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Manufacturing  mastic  asphalt. 

©  In  an  installation  for  manufacturing  mastic  asphalt,  bitu- 
men  from  a  hopper  (10)  is  kept  warm  so  that  it  remains  suffi- 
ciently  fluid  to  enable  it  to  be  easily  handled  and  is  supplied  to  a 
primary  mixer  (16).  Powdered  limestone  filler  from  a  hopper 
(14)  is  heated  by  means  of  heaters  (18)  and  is  added,  together 
with  unheated  grit  from  a  hopper  (12),  to  the  mixer  (16),  via  a 
weighing  hopper  (20).  The  constituent  materials  are  mixed 
without  further  heat  input  and  are  then  discharged  into  a  sec- 
ondary  mixer  (24)  where  further  mixing  occurs.  The  mixer  (24) 
incorporates  passages  for  the  circulation  of  a  heat  exchange 
medium  which  contacts  the  asphalt  to  cool  it  to  a  temperature 
suitable  for  moulding.  The  heat  extracted  from  the  asphalt  is 
returned  to  the  heaters  (18)  and  re-used  for  heating  the  filler 
for  asphalt  produced  subsequently.  Asphalt  is  discharged 
from  the  secondary  mixer  (24)  into  a  plurality  of  moulds  (52) 
through  a  pneumatically-actuated  gate  (34)  (see  Fig.  3).  The 
gate  (34)  is  operated  by  a  control  system  incorporating  a  micro- 
processor.  Each  mould  (52)  is  weighed  after  filling  and  a  signal 
indicative  of  the  weight  of  the  mould  is  fed  to  the  micro- 
processor.  The  time  for  which  the  gate  (34)  is  opened  is  varied 
by  the  microprocessor  in  response  to  the  measured  weight  of 
the  mould  so  as  to  render  the  weight  of  the  asphalt  blocks  pro- 
duced  as  consistent  as  possible.  Consequently,  the  blocks 
produced  are  of  substantially  uniform  size  and  can  be  formed, 
after  unmoulding,  into  a  self-supporting  stack.  The  filled 

moulds  (52)  are  conveyed  through  a  cooling  tower  (50)  in 
which  they  pass  through  an  array  of  spray  nozzles  arranged  to 
spray  water  onto  the  moulds  (52)  so  that  at  least  some  of  the 
water  impinging  on  the  moulds  (52)  initially  forms  steam  and 
thereby  cools  the  asphalt.  Inside  the  cooling  tower  (50)  the 
moulds  (52)  are  conveyed  along  a  vertical  zig-zag  path  so  as  to 
fit. 
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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   and  t o  

an  i n s t a l l a t i o n   f o r   p r o d u c i n g   m a s t i c   a s p h a l t   and  to   a n  

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

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

m e t h o d s   in  w h i c h   t h e   m a i n   c o n s t i t u e n t s   of   t h e   m a s t i c  

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

g r i t   and  a  p o w d e r e d   l i m e s t o n e   f i l l e r ,   a r e   m i x e d   a n d  

t h e n   h e a t e d   t o g e t h e r   f o r   f u r t h e r   m i x i n g .   The  r e s u l t i n g  

m o l t e n   m i x t u r e   i s   t h e n   p o u r e d   i n t o   m o u l d s   and  a l l o w e d  

to   c o o l   and  s o l i d i f y   i n t o   b l o c k s   w h i c h   a r e   c o n v e n i e n t  

f o r   t r a n s p o r t i n g   to   t h e   s i t e s   on  w h i c h   t h e   a s p h a l t   i s  

t o   be  u s e d .  

A  c o n s i d e r a b l e   a m o u n t   of   l a b o u r   i s   i n v o l v e d   i n  

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

of   e n e r g y   c o n s u m p t i o n .   C o n s e q u e n t l y   t h e   a s p h a l t  

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

Some  a t t e m p t s   h a v e   a l r e a d y   b e e n   made  to   o v e r c o m e  

t h e   d i s a d v a n t a g e s   of  t h e s e   e x i s t i n g   m e t h o d s .  

F o r   e x a m p l e ,   in   o r d e r   to   mix  b i t u m e n   w i t h   o t h e r  

m a t e r i a l s   i t   i s   n e c e s s a r y   to   k e e p   i t   r e l a t i v e l y   warm  s o  

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

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

a l l .  

When  t h e   warm  b i t u m e n   i s   a d d e d   to   t h e   o t h e r   c o l d  

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

m u s t   be  r e - h e a t e d   b e f o r e   m i x i n g   is   e f f e c t e d .   T h i s  

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

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

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

I t   h a s ,   t h e r e f o r e ,   b e e n   p r o p o s e d   t h a t   t h e  

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

c o u l d   be  r e d u c e d   by  h e a t i n g   t h e   g r i t   b e f o r e   m i x i n g   i t  

w i t h   t h e   b i t u m e n   and  g r i t   so  t h a t   t h e   h o t   c o n s t i t u e n t  

m a t e r i a l s   can   be  m i x e d   w i t h o u t   s u p p l y i n g   f u r t h e r   h e a t  



t o   t h e   m i x e r .   T h i s   a v o i d s   r e h e a t i n g   t h e   a l r e a d y   h o t  

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

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

g r e a t   d e a l   of   h e a t   e n e r g y ,   and  q u i t e   a  l a r g e   p r o p o r t i o n  

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

a t m o s p h e r e .   The  h e a t   l o s s   i n t o   t h e   a t m o s p h e r e   i s   n o t  

o n l y   w a s t e f u l   and  e x p e n s i v e   b u t   a l s o   makes   t h e  

t h e   w o r k i n g   a r e a   a r o u n d   t h e   m i x e r s   v e r y   h o t   w h i c h   i s  

u n p l e a s a n t   f o r   t h o s e   p e r s o n s   w o r k i n g   t h e r e .  

We  h a v e   a p p r e c i a t e d   t h a t   i t   w o u l d   be  h i g h l y  

a d v a n t a g e o u s   to   r e c o v e r   a t   l e a s t   some  of   t h e   h e a t   w h i c h  

h a s  h e r e t o f o r e   b e e n   d i s s i p a t e d   in   t h e   a t m o s p h e r e   and  t o  

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

m a t e r i a l s .  

In  one  a s p e c t ,   t h e   a p p a r a t u s   of   t h e   i n v e n t i o n   i s  

c h a r a c t e r i s e d   in   t h a t   i t   c o m p r i s e s   means   f o r  

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

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

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

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

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

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

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

i t   t o   t h e   h e a t i n g   means   f o r   h e a t i n g   t h e  

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

s u b s e q u e n t l y .  

In   one  p r e f e r r e d   a r r a n g e m e n t   i t   i s   p r o p o s e d   t h a t  

h e a t   s h o u l d   be  r e c o v e r e d   d u r i n g   t h e   m i x i n g   of   t h e  

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

f o r   a s p h a l t   m i x e d   s u b s e q u e n t l y .  

