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(m)  Method  for  constructing  durable  skid-resistant  surface  layers  on  roads. 
©  A  method  for  applying  a  skid-resistant  surface  layer  to 
roads  involves  the  application  of  a  layer  of  chippings  which  is 
then  covered  by  a  layer  of  bituminised  sand.  This  sand  fills  the 
voids  between  the  chippings  such  that,  during  subsequent 
compression  with  a  roller,  the  chippings  cannot  rotate  and 
remain  in  a  random  orientation.  The  resulting  surface  layer 
contains  a  relatively  large  proportion  of  chippings  having  a 
sharp  or  pointed  edge  uppermost  and  thus  possesses  good 
skid-resistance  properties. 

The  method  may  be  adapted  either  for  use  in  the  re- 
surfacing  of  an  existing  road  or  for  applying  a  skid-resistant 
surface  during  the  construction  of  a  new  road. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   f o r  

a p p l y i n g   a  d u r a b l e   s k i d - r e s i s t a n t   s u r f a c e   l a y e r   t o  

a)  e x i s t i n g   r o a d s   and  b)  new  r o a d s   u n d e r   c o n s t r u c t i o n .  

S k i d d i n g   r e p r e s e n t s   a  m a j o r   h a z a r d   on  r o a d s .  

I t   i s   n o t   o n l y   a  p r o b l e m   in  wet   w e a t h e r   b u t   can   a l s o  

o c c u r   d u r i n g   d ry   c o n d i t i o n s .   P a r t i c u l a r l y   in   c o u n t r i e s  

w h i c h   e x p e r i e n c e   l o n g   p e r i o d s   of  ho t   dry   w e a t h e r ,   o i l  

and  d u s t   may  s e t t l e   on  t h e   r o a d   s u r f a c e   and  h a v e   a  

p o l i s h i n g   e f f e c t   w h i c h   r e s u l t s   in  an  e x t r e m e l y  

s l i p p e r y   s u r f a c e .   Road  s u r f a c e s   must   have   a  r o u g h  

t e x t u r e   in  o r d e r   to   r e d u c e   t h i s   p r o b l e m .   A l s o ,   in   w e t  

w e a t h e r ,   a  r o u g h   t e x t u r e   on  a  r o a d   s u r f a c e   d e c r e a s e s  

t h e   p o s s i b i l i t y   of  v e h i c l e s   s k i d d i n g   due  to   s u r f a c e  

w a t e r   by  an  e f f e c t   c a l l e d   " a q u a p l a n i n g " .   T h e s e  

c o n s i d e r a t i o n s   a r e   o b v i o u s l y   p a r t i c u l a r l y   i m p o r t a n t   o n  

r o a d s   c a r r y i n g   h i g h   s p e e d   t r a f f i c .  

A  r o a d   can  be  made  more  s k i d - r e s i s t a n t   b y  

f i x i n g , o n   the   s u r f a c e   t h e r e o f ,   a  l a y e r   of  c h i p p i n g s  

w h i c h   h a v e   a  h i g h   r e s i s t a n c e   to  t he   a f o r e m e n t i o n e d  

p o l i s h i n g   e f f e c t .   S e v e r a l   m e t h o d s   f o r   d o i n g   t h i s   h a v e  

b e e n   p r o p o s e d .   For  i n s t a n c e ,   in  the   c a s e   o f  

r e - s u r f a c i n g   an  e x i s t i n g   r o a d ,   a  t e c h n i q u e   known  a s  

" s u r f a c e   d r e s s i n g "   may  be  e m p l o y e d .  

A c c o r d i n g   to  t h i s   m e t h o d ,   a  b i t u m i n o u s   b i n d e r   f i l m   i s  

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

c h i p p i n g s   i s   s p r e a d   o v e r   t h e   b i n d e r   and  a  r o l l e r   i s  

t h e n   u s e d   to  embed  t h e   c h i p p i n g s   s u f f i c i e n t l y   in   t h e  

b i n d e r .   T h i s   u s e d   to  be  a  r e l a t i v e l y   c h e a p   a n d  

e f f e c t i v e   m e t h o d   of  a p p l y i n g   a  s k i d - r e s i s t a n t   s u r f a c e .  

H o w e v e r ,   in   r e c e n t   y e a r s   t h e r e   has   been   a  m a r k e d   i n c r e a s e  

in   t h e   w e i g h t   of  v e h i c l e s ,   p a r t i c u l a r l y   of   l o r r i e s  

and  t h e i r   l o a d s ,   and  a  g e n e r a l - r i s e   in   t he   v o l u m e   o f  

t r a f f i c .   Under   s u c h   c o n d i t i o n s ,   t he   c h i p p i n g s   t e n d   t o  



s i n k   f u r t h e r   i n t o   t h e   b i n d e r   or  u n d e r l y i n g   a s p h a l t  

c a u s i n g   t h e   b i n d e r   to  be  s q u e e z e d   up  and  a r o u n d   s a i d  

c h i p p i n g s .   As  a  r e s u l t ,   t h e   c h i p p i n g s   a r e   g e n e r a l l y  

r e - o r i e n t a t e d   and  become   c o m p l e t e l y   e m b e d d e d   so  t h a t   a  

c o m p l e t e l y   s m o o t h   r o a d   s u r f a c e   r e s u l t s .   In  a d d i t i o n ,  

