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Qm)  Concrete  reinforcing  rod  chair. 

@  A  rod  chair  has  a  tubular  body  of  hollow  frustum  shape, 
i.e.  a  tapered  body  (30)  with  open  ends  (35,  42)  to  permit 
mutual  stacking.  The  body  has  two  pairs  of  diametrically 
opposed  troughs  (32,  36)  in  one  or  both  ends  thereof,  with 
each  pair  having  a  different  depth.  Larger  bodies  have 
apertures  (38,  40)  to  permit  concrete  to  flow  therethrough. 
The  troughs  (32,  36)  and  apertures  (38,  40)  are  arranged  on 
the  body  (30)  so  that  a  continuous  strip  of  body  member 
material  (43)  extends  in  the  longitudinal  direction,  either 
from  end  to  end  (35,  42)  between  adjacent  troughs  or  from 
the  bottom  of  each  trough  to  the  opposite  end  of  the  body. 

^   Also,  some  bodies  have  a  continuous  strip  of  material  (45) 
provided  in  the  circumferential  direction  intermediate  the 

^   two  ends  (35,  42).  The  continuous  strips  of  material  (43,  45) 
W  provide  strength  against  axial  and  circumferential  forces 

respectively. 
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A   rod  chair  has  a  tubular  body  of  hollow  frustum  shape, 
i.e.  a  tapered  body  (30)  with  open  ends  (35,  42)  to  permit 
mutual  stacking.  The  body  has  two  pairs  of  diametrically 
opposed  troughs  (32,  36)  in  one  or  both  ends  thereof,  with 
each  pair  having  a  different  depth.  Larger  bodies  have 
apertures  (38,  40)  to  permit  concrete  to  flow  therethrough. 
The  troughs  (32,  36)  and  apertures  (38,  40)  are  arranged  on 
the  body  (30)  so  that  a  continuous  strip  of  body  member 
material  (43)  extends  in  the  longitudinal  direction,  either 
from  end  to  end  (35,  42)  between  adjacent  troughs  or  from 
the  bottom  of  each  trough  to  the  opposite  end  of  the  body. 
Also,  some  bodies  have  a  continuous  strip  of  material  (45) 
provided  in  the  circumferential  direction  intermediate  the 
two  ends  (35,  42).  The  continuous  strips  of  material  (43,  45) 
provide  strength  against  axial  and  circumferential  forces 
respectively. 



BACKGROUND  OF  THE  INVENTION 

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

r e f e r r e d   t o   as  a  c h a i r ,   f o r   p o s i t i o n i n g   r e i n f o r c i n g   r o d s  

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

f o r m s   f o r   c o n c r e t e .  

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

i n g   r o d s   a  p r e s e l e c t e d   d i s t a n c e   a b o v e   a  b a s e ,   or  a d j a c e n t  

a  v e r t i c a l   w a l l ,   h a v e   b e e n   f o r m e d   of   c o n c r e t e   i n t o  

s t r u c t u r e s   known  as  d o b i e s .   D o b i e s   f o r   use   on  v e r t i c a l  

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

w i t h   i t s   two  e n d s   p r o j e c t i n g   o u t   on  e i t h e r   s i d e   of  t h e  

d o b i e .   A  r e i n f o r c i n g   rod   i s   p l a c e d   on  one  end  s u r f a c e  

of   t h e   d o b i e   a n d  t h e   two  e n d s   of   t h e   w i r e   a r e   w r a p p e d  

a r o u n d   t h e   rod   t o   t i e   t h e   r o d   t o   t h e   end  s u r f a c e .  

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

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

b e t w e e n   a  r e i n f o r c i n g   rod   and  t h e   c o n c r e t e   f o r m .   A 

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

r e q u i r e   a  n u m b e r   of  d i f f e r e n t   s p a c i n g s   to   be  p r o v i d e d .  

C o n s e q u e n t l y ,   a  v a r i e t y   of   d i f f e r e n t   s i z e s   of  d o b i e s   m u s t  

be  k e p t   on  h a n d   a t   t h e   p r o j e c t   s i t e .   For   s m a l l   s p a c i n g  

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

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

p o u n d s .   The  b u l k   and  w e i g h t   of   l a r g e r   d o b i e s   make  i t  



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

h im  d u r i n g   i n s t a l l a t i o n .   For   e x a m p l e ,   a  t y p i c a l   1 0 0  

p o u n d   bag   of   4"  d o b i e s   may  c o n t a i n   a  r e l a t i v e l y   s m a l l  

n u m b e r   o f   s p a c e r s ,   b e c a u s e   of  e a c h   d o b i e ' s   b u l k   a n d  

w e i g h t .   C o n s e q u e n t l y ,   r e l a t i v e l y   l a r g e   n u m b e r s   of   b a g s  

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

b a g s   c o s t   money  t o   move .   Bags  of  d o b i e s   a r e   moved  w i t h  

m a n p o w e r   o r ,   in   t h e   c a s e   w h e r e   q u a n t i t i e s   of   b a g s   a r e  

r e q u i r e d ,   by  c r a n e p o w e r .   On  j o b s   w h e r e   h u n d r e d s ,  

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

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

d o b i e   a r e   e x t r e m e l y   s i g n i f i c a n t   and  add  t o   t h e   r e a l ,   o r  

end   c o s t   of   t h e   d o b i e s .   F u r t h e r m o r e ,   d o b i e s   m u s t   b e  

i n d i v i d u a l l y   h a n d l e d   once   any  p a c k a g e   in   w h i c h   t h e y   a r e  

c o n t a i n e d   i s   b r o k e n .  

