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Q.  
I l l  

@  Retaining  wall  and  In  situ  method  of  construction. 

A  method  is  described  of  constructing  an  internally  stabi- 
lized  structure  in  situ  which  includes  the  steps  of  boring  holes 
(34)  into  the  face  (40)  of  the  earth  mass  (24)  and  positioning 
reinforcing  members  (30)  in  the  bore  holes.  Sand  or  other  par- 
ticulate  material  is  fed  into  the  bore  holes  (34)  to  surround  the 
reinforcing  member  (30)  so  as  to  transmit  forces  from  the 
earth  mass  to  the  member  (30).  A  tube  (54)  is  assembled  with 
each  reinforcing  member  when  it  is  inserted  in  the  bore  hole. 
Sand  (36)  is  fed  through  the  tube  (54)  to  fill  the  bore  hole  (34) 
progressively  from  the  inner  end  toward  the  face  (40),  as  the 
tube  (54)  is  progressively  withdrawn  from  the  bore  hole  (34). 
To  protect  the  face  (40),  a  covering  such  as  grouting  may  be 
applied,  or  wall  elements  (28)  may  be  connected  to  the  ends  of 
the  reinforcing  members  (30). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  i n t e r n a l l y   s t a b i l i z e d  

e a r t h   s t r u c t u r e s   and  methods   of  c o n s t r u c t i n g   them.  More  p a r t i c u -  

l a r l y ,   the  p r e s e n t   i n v e n t i o n   d e a l s   wi th   an  i n t e r n a l l y   s t a b i l i z e d  

e a r t h   s t r u c t u r e   and  i t s   c o n s t r u c t i o n   in  e s s e n t i a l l y   u n e x c a v a t e d  

e n v i r o n m e n t s .  

.  In  the  p a s t ,   v a r i o u s   me thods   and  a p p a r a t u s   have  b e e n  

used  for  s t a b i l i z i n g   volumes   of  s o i l .   For  e x a m p l e ,   t w o -  

d i m e n s i o n a l   a r r a y s   of  s t o n e   co lumns   or  sand  co lumns   have  b e e n  

used  to  s t a b i l i z e   s u r f a c e   a r e a s   in  o r d e r   to  s u p p o r t   v a r i o u s  

s t r u c t u r e s   such  as  a  b u i l d i n g ,   h ighway  or  the  l i k e .   With  t h e  

s tone   column  c o n c e p t ,   a  m u l t i p l i c i t y   of  g e n e r a l l y   v e r t i c a l   c y l i n -  

d r i c a l   h o l e s   are  d r i l l e d   i n t o   the  e a r t h .   Each  hole   is  t h e n  

f i l l e d   wi th   c r u s h e d   s t o n e   and  c o m p a c t e d .   With  sand  c o l u m n s ,   s a n d  

is  s u b s t i t u t e d   for  the  c r u s h e d   s t o n e .   The  p r e s e n c e   of  t h e s e  

p a r t i c u l a t e   masses   ( c r u s h e d   s t o n e   or  sand)  is  u s e f u l   to  c r e a t e   a  

c o m p o s i t e   s o i l   s t r u c t u r e   t h a t   s t a b i l i z e s ,   for   e x a m p l e ,   s i l t   d e p o -  

s i t s ,   ma r ine   c l a y ,   l o e s s   m a t e r i a l   and  the  l i k e .   See,   f o r  

example ,   I n t e r n a t i o n a l   C o n f e r e n c e   on  S o i l   R e i n f o r c e m e n t :   R e i n -  

f o r c e d   E a r t h   and  o t h e r   T e c h n i q u e s ,   Volume  I,   2 1 1 - 1 6 ,   2 4 9 - 5 4 .  

The  s t o n e   column  and  sand  column  s t a b i l i z a t i o n   t e c h -  

n ique   is  n o t ,   howeve r ,   w e l l   a d a p t e d   to  use  in  s t a b i l i z a t i o n   o f  

embankments   or  s l o p e s .   The  r e a s o n   for  t h i s   is  t h a t   s t o n e   c o l u m n s  

and  sand  co lumns   enhance   c o m p r e s s i v e   s t r e n g t h   of  the  s u r r o u n d i n g  

m a t e r i a l   but  do  not  enhance   the  t e n s i l e   and  s h e a r   s t r e n g t h ,   o f  

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

m a t e r i a l ,   which  t y p i c a l l y   is  a  s h e a r   f a i l u r e ,   is  not   r e s i s t e d   by 

h o r i z o n t a l l y   d i s p o s e d   s t o n e   co lumns   or  sand  c o l u m n s .  



Methods  have ,   however ,   been  e s t a b l i s h e d   for  s t a b i l i z i n g  

s l o p e s ,   embankmen t s ,   and  the  l i k e .   One  such  a p p r o a c h   i n v o l v e s  

ground  a n c h o r s .   With  ground  a n c h o r s ,   deep  i n c l i n e d   bores   a r e  

p r o v i d e d ,   each  of  which  has  c o n s i d e r a b l e   l e n g t h .   An  anchor   i s  

p o s i t i o n e d   in  each  bore  and  s e c u r e d   t h e r e i n   by  g r o u t i n g   or  t h e  

l i k e .   S u b s e q u e n t l y ,   the  face   of  the  s l ope   is  s h o t c r e t e d ,   or  a  

c o n c r e t e   or  s t e e l   f a c i n g   is  a p p l i e d   to  the  s l o p e   f a c e .   T h e r e -  

a f t e r ,   the   ground  a n c h o r s   are  s t r e s s e d   by  c r e a t i n g   t e n s i o n  

t h e r e i n .   This   t e n s i o n   r e t a i n s   the  s h o t c r e t e d ,   s t e e l   or  c o n c r e t e  

f ace   and,   as  a  r e s u l t ,   the  m a t e r i a l   of  the  u n d e r l y i n g   s l o p e .  

See,   for  e x a m p l e ,   I n t e r n a t i o n a l   C o n f e r e n c e   on  S o i l   R e i n f o r c e -  

ment :   R e i n f o r c e d   E a r t h   and  Other   T e c h n i q u e s ,   Volume  I I ,   5 5 2 -  

5 3 .  

V a r i a t i o n s   of  the  ground  anchor   method  i n v o l v e   t h e  

c o n c e p t s   of  r o o t   p i l i n g s   and  s o i l   n a i l i n g .   One  form  of  the  r o o t  

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

e x t e n d   g e n e r a l l y   p e r p e n d i c u l a r l y   to  the  face   of  a  s l ope   i n to   t h e  

s o i l   to  be  r e t a i n e d .   The  exposed   ends  of  the  s t e e l   members  a r e  

c o v e r e d   wi th   s u i t a b l e   r e i n f o r c e m e n t   members .   Then  the  e x p o s e d  

ends  of  the  s t e e l   members  a long   wi th   the  r e i n f o r c e m e n t   are  s h o t -  

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

the  s l o p e   in  i t s   d e s i r e d   p o s i t i o n .   See,   for   e x a m p l e ,   I n t e r n a -  

t i o n a l   C o n f e r e n c e   on  S o i l   R e i n f o r c e m e n t :   R e i n f o r c e d   E a r t h   a n d  

Other   T e c h n i q u e s ,   Volume  I I ,   pages   3 0 1 - 0 3 .  

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

r e i n f o r c e m e n t   which  can  be  used  d u r i n g   the  e x c a v a t i o n   p r o c e s s  

i t s e l f .   I n i t i a l l y ,   an  e x c a v a t i o n   is  made  to  a  p r e d e t e r m i n e d  

d e p t h .   Then,   the  exposed   face   of  the  e x c a v a t i o n   is  g iven   a n  

a p p r o p r i a t e   r e i n f o r c e m e n t   and  s h o t c r e t e   is  a p p l i e d   t h e r e t o .  