In   a d d i t i o n   to   c o n s i d e r a b l y   r e d u c i n g   t h e   h e a t  

i n p u t  r e q u i r e d ,   t h i s   a r r a n g e m e n t   has   a  f u r t h e r  

a d v a n t a g e .   A l t h o u g h   m i x i n g   of  t h e   c o n s t i t u e n t  

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

a r o u n d   1 8 0 ° C ,   t h e   a s p h a l t   i s   b e s t   p o u r e d   i n t o   t h e  

m o u l d s   a t   a  l o w e r   t e m p e r a t u r e ,   f rom  a r o u n d   1200C,   t h e  



o p t i m u m   t e m p e r a t u r e   b e i n g   a b o u t   1 5 0 ° C .   T h u s ,   i f   t h e  

h e a t   e x c h a n g e   t a k e s   p l a c e   in   t h e   l a t t e r   s t a g e s   o f  

m i x i n g ,   t h e   a s p h a l t   can  be  c o o l e d   to   a  t e m p e r a t u r e  

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

and  t h e   d e l a y s   w h i c h   h a v e   b e e n   n e c e s s a r y   in   t h e   p a s t  

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

a r e   a v o i d e d .  

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

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

s o l i d i f y   n a t u r a l l y .   H o w e v e r ,   t h e   a s p h a l t   b l o c k s   m a y  
t a k e   as  l o n g   as  f o u r   h o u r s   to   s o l i d i f y   c o m p l e t e l y   a n d  

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

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

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

can   be  s t o r e d   d u r i n g   c o o l i n g .  

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

m a s t i c   a s p h a l t   c h a r a c t e r i s e d   in   t h a t   t h e   a s p h a l t   i s  

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

a r e   c o n v e y e d   t h r o u g h   an  a r r a y   of   s p r a y   n o z z l e s   a r r a n g e d  

to   s p r a y   w a t e r   o n t o   t h e   m o u l d s   so  t h a t   a t   l e a s t   some  o f  

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

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

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

b e t w e e n   l e v e l s   w h i c h   a r e   s p a c e d   f rom  one  a n o t h e r   in   a  

v e r t i c a l   d i r e c t i o n .  

The  e n t i r e   c o o l i n g   p r o c e s s   may  be  e f f e c t e d   b y  

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

s p r a y   n o z z l e s   in   a  v e r t i c a l   z i g - z a g   p a t h .   In  a d d i t i o n  

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

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

a r r a n g e m e n t   h a s   t h e   a d v a n t a g e   t h a t   t h e   u s e   of   w a t e r  

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

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

w a t e r   s p r a y e d   o n t o   t h e   s u r f a c e s   of  t h e   m o u l d s   in   t h e  

i n i t i a l   s t a g e s   of  c o o l i n g   t e n d s   to   form  s t e a m   and  s o  

l a r g e   q u a n t i t i e s   of  h e a t   a r e   r e m o v e d   f rom  t h e   m o u l d s   a s  



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

g r e a t e r   t h a n   t h e   h e a t   r e q u i r e d   to   m e r e l y   h e a t   t h e  

w a t e r .  

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

s u p p l i e d   to   t h e   c o n t r a c t o r s   who  use   i t   in   t h e   fo rm  o f  

s o l i d   b l o c k s .   T h e s e   b l o c k s   g e n e r a l l y   h a v e   a  n o m i n a l  

w e i g h t   of   25kg  as  t h i s   a m o u n t   can  e a s i l y   be  m e l t e d   i n  

an  o r d i n a r y   b u c k e t .   In  p r a c t i c e ,   t h e   b l o c k s   v a r y  

c o n s i d e r a b l y   in   w e i g h t ,   s i z e   and  s h a p e   and  a r e ,  

t h e r e f o r e ,   d i f f i c u l t   to   s t a c k   and  s t o r e .  

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

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

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

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

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

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

s e l e c t i v e l y   o p e n e d   and  c l o s e d ,   t h e   m e t h o d   b e i n g  

c h a r a c t e r i s e d   in   t h a t   t h e   w e i g h t   of   e a c h   mou ld   i s  

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

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

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

o f   p r e c e d i n g   f i l l e d   m o u l d s   so  as  to   r e n d e r   t h e   w e i g h t  

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

s u b s t a n t i a l l y   u n i f o r m .  

The  p r o d u c t i o n   of  a s p h a l t   b l o c k s   of   u n i f o r m   s i z e  

h a s   t h e   a d v a n t a g e   t h a t   t h e   r e s u l t i n g   b l o c k s   can   b e  

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

s t r a p p e d   f o r   t r a n s p o r t i n g   and  does   n o t   r e q u i r e   a  p a l l e t  

o r   any  o t h e r   form  of   p a c k i n g .   T h i s   i s   o n l y   p o s s i b l e  

b e c a u s e   t h e   b l o c k s   a r e   of   u n i f o r m   s i z e .  

On  s i t e ,   i t   i s   o f t e n   d e s i r a b l e   to   b r e a k   up  t h e  

b l o c k s   of   a s p h a l t   to   e n a b l e   them  to   be  m e l t e d   m o r e  

e a s i l y .   E x i s t i n g   b l o c k s   a r e   u s u a l l y   b r o k e n   up  b y  

s t r i k i n g   them  w i t h   a  hammer   and  i t   i s   q u i t e   common  f o r  

t h e   b l o c k s   to  b r e a k   i n t o   u n e v e n - s i z e d   p i e c e s   or   i n t o   a  

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



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

t o   s p l i t   t h e   b l o c k   e v e n l y   i n t o   a  n u m b e r   of  s u i t a b e ,  

e v e n l y   s i z e d   p i e c e s .  

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

m a s t i c   a s p h a l t   b l o c k   c h a r a c t e r i s e d   in   t h a t   i t   h a s  

f o r m e d   in   a  s u r f a c e   t h e r e o f   a t   l e a s t   one  g r o o v e  
f o r   f a c i l i t a t i n g   b r e a k i n g   of  t h e   b l o c k .   When  s u c h  

b l o c k  i s   g e n t l y   t a p p e d   i t   w i l l   b r e a k ,   in   a  c o n t r o l l e d  

m a n n e r ,   a l o n g   t h e   l i n e   of  t h e   g r o o v e   or   i n d e n t a t i o n .  

Thus   t h e   m e t h o d   of  t h e   i n v e n t i o n   in   i t s   v a r i o u s  

a s p e c t s   e n a b l e s   an  i m p r o v e d   m a s t i c   a s p h a l t   b l o c k   to   b e  

p r o d u c e d   more   q u i c k l y   and  c h e a p l y   t h a n   h i t h e r t o .  