The  d i f f i c u l t y   in   u s i n g   c o n c r e t e   d o b i e s   i s   m u l t i p l i -  

ed  when  i n s t a l l a t i o n s   a r e   in   s u c h   an  a r e a   as  a l o n g   t h e  

v e r t i c a l   f a c e   of  a  dam  s i t e .   In  s u c h   i n s t a l l a t i o n s ,   i t  

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

in   p l a c e   w i t h   one  h a n d   and  a t t e m p t   t o   t i e   t h e   r e i n f o r c -  

i n g   r o d   t o   i t   w i t h   t h e   o t h e r   h a n d .   T h i s   p r o c e d u r e   i s  

c u m b e r s o m e   and  t i m e   c o n s u m i n g .   M o r e o v e r ,   b e c a u s e   of  t h e  

w e i g h t   of  t h e   d o b i e   and  t h e   f a c t   t h a t   i t  i s  f a s t e n e d   t o  

t h e   r o d   a t   o n l y   one  e n d ,   t h e   d o b i e   t e n d s   to   d r o o p   a t   i t s  

u n a t t a c h e d   e n d ,   r e s u l t i n g   in   v a r i a t i o n s   f rom  one  d o b i e  

t o   a n o t h e r   in   s p a c i n g   f rom  t h e   f o r m ,   d e p e n d i n g   upon  t h e  

a m o u n t   of   t h e   d r o o p .  



Where   t h e   p r o j e c t   s i t e   i s   in   a  r e m o t e   a n d / o r   i n a c -  

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

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

t h e   s i t e .   The  e x t r a   m a n p o w e r ,   t r a n s p o r t a t i o n ,   and  c r a n e -  

t i m e   c o s t s   r e q u i r e d   on  s u c h   p r o j e c t s ,   b e c a u s e   of   t h e  

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

t h e   d o b i e s .   D e s p i t e   t h i s ,   and  t h e   e x i s t e n c e   of   s e v e r a l  

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

c o n c r e t e ,  t h e   c o n c r e t e   s p a c e r   s t i l l   i s   t h e   one  m o s t   c o m -  

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

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

One  p r i o r   a r t   a t t e m p t   a t   p r o v i d i n g   an  a l t e r n a t i v e  

fo rm  of  s p a c e r   i s   d i s c l o s e d   in   F r e n c h   P a t e n t   No.  1 , 4 0 2 , 9 7 5  

i s s u e d   t o   I n g e b o r g   S c h w a c h u l a   K.G.  The  d i s c l o s e d   s p a c e r  

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

of  t r o u g h s   f o r m e d   in   e a c h   end  t h e r e o f ,   w i t h   e a c h   p a i r  

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

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

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

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

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

i s   w r a p p e d   a r o u n d   a  r e i n f o r c i n g   rod   when  in   p l a c e   in   a n  

a s s o c i a t e d   p a i r   of  t r o u g h s .   The  p r o c e d u r e   s u g g e s t e d  

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

t h e   a p p r o p r i a t e   e y e l e t   up  t o   a  h e a d   a t   one  of  i t s   e n d s ,  

p l a c e   t h e   rod   in  t h e   d e s i r e d   t r o u g h s ,   wrap   t h e   t i e   b a n d  



a r o u n d   t h e   r e i n f o r c i n g   r o d ,   and  hook   t h e   t i e   b a n d   i n  

one   o f   t h e   o b l i q u e   e y e l e t s .  

W h i l e   t h e   s p a c e r   d i s c l o s e d   in   t h e   F r e n c h   p a t e n t  

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

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

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

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

a p p l i c a t i o n .   For   e x a m p l e ,   i t   i s   u n l i k e l y   t h a t   an  i r o n -  

w o r k e r   o n ' a n   a c t u a l   j ob   s i t e   w o u l d   u s e   t h e   t i e   b a n d   a s -  

s o c i a t e d   w i t h   t h e   s p a c e r   b e c a u s e   of   t h e   t i m e   and  d e x t e r i t y  

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

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

s e c o n d   e y e l e t .  

An  o b j e c t i v e   s e t   f o r t h   in   t h e   F r e n c h   p a t e n t   i s   t o  

p r o v i d e   as  many  t r o u g h s   of   d i f f e r e n t   d e p t h s   as  p o s s i b l e  

on  a  s i n g l e   s p a c e r   b o d y .   In  a d d i t i o n ,   i t   s t a t e s   t h a t  

t h e   p r e f e r r e d   d e s i g n   f o r   t h e   t r o u g h s   i s   a  V - s h a p e .  

C o n s e q u e n t l y ,   r e l a t i v e l y   l o n g   and  n a r r o w   V - s h a p e d   l e g s  

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

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

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

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

ed  in   t h e   F r e n c h   p a t e n t .   I t   i s   q u i t e   common  f o r   w o r k e r s  

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

t h e   c o n c r e t e   i s   p o u r e d .   C o n s e q u e n t l y ,   a  s u b s t a n t i a l   a x i a l  

or   l o n g i t u d i n a l   f o r c e   i s   e x e r t e d   on  t h e   s p a c e r s .   I t   d o e s  



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

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

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

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

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

f o r c e s .   H e n c e ,   t h e   s p a c e r   w o u l d   be  s u b j e c t   t o   b u c k l i n g  

u n d e r   p r e s s u r e ,   or   s i m i l a r   s u c h   f a i l u r e .  

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

of  p r o v i d i n g   as  many  d i f f e r e n t   t r o u g h s   as  p o s s i b l e   in  o n e  

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

of  v a r y i n g   d e p t h s   a t   one  end  of  t h e   s p a c e r ,   so  as  t o   t h e o -  

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

d e p t h .   In  r e a l i t y ,   t h i s   w i l l   o n l y   be  p r a c t i c a l l y   p o s s i b l e  

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

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

t h e   t r o u g h   s i z e ,   w h i l e   r e t a i n i n g   s e v e r a l   v a r i a t i o n s   o f  

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

t o p   d i a m e t e r .   To  b a l a n c e   t h i s ,   t h e   o v e r a l l   s i z e   of  t h e  

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

t h a t   can  be  u s e d   w i t h   l a r g e - d i a m e t e r   r o d s   and  p r o v i d e   f o r  

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

c u m b e r s o m e   to   u s e .  

