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Elastomeric  pavement  marker. 

  Described  is  a  raised  pavement  marker  comprised  of: 
a  flexible  foam  body  (2),  a  reflective  film  (4),  and  a  pressure- 
sensitive  adhesive  (3).  Raised  portion  (5)  provides  back 
support  for  the  reflective  film.  This  pavement  marker  has 
significant  advantages  over  existing  markers  in  terms  of 
cost  and  ease  of  placement  on  the  road  surface.  A  lane 
delineation  tape  is  also  disclosed. 



TECHNICAL  FIELD 
This   i n v e n t i o n   p e r t a i n s   to  pavement   m a r k e r s   u s e d  

in  d e l i n e a t i n g   t r a f f i c   l a n e s   on  h i g h w a y s .  

BACKGROUND 

H i s t o r i c a l l y ,   pavement   m a r k i n g s   have  f a l l e n   i n t o  

t h r e e   b a s i c   c l a s s e s :  

(1)  P a i n t e d   l i n e s   hav ing   g l a s s   s p h e r e s   embedded  
in  a  p o l y m e r i c   m a t e r i a l   I-o  p r o v i d e   some  d e g r e e   o f  

r e t r o r e f l e c t i o n ;  
(2)  P r e f o r m e d   t a p e s   c o m p r i s e d   of  p o l y m e r i c   f i l m  

hav ing   an  a d h e s i v e   on  one  s i de   and  a  l a y e r   of  g l a s s   s p h e r e s  

on  the  e t h e r ;   a n d  
(3)  Ra i s ed   pavement   m a r k e r s   p r o v i d i n g   d i s c r e t e  

p o i n t s   of  a  r e t r o r e f l e c t i v e   m a t e r i a l .  

R a i s e d   pavement   m a r k e r s   o f f e r   a  g r e a t e r   d e g r e e   o f  

n i g h t   d e l i n e a t i o n   or  r e t r o r e f l e c t i o n ,   wet  or  d r y ,   than  i s  

o f f e r e d   by  p a i n t e d   l i n e s   and  t a p e s .   Most  c o m m e r c i a l   f o r m s  
of  r a i s e d   l ane   d e l i n e a t o r s   c o m p r i s e   a  f l a t - b o t t o m e d   d i sk   o r  
base   ( c e r a m i c ,   p o l y m e r i c   or  m e t a l )   h a v i n g   a  r a i s e d   p o r t i o n  
which  c a r r i e s   a  r e f l e c t o r   p o r t i o n   made  of  r e f l e c t i v e   g l a s s  
m i c r o s p h e r e s   or  c u b e - c o r n e r   r e f l e c t o r   i n s e r t s .   A f t e r   t h e  

p a s s a g e   of  t ime ,   t h e s e   d e v i c e s   can  move  or  s l i d e   out  o f  

p o s i t i o n   under   the  r e p e a t e d   impac t   of  v e h i c l e   w h e e l s .  

Ra i sed   m a r k e r s   or  d e l i n e a t o r s   have  found  w i d e  

a p p l i c a t i o n   in  road  m a r k i n g s ,   but  t h e i r   a p p l i c a t i o n   w o u l d  
be  even  w ide r   e x c e p t   for   some  d i s a d v a n t a g e s ,   s p e c i f i c a l l y :  
c o s t   (more  e x p e n s i v e   than  tape  or  r e f l e c t i v e   p a i n t ) ,   p o o r  
d u r a b i l i t y   ( b roken   upon  i m p a c t ,   s c r a t c h e d   r e f l e c t i v e  

s u r f a c e ,   e t c . )   and  p l a c e m e n t ,   r e q u i r i n g   c u r a b l e   a d h e s i v e s  

( e p o x y ) ,   h o l e s   or  a n c h o r s   to  r emain   in  p l a c e .   I n  

g e o g r a p h i c   a r e a s   in  which  roadways   must  be  p lowed  to  c l e a r  

them  of  snow,  such  l ane   d e l i n e a t o r s   are  q u i c k l y   removed  by 
the  p lowing   o p e r a t i o n .   F u r t h e r m o r e ,   r a i s e d   m a r k e r s   made  o f  

a  hard  or  heavy  m a t e r i a l   cou ld   cause   p r o p e r t y   damage  and  



i n j u r y   i f   they  were  thrown  i n t o   the  a i r   by  a  s n o w p l o w ,  

e . g . ,   b r e a k i n g   a  p a s s i n g   m o t o r i s t ' s   w i n d s h i e l d .  

Some  known  pavemen t   m a r k e r s   have  a  r a i s e d   r u b b e r  

r e f l e c t i n g   p o r t i o n   or  tab  which  is  i n t e n d e d   to  bend  o v e r  
unde r   a  v e h i c l e   t i r e .   O t h e r s   have  a  r e f l e c t i n g   p o r t i o n  
which  is  s u p p o s e d   to  r e t r a c t   i n t o   a  r e c e s s   in  the  p a v e m e n t .  
The  f o r m e r   type   is  i l l u s t r a t e d   by  U.S.  P a t e n t s   4 , 1 1 1 , 5 8 1 ;  
3 , 9 6 3 , 3 6 2 ;   3 , 8 7 9 , 1 4 8 ;   and  3 , 7 8 5 , 7 1 9 .   In  a l l   of  t h e s e  

p a t e n t s ,   the  r e f l e c t i n g   p o r t i o n   is  a  f l a t   r e f l e c t o r i z e d  
r u b b e r   p i e c e   or  tab  r i s i n g   above  the  pavement   s u r f a c e .   The 
tab   is  s u p p o r t e d   at  i t s   bo t tom  by  a t t a c h m e n t   to  the  b a s e  

p o r t i o n .   These  d e s i g n s   s u f f e r   from  at  l e a s t   two  

d i s a d v a n t a g e s :   a.  f a t i g u e   at  the  j o i n t   be tween   t h e  

r e f l e c t i n g   tab   and  the  base   ( c a u s i n g   the  tab  to  f a i l   t o  

r e c o v e r   to  i t s   i n t e n d e d   p o s i t i o n   or  to  s imp ly   l i e   f l a t ) ;  
and  b.  c r e a s i n g   or  b r e a k i n g   of  the  r e f l e c t o r   due  to  t h e  

f l e x i n g   of  the  tab  at  some  p o i n t   i n b e t w e e n   i t s   top  and  t h e  

b a s e .   The  f o r c e s   e x e r t e d   by  a  moving  v e h i c l e   t i r e   on  a  
pavemen t   m a r k e r   are   complex  and  change  as  the  t i r e  

t r a v e r s e s   the  m a r k e r .   V e r t i c a l   tab  m a r k e r s   a c t u a l l y   t e n d  

to  c r imp  or  bend  in  the  m i d d l e   b e f o r e   bend ing   near   t h e  

b a s e .   Marke r s   h a v i n g   r e f l e c t i n g   s u r f a c e   t abs   o r i e n t e d   a t  

an  o b t u s e   a n g l e   to  the  road  s u r f a c e ,   t end   t o  l o s e  
r e f l e c t i v i t y   r a p i d l y   due  to  the  a c t i o n   of  d i r t   and  g r i t   a s  
t i r e s   p a s s   ove r   the  r e f l e c t o r .  