An  e m b o d i m e n t   of   t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   in   d e t a i l   w i t h   r e f e r e n c e   to   t h e   d r a w i n g s ,   i n  

w h i c h ;  

F i g .   1  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   s h o w i n g   a  

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

t h e   i n v e n t i o n ;  

F i g .   2  i s   a  f r o n t   e l e v a t i o n a l   v i e w   of   t h e   m i x i n g  

a r r a n g e m e n t   of   t h e   p l a n t   of  F i g .   1 ;  

F i g .   3  i s   a  s i d e   e l e v a t i o n a l   v i e w   of   t h e  

s e c o n d a r y   m i x e r   of   t h e   p l a n t   of  F i g .   1 ;  

F i g .   4  i s   a  s i m p l i f i e d   p l a n   v i e w   of   t h e   m i x e r   o f  

F i g .   3 ;  

F i g .   5  i s   a  f r o n t   e l e v a t i o n a l  v i e w   of   t h e   c o o l i n g  

t o w e r   of   t h e   p l a n t   of   F i g .   1 ;  

F i g .   6  i s   a  s i d e   e l e v a t i o n a l   v i e w   of   t h e   c o o l i n g  

t o w e r   of   F i g .   5 ;  

F i g .   7  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   of   t h e   m o u l d  

f i l l i n g   s t a t i o n   of   t h e   p l a n t   of  F i g .   I ;  

F i g .   8  i s   a  p e r s p e c t i v e   v iew  of   a  s e l f - s u p p o r t i n g  

s t a c k  o f   a s p h a l t   b l o c k s ;   a n d  

F i g .   9  i s   a  p e r s p e c t i v e   v iew  of  a  s i n g l e   a s p h a l t  

b l o c k .  

The  m a n u f a c t u r i n g   p l a n t   shown  in   F i g s .   1  and   2 

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



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

l i m e s t o n e   f i l l e r   by  an  a l m o s t   c o m p l e t e l y   a u t o m a t i c  

p r o c e s s .  
Bu lk   s u p p l i e s   of   b i t u m e n ,   g r i t   and  f i l l e r   a r e   h e l d  

i n   s e p a r a t e   h o p p e r s   10,  12  and   14,  r e s p e c t i v e l y   and  a r e  

s u p p l i e d   to   a  p r i m a r y   m i x e r   16  in   t h e   p r o p o r t i o n s  

n e c e s s a r y   to   p r o d u c e   t h e   g r a d e   of  a s p h a l t   r e q u i r e d .  

B i t u m e n   i s   d e l i v e r e d   h o t   to   t h e   t h e   h o p p e r   10  and  i s  

k e p t   warm  a t   a  t e m p e r a t u r e   b e t w e e n   170°C  and  200°C  t o  

r e n d e r   i t   s u f f i c i e n t l y   l i q u i d   to   f low  r e a s o n a b l y   e a s i l y  

and   i s   t h e n   c a r r i e d   d i r e c t l y   to   t h e   p r i m a r y   m i x e r   1 6  

t h r o u g h   a  p i p e l i n e   1 1 .  

G r i t   and  f i l l e r   f rom  t h e   h o p p e r s   12  and  1 4  

r e s p e c t i v e l y   a r e   d r awn   u p w a r d s   by  means   of   e l e v a t o r s  

13  and   1 5 .  

The  f i l l e r   i s   fed   f rom  t h e   h o p p e r   14  i n t o   t w o  

h e a t e r s   18  w h e r e   i t   i s   h e a t e d   to   a  t e m p e r a t u r e   of   a b o u t  

2000C  and  t h e n   i s   c a r r i e d   d o w n w a r d s   by  g r a v i t y   to   t h e  

p r i m a r y   m i x e r   16,   e i t h e r   d i r e c t l y ,   as  shown  in   F i g .   2 

or   v i a  a   w e i g h i n g   h o p p e r   20  as  shown  i n   F i g .   1.  T h e  

g r i t   i s   n o t   h e a t e d   p r i o r   to   m i x i n g   b u t   i s   a d d e d   to   t h e  

o t h e r   m a t e r i a l s   in   t h e   p r i m a r y   m i x e r   16,   a g a i n ,   e i t h e r  

d i r e c t l y   f r o m   t h e   h o p p e r   12  o r   v i a   t h e   w e i g h i n g  

h o p p e r   2 0 .  

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

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

f u r t h e r   h e a t   i n p u t   i n t o   t h e   m i x e r   16.  The  m i x e r   16  m a y  

be  o f   t h e   c o n v e n t i o n a l   " v e r t i c a l "   m i x e r   t y p e   h a v i n g   a  

m i x i n g   v e s s e l   o f ,   t y p i c a l l y ,   6  t o n n e s   c a p a c i t y   w i t h   a  

c e n t r a l   v e r t i c a l   r o t a t i n g   s h a f t   c a r r y i n g   one  or  m o r e  

s e t s   of  a n g l e d   m i x i n g   b l a d e s   or  p a d d l e s   w h i c h   e f f e c t  

t h e   m i x i n g   of   t h e   raw  m a t e r i a l s   to  form  m a s t i c   a s p h a l t .  

The  m i x e r   16  i s   s e t   to   o p e r a t e   on  a  t h i r t y - m i n u t e  

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

g a t e   i s   o p e n e d   a t   t h e   b a s e   of  t h e   m i x e r   16  t o   a l l o w   i t s  



c o n t e n t s   to   be  d i s c h a r g e d   by  g r a v i t y   t h r o u g h   a  s t e e p l y -  

a n g l e d   s h u t e   22  i n t o   a  s e c o n d a r y   m i x e r   2 4 .  

The  s e c o n d a r y   m i x e r   24,  w h i c h   i s   shown  in   d e t a i l  

i n   F i g s .   3  and   4,  s e r v e s   two  p u r p o s e s .   F i r s t l y ,   i t  

s u b j e c t s   t h e   a s p h a l t   to   f u r t h e r   m i x i n g ,   so  as  to   e n s u r e  

t h a t   t h e   raw  m a t e r i a l s   a r e   p r o p e r l y   b l e n d e d   and  t h e  

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

s e c o n d l y ,   i t   a c t s   to   c o o l   t h e   a s p h a l t ,   w h i c h   n o t   o n l y  

p e r m i t s   h e a t   to   be  r e c o v e r e d   and  r e - u s e d   b u t   a l s o  

e n s u r e s   t h a t   t h e   a s p h a l t   i s   a t   t h e   o p t i m u m   t e m p e r a t u r e  

f o r   m o u l d i n g .  

The  m i x e r   24  i s ,   a g a i n   of  t h e   v e r t i c a l   t y p e  

c o n s i s t i n g   of   a  m i x i n g   t a n k   26  e n c l o s i n g   a  c e n t r a l  

r o t a r y   s p i n d l e   28  w h i c h   c a r r i e s   two  s e t s   of   a n g l e d  

m i x i n g   p a d d l e s   30.   Hot  a s p h a l t   f rom  t h e   p r i m a r y   m i x e r  

16  e n t e r s   t h e   m i x i n g   t a n k   26  t h r o u g h   an  o p e n i n g   32  a t  

t h e   t o p   of   t h e   t a n k   26  and  t h e   c o o l e d   a s p h a l t   i s  

d i s c h a r g e d   t h r o u g h   an  o u t l e t   v a l v e   ( t r e a c l e   v a l v e )   o r  

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

p n e u m a t i c a l l y - o p e r a t e d   g a t e   3 4 .  