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

e m b e d d e d   i n   t h e   b i n d e r ,   t h e r e b y   i n c r e a s i n g   i t s  

v o l u m e   and   c a u s i n g   i t   to   s w e l l   up  a r o u n d   t h e  

c h i p p i n g s .   T h i s   l a t t e r   e f f e c t   i s   a  p a r t i c u l a r  

p r o b l e m   in   c o u n t r i e s   s u c h   as  G r e e c e ,   w h i c h   e x p e r i e n c e  

l o n g   d r y   s u m m e r s   d u r i n g   w h i c h   s i g n i f i c a n t   a m o u n t s  

of  d u s t   f r o m   s u r r o u n d i n g   c o u n t r y s i d e   s e t t l e s   on  t h e  

s u r f a c e   o f   r o a d s .   Such   p h e n o m e n a , k n o w n   g e n e r a l l y   a s  

" f a t t i n g   u p " ,   o b v i o u s l y   p l a y  a   s i g n i f i c a n t   r o l e   i n  

r e d u c i n g   t h e   s k i d - r e s i s t a n c e   of   t h e   r o a d   s u r f a c e .   F o r  

t h i s   r e a s o n , t h i s   m e t h o d   of   s u r f a c e   d r e s s i n g   i s   n o  

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

T h e r e   a r e   o t h e r   known  m e t h o d s   f o r   a p p l y i n g   a  

s k i d - r e s i s t a n t   s u r f a c e   l a y e r ,   b o t h   t o   e x i s t i n g   r o a d s  

and  d u r i n g   t h e   c o n s t r u c t i o n   of  new  r o a d s .   A c c o r d i n g  

to  one  s u c h   t e c h n i q u e ,   a  t op   l a y e r   c o m p o s e d   o f  

c h i p p i n g s   t o g e t h e r   w i t h   a  s m a l l   a m o u n t   of   s a n d   i s  

a p p l i e d   i n   a  s i n g l e   o p e r a t i o n   and  t h e n   r o l l e d   w i t h   a  

h e a v y   r o l l e r   to   fo rm  an  open   a s p h a l t i c   c o u r s e .   A 

m a j o r   d i s a d v a n t a g e   of   t h i s   m e t h o d   i s   t h a t   t h e  

i n i t i a l l y   r a n d o m   o r i e n t a t i o n   of   t h e   c h i p p i n g s   i s  

d e s t r o y e d   by  t h e   h e a v y   r o l l e r   w h i c h   t e n d s   to   t u r n   t h e  

c h i p p i n g s   o v e r   so  as  to   l e a v e   t h e i r   f l a t   s u r f a c e s  

u p p e r m o s t .   O b v i o u s l y ,   t h e   c h i p p i n g s   a r e   m o s t  

e f f e c t i v e   in   p r o v i d i n g   s k i d - r e s i s t a n c e   p r o p e r t i e s   w h e n  

an  e d g e   or   p e a k   i s   u p p e r m o s t .  
An  a l t e r n a t i v e   m e t h o d   i n v o l v e s   t h e  

a p p l i c a t i o n   of   a  d e n s e   a s p h a l t i c   l a y e r   ( s o m e t i m e s   k n o w n  

as  b i t u m i n o u s   c o n c r e t e ) .   T h i s   i s   a  m i x t u r e   c o m p o s e d  

of   more   t h a n   50%  of   s a n d   and  l e s s   t h a n   45%  o f  

c h i p p i n g s  -   t h e   r e m a i n d e r   b e i n g   b i t u m e n .   I f   l e f t  



w i t h o u t   f u r t h e r   t r e a t m e n t ,   t h e   c o m p o s i t i o n   f o r m s   u p o n  

r o l l i n g   a  l a y e r   in   w h i c h   a b o u t   90%  of   t h e   s u r f a c e  

c o m p r i s e s   s and   and  b i t u m e n   and  w h i c h   i s   s m o o t h .  

For   t h i s   r e a s o n , i n   o r d e r   to   p r o v i d e   t h e   n e c e s s a r y  

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

b i t u m e n ,   a r e   s p r e a d   on  t h e   s u r f a c e   of  t h e   s t i l l   w a r m  

and  s o f t   a s p h a l t   and  a r e   e m b e d d e d   t h e r e i n   by  means   o f  

a  h e a v y   r o l l e r .   T h i s   i s   w i d e l y   u s e d   in   t h e   U n i t e d  

K i n g d o m   w h e r e   i t   i s   known  as  r o l l e d   a s p h a l t   w i t h  

e m b e d d e d   c h i p p i n g s .   I t   w i l l   be  a p p r e c i a t e d   t h a t   t h i s  

m e t h o d   has   t h e   same  d i s a d v a n t a g e   as  t h a t   d e s c r i b e d   i n  

t h e   p r e c e d i n g   p a r a g r a p h ,   i . e .   t he   r a n d o m   o r i e n t a t i o n  

of   t h e   c h i p p i n g s   i s   d e s t r o y e d   by  t h e   use   of   t h e   h e a v y  

r o l l e r .  

I  have   d i s c o v e r e d   t h a t   t h e   a b o v e - m e n t i o n e d  

d i s a d v a n t a g e s   of  t h e   c o n v e n t i o n a l l y   l a i d   r o a d  

s u r f a c e s   a r e   o v e r c o m e   by  t h e   p r e s e n t   i n v e n t i o n .  