The  o b j e c t   of  t h i s   i n v e n t i o n   is  a  r a i s e d  

pavement   m a r k e r   o f f e r i n g   a  high  d e g r e e   of  r e f l e c t i v i t y ,   l ow  

c o s t ,   e a s e   of  p l a c e m e n t   with  a d e q u a t e   d u r a b i l i t y ,   a n d  

s a f e t y   w h i l e   a l l e v i a t i n g   the  s u p p o r t   and  c r e a s i n g   p r o b l e m s  
of  p r i o r   r a i s e d   r u b b e r   m a r k e r s .   Ano the r   o b j e c t   is  t o  

p r o v i d e   a  p r e f o r m e d   t ape   o f f e r i n g   the  same  a d v a n t a g e s   o f  

h igh  r e f l e c t i v i t y ,   low  c o s t ,   and  good  d u r a b i l i t y .  

DISCLOSURE  OF  INVENTION 

A  roadway  m a r k e r   is  p r o v i d e d   which  c o m p r i s e s   a 

body  h a v i n g   an  a p p r o x i m a t e l y   f l a t   base  p o r t i o n   which  can  b e  

a t t a c h e d   to  a  roadway ,   and  which  has  a  r a i s e d   s u r f a c e  



a d a p t e d   to  face   oncoming  t r a f f i c   when  the  m a r k e r   is  m o u n t e d  

on  a  r o a d ,   and  a  r e f l e c t i v e   m a t e r i a l   a t t a c h e d   to  s a i d  
r a i s e d   s u r f a c e ,   s a i d   body  be ing   made  of  an  e l a s t o m e r   a n d  

hav ing   a  c o m p r e s s i v e   s t r e n g t h   ( see   ASTM  s p e c i f i c a t i o n  
D1056)  at   25  p e r c e n t   c o m p r e s s i o n   of  l e s s   than  abou t   1 4 . 5  

pounds  per   s q u a r e   inch   ( a b o u t   100  kPa) .   That  i s ,   a 
c o m p r e s s i v e   f o r c e   of  l e s s   than   abou t   100  kPa  w i l l   c o m p r e s s  
the  m a t e r i a l   25%.  Norma l ly   i t s   c o m p r e s s i v e   s t r e n g t h   at  25% 

c o m p r e s s i o n   is  at  l e a s t   6  ps i   (41  k P a ) .   C o m p r e s s i v e  
s t r e n g t h   is  m e a s u r e d   by  ASTM  t e s t   s p e c i f i c a t i o n   D1056 .  

I t   has  been  found  t h a t   the  use  of  a  s o f t ,   e a s i l y  

c o m p r e s s e d   e l a s t o m e r ,   p r e f e r a b l y   a  sponge  or  c e l l u l a r  

p o l y m e r   ( c e l l u l a r   r u b b e r ) ,   as  the  body  of  the  r a i s e d   m a r k e r  
r e d u c e s   the  impact   f o r c e s   g e n e r a t e d   when  the  marke r   i s  

s t r u c k   by  a  v e h i c l e   t i r e .   A  r e t r o r e f l e c t i v e   f i l m   may  b e  

a p p l i e d   to  the  foam  to  p r o v i d e   the  d e s i r e d   r e f l e c t i v e  

p r o p e r t i e s .  
Pavemen t   m a r k e r s   t e s t e d   in  r e d u c i n g   t h i s  

i n v e n t i o n   to  p r a c t i c e   e x h i b i t e d   b r i g h t n e s s   f a r   b e y o n d  
c o n v e n t i o n a l   p a i n t s   or  t a p e s ,   and  s i m i l a r   to  t h a t   of  known 

r a i s e d   pavement   m a r k e r s .   In  a d d i t i o n ,   t h e s e   m a r k e r s  

r e f l e c t e d   e f f e c t i v e l y   both   wet  and  d r y .  
These  m a r k e r s   may  a l s o   u t i l i z e   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   on  the  bo t tom  for   a d h e r i n g   to  the  road  s u r f a c e ,  
making  t h e i r   p l a c e m e n t   very   easy   by  s imp ly   p r e s s i n g   them  t o  

the  s u r f a c e .  

S e v e r a l   o t h e r   a d v a n t a g e s   are  r e a l i z e d   over   known 
r a i s e d   m a r k e r s :  

(1)  The  m a r k e r   b o d i e s   can  be  p r o d u c e d   i n  

c o n t i n u o u s   e x t r u d i n g   e q u i p m e n t   r a t h e r   than  in  molds  or  by  

j o i n i n g   v a r i o u s   c o m p o n e n t s .   The  p o l y m e r i c   body  is  e x t r u d e d  
and  cut  to  the  d e s i r e d   l e n g t h .   The  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   and  r e f l e c t i v e   s h e e t i n g   can  a l s o   be  a p p l i e d   by 
c o n t i n u o u s   m e a n s .  

(2)  No  r e c e s s   or  ho le   in  the  roadway  i s  

r e q u i r e d ,   as  is  the  case   with  many  o t h e r   t ypes   of  p a v e m e n t  
m a r k e r s .  



