
J  J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 2 8 1 2 4  

Office  europeen  des  brevets 

©  EUROPEAN  PATENT  APPLICATION 

@  Application  number:  80303736.5  ©  Int.  CI.3:  E  21  C  41/00 

@  Date  of  filing:  22.10.80 

®  Priority:  26.10.79  ZA  795752  @  Applicant:  IPI  CONTRACTORS  AG,  Gartenstrasse  2, 
26.10.79  ZA  795753  CH-6300  Zug  (CH) 
14.05.80  ZA  802884 
12.08.80  ZA  804920 
10.09.80  ZA  805591 

@  Inventor:  Hahn,  John  Aneck,  1  ,  Woolston  Road 
Westcliffe,  Johannesburg  Transvaal  Province  (ZA) 
Inventor  :  Dison,  Leon,  25,  Pretoria  Street  Oaklands, 

@  Date  of  publication  of  application  :  06.05.81  Johannesburg  Transvaal  Province  (ZA) 
Bulletin  81/18 

(74;  Representative:  Roos,  Michael  John  et  al,  KILBURN  & 
@  Designated  Contracting  States  AT  BE  DE  FR  GB  LU  NL  STRODE  30  John  Street,  London  WC1  N  2DD  (GB) 

(§)  Method  of  mining. 

57  In  mining  the  hanging  wall  (18)  is  supported  by  pillars  (24) 
comprising  a  particulate  backfill  material  which  has  been  con- 
solidated  so  that  it  has  at  the  most  one  quarter  voids  by  vol- 
ume.  Layers  of  reinforcing  material  are  provided  in  the  backfill 
to  take  horizontal  loads  associated  with  vertical  loads  being 

taken  by  the  pillars  (24)  in  supporting  the  hanging  wall  (18). 
The  pillars  extend  back  from  a  work  space  behind  the  work 
face  (12)  transversely  to  the  work  face  They  are  spaced  in  a di- 
rection  along  the  workface  and  their  leading  ends  advance  as 
the work face  (12)  advances. 



THIS  INVENTION  r e l a t e s   to  a  method  of  m i n i n g .  
It   r e l a t e s   in  p a r t i c u l a r   to  a  method  of  s u p p o r t i n g   t h e  

h a n g i n g   wa l l   in  a  mine ,   or  in  o t h e r   u n d e r g o u n d   w o r k i n g s ,  

p a r t i c u l a r l y   a  c o a l   mine ,   or  in  any  mine  in  which   t h e  

volume  of  ore  or  v a l u a b l e   f r a c t i o n   e x t r a c t e d   is  l a r g e   i n  

r e l a t i o n   to  the  ore  l e f t   b e h i n d   for   s u p p o r t .  

In  the  p a s t ,   c o a l   has  been  mined  by  a  m e t h o d  

known  to  the  A p p l i c a n t   as  the  ' b o r d   and  p i l l a r '   m e t h o d .  

I t   is  a l s o   some t imes   r e f e r r e d   to  as  the  ' p i l l a r   a n d  

s t a l l '   me thod .   This  method  r e s u l t s   in  l a r g e   vo lumes   o f  

coa l   b e i n g   l e f t   as  p i l l a r s   for   s u p p o r t   of  the  h a n g i n g  
wa l l   u n d e r g r o u n d .  

The  s t r e s s   imposed   upon  p i l l a r s   l e f t   for   s u p -  
p o r t   u n d e r g r o u n d ,   depends   upon  the  d e p t h   at   w h i c h  

min ing   t a k e s   p l a c e   below  the  s u r f a c e .   The  n a t u r e   o f  

the  o v e r b u r d e n   w i l l   a l s o   be  c o n s i d e r e d   in  d e t e r m i n i n g  
the  load  on  the  p i l l a r s   and  hence   the  s t r e s s .  

