
t o  t h e  s u b s t r a t e  s u r f  ace  w i t h  a d h e s i v e ( s 1  
a p p r o v e d  b y  t h e  p o l y v i n y l f l o u r i d e  f i l m  m a n u f a c -  
t u r e r .  

4. C l a s s  D - C l a s s  D n o n - r e f l e c t i v e  b a c k g r o u n d  
c o a t i n g  s h a l l  b e  an  a c r y l i c  f i l m  bonded  t o  t h e  
s u b s t r a t e  s u r f a c e  w i t h  a d h e s i v e ( s )  a p p r o v e d  b y  
t h e  a c r y l i c  f i l m  m a n u f a c t u r e r .  

B. F i l m  T h i c k n e s s :  The v a r i o u s  c l a s s e s  o f  non -  
r e f l e c t i v e  b a c k q r o u n d  c o a t i n q s  s h a l l  m e e t  t h e  f i l m  
t h i c k n e s s  r e q u i r e m e n t s  as  shown b e l o w  f o r  t h e  
v a r i o u s  c l a s s e s .  

C 1  a s s  F i l m  T h i c k n e s s  
( M i l s )  

4 .0 t o  i 2 . 0  
1 . 0  m i n .  * 
1 . 0  m i n .  
3.0 m in .  

* F i l m  t h i c k n e s s  o f  C l a s s  B  c o a t i n g  s h a l l  i n c l u d e  
p r i m e r  and  c o a t i n g .  M in imum t h i c k n e s s  o f  p r i m e r  
s h a l l  be  0.2 m i l  and  m in imum t h i c k n e s s  o f  t h e  p o l y -  
v i n y l i d e n e  c o a t i n g  s h a l l  be  0 . 8  m i l .  

C .  C o l o r :  The d i f f u s e  d a y  c o l o r ,  o f  a l l  c l a s s e s  o f  
n o n - r e f l e c t i v e  b a c k g r o u n d  c o a t i n g s ,  b e f o r e  and a f t e r  
w e a t h e r - o - m e t e r  e x p o s u r e ,  s h a l l  c o m p l y  w i t h  t h e  
c o l o r  r e q u i r e m e n t  s p e c i f i e d  b e l o w .  C o l o r  r e q u i r e -  
m e n t s  a r e  d e f i n e d  b y  an e n c l o s e d  a r e a  f o r m e d  b y  
u s i n g  t h e  C I E  C h r o m a t i c i t y  C o o r d i n a t e s  as  c o r n e r  
p o i n t s  and t h e  l i s t e d  Y r e f l e c t a n c e  l i m i t s .  C o l o r  
s h a l l  be  t e s t e d  i n  a c c o r d a n c e  w i t h  T e s t  M e t h o d  Tex-839-B.  



CHROMATICITY COORDINATES 

C o l o r  C h r o m a t i c i t y  R e f l e c t a n c e  

W h i t e  0.310 0.300 
0.290 0.320 
0.360 0.360 
0.340 0.380 

G r e e n  0.250 0.330 
0.250 0.430 
0.020 0.540 
0.030 0.370 

Y e l l o w  

Red 

B r o w n  0.430 0.340 
0.430 0.390 
0.560 0.440 
0.600 0.400 

B l u e  

40 m i n .  

D. G l o s s ; .  The g l o s s  o f  a l l  c l a s s e s  o f  c o a t i n g s  a t  60' 
D523) s h a l l  be a s  f o l l o w s :  

C o l o r  G l o s s  a t  60' 

W h i t e  
G r e e n  
Ye1 l o w  
Red 

60-90 
90 max. 
90 max. 
90 max. 

E. I n f r a r e d  A n a l y s i s :  A l l  c o a t i n g s  s h a l l  m a t c h  t h e  
i n f r a r e d  s p e c t r a  o n  f i l e  w i t h  t h e  D e p a r t m e n t ' s  
M a t e r i a l s  and  T e s t s  D i v i s i o n .  

