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@  Cell  like  structure. 

@  A  rigid  cell  like  structure  primarily  for  use  under  gar- 
dens  and  roads  where  it  is  required  to  provide  good  drain- 
age;  the  cell  comprising  two  substantially  parallel  perforate 
planar  surfaces  maintained  in  a  fixed  spaced  relationship 
from  each  other  by  means  of  a  plurality  of  spacer  members; 
the  perforate  nature  of  both  surfaces  and  the  disposition  of 
spacer  members  being  such  that  gases  or  liquids  may  freely 
pass  through  the  composite  structure  around  the  spacer 
means  in  any  direction. 
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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  the  p r o v i s i o n   of  a d e q u a t e  

d r a inage   by  a r t i f i c i a l   means  and  has  p a r t i c u l a r   a p p l i c a t i o n  

in  the  area   of  l andscape   g a r d e n i n g .  

Known  methods  of  d r a i n i n g   r e l a t i v e l y   l a rge   s u r f a c e   a r e a s  

5  where  the  f u n n e l l i n g   of  "water  d i r e c t l y   in to   narrow  d i a m e t e r  

pipes  is  i m p r a c t i c a l   or  imposs ib l e   invo lve   the  use  of  a  l a y e r  

of  s tone  or  g r ave l   capable   of  s u p p o r t i n g   the  s u r f a c e   to  be  d r a i n e d .  

Water  from  th i s   " g r a v e l "   l aye r   may  then  be  a l lowed  to  p e r c o l a t e  

in to   the  ground  below,  fo l low  the  l i e   fo  the  land  through  s a i d  

10  g r ave l   to  f u r t h e r   c o n v e n t i o n a l   d r a inage   channe l s   or  p ipes   o r  

o the rwi se   evacua ted .   In  the  case  of  a  r o o f - t o p   garden  for  example  

a  c o n c r e t e   r o o f - t o p   may  be  p rov ided   with  a  water   impervious   membrane 

opening  i n to   c o n v e n t i o n a l   channe l s ,   g u t t e r s   or  d r a i n s ;   a  l a y e r  

of  pebbles   may  the  be  p rovided   over  such  membrane  fo l lowed  by  a  

15  f i l t e r   membrane  over  such  l aye r   of  pebbles   over  which  f i l t e r  

membrane  a  l aye r   of  s o i l   is  l a id   in  which  v e g e t a t i o n   may  be  grown.  

The  f i l t e r   membrane  p r even t s   the  s o i l   c logg ing   the  l aye r   o f  

petfcLes  thereby  p r e v e n t i n g   d r a i n a g e ;   the  l aye r   of  pebbles   f a c i l i t a t e s  

d r a i n a g e   of  the  so i l   and  hence  adequate   oxygen  for  the  roo t s   o f  

20  v e g e t a t i o n .   The  lower  impervious  membrane  in  turn  p r e v e n t s   t h e  

i ng re s s   of  mo i s tu re   to  the  b u i l d i n g   or  s t r u c t u r e   b e l o w .  

Such  a  system  as  l a s t m e n t i o n e d   i n v o l v i n g   p e b b l e s ,   g r a v e l  

or  s tone  has  been  found  to  have  v a r i o u s   d e f e c t s   p a r t i c u l a r l y   i n  

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

25  may  be  expens ive   i n s o f a r   as  s tones   or  pebbles   are  heavy  t h u s  

p r e s e n t i n g   t r a n s p o r t a t i o n   problems  to  high  or  i n a c c e s s i b l e   l o c a t i o n s ,  
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the  weight   a l so   may  d i c t a t e   o the rwise   unnecessa ry   r e i n f o r c e m e n t   o f  

the  s u p p o r t i n g   s t r u c t u r e .   I t   has  been  f u r t h e r   found  tha t   w h e r e  

a  water   impervious   membrane  is  employed  below  a  l ayer   of  o f  

pebbles   the  pebb les   o f t en   breach   the  water  r i g h t   i n t e g r i t y   of  s u c h  

5  membrane  due  to  sharp  edges  and/or   exces s ive   weight .   The  c o n -  

v e n t i o n a l   system  as  l a s t m e n t i o n e d   f u r t h e r m o r e   makes  no  p r o v i s i o n  

for  the  deployment   of  condu i t s   for  water  or  power  through  t h e  

d r a i n a g e   a rea   p a r t i c u l a r l y   where  such  condu i t s   are  to  be  l a i d   a f t e r  

the  d r a i n a g e   system  is  in  e x i s t e n c e .   The  p r e s e n t   i n v e n t i o n   s e e k s  

10  to  a m e l i o r a t e   one  or  more  of  the  l a s t m e n t i o n e d   d i s a d v a n t a g e s   w i t h  

the  p r i o r   a r t   or  at  l e a s t   p rov ide   the  censure:  with  a  c h o i c e .  

