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The  iimlhod  iiivolvesrliivlriglnto  the  grWncT̂ rnaTrdfeT(Ty~ 
carrying  a  pile  shoe  (2)  and  pumping  a  cementitious  mixture  (4) 
into  the  hole  through  the  interior  of  the  mandrel  (1  )  as  it  is  being 
driven  into  the  ground.  The  cementitious  mixture  (4)  leaves  the 
interior  of  the  mandrel  (1  )  and  enters  the  annular  gap  between  the 
mandrel  (1)  and  the  earth  surface  via  one  or  more  holes  (34) 
located  at  or  close  to  its  lower  end  and  generally  just  above  the 
pile  shoe  (2).  The  mixture  (4)  is  maintained  at  a  positive  pressure 
relative  to  its  surroundings,  and  is  allowed  to  set  after  the  mandrel 
(1)  has  reached  the  desired  depth  and  has  been  withdrawn 
leaving  the  shoe  (2)  behind.  The  driving  rig  need  not  have  the  bulk 
required  to  exert  the  massive  pulling  forces  required  in  conven- 
tional  piling  systems  where  a  temporary  casing  which  has  been 
driven  tightly  into  the  soil  is  withdrawn  prior  to  completion  of  the 
pile. 
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ACTORUM  AG 

 The method involves driving into the ground a mandrel (1) 
carrying  a  pile  shoe  (2)  and  pumping  a  cementitious  mixture  (4) 
into  the  hole  through  the  interior  of  the  mandrel  (1)  as  it  is  being 
driven  into  the  ground.  The  cementitious  mixture  (4)  leaves  the 
interior  of  the  mandrel  (1)  and  enters the  annular gap  between  the 
mandrel  (1)  and  the  earth  surface  via  one  or  more  holes  (34) 
located  at  or  close  to  its  lower  end  and  generally  just  above  the 
pile  shoe  (2).  The  mixture  (4)  is  maintained  at  a  positive  pressure 
relative  to  its  surroundings,  and  is  allowed  to  set  after the  mandrel 
(1)  has  reached  the  desired  depth  and  has  been  withdrawn 
leaving  the  shoe  (2)  behind.  The  driving  rig  need  not  have  the  bulk 
required  to  exert  the  massive  pulling  forces  required  in  conven- 
tional  piling  systems  where  a  temporary  casing  which  has  been 
driven  tightly  into  the  soil  is  withdrawn  prior  to  completion  of  the 
pile. 



The  i n v e n t i o n   r e l a t e s   to   p i l e s ,   and  m o r e  

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

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

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

[1]  a  d r i v i n g   r i g   i s   s e t   up  a t   t h e   d e s i r e d   p i l e  

p o s i t i o n ;  

[2]  a  c a s i n g   or  t u b e   [ o f t e n   f i t t e d   w i t h   a n  

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

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

t u b e   b e i n g   t h e   same  as  t h a t   of  t h e   p i l e   b e i n g   f o r m e d ;  

[3]  a  s t e e l   r e i n f o r c i n g   c a g e   i s   p l a c e d   i n s i d e   t h e  

t u b e ;  

[4]  c o n c r e t e   i s   p o u r e d   i n t o   t h e   i n t e r i o r   of  t h e  

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

[5]  t h e   t u b e   i s   t h e n   w i t h d r a w n   f rom  t h e   g r o u n d ,  

and  t h e   d r i v i n g   r i g   moves   on  to   t h e   n e x t   p i l e   p o s i t i o n .  

Wi th   c u r r e n t   t e c h n i q u e s ,   t h e   t i m e   t a k e n   to  c o m p l e t e  

t h e s e   f i v e   o p e r a t i o n s   f o r   a  s i n g l e   p i l e   i s   on  a v e r a g e  

a r o u n d   45  to   50  m i n u t e s .   The  d r i v i n g   r i g   i s   a l s o   a  

r o b u s t   and  e x p e n s i v e   p i e c e   of  e q u i p m e n t ,   s i n c e   t h e  

p u l l i n g   f o r c e   r e q u i r e d   to   e x t r a c t   t h e   t u b e   in  s t e p   [ 5 ]  

i s   o f t e n   of  t h e   o r d e r   of  100  to   150  t o n n e s .   The  m a s t s  

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

and  some  means   of  t r a n s f e r r i n g   t h i s   f o r c e   to  t h e   g r o u n d  

m u s t   a l s o   be  p r o v i d e d .  