F .  X-Ray D i f f r a c t i o n  A n a l y s i s :  A1 1  c o a t i n g s  s h a l l  
m a t c h  t h e  x - r a y  d i f f r a c t i o n  p a t t e r n  o n  f i l e  w i t h  t h e  
D e p a r t m e n t ' s  M a t e r . i a l s  and  T e s t s  D i v i s i o n .  



G. A p p l i e d  F i l m  C h a r a c t e r i s t i c s :  A l l  c o a t i n g s  s h a l l  
m e e t  t h e  f o l l o w i n g  r e q u i r e m e n t s  a f t e r  t h e  c o a t i n g s  
h a v e  b e e n  a p p l i e d - t o  b a c k g r o u n d  s u b s t r a t e :  

1. A d h e s i o n :  T h e r e  s h a l l  be  n o  r e m o v a l  o f  t h e  
c o a t i n g  when t e s t e d  as  f o l l o w s :  U s i n g  a  
s h a r p  k n i f e ,  make s i x  o r  m o r e  p a r a l l e l  c u t s  

, a t  1 1 8 - i n c h  i n t e r v a l s  t h r o u g h  t h e  f i n i s h  t o  
s u b s t r a t e .  C r o s s - h a t c h  s i m i l a r l y .  A p p l y  
S c o t c h  c e l l o p h a n e  t a p e  f i r m l y  t o  s c r i b e d  
a r e a .  P u l l  t a p e  o f f  w i t h  a  s h a r p  j e r k .  No 
l o s s  o f  a d h e s i o n  s h a l l  o c c u r .  

2.  P e n c i l  H a r d n e s s :  The a p p l i e d  c o a t i n g s  o r  
f i l m s  s h a l l  h a v e  a  p e n c i l  h a r d n e s s  o f  F  
m in imum i n  a c c o r d a n c e  w i t h  G a r d n e r - S w a r d  
P o i n t  T e s t i n g  M a n u a l ,  m e t h o d  5.1.2.16. 

3. D u r a b i l i t y :  The a p p l i e d  c o a t i n g s  o r  f i l m s ,  
when s u b j e c t e d  t o  t h e  f o l l o w i n g  t e s t s ,  s h a l l  
e x h i b i t  n o  l o s s  o f  b o n d  s t r e n g t h ,  
b l i s t e r i n g ,  c h e c k i n g ,  c r a z i n g ,  c h a l k i n g  o r  
o t h e r  f i l m  a p p e a r a n c e  a n d / o r  a d h e s i o n  
d e f e c t s .  

T e s t s  E x p o s u r e  T ime  

B o i l i n g  w a t e r  i m m e r s i o n  1 0 0  h r s .  

F o g  Chamber ( 1 0 0  F  & 1 0 0 %  R.H.) 1 2  wks. 

A t l a s  W e a t h e r - 0 - M e t e r  
( 1 8 - 1 0 2  c y c l i c  g e a r ,  

T e s t  M e t h o d  T e x - 8 0 1 - B )  

3,000 h o u r s  



GES-2c, Green Enamel, Sign 

Phthalocyanine Green, Sun Chemical Corp., 
Fastolux Green 264-0414 

Light  Chrome Yellow, Du Pont, Y-433-D 
Titanium Dioxide, R u t i l e ,  Du Pont,  R-900 
Medium O i l  Alkyd Resin, 50% So l ids  
Bentone 38 
Bu t y l  Alcohol 
24% Lead Drier  
6% Cobalt Dr ier  
Anti-Skinning Agent , 

Mineral S p i r i t s  
Xylol 

Pounds 

Consistency: 68-78 KLI 
Grind: 7min. P a r t i c l e s :  8. max. 
Gallon weight:  +. 05 l b s .  of t h e o r e t i c a l  ga l lon  weight 
Color: Match coior  s tandard ( Spray ou t s  must be used) 
Skinning: No skinning wi th in  48 hours  (Test  Method 

Tex-811-B). 
Raw Mate r i a l s  Sha l l  Meet t he  Requirements of Pa in t  Spec i f i -  
c a t i o n  D-9-1, 11-64. 
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COMMISSION -.- STATE DEPARTMENT OF HIGHWAYS 
REAGAN HOUSTON. CHAIRMAN AND PUBLIC TRANSPORTATION 
DEWITT C. GREER AUSTIN. TEXAS 78701 