A c c o r d i n g   to  one  e m b o d i m e n t   of   t h e   p r e s e n t  

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

d u r a b l e   s k i d - r e s i s t a n t   s u r f a c e   l a y e r   to  an  e x i s t i n g  

r o a d   w h i c h   c o m p r i s e s   t h e   s t e p s   o f : -  

i )   a p p l y i n g   a  l a y e r   of  b i n d e r   to   t h e  

e x i s t i n g   s u r f a c e ;  

i i )   s p r e a d i n g   a  l a y e r   of  c h i p p i n g s   o v e r  

t h e   b i n d e r ;  

i i i )   r o l l i n g   w i t h   a  l i g h t w e i g h t   r o l l e r ;  

i v )   s p r a y i n g   a  b i t u m i n o u s   b i n d e r   o n t o   t h e  

c h i p p i n g s ;  

v)  s p r e a d i n g   a  l a y e r   of  b i t u m i n i s e d   s a n d  

o v e r   t h e   s u r f a c e   such   t h a t   t h e   v o i d s  

b e t w e e n   t h e   c h i p p i n g s   a r e   f i l l e d   a n d  

t h e i r   t o p s   c o m p l e t e l y   c o v e r e d ,   a n d  

v i )   c o m p r e s s i n g   t h e   s t r u c t u r e   w i t h   a  

v i b r a t i n g   r o l l e r .  



A c c o r d i n g   to   a  f u r t h e r   e m b o d i m e n t   o f   t h e  

p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  m e t h o d   f o r  

a p p l y i n g   a  d u r a b l e   s k i d - r e s i s t a n t   s u r f a c e   l a y e r  

d u r i n g   t h e   c o n s t r u c t i o n   of   a  new  r o a d   w h i c h   c o m p r i s e s  

t h e   s t e p s   o f : -  

i )   s p r e a d i n g   a  l a y e r   of   c h i p p i n g s   p r e c o a t e d   w i t h  

b i t u m e n   o v e r   t h e   s t i l l   warm  a s p h a l t i c   c o u r s e  

of  t h e   r o a d ;  

i i )   r o l l i n g   w i t h   a  l i g h t w e i g h t   r o l l e r ;  

i i i )   s p r e a d i n g   a  l a y e r   of  b i t u m i n i s e d   s a n d   o v e r  

t h e   s u r f a c e   s u c h   t h a t   t h e   v o i d s   b e t w e e n   t h e  

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

c o m p l e t e l y   c o v e r e d ,   a n d  
i v )   c o m p r e s s i n g   t h e   s t r u c t u r e   w i t h   a  h e a v y   r o l l e r  

or  l i g h t w e i g h t   v i b r a t i n g   r o l l e r .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n  

g r e a t e r   d e t a i l   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in   w h i c h : -  

F i g u r e s   1  to   6  i l l u s t r a t e   t h e   s t e p s   o f  

t h e   e m b o d i m e n t   of   t h e   p r e s e n t   m e t h o d   w h e r e b y   a  s k i d -  

r e s i s t a n t   s u r f a c e   l a y e r   i s   a p p l i e d   to   an  e x i s t i n g  

r o a d .  

C o n s i d e r i n g   t h e   c a s e   w h e r e   a  new  s u r f a c e   i s  

to   be  a p p l i e d   to   an  e x i s t i n g   r o a d   ( F i g u r e s   1  to  6 ) .  

The  e x i s t i n g   s u r f a c e   (1)   i s   c l e a n e d   as   f a r   a s  

p o s s i b l e   and  a  l a y e r   of   a  b i n d e r ( 2 )   i s   a p p l i e d ,  

t y p i c a l l y   by  s p r a y i n g .   The  b i n d e r   i s   p r e f e r a b l y  

warm  c u t - b a c k   b i t u m e n   ( i . e .   a  s o l u t i o n   of   b i t u m e n   i n  

an  o r g a n i c   s o l v e n t )   or   e m u l s i f i e d   c u t - b a c k   b i t u m e n .  

A l t e r n a t i v e l y ,   t a r   may  be  u s e d   as  t h e   b i n d e r .   In  a  

p r e f e r r e d   e m b o d i m e n t ,   an  a d h e s i o n   a g e n t   c o n t a i n i n g  

d i p o l a r   m o l e c u l e s   i s   a d d e d   to  t h e   b i n d e r .   S u i t a b l e  

a g e n t s   a r e   w e l l   known  to   t h o s e   s k i l l e d   in   t h e   a r t   a n d  

w i l l   n o t   be  d e s c r i b e d   in   d e t a i l   h e r e .  



A  l a y e r   of  c h i p p i n g s   (3)   i s   t h e n  

i m m e d i a t e l y   s p r e a d   o v e r   t h e   b i n d e r   ( F i g u r e   1 ) .   T h e  

c h i p p i n g s   t y p i c a l l y   h a v e   a  d i a m e t e r   of  f rom  5  to  3 0 m m ,  

a l t h o u g h   t h i s   i s   n o t   c r i t i c a l .   They  may  

c o m p r i s e ,   f o r   e x a m p l e ,   c r u s h e d   n a t u r a l   s t o n e s   o r  

i n d u s t r i a l   w a s t e ,   s u c h   as  m e t a l l u r g i c a l   s l a g s ,  

w a s t e   p r o d u c t s   f rom  t h e   p o r c e l a i n   and  r e f r a c t o r y   b r i c k  

i n d u s t r i e s   or  p o s s i b l y   a r t i f i c i a l l y   p r o d u c e d   s t o n y  

m a t e r i a l s   r e s u l t i n g   f rom  t h e   c a l c i n i n g   or  c o a g u l a t i o n  

of  i n o r g a n i c   m a t e r i a l s   s u c h   as  b a u x i t e ,   c l a y s   a n d  

s a n d s   b o n d e d   w i t h   c e m e n t a c e o u s   m a t e r i a l .   C h i p p i n g s  

h a v i n g   a  n o m i n a l   s i z e   of  19  mm  ( a s   d e f i n e d   b y  