In  a d d i t i o n ,   t h e   u s e   of  t h e   p r e f e r r e d   V - s h a p e d  

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

r o d s   a r e   u s e d .   I f   t h e   r a d i u s   of  c u r v a t u r e   of  t h e   b o t t o m  

of  t h e   t r o u g h   i s   l e s s   t h a n   t h a t   of  t h e   r o d ,   t h e   rod   w i l l  



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

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

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

t h e   w o r k e r ,   t h e   r o d   w i l l   e x e r t   p r e s s u r e   on  t h e   s i d e   w a l l s  

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

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

c a u s e   t h e   s p a c e r   t o   c r a c k   or   s p l i t   a t   t h e   apex   of  t h e  

t r o u g h .  

SUMMARY  OF  THE  INVENTION 

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

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

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

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

on  a t   l e a s t   one  end   t h e r e o f   f o r   r e c e i v i n g   r e i n f o r c i n g  

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

p r e f e r a b l y   U - s h a p e d ,   and  t h e   r a d i u s   of   c u r v a t u r e ,   o r  

w i d t h ,   of  e a c h   t r o u g h   i s   e q u a l   to   t h a t   of   t h e   l a r g e s t  

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

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

d i f f e r e n t   p r e s e l e c t e d   d e p t h   b e l o w   t h e   end  of   t h e   body   i n  

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

d e t e r m i n e d   d i s t a n c e   f rom  t h e   o t h e r   end   of   t h e   s p a c e r .  

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

l o c a t e d   r e l a t i v e   t o   one  a n o t h e r   so  as  to   p r o v i d e   a  s u b -  

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

a l o n g   t h e   l e n g t h   o f   t h e   body   member  b e t w e e n   a d j a c e n t  



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

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

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

P r e f e r a b l y ,   t h e   body   m a t e r i a l   i s   r e s i l i e n t .   F o r  

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

t r o u g h s   of   a t   l e a s t   one  of   t h e   p a i r s   of  t r o u g h s   on  e a c h  

end   of  t h e   b o d y   may  h a v e   a  n e c k   l o c a t e d   away  f rom  t h e  

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

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

d i a m e t e r   as  t h a t   of  t h e   t r o u g h   and  r e t a i n s   t h e   r o d   i n  

p l a c e   in   t h e   t r o u g h .   The  u s e   of   t h e   n a r r o w   n e c k   on  a  

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

t h o s e   t r o u g h s   and  h e l d   in   p o s i t i o n   by  t h e   t i g h t n e s s   o f  

t h e   f i t   of  t h e   t r o u g h   t o   t h e   r o d   u n t i l   a  w i r e   can  b e  

w r a p p e d   a r o u n d   t h e   r o d .   The  n a r r o w   neck   t h u s   a l l o w s  

t h e   i n s t a l l e r   to   s n a p   on  t h e   s p a c e r   w i t h   one  h a n d   and  t h e n  

f r e e   t h a t   h a n d   and  u s e   b o t h   h a n d s   to   t i e   t h e   r o d   t o   t h e  

s p a c e r ,   as  w o u l d   be  done   when  t h e   s p a c e r s   a r e   i n s t a l l e d  

a l o n g   a  v e r t i c a l   f a c e   of  a  r e t a i n i n g   w a l l   or  dam  s i t e   f o r m .  

The  s p a c e r   may  f u r t h e r   i n c l u d e   a  c i r c u l a r   or  o v a l  

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

t i n g   e n t r y   i n t o   t h e   i n t e r i o r   of  t h e   body   of  a  f l u i d  

c o n c r e t e   m i x .  

P r e f e r a b l y ,   f o u r   t r o u g h s   a r e   l o c a t e d   on  e a c h   e n d  

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



on  one   end   of  t h e   b o d y   i s   d i s p l a c e d   900  a b o u t   t h e   b o d y  

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

of  t r o u g h s   on  t h e   same  e n d .   T h i s   c o n f i g u r a t i o n   may  a l l o w  

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

when  one  p a i r   of   t r o u g h s   i s   r e c e s s e d   a  d e p t h   s u f f i c i e n t -  

ly   g r e a t e r   t h a n   t h a t   of   t h e   o t h e r   p a i r .  

F o r   s p a c e r s   d e s i g n e d   t o   p o s i t i o n   r o d s   s h o r t   d i s t a n c -  

es  away  f r o m   a  deck   and  h a v i n g   two  p a i r s   of   t r o u g h s   o n  

e a c h   e n d   w i t h   e a c h   p a i r   on  a  g i v e n   end   b e i n g   d i s p l a c e d   9 0 0  

r e l a t i v e   t o   t h e   o t h e r   p a i r   on  t h a t   e n d ,   t h e   t r o u g h s   o n  

one  e n d   may  be  d i s p l a c e d   a b o u t   t h e   a x i s   of   t h e   b o d y  

r e l a t i v e   t o   t h o s e   on  t h e   o p p o s i t e   end  so  as  t o   p r o v i d e   a  

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

t r o u g h   t o   t h e   end  o p p o s i t e   t h a t   t r o u g h .   M o r e o v e r ,   e a c h  

s u c h   s t r i p   may  be  t h i c k e n e d   i n   o r d e r   t o   e n h a n c e   i t s  

s t r e n g t h .   The  w i d t h   and  t h i c k n e s s   o f   t h e   s t r i p   so  f o r m e d  

may  be  s u c h   as  to   a l l o w   t h e   s p a c e r   t o   s u p p o r t   h e a v y ,   l a r g e  