A c c o r d i n g   to  e x p e r t s   in  t h i s   f i e l d ,   t h e  
e a r t h ' s   c r u s t ,   p r i o r   to  m i n i n g ,   is  in  e q u i l i b r i u m   u n d e r  

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

as  p r i m i t i v e   s t r e s s e s .   The  v e r t i c a l   componen t   of  t h e  

p r i m i t i v e   s t r e s s   in  g e o l o g i c a l l y   u n d i s t u r b e d   g r o u n d ,  
is  g iven   by  the  e q u a t i o n  

q  =  24,88  H   25  H  k P a  

(Rock  M e c h a n i c s   in  Coal  M i n i n g ,   Salamon  &  O r a v e c c z ,  

page  16,  p u b l i s h e d   by  the  Chamber  of  M i n e q ,  
South  A f r i c a ,   1 9 7 6 ) .  



In  t h i s   e q u a t i o n   the  d e n s i t y   of  the   rock   i s  

assumed  to  be  2744  kg  per   c u b i c   m e t r e .   At  d e p t h   H 

(in  m e t r e s ) ,   the  v e r t i c a l   componen t   (q  in  kPa)  of  t h e  

p r i m i t i v e   s t r e s s   is  e q u a l   to  the  p r e s s u r e   e x e r t e d   b y  
the  mass  of  a  rock   p r i s m   of  c r o s s - s e c t i o n   one  s q u a r e  
met re   and  h e i g h t   H  m e t r e s .  

The  h o r i z o n t a l   componen t   of  the   p r i m i t i v e  
s t r e s s   is  r e g a r d e d   by  them  as  b e i n g   e q u a l   in  a l l  

d i r e c t i o n s   and  as  b e i n g   a  c o n s t a n t   p r o p o r t i o n   K  of  t h e  

v e r t i c a l   s t r e s s .   In  South  A f r i c a n   c o l l i e r i e s ,   t h e  

v a l u e   of  K  is  g i v e n   by  them  (S&O)  as  r a n g i n g   f r o m  

0,1   to  0 , 4 .  

On  t h i s   b a s i s   the  f o l l o w i n g   T a b l e   g i v e s  
the  v e r t i c a l   componen t s   of  the   p r i m i t i v e   s t r e s s   u n d e r -  

g r o u n d ,   b e f o r e   m i n i n g :  

Removal   of  rock   by  min ing   u n d e r g r o u n d   r a i s e s  

the  a v e r a g e   s t r e s s   in  p i l l a r s   l e f t   f o r   s u p p o r t .   I t   i s  

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

be  a p p r o x i m a t e l y   in  the  r a t i o :  

T o t a l   a r e a   m i n e d  :   a r e a   of  p i l l a r s .  

A  method   of  c a l c u l a t i n g   the  load   on  p i l l a r s  

is  g i v e n   by  S&O,  page  22.  They  a l s o   r e c o m m e n d ' ( p a g e   41) 

a  f a c t o r   of  s a f e t y   of  1.6  in  the  d e s i g n   of  s u p p o r t s .  



In  o t h e r   words ,   the  c a l c u l a t e d   load   on  a  p i l l a r   w i l l   b e  

i n c r e a s e d   by  an  amount  c o r r e s p o n d i n g   to  the  f a c t o r   o f  

s a f e t y ,   and  the  p i l l a r   w i l l   then   be  d e s i g n e d   to  t a k e  

such  i n c r e a s e d   l o a d .  

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

a  method  of  s u p p o r t   for   the  h a n g i n g   w a l l   u n d e r g r o u n d  
in  m ines ,   which  w i l l   p e r m i t   the  e x t r a c t i o n   of  g r e a t e r  
volumes  of  coa l   and  the  l e a v i n g   of  l e s s   coa l   u n d e r -  

g round   for   s u p p o r t ,   than   w i th   o t h e r   m i n i n g   m e t h o d s  

known  to  the  A p p l i c a n t .  

A c c o r d i n g l y ,   in  m i n i n g ,   t h e r e   is  p r o v i d e d  

a  method  of  s u p p o r t i n g   the  h a n g i n g   w a l l   which  i n c l u d e s  

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

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

p o r t i o n s   i n c o r p o r a t i n g   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  

which  has  been  c o n s o l i d a t e d   so  t h a t   i t   ha s ,   at  t h e  

most ,   o n e - q u a r t e r   v o i d s   by  v o l u m e .  

If  d e s i r e d ,   the   lower   p o r t i o n   of  a  p i l l a r   may 
have  only   o n e - f i f t h   v o i d s   by  v o l u m e .  