B r i t i s h   S t a n d a r d   BS  1984)   a r e   p a r t i c u l a r l y   s u i t a b l e  

f o r   use   in   s k i d - r e s i s t a n t   r o a d   s u r f a c e s .   T h e  

c h i p p i n g s   s h o u l d   be  p r e c o a t e d   w i t h   b i t u m e n   i f   i t   i s  

d e s i r e d   to  keep   t h e   r o a d   open   to   t r a f f i c   w h i l e   t h e  

r e - s u r f a c i n g   work  i s   b e i n g   c a r r i e d   o u t ;   o t h e r w i s e ,   t h e  

c h i p p i n g s   may  be  u s e d   u n c o a t e d .  

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

n o n - v i b r a t i n g   r o l l e r   (4)  as  shown  in  F i g u r e   2.  A t  

t h i s   s t a g e ,   f u r t h e r   c h i p p i n g s   may  be  a p p l i e d   i f   t h e  

r o a d   s u r f a c e   i s   r e q u i r e d   to   p o s s e s s   s p e c i a l  

a d d i t i o n a l   p r o p e r t i e s .   For   e x a m p l e ,   t h e   use   o f  

c h i p p i n g s   h a v i n g   a  h i g h   " p o l i s h e d   s t o n e   v a l u e "   w i l l  

p r o d u c e   an  i n c r e a s e d   r e s i s t a n c e   to  t he   a f o r e -  

m e n t i o n e d   p o l i s h i n g   e f f e c t ,   w h i l e   t h e   p r e s e n c e   o f  

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

l u m i n o s i t y   of  t h e   e v e n t u a l   r o a d   s u r f a c e .  

The  c h i p p i n g s   a r e   n e x t   s p r a y e d   (5)   w i t h   a  

b i t u m i n o u s   b i n d e r   ( F i g u r e   3 ) .   T h i s   i s   u s u a l l y  

p r e f e r a b l y   in   t h e   fo rm  of  a  c a t i o n i c   e m u l s i o n ,   t h e  

c h a r g e s   s e r v i n g   to  keep   t h e   p a r t i c l e s   of   b i t u m e n   i n  

s u s p e n s i o n .  



H o w e v e r ,   t h e r e   a r e   c i r c u m s t a n c e s   in   w h i c h  

t h e   u se   of  an  a n i o n i c   e m u l s i o n   may  be  p r e f e r r e d .  

C a t i o n i c   e m u l s i o n s   w i l l   c o a g u l a t e   and  can   be  a p p l i e d  

in  any  w e a t h e r   c o n d i t i o n s .   H o w e v e r ,   i f   a  p e r i o d  

of  dry   w e a t h e r   can   be  g u a r a n t e e d   t h e n   an  a n i o n i c  

e m u l s i o n   may  be  a p p l i e d .   Such   e m u l s i o n s   do  n o t  

c o a g u l a t e ,   t h e   w a t e r   t h e r e i n   s i m p l y   b e i n g   a l l o w e d   t o  

e v a p o r a t e  -   h e n c e   t h e   r e q u i r e m e n t   f o r   d r y   c o n d i t i o n s .  

A n i o n i c   e m u l s i o n s   h a v e   t h e   a d v a n t a g e   t h a t   t h e y   can   b e  

e a s i l y   p r e p a r e d   on  s i t e ,   w h i l e   p r e f o r m e d   c a t i o n i c  

e m u l s i o n s   may  h a v e   to   be  t r a n s p o r t e d   some  d i s t a n c e .  

The  e m u l s i o n   may  be  d i l u t e d   w i t h   w a t e r   i f  

c h i p p i n g s   of   a  s m a l l   s i z e   a r e   to   be  c o a t e d   by  t h e  

s p r a y .  
A  l a y e r   of   b i t u m i n i s e d   s a n d   (6 )   i s   t h e n  

s p r e a d ,   e i t h e r   m a n u a l l y   or  more   p r e f e r a b l y   b y  

m e c h a n i c a l   s p r e a d e r s ,   o v e r   t h e   s u r f a c e   s u c h   t h a t   t h e  

v o i d s   b e t w e e n   t h e   c h i p p i n g s   a r e   f i l l e d   and  t h e i r   t o p s  

c o m p l e t e l y   c o v e r e d ,   p r e f e r a b l y   to   a  d e p t h   of   f rom  1 

to  3  mm.  The  b i t u m i n i s e d   s a n d   c o m p r i s e s   a  m i x t u r e  

of  s a n d   and  f i l l e r   t r e a t e d   w i t h   b i t u m e n .   The  s a n d  

may  c o n s i s t   of   c r u s h e d   s a n d   p r o d u c e d   f rom  r o c k s  

c o n t a i n i n g   m i n e r a l s   of   a  h a r d n e s s   o v e r   5  MOHS  a n d  

c o n t a i n   f i l l e r ,   p r e f e r a b l y   in   a  p r o p o r t i o n   b e t w e e n  