According  to  the  p r e s e n t   i nven t ion   the re   is  - 

p rov ided   a  r i g i d   c e l l   s t r u c t u r e   compris ing  f i r s t   and  second  p a r a l l e l  

p e r f o r a t e   p l a n a r   members  ma in t a ined   in  a  f ixed   spaced  r e l a t i o n s h i p  
15  from  each  o the r   by  means  of  a  p l u r a l i t y   of  spacer   members  o f  

adequa te   s t r e n g t h   to  ensure   tha t   e i t h e r   one  of  the  p e r f o r a t e   p l a n a r  
s u r f a c e s   has  a  load  bea r ing   c a p a b i l i t y   of  at  l e a s t   twenty  k i l o g r a m s  

per  square   metre   when  the  opposing  p e r f o r a t e   p l a n a r   s u r f a c e   i s  

suppor t ed   by  a  r i g i d   p l a n a r   su r f ace ;   the  p e r f o r a t e   n a t u r e   of  b o t h  
20  s u r f a c e s   and  the  d i s p o s i t i o n   of  spacer   members  being  such  t h a t  

gases  or  l i q u i d s   may  f r e e l y   pass  through  the  c e l l -   s t r u c t u r e :   •  .:. 
around  the  space r   means  in  any  d i r e c t i o n .  

The  p r e s e n t   i n v e n t i o n   a lso   teaches   a  method  of  p r o v i d i n g  

d r a i n a g e   u t i l i s i n g   the  l a s t m e n t i o n e d   a p p a r a t u s .   In  a d d i t i o n   t o  
25  r o o f - t o p   garden  a p p l i c a t i o n s   i t   is  envisaged  t h a t   the  i n v e n t i o n   may 

be  of  use  to  p rov ide   d r a i n a g e   under  roadways,  under  embankments 
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and  e l sewhere   where  s u r f a c e   e r o s i o n   would  o t h e r w i s e   be  a  p r o b l e m .  

One  example  of  an  a r t i c l e   in  accordance   with  the  p r e s e n t  

i n v e n t i o n   w i l l   now  be  d e s c r i b e d   with  r e f e r e n c e   to  the  accompanying  

drawings  w h e r e i n :  

5  F igure   1  is  a  pa r t   p e r s p e c t i v e   view  of  a  c e l l   in  a c c o r d a n c e  

with  the  p r e s e n t   i n v e n t i o n ;  

F igure   2  is  a  f u r t h e r   part  p e r s p e c t i v e   view  of  the  c e l l   o f  

f i g u r e   1 ;  

F igure   3  is  a  s ide  e l e v a t i o n   of  the  c e l l   d e p i c t e d   in  f i g u r e s  

10  1  and  2 .  

F igure   1  d e p i c t s   a  d r a i n a g e   c e l l   compr i s ing   a  f i r s t   p l a n a r  

p e r f o r a t e   s u r f a c e   1  and  a  second  p l ana r   p e r f o r a t e   s u r f a c e   2 

ma in ta ined   in  p a r a l l e l   spaced  r e l a t i o n s h i p   to  each  o ther   by  a  

p l u r a l i t y   of  u p r i g h t   spacer   members  3 .  