CHARLES E. SIMONS January 25, 1978 

TO: AIL DISTRICT ENGINEERS AND ENGINEER-MANAGER 

ENGINEER-DIRECTOR 
8. L. DEBERRY 

IN REPLY REFER TO 
FILE NO. Do 1 8 ~  

SUBJECT: Standard Sheet' f o r  Mercury Vapor Sign Lighting Fixtures  

Gent lesnen : 

Attached is a copy of I n t e r s t a t e  Standard Sheet SL(MV), "Mercury Vapor Sign Lighting 
Fixtures." This standard sheet  was developed as a r e s u l t  of Research Project  1-18- 
75-222 and w i l l  e l iminate  t he  use of I n t e r s t a t e  Standard Sheet SL(W-F), "Mercury 
Vapor Sign Lighting F ix tu res  Fixed Mounting Base," and SL(W-A1) and SL(MV-A2), 
"Mercury Vapor Sign Lighting Fixtures  Adjustable Mounting Base." The new standard 
shee t  c a l l s  f o r  using 100 w a t t  c l e a r  mercury veoor lamps ins tead of 250 w a t t  m e r -  
cury vapor lamps present ly  being used fo r  l igh t ing  overhead guide signs.  The photo- 
metr ic  da ta ,  color rend i t ion  and uniformity produced by the  100 w a t t  mercury vapor 
lamp is  similar t o  t h a t  produced by the  250 watt mercury vapor lamp using t he  same 
f i x t u r e  spacing. This w i l l  reduce energy consumption and power costs .  

Although use of f luorescent  l igh t ing  f i x t u r e s  is permitted, i t s  use should be mini- 
mized due t o  the  shor t  l i f e  span of f luorescent  l igh t ing  f i x t u r e s  and constant  main- 
tenance problems. It i s  a l s o  recommended t h a t  wherever possible,  mercury vapor s ign  - 
l igh t ing  f i x t u r e s  be used t o  replace ex i s t i ng  f luorescent  f i x t u r e s  on a maintenance 
replacement ba s i s  u t i l i z i n g  t he  same spacing a s  shown i n  t h i s  standard sheet .  This 
w i l l  reduce long-term maintenance cos t s  a s  w e l l  a s  the  exposure of maintenance per- . 
sonnel i n  the  f i e l d .  

This standard shee t  should be used on fu tu re  p ro jec t s  beginning with t he  May 1978 and 
subsequent l e t t i ngs .  Projects  already submitted and cur ren t ly  under review, w i l l  be 
modified by t h i s  o f f i c e .  I f  you should have any questions concerning the  above sub- 
j ec t ,  p lease  f e e l  f r e e  t o  contact  t h i s  o f f i ce .  

Sincerely yours, 

DT: i d  
Attachment 

~ ~ r o n q .  ~laschice ,  Chief Engineer 
of Maintenance Operations 
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APPENDIX E 

ADMINISTRATIVE CIRCULAR 48-83 

Use of Sign Lights on 

Overhead Signs 





ADMINISTRATIVE CIRCULAR NO. 48-83 

TO: ALL DISTRICT ENGINEERS, ENGINEER-MANAGER AND 
DIVISION HEADS 

Subject: Use of Sign Lights on Overhead Signs 

Date: July 11, 1983 

Expires: see below 

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

Gentlemen: 

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

The results of Research Project 1-18-75-222 indicate the need for a change in 
the Department's policy on the use of lights for all overhead signs. FHWA 
policy permits overhead signs without sign lights under some conditions only 
in rural areas. Therefore, it is also necessary to establish an easily deter- 
mined boundary between urban and rural freeway sections. City population 
is not appropriate to use to distinguish urban and rural freeway sections 
since many small cities and unincorporated areas exist around major metropolitan 
centers which are very urbanized. 

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

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

AREA NEW SIGN INSTALLATION SIGN REFURBISHING 

Rural No sign lights* 

Urban Use sign lights 

(District option to remove or retain 
sign lights) 
Use sign lights. 

