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u i  

A  dowel  insertion  apparatus  and  process  is  disclosed 
for  the  insertion  of  a  plurality  of  joining  dowels  between 
freshly  poured  and  cured  concrete  panels.  Each  dowel  (14) 
is  grasped  each  by  an  individual  inserter  (17).  Typically  the 
inserter  is  mounted  from  a  carrier  and  includes  paired  tangs 
(30)  having  female  dowel  receiving  ends  of  arcuate  con- 
figuration  at  the  lower  portion  thereof  which  female  arcuate 
ends  precisely  mate  to  and  receive  the  dowels.  These  tangs 
are  connected  at  a  depth  above  maximum  concrete  penetra- 
tion  by  an  electromagnet  (E).  A  vibrator  (V)  is  attached  to 
communicate  vibrational  energy  to  the  inserter,  this  vibrator 
being  chosen  to  have  sufficient  vibrational  energy  to  fully 
liquefy  the  concrete.  Dowel  insertion  includes  positioning 
the  paired  tangs  of  each  inserter  over  a  steel  and  magnetic 
dowel,  turning  on  the  magnet  and  grasping  a  dowel  by  a 
precise  fit  at  the  female  arcuate  surfaces  to  the  dowel. 
Thereafter,  the  dowel  and  inserter  are  positioned  over  a 
joint  between  two  freshly  poured  concrete  panels  (10,  11). 
When  insertion  is  to  occur,  the  vibrators  are  turned  on  and 
the  inserter  lowered.  Upon  insertion  to  the  concrete  panel, 
the  inserter  and  firmly  grasped  dowel  liquefy  the  concrete 
in  their  downward  passage  and  allow  full  depth  penetration 
of  the  dowel  in  precise  horizontal  alignment  to  the  referenc- 
ed  line  and  grade  of  the  dowel  insertion  apparatus.  At  full 
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depth,  the  vibrator  is  turned  off  and  the  dowel  instantly 
becomes  embedded  in  the  freshly  poured  concrete  as  the 
lack  of  vibration  solidifies  the  concrete  relative  to  the  dowel. 
When  the  inserter  is  withdrawn  a  short  distance  from  the 
dowel,  the  vibration  is  recommenced  with  the  vibrator fl uid- 
izing  the  concrete  and  filling  any  resultant  voids.  Vibration 
of  the  inserter  continues  until  the  inserter-at  least  in  the 
vicinity  of  the  female  arcuate  surface-is  cleaned,  such 
cleaning  occurring  by  passage  of  the  tangs  over  a  wire 
brush.  Upon  withdrawal  of  the  inserter  at  the  downwardly 
protruding  tangs,  the  finished  surface  of  the  concrete  is 
substantially  undisturbed.  A  dowel  storage  bin  with  distri- 
buting  conveyor  enables  a  row  of  inserters  mounted  to  a 
carrier  to  distribute  a  plurality  of  dowels  between  two  pan- 
els  simultaneously,  the  dowels  being  evenly  distributed  the 
width  of  any  expansion  joint.  A  carrier  for  handling  a  group 
of  correspondingly  distributed  inserters  enables  the  dis- 
closed  mechanism  to  be  operated  off  of  a  moving  platform 
referenced  to  line  and  grade,  such  as  a  slip  from  paver,  or 
on  an  independently  mounted  and  moved  frame.  By  syn- 
chronizing  carrier  movement  so  that  speed  relative  to  the 
ground  is  not  present,  dowel  insertion  along  a  joint  after 
pouring  can  occur  without  disruption  of  paver  movement. 



Thi s   i n v e n t i o n   i n v o l v e s   a  method   and  a p p a r a t u s   f o r  
p l a c i n g   s t e e l   dowel s   b e t w e e n   c o n c r e t e   p a n e l s   w i t h i n   t h e  
e x p a n s i o n   j o i n t   b e t w e e n   c o n c r e t e   p a n e l s   r e l a t i v e l y   i m m e d i a t e -  

ly  a f t e r   p a n e l s   a re   p o u r e d .   By  p l a c i n g   the   dowels   a f t e r   t h e  

p a n e l s   a re   p o u r e d ,   t he   d o w e l s   can  be  a c c u r a t e l y   l o c a t e d  
w i t h i n   t he   p a n e l s .   T h e r e   i s   p r o v i d e d   a  d e p e n d a b l e ,   c o n t i n -  

uous ,   r a p i d ,   a c c u r a t e ,   and  e c o n o m i c   method   to  d i s t r i b u t e   a n d  

p l a c e   s t e e l   dowe l s   in   t he   t r a n s v e r s e   e x p a n s i o n   b e t w e e n  
c o n c r e t e   p a n e l s   w i t h o u t   p r o d u c t i o n   d e l a y s .  

S t a t e m e n t   of   t he   P r o b l e m  

In  c o n c r e t e   p a n e l s   u s e d   f o r   r o a d w a y s   and  r u n w a y s ,  
p l a c e m e n t   of  e x p a n s i o n   j o i n t s   i s   r e q u i r e d .   These   e x p a n s i o n  
j o i n t s   p e r m i t   t h e   c o n c r e t e   p a n e l s   to   s h r i n k   upon  c u r e   w i t h -  
ou t   t he   p a n e l s   r a n d o m l y   c r a c k i n g .   A d d i t i o n a l l y   and  d u r i n g  
t he   l i f e   of   such   r o a d w a y   or  runway  p a n e l s ,   w o r k i n g   o c c u r s  
due  to  t h e r m a l   e x p a n s i o n   and  c o n t r a c t i o n   and  n o r m a l   f l e x u r e  

due  to  t he   p a s s a g e   of  t r a v e l i n g   l o a d s ,   such  as  t r u c k s   a n d  

p l a n e s .  

T y p i c a l l y ,   s l a b s   a re   p r o v i d e d   w i t h   e x p a n s i o n  

j o i n t s .   T h e s e   j o i n t s   a r e   fo rmed   to  a  d e p t h   t h a t   i s   in  t h e  

o r d e r   o f   o n e - t h i r d   t he   t h i c k n e s s   of  t he   p a n e l .   The  r e m a i n -  

ing   p o r t i o n s   of  t he   p a n e l   c r a c k   in  s y m p a t h y   w i t h   t he   f o r m e d  

e x p a n s i o n   j o i n t   a l o n g   i r r e g u l a r   b o u n d a r i e s   t h a t   can  be  b e s t  

d e s c r i b e d   as  m o r t i s e   j o i n t s .  
The  j u n c t u r e   b e t w e e n   p a n e l s   a t   e x p a n s i o n   j o i n t s  

has  been   the   s o u r c e   of  p r o b l e m s   l e a d i n g   to  even  the   d e s t r u c -  

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

j o i n t s   s p l a y   upon  w o r k i n g   one  w i t h   r e s p e c t   to  a n o t h e r ,  

d e p o s i t i n g   p o r t i o n s   of   t he   p a n e l   w i t h i n   t he   j o i n t   i t s e l f .  

With  t he   m a t e r i a l   a c c u m u l a t e d   i n b e t w e e n   the   j o i n t s   of  t h e  

p a n e l s ,   e x p a n s i o n   and  c o n t r a c t i o n   i s   n o t   p o s s i b l e .   As  a  

r e s u l t ,   whole   p a n e l s   b u l g e   t y p i c a l l y   by  moving  upward  a t   t h e  

j o i n t s   and  s a g g i n g   in   t he   m i d d l e .  

M o r e o v e r ,   where   t h e r e   i s   any  t ype   of  g round   i r -  

r e g u l a r i t y   or   u n e v e n   l o a d i n g  -   as  t he   p a s s i n g   of  a  h e a v y  



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

e d g e s .   To  a l l e v i a t e   t h e s e   e f f e c t s ,   dowe l s   p l a c e d   in   h o r i -  

z o n t a l   a l i g n m e n t   in   t h e   d i r e c t i o n   of  e x p a n s i o n   and  c o n t r a c -  
t i o n   a re   u s e d   b e t w e e n   p a n e l s .  

The  d o w e l s   must   be  p r e c i s e l y   p l a c e d .   The  d o w e l s  

mus t   have   s u f f i c i e n t   d e p t h   so  t h a t   t h e   c o n c r e t e   does  n o t  
work  or  s p l a y   in   t h e   v i c i n i t y   of  t he   dowel  p l a c e m e n t .  
M o r e o v e r ,   t h e y   mus t   be  p r e c i s e l y   h o r i z o n t a l l y   a l i g n e d .   T h i s  

p e r m i t s   t h e   p a n e l s   to  work  t o w a r d s   and  away  from  each   o t h e r  

a l o n g   t h e   d o w e l s   b u t   a t   t he   same  t ime   p r e v e n t s   the   p a n e l s  
from  c h a n g i n g   t h e i r   e l e v a t i o n   r e l a t i v e   to  one  a n o t h e r   d u r i n g  
s u c h   t o w a r d s   and  away  m o v e m e n t .  

I m p r e c i s e   dowel  p l a c e m e n t   can  be  d i s a s t r o u s .  

S p e c i f i c a l l y ,   where   dowe l s   a re   a l i g n e d   in   a  f a s h i o n   t h a t   i s  

o t h e r   t h a n   h o r i z o n t a l   and  g e n e r a l l y   o t h e r   t h a n   n o r m a l   to  t h e  

p l a n e   of   t he   e x p a n s i o n  j o i n t ,   and  more  p a r t i c u l a r l y   w h e r e  
t h e   dowel s   a r e   skewed  r a n d o m l y   o u t   of  a  n o r m a l   to   t he   p l a n e  
of   t he   e x p a n s i o n   j o i n t ,   t h e   e x p a n s i o n - c o n t r a c t i o n   of  t h e  

a d j a c e n t   c o n c r e t e   p a n e l s   e v e n t u a l l y   c a u s e s   p a n e l   d e s t r u c -  
t i o n .   S p e c i f i c a l l y ,   s i d e - b y - s i d e   dowe l s   skewed  a t   r a n d o m  

a n g l e s   d e s t r o y   t h e   c o n c r e t e   p a n e l s   from  t he   edges   c o m m e n c i n g  
w i t h   t he   p a n e l   p o r t i o n   a d j a c e n t   t h e   dowe l .   S y s t e m a t i c   p a n e l  
d e s t r u c t i o n   from  t h e   edges   r e s u l t s .  

Summary  of   t he   P r i o r   A r t  

H e r e t o f o r e ,   one  p r a c t i c e   f o r   t he   p l a c e m e n t   o f  

dowe l s   has  i n c l u d e d   p l a c i n g   dowe l s   on  " c h a i r s "   in   t he   p a t h  
o f   d e v i c e s   such   as  s l i p   form  p a v e r .   S p e c i f i c a l l y ,   t h e  

u c h a i r s "   r e s t   on  t h e   g r o u n d   and  a t   an  u p p e r   and  e l e v a t e d  

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

p l a c e d   ove r   t h e   " c h a i r s "   w i t h   t he   j o i n t   b e i n g   p l a c e d   b e t w e e n  

t h e   d o w e l s .   Numerous   d i s a d v a n t a g e s   a re   p r e s e n t .  
Dowels   m o u n t e d   on  c h a i r s   a re   t ime   c o n s u m i n g   t o  

p l a c e .   M o r e o v e r ,   t h e   c h a i r s   a re   e x p e n s i v e ;   t h e y   must   b e  

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

o v e r   them  w i t h o u t   h a v i n g   undue  d e f l e c t i o n s   so  as  to   r a n d o m l y  
skew  t h e   d o w e l s .   A d d i t i o n a l l y ,   t he   c h a i r s   a re   p e r m a n e n t l y  
l o s t .   They  become  embedded  in   t he   c o n c r e t e   and  form  a  
p o r t i o n   of   t h e   r e s u l t i n g   p a n e l .  



The  p l a c e m e n t   of  d o w e l s  b e t w e e n   j o i n t s   of  a b u t t e d  
c o n c r e t e   p a n e l s   has  been   a t t e m p t e d .   However ,   t he   a t t e m p t s  
h e r e t o f o r e   have  been   u n s u c c e s s f u l   fo r   a t   l e a s t  f o u r   r e a s o n s .  