The   s e c o n d a r y   m i x e r   24  i s   a l s o   p r o v i d e d   w i t h   a n  

o u t e r   j a c k e t   36  o f   i n s u l a t i n g   m a t e r i a l   w h i c h   e n c l o s e s   a  

n u m b e r   of   v e r t i c a l   p a s s a g e s   3 8  f o r   t h e   f l o w   of  a  h e a t  

e x c h a n g e   m e d i u m .   The  p a s s a g e s   38  a r e   j o i n e d   a t   t h e i r  

u p p e r   and  l o w e r   e n d s   by  a n n u l a r   p a s s a g e s   40  and   4 2  

r e s p e c t i v e l y   to   form  a  n e t w o r k   t h r o u g h   w h i c h   t h e   h e a t  

e x c h a n g e   m e d i u m ,   w h i c h   may,  f o r   e x a m p l e ,   be  t h e r m a l  

o i l ,   c i r c u l a t e s .   As  i t   c i r c u l a t e s ,   t h e   c o l d   t h e r m a l  

o i l   e n t e r i n g   t h e   n e t w o r k   of  p a s s a g e s   c o n t a c t s   t h e   h o t  

a s p h a l t   t h r o u g h   t h e   w a l l   of  t h e   m i x i n g   t a n k   26  and  h e a t  

i s   t r a n s f e r r e d   f rom  t h e   a s p h a l t   to   t h e   o i l .   The  h o t  

o i l   t h e n   l e a v e s   t h e   s e c o n d a r y   m i x e r   24  and  p a s s e s  

t h r o u g h   a  h e a t   e x c h a n g e r   44  w h e r e   t h e   h e a t   i s   r e m o v e d  

and   r e t u r n e d   to   t h e   h e a t e r s   18  f o r   use   in   h e a t i n g  

f i l l e r   f o r   t h e   n e x t   b a t c h   of  a s p h a l t .  



C o m b i n i n g   t h e   s e c o n d a r y   m i x e r   24  w i t h   a  h e a t  

e x c h a n g e   a r r a n g e m e n t   in   t h i s   way  e n a b l e s   c o n s i d e r a b l e  

s a v i n g s   in   t e r m s   of   h e a t   e n e r g y   to   be  made  and ,   a s  

m e n t i o n e d   a b o v e ,   h a s   t h e   a d v a n t a g e   t h a t   o n c e   t h e  

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

b e e n   c o o l e d   to   a  t e m p e r a t u r e   of  a r o u n d   150oC,   w h i c h   i s  

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

m i x e r   24  i s   made  s u f f i c i e n t l y   l a r g e   f o r   e x a m p l e ,   of   13  

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

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

s e c o n d a r y   m i x e r   24  a c t i n g   as  a  b u f f e r   b e t w e e n   t h e  

p r i m a r y   m i x e r   16  and  t h e   m o u l d - f i l l i n g   e q u i p m e n t .   I t  

i s   a l s o   p o s s i b l e ,   i f   d e s i r e d ,   to  p r o v i d e   f u r t h e r  

p r i m a r y   m i x e r s   w h i c h   d i s c h a r g e   i n t o   t h e   same  s e c o n d a r y  

m i x e r .  

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

w h i c h   i s   p r e f e r a b l y   c a r r i e d   o u t   as  d e s c r i b e d   in   d e t a i l  

b e l o w ,   t h e   m o u l d s   m u s t   be  c o o l e d   so  t h a t   t h e   a s p h a l t  

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

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

d r a w i n g   t h e   m o u l d s   t h r o u g h   an  a r r a y   of   w a t e r   s p r a y s .  
The  f i l l e d   m o u l d s   a r e   c a r r i e d   from  t h e   f i l l i n g   p o i n t   a t  

t h e   o u t l e t   of   t h e   s e c o n d a r y   m i x e r   24  by  a  s u i t a b l e   f o r m  

o f   c o n v e y o r   i n t o   a  c o o l i n g   t o w e r   50,  w h i c h   i s   shown  i n  

F i g s .   5  and   6 .  

I n s i d e   t h e   c o o l i n g   t o w e r   50  t h e   m o u l d s   52  a r e  

c o u p l e d   to   a  c h a i n   c o n v e y o r   54.   The  c o n v e y o r   54  r u n s  

i n   a  z i g - z a g   p a t h   u p - a n d - d o w n   a l o n g   t h e   l e n g t h   of   t h e  

t o w e r   50  so  as  to   f i t   as  l o n g   a  p a t h   as  p o s s i b l e   i n t o   a  

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

t h e   c h a i n   c o n v e y o r ,   may,  f o r   e x a m p l e ,   be  a b o u t   30  f e e t  

(9  m e t r e s   a p p r o x i m a t e l y )   in   l e n g t h .  

The  c h a i n   c o n v e y o r   54  i s   s u r r o u n d e d   a l o n g   i t s  

s i n u o u s   z i g - z a g   p a t h   by  an  a r r a y   56  o f   n o z z l e s   w h i c h  

s p r a y   w a t e r   o n t o   t h e   m o u l d s   52.   The  w a t e r   w h i c h  

i n i t i a l l y   c o n t a c t s   t h e   m o u l d s   52  and  t h e i r   c o n t e n t s   i s  



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

q u a n t i t y   of   h e a t   f rom  t h e   a s p h a l t   in   t h e   form  of   t h e  

l a t e n t   h e a t   n e e d e d   to   t u r n   t h e   w a t e r   i n t o   s t e a m .  

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

a b o u t   100C  to   a b o u t   1 6 0 C .  

C o n s e q u e n t l y ,   t h e   m o u l d s   52  and  t h e i r   c o n t e n t s   a r e  

c o o l e d   r a p i d l y   in   a  r e l a t i v e l y   s m a l l   s p a c e .  

At  t h e   end  of   t h e   c h a i n   c o n v e y o r   54  r e m o t e   f r o m  

t h e   m i x e r s ,   t h e   m o u l d s   52  a r e   u n c o u p l e d   f rom  t h e  

c o n v e y o r   54  and  c a r r i e d   away  f o r   t h e   a s p h a l t   b l o c k s   t o  

be  u n m o u l d e d   and  p a c k a g e d   p r i o r   to   b e i n g   t r a n s p o r t e d   t o  

t h e   s i t e s   w h e r e   t h e   a s p h a l t   i s   to   be  u s e d .  

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

in   e x i s t i n g   p r o c e s s e s   t e n d   to   v a r y   a  g r e a t   d e a l   in   s i z e  

and   s h a p e   and  a r e ,   t h e r e f o r e ,   d i f f i c u l t   to   p a c k a g e ,  

b e c a u s e   t h e y   c a n n o t   be  s t a c k e d ,   and  to   t r a n s p o r t .  