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

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

and  t o   any  a p e r t u r e s   w h i c h   may  be  i n c o r p o r a t e d   i n t o   t h e  

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

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

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

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

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



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

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

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

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

made  of  a  r e l a t i v e l y   l i g h t  p l a s t i c   m a t e r i a l   w h i c h   f u r t h e r  

f a c i l i t a t e s   e f f i c i e n t   t r a n s p o r t a t i o n ,   p a c k a g i n g   and  i n -  

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

As  u s e d   in   t h e   c o n t e x t   of   t h e   p r e s e n t   i n v e n t i o n ,  

t h e   t e r m   " f r u s t o - c o n i c a l " ,   as  a p p l i e d   t o   t h e   t u b u l a r   b o d y ,  

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

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

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

f o r m s   of  h o l l o w   t a p e r e d   b o d i e s   as  w e l l .   For   e x a m p l e ,  

t h e   body   can  h a v e   f o u r   or  more   s t r a i g h t   s i d e s ,   i . e .   be  a  

t r u n c a t e d   p y r a m i d ,   c o n c a v e   or   c o n v e x   s i d e s ,   or  an  e l -  

l i p t i c a l   or   o v a l   c r o s s - s e c t i o n .   For   t h o s e   body  f o r m s  

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

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

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

t h a n   l e a v e   s p a c e s   in   t h e   c o r n e r s   t h a t   can  l e a d   t o  

s u b s e q u e n t   e r o s i o n .  

The  u se   of  t r o u g h s   of  d i f f e r e n t   d e p t h s   on  b o t h   e n d s  

of  a  s p a c e r   p r o v i d e s   f o r   a  g r e a t e r   v a r i e t y   of  p o s s i b l e  

s p a c i n g s   f rom  a  c o n c r e t e   form  to   be  a c h i e v e d   w i t h   a  s i n g l e  

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



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

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

c l e a r a n c e   b e t w e e n   t h e   s u r f a c e   of   t h e   f o r m   and  t h e   u n d e r -  

s i d e   of   a  r e i n f o r c i n g   r o d .   T h i s   e n a b l e s   one  s p a c e r   t o  

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

r e q u i r i n g   a  d i f f e r e n t   s p a c e r   f o r   e a c h   s i z e .   The  a d d i t i o n -  

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

t h r o u g h   w h i c h   f l u i d   c o n c r e t e   mix  can  e n t e r   t h e   i n t e r i o r  

o f   t h e   s p a c e r .   The  p r o v i s i o n   in   t h e   s p a c e r   of   c o n t i n u o u s  

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

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

ed  b o d y   f o r   p e r m i t t i n g   e f f i c i e n t   s t a c k i n g   o f   s e v e r a l  

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

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

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

i n v e n t i o n   a  more   v e r s a t i l e ,   e a s i e r   to   i n s t a l l  a n d   l e s s  

e x p e n s i v e   d e v i c e   to   p r o d u c e   t h a n   any  h i t h e r t o   k n o w n  

s p a c e r s .  

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

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

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

i b l e   on  t h e   f i n i s h e d   c o n c r e t e   s u r f a c e   when  t h e   fo rm  i s  

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

of   m a t e r i a l   on  t h e   s u r f a c e   of  t h e   c o n c r e t e .   The  d o b i e s  

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

i n g   in   c r a c k s   or   h o l e s   t h a t   can  i n t e r r u p t   t h e   f l o w   o f  



w a t e r   and  in   w h i c h   i c e   can  f o r m ,   l e a d i n g   to   e r o s i o n  

of  t h e   d o b i e s   a n d / o r   t h e   f i n i s h e d   s u r f a c e   and  t h e   f o r m -  

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

of  v i s i b l e   s p a c e r   m a t e r i a l   p r e s e n t e d   by  a  t u b u l a r   s p a c e r ,  

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

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

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

w a t e r   w i l l   be  f o r m e d .  

I n . o r d e r   t o   f a c i l i t a t e   a  g r e a t e r   a p p r e c i a t i o n   o f  

t h e   p r e s e n t   i n v e n t i o n   and  t h e   m a n n e r   in  w h i c h   i t   a c h i e v e s  

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

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

BRIEF  DESCRIPTION  OF  DRAWINGS 

F i g u r e   1  i s   a  p e r s e p c t i v e   v i e w   of  a  r e i n f o r c e m e n t  

rod   s p a c e r ,   or  c h a i r ,   c o n s t r u c t e d   in   a c c o r d a n c e   w i t h   t h e  

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

F i g u r e   2  i s   a  f r o n t   e l e v a t i o n   v i ew   of  t h e   r e i n -  

f o r c e m e n t   r o d   s p a c e r   of  F i g u r e   1 ;  

F i g u r e   3  i s   a  s i d e   e l e v a t i o n   v i ew  of  t h e   s p a c e r   o f  

F i g u r e   1 ;  



F i g u r e   4  i s   a  p e r s p e c t i v e   v i e w   of   a  s e c o n d  

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

t h e   p r e s e n t   i n v e n t i o n ;  

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

of   F i g u r e   4 ;  

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

of   F i g u r e   4 ;  

F i g u r e   7  i s   a  p e r s p e c t i v e   v i e w   of   a  t h i r d   e m b o d i -  

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

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

of   F i g u r e   7 ;  

F i g u r e   9  i s   a  s i d e   e l e v a t i o n   v i e w   of   t h e   s p a c e r  

of   F i g u r e   7 ;  

F i g u r e   10  i s   a  p e r s p e c t i v e   v i e w   of   t h e   s p a c e r   o f  

F i g u r e   7 ;  

F i g u r e   11  i s   a  f r o n t   e l e v a t i o n   v i e w   of  t h e   s p a c e r  

of   F i g u r e   10;  a n d  

F i g u r e   12  i s   a  s i d e   e l e v a t i o n   v i e w   of   t h e   s p a c e r  

of  F i g u r e   1 0 .  



DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

R e f e r r i n g   t o   F i g u r e   1 ,2   and  3,  a  s p a c e r  o r   cha i r   is  fo rmed  

f rom  a  f r u s t o - c o n i c a l   t u b u l a r   body   10  h a v i n g   a  p a i r   o f  

d i m e t r i c a l l y   o p p o s e d   s h a l l o w   t r o u g h s   12  and  a  p a i r   o f  

d i a m e t r i c a l l y   o p p o s e d   d e e p e r   t r o u g h s   14,   c i r c u m f e r e n t i a l -  

ly  d i s p l a c e d   90°  r e l a t i v e   to   t h e   t r o u g h s   12,  a t   one  end  13  

of  t h e   b o d y   10.  On  t h e   o p p o s i t e   end  of  t h e   body   10  t h e r e  

a r e   f o r m e d   f o u r   a d d i t i o n a l   t r o u g h s   16  and  18  t h a t   a r e  

a l i g n e d   w i t h   t h e   t r o u g h s   12  and  14,  r e s p e c t i v e l y .   T h e  

d e p t h   of   t h e   t r o u g h s   18  i s   s l i g h t l y   g r e a t e r   t h a n   t h a t   o f  

t h e   t r o u g h s   14  and  t h e   d e p t h   of  t h e   t r o u g h s   16  i s   g r e a t e r  

t h a n   t h a t   of   t h e   t r o u g h s   18.  As  shown  in   F i g u r e   1,  t h e  

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

same  as  t h a t   of  t h e   l a r g e s t   s i z e d   r o d   15  t h a t   i s   e x p e c t -  

ed  to   be  p o s i t i o n e d   t h e r e i n .   The  s h a l l o w e s t   t r o u g h s   12  

h a v e   a  d e p t h   t h a t   i s   a p p r o x i m a t e l y   t h e   same  as  t h e   r a d i u s  

of   t h e   l a r g e s t   r o d ,   and  t h e r e f o r e   t h e s e   t r o u g h s   have   t h e  

s h a p e   of  a  s e m i c i r c l e ,   as  b e s t   s e e n   in   F i g u r e   2.  T h e  

d e e p e r   t r o u g h s   1 4 - 1 8   have   s u b s t a n t i a l l y   p a r a l l e l   s i d e  

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

c o n t e x t   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   t e r m   " U - s h a p e d "   i s  

i n t e n d e d   t o   r e f e r   to   t h e   s h a l l o w e r   t r o u g h s   12  h a v i n g   t h e  

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

t h e   s u b s t a n t i a l l y   p a r a l l e l   s i d e   w a l l s .   The  l o w e r   end  17 

of  t h e   body   10  r e s t s   on  a  p l a n a r   b a s e   s u p p o r t   19  such   a s  

t h e   deck   f o r   a  c o n c r e t e   s l a b .  



The  f o u r   p a i r s   of   t r o u g h s   12,  14,  16  and  18,   e a c h  

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

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

s u r f a c e   d e c k   f o rm  19  and  t h e   u n d e r s i d e   of   t h e   r o d   1 5 .  

In  o t h e r   w o r d s ,   t h e   c l e a r a n c e   d i s t a n c e   can   be  e a s i l y  

v a r i e d   w i t h   t h e   same  s p a c e r   by  s i m p l y   r o t a t i n g   i t   9 0 °  

t o   p o s i t i o n   t h e   r o d   in   t h e   o t h e r   p a i r   of  t r o u g h s   in   t h e  

same  e n d ,   or  t u r n i n g   i t   so  t h a t   i t s   o t h e r   end   r e s t s   o n  

t h e   f o r m   and  t h e   r o d   i s   d i s p o s e d   in   a  p a i r   of   t r o u g h s   o f  

d i f f e r e n t . d e p t h   on  t h e   o p p o s i t e   e n d .  

A p e r t u r e s   20  and  22  a r e   f o r m e d   i n t e r m e d i a t e   t h e  

t r o u g h s   d i s p o s e d   on  e n d s   13  and  17  of   t h e   b o d y .   The  a p e r -  

t u r e s   can   be  c i r c u l a r ,   as  s h o w n ,   o v a l ,   or   some  o t h e r   s h a p e ,  

d e p e n d i n g   on  s p a c e ,   s i z e   and  s t r e n g t h   r e q u i r e m e n t s .   T h e  

l o c a t i o n   of  t h e   a p e r t u r e s   20  and  22  a r e   s u c h   t h a t   a  

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

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

one  e n d   13  w i t h   r e s p e c t   t o   t h o s e   f o r m e d   i n   t h e   o t h e r   end  1 7 ,  

and   t h e   f u r t h e r   a l i g n m e n t   of   t h e   a p e r t u r e s   20  and  22  w i t h  

t h e   t r o u g h s ,   p r o v i d e s   f o r   c o n t i n u o u s   s e c t i o n s   21-of   b o d y  

m a t e r i a l   in  t h e   l o n g i t u d i n a l   d i r e c t i o n   f r o m   one  end   1 3 - t o  

t h e   o t h e r   end  17.  T h e s e   s e c t i o n s   a r e   j o i n e d   by  c o n t i n u o u s  

c i r c u m f e r e n t i a l   s t r i p s   23  of  body   m a t e r i a l   i n t e r m e d i a t e   t h e  

a p e r t u r e s   and  t h e   t r o u g h s .   The  r e s u l t a n t   s t r u c t u r e  

