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@  Improvements  in  or  relating  to  ground  strengthening. 

@  Ground  is  strengthened  by  driving  a  number  of  pickets  3  1 
into  the  ground  from  a  launcher  30,  sufficient  momentum 
being  imparted  to  the  picket  to  enable  it  to  penetrate  and 
become  embedded  within  the  ground.  The  method  can  be  used 
in  sinking  a  cutting  or  raising  an  embankment  in  which  the 
sinking  or  raising  operation  is  split  into  stepped  stages  and 
rows  of  pickets  used  to  reinforce  the  ground  at  each  stage. 
Foundations  may  be  strengthened  by  means  of  a  reticular 
array  of  pickets.  The  launcher  may  be  mounted  on  a  vehicle. 
The  ground  surface  may  be  covered  with  a  cladding  held  in 
place  by  pickets  having  conically  tapered  or  cylindrical  heads. 
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I  MPROVEMENTS  IN  OR  RELATING  TO  GROUND  STRENGTHENING 

T h i s   i n v e n t i o n   r e l a t e s   to  d r i v i n g   an  e l o n g a t e  

member  i n t o   t he   g r o u n d   and  in  p a r t i c u l a r ,   bu t   n o t  

5  e x c l u s i v e l y ,   to  g r o u n d   s t r e n g t h e n i n g .  

A c c o r d i n g   to  the   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  d r i v i n g   an  e l o n g a t e   member   i n t o  

t h e   g r o u n d   in  w h i c h   the   member  is  f i r e d   f rom  a 

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

10  member  to  e n a b l e   t he   member  to  t h e r e a f t e r   p e n e t r a t e  

and  become   e m b e d d e d   w i t h i n   t he   g r o u n d .  

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

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

an  e l o n g a t e   member  c o m p r i s i n g   a  p i c k e t   is   d r i v e n   i n t o  

15  t he   g r o u n d   in  a c c o r d a n c e   w i t h   the   a b o v e   d i s c l o s e d  

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

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

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

20  g r o u n d   to  form  an  a r r a y   of  p i c k e t s .  

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

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

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

p i c k e t s   i n t o   the   g r o u n d   so  t h a t   t he   p i c k e t s   e x t e n d   a t  

25  an  a n g l e   to  t h e   v e r t i c a l   to  one  s i d e   of  the   l i n e ,  

e x c a v a t i n g   t he   g r o u n d   to  the   o t h e r   s i d e   of  t he   l i n e ,  

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

b e l o w   the   l e v e l   of  t he   f i r s t   l i n e   so  t h a t   t he   p i c k e t s  

e x t e n d   at   an  a n g l e   to  t he   v e r t i c a l   to  t he   same  s i d e  

30  of  t he   v e r t i c a l   as  the   f i r s t   l i n e ,   and  r e p e a t i n g   t h e  

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

p i c k e t s   i n t o   the   g r o u n d   u n t i l   t he   c u t t i n g   so  f o r m e d  

is  of  a  r e q u i r e d   d e p t h ,   e a c h   p i c k e t   b e i n g   d r i v e n   i n t o  

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

35  m e t h o d .  

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

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

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

p i c k e t s   e x t e n d   at  an  a n g l e   to  the   v e r t i c a l   to  o n e  

5  s i d e   of  t h e   l i n e ,   r a i s i n g   t h e   g r o u n d   to  t h a t   s i d e   o f  

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

g r o u n d   a b o v e   t h e   l e v e l   of  t h e   f i r s t   l i n e   so  t h a t   t h e  

p i c k e t s   e x t e n d   at  an  a n g l e   to  t he   v e r t i c a l   to  t h e  

same  s i d e   of  t he   v e r t i c a l   as  t he   f i r s t   l i n e ,   a n d  

10  r e p e a t i n g   the   s t e p s   of  r a i s i n g   and  d r i v i n g   f u r t h e r  

l i n e s   of  p i c k e t s   i n t o   t he   g r o u n d   u n t i l   t he   c u t t i n g   s o  

f o r m e d   is  of  the   r e q u i r e d   h e i g h t ,   e a c h   p i c k e t   b e i n g  

d r i v e n   i n t o   t he   g r o u n d   in  a c c o r d a n c e   w i t h   t he   a b o v e  