(3)  C o m p r e s s i o n   of  the  marker   body  m a t e r i a l  

i t s e l f   is  a  s i g n i f i c a n t   c o n t r i b u t i n g   f a c t o r   to  t h e  
d e f o r m a t i o n   of  the  m a r k e r   under   the  v e h i c l e   w h e e l ,   i n  

a d d i t i o n   to  b e n d i n g   which  seems  to  be  the  major   mode  o f  

d e f o r m a t i o n   in  known  d e f o r m a b l e   or  r e t r a c t a b l e   p a v e m e n t  
m a r k e r s .   S o l i d   r u b b e r   m a r k e r s   do  not  g e n e r a l l y   c o m p r e s s   a s  
w e l l   as  c e l l u l a r   p o l y m e r s .  

P h y s i c a l l y ,   a l l   r a i s e d   pavement   m a r k e r s   ( e x c e p t  
t h o s e   which  r e t r a c t   i n t o   h o l e s   in  the  road)   e x e r t  
s u f f i c i e n t   f o r c e   to  a c t u a l l y   r a i s e   the  v e h i c l e s   some  f i n i t e  

h e i g h t .   The  g r e a t e r   t h i s   h e i g h t   becomes ,   the  more  f o r c e   i s  
e x e r t e d   upon  the  m a r k e r   by  each  v e h i c l e   which  is  f o r c e d   t o  
d e v i a t e   from  i t s   p a t h .   The  use  of  c e l l u l a r   e l a s t o m e r s  

( s p o n g e   r u b b e r s )   f o r   the  body  m i n i m i z e s   t h i s   f o r c e   s i n c e  

they   c o m p r e s s   w e l l .   The  u n c o m p r e s s e d   marke r   h e i g h t   i s  

n o r m a l l y   in  the   r ange   of  5  mm  to  25  mm,  and  is  p r e f e r a b l y  

no  g r e a t e r   t han   20  mm. 
R e f l e c t i v e   t a p e s   for   such  p u r p o s e s   as  l a n e  

d e l i n e a t i o n   can  t ake   a d v a n t a g e   of  the  same  p r i n c i p l e .   T h a t  

i s ,   t hey   can  be  made  of  s l i g h t l y   r a i s e d   foam  or  c e l l u l a r  

p o l y m e r   which  e a s i l y   c o m p r e s s e s   under   the  w e i g h t   of  a  
v e h i c l e   t i r e .   P r e f e r a b l y ,   the  t o t a l   t h i c k n e s s   of  the  t a p e  
is  up  to  a b o u t   2.5  mm  maximum.  With  o r d i n a r y   t a p e s ,   much 
of  the  f r i c t i o n a l   f o r c e   from  a  v e h i c l e   t i r e   are   b e l i e v e d   t o  
be  t r a n s m i t t e d   to  the  i n t e r f a c e   be tween   the  a d h e s i v e   a n d  
the  r o a d .   Known  t a p e s   can  smear ,   b reak   or  s l i d e   u n d e r  
t h e s e   f o r c e s ,   e . g .   the  s h e a r   s t r e s s   c r e a t e d   by  a  t i r e   b e i n g  
t u r n e d   on  a  t a p e .   The  c e l l u l a r   po lymer   would  dampen  t h e s e  

a p p l i e d   f o r c e s ,   r e d u c i n g   the  e f f e c t   on  the  a d h e s i v e  
i n t e r f a c e .   The  t ape   cou ld   be  p r o d u c e d   by  c u t t i n g   a  s t r i p  
of  foam  p o l y m e r   from  a  c y l i n d e r   of  such  m a t e r i a l   a n d  

a p p l y i n g   a  r e f l e c t i v e   l a y e r   to  the  s t r i p .   The  r e f l e c t i v e  

( p r e f e r a b l y   r e t r o r e f l e c t i v e )   l a y e r   cou ld   be  a p p l i e d   by 

r e v e r s e   r o l l   c o a t i n g   p o l y u r e t h a n e   to  the  foam  s t r i p   a n d  

nex t   p l a c i n g   g l a s s   beads   on  the  p o l y u r e t h a n e   wh i l e   i t   i s  

s t i l l   we t .   A  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   may  be  p l a c e d   on 
the  bo t tom  s u r f a c e   for   a d h e r e i n g   to  the  road  s u r f a c e .  



The  type  of  r a i s e d   pavement   m a r k e r s   d i s c l o s e d  
h e r e i n   may  be  p r o d u c e d   at  very  low  c o s t ,   t h e r e b y   a l l o w i n g  

p l a c e m e n t   of  a  s e r i e s   of  numerous   m a r k e r s   so  d r i v e r s   w o u l d  

see  a  c o n t i n u o u s   s t r i p e   a long   the  road .   Where  r e f l e c t o r  

h e i g h t   is  9.5  mm  and  v i e w i n g   d i s t a n c e   is  abou t   61  m e t e r s  
the  m a r k e r s   s h o u l d   be  p l a c e d   at  abou t   760  mm  i n t e r v a l s   fo r   E 

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

BRIEF  DESCRIPTION  OF  DRAWING 

FIG.  1  is  a  p e r s p e c t i v e   view  of  one  embodiment   o f  
the  pavement   m a r k e r s   of  t h i s   i n v e n t i o n .  

FIG.  2  is  an  e l e v a t i o n   view  of  the  p a v e m e n t  
m a r k e r   of  FIG.  1  in  i t s   c o m p r e s s e d   s t a t e   as  i t   would  b e  

under   the  load  of  a  v e h i c l e   t i r e .  

FIG.  3  is  a  c r o s s - s e c t i o n   of  a n o t h e r   e m b o d i m e n t  

of  the  pavemen t   m a r k e r s   of  i n v e n t i o n ,   c a l l e d   the  D  s h a p e .  
FIGS.  4  and  5  are  c r o s s - s e c t i o n a l   views  o f  

a l t e r n a t i v e   e m b o d i m e n t s   of  t h i s   i n v e n t i o n .  

FIG.  6  is  a  p e r s p e c t i v e   view  of  a n o t h e r  

embodiment   of  the  pavemen t   m a r k e r   of  t h i s   i n v e n t i o n .  

FIG.  7  is  an  e l e v a t i o n   view  of  the  p a v e m e n t  
m a r k e r   of  FIG.  1  in  i t s   c o m p r e s s e d   s t a t e   as  i t   would  be  

under   the  load  of  a  v e h i c l e   t i r e ,   n o r m a l l y   at  l e a s t   a b o u t  
96  k P a .  