F r e q u e n t l y   t h e y   a r e   a l s o   d i f f i c u l t   to   b r e a k   up  i n t o  

e v e n - s i z e d   p i e c e s .   T h e s e   d i s a d v a n t a g e s   may  be  o v e r c o m e  

in   t h e   f o l l o w i n g   m a n n e r .  

I n   t h e   i n s t a l l a t i o n   of  t h e   i n v e n t i o n ,   t h e   m o u l d s  

52  i n   w h i c h   t h e   a s p h a l t   b l o c k s   a r e   f o r m e d ,   a r e   c o n v e y e d  

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

t h r o u g h   a  m o u l d - f i l l i n g   s t a t i o n   53  and  an  u n m o u l d i n g  

s t a t i o n   5 5 .  

The  f i l l i n g   o f   t h e   m o u l d s   52  i s   r e g u l a t e d   by  a  

c o n t r o l   s y s t e m   i n c o r p o r a t i n g   a  m i c r o - p r o c e s s o r   60  a s  

shown   in   F i g .   7 .  

E a c h   mou ld   52  i s   c a r r i e d   to   t h e   m o u l d - f i l l i n g  

s t a t i o n   53  w h i c h   i s   d i r e c t l y   b e l o w   t h e   d i s c h a r g e   g a t e  

34  o f   t h e   s e c o n d a r y   m i x e r   24 .   A s  m e n t i o n e d   a b o v e ,   t h e  

d i s c h a r g e   g a t e   34  i s   p n e u m a t i c a l l y - a c t u a t e d   a n d  c a n   b e  

moved   to   o p e n   and  c l o s e   t h e   d i s c h a r g e   o u t l e t   a t   t h e  

b a s e   of   t h e   m i x e r   24.   When  t h e   g a t e   34  i s   o p e n ,  

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

i n t o   a  m o u l d   52  w h i c h   i s   p o s i t i o n e d   d i r e c t l y   b e l o w   i t .  



The  u se   of   a  v e r t i c a l   o u t l e t   a r r a n g e m e n t   a v o i d s   t h e  

p r o b l e m s   due  to   d r a g   and  a  b u i l d - u p   of  a s p h a l t   in   t h e  

s h u t e   w h i c h   a r i s e   when  an  i n c l i n e d   o u t l e t   s h u t e   i s  

u s e d .  

The  p n e u m a t i c   a c t u a t o r   35  o f   t h e   g a t e   34  i s  

c o n t r o l l e d   by  t h e   m i c r o p r o c e s s o r   60.   As  e a c h   mou ld   52  

r e a c h e s   t h e   m o u l d - f i l l i n g   s t a t i o n   53,   t h e  

m i c r o p r o c e s s o r   60  c a u s e s   t h e   a c t u a t o r   35  t o   o p e n   t h e  

g a t e   34 .   The  g a t e   34  r e m a i n s   open  f o r   t h e   p e r i o d  

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

d i s c h a r g e d   i n t o   t h e   m o u l d   52  to   f i l l   i t .   The  g a t e   3 4  

i s   t h e n   c l o s e d .  

The  f i l l e d   m o u l d   52  i s   t h e n   c o n v e y e d   t h r o u g h   a  

w e i g h i n g   s t a t i o n   64  and  a  s i g n a l   r e p r e s e n t i n g   t h e  

w e i g h t   of  t h e   f i l l e d   m o u l d   i n p u t   i n t o   t h e  

m i c r o p r o c e s s o r   60.   The  m i c r o p r o c e s s o r   60  t h e n   c o m p a r e s  
t h i s   s i g n a l   to   a  s t o r e d   v a l u e ,   w h i c h   can   e i t h e r   be  a  

d e s i r e d   n o m i n a l   w e i g h t   or   an  a v e r a g e   v a l u e   or   t h e  

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

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

34  i s   o p e n e d   to   f i l l   s u b s e q u e n t   m o u l d s   so  t h a t   t h e  

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

w e i g h t   of   t h e   b l o c k s   a r e   as  c o n s i s t e n t   as  p o s s i b l e .  

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

m o u l d   may  in   a d d i t i o n   be  w e i g h e d   p r i o r   t o   b e i n g   f i l l e d .  

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

c a n   t h e n   be  u s e d   by  t h e   m i c r o p r o c e s s o r   to   p r o v i d e   a  

s i g n a l   r e p r e s e n t a t i v e   of  t h e   a c t u a l   w e i g h t   of   a s p h a l t  

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

The  m o u l d s   52  i n   w h i c h   t h e   b l o c k s   a r e   f o r m e d   a r e  

i n   t h e   fo rm  of   a  g e n e r a l l y   r e c t a n g u l a r   t r a y   c o n s i s t i n g  

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

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

b o t t o m .   Each  compartment  is  p r e f e r a b l y   twice  as  long  a s  

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

g r e a t e r   d e t a i l   b e l o w ,   and  h a s   a  c a p a c i t y   of   20kg  o f  



m a s t i c   a s p h a l t .   T y p i c a l l y ,   a  20kg  b l o c k   may  be  0 . 5 m  

(20  i n c h e s )   l o n g   and  0 . 2 5 m   (10  i n c h e s )   w i d e .   T o  

a c h i e v e   t h e   d e s i r e d   20kg  w e i g h t ,   a  m o u l d   h a v i n g   t h e s e  

d i m e n s i o n s   i s   f i l l e d   w i t h   m a s t i c   a s p h a l t   to   a  d e p t h   o f  

9cm  (3b  i n c h e s ) .   The  s i d e   w a l l   i s   n o t   q u i t e  

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

i t ,   t y p i c a l l y   a t   an  a n g l e   of   a b o u t   8°  t o   t h e  

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

e a s i l y   be  r e m o v e d   f rom  t h e   m o u l d .   The  u se   of   a  l o o s e  

b o t t o m   i n   t h e   m o u l d   a l l o w s   t h e   f i n i s h e d   b l o c k   to   b e  

s i m p l y   p u s h e d   o u t   of   i t   by  s u i t a b l e   u n m o u l d i n g  

e q u i p m e n t   a t   t h e   u n m o u l d i n g   s t a t i o n   5 5 .  

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

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

m a t e r i a l   to   p r e v e n t   t h e   a s p h a l t   s t i c k i n g   t o   t h e   m o u l d .  

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

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

s t i c k i n g   t o g e t h e r .   The  empty   m o u l d s   52  a r e   r e t u r n e d   b y  

m e a n s   of   a  c o n v e y o r   57  t o   t h e   m o u l d - f i l l i n g   s t a t i o n   5 3  

f o r   r e - u s e .  

B e c a u s e   t h e   b l o c k s   p r o d u c e d   by  t h e   i n s t a l l a t i o n   o f  

t h e   i n v e n t i o n   a r e   of   a  u n i f o r m   s i z e ,   t h e y   can   e a s i l y   b e  

f o r m e d   i n t o   a  s e l f - s u p p o r t i n g   s t a c k   70,   as  shown  i n  

F i g .   8  o f   t h e   d r a w i n g s .   For   t h i s   r e a s o n ,   i t   i s  

p r e f e r r e d   to   make  t h e   b l o c k s   of  t h e   r e c t a n g u l a r   s h a p e  

d e s c r i b e d   a b o v e ,   as  s u c h   b l o c k s   can   be  s t a c k e d   m o r e  

e a s i l y   u s i n g   c o n v e n t i o n a l   s t a c k i n g   m a c h i n e r y   t h a n  

b l o c k s   of   o t h e r   s h a p e s .  