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

15  P r e f e r a b l y   in  s u c h   m e t h o d s   t h e   p i c k e t s   in  e a c h  

l i n e   a r e   o f f s e t   v e r t i c a l l y   f rom  p i c k e t s   in  n e x t  

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

P r e f e r a b l y   e a c h   p i c k e t   is  f i r e d   i n t o   t he   g r o u n d  

by  a  gas   gun  w h i c h   c o n v e n i e n t l y   may  be  m o u n t e d   on  a 

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

l i n e   of  p i c k e t s   i n t o   t h e   g r o u n d   i n c l u d e s   t he   s t e p s   o f  

m o v i n g   t h e   v e h i c l e   a l o n g   the   b o t t o m   of  t he   c u t t i n g   o r  

top   of  t h e   e m b a n k m e n t ,   as  t h e   c a s e   may  be ,   and  f i r i n g  

p i c k e t s   i n t o   t h e   g r o u n d   one  a f t e r   a n o t h e r   to  form  t h e  

25  l i n e   of  p i c k e t s .  

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

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

t h e   a r r a y   of  p i c k e t s   c o m p r i s e s   two  or  more  s e t s ,   t h e  

p i c k e t s   w i t h i n   e a c h   s e t   b e i n g   s u b s t a n t i a l l y   p a r a l l e l  

30  w i t h   one  a n o t h e r   and  e a c h   s e t   d e f i n i n g   a  d i f f e r e n t  

p i c k e t   o r i e n t a t i o n   s u c h   t h a t   in  a  p r o j e c t e d   v i ew  t h e  

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

S u r f a c e   c l a d d i n g   may  c o n v e n i e n t l y   be  added   t o  

g r o u n d   s t r e n g t h e n e d   by  the   use   of  p i c k e t s   a n d  

35  c o n v e n i e n t l y   t he   c l a d d i n g   may  be  h e l d   in  p l a c e   by  t h e  

p i c k e t s .   Such  c l a d d i n g   may  i n c l u d e   a p e r t u r e s   t h r o u g h  
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each   of  w h i c h   a  r e s p e c t i v e   p i c k e t   is  d r i v e n   a n d  

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

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

t h a t   t he   p i c k e t   is  a r r e s t e d   by  e n g a g e m e n t   of  t he   h e a d  

5  w i t h   t h e   c l a d d i n g .  

T h i s   is  p a r t i c u l a r l y   u s e f u l   w h e r e   t h e  

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

The  p i c k e t   may  have   a  c o n i c a l l y   t a p e r e d   h e a d  

w h i c h   is  c o - e n g a g e a b l e   in  use  w i t h   a  c o n f o r m a l l y  

10  t a p e r e d   s e a t   of  the   s u r f a c e   c l a d d i n g .   The  s e a t   may  

be  l i n e d   by  a  m e t a l l i c   s h o e .   C o n v e n i e n t l y   t h e  

c l a d d i n g   may  be  in  t he   fo rm  of  c o n c r e t e   s l a b s   w i t h   a  

s u i t a b l e   a r r a y   of  a p e r t u r e s .  

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

15  i n v e n t i o n   t h e r e   is  d i s c l o s e d   a  p i c k e t   f o r   use   in  a n y  

such   m e t h o d   and  h a v i n g   a  r a d i a l l y   e n l a r g e d   h e a d .  

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

use  in  s u c h   a  m e t h o d .  

F u r t h e r   a s p e c t s   of  t he   i n v e n t i o n   o t h e r   t h a n  

20  t h o s e   r e l a t i n g   to  g r o u n d   s t r e n g t h e n i n g   a re   a l s o  

d i s c l o s e d   h e r e a f t e r .  

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

i n v e n t i o n   r e l a t i n g   to  the   p l a c e m e n t   of  e x p l o s i v e  

c h a r g e s   in  m i n i n g ,   e x c a v a t i o n   or  t he   l i k e   t he   m e m b e r  

25  may  i n c l u d e   an  e x p l o s i v e   c h a r g e   so  t h a t   t he   c h a r g e  

may  be  p l a c e d   in  an  e m b e d d e d   p o s i t i o n   p r i o r   t o  

d e t o n a t i o n .  

A l t e r n a t i v e l y   in  c i v i l   e n g i n e e r i n g   o r  

a g r i c u l t u r a l   u s e s   f o r   e x a m p l e   t he   member   may  be  a 

30  d r a i n a g e   t u b e   or  may  i n c l u d e   g r o u n d   c o n d i t i o n i n g  

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

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

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

35  s e r v i c e s   s u c h   as  c a b l e s   and  t h e   l i k e .  