FIG.  8  is  a  c r o s s - s e c t i o n   of  the  embod imen t   o f  

t h e s e   pavement   m a r k e r s   c a l l e d   the  p r o t e c t e d   diamond  s h a p e .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 
FIG.  1  shows  the  c o m p o n e n t s   of  one  embodiment   o f  

t h i s   i n v e n t i o n .   I tem  2  is  an  e l a s t o m e r i c   body,   for   e x a m p l e  
made  of  a  sponge   e l a s t o m e r   such  as  p o l y u r e t h a n e ,   s i l i c o n e  

r u b b e r ,   e t h y l e n e   p r o p y l e n e   d i e n e   t e r p o l y m e r   (EPDM), 

n e o p r e n e   or  b l e n d s   of  EPDM  and  n e o p r e n e .   A d h e s i v e   l a y e r   3 

is  a t t a c h e d   to  the  base  of  the  body,   and  r e f l e c t i n g  
m a t e r i a l   4  is  a t t a c h e d   to  the  r a i s e d   r e f l e c t i n g   s u r f a c e  

p o r t i o n   5  of  the  body.   A  s u r p r i s i n g l y   sma l l   amount  o f  

a d h e s i v e   is  n e c e s s a r y   to  hold  t h e s e   f l e x i b l e   foam  m a r k e r s  



on  the  road  ( e . g . ,   pee l   s t r e n g t h   of  4.2  pounds  per  i n c h ,  
0 .74   kN/m).   The  a n g l e  e   be tween   the  r e f l e c t i n g   s u r f a c e  

and  the  base   (or   be tween   the  r e f l e c t i n g   s u r f a c e   and  t h e  

road  s u r f a c e )   is  u s u a l l y   be tween   45  and  135°,   p r e f e r a b l y  
b e t w e e n   45  and  9 0 ° .  

R e f l e c t i n g   p o r t i o n   4  is  p r e f e r a b l y   t h i n  
r e t r o r e f l e c t i v e   s h e e t   c o m p r i s i n g   a  p o l y m e r i c   s u p p o r t   s h e e t  

in  which  a  m o n o l a y e r   of  t r a n s p a r e n t   m i c r o s p h e r e s   or  b e a d s  

a re   embedded  to  s l i g h t l y   more  than  h a l f   t h e i r   d i a m e t e r .  
The  g l a s s   beads   c a r r y   a  c o a t i n g   of  r e f l e c t i v e   m a t e r i a l   s u c h  

as  a luminum  over   t h e i r   embedded  s u r f a c e s .   The  r e f l e c t o r  

s u p p o r t   s h e e t   has  a  l a y e r   of  a d h e s i v e   on  the  back  by  w h i c h  
i t   is  a d h e r e d   to  the  pavement   m a r k e r   body  as  shown.  F o r  

wet  r e f l e c t i o n ,   e n c l o s e d   l ens   s h e e t i n g   a p p e a r s   to  p e r f o r m  
b e s t   ( i . e . ,   g l a s s   beads   c o v e r e d   by  a  c l e a r   po lymer   l a y e r )  
a l t h o u g h   an  e x p o s e d   l ens   s h e e t i n g   and  cube  c o r n e r  
r e f l e c t o r s   may  a l s o   be  u s e d .  

R e i n f o r c e m e n t   may  be  used  w i t h i n   the  body  ( e . g . ,  
f i b e r g l a s s   f a b r i c   or  f i b e r s )   to  s t r e n g t h e n   the  m a r k e r s .  

As  m e n t i o n e d   e a r l i e r ,   the  pavement   marke r   b o d i e s  

of  t h i s   i n v e n t i o n   can  be  made  by  an  e x t r u s i o n   p r o c e s s .   The 

m a n u f a c t u r e   of  c e l l u l a r   or  sponge  r u b b e r s   in  an  e x t r u s i o n  

p r o c e s s   is  known.  The  uncured   e l a s t o m e r   i s  g e n e r a l l y  
compounded  wi th   v u l c a n i z i n g   c h e m i c a l s   and  a  b lowing   a g e n t  
at   a  t e m p e r a t u r e   below  the  d e c o m p o s i t i o n   t e m p e r a t u r e   of  t h e  

b l o w i n g   a g e n t .   A  s u i t a b l e   EPDM  sponge  r u b b e r   is  d e s c r i b e d  

in  Borg,   E . L . ,   " E t h y l e n e / P r o p y l e n e   R u b b e r " ,   in  R u b b e r  

T e c h n o l o g y ,   2d  e d . ,   Mor ton ,   M.  e d . ,   Van  N o s t r a n d   R e i n h o l d  

Company,  New  York,  1973,  at  pages   242  and  243.  F u r t h e r  

d e s c r i p t i o n   of  sponge   r u b b e r   is  found  in  O t t e r s t e d t ,   C . W . ,  

" C l o s e d   C e l l   Sponge  R u b b e r " ,   in  The  V a n d e r b i l t   R u b b e r  

Handbook ,   R.T.  V a n d e r b i l t   Co. ,   I n c . ,   Norwa lk ,   Conn . ,   1 9 7 8 ,  

at  pages   7 2 8 - 7 2 9 .  
The  compound  is  e x t r u d e d   t h r o u g h   a  d ie   o f  

s p e c i f i e d   s h a p e .   The  e x t r u d a t e   is  then  cu red   a n d  

s i m u l t a n e o u s l y   e x p a n d e d   at  e l e v a t e d   t e m p e r a t u r e .   C u r i n g  

may  be  done  in  a  b r i n e   ba th   at  about   2 0 4 ° C .  