15  The  n a t u r e   of  p e r f o r a t i o n s   in  the  embodiment  of  f i g u r e s   1 

and  2  may  bes t   be  observed  from  f i g u r e   2  which  c l e a r l y   d e p i c t s  

s u b s t a n t i a l l y   square   p e r f o r a t e   a reas   4  in  the  f i r s t   p l a n a r  

su r f ace   1.  I t   w i l l   be  noted  tha t   the  square  p e r f o r a t e   areas   a r e  

i n t e r p o s e d   with  s u b s t a n t i a l l y   square   load  bea r ing   s e c t i o n s   5 

20  such  tha t   the  r e s u l t i n g   c o n f i g u r a t i o n   of  the  f i r s t   p l ana r   su r f ace   1 

is  checkered .   In  th i s   embodiment  the  second  p e r f o r a t e   p l a n a r  

su r f ace   is  of  the  same  c o n f i g u r a t i o n   as  the  f i r s t   p e r f o r a t e   p l a n a r  

s u r f a c e   except   tha t   the  square  p e r f o r a t e   s e c t i o n s   are  out  o f  

r e g i s t e r   with  each  o the r   such  tha t   d i r e c t l y   benea th   each  s q u a r e  

25  p e r f o r a t e   s e c t i o n   of  the  f i r s t   p e r f o r a t e   p l ana r   s u r f a c e   l i e s  
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a  square   load  bea r ing   s e c t i o n   of  the  second  p l a n a r   p e r f o r a t e  

s u r f a c e .  

I t   w i l l   be  a p p r e c i a t e d   t ha t   a  c o n f i g u r a t i o n   as  a b o v e  

d e s c r i b e d   r e s u l t s   in  p l ana r   s u r f a c e s   having  a p p r o x i m a t e l y   f i f t y  

5  per   cent   of  t h e i r   s u r f a c e   area   devoted  to  p e r f o r a t i o n s   a n d  

the  r emain ing   f i f t y   per  cent  devoted   to  a  s u r f a c e   which  i s  

capab le   of  load  b e a r i n g .   In  say  a  r o o f - t o p   a p p l i c a t i o n   w h e r e  

a  membrane  may  be  employed  above  the  c e l l   a d j a c e n t   the  f i r s t  

p e r f o r a t e   p l ana r   s u r f a c e   and  p o s s i b l y   a d d i t i o n a l l y   benea th   t h e  

10  c e l l   i t   is  impor t an t   tha t   the  load  bea r ing   s u r f a c e s   comprise   a  

s i g n i f i c a n t   p r o p o r t i o n   of  the  p l a n a r   s u r f a c e s   in  o rder   tha t   l o a d s  

may  be  d i s t r i b u t e d .   If  th is   were  not   the  case  then  the  c e l l  

might  p e r f o r a t e   a d j a c e n t   rasiixaies  thereby  d e s t r o y i n g   t h e i r  

e f f e c t i v e n e s s .   Where  the  c e l l   is  l a id   d i r e c t l y   for   example  on  
15  a  b i t u m e n i s e d   roof   (not  shown)  t h i s   f e a t u r e   is  p a r t i c u l a r l y  

i m p o r t a n t   as  i t   would  not  be  a p p r o p r i a t e   for  the  space r   members  3  

to  bear   d i r e c t l y   on  the  b i t umen i sed   s u r f a c e   the reby   a l l o w i n g  

p e r f o r a t i o n   of  the  b i tumen i sed   s u r f a c e   when  a  load  was  a p p l i e d  

to  the  upper  s u r f a c e   of  the  c e l l  

20  •  i t   w i l l   be  a p p r e c i a t e d   t h a t   the  spacer   members  3  are  r e c t a n g u l a r  

m  ccnfigucatkn  at i   are  (whsi  viewed  in  t e n s v a s e   secticn)ane  oriented  d i ^ n a U y   of  

the  square   p a t t e r n   a s s o c i a t e d   wi th   the  p l ana r   s u r f a c e s   so  t h a t  

the  ends  of  such  spacer   maifcers  6  form  b r i d g e s   between  a d j a c e n t  

load  b e a r i n g   s u r f a c e s   thereby  ty ing   in  a d j a c e n t   load  b e a r i n g  

25  s u r f a c e s   to  each  o ther   and  e n s u r i n g   a  c o h e r e n t   r i g i d   s t r u c t u r e .  
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Some  b r ac ing   of  the  spacer   members  3  is  ach ieved   by  low 

u p s t a n d i n g   wal l s   7  inwardly  d i r e c t e d   from  the  p l ana r   p e r f o r a t e  

s u r f a c e s   running  between  a d j a c e n t   spacer   members  and  e x t e n d i n g  

along  the  edges  d e f i n i n g   the  square  load  bea r ing   s u r f a c e s .  