Next ,   s p e c i a l   n a i l i n g   e q u i p m e n t   p l a c e s   n a i l s   a t   p r e d e t e r m i n e d  

i n t e r v a l s   t h r o u g h   the  r e i n f o r c e d   s h o t c r e t e   f ace   and  i n t o  t h e   s o i l  

embankment   to  be  r e t a i n e d .   T y p i c a l l y ,   t h e  a n n u l a r   s p a c e   b e t w e e n  

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

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

been  c o m p l e t e d ,   f u r t h e r   e x c a v a t i o n   can  t ake   p l a c e   and  s u b s e q u e n t  

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

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

See ,   for   example , ,   I n t e r n a t i o n a l   C o n f e r e n c e   on  S o i l   R e i n f o r c e -  

ment :   R e i n f o r c e d   E a r t h   and  Other   T e c h n i q u e s ,   Volume  I I ,   p a g e s  

4 6 9 - 7 4 .  

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

a n c h o r s ,   as  can  be  seen   from  the  f o r e g o i n g ,   each   i n v o l v e   t h e  

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

t h e s e   c o n s t r u c t i o n   me thods   a re   r e l a t i v e l y   e x p e n s i v e   and  r e q u i r e   a  

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

s t a b i l i z a t i o n .   The  s h o t c r e t e   t e c h n i q u e   r e q u i r e s   no t   o n l y   s p e c i a l  

e q u i p m e n t   but   a l s o   the  c o n c o m i t a n t   e x p e n s e   of  a  l a r g e   volume  o f  

cement   type   m a t e r i a l .   In  a d d i t i o n ,   t h e s e   m e t h o d s   a re   n o t  

g e n e r a l l y   u s e f u l   for   o b t a i n i n g   and  s t a b i l i z i n g   embankmen t   s u r -  

f a c e s   h a v i n g   g e n e r a l l y   v e r t i c a l   f a c e s . ,   M o r e o v e r ,   e m b a n k m e n t  

s t a b i l i z a t i o n   is  not   e f f e c t i v e   u n t i l   t h e s e   m e t h o d s   a r e   c o m p l e t e .  

I n t e r n a l l y   s t a b i l i z e d   e a r t h   s t r u c t u r e s   u t i l i z i n g   a  

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

e l e m e n t s   have  b e e n  k n o w n   for   many  y e a r s .   Th is   c o n s t r u c t i o n   t e c h -  

n i q u e   is  o r d i n a r i l y   used  in  f i l l   a r e a s   where  e x t e n s i v e   e x c a v a t i o n  

i s  n o t   r e q u i r e d . -  H e r e t o f o r e ,   t h i s   c o n s t r u c t i o n   me thod   has  n o t  

been  used  in  s t a b i l i z a t i o n   of  e x i s t i n g   e m b a n k m e n t s   b e c a u s e   of  t h e  

volume  of  e x c a v a t i o n   r e q u i r e d .   For  e x a m p l e ,   the   e x c a v a t i o n  



beh ind   the  wa l l   must  e x t e n d   for  a  d i s t a n c e   a p p r o x i m a t e l y   e q u i v a -  

l e n t   to  the  wa l l   h e i g h t .   A c c o r d i n g l y ,   the  r e q u i r e d   e x c a v a t i o n   i n  

t y p i c a l   h ighway  c o n s t r u c t i o n   makes  the  c o s t   of  the  i n t e r n a l l y  

s t a b i l i z e d   g r a v i t y   s t r u c t u r e   i m p r a c t i c a l   as  compared  wi th   o t h e r  

methods   where  s l o p e s   only   r e q u i r e   e x c a v a t i o n   to ,   for   example ,   a 

2:1  i n c l i n e .  

Where  an  e x i s t i n g   i n t e r n a l l y   s t a b i l i z e d   e a r t h   s t r u c t u r e  

has  been  s t a n d i n g   for   a  long  p e r i o d   of  t ime ,   i t   o c c a s i o n a l l y  

happens   t h a t   s o i l   c o n s t i t u e n t s   have  c o r r o d e d   the  me ta l   s t r i p s  

p r o v i d i n g   the  r e i n f o r c e m e n t   to  such  a  d e g r e e   t h a t   a d d i t i o n a l  

r e i n f o r c e m e n t   of  the  wa l l   is  n e c e s s a r y .   One  p o s s i b l e   method  o f  

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

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

volume  t h e r e b e h i n d .   A  s t e e l   r e i n f o r c e m e n t   s t r i p   is  then   p l a c e d  

in  the  bore  and  bound  to  the  a d j a c e n t   e a r t h   by  an  i n j e c t i o n   o f  

c e m e n t - a n d - s a n d   m o r t a r .   The  exposed   end  of  the  s t r i p   is  s e c u r e d  

to  the  exposed   f ace   of  a  wa l l   f a c i n g   e l e m e n t   i t s e l f .   S u c h  

methods   are  n o t ,   howeve r ,   a d a p t e d   for  use  in  the  c o n s t r u c t i o n   o f  

w a l l s   b e c a u s e   the  w a l l   f a c i n g   p a n e l s   are  not  p o s i t i o n e d   o r  

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

a d d i t i o n a l   e x p e n s e   of  the  g r o u t i n g   m a t e r i a l   r e q u i r e d   for   i n j e c -  

t i o n   i n t o   bo re s   is  i m p r a c t i c a l   on  a  l a r g e   s c a l e   w a l l .  

G e n e r a l l y ,   the  d i f f i c u l t i e s   wi th   p r i o r   a r t   methods   f o r  

s t a b i l i z a t i o n   of  s l o p e s   and  embankments   can  be  summar ized   a s  

(a)  r e q u i r i n g   too  much  e x c a v a t i o n ;   (b)  r e q u i r i n g   e x p e n s i v e  

m a t e r i a l s   in  l a r g e   q u a n t i t i e s ;   or  (c)  ' r e q u i r i n g   s p e c i a l   m a c h i n -  

ery   and  h a n d l i n g   t e c h n i q u e s   t h a t   n e c e s s i t a t e   the  use  of  s k i l l e d  

workmen.  M o r e o v e r ,   the  s l o p e   or  embankment  is  not   s t a b i l i z e d   by 

the  method  d u r i n g   i n t e r m e d i a t e   c o n s t r u c t i o n   s t e p s .  



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   w e  p r o v i d e  

a  method  of  i n t e r n a l l y   s t a b i l i s i n g   an  e x i s t i n g   e a r t h   m a s s  

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

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

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

r e i n f o r c i n g   e l e m e n t   in  a  c o r r e s p o n d i n g   one  of  s a i d  

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

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

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

the  p a r t i c u l a t e   m a t e r i a l .  

The  method  of  the  p r e s e n t   i n v e n t i o n   p r o v i d e s  

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

s t r u c t u r e   which   u ses   g e n e r a l l y   a v a i l a b l e   c o n s t r u c t i o n  

e q u i p m e n t   and  do  no t   r e q u i r e   the  use  of  s k i l l e d   l a b o r   f o r c e s .  

In  p a r t i c u l a r ,   the  new  t e c h n i q u e   is  c a p a b l e   of  p r o v i d i n g  

a  g e n e r a l l y   v e r t i c a l  f a c e   on  the  e x p o s e d   s u r f a c e   of  a  

s t a b i l i z e d   e m b a n k m e n t .  

In  g e n e r a l ,   the  s t r u c t u r e   w i l l   be  c o n s t r u c t e d  

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

a  g e n e r a l l y   v e r t i c a l   e a r t h   f ace   to  a  p r e d e t e r m i n e d   d e p t h .  

A  p l u r a l i t y   of  g e n e r a l l y   h o r i z o n t a l   b o r e s   may  t hen   be  made 

in  the   e a r t h e n   f a c e .   A  r e i n f o r c i n g   e l e m e n t   is  t h e n  

p o s i t i o n e d   in  each   of  the  b o r e s   and  s e c u r e d   in  t h a t  

c o r r e s p o n d i n g   bo re   by  the  i n j e c t i o n   of  p a r t i c u l a t e  

m a t e r i a l   which   is  f r e e   of  b i n d i n g   a g e n t s   but   s u r r o u n d s   t h e  

r e i n f o r c i n g   member  and  e s s e n t i a l l y   f i l l s   the  ho le   i . e .   a s  

c o m p l e t e l y   as  p o s s i b l e .   In  t h i s   manne r ,   e x p e n s i v e  

g r o u t i n g   m a t e r i a l s   and  p r o c e d u r e s   are   not   r e q u i r e d .  