A f t e r   the  body  m a t e r i a l   e x t r u d a t e   has  been  c u r e d ,  

a  r e f l e c t i v e   ( p r e f e r a b l y   r e t r o r e f l e c t i v e )   f i l m   is  a p p l i e d  

to  the  r a i s e d   s u r f a c e   a d a p t e d   to  f ace   oncoming   t r a f f i c ,  

g e n e r a l l y   by  use  of  an  a d h e s i v e   such  as  a  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 .   The  r e t r o r e f l e c t i v e   f i l m   is  p r e f e r a b l y  
of  the  type  known  as  wide  ang le   f l a t   top  s h e e t   w h i c h  

c o m p r i s e s :   a  back  r e f l e c t o r ;   an  o v e r l y i n g   t r a n s p a r e n t  
m a t r i x ;   a  l i g h t - r e t u r n i n g   l a y e r   of  smal l   t r a n s p a r e n t  
s p h e r e s   embedded  in  the  t r a n s p a r e n t   m a t r i x   in  o p t i c a l  
c o n n e c t i o n   with  the  back  r e f l e c t o r   but  s p a c e d   from  i t   a 
d i s t a n c e   to  i n c r e a s e   s u b s t a n t i a l l y   the  b r i l l i a n c e   o f  
r e f l e c t e d   l i g h t ;   and  a  t r a n s p a r e n t   o v e r l y i n g   s o l i d   c o v e r i n g  
and  c o n f o r m i n g   to  the  f r o n t   e x t r e m e t i e s   of  the  s p h e r e s   a n d  

hav ing   a  f l a t   f r o n t   f a c e .   Such  s h e e t i n g   r e f l e c t s   a  cone  o f  

l i g h t   back  toward   a  l i g h t   s o u r c e ,   even  though   the  i n c i d e n t  

beam  s t r i k e s   the  r e f l e c t o r   at  an  a n g l e   o t h e r   t h a n  

p e r p e n d i c u l a r   to  the  s h e e t i n g .   One  p a t e n t   on  the  s u b j e c t  
of  such  s h e e t i n g   i s  U . S .   P a t e n t   2 , 4 0 7 , 6 8 0 .   The  t r a n s p a r e n t  
f i l m   o c c u p y i n g   the  space   be tween  the  s p h e r e s   and  t h e  
r e f l e c t o r   is  c a l l e d   the  s p a c i n g   f i l m .   This   wide  a n g l e   f l a t  

top  s h e e t i n g   can  be  c o n s i d e r e d   an  embedded  l ens   or  e n c l o s e d  
l e n s   s h e e t i n g   hav ing   a  s p a c i n g   f i lm  or  l a y e r   wi th   a 
t h i c k n e s s   which  l o c a t e s   the  back  r e f l e c t o r   at  t h e  

a p p r o x i m a t e   f o c a l   p o i n t   of  the  o p t i c a l   s y s t e m .  
Wide  a n g l e   f l a t   top  r e t r o r e f l e c t i v e   s h e e t i n g   may 

be  made,  for   e x a m p l e ,   by  a  s o l u t i o n   c a s t i n g   t e c h n i q u e  

c o m p r i s i n g   the  f o l l o w i n g   p r o c e s s   s t e p s :   (a)  p r o v i d i n g   a 

p a p e r   c a r r i e r   web  c o a t e d   with  a  r e l e a s e   a g e n t   such  a s  

p o l y e t h y l e n e ;   (b)  a  c o a t i n g   the  r e l e a s e   a g e n t   s i d e   of  t h e  

c a r r i e r   web  wi th   a  25%  s o l i d s   s o l u t i o n   of  f u l l y   r e a c t e d  

a l i p h a t i c   e l a s t o m e r i c   p o l y u r e t h a n e   of  the  p o l y e s t e r   t y p e  i n  

an  i s o p r o p a n o l ,   t o l u e n e ,   x y l e n e   s o l v e n t   ( e . g . ,   QI3787  f r o m  

K.  J.  Quinn  Company  in  Malden,   M a s s a c h u s e t t s )   in  s u f f i c i e n t  

amount  to  y i e l d   about   a  50  m i c r o n s   dry  f i lm  t h i c k n e s s ;   ( c )  

d r y i n g   the  c o a t i n g   from  s t e p   (h)  fo r   example   at  abou t   93°C 

for   15  m i n u t e s ;   (d)  a p p l y i n g   a  bead  bond  c o a t   about   5 

m i c r o n s   t h i c k   of  the  same  p o l y u r e t h a n e   m a t e r i a l   used  i n  



s t e p   (b)  to  the  dry  c o a t i n g   form  s t e p   (c)  and  c o n t a c t i n g  
the  wet  p o l y u r e t h a n e   s u r f a c e   with  g l a s s   m i c r o s p h e r e s   ( e . g . ,  
a b o u t   20  m i c r o n s   d i a m e t e r   and  2 .26  r e f r a c t i v e   i n d e x ) ;   ( e )  

d r y i n g   the  m i c r o s p h e r e - c o a t e d   web  for   example   a t   93°C  fo r   5 

m i n u t e s ;   (f)   c o a t i n g   a  s p a c i n g   l a y e r   p o l y m e r   of  the  same 
a l i p h a t i c   e l a s t o m e r i c   p o l y u r e t h a n e   c o m p o s i t i o n   onto  t h e  

m i c r o s p h e r e - c o v e r e d   web  or  s h e e t   from  s t e p   (e)  i n  

s u f f i c i e n t   amount  to  y i e l d   a  dry  f i lm  t h i c k n e s s   abou t   e q u a l  
to  the  f o c a l   l e n g t h   of  the  m i c r o s p h e r e s :   (g)  d r y i n g   t h e  

s h e e t i n g   from  s t e p   ( f ) ;   (h)  vapor   c o a t i n g   the  s p a c i n g  

l a y e r   w i th   a  s p e c u l a r l y   r e f l e c t i v e   m a t e r i a l   ( e . g . ,  
a l u m i n u m ) ;   ( i )   r emov ing   the  p a p e r   c a r r i e r   web;  a n d  

( j )   c o a t i n g   the  back  s i d e   of  the  r e f l e c t i v e   m a t e r i a l   w i t h  

an  a c r y l a t e - b a s e   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   hav ing   a 
s i l i c o n e - c o a t e d   r e l e a s e   l i n e r .  