F i r s t ,   m a c h i n e s   fo r   t he   i n s e r t i o n   of  dowels   h a v e  
been   d i s p l a c e d   u p w a r d l y   upon  f o r c e d   movement   of  t he   d o w e l s  
down  in  and  i n t o   t he   p r e v i o u s l y   p o u r e d   c o n c r e t e   p a n e l s .  

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

p a s s a g e ;   the   c o n c r e t e   has  l a r g e   h o l e s   or  o p e n i n g s   in  a n d  

u n d e r   t he   s u r f a c e   where   t he   c o n c r e t e   has  had  the   d o w e l  
i n s e r t e d .   A d d i t i o n a l l y ,   such   o p e n i n g s   have   e i t h e r   been   l e f t  
l a t e n t   - -   in   which   c a se   t h e y   v a s t l y   weaken   t h e   r e s u l t i n g  

c o n c r e t e   p a n e l   in   t he   c r i t i c a l   s t r e s s   a r e a   of   t he   e x p a n s i o n  
j o i n t   and  t he   dowel  - -   or  have   i n h o m o g e n e o u s l y   been   f i l l e d  
w i t h   g r o u t .  

R e g a r d i n g   t h i s   f i l l i n g   of  t he   p a n e l   w i t h   g r o u t  
o v e r l y i n g   t he   d o w e l s ,   m a c h i n e s   wh ich   p l a c e   dowe l s   h a v e  

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

m a t e r i a l   a t   l e a s t   i n d e n t a t i o n s   c o r r e s p o n d i n g   to  t he   s i z e   a n d  

c o n f i g u r a t i o n   of  the   dowel  and  t he   a p p a r a t u s   fo r   p l a c i n g   t h e  
dowe l .   These   m a c h i n e s   have  r e l i e d   t h e r e a f t e r   upon  f i n i s h i n g  
beams  to  c o v e r   ove r   and  f i n i s h   o u t   t h e s e   i m p r i n t a t i o n s  

d i r e c t l y   ove r   t he   p l a c e d   d o w e l s .   Th i s   r e l i a n c e   has  b e e n  

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

o c c u r s   w i t h   g r o u t .  
F i n i s h i n g   beams  in  p a s s i n g   ove r   p o u r e d   and  c u r e d  

c o n c r e t e   d e p r e s s   l a r g e   c o n c r e t e   p a r t i c l e s   ( s u c h   as  a g g r e g a t e  
and  the   l i k e )   in  t h e i r   p a t h s   of  t r a v e l   and  a c c u m u l a t e   t h e  

c o n c r e t e   f i n e s   (a  m i x t u r e   of  s and ,   s m a l l   g r a v e l s   and  c e m e n t  

known  as  g r o u t )   in  t h e i r   p a t h   of  t r a v e l .   T h i s   a c c u m u l a t e d  

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

t he   i n d e n t a t i o n s   c a u s e d   by  t h e   p l a c e m e n t   o f   d o w e l s .  

U n f o r t u n a t e l y   g r o u t   does   n o t   have   t he   s t r e n g t h   a n d  

is   n o t   homogeneous   w i t h   c o n c r e t e   i n c l u d i n g   the   a g g r e g a t e .  

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

c o n s t i t u t e   p o i n t s   of   w e a k n e s s .  
This   p r o b l e m   compounds   i t s e l f .   S p e c i f i c a l l y ,   t h e  

a r e a   of  j o i n d e r   or  w o r k i n g   of  a  dowel  to  a  c o n c r e t e   p a n e l  

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



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

s t r u c t u r a l   w e a k n e s s .  

Dowels   p l a c e d   by  v i b r a t i n g   arms  m e c h a n i c a l l y  

g r i p p i n g   t h e   dowe l s   a re   known.  H e r e t o f o r e ,   such  m a c h i n e s  

f o r   t he   a u t o m a t i c   i n s e r t i o n   of  dowel s   have  had  n u m e r o u s  
d i s a d v a n t a g e s .  

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

d o w e l s   have   been   of   l a r g e   d i m e n s i o n .   These   h e a d s   in  e x t e n d -  

ing   i n t o   t he   c o n c r e t e   l e a v e   in   t h e i r   wake  l a r g e   d i s p l a c e d  

a r e a s   and  d e p r e s s i o n s ,   wh ich   a r e a s   and  d e p r e s s i o n s   b e c o m e  

s u b s e q u e n t l y   f i l l e d   w i t h   g r o u t .  
S e c o n d l y ,   t h e   d o w e l s   a re   l i t e r a l l y   f o r c e d   i n t o   t h e  

g r o u n d .   Upon  s u c h   f o r c i n g   i n t o   t h e   g r o u n d ,   r e a c t i v e   f o r c e s  

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

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

p l a t f o r m   from  wh ich   p l a c e m e n t   o c c u r s   is  a  s l i p   form,  d i s -  

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

A d d i t i o n a l l y ,   t h e   dowe l s   t h e m s e l v e s   b e i n g   f o r c e d  
i n t o   t he   c o n c r e t e   do  n o t   n e c e s s a r i l y   bond  t he   c o n c r e t e   in  a  

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

p l a c e d   in   t h e   p a t h   of   t h e   dowel   ( i n s t e a d   of   b e i n g   in   e f f e c t  

l i q u e f i e d ) ,   dowel   j o i n d e r   to  t he   c u r e d   c o n c r e t e   p a n e l   i s  

u n c e r t a i n .  

One  of   t h e   m a j o r   s h o r t c o m i n g s   of   m a c h i n e s   t h a t  

have   a t t e m p t e d   to   p l a c e   dowe l s   i n t o   c o n c r e t e   has  been  t h e  

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

v i b r a t i n g   i n s e r t e r   and  t h e   m a c h i n e   or  p l a t f o r m   on  which   i t  

i s   s u p p o r t e d   and  a c t u a t e d .   Where  v i b r a t i o n a l   i s o l a t i o n   o r  
i n s u l a t i o n   i s   n o t   p r e s e n t ,   v i b r a t i o n a l   e n e r g y   i s   n e e d l e s s l y  
and  s o m e t i m e s   d e s t r u c t i v e l y   c o m m u n i c a t e d   f rom  t h e   mach ine   t o  

t h e   p l a t f o r m   from  w h i c h   dowel   p l a c e m e n t   o c c u r s .   M o r e o v e r ,  
t he   v i b r a t i o n a l   e n e r g y   i s   n o t   c o n f i n e d   to  t he   i n s e r t e r .  

I n d e e d ,   in   c o n c r e t e   m i x t u r e s   of  low  s lump,   p l a c e m e n t   o f  

d o w e l s   by  m a c h i n e   has   o n l y   o c c u r r e d   w i t h   m o d e r a t e   s u c c e s s .  
The  r e a d e r   w i l l   r e c o g n i z e   t h a t   i d e n t i f y i n g   t h e  

p r o b l e m   r e l a t e d   to  t h e   p r i o r   a r t   i s   o f t t i m e s   t h e   e q u i v a l e n t  
o f   i n v e n t i o n .   I t   w i l l   be  u n d e r s t o o d   t h a t   in  r e c o g n i z i n g   t h e  



f a i l u r e   of  t he   p r i o r   a r t   to  a d e q u a t e l y   i s o l a t e   v i b r a t i o n ,   I  
c l a i m   i n v e n t i o n   ove r   t he   p r i o r   a r t .  

Summary  of  the   I n v e n t i o n  

A  dowel  i n s e r t i o n   a p p a r a t u s   and  p r o c e s s   i s   d i s -  
c l o s e d   fo r   t he   i n s e r t i o n   of  a  p l u r a l i t y   of  j o i n i n g   d o w e l s  
b e t w e e n   f r e s h l y   p o u r e d   and  c u r e d   c o n c r e t e   p a n e l s .   E a c h  
dowel  i s   g r a s p e d   each   by  an  i n d i v i d u a l   i n s e r t e r .   T y p i c a l l y  
the   i n s e r t e r   i s   moun ted   from  a  c a r r i e r   and  i n c l u d e s   p a i r e d  

t a n g s   h a v i n g   f e m a l e   dowel  r e c e i v i n g   ends  o f  a r c u a t e   c o n f i g -  
u r a t i o n   a t   t he   l ower   p o r t i o n   t h e r e o f   which   f e m a l e   a r c u a t e  

ends  p r e c i s e l y   mate  to  and  r e c e i v e   the   d o w e l s .   T h e s e   t a n g s  
are   c o n n e c t e d   a t   a  d e p t h   above  maximum  c o n c r e t e   p e n e t r a t i o n  

by  an  e l e c t r o m a g n e t .   A  v i b r a t o r   i s   a t t a c h e d   to  c o m m u n i c a t e  

v i b r a t i o n a l   e n e r g y   to  t he   i n s e r t e r ,   t h i s   v i b r a t o r   b e i n g  
c h o s e n   to  have  s u f f i c i e n t   v i b r a t i o n a l   e n e r g y   to  f u l l y  
l i q u e f y   t he   c o n c r e t e .   Dowel  i n s e r t i o n   i n c l u d e s   p o s i t i o n i n g  
t he   p a i r e d   t a n g s   of  each   i n s e r t e r   ove r   a  s t e e l   and  m a g n e t i c  
dowel ,   t u r n i n g   on  the   magne t   and  g r a s p i n g   a  dowel  by  a  

p r e c i s e   f i t   a t   the   f e m a l e   a r c u a t e   s u r f a c e s   to  the   d o w e l .  

T h e r e a f t e r ,   t he   dowel  and  i n s e r t e r   a re   p o s i t i o n e d   o v e r   a  

j o i n t   b e t w e e n   two  f r e s h l y   p o u r e d   c o n c r e t e   p a n e l s .   When 

i n s e r t i o n   is   to  o c c u r ,   t he   v i b r a t o r s   a re   t u r n e d   on  and  t h e  

i n s e r t e r   l o w e r e d .   Upon  i n s e r t i o n   to  t he   c o n c r e t e   p a n e l ,  
t he   i n s e r t e r   and  f i r m l y   g r a s p e d   dowel  l i q u e f y   the   c o n c r e t e  

in   t h e i r   downward  p a s s a g e   and  a l l o w   f u l l   d e p t h   p e n e t r a t i o n  
cf  t he   dowel  in   p r e c i s e   h o r i z o n t a l   a l i g n m e n t   to  t h e   r e f e r -  

enced   l i n e   and  g r a d e  o f   t he   dowel  i n s e r t i o n   a p p a r a t u s .   A t  

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

i n s t a n t l y   becomes   embedded  in  t h e   f r e s h l y   p o u r e d   c o n c r e t e   a s  
the   l a c k   of  v i b r a t i o n   s o l i d i f i e s   the   c o n c r e t e   r e l a t i v e   t o  

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

from  t he   dowel ,   t he   v i b r a t i o n   i s   r e c o m m e n c e d   w i t h   t h e  

v i b r a t o r   f l u i d i z i n g   the   c o n c r e t e   and  f i l l i n g   any  r e s u l t a n t  

v o i d s .   V i b r a t i o n   of  t he   i n s e r t e r   c o n t i n u e s   u n t i l   t h e  

i n s e r t e r - a t   l e a s t   in  t he   v i c i n i t y   of  t he   f e m a l e   a r c u a t e  
s u r f a c e - i s   c l e a n e d ,   such   c l e a n i n g   o c c u r r i n g   by  p a s s a g e   o f  

the   t a n g s   ove r   a  w i r e   b r u s h .   Upon  w i t h d r a w a l   of   t h e   i n -  

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



s u r f a c e   of   t h e   c o n c r e t e   i s   s u b s t a n t i a l l y   u n d i s t u r b e d .   A 
dowel   s t o r a g e  b i n   w i t h   d i s t r i b u t i n g   c o n v e y o r   e n a b l e s   a  r o w  
of  i n s e r t e r s   moun ted   to  a  c a r r i e r   to  d i s t r i b u t e  a   p l u r a l i t y  
of   dowe l s   b e t w e e n   two  p a n e l s   s i m u l t a n e o u s l y ,   t he   d o w e l s  

b e i n g  e v e n l y   d i s t r i b u t e d   t he   w i d t h   of  any  e x p a n s i o n   j o i n t .  
A  c a r r i e r   f o r   h a n d l i n g   a  g roup   of  c o r r e s p o n d i n g l y   d i s t r i b -  

u t e d   i n s e r t e r s   e n a b l e s   t h e   d i s c l o s e d   mechan i sm  to  be  o p e r -  
a t e d   o f f   of   a  moving   p l a t f o r m   r e f e r e n c e d   to  l i n e   and  g r a d e ,  
such   as  a  s l i p   form  p a v e r ,   or   on  an  i n d e p e n d e n t l y   m o u n t e d  
and  moved  f r a m e .   By  s y n c h r o n i z i n g   c a r r i e r   movement   so  t h a t  

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

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

p a v e r   m o v e m e n t .  