5  I t   w i l l   be  noted  tha t   these  small  u p s t a n d i n g   wal ls   7 

d e f i n e   sha l low  a reas   8  which  are  capable   of  ho ld ing   small   amounts  

of  pooled  l i q u i d .   This  is  an  impor tan t   f e a t u r e   where  the  c e l l  

is  used  for  d r a i n a g e   of  say  a  r o o f - t o p   garden  as  dur ing   p e r i o d s  

where  no  water   flow  is  p r e s e n t   the  water  in  such  a reas   may 

10  e v a p o r a t e   the reby   a s s i s t i n g   to  main ta in   the  roo t s   of  any  p l a n t s  

or  g rass   above  the  d r a i n a g e   c e l l   in  a  moist   c o n d i t i o n   c o n d u s i v e  

to  p l an t   l i f e .  

w h i l s t   i t   is  env isaged   that   the  pr imary  f u n c t i o n   of  t h e  

d r a i n a g e   c e l l   w i l l   be  to  accept   water  through  i t s   f i r s t   a n d  

15  upper  p e r f o r a t e   p l ana r   su r f ace   and  to  a l low  f ree   p e r c o l a t i o n  

of  the  water   through  the  c e l l   towards  a  d r a i n £ n o t   shown)benea th   t h e  

c e l l   i t   should  be  a p p r e c i a t e d   tha t   the  c e l l   a d d i t i o n a l l y  

a s s i s t s   in  m a i n t a i n i n g   oxygen  a d j a c e n t   the  roo t s   of  any  p l a n t s  

above  the  upper  p l ana r   s u r f a c e .   I t   should  be  noted  tha t   t h e  

20  n a t u r e   of  the  spacer   members  permi ts   f ree   flow  of  water   and  oxygen  

in  acy  hxizcnta l   d i r e c t i o n   wi th in   the  c e l l   and  t h e r e f o r e   i t   i s  

u s u a l l y   not  n e c e s s a r y   to  o r i e n t   the  c e l l   in  any  p a r t i c u l a r  

d i r e c t i o n   with  r e s p e c t   to  the  f a l l   of  the  s u r f a c e   over  w h i c h  

i t   is  i n s t a l l e d .   The  r e l a t i v e l y   open  na tu r e   of  the  a r e a  

25  between  the  two  p l ana r   s u r f a c e s   a d d i t i o n a l l y   may  p r o v i d e  

space  through  which  condu i t s   may  be  passed  for   v a r i o u s   s e r v i c e s  
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which  may  be  a s s o c i a t e d   with  a  b u i l d i n g .  

Lines  8  d e p i c t s   the  p o s s i b l e   d i r e c t i o n s   for   flow  of  w a t e r  

e n t e r i n g   the  upper  s u r f a c e   of  the  c e l l   and  f lowing  t h r o u g h  

the  c e l l .   The  c e l l   may  a d v a n t a g e o u s l y   be  f a b r i c a t e d   from  one  of  a  

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

in  t h i s   r ega rd   p o l y p r o p e l y e n e   has  been  found  to  be  a p p r o p r i a t e .  

The  m u l t i p l i c i t y   of  spacer   members  3  t o g e t h e r   wi th   w a l l s  

7  r e s u l t s   in  a  r e l a t i v e l y   r i g i d   s t r u c t u r e   which  is  capab le   o f  

s u p p o r t i n g   s u b s t a n t i a l   loads  and  for  example  where  the  s p a c e r  

10  members  are   a p p r o x i m a t e l y   t h i r t y   m i l l i m e t r e s   in  l e n g t h   a n d  

th ree   m i l l i m e t r e s   by  t h r ee   m i l l i m e t r e s   in  c r o s s - s e c t i o n   t h e  

load  b e a r i n g   c a p a b i l i t i e s   of  the  upper  p l a n a r   s u r f a c e   where  t h e  

lower  p l a n a r   s u r f a c e   is  suppor t ed   on  a  c o n c r e t e   s lab   i s  

a p p r o x i m a t e l y   38,000  k i lograms   per  square   m e t r e .  