M o r e o v e r ,   the   e a r t h   face   is  s t a b i l i z e d   m e r e l y   by  t h e  

p r e s e n c e   of  the   r e i n f o r c i n g   m e m b e r s .  



S u b s e q u e n t l y ,   f u r t h e r   e x c a v a t i o n   of  the  f ace   may  b e  

done .   The  next   p o r t i o n   of  the  f ace   is  then  s t a b i l i z e d   with  r e i n -  

f o r c i n g   s t r i p s   in  the  manner  d e s c r i b e d   above .   The  e x c a v a t i o n   and  

s t a b i l i z a t i o n   s t e p s   are  r e p e a t e d   u n t i l   the  e a r t h e n   face   h a s  

a t t a i n e d   the  r e q u i r e d   h e i g h t .  

Next ,   wa l l   f a c i n g   e l e m e n t s   are  p o s i t i o n e d   in  f r o n t   o f  

the  exposed   e a r t h e h   f a c e .   Each  wal l   f a c i n g   e l e m e n t   is  a t t a c h e d  

to  one  or  more  r e i n f o r c i n g   members  and  the  space   be tween   the  r e a r  

of  the  wa l l   f a c i n g   e l e m e n t   and  e a r t h e n   face   is  f i l l e d   with  com-  

p a c t e d   p a r t i c u l a t e   m a t e r i a l .   A c c o r d i n g l y ,   the  e x c a v a t i o n  

r e q u i r e d   for  e r e c t i n g   the  w a l l   on ly   needs   to  p r o v i d e   a d e q u a t e  

space   beh ind   the  wa l l   to  a l low  c o n n e c t i o n   of  the  r e i n f o r c i n g  

members  to  the  wa l l   f a c i n g   e l e m e n t s .  

To  accommodate   l a t e r a l   m i s a l i g n m e n t   be tween  the  r e i n -  

f o r c i n g   members  and  c o n n e c t i n g   p o i n t s   on  the  wa l l   f a c i n g   e l e m e n t s  

or  p a n e l s ,   a  c o n n e c t o r   a s s e m b l y   may  be  p r o v i d e d   which  accommo-  

d a t e s   t h a t   l a t e r a l   d e g r e e   of  f r eedom.   In  a d d i t i o n ,   the  c o n n e c t o r  

a s s e m b l y   may  be  l o n g i t u d i n a l l y   a d j u s t a b l e   to  accommodate   t h e  

v a r i a t i o n s   in  s p a c i n g   be tween   the  r e i n f o r c i n g   members  and  t h e  

p a n e l s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  above ,   as  we l l   as  many  o t h e r   o b j e c t s   of  the  p r e s e n t  

i n v e n t i o n ,   w i l l  b e   a p p a r e n t   to  t h o s e   s k i l l e d   in  the  a r t   when  t h i s  

s p e c i f i c a t i o n   is  read  in  c o n j u n c t i o n   wi th   the  a t t a c h e d   d r a w i n g s  

w h e r e i n   l i k e   r e f e r e n c e   n u m e r a l s   have  been  a p p l i e d   to  l i k e  

e l e m e n t s   and  w h e r e i n :  

FIGURE  1  is  a  p e r s p e c t i v e   view  of  an  i n t e r n a l l y  

s t a b i l i z e d   e a r t h   s t r u c t u r e   e r e c t e d   in  s i t u   in  a c c o r d a n c e   wi th   t h e  

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



FIGURE  2  is  an  e n l a r g e d   c r o s s - s e c t i o n a l   view  t a k e n  

t h r o u g h   the  wa l l   of  F i g u r e   1  to  i l l u s t r a t e   d e t a i l s   of  the  w a l l  

a s s e m b l y ;  

FIGURE  3  is  a  p e r s p e c t i v e   view  of  the  exposed   face  o f  

an  e a r t h   s t r u c t u r e   d u r i n g   c o n s t r u c t i o n   which  i l l u s t r a t e s   a 

s u i t a b l e   method  of  b o r i n g ;  

FIGURE  4  is  an  e n l a r g e d   p a r t i a l   c r o s s - s e c t i o n a l   view  o f  

a  bore  i l l u s t r a t i n g   the  method  of  r e i n f o r c i n g   member  p l a c e m e n t  

and  the  method  of  f i l l i n g   the  bore  wi th   a  p a r t i c u l a t e   m a t e r i a l ;  

FIGURE  5  is  a  c r o s s - s e c t i o n a l   view  t a k e n   a long   the  l i n e  

5-5  of  F i g u r e   4 ;  

FIGURE  6  is  a  view  s i m i l a r   to  F i g u r e   4  i l l u s t r a t i n g   t h e  

f i l l i n g   of  the  bore  wi th   p a r t i c u l a t e   m a t e r i a l ;  

FIGURE  7  is  a  p e r s p e c t i v e   view  showing  r e i n f o r c i n g  

members  in  c r o s s   s e c t i o n   as  we l l   as  i l l u s t r a t i n g   the  p l a c e m e n t   o f  

a  f i r s t   row  of  wa l l   f a c i n g   p a n e l s ;   a n d  

FIGURE  8  is  a  d e t a i l   view  in  p e r s p e c t i v e   of  the  c o n -  

n e c t i n g   a s s e m b l y   for  a t t a c h m e n t   of  a  r e i n f o r c i n g   member  to  a  w a l l  

f a c i n g   p a n e l .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

A  wa l l   20  (see  FIGURE  1)  c o n s t r u c t e d   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   may  be  b u i l t   in  a  t o p o l o g i c a l   a r ea   t h r o u g h  

which  a  s t r u c t u r e   22  such  as  a  road  is  d e s i g n e d   to  pass   and  w h i c h  

r e q u i r e s   t h a t   the  e x i s t i n g   e a r t h   c o n t o u r s   be  e x c a v a t e d ,   or  c u t  

away,  in  o r d e r   to  p r o v i d e   a  s p e c i f i e d   s l o p e   for  the  road  22.  I t  

is  to  be  r e c o g n i z e d ,   of  c o u r s e ,   t h a t   the  wa l l   20,  a c c o r d i n g   t o  

the  p r e s e n t   i n v e n t i o n ,   may  a l s o   be  used  in  c o n n e c t i o n   wi th   o t h e r  

c i v i l   e n g i n e e r i n g   s t r u c t u r e s   as  we l l   as  any  s i t u a t i o n   c a l l i n g   f o r  



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

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

e x c a v a t i o n   of  b u i l d i n g s   and  the  l i k e   are   s u i t a b l e   u s e s .   M o r e -  

o v e r ,   the  s l o p e   of  the  f i n i s h e d   face   may  be  v e r t i c a l   as  we l l   a s  

any  l a r g e r   ang le   m e a s u r e d   from  a  h o r i z o n t a l   s u r f a c e   p r o j e c t i n g  

from  the  f r o n t   of  the  w a l l   at  the  b o t t o m .  