Such  a l t e r n a t i v e   a s p e c t s   of  t he   I n v e n t i o n   may  
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s i m i l a r l y   i n c l u d e   a  m e t h o d   of  f i r i n g   t he   member  i n t o  

t h e   g r o u n d   by  a  gas  gun  w h i c h   may  be  m o u n t e d   on  a 
v e h i c l e .  

Tn  a  p r e f e r r e d   e m b o d i m e n t   t he   gas  gun  i s  

5  o p e r a t e d   by  c o m p r e s s e d   a i r .  

E m b o d i m e n t s   of  t he   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   by  way  of  e x a m p l e   o n l y   and  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   of  w h i c h :  

10  F i g u r e s   1A.  to  IE  a r e   c r o s s - s e c t i o n s   t h r o u g h   t h e  

g r o u n d   i l l u s t r a t i n g   v a r i o u s   s t a g e s   in  t he   s i n k i n g   o f  

a  c u t t i n g :  

F i g u r e   2  is   a  p e r s p e c t i v e   v i ew   of  t he   s i d e   w a l l  

15  of  t h e   c u t t i n g :  

F i g u r e   3  i l l u s t r a t e s   v a r i o u s   s t a g e s   in  t h e  

r a i s i n g   of  an  e m b a n k m e n t ,  

20  F i g u r e   4  i s   a  s e c t i o n a l   v i e w   of  a  gas   g u n ,  

F i g u r e   5  i s   a  s c h e m a t i c   s e c t i o n a l   v iew  of  a 

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

.'  a r r a y   of  p i c k e t s ,  

25 

F i g u r e   6  i s   a  s i m i l a r   v i ew  s h o w i n g   t h e   way  i n  

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

F i g u r e   7  is  a  s i m i l a r   v i ew  t a k e n   in  t h e  

30  d i r e c t i o n   1  of  F i g u r e   5 ,  

F i g u r e   8  is   a  p a r t   s e c t i o n   v i ew  of  a  p i c k e t  

h a v i n g   a  t a p e r e d   head   w h i c h   is  r e c e i v e d   in  a n  

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

3  5  a n d  
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F i g u r e   9  is  a  s i m i l a r   v iew  of  an  a l t e r n a t i v e  

p i c k e t   h a v i n g   a  head   of  T  s h a p e d   c r o s s   s e c t i o n  

r e c e i v e d   in  an  a l t e r n a t i v e   s u r f a c e   c l a d d i n g   h a v i n g   a  

c y l i n d r i c a l   a p e r t u r e .  

5 

R e f e r r i n g   to  F i g u r e   1,  and  in  p a r t i c u l a r   F i g u r e  

1A,  in  s i n k i n g   a  c u t t i n g   f i r s t l y   two  l i n e s   of  p i c k e t s  

1 0 1 , 1 0 2   a re   f i r e d   i n t o   t he   g r o u n d   e a c h   at  an  a n g l e   t o  

the   v e r t i c a l   so  t h a t   the   p i c k e t s   e x t e n d   d o w n w a r d l y  

10  and  to  t he   r i g h t   of  t he   l i n e ,   as  v i e w e d   in  F i g u r e   1A.  

The  g r o u n d   to  t he   l e f t   (as   s e e n   in  F i g u r e   1A) 

of  t he   l i n e   of  p i c k e t s   102  is  t h e n   e x c a v a t e d   to  a 

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

l i n e s   of  p i c k e t s   w h i c h   w i l l   s t r e n g t h e n   the   c u t t i n g  

15  w a l l .   A  f u r t h e r   l i n e   of  p i c k e t s   103  is   t h e n   f i r e d  

i n t o   t h e   g r o u n d   at  t he   c o r n e r   10  b e t w e e n   t h e   b o t t o m  

12  of  t he   e x c a v a t i o n   and  t he   p o r t i o n   of  t he   c u t t i n g  

w a l l   14  so  f a r   f o r m e d .   The  p i c k e t s   103  e x t e n d  

g e n e r a l l y   p a r a l l e l   to  t he   p i c k e t s   1 0 1 , 1 0 2 ,   as  s h o w n  

20  in  F i g u r e   I B .  