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

Unless otherwise approved by D-18, engineer-grade reflective sheeting back- 
ground will be used when signs are not lighted and non-reflective background 
material will be used when signs are lighted. 



The portions of the D-18 Procedure Manual for Expressway and Freeway Signing, 
transmitted by Administrative Circular 56-75, in conflict with the above are hereby 
canceled. 

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

Engineer-Director 

DISTRIBUTION : 
District Engineers 
Division Heads 
Engineer-Manager 
Maintenance Foremen 
Resident Engineers 



APPENDIX F 

ADMINISTRATIVE CIRCULAR NO. 50 - 83 

Use of High Specific Intensity 

Type Reflective Sheeting on 

Construction Projects 



ADMINISTRATIVE CIRCULAR NO. 

TO: ALL DISTRICT ENGINEERS, ENGINEER-MANAGER AND Date: ~uly 13, 1983 
DIVI SION HEADS 

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

Expires: See below 

Reference: File: D - 1 8 ~  

Gentlemen: 

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

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

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

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

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

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

Engineer-Director 
DISTRIBUTION : 
District Engineers 
Engineer-Manager 
Division Heads 
Resident Engineers 
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REVISING TEXT ON EXISTING 

OVERHEAD SIGNS 

(Porcelain Enrmeled) 





R E V I S I N G  TEXT ON E X I S T I N G  
OVERHEAD S I G N S  

MANUEL F. AGUILERA 
SR. T R A F F I C  ENGINEER 

D I S T R I C T  24 





!d. We 

1. The 

D i s t r i c t  24 r e c e n t l y  had a  need t o  r e v i s e  t h e  t e x t  on 

twenty overhead s i g n  b r i d g e  s i gns .  Seve ra l  a l t e r n a t i v e s  

were  cons ide r ed ,  such a s  f a b r i c a t i n g  new s i g n s ,  o v e r l a y i n g  

w i t h  a  t h i n  m a t e r i a l ,  r e p a i n t i n g ,  o r  washing t h e  pane l s  w i th  

a p o r c e l a i n  c l e ~ . . - - .  The fo l l owing  s e r i e s  o f  photographs 

show t h e  r e s u l t s  o f  ou .g e f f o r t s  on  one o f  t h e  

s i g n s  we modific had similar s on a l l  o f  t '  

s i g n s  we rev i sec  . s e  s i g n s  had n s e r v i c e  app 

mate ly  n i n e  y e a r s .  

r s i g n  washin 

r e s u l t !  

been i~ 

he 

r o x i  - 



S i g n  a s  removed from s i g n  b r i d g e  
w i t h  o r i g i n a l  t e x t .  



Sign  w i t h  t e x t  removed. 



S i g n  b l a n k  washed w i t h  s o a p  
and w a t e r .  



S i g n  b l a n k  s c r u b b e d  w i t h  f l o o r  
p o l i s h e r  and powdered c h l o r i n a t e d  
c l e a n e r .  



Sign blank  r i n s e d  and mopped 
d r y .  



S i g n  blank a f t e r  d r y i n g .  



New text being a p p l i e d  to sign 
b lank .  



Sign w i t h  new t ex t .  



Sign i n s t a l l e d  on s i g n  b r i d g e .  



Close u p  view o f  r e v i s e d  s i g n  
on e x i s t i n g  s i g n  b r i dge .  



We were c a r e f u l  t o  r e v i s e  s i g n s  i n  which a n  a c c e p t a b l e  l e t t e r  

t o  l e t t e r  and  row t o  row spac ing  cou ld  be  mainta ined.  Seve ra l  

s i g n s  were r e l o c a t e d  on t h e  s i g n  b r i d g e s  t o  a ch i eve  t h i s .  