In  one  p r i o r   a r t   p i l i n g   s y s t e m ,   g e n e r a l l y   t e r m e d  

t h e   " I n t e r p i l e " ,   a  t u b u l a r ,   p e r f o r a t e d   m a n d r e l   c a r r y i n g  

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

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

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

w a l l [ s ]   c r e a t e d   by  t h e   d r i v i n g   of  t h e   p i l e   s h o e .   A 

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

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

g r o u n d .   The  g r a v i t y - f e d   c o n c r e t e   f l o w s   d o w n w a r d s ,  



m o v i n g   w i t h   t h e   p i l e - s h o e ,   and  e n t e r s   t h e   i n t e r i o r   o f  

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

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

a r e   l e f t   in  p l a c e   and  t h e   c o n c r e t e   is   a l l o w e d   to  s e t .   A 

s i m i l a r   m e t h o d   is   d e s c r i b e d   in  U.S.   P a t e n t   No.  7 7 9 , 8 8 1  

i s s u e d   J a n u a r y   1 0 t h ,   1 9 0 5 .   S y s t e m s   of  t h i s   t y p e   a r e   n o t  

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

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

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

p r a c t i c e   t h i s   d o e s   no t   a l w a y s   a p p l y   to  a  c o l u m n   o f  

c o n c r e t e   w h i c h   i s   to   fo rm  t h e   p i l e .   For  e x a m p l e ,   i f  

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

of  t h e   p i l e ,   or   i f   a  band   of  c o n c r e t e   in  t h i s   a r e a   s e t s  

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

f r o m   t h e   r e m a i n d e r   of  t h e   c o l u m n   [known  as  t h e   " h a n g - u p "  

e f f e c t ] ,   t h e n   t h e   a r e a   in  q u e s t i o n   w i l l   n o t   c o n t r i b u t e ,  

or   w i l l   n o t   c o n t r i b u t e   in  f u l l ,   to   t h e   h y d r o s t a t i c  

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

The  n o r m a l   f r i c t i o n a l   f o r c e s   b e t w e e n   c o n c r e t e   and  t h e  

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

moves   d o w n w a r d l y   to  f o l l o w   t h e   m o t i o n   of  t h e   p i l e   s h o e ]  

a l s o   c o n t r i b u t e   to   t h e   " h a n g - u p "   e f f e c t .   The  r e d u c t i o n  

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

a c c o m p a n i e d   by  a  p r o p o r t i o n a l   r e d u c t i o n   in  t h e   c o n c r e t e  

l a t e r a l   p r e s s u r e   a t   t h e   b a s e   of  t h e   p i l e ,   and  i t   m a y  
t h u s   become   p o s s i b l e   f o r   s o i l   to  move  i n w a r d s   to   f i l l  

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

c o r r e s p o n d i n g   to   t h e   s i z e   of  t h e   p i l e   s h o e .   In  o t h e r  

w o r d s   t h e   p i l e   may  " n e c k " ,   and  t h i s   is   h i g h l y  

u n d e s i r a b l e .   The  t e n d e n c y   of  t h e   p i l e   shoe   to  d i s p l a c e  

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

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

b a s e .  

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e   a  

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

r e d u c e   t h e   t i m e   r e q u i r e d   to  form  a  p i l e ,   to  r e d u c e   t h e  



mass   of  t he   m a c h i n e r y   i n v o l v e d   in  p r o d u c i n g   t h e   p i l e ,  
and  to  r e d u c e   t h e   p o s s i b i l i t y   of  t h e   p i l e   n e c k i n g .  

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

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

c o m p r i s e s :  

[a]   d r i v i n g   i n t o   t h e   g r o u n d   a  t u b u l a r   m a n d r e l  

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

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

of  d r i v i n g   e x c e e d   t h e   c o r r e s p o n d i n g   d i m e n s i o n s   of  t h e  

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

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

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

l o w e r   end  one  or  more   h o l e s   w h e r e b y   f l u i d   c e m e n t i t i o u s  

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

t h e   l o w e r   p a r t   of  t h e   t u b u l a r   m a n d r e l ;  

[b]  p u m p i n g   a  c e m e n t i t i o u s   m i x t u r e   t h r o u g h   t h e  

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

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

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

so  as  to  m a i n t a i n   t h e   c e m e n t i t i o u s  m i x t u r e   a t   a  p o s i t i v e  

p r e s s u r e   r e l a t i v e   to   i t s   s u r r o u n d i n g s ;   a n d  

[c]  when  t h e   m a n d r e l   has   r e a c h e d   t h e   d e s i r e d  

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

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

B e c a u s e  t h e  m a n d r e l  i s  s m a l l e r  i n  s i z e  t h a n   t h e  

p i l e   and  i s   s u r r o u n d e d   by  u n s e t   [ i . e .   f l u i d ]  

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

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

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

c a s t - i n - p l a c e   d r i v e n   p i l i n g   s y s t e m s   to  w i t h d r a w   t h e  

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

t h e   s o i l .  