O b j e c t s ,   F e a t u r e s   and  A d v a n t a g e s  
An  o b j e c t   of   t h i s   i n v e n t i o n   i s   to  d i s c l o s e   a n  

a p p a r a t u s   f o r   t h e   i n s e r t i o n   of  s t e e l   dowels   b e t w e e n   f r e s h l y  
p o u r e d   c o n c r e t e   p a n e l s   a t   an  e x p a n s i o n   j o i n t .   A c c o r d i n g   t o  
t h i s   a s p e c t   of  t he   i n v e n t i o n ,   an  i n s e r t e r   i s   d i s c l o s e d  

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

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

e x t e n d i n g   ove r   and  on to   and  p r e c i s e l y   j o i n i n g   to  a  d o w e l .  
The  t a n g s   a r e   i n t e r c o n n e c t e d   by  a  m a g n e t .   P r e f e r a b l y ,   t h e  

t a n g s   c o n s i s t   of   a  n o n - m a g n e t i c   s t e e l   above   the   m a g n e t s .  
T h i s   c a u s e s   e n e r g i z i n g   of   t h e   m a g n e t   when  t h e   t a n g s   a r e   i n  

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

f i r m l y  g r a s p i n g   t h e   dowe l .   The  i n s e r t e r   has  a  v i b r a t o r   f o r  

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

c o n c r e t e   i n t o   which   t he   t a n g s   and  dowel  a re   i n s e r t e d .   At  a n  
a r e a   b e t w e e n   t he   i n s e r t e r   and  any  p l a t f o r m   from  w h i c h   i t   i s  

o p e r a t e d ,   a  r e s i l i e n t   m o u n t i n g   i s   p l a c e d .   Th i s   m o u n t i n g  
s e r v e s   to   i s o l a t e   v i b r a t i o n a l   e n e r g y   of  t h e   v i b r a t o r   to  t h e  
i n s e r t e r   and  p r e v e n t   v i b r a t i o n a l   e n e r g y   from  b e i n g   l o s t   b y  
n e e d l e s s l y   and  o f t t i m e s   d e s t r u c t i v e l y   v i b r a t i n g   t h e   p l a t f o r m  
to  wh ich   t h e   i n s e r t e r s   a r e   a t t a c h e d .  

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

f rom  t he   v i b r a t o r .   An  a d v a n t a g e   of   i s o l a t i n g   the   m a g n e t i c  
c i r c u i t   away  from  t h e   v i b r a t o r   i s   t h a t   t he   v i b r a t o r   b e a r i n g s  
do  n o t   have   a  m a g n e t i c   f i e l d   c o m m u n i c a t e d   to  them.   C o n s e -  



q u e n t l y ,   m a g n e t i c   p a r t i c l e s   drawn  to  t he   b e a r i n g s   a r e  
a v o i d e d .   B e a r i n g   r a c e s   do  no t   s u f f e r   the   h i g h   a n d  a b r a d i n g  
wear  r a t e   of  b e a r i n g s   w i t h   m a g n e t i c   p a r t i c l e s   drawn  t h e r e t o .  

An  a d v a n t a g e   of  t he   d i s c l o s e d   r o d - i n s e r t e r   a n d  
v i b r a t o r   u n i t   i s   t h a t   p r e c i s e   a l i g n m e n t   and  p l a c e m e n t   o f  
dowels   can  o c c u r .   The  dowels   are   l o c a t e d   a c c u r a t e l y   w i t h  

r e s p e c t   to  g r a d e   and  l i n e   by  m a n i p u l a t i o n   of  the   i n s e r t e r .  

Yet   a n o t h e r   a d v a n t a g e   of  t he   i n s e r t e r   i s   t h a t   t h e  

p r i o r   a r t   p r a c t i c e   of  p l a c e m e n t   of  t he   dowe l s   w i t h   a  " c h a i r "  
is   a v o i d e d .   A  t ime   c o n s u m i n g   and  e x p e n s i v e   p l a c e m e n t   o f  
" c h a i r s "   b e f o r e   p a n e l   c u r i n g   is   a v o i d e d .  

An  a d d i t i o n a l   o b j e c t   of  t h i s   i n v e n t i o n   i s   t o  
d i s c l o s e   a  dowel  i n s e r t e r   which   can  be  m o d i f i e d   to  m e e t  

v a r y i n g   s p e c i f i c a t i o n s   f o r   t he   p l a c e m e n t   of  d o w e l s .   A c c o r d -  

ing  to  t h i s   a s p e c t   of  t he   i n v e n t i o n ,   t h e  c o n c r e t e   p e n e t r a t -  
ing   t a n g s   a re   w e l d e d   to  t he   i n s e r t e r s   to  f i t   the   s p e c i f i c a -  
t i o n s   of  each   j ob .   S p e c i f i c a l l y ,   t h e y   a re   g i v e n   a  l e n g t h   s o  
t h a t   r e q u i r e d   e l e v a t i o n a l   i n s e r t i o n   from  l i n e   and  g r a d e   i s  

a c c o m m o d a t e d .   M o r e o v e r ,   i n d i v i d u a l   i n s e r t e r s   a re   g i v e n  
v a r i a b l e   s i d e   to  s i d e   s p a c i n g   so  t h a t   t he   s p e c i f i e d   s i d e   t o  
s i d e   s p a c i n g   b e t w e e n   dowels   is   l i k e w i s e   a c c o m m o d a t e d .   I n  

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

p r o d u c t i v i t y   once  p a v i n g   is   c o m m e n c e d .  

Yet  a n o t h e r   a d v a n t a g e   of  t he   i n s e r t e r   of  my  i n v e n -  

t i o n   is   t h a t   i t   can  be  i n d i v i d u a l l y   r emoved ,   s e r v i c e d   a n d  

r e p l a c e d .   C o n s e q u e n t l y ,   r e p a i r   of  i n s e r t e r s   damaged  a t  
t h e i r   v i b r a t o r s   or  m a g n e t s   is   p o s s i b l e .   M o r e o v e r ,   d o w n t i m e  

of  the   dowel  i n s e r t i n g   m a c h i n e   is   m a i n t a i n e d   a t   a  m i n i m u m .  

Yet   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to  d i s -  

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

i n s e r t e r .   A c c o r d i n g   to   t h i s   a s p e c t   of  t he   i n v e n t i o n ,   t h e  

i n s e r t e r   i s   f i r s t   p l a c e d   ove r   and  on to   a  dowel  and  t h e  

magne t   e n e r g i z e d .   The  r e s u l t i n g   c l o s e d   m a g n e t i c   c i r c u i t  

i n c l u d i n g   the   dowel  c a u s e s   t he   dowel  to  be  f i r m l y   g r a s p e d .  
The  i n s e r t e r   and  dowel  a re   t h e n   p l a c e d   ove r   a  p r e v i o u s l y  a n d  

f r e s h l y   p o u r e d   j o i n t   a r e a   b e t w e e n   two  c o n c r e t e   p a n e l s .  

I m m e d i a t e l y   p r i o r  t o   dowel  i n s e r t i o n ,   t he   v i b r a t o r   i s  t u r n e d  

on.  The  c o n c r e t e   is   l i q u e f i e d   in   t he   p a t h   of  t h e   dowel   a n d  



i n s e r t e r   as  t he   dowel  i s   i n s e r t e d   to   and  p a s s e s   to   i t s  

d e s i r e d   f u l l   d e p t h .   Once  t h e   dowel   i s   a t   d e p t h ,   t h e  

v i b r a t o r   and  magne t   a re   t u r n e d   o f f .   C o n c r e t e   s o l i d i f i e s  
a b o u t   t he   dowel  i m m e d i a t e l y   embedd ing   t h e   dowe l .   T h e r e a f t e r  

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

v i b r a t o r   i s   r e a c t i v a t e d .   When  the   v i b r a t o r   i s   r e a c t i v a t e d  

o n l y   t he   c o n c r e t e   in   t h e   i m m e d i a t e   v i c i n i t y   of   t he   i n s e r t e r  

t a n g s   i s   f l u i d i z e d .   C o n s e q u e n t l y ,   upon   r e t r a c t i o n   of  t h e  

i n s e r t e r ,   any  h o l e s   wh ich   form  a b o u t   t h e   p e n e t r a t i o n   of  t h e  
i n s e r t e r s   a re   r e f i l l e d .   The  s u r f a c e   of   t h e   p a n e l   i s   g e n e r a l -  

ly   r e s t o r e d .  

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

i m m e d i a t e l y   p r i o r   to   l o w e r i n g   of   t h e   d o w e l s ,   t h e i r   p o s i t i o n -  
i n g   r e l a t i v e   to  t h e   j o i n t   a r e a   b e t w e e n   two  a d j a c e n t   c o n c r e t e  

p a n e l s   can  be  v i s u a l l y   c h e c k e d .   P r e c i s e   dowel   p l a c e m e n t  
r e s u l t s .   P l a c e m e n t   of   a  p a n e l   j o i n t   o v e r   " c h a i r "   s u p p o r t e d  
dowe l s   p r e v i o u s l y   p l a c e d   b u t   h i d d e n   by  p o u r e d   c o n c r e t e   i s  

n o t   r e q u i r e d .  
A  f u r t h e r   a d v a n t a g e   of  t he   d i s c l o s e d   p r o c e s s   i s  

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

C o n s e q u e n t l y ,   r e a c t i v e   f o r c e s   on  t h e   i n s e r t e r s   a re   m i n i -  

m i z e d .   Where  t h e   m a c h i n e   i s   m o u n t e d   to   s l i p   form  a p p a r a t u s ,  
undue   d i s p l a c e m e n t   of  t h e   s l i p   form  and  c o r r e s p o n d i n g   d e f o r -  
m a t i o n   of   t h e   p a n e l   does  n o t   o c c u r .   Where  t h e   i n s e r t e r   i s  

m o u n t e d   to  an  i n d e p e n d e n t   f rame  u n i t ,   movement   of  t he   f r a m e  

from  s u p p o r t i n g   t r a c k s   or  w h e e l s   does   n o t   o c c u r .  
Yet   a n o t h e r   a d v a n t a g e   of   t h e   d i s c l o s e d   p r o c e s s   i s  

t h a t   d u r i n g   t he   i n s e r t i o n   of   t he   dowel ,   t h e   c o n c r e t e   p l a c e d  
i s   n o t   c l a s s i f i e d   i n t o   g r o u t   and  a g g r e g a t e   c o m p o n e n t s   o r  
o t h e r w i s e   a p p r e c i a b l y   d i s t u r b e d .   C o n s e q u e n t l y ,   t he   r o d  

j o i n e d   to  t h e   p a n e l   is   f u l l y   c a p a b l e   of   a c c o m m o d a t i n g   t h e  

d e s i g n e d   e x p a n s i o n   and  c o n t r a c t i o n .   A r e a s   of   p a n e l   w e a k n e s s  
do  n o t   e x i s t   on,  i n ,   above   or  a b o u t   t h e   d o w e l .  