15  The  embodiment  of  f i g u r e   1  is  a p p r o x i m a t e l y   th ree   h u n d r e d  

miDimetres   by  t h r e e   hundred  m i l l i m e t r e s   square   and  in  o rder   t o  

cover  a  l a r g e   s u r f a c e   a  number  of  d r a i n a g e   c e l l s   may  be  l a i d  

b e s i d e   each  o t h e r .  

I t   should   be  a p p r e c i a t e d   t h a t   the  p r e s e n t   i n v e n t i o n   • 

20  p rov ides   a  l i g h t   d r a i n a g e   c e l l   which  pe rmi t s   l a r g e   volumes  o f  

water   to  be  d r a i n e d   benea th   a  v a r i e t y   of  s u r f a c e s   and  may 

f u r t h e r m o r e   enhanced  growth  of  v e g e t a t i o n   above  the  c e l l .  

Although  i t   is  not  d e p i c t e d   h e r e i n   those   s k i l l e d   in  t h e  

a r t   of  d r a i n a g e   w i l l   no te   tha t   a  f i l t e r   membrane  should  b e  

. . . / 8  
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u t i l i s e d   above  a  c e l l   in  accordance   with  the  p r e s e n t   i n v e n t i o n  

due  to  the  la rge   a p e r t u r e s   in  the  upper  p e r f o r a t e   p l a n a r  

su r f ace   and  in  th is   r e g a r d " t e r r a f e r m a "   brand  p o l y -  

e s t e r   membranes  are  a p p r o p r i a t e .  

5  From  f i g u r e   2  i t   may  be  observed  tha t   the  edges  of  t h e  

d r a i n a g e   c e l l   are  not  p e r f e c t l y   s t r a i g h t   but  comprise   a  s e r i e s  

of  tongues  10  and  grooves  11.  These  tongues  and  grooves  in  t h e  

edges  of  one  c e l l   member  f a c i l i t a t e   a  f a i r l y   p r e c i s e   l o c a t i o n  

of  a d j a c e n t   c e l l s   where  c e l l s   are  placed  s ide  by  s ide   so  as  t o  

10  form  a  l a rge   mat.  This  is  due  ot  the  f ac t   tha t   the  tongues  10 

of  one  c e l l   w i l l   f i t   in to  the  grooves  11  of  an  a d j a c e n t   c e l l  

thereby  p r e v e n t i n g   r e l a t i v e   h o r i z o n t a l   movement  between  a d j a c e n t  

c e l l s   p rov ided   they  are  urged  towards  each  o t h e r .  

DATED  th i s   3rd  day  of  March,  1987.  
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The  c la ims  d e f i n i n g   the  i n v e n t i o n   are  as  f o l l o w s :  

1.  A  r i g i d   c e l l   s t r u c t u r e   compr i s ing   a  f i r s t   and  s e c o n d  

s u b s t a n t i a l l y   p a r a l l e l   p e r f o r a t e   p l ana r   members  m a i n t a i n e d  

in  a  f ixed   spaced  r e l a t i o n s h i p   from  each  o the r   by  means 

of  a  p l u r a l i t y   of  spacer   members;  the  p e r f o r a t e   n a t u r e  

of  both   s u r f a c e s   and  the  d i s p o s i t i o n   of  spacer   members 

being  such  t h a t   gases  or  l i q u i d s   may  f r e e l y   pass  t h r o u g h  

the  compos i te   s t r u c t u r e   around  the  spacer   means  in  a n y  

d i r e c t i o n .  

10  2.  A  s t r u c t u r e   in  accordance   with  claim  1  wherein   t h e  

p e r f o r a t e   p o r t i o n s   of  the  p l ana r   s u r f a c e s   comprise   at   l e a s t  

f o r t y   per  cen t   of  the  t o t a l   su r f ace   a r e a .  

3.  A  s t r u c t u r e   in  accordance   with  any  one  of  t h e  

p r e c e d i n g   c la ims  wherein  at   l e a s t   twenty  per  cent   o f  

!5  the  t o t a l   s u r f a c e   a rea   of  the  p l ana r   s u r f a c e s   a r e  

adap ted   to  suppor t   a  l o a d .  

4.  A  s t r u c t u r e   in  accordance   with  c la im  1  wherein  t h e  

space r   members  are   columnar  in  c o n f i g u r a t i o n   and  d i s p o s e d  

s u b s t a n t i a l l y   normal ly   to  the  two  p a r a l l e l   p e r f o r a t e  

20  s u r f a c e s .  