The  e x c a v a t i o n   and  p i c k e t   f i r i n g   s t e p s   a r e   t h e n  

r e p e a t e d   so  t h a t   the   c u t t i n g   is  s t e p - b y - s t e p   m a d e  

d e e p e r   as  shown  in  F i g u r e s   1C  and  ID,  u n t i l   t h e  

c u t t i n g   is  of  t he   r e q u i r e d   d e p t h ,   as  i l l u s t r a t e d   i n  

25  f i g u r e   IE.  In  t he   e x a m p l e   shown  in  F i g u r e   IE,   t h e  

c u t t i n g   w a l l   is  s t r e n g t h e n e d   by  the   i n i t i a l   l i n e   o f  

p i c k e t s   101  and  a  s e r i e s   of  s e v e n   l i n e s   of  p i c k e t s  

102  to  108  at  e q u a l l y   s p a c e d   l e v e l s   a l o n g   t h e   c u t t i n g  

w a l l   14.  F i n a l l y ,   a  f u r t h e r   l i n e   of  p i c k e t s   109  i s  

30  f o r c e d   i n t o   the   b o t t o m   12  of  t he   c u t t i n g   a d j a c e n t   t h e  

c o r n e r   10  w i t h   t h e   c u t t i n g   w a l l   1 4 .  

The  p i c k e t s   in  a d j a c e n t   l i n e s   a re   p r e f e r a b l y  

o f f s e t   as  shown  in  F i g u r e   2  and  as  d e s i g n a t e d   b y  

d a s h e d   l i n e s   in  F i g u r e   1 .  

35  a.  s i m i l a r   m e t h o d   is  u sed   to  s t r e n g t h e n   t h e  

o p p o s i t e   w a l l   of  t he   c u t t i n g   as  e x c a v a t i o n   p r o c e e d s .  



0 2 3 9 2 5 8  

-  6  -  

F i g u r e   3  i l l u s t r a t e s   a  m e t h o d   of  r a i s i n g   a n  

e m b a n k m e n t ,   w h i c h   is   s o m e w h a t   s i m i l a r   to  t he   c u t t i n g  

s i n k i n g   m e t h o d   d e s c r i b e d   a b o v e .   R e f e r r i n g   to  F i g u r e  

3A»  f i r s t l y   two  l i n e s   of  p i c k e t s   2 0 1 , 2 0 2   a r e   f i r e d  

5  i n t o   t h e   g r o u n d   so  t h a t   t h e y   e x t e n d   d o w n w a r d l y   and  t o  

t he   r i g h t   of  t h e   l i n e   as  v i e w e d   in  F i g u r e   2A. 

The  g r o u n d   a b o v e   t he   p i c k e t s   202  and  to  t h e  

r i g h t   t h e r e o f ,   as  s e e n   in  F i g u r e   3A,  is  t h e n   r a i s e d  

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

10  t h e   l i n e s   of  t he   p i c k e t s   and  a  f u r t h e r   l i n e   o f  

p i c k e t s   203  is   t h e n   f i r e d   i n t o   edge   16  f o r m e d   by  t h e  

t op   18  and  w a l l   20  of  t he   e m b a n k m e n t   r a i s e d   so  f a r .  

The  r a i s i n g   and  p i c k e t   f i r i n g   s t e p s   a re   t h e n  

r e p e a t e d   u n t i l   the   e m b a n k m e n t   is  of  t he   d e s i r e d  

15  h e i g h t ,   and  t h e n   a  f u r t h e r   l i n e   of  p i c k e t s   209  a r e  

f i r e d   i n t o   t h e   t o p   22  of  t he   e m b a n k m e n t   a d j a c e n t   t h e  

edge   16  b e t w e e n   t h e   top   and  s i d e   w a l l   20  of  t h e  

e m b a n k m e n t .  

F i g u r e   4  i l l u s t r a t e s   a  gas  gun  30  in  w h i c h   a n  

20  e l o n g a t e   member   31  i s   l o a d e d .   The  gas  gun  shown  i s  

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

( n o t   shown")  c o n n e c t e d   to  p o r t s   3 2 , 3 3   and  34.  An 

i n l e t   p o r t   32  a d m i t s   c o m p r e s s e d   a i r   to  an  a n n u l a r  

r e s e r v o i r   35  s e p a r a t e d   f rom  a  c h a m b e r   36  of  t he   g u n  

25  by  a  c y l i n d r i c a l   v a l v e   member  3 7 .  