S t i l l   a n o t h e r   a d v a n t a g e   of   t h e   d i s c l o s e d   p r o c e s s  
is   t h a t   once   t h e   rod   i s   a t   t h e   d e s i r e d   d e p t h   and  t h e   v i b r a -  
t i o n   s t o p p e d ,   i n s t a n t   s o l i d i f i c a t i o n   of   t h e   c o n c r e t e   a b o u t  
t h e   rod   o c c u r s .   C o n s e q u e n t l y ,   t h e   rod   i s   i m m e d i a t e l y  
embedded   i n t o   t h e   s u r r o u n d i n g   c o n c r e t e .   R e t r a c t i o n   of  t h e  



p l a c i n g   t a n g s   from  t he   rod  can  o c c u r   w i t h   a  minimum  o f  
d i s t u r b a n c e .  

Yet  a  f u r t h e r   a d v a n t a g e   of  the   d i s c l o s e d   p r o c e s s  
is  t h a t   a f t e r   t he   f o r k s   a re   f r e e   of  the   dowels   b u t   b e f o r e  

t h e y   are   c o m p l e t e l y   w i t h d r a w n   from  the   c o n c r e t e ,   the   v i b r a -  
t i o n   is  r e a c t i v a t e d .   Th i s   v i b r a t i o n   f l u i d i z e s   the   c o n c r e t e  
i m m e d i a t e   t h e   t a n g s   b u t   does  n o t   a f f e c t   the   c o n c r e t e   i m m e d i -  
a t e   the   dowel .   C o n s e q u e n t l y ,   t he   c o n c r e t e   t e n d s   to  f low  a n d  

r e p l a c e   any  v o i d   c r e a t e d   by  the   i n s e r t i n g   f o r k s .   V i b r a t i o n  
is   no t   s t o p p e d   u n t i l   t he   i n s e r t i n g   f o r k s   a re   f r e e   of  t h e  

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

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

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

e n t s   of  t he   c o n c r e t e .   I t   does   no t   l e a v e   v o i d   in   t h e   c o n -  
c r e t e .   M o r e o v e r ,   t he   a c c u m u l a t i o n   of  g r o u t   above  the   i n -  

s e r t e d   dowel  does  no t   o c c u r .  
A  f u r t h e r   a d v a n t a g e   of  the   a p p a r a t u s   and  p r o c e s s  

h e r e i n   d i s c l o s e d   i s   t h a t   dowel  i n s e r t i o n   o c c u r s   i n t o   f r e s h l y  
p o u r e d   c o n c r e t e   p a n e l   and  n o t   ahead   or  in  t he   p a t h   of  c o n -  
c r e t e   p a v i n g   m a c h i n e r y .   In  many  i n s t a n c e s ,   t he   f r o n t   or  t h e  
s i d e s   of  c o n c r e t e   p a v i n g   m a c h i n e r y   become  o t h e r w i s e   o c c u p i e d  

a s  l a r g e   q u a n t i t i e s   of  c o n c r e t e   to  s e r v i c e   a u t o m a t e d   p a v e r s  
must   be  b r o u g h t   in   in   t h e s e   a r e a s .   I n d e e d ,   some  r o a d w a y s  

are   b u i l t   in  a r e a s   of  r e s t r i c t e d   a c c e s s   where   on ly   the   f r o n t  

p o r t i o n   of  t he   p a v e r   i s   a c c e s s i b l e .   He re ,   h o w e v e r ,   d o w e l s  

a r e  n o t   r e q u i r e d   to   be  p l a c e d   in  f r o n t   of  t he   p a v e r .  
I n s t e a d   dowels   a re   i n s e r t e d   to   t he   r e a r   of  the   m a c h i n e .  

P r o d u c t i o n   c o n v e n i e n c e   in   dowel   i n s e r t i o n   is   a c h i e v e d .  

A  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to  p r o v i d e  
fo r   t he   i n s e r t i o n   of  dowel s   in   mass  a c r o s s   a  j o i n t   b e t w e e n  

two  c o n c r e t e   p a n e l s .   A c c o r d i n g   to  t h i s   a s p e c t   of  the   i n v e n -  

t i o n ,   a  m a g a z i n e   l o a d e d   w i t h   rods   is   d i s c h a r g e d   to  a  c h a i n  

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

c o n v e y o r   r e c e i v e s   and  s p a c e s   dowel s   in  a n t i c i p a t i o n   o f  t h e  
dowel s   b e i n g   p i c k e d   up  by  c o r r e s p o n d i n g l y   s p a c e d   i n s e r t e r s .  

When  the   c o n v e y o r   has  p r e c i s e l y   p o s i t i o n e d   the   d o w e l s ,   t h e  



i n s e r t e r s ,   c o r r e s p o n d i n g l y   p r e c i s e l y   p o s i t i o n e d ,   g r a s p   t h e  
rod   t h r o u g h   c o n t a c t   and  t h e r e a f t e r   a c t i v a t i o n   of  t he   i n -  

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

t h a t   t h e   d i s c l o s e d   a p p a r a t u s   can  be  made  t h e   w i d t h   of   p o u r e d  
c o n c r e t e   p a n e l s .   By  v a r i a t i o n   of   t h e   s p a c i n g   on  t h e   c o n -  

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

i n s e r t e r s ,   v a r y i n g   rod   d i m e n s i o n s   and  s p a c i n g   can  be  a c c o m -  
m o d a t i n g .  

The  r e a d e r   w i l l   r emember   t h a t   I  have   u t i l i z e d  
r e s i l i e n t   m o u n t i n g s   f o r   t h e   i n s e r t e r s   of  t h i s   i n v e n t i o n .   As 

a  s i d e   b e n e f i t   of   t he   r e s i l i e n t   i n s e r t e r s   t h a t   I  u t i l i z e ,   I  

now  am  a b l e   to  c o n v e y   dowel s   i n t o   p r e c i s e   p o s i t i o n   f o r  

p i c k u p   by  i n s e r t e r s   h a v i n g   t h e   same  c o r r e s p o n d i n g   p r e c i s e  
p o s i t i o n .   V i b r a t i o n a l   e n e r g y   i s   n o t   c o m m u n i c a t e d   to   my 
c o n v e y o r .   C o n s e q u e n t l y ,   dowe l s   on  my  i n s e r t e r s   do  n o t  
" w a l k   or  v i b r a t e   ou t   of  p o s i t i o n ;   t h e y   r e m a i n   p r e c i s e l y  
p o s i t i o n e d   so  t h a t   r e m o t e   h a n d l i n g   i s   p o s s i b l e .  

Yet   a n o t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   t o   d i s -  

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

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

m a i n t a i n   a  s t a t i o n a r y   p o s i t i o n   o v e r   a  j o i n t   b e t w e e n   t w o  

p a n e l s .   At  t he   same  t i m e ,   t h e   c a r r i a g e   i s   o p e r a t i n g   from  a  

moving   f r ame   r e f e r e n c e d   to  l i n e   and  g r a d e ,   such   as  a  s l i p  
t o n s   f o r   t h e   p l a c e m e n t   of   c o n c r e t e .   The re   r e s u l t s   a  p l a c e -  
ment   of  d o w e l s   a c r o s s   t he   a r e a   of   an  e x p a n s i o n  j o i n t   from  a  

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

w o r k .  

An  a d v a n t a g e   of   t h i s   a s p e c t   of   t h e   i n v e n t i o n   i s  

t h a t   p r o d u c t i o n   of   a  s l i p   form  p a v e r   i s   n o t   i n t e r r u p t e d .  
P e r i o d i c   s t o p p i n g   and  s t a r t i n g   of  t h e   p a v e r   a r e   n o t  

r e q u i r e d .  
A  f u r t h e r   a d v a n t a g e   of   t h i s   a p p a r a t u s   i s   t h a t   t h e  

d i s c l o s e d   a p p a r a t u s   can  be  m o u n t e d   r e l a t i v e   to  or  i n d e p e n -  
d e n t   o f   a  p a v e r .   For   e x a m p l e ,   i t   can  be  m o u n t e d   on  i t s   own 

s e p a r a t e   f r ame   wh ich   may  e i t h e r   be  i n t e r m i t t e n t l y   p o s i t i o n e d  



fo r   dowel  p l a c e m e n t   or  c o n t i n u o u s l y   moved  so  long   as  r e f e r -  

ence   to  g r a d e   and  l i n e   is   m a i n t a i n e d .  
O the r   o b j e c t s ,   f e a t u r e s   and  a d v a n t a g e   o f   t h i s  

i n v e n t i o n   w i l l   become  m o r e  a p p a r e n t   a f t e r   r e f e r r i n g   to  t h e  
f o l l o w i n g   d r a w i n g s   and  a t t a c h e d   s p e c i f i c a t i o n s   in   w h i c h :  

F ig .   1  i s   a  p e r s p e c t i v e   view  of  a  s i n g l e   i n s e r t e r  

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

F ig .   2  i s   a  p e r s p e c t i v e   view  of  a  c o n v e y o r   f o r  
c o n v e y i n g   rods   i n t o   p o s i t i o n s   fo r   g r a s p i n g   by  a  p l u r a l i t y   o f  
i n s e r t e r s ,   the   c o n v e y o r   h e r e   b e i n g   shown  c o n n e c t e d   to  a  
m a g a z i n e ;  

F ig .   3  i s   a  p e r s p e c t i v e   view  of  a  m a t r i x   of   i n -  
s e r t e r s   m o u n t e d   f o r   p i c k i n g   up  and  t h e r e a f t e r   i n s e r t i n g   a  

g roup   of  r o d s ;   a n d  

F i g s .   4A -   4G  are   a  c a r t o o n   s e r i e s   i l l u s t r a t i n g   a  
s l i p   form  c o n c r e t e   p a v i n g   m a c h i n e   o p e r a t i n g   in   c y c l e   w i t h  
the   dowel  i n s e r t e r   of  t h i s   i n v e n t i o n .  

F ig .   5A  is   a  p e r s p e c t i v e   view  of  t he   r o d   r e l e a s e  
mechan i sm  of  t h i s   i n v e n t i o n   a t   t he   b o t t o m   of  t h e   c o n v e y o r ;  

F i g s .   5B,  5C  and  5D  are   a  c a r t o o n   s e r i e s   in  s i d e  
e l e v a t i o n   s e c t i o n   i l l u s t r a t i n g   t he   r e l e a s e   of   r o d s   a c c o r d i n g  
to  t h i s   i n v e n t i o n .  

R e f e r r i n g   to  F ig .   1,  rod  i n s e r t e r   A  of  t h i s   i n v e n -  
t i o n   i s   shown  in  p e r s p e c t i v e   o v e r l y i n g   c o n c r e t e   s l a b s   10  a n d  

11  w i t h   dowel  14  e x t e n d i n g   a c r o s s   an  e x p a n s i o n   j o i n t   a r e a  
b e t w e e n   the   p a n e l s .   The  r e a d e r   w i l l   r e a l i z e   t h a t   t he   e x p a n -  
z i o n   j o i n t   has  no t   been   y e t  p l a c e d .   The  e x p a n s i o n   j o i n t   i s  

on ly   s c h e m a t i c a l l y   shown  so  t h a t   p l a c e m e n t   of  t h e   dowel  i n  

the   p a n e l   a c r o s s   t he   j o i n t   is  f u l l y   u n d e r s t o o d .  

T y p i c a l l y ,   one  p o r t i o n   16  of  t he   dowel  14  i s  

g r e a s e d ,   p a i n t e d   or  o t h e r w i s e   c o a t e d .   t h e   r e m a i n i n g   p o r t i o n  
17  of  the   dowel  14  is   no t   c o a t e d .   C u r i n g   of  t h e  c o n c r e t e  

c a u s e s   p o r t i o n s   17  o f  d o w e l   to  key  to  s l a b   10.  The  c o a t e d  
p o r t i o n   of  t he   dowel   11  i s   f r e e   to  work  in  e x p a n s i o n   a n d  

c o n t r a c t i o n   when  e i t h e r   c u r i n g   c o n t r a c t i o n   or  t h e r m a l   e x p a n -  
s i o n   a n d / o r   l o a d i n g   r e s u l t s   in   e x p a n s i o n   j o i n t  f l e x u r e .  