15  and  30%,  or  of   a  m i x t u r e   of   n a t u r a l   or  c r u s h e d  

s a n d   w i t h   p u l v e r i s e d   f u e l   a sh   and  b o t t o m   a s h   ( f r o m  

f u r n a c e s )   or  v o l c a n i c   a s h e s ,   or   of   g r a n u l a t e d   s l a g  

w i t h   t h e   a b o v e - m e n t i o n e d   f i l l e r s .   The  m i x t u r e   i s  

t r e a t e d   w i t h   b i t u m e n , p r e f e r a b l y   in   an  a m o u n t   of   f r o m  

2  to   3%  by  w e i g h t   of   b i t u m e n .   T h i s   t r e a t m e n t   may  b e  

c a r r i e d   o u t   e i t h e r   in   an  a s p h a l t   m i x i n g   p l a n t   o r  

in   a  s u i t a b l e   m i x e r   w i t h   c u t - b a c k   b i t u m e n .  

The  s t r u c t u r e   i s   t h e n   c o m p r e s s e d   w i t h   a  

v i b r a t i n g   r o l l e r   (7 )   as   shown  in   F i g u r e   4.  T h e  

i n t e n s i t y   of   v i b r a t i o n   of  t h e   r o l l e r   i s   c h o s e n   t o  

be  a p p r o p r i a t e   to   p r o d u c e   t h e   d e s i r e d   c r u s h i n g   s t r e n g t h  



in  t he   c h i p p i n g s .   The  more  e x a c t i n g   t h e   t r a f f i c  

c o n d i t i o n s   ( f o r   e x a m p l e ,   t h e   w e i g h t   and  v o l u m e   o f  

the   t r a f f i c ,   t h e   p r e s e n c e   of  s t e e p   h i l l s   and  s h a r p  

b e n d s )   t h e   h i g h e r   i s   t he   r e q u i r e d   c r u s h i n g   s t r e n g t h  

in  t h e   c h i p p i n g s   and  so  t h e   more   i n t e n s e   w i l l   be  t h e  

v i b r a t i o n   a p p l i e d .  

I m m e d i a t e l y   a f t e r   t h i s   r o l l i n g ,   t h e   r o a d  

may  be  f u l l y   r e - o p e n e d   to  t r a f f i c .   The  c r u s t   t h a t  

has   b e e n   f o r m e d   by  the   c o m p r e s s e d   b i t u m i n i s e d   s a n d   i s  

g r a d u a l l y   worn   away  by  t h e   t y r e s   (8)   of   p a s s i n g  

c a r s   ( F i g u r e   5 ) .   T h i s   m a t e r i a l   c o l l e c t s   a t   t h e  

r o a d s i d e   w h e r e   i t   may  e a s i l y   be  r e c o v e r e d   a n d ,   i f  

d e s i r e d ,   u s e d   a g a i n   in  r e - s u r f a c i n g   w o r k .  

The  r e s u l t i n g   s k i d - r e s i s t a n t   s u r f a c e   l a y e r   i s  

shown  in  F i g u r e  6 .  

A c c o r d i n g   to  a  f u r t h e r   e m b o d i m e n t ,   t h e  

m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   may  a l s o   be  u s e d   t o  

a p p l y   a  d u r a b l e   s k i d - r e s i s t a n t   s u r f a c e   l a y e r   d u r i n g  

t he   c o n s t r u c t i o n   of  a  new  r o a d .   In  t h i s   c a s e ,   a  l a y e r  

of  c h i p p i n g s   p r e c o a t e d   w i t h   b i n d e r   of  t h e   t y p e  

d e s c r i b e d   a b o v e   i s   s p r e a d   o v e r   t h e   s t i l l   w a r m  

a s p h a l t i c   c o u r s e   of  the   r o a d   s t r u c t u r e .   T h e  

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

r o l l i n g   of   t h e   a s p h a l t i c   c o u r s e ,   a l t h o u g h   i f   t h e  

a s p h a l t i c   l a y e r   i s   r e l a t i v e l y   t h i n   t h i s   may  b e  

o m i t t e d .   The  c h i p p i n g s   a r e   of  t h e   same  m a t e r i a l   a s  

d e s c r i b e d   a b o v e ,   bu t   must   in   t h i s   c a s e   be  p r e c o a t e d .  

The  l a y e r   of   c h i p p i n g s   i s   t h e n   l i g h t l y  

r o l l e d   w i t h o u t   v i b r a t i o n ,   p r e f e r a b l y   u s i n g   a  r u b b e r -  

t y r e d   r o l l e r .  

A  l a y e r   of  b i t u m i n i s e d   s a n d ,   of  t h e   o o m p o s i t ~  

ion   and  q u a n t i t y   d e s c r i b e d   a b o v e ,   i s   n e x t   s p r e a d  

o v e r   t he   s u r f a c e .   T h i s   i s   t h e n   c o m p r e s s e d  

w i t h   e i t h e r   a  v i b r a t i n g   l i g h t w e i g h t   r o l l e r   or  a  n o n -  

v i b r a t i n g   h e a v y   r o l l e r .   I t   w i l l   be  u n d e r s t o o d   b y  

t h o s e   s k i l l e d   in  t h e   a r t   t h a t   a  " l i g h t w e i g h t   r o l l e r "  



as  r e f e r r e d   to   h e r e i n ,   i s   one  of  l e s s   t h a n   a b o u t   5 

t o n s   in   w e i g h t ,   w h i l s t   t h e   t e r m   " h e a v y   w e i g h t   r o l l e r " ,  

as   u s e d   h e r e i n ,   r e f e r s   to   a  r o l l e r   w e i g h i n g   a t  

l e a s t   a b o u t   8  t o n s .  