A  p o l y u r e t h a n e   hard  c o a t i n g   may  be  a p p l i e d   to  t h e  
f r o n t   s u r f a c e   of  the  s h e e t i n g   to  r e d u c e   the  a c c u m u l a t i o n   o f  
d i r t   on  the  s h e e t i n g   in  u se .   Such  a  hard  c o a t i n g   has  a 
g e n e r a l l y   t a c k - f r e e   s u r f a c e   and  s u b s t a n t i a l l y   h i g h e r   100% 

m o d u l u s   of  e l a s t i c i t y   and  l ower   u l t i m a t e   e l o n g a t i o n   t h a n  
the   p o l y u r e t h a n e   used  fo r   the  t r a n s p a r e n t   m a t r i x   in  t h e  

r e f l e c t i v e   s h e e t i n g .   A  t y p i c a l   s u i t a b l e   hard  coa t   p o l y m e r  
is  K.  J .   Quinn  013515  h a v i n g   a  100%  modulus   of  5840  p s i  
( 4 0 . 2   MPa)  and  210%  u l t i m a t e   e l o n g a t i o n ,   f u l l y   r e a c t e d  

a l i p h a t i c   e l a s t o m e r i c   p o l y u r e t h a n e   of  the  p o l y e s t e r   t y p e .  
The  p o l y u r e t h a n e   p o l y m e r s   used  for   t h e  

t r a n s p a r e n t   m a t r i x   and  s p a c i n g   l a y e r s   are  u s e f u l   b e c a u s e  

they   are   somewhat  e l a s t i c   and  can  f o l l o w   the  movement  o f  

the  pavemen t   m a r k e r   body  w i t h o u t   d e l a m i n a t i n g .  
F i n a l l y ,   an  a d h e s i v e   is  a p p l i e d   to  the  b o t t o m  

s u r f a c e   of  the  marke r   body.   P r e f e r a b l y ,   i t   is  a  p h e n o l i c  
m o d i f i e d   p o l y b u t a d i e n e   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   at  l e a s t  

a b o u t   250  m i c r o n s   t h i c k   c a s t   on  a  d i s p o s a b l e   ( p a p e r )   l i n e r .  

The  l i n e r   is  removed  p r i o r   to  p l a c e m e n t   of  the  marke r   on  

the   road  s u r f a c e .  
The  m a r k e r s   may  be  a p p l i e d   to  the  road  by  a t  

l e a s t   two  m e t h o d s .   One  such  method  is  removing   t h e  



a d h e s i v e   l i n e r   and  p r e s s i n g   the  marke r   to  the  road  s u r f a c e  

or  onto   o t h e r   mark ing   m a t e r i a l s   ( t a p e   or  p a i n t ) .   A  s e c o n d  
method  c o m p r i s e s   a p p l y i n g   the  m a r k e r s   to  a  tape  which  i s  

t h e r e a f t e r   a p p l i e d   to  the  r o a d .  
Hollow  c r o s s - s e c t i o n   m a r k e r s   may  he lp   t o  

d i s s i p a t e   the  hea t   of  c o m p r e s s i o n   b e t t e r   than  s o l i d   f o a m ,  
and  they  may  compres s   b e t t e r ,   o f f e r i n g   l e s s   r e s i s t a n c e   t o  
v e h i c l e s   t r a v e l l i n g   over   them.  One  ho l low  p r o t o t y p e   o f  
t h i s   i n v e n t i o n   was  the  D  c r o s s - s e c t i o n   of  FIG.  3.  In  t h a t  

e m b o d i m e n t ,   body  8  had  r e f l e c t i n g   l a y e r   11  a d h e r e d   to  i t s  
cu rved   s u r f a c e   and  a d h e s i v e   l a y e r   10  a d h e r e d   to  i t s  

s t r a i g h t   s i d e .   In  the  case   of  h o l l o w   m a r k e r s ,   i t   i s  
b e l i e v e d   t h a t   wa te r   can  become  e n t r a p p e d   w i t h i n   the  h o l l o w  
c r o s s - s e c t i o n ,   and  the  r a p i d ,   r e p e a t e d   c o m p r e s s i o n   u n d e r  
v e h i c l e   l o a d i n g   may  cause   r u p t u r e   at  any  weak  p o i n t s .  

It  has  been  found  t h a t   d e s i g n   of  the  shape  of  t h e  
m a r k e r   c o n t r i b u t e s   to  an  e x t e n s i o n   of  d u r a b i l i t y   a n d  

p r o l o n g i n g   r e f l e c t i v i t y .   The  shape  of  the  marke r   in  FIG.  1 
a l s o   dons  not  have  the  p o t e n t i a l   wa te r   e n t r a p m e n t   p r o b l e m  
of  the  D  c r o s s - s e c t i o n .  

To  i n c r e a s e   d u r a b i l i t y ,   m a r k e r   s h a p e s   of  t h i s  
i n v e n t i o n   p r o v i d e   some  form  of  l a t e r a l   or  back  s u p p o r t   f o r  
the  r e f l e c t o r ,   u n l i k e   the  m a r k e r s   wi th   r a i s e d   r e f l e c t i v e  
r u b b e r   tabs   d i s c u s s e d   in  the  b a c k g r o u n d   s e c t i o n .   The  b o d y  
has  a  c o n n e c t i n g   p o r t i o n   which  j o i n s   the  base  and  the  b a c k  
s i d e   of  the  r a i s e d   s u r f a c e   which  i t   s u p p o r t s .   For  e x a m p l e ,  
the  marker   of  FIG.  1  s u p p o r t s   the  whole  back  of  t h e  
r e f l e c t o r   4  with  r a i s e d   body  p o r t i o n  5 .   The  r e f l e c t i n g  

p o r t i o n   is  not  s imply   a  t h in   p l i a b l e   tab  in  the  roadway ,   a s  
wi th   the  o l d e r   d e s i g n s .  

In  the  embodiment   of  FIG.  7,  the  c o n n e c t i n g  
p o r t i o n   forms  an  a c u t e   ang le   with  the  p lane   of  the  b o t t o m  

of  the  base  p o r t i o n   and  has  two  r i b s   l o c a t e d   on  the  h a c k  
s ide   of  sa id   c o n n e c t i n g   p o r t i o n   o r i e n t e d   p a r a l l e l   to  t h e  

p l a n e   of  the  hasp.   More  than  two  such  r i b s   can  be  u s e d .  