The  c h a m b e r   is   c l o s e d   by  a  b r e e c h   38  t h r o u g h  

w h i c h   t h e   e l o n g a t e   member   31  is   l o a d e d .   Air   a d m i t t e d  

t h r o u g h   a  f i r i n g   p o r t   34  a c t u a t e s   t h e   v a l v e   member  37 

w h i c h   moves   d o w n w a r d s   as  shown  in  t he   d r a w i n g   t o  

30  r e l e a s e   a i r   f rom  t h e   r e s e r v o i r   ( 35 )   to  t he   c h a m b e r   36 

w h e r e u p o n   t he   e l o n g a t e   member  31  is  f i r e d   f rom  t h e  

b a r r e l   39.  \  r e s e t   p o r t   33  a d m i t s   a i r   to  r e t u r n   t h e  

v a l v e   member  37  a f t e r   f i r i n g .  

F i g u r e   5  i l l u s t r a t e s   an  a p p l i c a t i o n   of  g r o u n d  

35  s t e n g t h e n i n g   at   a  s i t e   in  w h i c h   g r o u n d   300  l i e s  

b e t w e e n   a  w a l l   301  h a v i n g   a  f o u n d a t i o n   302  and  a 
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c u t t i n g   303  f o r   p i p e   work  304.   A  r e t i c u l a r   a r r a y   o f  

p i c k e t s   305  is  f o r m e d   by  f i r i n g   two  s e t s   of  p i c k e t s  

306  and  307  f rom  a  l a u n c h e r   such   t h a t   e a c h   s e t   f o r m s  

a  p a r a l l e l   a r r a y   d e f i n i n g   a  d i f f e r e n t   p i c k e t  

5  o r i e n t a t i o n   such   t h a t   in  a  p r o j e c t e d   v i ew   t he   p i c k e t s  

i n t e r s e c t   in  r e t i c u l a r   f a s h i o n .   In  t h i s   e x a m p l e   t h e  

s e t s   of  p i c k e t s   a l s o   i n t e r s e c t   in  r e t i c u l a r   f a s h i o n  

when  v i e w e d   in  p r o j e c t i o n   in  a  s e c o n d   d i r e c t i o n   a t  

r i g h t   a n g l e s   to  t he   f i r s t   as  shown  in  F i g u r e   7 .  

10  T h i s   s y t e m   of  g r o u n d   s t r e n g t h e n i n g   may  a l s o   b e  

t e r m e d   r o o t   p i l i n g   s i n c e   t he   d r i v e n   p i c k e t s   may  b e  

l i k e n e d   to  r o o t s .   * 

The  way  in  w h i c h   the   g r o u n d   s u p p o r t i n g   a  

f o u n d a t i o n   f a i l s   u n d e r   l o a d   is  i l l u s t r a t e d   in  F i g u r e  

15  6  in  w h i c h   a  w a l l   308  is  s u p p o r t e d   on  a  f o u n d a t i o n  

309.  The  wedge  of  e a r t h   310  i m m e d i a t e l y   b e n e a t h   t h e  

f o u n d a t i o n   is  d r i v e n   d o w n w a r d s   p u t t i n g   the   a d j a c e n t  

w e d g e s   311  i n t o   p l a s t i c   d e f o r m a t i o n   so  t h a t   t h e  

s u r r o u n d i n g   zone  of  e a r t h   312  s h e a r s   out   of  t h e  

20  g r o u n d   in  the   d i r e c t i o n   a r r o w e d .   The  f o u n d a t i o n  

t h e r e f o r e   f a i l s   at   c r i t i c a l   f a i l u r e   s u r f a c e s   shown  i n  

the   d r a w i n g   as  d a s h e d   l i n e s   and  in  s t r e n g t h e n i n g   t h e  

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

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

25  s u r f a c e s   i n c r e a s e s   the   b e a r i n g   c a p a c i t y   of  t h e  

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

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

the   p i c k e t s   f rom  a  l a u n c h e r .  