The  w a l l   20  is  c o n s t r u c t e d   in  s i t u   in  the  ground  24 

from  which  a  p o r t i o n   must  be  cut   to  make  way  for   the  s t r u c t u r e  

22.  The  wa l l   20,  as  i l l u s t r a t e d ,   p r o v i d e s   a  g e n e r a l l y   v e r t i c a l  

e x p o s e d ,   or  f r o n t ,   face   26.  A  v e r t i c a l   face   e s s e n t i a l l y   m i n i -  

mizes   the  volume  of  e a r t h   which  must  be  e x c a v a t e d   to  p r e p a r e   f o r  

the  w a l l .   T h i s ,   in  e s s e n c e ,   e f f e c t s   a  s i g n i f i c a n t   c o s t   s a v i n g   i n  

c o m p a r i s o n   to  i n c l i n e d   embankments   s i n c e   the  e x c a v a t i o n   o f  

m a t e r i a l   to  p r o v i d e   2 :1 ,   3 :1 ,   4:1  or  lower   s l o p e s   is  s i g n i f i -  

c a n t l y   g r e a t e r   than   the  amount  of  e x c a v a t i o n   r e q u i r e d   to  p r o v i d e  

a  v e r t i c a l   exposed   f a c e .  

The  v e r t i c a l   face   20  is  composed  of  a  p l u r a l i t y   of  w a l l  

f a c i n g   p a n e l s   or  e l e m e n t s   28.  These  wa l l   f a c i n g   p a n e l s   may  be  

g e n e r a l l y   c r u c i f o r m - s h a p e d ,   as  i l l u s t r a t e d   in  FIGURE  1,  or  may 

have  any  o t h e r   s u i t a b l e   c o n f i g u r a t i o n .   I t   is  c o n t e m p l a t e d   t h a t  

the  p a n e l s   28,  as  i l l u s t r a t e d ,   are  p r e c a s t   in  r e i n f o r c e d   c o n c r e t e  

and  d e l i v e r e d   to  the  job  s i t e .   In  t h i s   f a s h i o n ,   h i g h l y   u n i f o r m  

w a l l   p a n e l s   can  be  u s e d ,   each  of  which  is  d e s i g n e d   for  i n t e r -  

c o n n e c t i o n   w i t h  a d j a c e n t   wa l l   p a n e l s   in  a  known  manner .   See,  f o r  

e x a m p l e ,   U.S.  P a t e n t   No.  3 , 6 8 6 , 8 7 3 ,   which  d e s c r i b e s   one  type  o f  

w a l l   p a n e l   s u i t a b l e   for   use  in  t h i s   w a l l .   The  d e t a i l s   of  t h e  

wa l l   p a n e l   as  s p e c i f i e d   in  U.S.  P a t e n t   No.  3 , 6 8 6 , 8 7 3   are  i n c o r p -  

o r a t e d   h e r e i n   by  t h i s   r e f e r e n c e   t h e r e t o .   The  wa l l   p a n e l s   28  may 

be  made  of  o t h e r   s u i t a b l e   m a t e r i a l s ,   such  as  m e t a l   or  p l a s t i c s .  



Each  wa l l   p a n e l   28  (see  FIGURE  2),   c o m p r i s i n g   the  v e r -  

t i c a l   face   26,  is  r e t a i n e d   in  p o s i t i o n   by  one  or  more  r e i n f o r c i n g  

members  or  s t r i p s   30  which  e x t e n d   from  a  r e a r   face   32  of  the  w a l l  

p a n e l   28  i n t o   the  in  s i t u   mass  of  e a r t h   24.  T y p i c a l l y ,   e a c h  

r e i n f o r c i n g   member  30  is  f a s h i o n e d   from  s t e e l   and  has  a  g e n e r a l l y  

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

t i o n a l l y   engage  the  s u r r o u n d i n g   m a t e r i a l   and,   t h e r e b y ,   a r e  

r e t a i n e d   by  t h a t   m a t e r i a l .   In  some  i n s t a n c e s ,   i t   is  d e s i r a b l e   t o  

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

engagemen t   be tween   the  s t r i p s   and  the  a d j a c e n t   m a t e r i a l .  

Each  r e i n f o r c i n g   member  30  is  p o s i t i o n e d   w i t h i n   a n d  

r e t a i n e d   w i t h i n   a  c o r r e s p o n d i n g   g e n e r a l l y   c y l i n d r i c a l   bore  34 

hav ing   a  g e n e r a l l y   c i r c u l a r   c r o s s   s e c t i o n   as  formed  by  the  h o l e  

fo rming   t o o l .   Each  bore  34  is  shown  in  the  d r a w i n g s   to  be  h o r i -  

z o n t a l   and  e x t e n d i n g   g e n e r a l l y   p e r p e n d i c u l a r l y   to  the  p l a n e   o f  

the  wa l l   f a c i n g   p a n e l s   28,  but  the  b o r e s   need  not  be  h o r i z o n t a l  

or  p a r a l l e l   to  each  o t h e r .   The  bo re s   34  may  be  i n c l i n e d   e i t h e r  

upward  or  downward  from  the  face   of  the  w a l l .  

In  o r d e r   to  r e t a i n   each  r e i n f o r c i n g   member  in  i t s   a s s o -  

c i a t e d   bore  or  hole   34,  a  s u i t a b l e   p a r t i c u l a t e   m a t e r i a l   36  i s  

p l a c e d   in  the  bore  34  s u r r o u n d i n g   the  r e i n f o r c i n g   member  30.  I n  

t h i s   manner ,   f r i c t i o n a l   e n g a g e m e n t   be tween   the  member  30  and  t h e  

p a r t i c u l a t e   m a t e r i a l   34  imposes   t e n s i l e   f o r c e s   on  the  member  30 

to  r e s i s t   any  t e n d e n c y   for  the  e a r t h   mass  to  f a i l ,   as  d e s c r i b e d  

more  f u l l y   in  my  p a t e n t ,   No.  3 , 4 2 1 , 3 2 6 .   In  a d d i t i o n ,   by  com-  

p l e t e l y   f i l l i n g   the  bore  34  wi th   the  p a r t i c u l a t e   m a t e r i a l   36,  t h e  

bore  34  is  p r e v e n t e d   from  c o l l a p s i n g   and  w e a k e n i n g   the  s t a b i l i z e d  

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



While  d i f f e r e n t   m a t e r i a l s   may  be  s u i t a b l e   for   use  a s  

the  p a r t i c u l a t e   m a t e r i a l   36,  i t   is  e n v i s i o n e d   t h a t   sand  is  t h e  

b e s t   c o m b i n a t i o n   of  an  i n e x p e n s i v e   ye t   w i d e l y   a v a i l a b l e   p a r t i c u -  

l a t e   m a t e r i a l   which  would  be  s u i t a b l e   for  use .   I t   is  s i g n i f i c a n t  

to  no te   t h a t   no  b i n d i n g   a g e n t   such  as  cement   is  combined  wi th   t h e  

p a r t i c u l a t e   m a t e r i a l   36.  A c c o r d i n g l y ,   the  p a r t i c u l a t e   m a t e r i a l  

36  does  not   c o n s t i t u t e   a  c o h e s i v e   mass  s u r r o u n d i n g   the  s t r i p - l i k e  

r e i n f o r c i n g   member  30,  but  r a t h e r ,   m a i n t a i n s   i t s   p a r t i c u l a t e  

c h a r a c t e r .  

One  end  38  of  each  r e i n f o r c i n g   s t r i p   30  p r o j e c t s   b e y o n d  

the  g e n e r a l l y   v e r t i c a l   exposed   e a r t h e n   face   40  of  the  wa l l   e x c a -  

v a t i o n .   A  c o n n e c t o r   a s s e m b l y   42  is  a t t a c h e d   to  the  p r o j e c t i n g  

end  38  of  the  member  30  and  is  a l s o   a t t a c h e d   to  a  c o n n e c t i n g  

p o i n t   44  a t   the  back  face   32  of  a  wa l l   f a c i n g   p a n e l   28.  The 

c o n n e c t i n g   a s s e m b l y   42  accommoda tes   p a r t i a l   l a t e r a l   m i s a l i g n m e n t  

be tween   the  c o n n e c t i n g   p o i n t   44  of  the  p a n e l   and  the  p r o j e c t i n g  

end  38  of  the  r e i n f o r c i n g   member  30  by  v i r t u e   of  the  p i n - l i k e  

c o n n e c t i o n s   and  the  p a r a l l e l   spaced   axes  t h e r e o f .   I t   may  i n t e r -  

j e c t e d   at  t h i s   p o i n t   t h a t   the  c o n n e c t i n g   p o i n t   44  may  c o n s t i t u t e  

a  s t r a p   p o r t i o n   e x t e n d i n g   r e a r w a r d l y   out  of  the  w a l l   f a c i n g   p a n e l  

28  and  be ing   g e n e r a l l y   h o r i z o n t a l .  