I t   i s   i m p o r t a n t   t h a t   dowel  14  be  n o r m a l   to  t h e  

p l a n e   of  t h e   e x p a n s i o n   j o i n t   b e t w e e n   the   s l a b s   10,  11.  T h u s  



t o w a r d   and  away  e x p a n s i o n   can  be  a c c o m m o d a t e d   w i t h o u t   t h e  
d e s t r u c t i o n   of   t h e   p a n e l s   from  t he   e d g e s   as  p r e v i o u s l y  
d e s c r i b e d .  

I t   w i l l   be  r e a l i z e d   t h a t   s h o u l d   a  g r o u p   o f  
dowe l s   14  be  r a n d o m l y   skewed,   w o r k i n g   of   t h e   two  s l a b s   10  
and  11  would   c h a n g e   t h e   s p a c i a l   d i s t a n c e s   b e t w e e n   the   s l a b s  

a t   t h e   p o i n t s   of   dowel  j o i n d e r .   S l a b s   10  and  11  would  c h i p  
and  s p l a y   a t   t h e i r   edges   r e s u l t i n g  i n   r e d u c e d   p a n e l   l i f e .  

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

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

r o d s   w i l l   be  d e s c r i b e d .   Then  t h e   c o n s t r u c t i o n   of  g r o u p  
i n s e r t e r s   f o r   g r a s p i n g   and  t h e r e a f t e r   i n s e r t i n g   t he   d o w e l s  

b e t w e e n   f r e s h l y   p o u r e d   p a n e l s   w i l l   be  s e t   f o r t h .   F i n a l l y  
and  w i t h   r e f e r e n c e   to   a  c a r t o o n   s e r i e s   of   d r a w i n g s ,   t h e  

d i s c r e t e  s t e p s   in   t h e   dowel  i n s e r t i n g   p r o c e s s   w i l l   be  s e t  
f o r t h .  

Dowel  I n s e r t e r  

A  t y p i c a l   dowel  i n s e r t e r   A  i n c l u d e s   i n s e r t e r  

s u p p o r t   b a r   24  d e p e n d i n g l y   s u p p o r t i n g   i n d i v i d u a l   i n s e r t e r  

s u p p o r t   p l a t e   25.  T y p i c a l l y   f o u r   r u b b e r   s h o c k   i s o l a t e r s   26  

c o n c e n t r i c a l l y   m o u n t e d   to  b o l t s   27  s u p p o r t   p l a t e   25  f r o m  

p l a t e   24.  I s o l a t e r s   26  i n s u l a t e   t h e   v i b r a t i o n   of  v i b r a t o r   V 

from  t h e   s u p p o r t   24  so  t h a t   t h e   v i b r a t i o n a l   e n e r g y   of   t h e  

h y d r a u l i c   v i b r a t o r   can  be  u s e f u l l y   c o n f i n e d   to  t he   v i c i n i t y  
of   t h e   i n s e r t e r .   As  h e r e i n b e f o r e   s e t   f o r t h ,   t h e   f a i l u r e   t o  
i n s t a l l   i n s u l a t o r s   has   r e s u l t e d   in   f a i l u r e   o f   t he   p r i o r   a r t  

d e v i c e s .  

S u p p o r t   p l a t e   25  has  c o n v e n t i o n a l l y   j o i n e d   t w o  

t a n g s   30.  Tangs  30  a t   t h e   u p p e r   end  t h e r e o f   d e f i n e   a  s q u a r e  
a p e r t u r e   32  i n t o   wh ich   v i b r a t o r   V  i s   r e c e i v e d .   A p e r t u r e   32  

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

c a p t u r e d   t h e r e i n   so  t he   v i b r a t i o n a l   e n e r g y   i s   r e a d i l y   t r a n s -  
f e r r e d   to  t h e   t a n g s   3 0 .  

An  e l e c t r o m a g n e t   E  i s   m o u n t e d   b e t w e e n   t a n g s   3 0 .  
F a b r i c a t i o n   and  i n s t a l l a t i o n   of   t h i s   e l e c t r o m a g n e t   is   n o t  
t r i v i a l .  



F i r s t ,   t he   e l e c t r o m a g n e t   is   f a b r i c a t e d   s o  t h e r e  i s  

no  r e l a t i v e   movement   b e t w e e n   any  of  t he   p a r t s   of   t he   e l e c t r o -  

magne t   and  the   two  t a n g s   30  to  which   i t   is  b r a c e d   a n d  c r o s s  
c o n n e c t e d .   As  is   a p p a r e n t ,   the   v i b r a t o r   V  w i l l   l i t e r a l l y  

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

m a g n e t   comes  f r e e   from  t h e  e n t i r e   a s s e m b l y   and  b e g i n s   t o  
v i b r a t e .  

S e c o n d l y ,   the   e l e c t r o m a g n e t   in   t h e  v i c i n i t y   of  i t s  

f a s t e n i n g   to  t he   r e s p e c t i v e   t a n g   30  is   s e c u r e l y   m o u n t e d .  
R e l a t i v e   movement   b e t w e e n   the   e l e c t r o m a g n e t   E  and  i t s   p o i n t  
of  m o u n t i n g   no t   on ly   c a u s e s   f a i l u r e   of  t he   m a g n e t   t o  c o m -  
m u n i c a t e   i t s   m a g n e t i c   f i e l d   to  t he   t a n g s   30,  b u t   a d d i t i o n -  

a l l y   a l s o   e f f e c t i v e l y   d e s t r o y s   t h e   m a g n e t .  
Each  of  the   arms  30  has  a  m a g n e t i c  p o r t i o n   34  a n d  

n o n - m a g n e t i c   p o r t i o n   35.  N o n - m a g n e t i c   p o r t i o n   35  can  b e  

s een   to  t e r m i n a t e   j u s t   above  magne t   E.  Th i s   n o n - m a g n e t i c  

p o r t i o n   34  p r e v e n t s   the   f i e l d   of  t he   e l e c t r o m a g n e t i c   f r o m  

b e i n g   c o m m u n i c a t e d   u p w a r d l y   to  t he   i n s e r t e r   s u p p o r t   p l a t e  
25.  M a g n e t i c   p o r t i o n   34  of  t he   t a n g   e n a b l e s   t h e   f i e l d   o f  

the   m a g n e t   to  be  c o m m u n i c a t e d   down  to  and  t o w a r d s   t h e   b o t t o m  

p o r t i o n   of  t he   t a n g s   35.  When  a  m a g n e t i c   c i r c u i t   i s   c o m -  

p l e t e d   b e t w e e n   the   l ower   p o r t i o n s   of  t he   two  t a n g s ,   as  by  a  
dowel   c o n t a c t i n g   t he   t a n g s ,   t he   m a g n e t i c   c i r c u i t   i s   c o m -  

p l e t e d   and  the   dowel  is   f i r m l y   h e l d   and  g r a s p e d   in   p l a c e .  
The  i s o l a t i o n   of  t h e   m a g n e t i c   f i e l d   f rom  e l e c t r o -  

m a g n e t  E  f r o m   p o r t i o n   34  of  t he   i n s e r t e r   has  an  a d d i t i o n a l  

a d v a n t a g e .   T y p i c a l l y ,   t he   v i b r a t o r   V  c o m p r i s e s   an  e c c e n -  

t r i c a l l y  w e i g h t e d   s h a f t   moun ted   to  b e a r i n g s .   The  s h a f t   i s  

in  t u r n   d r i v e n   by  a  m o t o r ,   t he   motor   h e r e   b e i n g   shown  a s  

h y d r a u l i c .   E l e c t r i c   m o t o r s   can  be  u sed   as  w e l l .  

S h o u l d   t he   m a g n e t i c   f i e l d   from  the   e l e c t r o m a g n e t   E  

be  a c c u m u l a t e d   to  the   v i b r a t o r ,   r e d u c e d   v i b r a t o r   l i f e   c a n  

r e s u l t .   I  have  found   t h a t   any  m e t a l l i c   p a r t i c l e s   p r e s e n t   i n  

or  n e a r   t he   v i b r a t o r   w i l l   be  drawn  to  and  a c c u m u l a t e d   w i t h i n  

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

a b r a d i n g   wear   of  t he   v i b r a t o r .   T h e r e   r e s u l t s   a  v a s t l y  

r e d u c e d   v i b r a t o r   l i f e .  



I t   w i l l   be  n o t e d   t h a t   t he   l o w e r   end  of  each   of  t h e  

t a n g s   30  i s   p r o v i d e d   w i t h   a  r o u n d e d   s e c t i o n   36.  R o u n d e d  
s e c t i o n   36  i s   c o n f i g u r e d   to  e x t e n d   up  and  ove r   a  d o w e l .  
Th i s   h a l f - r o u n d   a p e r t u r e   is   f l a i r e d   so  t h a t   when  the   i n -  

s e r t e r   A  comes  down  ove r   a  dowel  14,  a  g a t h e r i n g   of  t h e  
dowel   to  a  c e n t r a l   p o s i t i o n   o c c u r s .  

The  h a l f - r o u n d e d   or  a r c u a t e   p o r t i o n   of   t he   t a n g s  
mus t   be  c o n f i g u r e d   to   p r e c i s e l y   f i t   o v e r   t h e   dowel  1 4 .  

A n y t h i n g   l e s s   t h a n   a  p r e c i s e   f i t   w i l l   n o t   a l l o w   t he   v i b r a -  
t i o n a l   e n e r g y   o f   t h e   v i b r a t o r   V  to  be  c o m m u n i c a t e d   to  t h e  
dowel   1 4 .  

A d d i t i o n a l l y ,   t he   t a n g s   a t   l o w e r   p o r t i o n   38  m u s t  
be  of   s u f f i c i e n t   l e n g t h   to  p e r m i t   dowel  p e n e t r a t i o n   i n t o   t h e  

s l a b .   C o n s e q u e n t l y ,   t h e   l o w e r   p o r t i o n   of  t h e   arms  38  a r e  
u s u a l l y   t a i l o r e d   to   t h e   s p e c i f i c   c o n s t r u c t i o n   b e i n g   u n d e r -  
t a k e n   by  t h e   dowel   i n s e r t e r .   In  a c t u a l   p r a c t i c e ,   t h e y   a r e  
w e l d e d   in   p l a c e ,   u s e d   f o r   a  p a r t i c u l a r   j ob ,   and  t h e r e a f t e r  

c u t   o f f   and  r e p l a c e d .   As  t h o s e   s k i l l e d   in   t h e   a r t   a r e  

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

d e s i r a b l e .  

A d d i t i o n a l l y ,   t he   l o w e r   p o r t i o n   of   t he   arms  38  i s  

p r o v i d e d   w i t h   a  r e l a t i v e l y   c o n s t a n t   c r o s s   s e c t i o n .   T h i s  

l o w e r   p o r t i o n   38  has   t he   g r e a t e s t   p e n e t r a t i o n   i n t o   t he   s l a b .  

H a v i n g   s e t   f o r t h   t he   c o n s t r u c t i o n   of   t he   i n s e r t e r ,  
a t t e n t i o n  w i l l   now  be  d i r e c t e d   to  t h e   c o n v e y o r   mechan i sm  f o r  

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

i n s e r t e r s .   The  v i e w s   of  F i g s .   2  and  3  w i l l   be  u s e d .  

C o n v e y o r  

R e f e r r i n g   to  F i g .   2,  a  m a g a z i n e   of   c y l i n d r i c a l  
r o d s   i s   i l l u s t r a t e d   h a v i n g   an  a n g u l a r l y   s l o p i n g   s e c t i o n   40  

e x t e n d i n g   to   a  v e r t i c a l   s e c t i o n   42.  As  can  be  s e e n ,   t h e  

r o d s   a re   c o n f i n e d   in   s i n g l e   f i l e   down  to  a  f e e d  

m e c h a n i s m   4 3 .  