F i g u r e   7  shows  an  a l t e r n a t i v e   p i c k e t   400  h a v i n g  

30  a  r a d i a l l y   e n l a r g e d   h e a d   401  w h i c h   is  c o n i c a l l y  

t a p e r e d   in  t he   d i r e c t i o n   in  w h i c h   the   p i c k e t   i s  

d r i v e n   in  u s e .   A  s u r f a c e   c l a d d i n g   l a y e r   402  o f  

c o n c r e t e   is  shown  a p p l i e d   to  an  e m b a n k m e n t   403  a n d  

t he   c l a d d i n g   l a y e r   i n c l u d e s   an  a p e r t u r e   4 0 4  

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

405.   In  use   the   p i c k e t   is  d r i v e n   t h r o u g h   t h e  
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a p e r t u r e   404  and  p e n e t r a t e s   t h e   e m b a n k m e n t   403  u n t i l  

t h e   h e a d   401  e n c o u n t e r s   t he   shoe   405.   The  p i c k e t   4 0 0  

is   t h e n   a r r e s t e d .   In  t h i s   p o s i t i o n   t he   head   401  i s  

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

5  s u r f a c e   c l a d d i n g   l a y e r   4 0 2 .  

F i g u r e   9  shows  an  a l t e r n a t i v e   p i c k e t   406  w h i c h  

has   a  h e a d   407  w h i c h   is  no t   t a p e r e d   bu t   has  a 

c y l i n d r i c a l   f o rm  s u c h   t h a t   t h e   end  of  t h e   p i c k e t   i s  

of  T  s h a p e d   c r o s s   s e c t i o n .   The  p i c k e t   is  s h o w n  

10  r e c e i v e d   in  an  a p e r t u r e   408  in  a  s u r f a c e   c l a d d i n g  

l a y e r   409.   The  h e a d   407  f u n c t i o n s   to  a r r e s t   t h e  

p i c k e t   406  s u c h   t h a t   t h e   h e a d   is   in  c o n t a c t   w i t h   t h e  

s u r f a c e   c l a d d i n g   l a y e r   409  and  the   p e n e t r a t i o n   of  t h e  

p i c k e t   406  is   c o n t r o l l e d   to  a  p r e - d e t e r t n i n e d   d e p t h .  

15  S u r f a c e   c l a d d i n g   '  l a y e r s   402 ,   409  may  be  a p p l i e d  

to  e m b a n k m e n t s   or  o t h e r   s u r f a c e   a r e a s   w h e r e   p i c k e t s  

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

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

a p e r t u r e s   c o r r e s p o n d i n g   to  the   r e q u i r e d   p a t t e r n   o f  

20  d r i v e n   p i c k e t s .  

The  use   of  p i c k e t s   400,   406  h a v i n g   r a d i a l l y  

e n l a r g e d   h e a d s   401 ,   407  s e r v e s   a  d u a l   p u r p o s e   o f  

c o n t r o l l i n g   t he   d e p t h   of  p e n e t r a t i o n   of  t h e   p i c k e t  

and  of  r e t a i n i n g   s u r f a c e   c l a d d i n g   402 ,   409  i n  

25  p o s i t i o n .  
The  p i c k e t s   u s e d   in  any  of  t he   a b o v e   e x a m p l e s  

c o u l d   be  of  m e t a l l i c   m a t e r i a l   or  of  o t h e r   m a t e r i a l  

s u c h   as  p l a s t i c s .  

30  

35  



0 2 3 9 2 5 8  

-  9  - 

CLAIMS 

1.  A  m e t h o d   of  d r i v i n g   an  e l o n g a t e   member  31 

i n t o   t he   g r o u n d   c h a r a c t e r i s e d   in  t h a t   t he   member   i s  

5  f i r e d   f rom  a  l a u n c h e r   30,  s u f f i c i e n t   momentum  b e i n g  

i m p a r t e d   to  the   member  to  e n a b l e   the   member  t o  

t h e r e a f t e r   p e n e t r a t e   and  become  e m b e d d e d   w i t h i n   t h e  

g r o u n d   . 

10  2.  A  m e t h o d   of  g r o u n d   s t r e n g t h e n i n g  

c h a r a c t e r i s e d   in  t h a t   an  e l o n g a t e   member   c o m p r i s i n g   a 

p i c k e t   31  is  d r i v e n   i n t o   t he   g r o u n d   in  a c c o r d a n c e  

w i t h   the   m e t h o d   of  C la im   1 .  

15  3.  A  m e t h o d   of  g r o u n d   s t r e n g t h e n i n g   a s  

c l a i m e d   in  C la im   2  c h a r a c t e r i s e d   in  t h a t   a  p l u r a l i t y  

of  p i c k e t s   a re   d r i v e n   i n t o   t he   g r o u n d   to  form  a n  

a r r a y   101  to  109  of  p i c k e t s .  