As  seen  in  FIGURE  2,  the  r e a r   f ace   32  of  the  w a l l  

f a c i n g   p a n e l s   is  spaced   away  from  the  exposed   face   40  of  t h e  

e x c a v a t i o n   d u r i n g   c o n s t r u c t i o n .   This   a l l o w s   the  workmen  to  r e a c h  

beh ind   the  wa l l   p a n e l s   28  d u r i n g   e r e c t i o n   of  a  wa l l   to  a s s e m b l e  

the  c o n n e c t o r   a s s e m b l i e s   42  be tween   each  c o n n e c t i o n   p o i n t   44  and  

each  c o r r e s p o n d i n g   r e i n f o r c i n g   member  30.  As  each  c o n n e c t i n g  

a s s e m b l y   42  is  c o m p l e t e d ,   a  l a y e r   of  p a r t i c u l a t e   m a t e r i a l   46  i s  

b a c k f i l l e d   be tween   the  exposed   face   40  of  the  e a r t h   mass  24  a n d  



the  r e a r   face   32  of  the  wa l l   f a c i n g   p a n e l s   28.  A c c o r d i n g l y ,   a s  

each  g e n e r a l l y   h o r i z o n t a l   row  of  c o n n e c t o r   a s s e m b l i e s   42  i s  

a t t a c h e d ,   the  w a l l   f a c i n g   e l e m e n t s   28  can  be  b a c k f i l l e d   to  t h e  

e l e v a t i o n   of  the  nex t   row  of  a t t a c h m e n t   p o i n t s   44.  Thus ,   t h e  

wal l   is  c o m p l e t e d   by  s imp ly   b a c k f i l l i n g   the  s m a l l   space   d e f i n e d  

beh ind   the  wa l l   p a n e l s .  

The  d e t a i l s   of  c o n s t r u c t i n g   the  i n t e r n a l l y   s t a b i l i z e d  

g r a v i t y   wa l l   in  s i t u   w i l l   now  b e  d e s c r i b e d   in  d e t a i l .   W i t h  

r e f e r e n c e   to  FIGURE  3,  an  e x c a v a t i o n   has  been  p r e p a r e d   w h i c h  

l e a v e s   an  exposed   e a r t h e n   face   40  t h a t   may  be  g e n e r a l l y   v e r t i c a l  

as  i l l u s t r a t e d .   The  h e i g h t   of  the  exposed   face   is  p r e d e t e r m i n e d  

at  the  d i s t a n c e   which  may,  for  e x a m p l e ,   c o r r e s p o n d   to  t h a t   h e i g h t  

where  the  wa l l   can  s u p p o r t   i t s e l f   w i t h o u t   c o l l a p s e   or  f a i l u r e .  

I t   is  n o t e d ,   of  c o u r s e ,   t h a t   the  exposed   face   40  may  be  i n c l i n e d  

at  a  s u i t a b l e   a n g l e   from  the  v e r t i c a l   to  p r e v e n t   f a i l u r e   of  t h e  

e a r t h   mass  24  d u r i n g   c o n s t r u c t i o n .   A l t e r n a t i v e l y ,   s u p p o r t s   f o r  

upper   p o r t i o n s   of  the  face   may  be  p r o v i d e d   if   d e s i r e d .  

With  the  e x c a v a t i o n   c o m p l e t e d ,   the  d e s i r e d   l o c a t i o n   f o r  

r e i n f o r c i n g   members  is  then   marked  or  o t h e r w i s e   i n d i c a t e d   on  t h e  

exposed   face   40  of  the  e a r t h   mass  24.  For  e x a m p l e ,   a  t w o -  

d i m e n s i o n a l   a r r a y   of  marks  50  may  be  i d e n t i f i e d   on  the  f a c e .   The 

h o r i z o n t a l   s p a c i n g   be tween   the  marks  50  and  the  v e r t i c a l   s p a c i n g  

be tween   the  marks  50  is  s e l e c t e d   to  c o i n c i d e   wi th   the  c o r r e s p o n d -  

ing  h o r i z o n t a l   and  v e r t i c a l   s p a c i n g   be tween   a t t a c h m e n t   p o i n t s   on  

the  wa l l   f a c i n g   p a n e l s   to  be  used  in  e r e c t i o n   of  the  w a l l .  

Depend ing   upon  the  p r e f e r e n c e   of  the  c o n t r a c t o r ,   a l l   of  the  m a r k s  

50  may  be  p l a c e d   on  the  wa l l   at  one  t ime  or  p o r t i o n s   of  the  w a l l  

may  be  s u i t a b l y   marked  u n t i l   the  b o r i n g   p r o c e s s   is  c o m p l e t e .  



A f t e r   the  e a r t h e n   face   40  is  marked ,   a  s u i t a b l e   c o n v e n -  

t i o n a l   b o r i n g   t o o l   52  is  used  to  d r i l l   bo res   34  p r e f e r a b l y   h o r i -  

z o n t a l l y   to  a  p r e d e t e r m i n e d   l e n g t h   in  a  d i r e c t i o n   g e n e r a l l y   p e r -  

p e n d i c u l a r   to  the  e a r t h e n   f ace   40.  The  l e n g t h   of  the  bore  i s  

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

s t a b i l i z e d   g r a v i t y   e a r t h   s t r u c t u r e   of  the  s i z e   and  p r o p o r t i o n s  

d e s i r e d .   The  b o r i n g   t o o l   52  may  be  d r i v e n   by  any  s u i t a b l e   c o n -  

v e n t i o n a l   a p p a r a t u s   (not  s h o w n ) .  

When  the  bore  34  has  been  c o m p l e t e d   (see  FIG.  4)  a  

r e i n f o r c i n g   member  30  is  p o s i t i o n e d   in  the  bo re .   In  o r d e r   t o  

p o s i t i o n   the  r e i n f o r c i n g   member  30  in  the  b o r e ,   a  tube  a s s e m b l y  

54  is  u s e d .   The  tube   a s s e m b l y   54  p r e f e r a b l y   i n c l u d e s   a  tube  56 

which  may  be  formed  of  p l a s t i c .   The  tube   56  is  more  f l e x i b l e  

than   the  member  30.  The  tube  56  is  l o o s e l y   t i e d   by  a  band  58  t o  

the  member  30  to  hold  them  t o g e t h e r   as  shown  in  FIG.  5  wh i l e   t h e  

a s s e m b l y   54  is  be ing   i n s e r t e d   w i t h i n   the  bore  34.  A  cone  60  i s  

s e c u r e d   by  s u i t a b l e   means  to  the  end  of  the  member  30  to  f a c i l i -  

t a t e   the  i n s e r t i o n   of  the  a s s e m b l y   54  and  to  gu ide   i t   over  a n y  

d e b r i s   t h a t  m a y   be  lodged   in  the  lower  s i d e   of  the  bore  34.  The 

band  58  h o l d s   the  tube   a s s e m b l y   54  t o g e t h e r ,   but  a l l o w s   the  t u b e  

to  s l i d e   a x i a l l y   r e l a t i v e   to  the  r e i n f o r c i n g   member  3 0 .  