S l o p i n g   s e c t i o n   41  t y p i c a l l y   has  r o d s   14  p l a c e d  
t h e r e i n   s u f f i c i e n t   to  c o n s t i t u t e   a  c o m p l e t e   j o i n d e r   a c r o s s   a  
c o n c r e t e   p a n e l .   Once  t h e   r o d s   14  a re   l o a d e d   in   s e c t i o n   40  

t h e y   a r e   r e l e a s e d   by  a  r e l e a s e   h a n d l e   39.  Upon  r e l e a s e   a t  

t h e   r e l e a s e   h a n d l e   39,  t h e y   t r a v e l   en  masse   down  to  v e r t i c a l  



s e c t i o n   42.  At  v e r t i c a l   s e c t i o n   42  t h e y   a re   h e l d   u n t i l  

r e l e a s e d   by  the   c o n v e y o r   m e c h a n i s m .  

Feed  mechan i sm  43  i n c l u d e s   a  s p r i n g   l o a d e d   arm  44  

m a i n t a i n i n g   each  of  the   i n d i v i d u a l   rods   14  ove r   p a i r e d  
t r a v e l i n g   e n d l e s s   c h a i n   b e l t s   46.  E n d l e s s   c h a i n   b e l t s   h a v e  

pawls   47  and  k e e p e r   b a r s   48  s e q u e n t i a l l y   f a s t e n e d   t h e r e t o .  

In  o p e r a t i o n ,   k e e p e r   b a r s   48  p a s s   u n d e r   a  r o d   14  

a t   the   b o t t o m   of  v e r t i c a l   s e c t i o n   42.  Pawls   47  d i s l o d g e   r o d  

14  and  p i v o t   the   s p r i n g   44  ou t   of  t he   way.  T y p i c a l l y ,  
c h a i n s   46  c o n t i n u e   movement   u n t i l   a  l i m i t   s w i t c h  4 9   d e t e c t s  

the   p r e s e n c e   of  a  dowel  a t  t h e   end  of  the   c o n v e y e d   p a t h .  
The  e n d l e s s   c h a i n s  t h e n   s t o p .  

I t   w i l l   be  t h e r e f o r e   be  s een   t h a t   t he   d o w e l s   a r e  
d i s t r i b u t e d   a t   even  s p a t i a l   i n t e r v a l s   f u l l y   a l o n g   t h e   l e n g t h  
of  t he   c o n v e y o r .   I t   is  in  t h i s   d i s p o s i t i o n   t h a t   t h e y   a r e  

p i c k e d   up  by  a  g roup   of  i n s e r t e r s   A  as  i l l u s t r a t e d   i n  

F ig .   3 .  

R e f e r r i n g   to  F i g s .   5A  and  5B,  t he   p r o c e s s   o f  

i n s e r t i o n   and  d i s p e n s i n g   of  t he   i n d i v i d u a l   r ods   14  to   t h e  

c o n v e y o r   may  be  u n d e r s t o o d .   A  v e r t i c a l   c h a n n e l   100  c o n v e y s  
t he   rods   s i n g l e   f i l e   to  a  d i s p e n s e r .   A  b l o c k   101  h o l d s   t h e  

d i s p e n s e d   rods   f r e e   and  c l e a r   of  t he   p a s s i n g   c h a i n   46,  t h e  

pawl  47  and  t h e   k e e p e r   ba r   48.  As  can  be  s e e n ,   t he   b o t t o m -  

most   b a r   14  i s   b i a s e d   to  and  t o w a r d   the   d i r e c t i o n   of   t r a v e l  

of  t he   c h a i n   w i t h   a  s p r i n g - l o a d e d   r e t a i n e r   ba r   1 0 1  s t o p p i n g  

the   r e s p e c t i v e   b a r s   from  f a l l i n g   ou t   in  an  u n l i m i t e d   n u m b e r  

on  the   s u r f a c e   of  t he   c h a i n   46.  I t   w i l l   be  n o t e d   t h a t  

v e r t i c a l   c h a n n e l   101  i s   p r o v i d e d   w i t h   a  f o r w a r d l y   a n g l e d  

b a c k p i e c e   1 0 2 .  

R e f e r r i n g   to  F ig .   5C,  i t   can  be  s e e n   t h a t   r e t a i n e r  

ba r   48  p a s s e s   u n d e r   t he   b a r s   14  and  t h a t   pawl  47  d i s l o d g e s  

the   b a r s   14.  Th i s   d i s l o d g m e n t   o c c u r s   a g a i n s t   t h e   p i v o t i n g  

r e t a i n e r   ba r   101.  F i n a l l y ,   and  in  t he   s e q u e n c e   of  F i g .   5D, 

i t   is   s e e n   t h a t   t h e   c h a i n   46  c a u s e s   the   ba r   1 4  a s   f o l l o w e d  

by  pawl  47  to  be  d i s p e n s e d   on  t he   c h a i n   w h i l e   t h e   n e x t   i n  

o r d e r   dowel  14  i s   h e l d   in  p l a c e   by  p i v o t i n g   r e t a i n e r   b a r  

101.  Thus ,   t he   s e q u e n c e   of  d i s p e n s i n g   of  t h e   b a r s   c a n  

e a s i l y   be  u n d e r s t o o d .  



Group  M o u n t i n g   of  I n s e r t e r s  
The  i n s e r t e r s   A  can  t a k e   a  number   of  d i f f e r e n t  

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

t he   v iew  of   F i g .   3 .  

R e f e r r i n g   to  F i g .   3,  beam  63  has  e x t e n d e d   o n  
e i t h e r   s i d e   t h e r e o f   r e s p e c t i v e   s u p p o r t   p l a t e s   64,  6 5 .  

S u p p o r t   p l a t e s   in   t u r n   d e p e n d i n g l y   s u p p o r t   a  s u p p o r t   b e a m  
66.  S u p p o r t   beam  66  i s   m o u n t e d   from  p l a t e s   64,  65  by  a  

g roup   of   i s o l a t e r s ,   t h e r e   b e i n g   a p p r o x i m a t e l y   6  i s o l a t e r s  

f o r   t h e   s u p p o r t   of   f i v e   i n s e r t e r s   A.  On  e i t h e r   s i d e   o f  

s u p p o r t   beam  66  a t   p r e s e l e c t e d   i n t e r v a l s   t h e r e   a r e .  f a s t e n e d  
v i b r a t o r s   V.  These   v i b r a t o r s   a re   e l e c t r i c   and  have  a n  
e l e c t r i c   d r i v e   m o t o r .   They  a r e   M i n n i c k   "H1200"  v i b r a t o r s  

and  a r e   h e r e   shown  in   o p p o s i t i o n   one  to  a n o t h e r   to  i m p a r t  
t h e   n e c e s s a r y   v i b r a t i o n s   to   a  g roup   of  i n s e r t e r s   A ' s .   A s  
i l l u s t r a t e d   h e r e ,   f o u r   such   v i b r a t o r s   v i b r a t e   f i v e  

i n s e r t e r s   A .  
The  amount   of  v i b r a t i o n a l   e n e r g y   c o m m u n i c a t e d   t o  

t h e   rod  i n s e r t e r s   i s   i m p o r t a n t .   S p e c i f i c a l l y ,   and  d e p e n d e n t  

upon  t he   s lump  of   t he   c o n c r e t e ,   v i b r a t i o n a l   e n e r g y   of  v a r y -  
i n g   amounts   w i l l   b e  r e q u i r e d .   I  have   found   f o r   example   t h a t  

w h e r e   t he   s lump  i s   low  - -   in   t he   r a n g e   of   1 /4   i n c h   to  o n e  
i n c h ,   h i g h   v i b r a t i o n a l   e n e r g y   i s   p r e f e r r e d .   In  t h i s   c a s e ,   I  

u s e   t h e   i n s e r t e r   of   F i g .   1.  In  t h i s   c a s e ,   t h e   v i b r a t o r   i s  

i n s t a l l e d  t o   each   i n s e r t e r   such  r e l a t i v e l y   low  slump  c o n -  
c r e t e   i s   commonly  u s e d   on  a i r p o r t   r unways   and  E u r o p e a n  

h i g h w a y s .  
Where,   h o w e v e r ,   t he   slump  i s   g r e a t e r ,   as  in  t h e  

i n s t a l l a t i o n   of   d o m e s t i c   h i g h w a y s   in   t he   U n i t e d   S t a t e s ,  
l o w e r   v i b r a t i o n a l   e n e r g y   can  be  u s e d .   In  t h e s e   e m b o d i m e n t s ,  

v i b r a t o r s   a c c o r d i n g   to   t h o s e   i l l u s t r a t e d   in   F i g .   3  can  b e  

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

n e v e r   c o n s t a n t   in   i t s   c o n s t i t u e n t   mix.   C o n s e q u e n t l y ,   e v e r y -  
t h i n g   a b o u t   c o n c r e t e   i s   v a r i a b l e .   P r e c i s e l y   q u a n t i f y i n g   t h e  

amount   of  v i b r a t i o n a l   e n e r g y   to  l i q u e f y   t h e   c o n c r e t e   i s   n o t  

p r a c t i c a l   or  p o s s i b l e .   Hence  t h e   v i b r a t o r s   u t i l i z e d   w i t h  

t h e   i n s e r t e r s   of   t h i s   i n v e n t i o n   s h o u l d   be  v a r i a b l e   in   t h e i r  



e n e r g y   o u t p u t .   They  s h o u l d   a l w a y s   be  a b l e   to  s u p p l y   s u f f i -  
c i e n t   e n e r g y   to  l i q u e f y   of  t h e  c o n c r e t e   as  the   dowels   a n d  

i n s e r t e r s   p r o g r e s s   t h e i r   way  down  t h r o u g h   t h e   s l a b   to  t h e  

p o i n t   of  rod  i n s e r t i o n .  

The  c o n s t r u c t i o n   of  i n s e r t e r s   A  i s   s i m i l a r .  

S p e c i f i c a l l y ,   t he   i n s e r t e r s   have  m a g n e t i c   p o r t i o n s   68  w i t h  

an  e l e c t r o m a g n e t   E  t h e r e b e t w e e n .   Smal l   s t a i n l e s s   s t e e l  
s e c t i o n s   69  a t   the   top  of  m a g n e t i c   p o r t i o n s   68  c o n f i n e   t h e  

m a g n e t i c   p a t h   down  the   r e s p e c t i v e   arms  68  and  a c r o s s   a n y  
dowels   14  t h a t   are   h e l d   by  the   u n i t .   By  t h e   e x p e d i e n t   o f  

m a t c h i n g   the   i n t e r s t i t i a l   s p a c i n g   b e t w e e n   t h e   i n s e r t e r s   A 

e q u i v a l e n t   to  t he   i n t e r s t i t i a l   s p a c i n g   b e t w e e n   the   dowels   14 

d i s p o s e d   on  the   e n d l e s s   b e l t   4 6 ,  i t  w i l l   be  s e e n   t h a t   a  

g roup   of  dowel s   may  be  p i c k e d   up  by  an  a s s e m b l y   of  i n s e r t e r s  

A  as  i l l u s t r a t e d   in  F ig .   3 .  

Hav ing   s e t  f o r t h   t he   c o n s t r u c t i o n   of  t he   c o n v e y o r  
and  the   g r o u p  o f   i n s e r t e r s ,   a t t e n t i o n   can  now  be  d i r e c t e d   t o  
the   p r o c e s s   of  i n s e r t i o n .  

P r o c e s s   of  I n s e r t i o n  

R e f e r r i n g   to  F ig .   4A,  a  s l i p   fo rm  p a v e r   100  h a v i n g  

an  f i n i s h i n g   beam  101  is   shown  p r o g r e s s i v e l y   a p p l y i n g   c o n -  
c r e t e   102  b e t w e e n   a  g r ade   l e v e l   103  and  t h e   s l i p p i n g   f o r m  

? u i .   As  i s   common  in  the   c o n s t r u c t i o n   i n d u s t r y ,   t he   m a c h i n e  

is   f u r n i s h e d   w i t h   means  t h a t   g i v e   t he   s l i p p i n g   form  104  a n d  

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

l i n e .  