E a c h   s t a c k   70  i s   f o r m e d   by  a  c o n v e n t i o n a l   s t a c k i n g  

m a c h i n e   59  l o c a t e d   d o w n s t r e a m   of   t h e   u n m o u l d i n g   s t a t i o n  

55  and   c o n s i s t s   o f ,   in   t h i s   c a s e ,   . e i g h t   l a y e r s   o f  

b l o c k s   a r r a n g e d   so  t h a t   t h e   b l o c k s   of  e a c h   l a y e r  

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

b e l o w .   The  s t a c k   70  i s   h e l d   t o g e t h e r   by  means   of   f o u r  

s t r a p s   72  w h i c h   p a s s   t i g h t l y   a r o u n d   i t   to   p r e v e n t   t h e  

b l o c k s   m o v i n g   a p a r t .   At  t h e   t o p   and  b o t t o m   of   t h e  



s t a c k   70,  s p a c e s   a r e   l e f t   b e t w e e n   a d j a c e n t   b l o c k s   t o  

f o r m   c h a n n e l s   74  i n t o   w h i c h   t h e   f o r k s   of   a  f o r k - l i f t  

t r u c k   can   be  i n s e r t e d   to   move  t h e   s t a c k .   A  s t a c k  

f o r m e d   in   t h i s   way  i s   e n t i r e l y   s e l f - s u p p o r t i n g   and  d o e s  

n o t   r e q u i r e   a  p a l l e t   or   any  o t h e r   form  of   p a c k i n g .  

W h e r e   s u c h   s t a c k s   a r e   s t o r e d   f o r   some  t i m e   b e f o r e  

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

c a u s e   t h e   b l o c k s   to   c o n t r a c t   and  t h e   s t r a p s   72  t o  

l o o s e n .   I t   i s   t h e r e f o r e ,   p r e f e r r e d   t h a t   e a c h   s t r a p   72  

s h o u l d   be  l e f t   w i t h   an  end  f r e e   when  i n i t a l l y   p l a c e d   o n  

t h e   s t a c k   70  so  t h a t   i t   can   be  p u l l e d   up  and  r e -  

t i g h t e n e d   i m m e d i a t e l y   b e f o r e   mov ing   t h e   s t a c k   7 0 .  

The  l o o s e   b o t t o m   p l a t e   of   each   c o m p a r t m e n t   of  t h e  

m o u l d s   52  i n   w h i c h   t h e   b l o c k s   a r e   f o r m e d   i s   f o r m e d   w i t h  

two ,   as  shown ,   or  t h r e e   e q u a l l y - s p a c e d   t r a n s v e r s e   r i b s  

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

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

t r i a n g u l a r   c r o s s - s e c t i o n   g r o o v e s   or   i n d e n t a t i o n s   80,   a s  

shown   in   F i g .   9.  The  r i b s   may  e i t h e r   be  f o r m e d  

i n t e g r a l l y   w i t h   t h e   b o t t o m   p l a t e   of  t h e   m o u l d   or   b y  

p o s i t i o n i n g   two  p i e c e s   of  a n g l e   i r o n   on  t h e   b a s e   of   t h e  

m o u l d .  

The  g r o o v e d   b l o c k s   can   be  b r o k e n   i n t o   e v e n - s i z e d  

p i e c e s   s i m p l y   by  t a p p i n g   them  s h a r p l y ,   t h u s   c a u s i n g   t h e  

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

l i n e   of   t h e   g r o o v e s   80 .   G r o o v e s   80  o f   v a r i o u s   c r o s s -  

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

r e s u l t s .   H o w e v e r ,   we  h a v e   f o u n d   t h a t   to   e n a b l e   t h e  

b l o c k   to   be  b r o k e n   c l e a n l y ,   t h e   g r o o v e   d e p t h   s h o u l d  

p r e f e r a b l y   be  b e t w e e n   one  f i f t h   and  one  t h i r d   of   t h e  

o v e r a l l   h e i g h t   of  t h e   b l o c k ,   t h e   b e s t   r e s u l t s   b e i n g  

o b t a i n e d   when  t h e   g r o o v e   d e p t h   i s   a b o u t   one   q u a r t e r   o f  

t h e   b l o c k   h e i g h t .   So  f o r   a  0 . 5   m e t r e   l o n g   b l o c k   of   t h e  

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

2 . 2 5 c m   ( 0 . 9   i n c h )   i s   p r e f e r r e d .  



We  h a v e   f o u n d   t h a t ,   f o r   a  20kg  b l o c k ,   t h e   b e s t  

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

t a k e s   t h e   fo rm  of   a  r i g h t - a n g l e d   i s o s c e l e s   t r i a n g l e ,  

t h e   s i d e s   of   w h i c h   a r e   a t   l e a s t   1  t o   16  i n c h e s  

( a p p r o x i m a t e l y   2 . 5 - 3 . 5 c m )   in   l e n g t h .   Such  g r o o v e s   c a n  

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

a n g l e   i r o n .   A l t h o u g h   i t   i s   p o s s i b l e   to   u s e ,   f o r  

e x a m p l e ,   a  s i m i l a r l y - s i z e d   g r o o v e   of   e q u i l a t e r a l  

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

more   d i f f i c u l t   to   r e l e a s e   f rom  t h e i r   m o u l d s   t h a n   t h o s e  

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

As  w i l l   be  s e e n   f rom  t h e   a b o v e   d e s c r i p t i o n ,   t h e  

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

a s p h a l t   b l o c k   to   be  m a n u f a c t u r e d   more   c h e a p l y   by  m a k i n g  

s a v i n g s   in   b o t h   t h e   e n e r g y   c o n s u m e d   and  t h e  

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

a b o v e   i s   a l m o s t   c o m p l e t e l y   a u t o m a t i c   and  c an   b e  

o p e r a t e d   by  as  few  as  two  men  who  may  be  h o u s e d   in   a  

s m a l l   a i r - c o n d i t i o n e d   c o n t r o l   c a b i n   90,   shown  in   F i g .   2 ,  

t h u s   a v o i d i n g   t h e   n e e d   f o r   p e r s o n n e l   to   work   in   t h e  

u n p l e a s a n t l y   h o t   a r e a s   a r o u n d   t h e   h e a t e r s   and  m i x e r s .  

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

c o n s e q u e n t l y ,   o c c u p i e s   r e l a t i v e l y   l i t t l e   s p a c e   and  i t  

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

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

be  n e e d e d .  