When  the  r e i n f o r c i n g   member  30  (see  FIGURE  4)  is  p o s i -  

t i o n e d   in  the  c o r r e s p o n d i n g   bore  34  wi th   the  tube   a s s e m b l y   5 4 ,  

the  i n n e r   or  b u r i e d   end  of  the  r e i n f o r c i n g   member  is  p o s i t i o n e d  

so  t h a t   i t   p r o j e c t s   beyond  the  end  70  of  the  tube   56.  Thus,   t h e  

cone  60  is  spaced   from  the  end  of  the  tube  70.  In  o r d e r   t o  

s e c u r e   the  member  30  in  the  a s s o c i a t e d   bore  34,  sand  or  o t h e r  

s u i t a b l e   p a r t i c u l a t e   m a t e r i a l   is  blown  t h r o u g h   the  ho l low   tube  o f  

t h e  t u b e   a s s e m b l y   54  and  out   t h e  e n d   t h e r e o f .   The  sand  a c c u m u -  



l a t e s   a round  the  end  of  the  member  30  and  the  cone  60,  a n d  

s u r r o u n d s   the  member  t h e r e b y   r e t a i n i n g   i t s   p o s i t i o n .   At  t h a t  

p o i n t   in  t ime ,   the  tube  56  is  w i t h d r a w n   from  the  bore  34  in  t h e  

d i r e c t i o n   of  the  a r row  71.  While  the  tube  a s s e m b l y   54  is  b e i n g  

w i t h d r a w n   (see  FIGURE  6),   sand  or  o t h e r   p a r t i c u l a t e   m a t e r i a l   i s  

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

bore  34  a round   the  r e i n f o r c i n g   member  30.  In  t h i s   f a s h i o n ,   i t  

w i l l   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   in  the  a r t   t h a t   the  t u b e  

a s s e m b l y   54  can  be  r a p i d l y   w i t h d r a w n   wh i l e   c o m p l e t e l y   f i l l i n g   t h e  

h o r i z o n t a l   bore  and  r e t a i n i n g   the  r e i n f o r c i n g   member  30 

t h e r e i n .  

When  a l l   of  the  r e i n f o r c i n g   members  30  have  b e e n  

i n s e r t e d   in  t h e i r   c o r r e s p o n d i n g   h o r i z o n t a l   b o r e s   34  (see  FIGURE 

7) ,   the  o u t e r   end  p o r t i o n   38  of  each  r e i n f o r c i n g   member  w i l l  

p r o j e c t   beyond  the  exposed   e a r t h   face   40  of  the  e a r t h   mass  2 4 .  

The  p r o j e c t i n g   end  38  of  each  r e i n f o r c i n g   member  30  is  p r o v i d e d  

wi th   an  a p e r t u r e   70  for  use  in  a t t a c h i n g   the  c o n n e c t o r   a s s e m b l y  

4 2 .  

The  p r e s e n c e   of  the  r e i n f o r c i n g   members  30  in  the  i n  

s i t u   e a r t h   mass  24  s t a b i l i z e s   the  e a r t h   mass  a g a i n s t   f a i l u r e  

a n d / o r   c o l l a p s e .   A c c o r d i n g l y ,   if  f u r t h e r   e x c a v a t i o n   is  n e c e s s a r y  

to  lower  the  e l e v a t i o n   of  the  bo t tom  of  the  w a l l ,   the  p r o c e d u r e  

above  can  be  r e p e a t e d   in  i n c r e m e n t s   of  wa l l   h e i g h t   as  n e c e s -  

s a r y .   Then  the   wa l l   f a c i n g   p a n e l s   are  i n s t a l l e d .  

When  the  f i r s t   c o u r s e   of  wa l l   f a c i n g   e l e m e n t s   28  h a s  

been  p o s i t i o n e d   wi th   i t s   back  face   32  spaced   h o r i z o n t a l l y   i n  

f r o n t   o f ,   and  g e n e r a l l y   p a r a l l e l   to ,   the  f r o n t   f ace   40  of  t h e  

e a r t h   mass  24,  a  l a y e r   of  p a r t i c u l a t e   b a c k f i l l   m a t e r i a l   72  i s  

p o s i t i o n e d   and  compac ted   up  to  the  l e v e l   of  the  f i r s t   row  o f  



r e i n f o r c i n g   members  30.  G e n e r a l l y   s p e a k i n g ,   when  the  c o n n e c t o r  

a s s e m b l i e s   42  for  each  of  the  f i r s t   row  of  s t r i p s   30  has  b e e n  

a t t a c h e d ,   a  second   l a y e r   of  p a r t i c u l a t e   m a t e r i a l   74  is  d e p o s i t e d  

and  compac ted   to  b r i n g   the  l e v e l   of  b a c k f i l l   up  to  the  s u b s e q u e n t  

l a y e r   of  r e i n f o r c i n g   s t r i p s   30  and  a d d i t i o n a l   rows  of  wa l l   f a c i n g  

e l e m e n t s   a re   a p p l i e d   as  n e e d e d .   In  t h i s   f a s h i o n ,   by  a t t a c h i n g  

each  row  of  s t r i p s  t o   the  w a l l   f a c i n g   p a n e l s   28  and  s u c c e s s i v e l y  

b a c k f i l l i n g   and  p l a c i n g   w a l l   p a n e l s   u n t i l   the  next   a d j a c e n t   l a y e r  

is  r e a c h e d ,   the  wa l l   is  c o m p l e t e d   as  the  c o m p a c t i o n   p r o c e s s   p r o -  

c e e d s .  

I t   w i l l   be  n o t e d ,   m o r e o v e r ,   t h a t   the  use  of  f u l l   p a n e l s  

28  spaced   a p a r t   by  h a l f   p a n e l s   76  in  the   f i r s t   row  of  p a n e l s  

f a c i l i t a t e s   the  a t t a c h m e n t   of  the  c o n n e c t o r   a s s e m b l i e s   42.  More 

p a r t i c u l a r l y ,   i t   is  easy   for   workmen  to  a t t a c h   the  c o n n e c t o r  

a s s e m b l i e s   beh ind   the  h a l f   p a n e l s   t h e m s e l v e s .   And,  i t   is  easy  t o  

r each   over   the  h a l f   p a n e l s   76  to  make  the  a p p r o p r i a t e   c o n n e c t i o n s  

at   the  lower  a t t a c h m e n t   p o i n t s   beh ind   the  f u l l   p a n e l s .   S u b s e -  

q u e n t l y ,   when  f u l l   p a n e l s   are   p o s i t i o n e d   over  the  h a l f   p a n e l s ,  

the  c o n v e r s e   s i t u a t i o n   becomes  t r u e .   For  e x a m p l e ,   workmen  c a n  

bend  over   the  f i r s t   row  of  f u l l   p a n e l s   to  make  the  upper   c o n n e c -  

t i o n s   on  t h o s e   p a n e l s   and  r e a c h   beh ind   the  f i r s t   f u l l   p a n e l s  

p o s i t i o n e d  a b o v e   the  h a l f   p a n e l s   26  to  make  the  lower  c o n n e c t i o n s  

wi th   r e i n f o r c i n g   members  30  for   t h o s e   f u l l   p a n e l s .   In  t h i s  

f a s h i o n ,   the  c o n n e c t i o n   of  the  r e i n f o r c i n g   members  to  the  p a n e l s  

in  c o n j u n c t i o n   wi th   the  c o n v e n i e n t   use  of  p a n e l s   and  h a l f   p a n e l s  

f a c i l i t a t e s   the  c o n n e c t i o n   of  the  f a c i n g   e l e m e n t s   to  the  r e i n -  

f o r c i n g   members  as  the  wa l l   f a c i n g   is  a p p l i e d .   Thus,   in  t h e  

i l l u s t r a t e d   embod imen t ,   a  row  of  p a n e l s   is  made  up  by  a  p l u r a l i t y  

of  p a n e l s   spaced   a p a r t   by  u p w a r d l y   p r o j e c t i n g   p a r t s   of  p a n e l s  

a l r e a d y   in  the  wa l l   in  an  i n t e r d i g i t a t e d   m a n n e r .  