The t o t a l  a r e a  o f  a l l  t h e  s i g n s  r e v i s e d  by maintenance f o r c e s  

was approx imate ly  2,000 s q u a r e  f e e t .  Our c o s t  was e s t ima t ed  a t  

$1,840. T h i s  e s t i m a t e  i n c l u d e s  l a b o r ,  u s e  o f  Department equipment,  

and m a t e r i a l s  used.  The c u r r e n t  p r i c e  f o r  new s i g n s  i n s t a l l e d  by 

c o n t r a c t  i s  about  $10 p e r  s q u a r e  foo t .  One can r e a d i l y  s e e  t h e  

s av ings  invo lved  by u t i l i z i n g  maintenance f o r c e s  t o  r e c y c l e  e x i s t i n g  

s i g n s .  

I f  you have any q u e s t i o n s  r ega rd ing  t h i s  p roce s s ,  p l e a s e  f e e l  

f r e e  t o  c o n t a c t  M r .  Manuel F. Agu i l e r a ,  S r .  T r a f f i c  Engineer ,  

D i s t r i c t  24 - E l  Paso,  Tex-An 846-8776. 
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Pennwalt Corporation Technical Service Laboratory, Plastics Department, 
Final Report, KYNAR 500/Scotchlite Sign Material, TSR 111261, Written by 
Louis Micer, Tested by Louis Micer, Approved by (can't read), 
Date: July 24, 1975. 

NCHRP Digest 87-March 1976 "Current Practices in Use of Retroreflective 
Signing Materials" 

Quarterly Progress Report to the National Cooperative Highway Research 
Program on Project 3-24 "Determine the Luminous Requirements of 
Retroreflective Highway Signing" for period Jan. 1, 1976 to March 31, 
1976 from Highway Safety Research Institute, Institute of Science and 
Technology, The University of Michigan, Ann Arbor, Michigan 48100 

"Evaluating Nighttime Sign Surrounds", H. L. Woltam & W. P. Youngblood, 
Minnesota Mining & Manufacturing Company, St. Paul. 

"Using Encapsulated-Lens Reflective Sheeting on Overhead Highway Signs", 
R. N. Robertson & J. D. Shelor, Virginia Highway & Transportation Research 
Council, Charlottesville. 

1 

"Evaluation of High Intensity Sheeting for Overhead Highway Sign", R. N. 
Robertson, Virginia Highway & Transportation Research Council. 

"Use of High Intensity Reflective Materials in Highway Signing", A Literature 
Review by R. N. Robertson, Virginia Highway Research Council, 
Charlottesville, Augilst 1973, VHRC 73-R6. 

"The Applicability of High Intensity Sheeting on Overhead Highway Signs", by 
R. N. Robertson & J. D. Sheldor, Virginia Highway & Transportation 
Research Council, August 1975, VHTRC 76-R.3. 

NBSIR 74-518 "Instrumental Colorimetry of Retroreflective Sign Materials", 
I. Nimeroff, W. A. Hall, August 1974, FHWA. 

"Materials for Traffic Control Signs", James V. Musick, Chief Traffic 
Engineer, City of Coulumbus , Ohio, 

"High-Intensity Reflective Materials for Signs" KYP-72-31, HPR-1(7), Part 111 
by R. L. Rizenbergs, June 1972, Kentucky Department of Highways. 

"The Luminous Requirements of Retroreflective Highway Signing" Report on 
NCHRP Project 3-24, For Presentation to 62nd Annual Meeting of AASHTO, 
November 16, 1976, Paul L. Olson, Arthur Bernstein, Highway Safety 
Research Institute, The University of Michigan. 

"Performance of Signs Under Dew and Frost Conditions" by John W. Hutchinson, 
Dept. of Civil Engineering, University of Kentucky, Lexington, Kentucky, & 
Ted A. Pullen, Facilities Planning Division, Kentucky Department of - 
Transportation, Frankfort, Kentucky, December 1976. 

"High Intensity Reflective Materials for Signs", R. L. Rizenbergs, August 
1974, Research Report 397, Division of Research, Bureau of Highways, 
Department of Transportation, Commonwealth of Kentucky. 



15. "A Luminance Approach t o  Highway Sign Light ing",  Lewin, I; Light ing Design & 

Applicat ion;  V3, N6, Jun. 1973; p.23. 

"Survey of Sign L igh t ing  Design and Maintenance", Hansen, A. H. & Stevens,  
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