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

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

w o r k e r s   wa lk   upon   a  a r r a y   of  r e i n f o r c i n g   r o d s   p o s i t i o n e d  



by  t h e  s p a c e r s .   I f   d e s i r e d ,   r e i n f o r c i n g   r i b s   ( n o t  

shown)  can  be  p r o v i d e d   on  t h e   body   a l o n g   t h e   c o n t i n u o u s  

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

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

F i g u r e s   1-3  i s   p r i m a r i l y   i n t e n d e d   f o r   use   w i t h   h o r i z o n t a l  

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

t h e   fo rm  s u r f a c e .   A  s e c o n d   e m b o d i m e n t   of  a  s p a c e r ,   i l l u s -  

t r a t e d   in  F i g u r e s   4 - 6 ,   i s   d e s i g n e d   f o r   use   in  s p a c i n g  

r e i n f o r c i n g   r o d s   f r o m   v e r t i c a l   fo rm  s u r f a c e s .   T h e  

s p a c e r   i n c l u d e s   a  t u b u l a r   f r u s t o - c o n i c a l   body  30  h a v i n g  

a  w ide   end  42  w i t h o u t   t r o u g h s   or   n o t c h e s .   The  n a r r o w  

end  35  has   two  p a i r s   of   d i a m e t r i c a l l y   o p p o s e d   t r o u g h s   36  

and  32  d i s p o s e d   90°  r e l a t i v e   to   one  a n o t h e r .   The  d e e p e r  

t r o u g h s   32  a r e   open   t o w a r d s   t h e   n a r r o w   end   35  by  means   o f  

a  p a i r   of  d i v e r g i n g   s p a c e d   a p a r t   s i d e s   34  whose   i n t e r -  

s e c t i o n   w i t h   t h e   t r o u g h s   32  fo rm  n e c k s   w h i c h   a r e   n a r r o w -  

e r   t h a n   t h e   b o t t o m   d i a m e t e r   of  t r o u g h s .   The  b o d y  

m a t e r i a l   30  i s   s e l e c t e d   to   be  r e s i l i e n t   so  t h a t   when  a  

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

d i a m e t e r   of  t h e   t r o u g h s   32  i s   p r e s s e d   i n t o ' t h e   o p e n i n g  

f o r m e d   by  t h e   d i v e r g i n g   s i d e s   34,  i t   can  be  p u s h e d  

t h r o u g h   t h e   n a r r o w   neck   i n t o   t r o u g h s   32  and  be  r e t a i n e d  

t h e r e i n .   T h i s   f e a t u r e   f r e e s   t h e   h a n d s   of  t h e   w o r k e r   t o  

t i e   t h e   rod   to   t h e   s p a c e r .   The  l o w e r   t r o u g h s   32  a r e  

p r e f e r a b l y   d e e p e r   t h a n   t h e   u p p e r   t r o u g h s   36  by  at   l e a s t  

t h e   d i a m e t e r   of  a  r e i n f o r c i n g   r o d ,   so  t h a t   when  a  rod   37  

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



d i s p o s e d   r o d   39  may  be  s u p p o r t e d   by  t h e   u p p e r   t r o u g h s   36 

a b o v e   t h e   r o d   37.   T h u s ,   d u r i n g   a s s e m b l y ,   when  t h e   v e r t i c a l  

r o d   37  i s   s n a p p e d   i n t o   p l a c e   in   t h e   t r o u g h s   32  of   t h e  

s p a c e r ,   t h e   s p a c e r   i s   v e r t i c a l l y   s t a b i l i z e d .   T h e r e a f t e r ,  

t h e   h o r i z o n t a l   r o d   39  i s   s e c u r e d   t o   t h e   s p a c e r ,   f o r  

e x a m p l e   by  t y i n g ,   t o   p r o v i d e   l a t e r a l   s t a b i l i t y   as  w e l l .  

P a i r s   of   o p p o s e d   a p e r t u r e s   38  and  40  a r e   f o r m e d  

a r o u n d   t h e   b o d y   30  i n t e r m e d i a t e   t h e   t r o u g h s   32  and  3 6 ,  

r e s p e c t i v e l y ,   and  t h e   w i d e   end   42.  The  a p e r t u r e s   a r e  

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

s t r i p s   43  of   body   m a t e r i a l   a r e   f o r m e d   in   a  l o n g i t u d i n a l  

d i r e c t i o n   b e t w e e n   t h e   n a r r o w   end   35  and  t h e   w i d e   end   42.  T h e  

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

45  of  m a t e r i a l   d e f i n e d   by  t h e   a r e a   b e t w e e n   t h e   t r o u g h s   3 2 ,  

36  and   t h e   a p e r t u r e s   38,  40.  The  a p e r t u r e s   a r e   f o r m e d   i n  

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

i n t e r i o r   of   t h e   s p a c e r   when  t h e   r e i n f o r c i n g   r o d s   a r e   i n  

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

The  p o s i t i o n i n g   of   t h e   a p e r t u r e s   38  and  40  and  t h e  

t r o u g h s   32  and   36  i s   s u c h   as  to   p r o v i d e   a  m a x i m u m  

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

A  t h i r d   e m b o d i m e n t   of  t h e   s p a c e r   i s   shown  i n  

F i g u r e s   7,  8  and  9.  In  t h i s   e m b o d i m e n t ,   two  p a i r s   of   o p -  

p o s e d   t r o u g h s ,   s i m i l a r   to   t h o s e   in  t h e   n a r r o w   end  35  o f  

t h e   e m b o d i m e n t   of  F i g u r e s   4 - 6 ,   a r e   f o r m e d   in   b o t h   e n d s   o f  

t h e   b o d y   50.   In  t h e   n a r r o w   end  52  t h e r e   i s   f o r m e d   a  s h a l l o w  



s e t   of  d i a m e t r i c a l l y   o p p o s e d   t r o u g h s   54  and  a  d e e p e r   s e t  

56  o p e n i n g   to   end  52  by  m e a n s   of  t h e   d i v e r g i n g   s p a c e d  

a p a r t   s i d e s   58.  At  t h e   w i d e   end  59  a r e   d i s p o s e d   s h a l l o w  

t r o u g h s   60  o r i e n t e d   t o   be  in   l i n e   w i t h   t h e   d e e p   t r o u g h s  

56  of  t h e   n a r r o w   end ,   and  d e e p   t r o u g h s   62  w h i c h   open   b y  

m e a n s   of  d i v e r g i n g   s i d e s   64  to   t h e   w i d e   end  59  and  a r e  

a l i g n e d   w i t h   t h e   s h a l l o w   t r o u g h s   54  on  t h e   n a r r o w   e n d .  