One  or  more   h o l e s   a r e   p r o v i d e d   a t   or  c l o s e   to  t h e  

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

A  c e m e n t i t i o u s   m i x t u r e   u n d e r   p r e s s u r e   i s   s u p p l i e d   to  t h e  

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

p r e s s u r e   to  t h e   h o l e [ s ]   a t   t he   b a s e   of  t h e   m a n d r e l   a n d  



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

c e m e n t i t i o u s   m i x t u r e   in  t h i s   way  e n s u r e s   t h a t   t h e   h o l e  

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

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

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

means   t h a t   i t   e n t e r s   t h e   p i l e   s e c t i o n   j u s t   a b o v e   t h e  

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

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

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

open   e n d e d   c o n c r e t e   r e s e r v o i r   w h i c h   may  be  c o n s t r u c t e d ,  

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

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

as  t h e   p i l e   i s   b e i n g   f o r m e d .   I f   d e s i r e d ,   t h e   c o n c r e t e  

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

as  a  p r e s s u r e   b o x .  

The  m a n d r e l   can  be  of  s q u a r e ,   c i r c u l a r   or  a n y  
o t h e r   d e s i r e d   c r o s s - s e c t i o n .   The  m a n d r e l   may  be  s o l i d  

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

h i g h - s t r e n g t h   m a t e r i a l .   The  m a n d r e l   may  be  f o r m e d   b y  

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

t o g e t h e r ,   e . g .   w i t h   f l u s h   j o i n t s .   The  d r i v i n g   of  t h e  

m a n d r e l   can   be  e f f e c t e d   t h r o u g h   a  d r i v i n g   hammer  w h i c h  

can   be  d i e s e l -   or  h y d r a u l i c a l l y -   d r i v e n   or  can  b e  

g r a v i t y - a c t i n g .  

Where   a  p r e s s u r e   box  i s   p r e s e n t ,   t h i s   can  i n c l u d e  

a  g l a n d   w h i c h ,   in  u se   a b u t s   t h e   m a n d r e l ,   and  an  a i r  

r e l e a s e   v a l v e .   Downward   p r e s s u r e   may  be  a p p l i e d   t o  

m a i n t a i n   t h e   p o s i t i o n   of  t h e   p r e s s u r e   box ,   e . g .   t h r o u g h  

t h e   w e i g h t   of  t h e   d r i v i n g   r i g   f o r   t h e   m a n d r e l .  

The  p i l e   s h o e   [ a l s o   known  as  a  d r i v i n g   s h o e ]   m a y  
be  f l a t   or   p o i n t e d   a t   i t s   d r i v i n g   e n d ,   and  may  be  f o r m e d  

of  s t e e l   or  c o n c r e t e .   The  d r i v i n g   s h o e   may  be  c i r c u l a r ,  

s q u a r e   or  any  o t h e r   s h a p e   as  v i e w e d   in  a  p l a n e  

p e r p e n d i c u l a r   to   t h e   d i r e c t i o n   of  d r i v i n g .   F u r t h e r m o r e ,  

an  e x t e n s i o n   s l e e v e   may  be  a t t a c h e d   to  t h e   u p p e r   end  o f  

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

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



I t   is   p o s s i b l e   to  e n s u r e   t h a t   a d e q u a t e   p r e s s u r e s  

can   be  m a i n t a i n e d   in  t h e   c e m e n t i t i o u s   mix  [ e . g .  

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

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

m a t e r i a l .  

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

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

c e m e n t i t i o u s   m a t e r i a l   [ e . g .   c o n c r e t e ]   to  fo rm  t h e   p i l e  

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

or  t u b e   i s   o b v i a t e d   so  t h a t   t h e   h i g h   e x t r a c t i o n   f o r c e s  

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

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

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

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

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

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

to  t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

FIGURE  1  i l l u s t r a t e s   t h e   f r i c t i o n a l   f o r c e s   a c t i n g  

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

a n d  

FIGURE  2  i l l u s t r a t e s   an  e m b o d i m e n t   of  t h i s  

i n v e n t i o n .  