The  r o a d   i s   t h e n   o p e n e d   to   t r a f f i c   and  t h e  

c r u s t   of  c o m p r e s s e d   b i t u m i n i s e d   s a n d   i s   worn   a w a y , a s  

d e s c r i b e d   a b o v e ,   to   r e v e a l   t h e   s k i d - r e s i s t a n t   s u r f a c e  

l a y e r .  

The  m e t h o d s   o f   t h e   p r e s e n t   i n v e n t i o n   p o s s e s s  

a  n u m b e r   of  a d v a n t a g e s   o v e r   t he   p r e v i o u s l y   k n o w n  

m e t h o d s .  

C o n s i d e r i n g   f i r s t l y   t h e   m e t h o d   in   w h i c h   a  

new  s u r f a c e   l a y e r   i s   a p p l i e d   to  an  e x i s t i n g   r o a d , i t  

i s   n o t a b l e   t h a t   o n l y   a  s m a l l   a m o u n t   of   b i n d e r   n e e d s  

to   be  a p p l i e d   to   t h e   e x i s t i n g   r o a d   s u r f a c e .   E v e n  

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

s u b s e q u e n t l y   a p p l i e d   to   t h e   c h i p p i n g s ,   t h e   t o t a l  

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

in   known  m e t h o d s .   I t   m i g h t   be  e x p e c t e d   t h a t   s u c h   a  

r e d u c t i o n   in  t h e   b i n d e r   c o n t e n t   w o u l d   l e a d   t o  

p r o b l e m s   and ,   i n d e e d ,   t h i s   would   be  t h e   c a s e   i f  

b i n d e r   were  u s e d   a l o n e .   H o w e v e r ,   t h e   a p p l i c a t i o n   o f  

t h e   b i t u m i n i s e d   s a n d   r e s u l t s   in  t he   f o r m a t i o n   of   a  

b i t u m i n o u s   m o r t a r   (9)   w h i c h   h o l d s   t h e   c h i p p i n g s  

s e c u r e l y   in  p l a c e .   T h i s   m o r t a r   i s   much  s t r o n g e r  

t h a n   p u r e   b i n d e r   a l o n e   and  r e m a i n s   f i r m   d u r i n g   e v e n  

t h e   h o t t e s t   w e a t h e r   c o n d i t i o n s .  

F u r t h e r m o r e ,   t h e   m o r t a r   i s   s a t u r a t e d   w i t h   s a n d  

and  so  i s   u n a b l e   to   a d s o r b   t he   d u s t   and  f i n e   s a n d  

w h i c h   s e t t l e s   on  t h e   r o a d   s u r f a c e   d u r i n g   t h e   s u m m e r  

and  wh ich   w o u l d   o t h e r w i s e   c a u s e   t h e   p r o b l e m   o f  

" f a t t i n g   up"  d e s c r i b e d   p r e v i o u s l y .  

An  a d d i t i o n a l   p r o b l e m   e n c o u n t e r e d   when  u s i n g  

a  t r a d i t i o n a l   m e t h o d   to   r e - s u r f a c e   an  e x i s t i n g   r o a d  

i s   t he   d i f f i c u l t y   i n   m a k i n g   t h e   new  s u r f a c e   a d h e r e  

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



a p p e a r   in  t h e   new  s u r f a c e   as  a  r e s u l t   of   i t   s l i d i n g .  

An  e x t r e m e l y   u n u s u a l   f e a t u r e   of  t h e   p r e s e n t   m e t h o d  

i s   t h e   use   of  a  v i b r a t i n g   r o l l e r   so  as  to  c r e a t e  

v e r y   h igh   l o c a l   c o m p r e s s i o n   s t r e s s e s   a t   t h e   p o i n t s   o f  

c o n t a c t   of  t h e   c h i p p i n g s   w i t h   t h e   e x i s t i n g   r o a d  

s u r f a c e   (known  as  " t h e   p a v e m e n t " ) .   I f   t h e  

a g g r e g a t e   of  t h i s   p a v e m e n t   i s   of  a  s t o n e   w e a k e r   t h a n  

t h a t   of  t h e   c h i p p i n g s ,   s m a l l   c a v i t i e s   w i l l   be  f o r m e d  

in   t h e   s u r f a c e   of   t h e   p a v e m e n t .   The  " s t o n e   f l o u r " ,  

p r o d u c e d   by  t h e   c r u s h e d   a g g r e g a t e   a t   t h e   p o i n t   o f  

c o n t a c t ,   c o l l e c t s   in   t h e s e   c a v i t i e s .  I n  

c o n v e n t i o n a l   m e t h o d s   t h i s   w o u l d   be  a  p o i n t   o f  

w e a k n e s s   ( due   to  a  l o s s   of  a d h e s i o n )   and   so  t h e   u s e  

of   v i b r a t i n g   f o r c e s ,   w h i c h   p r o d u c e   t h i s   e f f e c t ,   i s  

t r a d i t i o n a l l y   a v o i d e d .   H o w e v e r ,   in   t h e   p r e s e n t  

m e t h o d   t h e   use   of  a  v i b r a t i n g   r o l l e r   i s   s p e c i f i e d  

b e c a u s e   any  s t o n e   f l o u r   p r o d u c e d   i s   a b s o r b e d   to   f o r m  

a  s t r o n g l y   a d h e s i v e   m o r t a r  ( 1 0 ) .  T h e  t e m p o r a r y   p r e s e n c e  
of  t h e   c r u s t   of  c o m p a c t e d   b i t u m i n i s e d   s a n d   p r o v i d e s  

t h e   n e c e s s a r y   p r o t e c t i o n   to  a l l o w   t h i s   m o r t a r   to  s e t  

w h i l e   the   r o a d   i s   f u l l y   open   to  t r a f f i c .  