T h i s   s t r u c t u r e   can  be  u t i l i z e d   in  t h e   same  m a n n e r   as  t h a t  

i l l u s t r a t e d   in  F i g u r e   1,  w i t h   e i t h e r   t h e   w i d e   end  59 

r e s t i n g   on  or   a g a i n s t   a  f l a t   fo rm  and  t h e   r o d s   e n g a g e d  

on  t h e   o p p o s i t e   end  52  or   v i c e   v e r s a .  

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

in  F i g u r e s   1 0 - 1 2 ,   i s   a d a p t e d   to   be  p o s i t i o n e d   on  a  h o r i z o n -  

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

s m a l l   d i s t a n c e s   away  f rom  t h e   d e c k .   The  s p a c e r ,   made  u p  

of  a  f r u s t o - c o n i c a l   t u b u l a r   s t r u c t u r e   70  h a v i n g   a  n a r r o w  

end  72  and  a  w ide   end  74,  i n c l u d e s   r e l a t i v e l y   s h a l l o w  

t r o u g h s   76  and  78  f o r m e d   in  t h e   n a r r o w   end ,   and  d e e p e r  

t r o u g h s   80  and  82  f o r m e d   in  t h e   w i d e   e n d .   The  p o s i t i o n -  

i ng   of  t h e   t r o u g h s   on  one  end  r e l a t i v e   t o   t h o s e   on  t h e  

o t h e r   i s   s u c h   as  to  p r o v i d e   a  c o n t i n u o u s   s t r i p  7 9   of  b o d y  

m a t e r i a l   b e t w e e n   t h e   b o t t o m   of  e a c h   t r o u g h   and  t h e   o p -  

p o s i t e   end  of  t h e   s p a c e r .   S p e c i f i c a l l y ,   t h e   t r o u g h s   80 

and  82  on  t h e   b o t t o m   end  a r e   d i s p l a c e d   45°  r e l a t i v e   t o  

t h e   t r o u g h s   76  and  78  on  t h e   u p p e r   end .   B e c a u s e   of  t h e  

s m a l l   h e i g h t   of  t h i s   s p a c e r ,   i t   may  be  d e s i r a b l e   to  i n -  

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



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

of  c o m p r e s s i o n a l   f o r c e s   e x e r t e d   a x i a l l y   of   t h e   body   70  b y  

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

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

t h e   m a t e r i a l   a t   t h e   n a r r o w   end   72.  The  t h i c k e n i n g   o f  

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

l o n g   l e g s   f o r m e d   by  t h e   d e e p   t r o u g h s   a t   t h e   w ide   end  7 4 .  

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

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

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

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

two  u p p e r   p a i r s   of  t r o u g h s   may  be  d e s i g n e d   f o r   s p a c i n g  

d i s t a n c e s   of  3 /4   i n c h   and  one  i n c h ,   r e s p e c t i v e l y .   I n  

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

l o w e r   t r o u g h s   80  and  82  a r e   p r i m a r i l y   i n t e n d e d   t o   a d m i t  

c o n c r e t e   i n t o   t h e   i n t e r i o r   of   t h e   s p a c e r .  

The  p r e s e n t   i n v e n t i o n   may  be  e m b o d i e d   in   o t h e r  

s p e c i f i c   f o r m s   w i t h o u t   d e p a r t i n g   f rom  t h e   s p i r i t   or  e s -  

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

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

i l l u s t r a t i v e   and  n o t   r e s t r i c t i v e .   The  s c o p e   of  t h e  

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

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

in  t h e   m e a n i n g   and  r a n g e   of   e q u i v a l e n c y   of   t h e   c l a i m s   a r e  

t h e r e f o r e   i n t e n d e d   t o   be  e m b r a c e d   t h e r e i n .  



1.  A  c o n c r e t e   r e i n f o r c i n g   rod   c h a i r   (10)  f o r   p o s i t i o n -  

i n g   r o d s   (15;   37;  39)  a t   d i f f e r e n t   s e l e c t a b l e   s p a c i n g s  

f rom  t h e   s u r f a c e   (19)  of  a  c o n c r e t e   m o u l d i n g ,   t h e  

c h a i r   c o m p r i s i n g :  

(a)  a  t u b u l a r   body   member   (10;  30;  50)  h a v i n g   a  h o l -  

low  f r u s t u m   s h a p e ;  

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

(12;  32;  54)  on  one  end  (13;  35;  52)  of  s a i d  

body  member  h a v i n g   a  f i r s t   p r e d e t e r m i n e d   d e p t h ;  

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

(14;  36;  56)  on  s a i d   one  end  (13;   35;  52)  o f  

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

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

c i r c u m f e r e n t i a l l y   s p a c e d   90°  a r o u n d   s a i d   b o d y  

member  f rom  s a i d   f i r s t   p a i r   of  t r o u g h s   (12;   3 2 ;  

5 4 ) ;  

(d)  a  c o n t i n u o u s   s e c t i o n   ( 2 1 ; 4 3 )   of  a  body   m a t e r i a l   d i s -  