R e f e r r i n g   now  to  F i g u r e   1,  a  p r i o r   a r t   a r r a n g e m e n t  

i n v o l v e s   a  t u b u l a r   m a n d r e l   1  e q u i p p e d   a t   i t s   l o w e r   e n d  

w i t h   a  p i l e   s h o e   2.  A  f l u i d   c o n c r e t e   mix  i s   s u p p l i e d  

u n d e r   g r a v i t y   to  a  h o p p e r   3  l o c a t e d   a t   t h e   g r o u n d  
s u r f a c e .   As  t h e   m a n d r e l   1  i s   d r i v e n   d o w n w a r d l y   [ b y  

means   n o t   s h o w n ] ,   t h e   f l u i d   c o n c r e t e   mix  4  a l s o   t r a v e l s  

d o w n w a r d l y   in  t h e   d i r e c t i o n   of  a r r o w   5.  T h i s   r e s u l t s   i n  

f r i c t i o n a l   f o r c e s   i n d i c a t e d   by  a r r o w s   6;  t h e s e   f o r c e s  

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

and  n a r r o w e r   t h e   p i l e   b e c o m e s   t h e n   t h e   l e s s   w i l l   be  t h e  

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

p r o p o r t i o n ,   and  t h e   p i l e   may  n e c k .  



R e f e r r i n g   now  to   F i g u r e   2,  a  c o n c r e t e   p i l e   i s  

f o r m e d   by  a  m e t h o d   in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n  

u s i n g   a  t u b u l a r   m a n d r e l   30  of  u n i t a r y   c o n s t r u c t i o n   a n d  

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

i t s   l o w e r   end  a  s t e e l   d r i v i n g   s h o e   11  w h i c h ,   l i k e   t h e  

m a n d r e l   30,  i s   c i r c u l a r   in  c r o s s - s e c t i o n .   The  d r i v i n g  

s h o e   11  has   a  f l a t   b a s e   12.  As  can  be  s e e n   f rom  t h e  

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

of  t h e   m a n d r e l   30  so  t h a t   an  a n n u l a r   s p a c e   i s   f o r m e d  

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

i n t o   t h e   g r o u n d .   The  u p p e r   end  of  m a n d r e l   30  is   c l o s e d  

by  a  p r e s s u r e - r e s i s t i n g   p l a t e   31.  J u s t   b e l o w   t h i s   p l a t e  

t h e r e   i s   an  a p e r t u r e   32  in   t h e   s i d e   w a l l   of  t h e   m a n d r e l  

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

33  w h i c h   r e c e i v e s   a  p i p e   f o r   t h e   s u p p l y   of  a  f l u i d  

c o n c r e t e   mix  u n d e r   p r e s s u r e .   One  or  more   h o l e s   34  a r e  

p r o v i d e d   in   t h e   l o w e r   p a r t   of  t h e   m a n d r e l   30  a d j a c e n t   t o  

d r i v i n g   s h o e   11.  A  r e s e r v i o r   35  t h e   w a l l s   of  w h i c h   a r e  

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

A  t u b u l a r   e x t e n s i o n   36  e x t e n d s   d o w n w a r d l y   f rom  t h e  

c o n c r e t e   r e s e r v o i r   f o r   a  few  f e e t   i n t o   t h e   h o l e   w h i c h   i s  

f o r m e d   as  t h e   m a n d r e l   30  i s   d r i v e n   i n t o   t h e   g r o u n d .   T h e  

d r i v i n g   r i g   f o r   t h e   m a n d r e l   [ n o t   shown]   c a r r i e s   a  

h y d r a u l i c   m e c h a n i s m   f o r   d r i v i n g   hammer  2 0 .  

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

t h r o u g h   p i p e   c o n n e c t i o n   33  and  p a s s e s   d o w n w a r d l y   t h r o u g h  

m a n d r e l   30  to   a p e r t u r e   34.  The  s u p p l y   of  c o n c r e t e  

o c c u r s   s i m u l t a n e o u s l y   w i t h   t h e   d r i v i n g   of  t he   m a n d r e l   30  

d o w n w a r d s   by  a c t i o n   of  d r i v i n g   hammer  20.  The  c o n c r e t e  

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

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

e a r t h   w a l l   21.  The  r e s e r v o i r   35  is   of  a  h e i g h t  

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

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

B e c a u s e   in  t h i s   e m b o d i m e n t   t he   c o n c r e t e   is   s u p p l i e d  

u n d e r   p r e s s u r e   to  t he   m a n d r e l   and  e n t e r s   t he   p i l e  

s e c t i o n   j u s t   a b o v e   t h e   d r i v i n g   s h o e   11,   t he   f r i c t i o n a l  



f o r c e s   shown  a t   6  in  F i g u r e   1  w h i c h   n o r m a l l y   o p p o s e   t h e  

d o w n w a r d   f l o w   of  c o n c r e t e   i n t o   a  p i l e   do  no t   a p p l y .   I n  

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

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

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

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

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

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

" h a n g - u p "   e f f e c t   i s   of  no  c o n s e q u e n c e   b e c a u s e   c o n c r e t e  

is   a l w a y s   s u p p l i e d   a t   t h e   r i g h t   p l a c e   to  f i l l   up  t h e  

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

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

r e s e r v o i r   35  may  b e   m o d i f i e d   so  as  to  r e s e m b l e   a  

p r e s s u r e   b o x .  