20  4.  A  m e t h o d   of  s i n k i n g   a  s t r e n g t h e n e d   c u t t i n g  

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

of  d r i v i n g   a  l i n e   of  p i c k e t s   102  i n t o   t h e   g r o u n d   s o  

t h a t   t he   p i c k e t s   e x t e n d   at  an  a n g l e   to  the   v e r t i c a l  

to  one  s i d e   of  t he   l i n e ,   e x c a v a t i n g   t h e   g r o u n d   to  t h e  

25  o t h e r   s i d e   of  the   l i n e ;   d r i v i n g   a  f u r t h e r   l i n e   o f  

p i c k e t s   103  i n t o   t he   g r o u n d   b e l o w   t h e   l e v e l   of  t h e  

f i r s t   l i n e   so  t h a t   the   p i c k e t s   e x t e n d   at  an  a n g l e   t o  

t he   v e r t i c a l   to  t he   same  s i d e   of  t h e   v e r t i c a l   as  t h e  

f i r s t   l i n e ,   and  r e p e a t i n g   the   s t e p s   of  e x c a v a t i n g   a n d  

30  d r i v i n g   f u r t h e r   l i n e s   of  p i c k e t s   104  to  109  i n t o   t h e  

g r o u n d   u n t i l   t he   c u t t i n g   so  f o r m e d   is   of  a  r e q u i r e d  

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

a c c o r d a n c e   w i t h   the   m e t h o d   of  C la im  1 .  

35  5.  A  m e t h o d   of  r a i s i n g   a  s t r e n g t h e n e d  

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



0 2 3 9 2 5 8  

-  10  -  

c o m p r i s i n g   t h e   s t e p s   of  d r i v i n g   a  l i n e   of  p i c k e t s   202  

i n t o   t h e   g r o u n d   so  t h a t   t he   p i c k e t s   e x t e n d   at  a n  

a n g l e   to  t h e   v e r t i c a l   to  one  s i d e   of  the   l i n e ,  

r a i s i n g   t he   g r o u n d   to  t h a t   s i d e   of  the   l i n e ,   d r i v i n g  

5  a  f u r t h e r   l i n e   of  p i c k e t s   203  i n t o   t h e   g r o u n d   a b o v e  

t h e   l e v e l   of  t he   f i r s t   l i n e   so  t h a t   t he   p i c k e t s  

e x t e n d   a t   an  a n g l e   to  t he   v e r t i c a l   to  t he   same  s i d e  

of  t h e   v e r t i c a l   as  t he   f i r s t   l i n e ,   and  r e p e a t i n g   t h e  

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

10  204  to   209  i n t o   t he   g r o u n d   u n t i l   t he   c u t t i n g   s o  

f o r m e d   is  of  t h e   r e q u i r e d   h e i g h t ,   e a c h   p i c k e t   b e i n g  

d r i v e n   i n t o   t he   g r o u n d   in  a c c o r d a n c e   w i t h   t he   m e t h o d  

of  C l a i m   1  . 

15  6.  A  m e t h o d   'as  c l a i m e d   in  C l a i m   4  or  5 ,  

c h a r a c t e r i s e d   in  t h a t   t he   p i c k e t s   in  e a c h   l i n e   a r e  

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

n e x t   l o w e r   l i n e s   of  p i c k e t s .  

20  7.  A  m e t h o d   as  c l a i m e d   in  any  of  C l a i m s   2  t o  

6,  c h a r a c t e r i s e d   in  t h a t   e a c h   p i c k e t   is   f i r e d   i n t o  

t h e   g r o u n d   by  a  gas   gun  3 0 .  

8.  A  m e t h o d   as  c l a i m e d   in  C l a i m   7 ,  

25  c h a r a c t e r i s e d   in  t h a t   t he   gas  gun  is  m o u n t e d   on  a 

v e h i c l e   . 

9.  A  m e t h o d   as  c l a i m e d   in  C l a i m   8  w h e n  

d e p e n d e n t   on  C l a i m   4  or  5,  c h a r a c t e r i s e d   in  t h a t   t h e  

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

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

b o t t o m   of  t h e   c u t t i n g   or  top   of  t he   e m b a n k m e n t ,   a s  

t h e   c a s e   may  be ,   and  f i r i n g   p i c k e t s   i n t o   t he   g r o u n d  

one  a f t e r   a n o t h e r   to  fo rm  t he   l i n e   o f   p i c k e t s .  