In  o r d e r   to  c o n n e c t   the  r e i n f o r c i n g   member  30,  t h e  

c o n n e c t o r   a s s e m b l y   42  (see  FIGURE  8)  p r e f e r a b l y   is  d e s i g n e d   t o  

accommodate   l a t e r a l   m i s a l i g n m e n t   be tween   the  p r o j e c t i n g   end  38  o f  

the  r e i n f o r c i n g   member  30  and  the  a t t a c h m e n t   p o i n t   44  from  t h e  

wa l l   p a n e l   28.  One  p a r t i c u l a r   c o n n e c t o r   a s s e m b l y   42  which  i s  

we l l   a d a p t e d   for  use  in  t h i s   e n v i r o n m e n t ,   i n c l u d e s   a  p a i r   o f  

e l o n g a t e d   me ta l   s t r i p s   80,  82  each  of  which  is  p r o v i d e d   wi th   a 

p l u r a l i t y   of  spaced   a p a r t   h o l e s   84,  86,  r e s p e c t i v e l y .   One  h o l e  

or  a p e r t u r e   84  of  the  upper  s t r i p   80  is  a l i g n e d   wi th   a  hole   88 

p r o v i d e d   in  the  a t t a c h m e n t   member  44  of  the  wa l l   f a c i n g   p a n e l  

28.  S i m i l a r l y ,   one  of  the  a p e r t u r e s   86  at  the  end  of  the  o t h e r  

s t r i p   82  is  p o s i t i o n e d   in  a l i g n m e n t   wi th   a p e r t u r e   84  and  p o s i -  

t i o n e d   t h e r e b e l o w .   A  s u i t a b l e   c o n v e n t i o n a l   b o l t   90  and  nut  92 

may  then  be  used  to  s e c u r e   the  two  s t r i p s   80,  82,  to  the  p r o j e c t -  

ing  end  44  so  t h a t   the  end  44  is  s a n d w i c h e d   be tween   the  two  

s t r i p s .   Of  c o u r s e ,   the  p a t t e r n   of  h o l e s   in  the  s t r i p s   80,  82  may 

be  v a r i e d   from  t h a t   shown  in  F ig .   8  to  g ive   the  d e s i r e d   a d j u s t -  

a b i l i t y .   For  e x a m p l e ,   the  h o l e s   may  be  a r r a n g e d   in  two  l o n g i t u -  

d i n a l   rows  spaced   be tween   h o l e s   of  the  a d j a c e n t   r o w .  

The  c o n n e c t o r   a s s e m b l y   42  may  be  a t t a c h e d   to  the  w a l l  

f a c i n g   p a n e l   28  b e f o r e   i t   is  p o s i t i o n e d   in  the  wa l l   i t s e l f .  

A l t e r n a t i v e l y ,   the  c o n n e c t o r   a s s e m b l y   42  can  be  a t t a c h e d   a f t e r  

the  wa l l   f a c i n g   p a n e l   28  has  been  p o s i t i o n e d   in  the  w a l l .   I n  

e i t h e r   e v e n t ,   the  c o n n e c t o r   a s s e m b l y   42  is  a l s o   c o n n e c t e d   to  t h e  

end  38  of  the  r e i n f o r c i n g   member  30  in  a  s i m i l a r   f a s h i o n .   More 

p a r t i c u l a r l y ,   one  of  the  h o l e s   84  of  the  upper   s t r i p   80  i s  

b r o u g h t   i n t o   g e n e r a l   v e r t i c a l   a l i g n m e n t   wi th   the  a p e r t u r e   70  i n  

the  end  38  of  the  r e i n f o r c i n g   member  30.  S i m i l a r l y ,   an  a p e r t u r e  

86  of  the  lower  s t r i p   member  82  is  a l s o   b r o u g h t   i n t o   g e n e r a l l y  



v e r t i c a l   a l i g n m e n t   wi th   the  a p e r t u r e   70.  A  second   s u i t a b l e   c o n -  

v e n t i o n a l   b o l t   94  and  nut   96  are   then  used  to  c o n n e c t   the  two 

s t r i p s   80,  82,  in  s a n d w i c h i n g   r e l a t i o n s h i p   to  the  end  38  of  t h e  

r e i n f o r c i n g   member  30  and  c o m p l e t e   the  c o n n e c t i o n   be tween   t h e  

w a l l   f a c i n g   p a n e l s   28  and  the  r e i n f o r c i n g   s t r i p   3 0 .  

The  c o n n e c t o r   a s s e m b l y   42  d e s c r i b e d   above  p r o v i d e s  

l a t e r a l   a d j u s t a b i l i t y   to  a c c o m o d a t e   m i s a l i g n m e n t   be tween   the  c o n -  

n e c t i o n   p o i n t s   of  the  wa l l   p a n e l s   and  the  r e i n f o r c i n g   members  

30.  For  e x a m p l e ,   the  b o l t s   90,  94  d e f i n e   two  v e r t i c a l   axes  t h a t  

a re   spaced   a p a r t   in  the  h o r i z o n t a l   d i r e c t i o n   to  a c c o m o d a t e   u n e x -  

p e c t e d   o f f s e t s .   Moveover ,   the   p l u r a l i t y   of  h o l e s   84,  86  in  t h e  

s t r i p s   80,  82,  r e s p e c t i v e l y ,   p r o v i d e   l o n g i t u d i n a l   a d j u s t a b i l i t y  

for   the  c o n n e c t o r   a s s e m b l y   42.  This   f e a t u r e   a v o i d s   p r o b l e m s   o f  

c r i t i c a l   p o s i t i o n i n g   for   the  r e i n f o r c i n g   members  30  when  p l a c e d  

in  the  a s s o c i a t e d   b o r e s   34.  More  p a r t i c u l a r l y ,   the  l o n g i t u d i n a l  

a d j u s t a b i l i t y   a l l o w s   the  end  of  one  r e i n f o r c i n g   member  30  to  p r o -  

j e c t   a  d i f f e r e n t   d i s t a n c e   from  the  e a r t h e n   face   than   o t h e r   r e i n -  

f o r c i n g   members  30  w i t h o u t   i n t r o d u c i n g   c o n s t r u c t i o n   d i f f i c u l t i e s .  

When  the  f o r e g o i n g   s e q u e n c e   of  s t e p s   has  been  c o m p l e t e d  

and  r e p e a t e d   for   each  row  of  r e i n f o r c i n g   e l e m e n t s   and  when  e a c h  

l a y e r   of  compac ted   p a r t i c u l a t e   m a t e r i a l   is  p o s i t i o n e d   beh ind   t h e  

wa l l   p a n e l s ,   the  r e s u l t i n g   wa l l   a s s e m b l y   w i l l   a p p e a r   as  i l l u s -  

t r a t e d   in  FIGURE  1 .  

I t  w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  the  a r t   t h a t  

d u r i n g   the  e x c a v a t i o n   p r o c e s s   (see  FIGURE  7)  the  r e i n f o r c i n g  

members  30  may  be  p o s i t i o n e d   as  the  e x c a v a t i o n   is  be ing   m a d e ,  

t h a t   i s ,   from  the  top  down.  A l t e r n a t i v e l y ,   the  r e i n f o r c i n g  

,  members  30  can  be  i n s t a l l e d   from  the  bo t tom  work ing   u p .  



From  the  f o r e g o i n g ,   i t   w i l l   be  a p p r e c i a t e d   t h a t   t h e  

amount  of  e x c a v a t i o n   r e q u i r e d   for  a  wa l l   is  c o n s i d e r a b l y  

r e d u c e d .   For  e x a m p l e ,   an  e s s e n t i a l l y   v e r t i c a l   cut   can  be  made  t o  

the  d e s i r e d   g rade   w i t h o u t   w o r r y i n g   abou t   the  p o t e n t i a l   for  c a v e -  

in  on  s i d e s   of  the  c u t .   When  the  cut   has  r e a c h e d   the  d e s i r e d  

d e p t h ,   the  exposed   wa l l   f a c e s   are  e n t i r e l y   r eady   for  p o s i t i o n i n g  

and  e r e c t i o n   of  the  wa l l   f a c i n g   p a n e l s   and  b a c k f i l l i n g   of  t h e  

s m a l l   space   beh ind   them,  w i t h o u t   the  need  for  p l a c e m e n t   a n d  

remova l   of  forms  and  a s s o c i a t e d   b r a c i n g .   M o r e o v e r ,   the  a b i l i t y  

to  use  a  v e r t i c a l   f a c e  s i g n i f i c a n t l y   i n c r e a s e s   the  d e s i r a b i l i t y  

of  t h i s   c o n s t r u c t i o n   t e c h n i q u e .  