Once  t h e   m a n d r e l   30  has   r e a c h e d   t h e   d e s i r e d   p i l e  

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

The  d r i v i n g   r i g   is   t h e n   r e m o v e d   and  t h e   c o n c r e t e   m i x t u r e  

is   l e f t   to  s e t .   D u r i n g   r e m o v a l   of  t h e   m a n d r e l ,   t h e  

c o n c r e t e   m i x t u r e   can  be  m a i n t a i n e d   u n d e r   p o s i t i v e  

p r e s s u r e   so  as  to  e n s u r e   t h a t   t h e   m i x t u r e   moves   i n t o   t h e  

v o i d   c r e a t e d   as  t h e   m a n d r e l   i s   l i f t e d  ;   in  t h i s   way  t h e  

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

of  t h e   p i l e .  

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

c l a y s ,   w a t e r - b e a r i n g   s o i l s   and  o t h e r   p o o r   g r o u n d .   I n  

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

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

g r a v i t y - f e d   s y s t e m s   w h i c h   do  n o t   use   a  t e m p o r a r y   c a s i n g ,  

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

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

c o n c r e t e   w h i c h   is  s t i l l   p r e s e n t .   By  o p e r a t i n g   i n  

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

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

c o n s t r u c t e d .  



I t   s h o u l d   be  n o t e d   t h a t ,   in  p r a c t i s i n g   t he   p r e s e n t  

i n v e n t i o n ,   t h e   c r o s s - s e c t i o n a l   s h a p e   of  t h e   p i l e   can  b e  

r o u n d ,   s q u a r e ,   e l o n g a t e   or  any  o t h e r   d e s i r e d   s h a p e .  

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

t w i n n e d .  

A f t e r   t h e   f i r s t   p i l e   has   been   c o m p l e t e d   and  t h e  

c o n c r e t e   has   h a r d e n e d   to   a  r e a s o n a b l e   d e g r e e ,   t h e  

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

can   be  t e s t e d   i f   d e s i r e d ;   in  t h i s   way  t h e   c o n c r e t e  

p r e s s u r e   u s e d   in  t h e   c o n s t r u c t i o n   of  s u b s e q u e n t   p i l e s  

can   be  a d j u s t e d   to  g i v e   t h e   d e s i r e d   s t r u c t u r e   of  f u l l  

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



1.  A  m e t h o d   of  f o r m i n g   a  p i l e   in  t h e   g r o u n d ,  

w h i c h   c o m p r i s e s :  

[a]   d r i v i n g   i n t o   t h e   g r o u n d   a  t u b u l a r   m a n d r e l  

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

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

of  d r i v i n g   e x c e e d   t h e   c o r r e s p o n d i n g   d i m e n s i o n s   of  t h e  

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

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

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

l o w e r   end  one  or  more   h o l e s   w h e r e b y   f l u i d   c e m e n t i t i o u s  

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

t h e   l o w e r   p a r t   of  t h e   t u b u l a r   m a n d r e l ;  

[b]  p u m p i n g   a  c e m e n t i t i o u s   m i x t u r e   t h r o u g h   t h e  

i n t e r i o r   of  t h e   t u b u l a r   m a n d r e l   f rom  t h e   top   t o  t h e  

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

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

so  as  to  m a i n t a i n   t h e   c e m e n t i t i o u s   m i x t u r e   a t   a  p o s i t i v e  

p r e s s u r e   r e l a t i v e   to  i t s   s u r r o u n d i n g s ;   a n d  

[c]  when  t h e   m a n d r e l   has   r e a c h e d   t h e   d e s i r e d  

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

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

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

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

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

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

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

m i x t u r e   u s e d   in  t h e   c o n s t r u c t i o n   of  s u b s e q u e n t   p i l e s   i s  

a d j u s t e d ,   i f   n e c e s s a r y ,   in  o r d e r   to  g i v e   t h e   d e s i r e d  

p i l e   s t r u c t u r e .  

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

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

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



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

c e m e n t i t i o u s   m i x t u r e   is   m a i n t a i n e d   a t   a  p o s i t i v e  

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

t h e   m a n d r e l .  

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

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

to   F i g u r e   2  of  t h e   a c c o m p a n y i n g   d r a w i n g s .  
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