5.  A  s t r u c t u r e   in  accordance   with  any  one  of  the  p r e c e d i n g  

c la ims   wherein  the  p e r f o r a t e   areas   a re   formed  a s  

p a r a l l e l o g r a m s   i n t e r p o s e d   with  load  bea r i ng   s e c t i o n s  

of  l i k e   c o n f i g u r a t i o n   and  dimensions   in  a  c h e c k e r e d  

25  c o n f i g u r a t i o n ;   the  spacer   members  being  j o i n e d   to  t h e  

. - . / 1 0  
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p e r f o r a t e   p l ana r   members  a d j a c e n t   the  co rne r s   of  s u c h  

p a r a l l e l o g r a m   shaped  load  bea r ing   s e c t i o n s   and  p e r f o r a t e  

a r e a s .  

6.  A  s t r u c t u r e   in  ' a c c o r d a n c e   with  any  one  of  the  p r e c e d i n g  

5  c la ims  wherein  the  p e r f o r a t e   areas   are  of  a  s u b s t a n t i a l l y  

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

square   load  bea r i ng   s e c t i o n s   of  s i m i l a r   d i m e n s i o n s  

in  a  checkered   c o n f i g u r a t i o n ;   the  spacer   members 

being  j o ined   to  the  p e r f o r a t e   p l ana r   members  a d j a c e n t  

J.0  the  co rne r s   of  such  square  s e c t i o n s .  

7.  A  s t r u c t u r e   in  accordance   with  any  one  of  the  p r e c e d i n g  

c la ims  wherein  a l l   p e r f o r a t e   areas   of  one  p e r f o r a t e   s u r f a c e  

are  out  of  r e g i s t e r   with  the  p e r f o r a t e   areas   of  t h e  

opposing  p e r f o r a t e   s u r f a c e .  

8.  A  s t r u c t u r e   in  accordance   with  any  one  of  the  p r e c e d i n g  

c la ims  where  at  l e a s t   one  of  the  p l ana r   p e r f o r a t e   s u r f a c e s  

i nc ludes   upon  i t s   i n t e r n a l l y   fac ing   s ide   a  p l u r a l i t y   o f  

low  u p s t a n d i n g   wal ls   ex tend ing   between  a d j a c e n t   s p a c e r  

members  d e f i n i n g   sha l low  areas   adapted  to  t rap   s m a l l  

20  q u a n t i t i e s   of  l i q u i d .  

9»  A  s t r u c t u r e   in  accordance   with  any  one  of  the  p r e c e d i n g  

c la ims  wherein  the  c e l l   s t r u c t u r e   is  of  a d e q u a t e  

s t r e n g t h   to  ensure   tha t   e i t h e r   one  of  the  p e r f o r a t e  

p l ana r   s u r f a c e s   has  a  load  bea r ing   c a p a c i t y   of  at  l e a s t  

25 
twmty  kUqgcans  per  square  metre  when  the  o p p o s i n g  

. . . / l l  
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p e r f o r a t e   p l ana r   s u r f a c e   is  suppor ted   by  a  r i g i d  

p l a n a r   s u r f a c e .  

10.  A  s t r u c t u r e   in  accordance   with  any  one  of  the  p r e c e d i n g  

c la ims  wherein  the  c e l l   s t r u c t u r e   is  of  a d e q u a t e  

5  s t r e n g t h   to  ensure  tha t   e i t h e r   one  of  the  p e r f o r a t e  

p l ana r   s u r f a c e s   has  a  load  bea r i ng   c a p a b i l i t y   o f  

between  15,000  and  90,000  k i lograms   per  square   m e t r e  

when  the  opposing  p e r f o r a t e   p l ana r   s u r f a c e   is  s u p p o r t e d  

by  a  r i g i d   p l ana r   s u r f a c e .  

10  11.  A  r i g i d   c e l l   s t r u c t u r e   in  accordance   wi th   any  one  o f  

the  p reced ing   claims  wherein  the re   is  a  r e g u l a r   p a t t e r n  

of  shal low  tongues  and  grooves  along  the  p e r i p h e r a l  

edges  of  the  element  to  a l low  the  e lements   to  be  i n t e r -  

locked  when  assembled  in to   a  m a t .  

15 
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