35  

10.  A  m e t h o d   as  c l a i m e d   in  c l a i m   3 
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c h a r a c t e r i s e d   in  t h a t   t he   a r r a y   of  p i c k e t s   c o m p r i s e s  

two  or  more  s e t s   306,   307,   t he   p i c k e t s   w i t h i n   e a c h  

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

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

5  t h a t   in  a  p r o j e c t e d   v i ew  t h e   p i c k e t s   i n t e r s e c t   i n  

r e t i c u l a r   f a s h i o n .  

11.  A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m s   3  t o  

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

10  a d d i n g   s u r f a c e   c l a d d i n g   402,   4 0 9 .  

12.  A  m e t h o d   as  c l a i m e d   in  c l a i m   11 

c h a r a c t e r i s e d   in  t h a t   t he   c l a d d i n g   is  h e l d   in  p l a c e  

by  p i c k e t s   400 ,   4 0 6 .  

15  
13.  A  m e t h o d   as  c l a i m e d   in  c l a i m   11  or  12  

c h a r a c t e r i s e d   in  t h a t   the   s u r f a c e   c l a d d i n g   i n c l u d e s  

a p e r t u r e s   408  t h r o u g h   e a c h   of  w h i c h   a  r e s p e c t i v e  

p i c k e t   is  d r i v e n   and  w h e r e i n   e a c h   p i c k e t   i n c l u d e s   a  

20  r a d i a l l y   e n l a r g e d   h e a d   401 ,   407  of  g r e a t e r   d i a m e t e r  

t h a n   the   r e s p e c t i v e   a p e r t u r e   s u c h   t h a t   t he   p i c k e t   i s  

a r r e s t e d   by  e n g a g e m e n t   of  t he   h e a d   w i t h   t h e   c l a d d i n g .  

14.  A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m s   12  t o  

25  13  c h a r a c t e r i s e d   in  t h a t   t he   r e i n f o r c e d   g r o u n d  

s u r f a c e   is  v e r t i c a l .  

15.  A  p i c k e t   f o r   u se   in  t he   m e t h o d   of  c l a i m   1 3  

and  c h a r a c t e r i s e d   by  h a v i n g   a  r a d i a l l y   e n l a r g e d   h e a d  

30  401,   4 0 7 .  

16.  A  p i c k e t   as  c l a i m e d   in  c l a i m   15  

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

401  w h i c h   is  c o - e n g a g e a b l e   in  use   w i t h   a  c o n f o r r a a l l y  

35  t a p e r e d   s e a t   405  of  t he   s u r f a c e   c l a d d i n g .  
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17.  A  s u r € a c e   c l a d d i n g   f o r   use   in  t h e   m e t h o d  

as  c l a i m e d   in  c l a i m s   11  to  1 4 .  

18.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1 

5  c h a r a c t e r i s e d   in  t h a t   t he   member  is   a  d r a i n a g e   t u b e .  

19.  A  m e t h o d   as  c l a i m e d   in  C la im   1 

c h a r a c t e r i s e d   in  t h a t   t he   member  i n c l u d e s   a n  

e x p l o s i v e   c h a r g e   so  t h a t   t h e   c h a r g e   may  be  p l a c e d   i n  

10  an  e m b e d d e d   p o s i t i o n   p r i o r   to  d e t o n a t i o n .  

20.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1 

c h a r a c t e r i s e d   in  t h a t   t he   member  i n c l u d e s   g r o u n d  

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

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

21.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1 

c h a r a c t e r i s e d   in  t h a t   the   p a s s a g e   of  t he   d r i v e n  

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

20  of  s e r v i c e s   s u c h   as  c a b l e s   and  the   l i k e .  

22.  A  m e t h o d   as  c l a i m e d   in  any  of  C l a i m s   16  t o  

19  c h a r a c t e r i s e d   in  t h a t   t he   member  is   f i r e d   i n t o   t h e  

g r o u n d   by  a  gas   g u n .  

25 
23.  A  m e t h o d   as  c l a i m e d   in  C l a i m   20 

c h a r a c t e r i s e d   in  t h a t   the   gas  gun  is  m o u n t e d   on  a  

v e h i c l e .  

30  

35 
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