I t  w i l l   be  u n d e r s t o o d   t h a t   t h e   dowel  i n s e r t i n g  
i n v e n t i o n   can  be  mounted   to  any  number   of   m e c h a n i s m s   a n d  

t h a t   t he   i n v e n t i o n   i s   no t   c o n f i n e d   to  t h e  s l i p   form  p a v e r '  
h e r e   i l l u s t r a t e d .   I n d e e d   any  m a c h i n e   w h i c h   r i d e s   on  r a i l s  

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

a  s u f f i c i e n t   p l a t f o r m .   I t  i s   n e c e s s a r y   t h a t   t he   mach ine   b e  

p r o v i d e d   w i t h   a d e q u a t e   r e f e r e n c e   to  l i n e   and  g r a d e .  

C o n t i n u i n g   o n  w i t h   t he   v i ews   o f   F i g s .   3  and  4A, 
t h r e e  m e c h a n i s m s   a t t a c h e d   fo r   t he   g roup   of  i n s e r t e r s   A  a r e  

n e c e s s a r y .  
F i r s t ,   the   g roup  of   i n s e r t e r s   mus t   be  mounted   to  a  

f rame  moun ted   r a i l w a y   105  a t   a  moving  c a r   104  ( o n l y   s h o w n  



s c h e m a t i c a l l y   in   F i g .   3 ) .   T h i s   e n a b l e s   t h e   c a r   104  t o   s l i d e  

b a c k   and  f o r t h   o v e r l y i n g   t h e   c o n c r e t e   p a n e l s .  
S e c o n d l y ,   some  means  f o r   moving  t h e   c a r   104  on  t h e  

r a i l w a y   mus t   be  p r e s e n t .   Here ,   h y d r a u l i c   c y l i n d e r   107  i s  
u t i l i z e d .   C y l i n d e r   107  c a u s e s   t he   c a r   to  s l i d e   f o r w a r d l y  
and  b a c k w a r d l y .  

T h i r d l y ,   some  means  of   moving   the   g r o u p   of  i n -  

s e r t e r s   A  i n t o   and  o u t   of  t h e   c o n c r e t e   p a v e m e n t   mus t   b e  

p r e s e n t .   A  c y l i n d e r   109  i s   h e r e   shown  c a u s i n g   movement   o f  
t h e   i n s e r t e r s   A  i n t o   a n d  o u t   of  t h e   p a v e m e n t .  

Movement  o c c u r s   on  a  v e r t i c a l   r a i l w a y   1 0 6   ( s e e  
F i g .   3 ) .   Wire  b r u s h   110  i s   p r e s e n t .   The  w i r e   b r u s h   c a u s e s  
t h e   ends   of   i n s e r t e r s   A  to  be  c l e a n e d   i m m e d i a t e l y   a f t e r  
r e t r a c t i o n   from  t h e   f r e s h l y   p o u r e d   c o n c r e t e .  

S e t t i n g   f o r t h   t h e   s t a t u s   of   t he   m a c h i n e   c y c l e   a s  
shown  in  F i g .   4A  can  be  i n s t r u c t i v e .   S p e c i f i c a l l y ,   t h e  

e n d l e s s   b e l t   46  has  d i s p o s e d   a  g roup   of  r o d s   14  f o r   p i c k - u p .  
The  e l e c t r o m a g n e t i c   a c r o s s   e a c h   of  t he   i n s e r t e r s   has   b e e n  

t u r n e d   on  and  the   i n s e r t e r s   have   come  down  on  and  o v e r   t h e  

r e s p e c t i v e   dowel s   14.  At  t h i s   p a r t i c u l a r   t i m e   t h e   v i b r a t o r s  

a r e   o f f .   Dowels   14  have   b e e n   s l i g h t l y   e l e v a t e d   by  t h e  

i n s e r t e r s .  

R e f e r r i n g   to   F i g .   2,  and  u n d e r l y i n g   e a c h   r o d   14  a s  

p o s i t i o n e d   on  t h e   c o n v e y o r ,   t h e r e   w i l l   be  s e e n   to   be  r e s i l -  

i e n t   pads   38.  I t   w i l l   be  a p p r e c i a t e d   t h a t   h y d r a u l i c  

c y l i n d e r s   such   as  c y l i n d e r s   109  t y p i c a l l y   have   a  s l i g h t  
o v e r s t r o k e .   once   such   an  o v e r s t r o k e   is   p r e s e n t ,   t a n g s   3 0  

mus t   be  a b l e   to   g r i p   t h e i r   r e s p e c t i v e   r o d s   14  w i t h o u t   c a u s -  

i ng   rod  or  c o n v e y o r   b r e a k a g e .   R e s i l i e n t   p a d s   38  p e r m i t   t h i s  

o v e r s t r o k e   to  e x i s t   w i t h o u t   c a u s i n g   m a c h i n e   f a i l u r e .  

R e f e r r i n g   to  F i g .   4B,  s l a b s   10,  11  a r e   shown  w i t h  

an  e x p a n s i o n   j o i n t   a r e a   15  t h e r e b e t w e e n .   H y d r a u l i c  

c y l i n d e r   107  has  commenced  to  e x p a n d   so  as  to   m a i n t a i n  

c a r   104  s t a t i o n a r y   o v e r   t h e   e x p a n s i o n   j o i n t   a r e a   15  b e t w e e n  

s l a b s   10,  11,  i t   b e i n g   r e a l i z e d   t h a t   t h e   e x p a n s i o n   j o i n t  
w i l l   n o t   be  i n s t a l l e d   u n t i l   a f t e r   t h e   r o d s   a r e   i n s e r t e d .  

The  d o w e l s   14  a re   h e l d   by  t h e   i n s e r t e r   A  i m m e d i a t e l y   o v e r  
t h e   j o i n t   a r e a   15.  Note   t h a t   a t   t h i s   j u n c t u r e ,   i t   i s   p o s -  



s i b l e   fo r   o b s e r v a t i o n   of   the   dowel s   r e l a t i v e   to  the   e x p a n -  
s i o n   j o i n t   a r e a   15  to  o c c u r .  

R e f e r r i n g   to  F ig .   4C,  t he   i n s e r t e r s   A  w i l l   h a v e  
l o w e r e d   the  dowe l s   14  a c r o s s   the   e x p a n s i o n   j o i n t   15  b e t w e e n  
s l a b s   10,  11.  The  m a g n e t s   E  w i l l   r e m a i n   on  and  the   v i b r a t o r  

V  w i l l   be  t u r n e d   on  i m m e d i a t e l y   b e f o r e   i n s e r t i o n   c o m m e n c e s .  

T y p i c a l l y ,   t he   t h r e e   s t a g e   c y l i n d e r   107  i s   r e l e a s e d   and  t h e  

c a r r i a g e   a l l o w e d   to  f r e e l y   wheel   a l o n g   t h e  r a i l w a y   105  s o  
t h a t   t h e r e   i s   no  r e l a t i v e   movement   b e t w e e n   t he   group  o f  
i n s e r t e r s   A  and  the   p a s s i n g   c o n c r e t e   s l a b s   10,  1 1 .  

I t   is   i m p o r t a n t   to  n o t e   t h a t   t he   v i b r a t i o n a l  

e n e r g y   i m p a r t e d   has  the   e f f e c t   of  f l u i d i z i n g   the   c o n c r e t e .  

S p e c i f i c a l l y ,   t he   c o n c r e t e   is   f l u i d i z e d   in  and  a r o u n d   t h e  
rod  14  and  the   i n s e r t e r   A.  Thus  t he   dowel  f r e e l y   p a s s e s  
i n t o   and  t h r o u g h   the   f r e s h l y   p o u r e d   c o n c r e t e   s l a b   a l o n g   a  
f u l l   f l u i d i z e d   p a t h .   The  r e s p e c t i v e   s o l i d   and  f l u i d   a r e a s  

are   d o m i n a t e d   on  the   d r a w i n g   and  o n l y   i l l u s t r a t i v e   of  t h e  

s t a t e   of  t he   s l a b   when  dowel  14  has  a r r i v e d   a t   i t s   f u l l  

d e p t h   of  p e n e t r a t i o n .  
I n s e r t i o n   in  a c t u a l   p r a c t i c e   o c c u r s   to  a  d e p t h   a s  

r e q u i r e d   by  s p e c i f i c a t i o n   fo r   a  p a r t i c u l a r   j ob .   By  way  o f  

example   i n s e r t i o n   c o u l d   be  a p p r o x i m a t e l y   h a l f   of  t he   s l a b  

w i d t h ,   in   t he   i l l u s t r a t e d   c a se   in  t he   o r d e r   of  f i v e   i n c h e s  

of   a  t e n   i n c h   s l a b .  

I t   is   an  i m p o r t a n t   a s p e c t   of  t h i s   i n v e n t i o n   t h a t  
t h e   d i s c l o s e d   v i b r a t i o n s   do  no t   i n t e r f e r e   w i t h   t he   s l a b .   I n  

f a c t ,   t he   a p p a r a t u s   and  p r o c e s s   l e a v e s   t he   s u r f a c e   of  t h e  

s l a b   s u b s t a n t i a l l y   u n d i s t u r b e d   and  does   no t   e f f e c t   or  c l a s -  

s i f y   e i t h e r   the   a g g r e g a t e ,   c emen t   or  sand   c o n s t i t u e n t s   o f  

the   c o n c r e t e .  

R e f e r r i n g   to  F i g .   4D,  r e t r a c t i o n   of  t he   i n s e r t e r s  

A  is   i l l u s t r a t e d .   In  the   s e q u e n c e ,   the   dowe l s   14  a r e  

p l a c e d .   The  m a g n e t   is   t u r n e d   o f f   and  t he   r e t r a c t o r s   moved  a  
s m a l l   d i s t a n c e .   T h e r e a f t e r   when  t h e   t a n g s   of  t he   r e t r a c t o r s  
c l e a r   t he   d o w e l s ,   t h e   v i b r a t o r s   a re   r e s t a r t e d .  

I t   i s   a t   t h i s   j u n c t u r e   t h a t   t he   p r o c e s s   has  some 
r a t h e r   s u b t l e   f e a t u r e s .   Once  v i b r a t i o n   i s   c e a s e d   and  t h e  
dowel  14  r e l e a s e d ,   wha t   was  a  r e l a t i v e l y   f l u i d i z e d   c o n c r e t e  



m i x t u r e   becomes   i m m e d i a t e l y   s o l i d i f i e d .   The  dowel   14  i s  

c a p t u r e d   by  the   c o n c r e t e   mass  in   p r e c i s e l y   t he   a l i g n m e n t  i t  
had  when  t he   v i b r a t o i n   c e a s e d .   N a t u r a l l y   and  when  t h e  

e l e c t r o m a g n e t i c   f o r c e   wh ich   m a i n t a i n s   t he   dowel  to  t h e  
i n s e r t e r   i s   t u r n e d   o f f ,   r e t r a c t i o n   of   t he   i n s e r t e r   A  l e a v e s  
t h e   dowel  14  f i r m l y   and  a c c u r a t e l y   embedded  w i t h i n   t h e  
c o n c r e t e .  

I t   i s   to   be  n o t e d   o v e r   t he   p r i o r   a r t   c h a i r   m e c h -  
an i sm  t h a t   i t   i s   t h e   dowel   t h a t   i s   i n s e r t e d   to  t he   p r e -  
e x i s t i n g   s l a b   of  c o n c r e t e .   I t   i s  n o t   t he   c o n c r e t e   b e i n g  
p o u r e d   a r o u n d   t h e   d o w e l .   T h e r e   r e s u l t s   a  dowel   14  w h i c h   c a n  
o n l y   be  m a i n t a i n e d   in   t he   c o n c r e t e   in   t he   d i s p o s i t i o n   i t   w a s  
p l a c e d .  

F u r t h e r ,   and  a f t e r   t he   i n s e r t e r s   A  have   c l e a r e d  
t h e   dowel   14  by  even   a  s m a l l   d i s t a n c e ,   v i b r a t i o n   i s   r e c o m -  
m e n c e d .   At  t h i s   j u n c t u r e ,   t h e   i n s e r t e r   A  f l u i d i z e s   t h e  

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

f l o w s   and  o c c u p i e s   t he   vo lume   o c c u p i e d   by  t h e   i n s e r t e r   as  i t  

i s   w i t h d r a w n .   In  s h o r t ,   f l u i d i z e d   c o n c r e t e   f i l l s   i n t o   t h e  

p a t h   of  t he   w i t h d r a w n   i n s e r t e r .  