A  m a j o r   a d v a n t a g e   o f  t h e   p r e s e n t   m e t h o d ,  

w h e t h e r   b e i n g   u s e d   to  r e - s u r f a c e   a n  e x i s t i n g   r o a d   o r  

to   a p p l y   a  s k i d - r e s i s t a n t   s u r f a c e   l a y e r   d u r i n g   t h e  

c o n s t r u c t i o n   of  a  new  r o a d ,   i s   t h a t   t h e   c h i p p i n g s  

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

p r e v i o u s l y   d e s c r i b e d ,   a  s e r i o u s   d i s a d v a n t a g e   w i t h  

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

r a n d o m   o r i e n t a t i o n   of  t h e   c h i p p i n g s   i s   d e s t r o y e d  

by  t h e   use   of  a  h e a v y   r o l l e r .   The  c h i p p i n g s   t e n d   t o  

be  t u r n e d   o v e r   so  t h a t   a  f l a t   f a c e   i s   u p p e r m o s t   a n d  

t h e i r   e f f e c t i v e n e s s   in   p r o v i d i n g   s k i d - r e s i s t a n c e   i s  

r e d u c e d .   H o w e v e r , i n   t h e   m e t h o d   of  t h e   p r e s e n t  

i n v e n t i o n   t h e   b i t u m i n i s e d   s a n d   f i l l s   t h e   v o i d s   b e t w e e n  

t h e   c h i p p i n g s   and  t h e r e b y   p r e v e n t s   them  f r o m   r o t a t i n g  

d u r i n g   t he   r o l l i n g   o p e r a t i o n .  



A c c o r d i n g l y ,   a  much  l a r g e r   p r o p o r t i o n   of   t h e  

c h i p p i n g s   r e m a i n   o r i e n t a t e d   w i t h   an  u p w a r d   p o i n t i n g  

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

m a r k e d l y   i n c r e a s e d   s k i d - r e s i s t a n c e   p r o p e r t i e s .  

The  f o l l o w i n g   a d v a n t a g e s   a r e   a l s o   a c h i e v e d   b y  

t h e   m e t h o d   o f   t h e   p r e s e n t   i n v e n t i o n :  

i )   The  d e s i r e d   m a c r o t e x t u r e   (mean   t e x t u r e   d e p t h )  

of   t h e   s u r f a c e   l a y e r   can   be  a c h i e v e d   w i t h   t h e  

u s e   o f   a  s m a l l e r   s i z e   of   c h i p p i n g s .   T h i s  

r e s u l t s   in   a  s a v i n g   of   m a t e r i a l s   and  a l s o  

r e d u c e s   t h e   r i s k   of   d a m a g e   to   w i n d s c r e e n s  

c a u s e d   by  l o o s e   c h i p p i n g s   of   a  l a r g e   s i z e  

b e i n g   t h r o w n   up  by  t r a f f i c   u s i n g   t h e   r o a d .  

i i )   The  p e a k s   and  e d g e s   of   t h e   c h i p p i n g s   on  t h e  

r o a d   s u r f a c e   a r e   more   n u m e r o u s   a n d  

p r o n o u n c e d ,   t h e r e b y   p r o d u c i n g   a  h i g h e r   d e g r e e  

of   s k i d - r e s i s t a n c e   t h a n   w o u l d   be  e x p e c t e d  

f rom  t h e   " p o l i s h e d   s t o n e   v a l u e "   ( P . S . V . )   o f  

t h e   m a t e r i a l .   In  t h i s   way,   c h i p p i n g s   of   a  

l o w e r   P . S . V . ,   a p p l i e d   by  t h e   p r e s e n t   m e t h o d ,  

p r o d u c e   a  s u r f a c e   l a y e r   of   t h e   same  s k i d -  

r e s i s t a n c e   as  w o u l d   be  a c h i e v e d   w i t h   t h e   u s e  

of   more   e x p e n s i v e   c h i p p i n g s   of   a  h i g h e r   P . S . V .  

a p p l i e d   by  a  c o n v e n t i o n a l   m e t h o d .  

i i i )   The  u s e f u l   l i f e   o f   t h e   s u r f a c e   t r e a t m e n t   i s  

e x t e n d e d   b e c a u s e   t h e   b i t u m i n o u s   b i n d e r   i s  

p r o t e c t e d   f rom  t h e   e f f e c t s   o f   w e a t h e r i n g   by  t h e  

p r e s e n c e   of   t h e   b i t u m i n i s e d   s a n d .   As  

d e s c r i b e d   a b o v e ,   t h i s   f o r m s   a  m o r t a r   and  t h i s  

m o r t a r   h a s   t h e   e f f e c t   of   s e a l i n g   t h e   p o r e s   i n  

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

p e n e t r a t i o n   of   w a t e r .  

i v )   I t   i s   n o t   n e c e s s a r y   f o r   t h e   a g g r e g a t e   of   t h e  

t o p   c o u r s e   to   h a v e   a  h i g h   r e s i s t a n c e   t o  

p o l i s h i n g ,   b u t   o n l y   a  good   r e s i s t a n c e   t o  



c r u s h i n g   and  a b r a s i o n   in   o r d e r   to  be  a b l e  

to  h o l d   t h e   e m b e d d e d   c h i p p i n g s   in  p l a c e .  