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

u o u s l y   f rom  s a i d   one  end  (13;   35;  52)  to   t h e  

o t h e r   end  (17 ,   42,  59)  of  t h e   body   member   a l o n g  

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



2.  A  c o n c r e t e   r e i n f o r c i n g   r o d   c h a i r   (70)  f o r   p o s i t i o n -  

i n g   r e i n f o r c i n g   r o d s   (15;   37,  39)  a t   d i f f e r e n t  

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

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

(a)  a  t u b u l a r   b o d y   member   (70)  h a v i n g   a  h o l l o w  

f r u s t u m   s h a p e ,  

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

(76)  on  one  end   (72)  of  s a i d   b o d y   member   h a v i n g  

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

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

(78)  on  s a i d   one  end  (72)  of  s a i d   b o d y   m e m b e r ,  

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

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

s p a c e d   90°   a r o u n d   s a i d   body   member   f rom  s a i d  

f i r s t   p a i r   of   t r o u g h s ,  

(d)  a  c o n t i n u o u s   s t r i p   (79)  of  b o d y   m a t e r i a l   e x t e n d -  

i ng   f rom  a t   l e a s t   t h e   b o t t o m   of   e a c h   t r o u g h  

(76 ,   78)  t o   t h e   o p p o s i t e   end  (74)  of  s a i d   b o d y  

m e m b e r .  

3.  A  r e i n f o r c i n g   r o d   c h a i r   as  c l a i m e d   i n   C l a i m   1  f u r t h e r  

i n c l u d i n g :  



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

(16;   60)  on  s a i d   o t h e r   end  (17;   59)  of  s a i d  

body   member   h a v i n g   a  t h i r d   p r e d e t e r m i n e d   d e p t h ,  

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

(18;   62)  on  s a i d   o t h e r   end  (17;   59)  of  s a i d   b o d y  

member   h a v i n g   a  f o u r t h   p r e d e t e r m i n e d   d e p t h ,  

(c)  s a i d   t h i r d   (16 ;  60)  and  s a i d   f o u r t h   (18;   6 2 )  

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

w i t h   s a i d   f i r s t   (12;   54)  and  s a i d   s e c o n d   ( 1 4 ;  

56)  p a i r s   of   t r o u g h s   r e s p e c t i v e l y ,   t o   t h e r e b y  

p r o v i d e   s a i d   c o n t i n u o u s   s e c t i o n s   (21;   43)  o f  

body   member   m a t e r i a l .  

4.  A  r e i n f o r c i n g   r o d   c h a i r   as  c l a i m e d   in   C l a i m   2  f u r t h e r  

i n c l u d i n g :  

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

(80)  on  s a i d   o t h e r   end  (74)  of   s a i d   body   m e m b e r ,  

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

(82)  on  s a i d   o t h e r   end  (74)  of  s a i d   body  m e m b e r ,  

(c)  s a i d   t h i r d   (80)  and  s a i d   f o u r t h   (82)  p a i r s   o f  

t r o u g h s   b e i n g   d i s p l a c e d   450  r e l a t i v e   to   s a i d  

f i r s t   (76)  and  s a i d   s e c o n d   (78)  p a i r s   of  t r o u g h s .  



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

c l a i m   f u r t h e r   i n c l u d i n g :  

(a)  an  a p e r t u r e   (20 ,   22;   38 ,   39)  d i s p o s e d   i n   s a i d  

b o d y   member   b e t w e e n   a t   l e a s t   one  of   t h e   t r o u g h s  

(12 ,   14;  32,  36)  in   s a i d   one  end  (13;   35)  a n d  

t h e   s a i d   o t h e r   end   (17;   4 2 ) .  

6.  A  r e i n f o r c i n g   rod   c h a i r   as  c l a i m e d   in  C l a i m   5  i n  

w h i c h :  

(a)  t h e   t r o u g h s   (12,   14;  32 ,   36)  and  t h e   a p e r t u r e s  

(20 ,   22;  38,  39)  a r e   a r r a n g e d   such   t h a t   a  

c o n t i n u o u s   c i r c u m f e r e n t i a l   s t r i p   (23,   45)  o f  

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

d i r e c t i o n   a r o u n d   t h e   b o d y   member   i n t e r m e d i a t e  

t h e   two  e n d s   (13,   17;   35,  42)  t h e r e o f .  

7.  A  r e i n f o r c i n g   rod   c h a i r   as  c l a i m e d   in   C l a i m   3  or   4 

w h e r e i n :  

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

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

(b)  s a i d   t h i r d   p r e d e t e r m i n e d   d e p t h   i s   g r e a t e r   t h a n  

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



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

c l a i m   w h e r e i n :  

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

s a i d   f i r s t   p r e d e t e r m i n e d   d e p t h   by  a t   l e a s t   t h e  

d i a m e t e r   of   a  r e i n f o r c i n g   rod   t o   be  p o s i t i o n e d  

by  t h e   c h a i r ,   t o   t h e r e b y   e n a b l e   t h e   c h a i r   t o  

p o s i t o n   two  i n t e r s e c t i n g   r o d s .  

9.  A  r e i n f o r c i n g   r o d   c h a i r   as  c l a i m e d   in   any  p r e c e e d i n g  

c l a i m   w h e r e i n :  

(a)  one  of  s a i d   p a i r   of  t r o u g h s   i s   s u b s t a n t i a l l y  

U - s h a p e d .  

10.  A  r e i n f o r c i n g   r o d   c h a i r   as  c l a i m e d   in   any  p r e c e e d i n g  

c l a i m   w h e r e i n :  

(a)  s i d e   w a l l s   (34;   58  and  64)  of  a t   l e a s t   one  o f  

s a i d   p a i r s   of   t r o u g h s   (32;  56,   62)  d e f i n e  n e c k  

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

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

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

rod   in   s a i d   t r o u g h s .  
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