R e f e r r i n g   to  F i g .   4F,  c y l i n d e r   107  i s   shown  w i t h  

d r a w i n g   c a r r i a g e   104  and  i n s e r t e r s   A  o v e r   t h e   w i r e   b r u s h  

1 l 0 .   Wire  b r u s h   110  c l e a n s   t h e   b o t t o m   of  t h e   i n s e r t e r s   o f  

any  c e m e n t   or  g r o u t   t h a t   may  r e m a i n   t h e r e o n   and  e n a b l e s   a  
c l e a n   m e t a l - t o - m e t a l   c o n t a c t   to  o c c u r   when  t he   n e x t   r o d s   a r e  

p i c k e d  u p .   At  t h e   same  t i m e ,   t he   o s c i l l a t i n g   f i n i s h i n g  

beam  101  f i n i s h e s   ove r   t h e   s u r f a c e   of  t he   c o n c r e t e .   A n y  
b l e m i s h   l e f t   in   t h e   s l a b   by  t h e   w i t h d r a w a l   of  t h e   i n s e r t e r s  

A  is   a v o i d e d .  

I t   i s   p r e f e r r e d   to   l e a v e   t he   v i b r a t o r s   on  d u r i n g  

t h e   w i r e   b r u s h i n g   of   t h e   c o n c r e t e .   I t   w i l l   be  r e m e m b e r e d  

t h a t   t h e   v i b r a t o r s   f u n c t i o n   to  f l u i d i z e   t he   c o n c r e t e .  

C o n c r e t e   on  t he   b o t t o m   of   t h e   t a n g s   30  w i l l   be  f l u i d i z e d  

a l s o .   In  t h e   f l u i d i z e d   s t a t e s ,   t h e   w i r e   b r u s h i n g   has   t h e  

maximum  c l e a n i n g   e f f e c t .  

A f t e r   t he   t a n g s   have   been   w i r e - b r u s h e d ,   t h e   v i b r a -  

t o r s   and  t h e   e l e c t r o m a g n e t s   a re   b o t h   o f f .   The  s e q u e n c e   i s  

t h e n   r e s t a r t e d .  



I t   w i l l   be  a p p a r e n t   h a v i n g   s k i l l   in   t he   a r t s   t h a t  
t h i s   i n v e n t i o n   w i l l   a d m i t   of  a  number   of  m o d i f i c a t i o n s .  

M o r o v e r ,   the   p r e c i s e   s e q u e n c e   of  e l e c t r o m a g n e t i c   c o n t r o l s  

and  the   l i k e   a re   b e l i e v e d   to  be  w e l l   w i t h i n  t h e   s k i l l   o f  
t h o s e   o r d i n a r i l y   a c q u a i n t e d   w i t h   t he   a r t .  



1.  A p p a r a t u s   f o r   t he   i n s e r t i o n s   of   d o w e l s  
b e t w e e n   e x p a n s i o n   j o i n t s   of  f r e s h l y   p o u r e d   c o n c r e t e   p a n e l s  
c o m p r i s i n g   in   c o m b i n a t i o n :   a t   l e a s t   one  arm  f o r   i n s e r t i n g   a  
dowel   i n t o   a  c o n c r e t e   p a n e l ,   s a i d   arm  h a v i n g   a  l ower   d o w e l  
r e c e i v i n g   c o n c a v i t y ;   means  f o r   r e t a i n i n g   s a i d   dowel  to  s a i d  

arm  b e f o r e   i n s e r t i o n  o f   s a i d   dowel   w i t h i n   s a i d   p a n e l ;   m e a n s  
f o r   u r g i n g   s a i d   dowel  and  a r m  i n t o   s a i d   f r e s h l y   p o u r e d  
c o n c r e t e   p a n e l ;   and,   means  f o r   v i b r a t i n g   s a i d   dowel  d u r i n g  
i n s e r t i o n ,   s a i d   v i b r a t i n g   means  h a v i n g   s u f f i c i e n t   e n e r g y   t o  
f l u i d i z e   s a i d   f r e s h l y   p o u r e d   c o n c r e t e   d u r i n g   s a i d   i n s e r t i o n ;  

and,   a  v i b r a t i o n   i s o l a t o r ,   s a i d   dowel   arm  m o u n t e d   to  s a i d  
v i b r a t i o n   i s o l a t o r   f o r   i s o l a t i n g   v i b r a t i o n s   to  s a i d   d o w e l  

and  dowel   a r m .  
2.  The  i n v e n t i o n   of   c l a i m   I  and  i n c l u d i n g   i n  

c o m b i n a t i o n   f i r s t   and  s e c o n d   dowel   arms  f o r   i n s e r t i n g   a  
dowel   i n t o   a  c o n c r e t e   p a n e l .  

3.  The  i n v e n t i o n   of   c l a i m   2  and  i n c l u d i n g   f i r s t  

and  s e c o n d   m a g n e t i c   dowel  arms  f o r   i n s e r t i n g   a  dowel  i n t o  

s a i d   c o n c r e t e   p a n e l s ;   and  where   s a i d   means  f o r   r e t a i n i n g  
i n c l u d e s   m a g n e t   means  e x t e n d i n g   b e t w e e n   s a i d   dowel  a r m s  

w h e r e b y   s a i d   dowel   and  arm  forms  a  m a g n e t i c   c i r c u i t   t o  

r e t a i n   s a i d   dowel   to  s a i d   a r m s .  
4.  The  i n v e n t i o n   of   c l a i m   3  and  w h e r e i n   s a i d   two  

arms  i n c l u d e  n o n - m a g n e t i c   p o r t i o n s   to  c o n f i n e   the   e n e r g y   o f  

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

g r a s p i n g   s a i d   d o w e l .  

5 . . A p p a r a t u s   f o r   t h e   i n s e r t i o n   of   dowels   b e t w e e n  

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

i ng   in   c o m b i n a t i o n :   a  f rame  means  f o r   s u p p o r t i n g   s a i d   f r a m e  

a t   a  c o n s t a n t   e l e v a t i o n   w i t h   r e s p e c t   to  l i n e   and  g r ade   o v e r  

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

f i r s t   and  s e c o n d   dowel   arms  f o r   i n s e r t i n g   a  dowel  i n t o   a  

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

arms  b e f o r e   i n s e r t i o n   of   s a i d   dowel   w i t h i n   and  a c r o s s   s a i d  

c o n c r e t e   p a n e l s ;   means  f o r   u r g i n g   s a i d   dowel   arms  and  d o w e l  

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

s a i d   dowel   arms  and  a t t a c h e d   dowel   d u r i n g   i n s e r t i o n s   of  s a i d  



dowel  to  s a i d   p a n e l ,   s a i d   v i b r a t i n g   means  h a v i n g   s u f f i c i e n t  

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

arms  and  s u p p o r t i n g   f rame  f o r   i s o l a t i n g   the   v i b r a t i o n a l  

e n e r g y   of  s a i d   v i b r a t i n g   means  to  s a i d   i n s e r t e r .  
6.  The  i n v e n t i o n   of  c l a i m   5  and  w h e r e i n   s a i d  

f i r s t   and  s e c o n d   dowel  arms  a re   m a g n e t i c   and  s a i d   means  f o r  

r e t a i n i n g   s a i d   dowel  to  s a i d   arm  c o m p r i s e s   an  e l e c t r o m a g n e t  

e x t e n d i n g   b e t w e e n   s a i d   arms  f o r   f o r m i n g   a  m a g n e t i c   c i r c u i t  

when  s a i d   dowel  i s   a t t a c h e d   to  s a i d   a r m s .  
7.  The  i n v e n t i o n   of  c l a i m   6  and  i n c l u d i n g   a  

p l u r a l i t y   of  s i d e - b y - s i d e   p a i r s   of  dowel s   r e c e i v i n g   a r m s  
f i x e d   to   s a i d   f rame  in  s p a c e d   a p a r t   r e l a t i o n .  

8.  A p p a r a t u s   f o r   t he   i n s e r t i o n   of  t h e   p l u r a l i t y  
of  dowel s   b e t w e e n   an  e x p a n s i o n   j o i n t   e x t e n d i n g   b e t w e e n   t w o  

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

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

p a n e l s ;   a  p l u r a l i t y   of  dowel  arms  s u p p o r t e d   in   s p a c e d   a p a r t  
p r e d e t e r m i n e d   i n t e r v a l s   a c r o s s   s a i d   p a n e l s   f o r   d i s p o s i n g   a  

g roup   of  dowel s   t r a n s v e r s e   of  t he   e x p a n s i o n   j o i n t   b e t w e e n  
s a i d   p a n e l s ;   each   dowel  arm  fo r   i n s e r t i n g   a  dowel   i n t o   s a i d  

c o n c r e t e   p a n e l s   a c r o s s   s a i d   e x p a n s i o n   j o i n t ,   means   f o r  

r e t a i n i n g   dowe l s   to  s a i d   dowel  arms;   means  f o r   u r g i n g   s a i d  

arms  and  dowels   to  a  c o n c r e t e   p a n e l ;   means  f o r   v i b r a t i n g  
s a i d   dowel  arms  and  dowe l s   d u r i n g   i n s e r t i o n ,   s a i d   v i b r a t i n g  

means  h a v i n g   s u f f i c i e n t   e n e r g y   to  f l u i d i z e   s a i d   f r e s h l y  

p o u r e d   c o n c r e t e   d u r i n g   i n s e r t i o n ;   means  f o r   i s o l a t i n g   v i b r a -  

t i c n a l   e n e r g y   to  s a i d   i n s e r t e r s ;   means  f o r   m a i n t a i n i n g   s a i d  

f rame  and  d e p e n d i n g   dowel  arms  s t a t i o n a r y   w i t h   r e s p e c t   t o  
s a i d   c o n c r e t e   p a n e l s   d u r i n g   i n s e r t i o n s ;   and  means  f o r   f i n i s h -  

ing   s a i d   p a n e l s   a f t e r   i n s e r t i o n .  

9.  A p p a r t u s   a c c o r d i n g   to  c l a i m   8  and  w h e r e i n  
s a i d   r e t a i n i n g   means  i n c l u d e s   e l e c t r o m a g n e t s .  

10.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8  and  w h e r e i n  

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

arm  s t a t i o n a r y   i n c l u d e s   means  p e r m i t t i n g   s a i d   f r a m e   to  move  

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



11.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8  and  i n c l u d i n g  

c l e a n i n g   means  f o r   s a i d   dowel   s u p p o r t   a r m s .  
12.  A  p r o c e s s   f o r   t he   i n s e r t i o n   of  a  dowel  to  a t  

l e a s t   one  f r e s h l y   p o u r e d   c o n c r e t e   p a n e l   c o m p r i s i n g   the   s t e p s  
of :   p r o v i d i n g   a t   l e a s t   one  arm  f o r   g r a s p i n g   and  i n s e r t i n g   a  
dowel  to  a  f r e s h l y   p o u r e d   c o n c r e t e   p a n e l ;   g r a s p i n g   a  d o w e l  

a t   s a i d   arm;  i n s e r t i n g   s a i d   dowel  w i t h   s a i d   arm;  d u r i n g   s a i d  

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

f l u i d i z e   c o n c r e t e   a d j a c e n t   s a i d   arm  dowel ;   r e l e a s i n g   s a i d  

arm  in  s a i d   p a n e l ;   and  w i t h d r a w i n g   s a i d   arm  from  s a i d   d o w e l  

and  p a n e l   w h e r e b y   s a i d   dowel  becomes   embedded  w i t h i n   s a i d  

arm  and  f r e s h l y   p o u r e d   c o n c r e t e   in   c o n t a c t   w i t h   s a i d   arm  i s  

f l u i d i z e d   to   r e p l a c e   t h e   v o i d   of   s a i d   arm  d u r i n g   s a i d  

w i t h d r a w a l .  

13.  The  i n v e n t i o n   of  c l a i m   9  and  i n c l u d i n g   t h e  

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

d o w e l .  
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