I t   w i l l   now  be  a p p a r e n t   to  t h o s e   s k i l l e d   in  the  a r t  

t h a t   t h i s   s p e c i f i c a t i o n   d e s c r i b e s   a  new  in  s i t u   r e t a i n i n g   s t r u c -  

t u r e   as  we l l   as  a  method  of  e r e c t i n g   t h a t   r e t a i n i n g   w a l l  

s t r u c t u r e   and  t h a t   the  wa l l   and  the  method  overcome  p r o b l e m s   o f  

r e t a i n i n g   wa l l   c o n s t r u c t i o n s   h e r e t o f o r e   known.  M o r e o v e r ,   i t   w i l l  

be  a p p a r e n t   to  t h o s e   s k i l l e d   in  the  a r t   t h a t   numerous   m o d i f i c a -  

t i o n s ,   v a r i a t i o n s ,   s u b s t i t u t i o n s   and  e q u i v a l e n t s   e x i s t   for   s t e p s  

and  f e a t u r e s   of  the  i n v e n t i o n   as  d e s c r i b e d   h e r e i n a b o v e   which  do  

not   m a t e r i a l l y   d e p a r t   from  the  s p i r i t   or  scope   of  the  i n v e n -  

t i o n .   A c c o r d i n g l y ,   i t   is  e x p r e s s l y   i n t e n d e d   t h a t   a l l   such  m o d i -  

f i c a t i o n s ,   v a r i a t i o n s ,   s u b s t i t u t i o n s   and  e q u i v a l e n t s   for  f e a t u r e s  

of  the  i n v e n t i o n   as  d e f i n e d   in  the  appended   c l a i m s ,   which  do  n o t  

d e p a r t   from  t h e  s p i r i t   and  scope   t h e r e o f ,   be  embraced   t h e r e b y .  



1.  A  method  of  i n t e r n a l l y   s t a b i l i s i n g   a n  

e x i s t i n g   e a r t h   mass  (24)  c o m p a r i s i n g   b o r i n g   i n t o   one  f a c e  

(40)  of  s a i d   e a r t h   mass  an  a r r a y   of  s t a b i l i s i n g   e l e m e n t  

r e c e i v i n g   b o r e h o l e s   (34)  c h a r a c t e r i s e d   by  p o s i t i o n i n g  

each  of  a  p l u r a l i t y   of  r e i n f o r c i n g   e l e m e n t s   (30)  in  a  

c o r r e s p o n d i n g   one  of  s a i d   b o r e h o l e s   (34)  and  e s s e n t i a l l y  

f i l l i n g   the  b o r e h o l e s   wi th   p a r t i c u l a t e   m a t e r i a l   (36) 

a round   the  e l e m e n t s   (30)  to  t r a n s f e r   f o r c e s   in  the  e a r t h  

(24)  to  s a i d   e l e m e n t s   (30)  t h r o u g h   f r i c t i o n a l   e n g a g e m e n t  

wi th   the  p a r t i c u l a t e   m a t e r i a l   ( 3 6 ) .  

2.  The  method  of  c l a i m   1  i n c l u d i n g   a p p l y i n g   a  c o v e r -  

ing  to  s a i d   e a r t h   f ace   t h a t   is  s e c u r e d   to  s a i d   p l u r a l i t y   o f  

e l e m e n t s .  

3.  The  method  of  c l a im  2  w h e r e i n   s a i d   c o v e r i n g   i s  

a p p l i e d   by  a p p l y i n g   g r o u t i n g   cement   on  s a i d   e a r t h   f a c e .  

4.  The  method  of  c l a i m   2  w h e r e i n   s a i d   c o v e r i n g   i s  

a p p l i e d   b y :  

a t t a c h i n g   each  of  a  p l u r a l i t y   of  wa l l   f a c i n g   e l e m e n t s  

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

a  space   be tween   each  w a l l   f a c i n g   e l e m e n t   and  t h e  

e a r t h e n  f a c e ;   a n d  

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

space   so  t h a t   the   f a c i n g   e l e m e n t s   d e f i n e   the   f r o n t   o f  

the   w a l l .  



5.  The  method  of  c l a i m   4  w h e r e i n   s a i d   a t t a c h i n g  

s t e p   i n c l u d e s :  

s e c u r i n g   a  c o n n e c t o r   a s s e m b l y   to  a  c o n n e c t i o n   p o i n t  

of  the   wa l l   f a c i n g   e l e m e n t ;   a n d  

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

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

6.  The  method  of  c l a i m   1  w h e r e i n   the  p o s i t i o n i n g  

s t e p   i n c l u d e s   the  s t e p s   o f :  

a s s e m b l i n g   each  r e i n f o r c i n g   e l e m e n t   w i th   a  t u b e  

e x t e n d i n g   p a r a l l e l ,   s a i d   tube   b e i n g   spaced   from  t h e  

end  of  s a i d   e l e m e n t ;  

i n s e r t i n g   the   tube   and  r e i n f o r c i n g   e l e m e n t   t o g e t h e r  

i n t o   the  c o r r e s p o n d i n g   b o r e ;  

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

s u f f i c i e n t   r a t e   to  f i l l   the   end  of  the   bore   a r o u n d  

the  p r o t r u d i n g   end  of  the   r e i n f o r c i n g   member;  a n d  

w i t h d r a w i n g   the  t ube   w h i l e  c o n t i n u a l l y   f e e d i n g  

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

f i l l   the   bore   a round   the  r e i n f o r c i n g   member  w i t h  

p a r t i c u l a t e   m a t e r i a l .  



7.  An  i n t e r n a l l y   s t a b i l i z e d   e a r t h   s t r u c t u r e   f o r  

in  s i t u   c o n s t r u c t i o n   in  an  e x c a v a t i o n   h a v i n g   an  in  s i t u   e a r t h  

mass  w i t h   a  p l u r a l i t y   of  bore   h o l e s   p r o j e c t i n g   i n t o   the  e a r t h  

mass  from  a  f a c e   c h a r a c t e r i z e d   by  a  p l u r a l i t y   of  r e i n f o r c i n g  

members ,   each  r e i n f o r c i n g   member  b e i n g   r e c e i v e d   in  one  of  s a i d  

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

bore   h o l e ,   each  bo re   h o l e   b e i n g   f i l l e d   w i th   p a r t i c u l a t e  

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

to  s a i d   r e i n f o r c i n g   m e m b e r s .  

8.  The  s t r u c t u r e   of  c l a i m  7   w h e r e i n   the  c o v e r i n g  

i n c l u d e s :  

a  p l u r a l i t y   of  f a c i n g   e l e m e n t s   spaced   from  the  e a r t h  

face   of  the   in  s i t u   e a r t h   mass  and  d e f i n i n g   a  s p a c e ,  

each  f a c i n g   e l e m e n t   b e i n g   a t t a c h e d   to  at   l e a s t   o n e  

of  the   r e i n f o r c i n g   members;   a n d  

a  g e n e r a l l y   v e r t i c a l   l a y e r   of  compac ted   p a r t i c u l a t e  

m a t e r i a l   f i l l i n g   the   space   be tween   the   f a c i n g  

e l e m e n t s   and  the   e a r t h e n   f a c e .  

9.  The  s t r u c t u r e   of  c l a im   7  w h e r e i n   t he   c o v e r i n g  

i s   g r o u t i n g   a p p l i e d   to  s a i d   f ace   and  b e i n g   bonded  to  s a i d  

r e i n f o r c i n g   m e m b e r s .  
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