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

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

m o u l d s ,   and  t h e   m o u l d s   a r e   c o n v e y e d   t h r o u g h   an  a r r a y   o f  

s p r a y   n o z z l e s   a r r a n g e d   to   s p r a y   w a t e r   o n t o   t h e   m o u l d s  

so  t h a t   a t   l e a s t   some  of   t h e   w a t e r   i m p i n g i n g   on  t h e  

m o u l d s   f o r m s   s t e a m   and  t h e r e b y   c o o l s   t h e   a s p h a l t ;   a t  

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

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

o n e   a n o t h e r   in   a  v e r t i c a l   d i r e c t i o n .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  i n   w h i c h   e a c h   m o u l d  

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

a r r a y   o f   s p r a y   n o z z l e s .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   2  i n   w h i c h   t h e  

s i n u o u s   or  z i g - z a g   p a t h   l i e s   in   a  s u b s t a n t i a l l y  

v e r t i c a l   p l a n e .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   2  o r   3  i n   w h i c h   t h e  

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

5.  A  m e t h o d   of   m a n u f a c t u r i n g   m a s t i c   a s p h a l t ,  

c h a r a c t e r i s e d   in   t h a t   i t   c o m p r i s e s   t h e   s t e p s   o f  

(a )   h e a t i n g   a t   l e a s t   some  of  t h e   c o n s t i t u e n t  

m a t e r i a l s   w h i c h   a r e   to   be  c o m b i n e d   to   fo rm  t h e   a s p h a l t ;  

(b)   m i x i n g   t h e   c o n s t i t u e n t   m a t e r i a l s ;   a n d  

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

f o r   d i s c h a r g i n g   i n t o   a  m o u l d ;  

a t   l e a s t   some  of  t h e   h e a t   r e m o v e d   f rom  t h e   a s p h a l t  

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

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

s u b s e q u e n t l y .  



6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5  i n   w h i c h   m i x i n g   i s  

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

m a t e r i a l s .  

7.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5  o r   6  i n   w h i c h   t h e  

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

8.  A  m e t h o d   a c c o r d i n g   to   any  of  c l a i m s   5  t o   7  i n  

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

t h e r m a l   c o n t a c t   w i t h   a  h e a t   e x c h a n g e   m e d i u m .  

9.  A  m e t h o d   a c c o r d i n g   to   c l a i m   8  i n   w h i c h   t h e   h e a t  

e x c h a n g e   med ium  i s   b r o u g h t   i n t o   t h e r m a l   c o n t a c t   w i t h  

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

10.   A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m   in   w h i c h  

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

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

s e l e c t i v e l y   o p e n e d   and  c l o s e d ,   t h e   w e i g h t   of   e a c h  

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

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

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

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

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

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

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

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

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

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

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

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

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

o f   p r e c e d i n g   f i l l e d   m o u l d s   so  as  to   r e n d e r   t h e   w e i g h t  

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

s u b s t a n t i a l l y   u n i f o r m .  



12.   A  m e t h o d   a c c o r d i n g   to  c l a i m   10  or   11  in   w h i c h   t h e  

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

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

m e a s u r e d   w e i g h t   and  t h e   s t o r e d   v a l u e .  

13 .   A  m e t h o d   a c c o r d i n g   to   c l a i m   12  in   w h i c h   t h e   s t o r e d  

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

14.  A  m e t h o d   a c c o r d i n g   to   any  of  c l a i m s   5  t o   13  i n  

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

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

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

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

t h e   m o u l d   f o r m s   s t e a m   and  t h e r e b y   c o o l s   t h e   a s p h a l t .  

15.   A p p a r a t u s   f o r   t h e   m a n u f a c t u r e   of   m a s t i c   a s p h a l t  

c h a r a c t e r i s e d   in   t h a t   i t   c o m p r i s e s   means   (15)   f o r  

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

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

m i x i n g   t h e   c o n s t i t u e n t   m a t e r i a l s ,   means   (24)   f o r  

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

d i s c h a r g i n g   i n t o   a  m o u l d   (52)   and  a  h e a t   e x c h a n g e r  

a r r a n g m e n t   ( 3 6 , 3 8 )   a s s o c i a t e d   w i t h   t h e   c o o l i n g   m e a n s  

(24)   f o r   r e c o v e r i n g   h e a t   f rom  t h e   a s p h a l t   and  r e t u r n i n g  

i t   t o   t h e   h e a t i n g   means   (18)   f o r   h e a t i n g   t h e  

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

s u b s e q u e n t l y .  

16.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   15  i n   w h i c h   t h e   m e a n s  

f o r   m i x i n g   i n c l u d e s   a  p r i m a r y   m i x e r   (16)   a r r a n g e d   t o  

d i s c h a r g e   i t s   c o n t e n t s   i n t o   a  s e c o n d a r y   m i x e r   ( 2 4 )  

w h i c h  f o r m s   t h e   c o o l i n g   m e a n s .  



17.   A p p a r a t u s   a c c o r d i n g   to   c l a i m   16  in   w h i c h   two  o r  

m o r e   p r i m a r y   m i x e r s   (16)   a r e   a r r a n g e d   to   d i s c h a r g e  

t h e i r   c o n t e n t s   i n t o   a  s i n g l e   s e c o n d a r y   m i x e r   ( 2 4 ) .  

18.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   16  or  17  in   w h i c h   t h e  

w a l l s   o f   t h e   s e c o n d a r y   m i x e r   (24)   a r e   f o r m e d   w i t h   a t  

l e a s t   one   p a s s a g e   (38)  f o r   t h e   c i r c u l a t i o n   o f  a   h e a t  

e x c h a n g e   m e d i u m .  

19.   A p p a r a t u s   a c c o r d i n g   to   c l a i m   18  in   w h i c h   t h e   h e a t  

e x c h a n g e   medium  i s   o i l .  

20 .   A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   15  t o   1 9  

i n c l u d i n g   means   (53)   f o r   d i s c h a r g i n g   a s p h a l t   i n t o   a  

p l u r a l i t y   of   m o u l d s   ( 5 2 )  t h r o u g h   a  d i s c h a r g e   o u t l e t  

( 3 4 )   p r o v i d e d   in   t h e   c o o l i n g   means   ( 2 4 ) ,   t h e  

d i s c h a r g i n g   means   (53)   i n c l u d i n g   means   (64)   f o r  

w e i g h i n g   e a c h   m o u l d   (52)   a f t e r   f i l l i n g   and  f o r  

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

m o u l d   and  c o n t r o l   a p p a r a t u s   (60)   c o u p l e d   to   r e c e i v e   t h e  

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

d i s c h a r g e   o u t l e t   (34)   i s   o p e n e d   to  d i s c h a r g e   a s p h a l t  

i n t o   e a c h   mou ld   (52)   in   d e p e n d e n c e   on  t h e   s a i d   s i g n a l  

so  as  to   r e n d e r   t h e   w e i g h t   of   a s p h a l t   d i s c h a r g e d   i n t o  

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

21 .   A p p a r a t u s   f o r   use   in   t h e   m e t h o d   of   c l a i m   11  

c o m p r i s i n g   means   (64)   f o r   w e i g h i n g   e a c h   m o u l d   ( 5 2 )  

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

t h e   w e i g h t   of   e a c h   m o u l d   and  c o n t r o l   a p p a r a t u s   ( 6 0 )  

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

t i m e   f o r   w h i c h   t h e   d i s c h a r g e   o u t l e t   (34)  i s   o p e n e d   t o  

d i s c h a r g e   m a t e r i a l   i n t o   e a c h   mould   (52)  in   d e p e n d e n c e  

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

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

s u b s t a n t i a l l y   u n i f o r m .  