An  a l t e r n a t i v e   embodiment   of  the  i n v e n t i o n ,   shown 

in  FIG.  R,  c o m p r i s e s   an  e l a s t o m e r i c   body  with  t h e  



c o m p r e s s i v e   s t r e n g t h   and  base  as  d e s c r i b e d   above  b u t  

h a v i n g :  
(a)  a  p o r t i o n   wi th   a  d i a m o n d - s h a p e d   c r o s s -  
s e c t i o n   o r i e n t e d   such  t h a t   at  l e a s t   one  of  i t s  

s u r f a c e s   is  a  r a i s e d   s u r f a c e   a d a p t e d   to  f a c e  

oncoming  t r a f f i c   when  the  marke r   is  mounted   on  a  
r o a d ,   to  which  r a i s e d   s u r f a c e   is  a t t a c h e d   a 
r e f l e c t i v e   m a t e r i a l ;   a n d  

(b)  at   l e a s t   one  p r o t e c t i v e   r i b   fo rming   a  p a r t  
of  the  b a s e ,   which  r i b   t o g e t h e r   wi th   the  r e s t   o f  

the   base  d e f i n e s   a  d e p r e s s i o n   i n t o   which  t h e  

d i a m o n d - s h a p e d   p o r t i c n   is  f o l d e d   a p p r o x i m a t e l y  
f l a t   unde r   the  load  of  a  v e h i c l e   wheel   ( u s u a l l y  
at  l e a s t   abou t   96  kPa ) ,   the  top  of  t h e  

d i a m o n d - s h a p e d   p o r t i o n   be ing   abou t   as  high  as  o r  
lower   than  the  top  of  the  p r o t e c t i v e   r i b   when 
u n d e r   such  l o a d .  
The  m a r k e r   shou ld   be  p l a c e d   so  t h a t   t h e r e   is  a t  

l e a s t   one  p r o t e c t i v e   r i b   l o c a t e d   in  f r o n t   of  r a i s e d   s u r f a c e  

a d a p t e d  t o   face   oncoming  t r a f f i c .   The  h e i g h t   of  t h e  

p r o t e c t i v e   r i b   is  g e n e r a l l y   a  minimum  of  45%  of  the  h e i g h t  
of  the  d i a m o n d - s h a p e d   p o r t i o n ,   as  m e a s u r e d   from  the  b o t t o m  
of  the   b a s e .   However,   i t   s h o u l d   not  be  so  h igh  as  t o  

o b s c u r e   the  r e f l e c t i n g   m a t e r i a l .   The  r i b s   are   b e l i e v e d   t o  

p r o t e c t   the   d i a m o n d - s h a p e d   p o r t i o n   from  s t r e s s  
c o n c e n t r a t i o n   which  would  h a s t e n   i t s   d e t e r i o r a t i o n .   T h u s  

the  p r o t e c t e d   diamond  shape  s h o u l d   have  a  l o n g e r   s e r v i c e  

l i f e .  

As  m e n t i o n e d   in  the  b a c k g r o u n d   s e c t i o n ,   t h e r e   i s  

a l s o   a  t e n d e n c y   of  f l a t   r e f l e c t o r s   to  f l e x   in  the  m i d d l e  

u n d e r   v e h i c l e   l o a d i n g .   C e r t a i n   d e s i g n   f a c t o r s   shown  in  t h e  

d r a w i n g s   are  h e l p f u l   in  a v o i d i n g   t h i s   t e n d e n c y   and  c a u s e  
the  r e f l e c t i n g   s u r f a c e   of  the  i n v e n t i v e   m a r k e r   to  l i e   f l a t  

or  a p p r o x i m a t e l y   p a r a l l e l   to  the  base  under   a  load  of  a t  

l e a s t   abou t   100  kPa  as  shown  in  FIGS.  2  and  7  ( p r o t e c t i n g  

them  from  s c u f f i n g   in  the  case   of  the  d e s i g n s   shown  i n  

FIGS.  I,  2 ,  6 ,   and  7 ) .   Some  of  t h e s e   f e a t u r e s   a r e :   a.  t h e  



r o u n d i n g   of  c o r n e r s ,   and  b.  r e l i e f   cu t s   shown,  such  as  t h a t  

l a b e l l e d   number  6  in  FIG.  1  and  those   l a b e l l e d   number  7  i n  

FIG.  6.  The  base  in  the  FIG.  1  and  FIG.  6  m a r k e r s   e x t e n d s  

to  a  p o s i t i o n   r e a r w a r d   of  the  r a i s e d   s u r f a c e   4,  and  t h e  

body  e x t e n d s   from  s a i d   r e a r w a r d   p o s i t i o n   to  the  back  of  t h e  

r a i s e d   s u r f a c e   t h r o u g h   i t s   c o n n e c t i n g   p o r t i o n .  
The  c h a r a c t e r i s t i c   of  l y i n g   f l a t   under   a  load  i s  

o b t a i n e d   us ing   the  sponge   r u b b e r s   d e s c r i b e d   p r e v i o u s l y .   I t  

can  a l so   be  a t t a i n e d   by  u s ing   normal  v u l c a n i z e d   r u b b e r s   i n  

a  ho l low  c o n f i g u r a t i o n .  
In  the  case   of  the  p r o t e c t e d   diamond  d e s i g n   o f  

FIG.  8,  the  ho l low  d i a m o n d - s h a p e d   p r o t i o n   is  j o i n e d   to  t h e  

base  a long  the  l i n e   d e f i n e d   by  one  of  the  c o r n e r s   of  t h e  
diamond  shape  and  is  o r i e n t e d   so  t h a t   at  l e a s t   one  of  i t s  

s u r f a c e s   is  a  r a i s e d   s u r f a c e   a d a p t e d   to  face  o n c o m i n g  
t r a f f i c .   In  t h a t   embod imen t   the  r e f l e c t i n g   l a y e r   i s  

a d h e r e d   to  at  l e a s t   one  such  s u r f a c e .   With  t h i s   s h a p e ,   t h e  
back  of  the  r e f l e c t i n g   s u r f a c e   is  i n h e r e n t l y   s u p p o r t e d   a t  
the  top  and  bot tom  by  the  p o r t i o n s   of  the  diamond  t h a t  

c o n n e c t   to  i t   at  an  a n g l e .   The  two  p r o t e c t i v e   r i b s   r u n n i n g  

p a r a l l e l   to  and  on  o p p o s i t e   s i d e s   of  the  e l o n g a t e d   s i d e s   o f  

the  diamond  e x t e n d   the  l i f e   of  the  marke r   over   t h a t   o f  
s i m i l a r   d e s i g n s   w i t h o u t   the  r i b s .   The  a s p e c t   r a t i o s   ( w i d t h  

at  the  w i d e s t   p o i n t   d i v i d e d   by  h e i g h t )   for  the  d i a m o n d  

shape  and  the  r i b s   are   p r e f e r a b l y   in  the  r a n g e s   of  0.6  t o  

1.0  and  about   1  to  1.3  r e s p e c t i v e l y .   He igh t   of  the  d i a m o n d  

shape   is  measu red   from  the  p o i n t   where  i t   j o i n s   the  b a s e ,  
and  h e i g h t   of  the  r i b s   is  measu red   from  the  bot tom  of  t h e  

m a r k e r .  