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

r e s i s t a n t   s u r f a c e   l a y e r   to   an  e x i s t i n g   r o a d   w h i c h  

c o m p r i s e s   t h e   s t e p s   o f : -  

i )   a p p l y i n g   a  l a y e r   of   b i n d e r   to  t h e   e x i s t i n g  

s u r f a c e ;  

i i )   s p r e a d i n g   a  l a y e r   of   c h i p p i n g s   o v e r   t h e  

b i n d e r ;  

i i i )   r o l l i n g   w i t h   a  l i g h t w e i g h t   r o l l e r ;  

i v )   s p r a y i n g   a  b i t u m i n o u s   b i n d e r   o n t o   t h e  

c h i p p i n g s ;  

y  )   s p r e a d i n g   a  l a y e r   of   b i t u m i n i s e d   s a n d   o v e r  

t h e   s u r f a c e   s u c h   t h a t   t h e   v o i d s   b e t w e e n  

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

c o m p l e t e l y   c o v e r e d ,   a n d  

v i )   c o m p r e s s i n g   t h e   s t r u c t u r e   w i t h   a  v i b r a t i n g  

r o l l e r .  

2.  A  m e t h o d   as   c l a i m e d   i n   c l a i m   1,  w h e r e i n   t h e  

b i n d e r   of   s t e p   i )   c o m p r i s e s   warm  c u t - b a c k   b i t u m e n   o r  

e m u l s i f i e d   c u t - b a c k   b i t u m e n   or   e m u l s i f i e d   p l a i n  

b i t u m e n .  

3.  A  m e t h o d   as   c l a i m e d   in   c l a i m   1  or  c l a i m   2 ,  

w h e r e i n   t h e   b i n d e r   i s   a p p l i e d   t o g e t h e r   w i t h   a n  

a d h e s i o n   a g e n t .  

4.  A  m e t h o d   as   c l a i m e d   in   any  of   t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t h e   c h i p p i n g s   a r e   p r e c o a t e d   w i t h  

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

5.  A  m e t h o d   as   c l a i m e d   in   any  of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t h e   b i t u m i n o u s   b i n d e r   of  s t e p   i v )  

a p p l i e d   to   t h e   c h i p p i n g s   i s   in   t h e   form  of  a  
c a t i o n i c   e m u l s i o n .  

6.   A  m e t h o d   f o r   a p p l y i n g   a  d u r a b l e   s k i d -  

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

new  r o a d   w h i c h   c o m p r i s e s   t h e   s t e p s   o f : -  



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

w i t h   b i t u m e n   o v e r   t h e   s t i l l   w a r m  

a s p h a l t i c   c o u r s e   of  t h e   r o a d ;  

i i )   r o l l i n g   w i t h   a  l i g h t w e i g h t   r o l l e r ;  

i i i )   s p r e a d i n g   a  l a y e r   of   b i t u m i n i s e d   s a n d  

o v e r   t h e   s u r f a c e   s u c h   t h a t   t h e   v o i d s  

b e t w e e n   t h e   c h i p p i n g s   a r e   f i l l e d   a n d  

t h e i r   t o p s   c o m p l e t e l y   c o v e r e d ,   a n d  

i v )   c o m p r e s s i n g   t h e   s t r u c t u r e   w i t h   a  

h e a v y   r o l l e r   or  l i g h t w e i g h t   v i b r a t i n g  

r o l l e r .  

7.  A  m e t h o d   as  c l a i m e d   in   any  of   t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t h e   c h i p p i n g s   c o m p r i s e   c r u s h e d  

n a t u r a l   s t o n e s ,   i n d u s t r i a l   w a s t e   p r o d u c t s   o r  

a r t i f i c i a l l y   p r o d u c e d   m a t e r i a l s .  

8.  A  m e t h o d   as  c l a i m e d   in   any  of   t h e   p r e c e d i n g  

c l a i m s , w h e r e i n   t h e   b i t u m i n i s e d   s a n d   c o m p r i s e s  

n a t u r a l   or  c r u s h e d   s a n d   or  b o t t o m   a s h   or  s l a g   a n d  

a  f i l l e r   and  t h e   m i x t u r e   has   b e e n   t r e a t e d   w i t h  

b i t u m e n .  

9.  A  m e t h o d   as  c l a i m e d   in   c l a i m   8,  w h e r e i n   t h e  

f i l l e r   c o m p r i s e s   p u l v e r i s e d   f u e l   a s h .  

10.  A  m e t h o d   as  c l a i m e d   in   c l a i m   8  or  c l a i m   9 ,  

w h e r e i n   t he   f i l l e r   i s   p r e s e n t   in   a  p r o p o r t i o n   o f  

f rom  15  to   30%  and  t h e   b i t u m e n   a t   f r o m   2  to   3%  b y  

w e i g h t .  
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