22.   A p p p a r a t u s   a c c o r d i n g   to   c l a i m   20  o r   21  i n   w h i c h  

t h e   c o n t r o l   a p p a r a t u s   (60)   i n c l u d e s   a  m i c r o p r o c e s s o r .  

23 .   A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   20  t o   22  i n  

w h i c h   t h e   d i s c h a r g e   o u t l e t   (34)   can  be  s e l e c t i v e l y  

o p e n e d   and  c l o s e d   by  means   of   a  p n e u m a t i c a l l y - a c t i v a t e d  

m o v a b l e   c l o s u r e .  

24.   A p p a r a t u s   a c c o r d i n g   to  any  of   c l a i m s   15  t o   2 3  

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

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

t h e   means   f o r   c o o l i n g   c o m p r i s i n g   an  a r r a y   of   s p r a y  
n o z z l e s   (56)   and  a  c o n v e y o r   (54)  f o r   c o n v e y i n g   t h e  

m o u l d s   (52)   t h r o u g h   t h e   s a i d   a r r a y ;   t h e   s p r a y   n o z z l e s  

(56)   b e i n g   a r r a n g e d   to   s p r a y   w a t e r   o n t o   t h e   m o u l d s   ( 5 2 )  

c a r r i e d   by  t h e   c o n v e y o r   (54)   so  t h a t   a t   l e a s t   some  o f  

t h e   w a t e r   i m p i n g i n g   on  t h e   m o u l d s   (52)   f o r m s   s t e a m   a n d  

t h e r e b y   c o o l s   t h e   a s p h a l t   and  t h e   c o n v e y o r   (54)   b e i n g  

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

t h e   m o u l d s   (52)   a r e   c o n v e y e d   e x t e n d s   b e t w e e n   l e v e l s  

w h i c h   a r e   s p a c e d   f rom  one  a n o t h e r   in   a  v e r t i c a l  

d i r e c t i o n .  

25.   A p p a r a t u s   f o r   use   in   t h e   m e t h o d   of   c l a i m   1 

c o m p r i s i n g   means   (53)   f o r   d i s c h a r g i n g   t h e   a s p h a l t   i n t o  

a  p l u r a l i t y   of  m o u l d s ,   an  a r r a y   of  s p r a y   n o z z l e s   ( 5 6 )  

and   a  c o n v e y o r   (54)   f o r   c o n v e y i n g   t h e   m o u l d s   ( 5 2 )  

t h r o u g h   t h e   s a i d   a r r a y ;   t h e   s p r a y   n o z z l e s   (56)   b e i n g  

a r r a n g e d   to   s p r a y   w a t e r   o n t o   m o u l d s   (52)   c a r r i e d   by  t h e  

c o n v e y o r   (54)   so  t h a t   a t   l e a s t   some  of   t h e   w a t e r  

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

t h e   m a t e r i a l   and  t h e   c o n v e y o r   (54)  b e i n g   s u c h   t h a t   a t  

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

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

one   a n o t h e r   in   a  v e r t i c a l   d i r e c t i o n .  



26.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   24  or   25  i n   w h i c h   t h e  

c o n v e y o r   (54)   i s   a r r a n g e d   to   c o n v e y   t h e   m o u l d s   ( 5 2 )  

a l o n g   a  s i n u o u s   or   z i g - z a g   p a t h   t h r o u g h   t h e   a r r a y   o f  

s p r a y   n o z z l e s .  

27 .   A p p a r a t u s   a c c o r d i n g   to   c l a i m   26  in   w h i c h   t h e  

s i n u o u s   or  z i g - z a g   p a t h   l i e s   in   a  s u b s t a n t i a l l y  

v e r t i c a l   p l a n e .  

28.  A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   24  t o   2 7  

i n c l u d i n g   means   (55)   f o r   r e m o v i n g   t h e   a s p h a l t   f rom  t h e  

m o u l d s   (52)   s u b s e q u e n t l y   to  b e i n g   c o n v e y e d   t h r o u g h   t h e  

a r r a y   of   s p r a y   n o z z l e s   ( 5 6 ) .  

29.   A  m a s t i c   a s p h a l t   b l o c k   c h a r a c t e r i s e d   in   t h a t   i t  

h a s   f o r m e d   in   a  s u r f a c e   t h e r e o f   a t   l e a s t   one   g r o o v e  
( 8 0 )   f o r   f a c i l i t a t i n g   b r e a k i n g   of   t h e   b l o c k .  

30.   A  b l o c k   a c c o r d i n g   to   c l a i m   29  i n   w h i c h   t h e   g r o o v e  
(80)   e x t e n d s   f rom  one  s u r f a c e   of   t he   b l o c k   to   a  s u r f a c e  

o p p o s i t e   t h e   s a i d   one  s u r f a c e .  

31 .   A  b l o c k   a c c o r d i n g   to   c l a i m   29  or   30  i n   w h i c h   t h e  

g r o o v e   (80)   i s   of   t r i a n g u l a r   c r o s s - s e c t i o n .  

32.   A  b l o c k   a c c o r d i n g   to   c l a i m   31  i n   w h i c h   t h e   g r o o v e  

( 8 0 )   i s   of   r i g h t - a n g l e d   i s o s c e l e s   t r i a n g l e  

c r o s s - s e c t i o n .  

33.  A  b l o c k   a c c o r d i n g   to   any  of  c l a i m s   29  t o   32  i n  

w h i c h   t h e   d e p t h   of  e a c h   g r o o v e   (80)  i s   in   t h e   r a n g e   o n e  

f i f t h  t o   one  t h i r d   of   t h e   t h i c k n e s s   o f   t h e   b l o c k   in   a  

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

w h i c h   t h e   g r o o v e   i s   f o r m e d .  



34.   A  b l o c k   a c c o r d i n g   to   c l a i m   33  in   w h c i h   t h e   d e p t h  

o f   e a c h   g r o o v e   (80)   i s   one  q u a r t e r   of   t h e   s a i d  

t h i c k n e s s .  

35.  A  b l o c k   a c c o r d i n g   to   any  of   c l a i m s   29  to   34  i n  

w h i c h   t h e   w i d t h   of   t h e   b l o c k   i s   one  h a l f   of   i t s   l e n g t h .  

36.   A  b l o c k   a c c o r d i n g   to   any  of   c l a i m s   29  t o   35  w h i c h  

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

f o r m e d .  
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