O the r   e m b o d i m e n t s   of  t h i s   i n v e n t i o n   w i l l   be 

a p p a r e n t   to  t h o s e   s k i l l e d   in  the  a r t   from  a  c o n s i d e r a t i o n  

of  t h i s   s p e c i f i c a t i o n   or  p r a c t i c e   of  the  i n v e n t i o n  
d i s c l o s e d   h e r e i n .   V a r i o u s   o m i s s i o n s ,   m o d i f i c a t i o n s   and  

c h a n g e s   to  the  p r i n c i p l e s   d e s c r i b e d   h e r e i n   may  be  made  by 

one  s k i l l e d   in  the  a r t   w i t h o u t   d e p a r t i n g   from  the  t r u e  

scope  and  s p i r i t   of  the  i n v e n t i o n   which  is  i n d i c a t e d   by  t h e  

f o l l o w i n g   c l a i m s .  



1.  A  p a v e m e n t   m a r k e r   c o m p r i s i n g   a  body  ( 2 )  

h a v i n g   a  base  which  can  be  a t t a c h e d   to  a  r oadway ,   and  w h i c h  

has  a  r a i s e d   s u r f a c e   a d a p t e d   to  f ace   oncoming  t r a f f i c   when 

the   m a r k e r   is  mounted   on  a  r o a d w a y ,   and  a  r e f l e c t i v e  

m a t e r i a l   (4)  a t t a c h e d   to  s a i d   r a i s e d   s u r f a c e ,   s a id   b o d y  

b e i n g   made  of  an  e l a s t o m e r   h a v i n g   a  c o m p r e s s i v e   s t r e n g t h   a t  
25  p e r c e n t   c o m p r e s s i o n   of  l e s s   than  abou t   100  k i l o   P a s c a l s .  

2.  The  pavemen t   m a r k e r   as  r e c i t e d   in  Claim  1 
w h e r e i n   the  e l a s t o m e r   is  c o m p r i s e d   of  a  c e l l u l a r   p o l y m e r .  

3.  The  p a v e m e n t   m a r k e r   of  Claim  1  of  which  t h e  

body  (2)  has  a  shape   which  s u p p o r t s   the  back  of  the  r a i s e d  

s u r f a c e   and  in  which  the  r a i s e d   s u r f a c e   is  c h a r a c t e r i z e d   by 
l y i n g   f l a t   under   a  load  of  at  l e a s t   100  k i l o   P a s c a l s .  

4.  The  pavemen t   m a r k e r   of  Claim  3  on  which  t h e  

body  (2)  has  a  c o n n e c t i n g   p o r t i o n   e x t e n d i n g   be tween   t h e  
back  of  the  r a i s e d   s u r f a c e   and  the  b a s e ,   s a i d   c o n n e c t i n g  
p o r t i o n   fo rming   an  a c u t e   a n g l e   wi th   the  p l a n e   of  the  b o t t o m  
of  the  b a s e .  

5.  The  pavemen t   m a r k e r   of  Claim  4  on  which  t h e  

body  (2)  has  a  r e l i e f   cu t   (6)  be low  the  r a i s e d   s u r f a c e .  

6.  The  pavement   m a r k e r   of  Claim  5  which  has  t h e  

c o n f i g u r a t i o n   of  FIG.  1 .  

7.  The  pavemen t   m a r k e r   of  Claim  4  h a v i n g   a t  
l e a s t   two  r i b s   l o c a t e d   on  the  back  s i d e   of  the  c o n n e c t i n g  

p o r t i o n   which  r i b s   are   o r i e n t e d   p a r a l l e l   to  the  p l a n e   o f  

the   base   p o r t i o n .  



8.  The  pavement   marke r   of  Claim  7  having  t h e  

c o n f i g u r a t i o n   of  PIG.  6 .  

9.  The  pavement   marke r   of  Claim  1  in  w h i c h :  

(a)  a  p o r t i o n   of  the  body  (2)  has  a 
d i a m o n d - s h a p e d   c r o s s - s e c t i o n   which  i s  

o r i e n t e d   such  t h a t   at  l e a s t   one  of  i t s  

s u r f a c e s   p r o v i d e s   the  r a i s e d   s u r f a c e   a d a p t e d  
to  face   oncoming  t r a f f i c ,   and  

(h)  t h e r e   is  at  l e a s t   one  p r o t e c t i v e   r i b  

(20)  fo rming   a  p a r t   of  the  base  which  r i b  

t o g e t h e r   wi th   tho  r e s t   of  the  base  d e f i n e s   a 

d e p r e s s i o n   i n to   which  the  d i a m o n d - s h a p e d  

p o r t i o n   is  f o l d e d   a p p r o x i m a t e l y   f l a t   u n d e r  

the  load  of  a  v e h i c l e   whee l ,   the  top  of  t h e  

d i a m o n d - s h a p e d   p o r t i o n   being  about   as  high  a s  

or  lower  than  the  top  of  the  p r o t e c t i v e   r i b  

when  under   such  a  l o a d .  

10.  The  pavement   marker   of  Claim  9  in  which  t h e  

h e i g h t   of  the  p r o t e c t i v e   r ib   (20)  of  p a r t   (b)  is  at  l e a s t  

45%  of  the  h e i g h t   of  the  d i a m o n d - s h a p e d   p o r t i o n   but  not  s o  
g r e a t   as  to  o b s c u r e   the  r e f l e c t i n g   m a t e r i a l .  

11.  The  pavement   m a r k e r   of  Claim  9  in  which  t h e  

r ib   (20)  has  an  a s p e c t   r a t i o   in  the  range  of  abou t   1  t o  

1 .3 ,   a s p e c t   r a t i o   be ing   d e f i n e d   as  the  r a t i o   of  the  w i d t h  

at  i t s   w i d e s t   p o i n t   to  the  h e i g h t   of  the  r i b .  

12.  The  pavement   marke r   of  Claim  9  which  has  t h e  

c o n f i g u r a t i o n   of  FIG.  8 .  








	bibliography
	description
	claims
	drawings
	search report