The  b a c k f i l l   m a t e r i a l   may  be  f i n e   such  t h a t  

abou t   h a l f   by  mass  would  pass   a  s i e v e   of  0 ,85   mm,  a n d  

such  t h a t   only  abou t   1%  by  mass  would  be  r e t a i n e d   o n  

a  s i e v e   s i z e   of  6,75  mm. 

The  p a r t i c u l a t e   m a t e r i a l   used   as  a  b a c k f i l l  

in  the  p i l l a r   may  be  in  the  form  of  s o i l ,   s and ,   t a i l i n g s  

from  p r e v i o u s   min ing   o p e r a t i o n s ,   or  q u a r r i e d   m a t e r i a l ,  

ash ,   b u r n t   d o l o m i t e ,   or  l i m e s t o n e ,   or  the  l i k e .   T h u s ,  

in  coa l   mines  which   have  low  g r a d e   c o a l   which  may  n o t  

be  s u i t a b l e   for   o t h e r   u s e s ,   the  coa l   may  be  b u r n t   f o r  

example   in  a  f l u i d   bed  or  o t h e r   s y s t e m   w i t h   d o l o m i t e  



and  l i m e s t o n e .   The  ash  and  b u r n t - d o l o m i t e   and  l i m e -  

s t o n e   may  t hen   be  c r u s h e d ,   and  may  then   be  used  w i th   o r  
w i t h o u t   o t h e r   m a t e r i a l s   as  a  b a c k f i l l .   Such  b u r n t   a s h  
and  d o l o m i t e   and  l i m e s t o n e   may  be  ve ry   a d v a n t a g e o u s   i n  

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

D i f f e r e n t   p a r t i c u l a t e   m a t e r i a l s   have  d i f f e r e n t  

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

When  a  p a r t i c u l a t e   m a t e r i a l   is  c o n f i n e d   to  form  a  p i l l a r ,  
and  a  v e r t i c a l   l oad   is  then   a p p l i e d   to  the   p i l l a r ,   t h e n  

i n t e r p a r t i c u l a t e   f r i c t i o n   c a u s e s   a  h o r i z o n t a l   componen t   o f  

the  v e r t i c a l   l oad   to  be  i m p a r t e d   to  the  p a r t i c l e s   in  t h e  

p i l l a r .   This   h o r i z o n t a l   componen t   c a u s e s   a  s t r e s s   w h i c h  

t e n d s   to  cause   l a t e r a l   d i s p l a c e m e n t   of  the  m a t e r i a l .   I f  

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

f a i l u r e   t a k e s   p l a c e   in  d i a g o n a l   t e n s i o n   a l ong   p l a n e s ,   a l s o  

r e f e r r e d   to  as  s h e a r   p l a n e s .  

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

i n t e r n a l   f r i c t i o n   A,  i t   is  b e l i e v e d   t h a t   the  r e l a t i o n -  

sh ip   b e t w e e n   the   h o r i z o n t a l   componen t   and  the  v e r t i c a l  

load   is  g i v e n   by  the   f o l l o w i n g   e x p r e s s i o n :  

LH  =  C . L  ,   where   Lv  is  the   v e r t i c a l   load   i m p o s e d  

on  the  p i l l a r ;  

LH  =  the   h o r i z o n t a l   componen t   of  the   l o a d ;   a n d  

C  =   1 - sin A 1 + sin A  ;   where   a n g l e   A  depends   on  t h e  

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

When  the  a n g l e   A  =  30°  t hen   C  =  1 / 3 r d .  

The  m a g n i t u d e   of  LH  t h e r e f o r e   depends   upon  the  a n g l e   A. 

The  a n g l e   which   the  s h e a r   p l a n e s   make  w i t h   t h e  

h o r i z o n t a l   is  (45O+AO 2). 



The  lower   p o r t i o n   of  a  p i l l a r   may  be  p r o v i d e d  
by  the  e r e c t i o n   of  r e t a i n i n g   w a l l s   and  by  the  h y d r a u l i c  
p l a c e m e n t   of  the  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   in  a  
h y d r a u l i c   c a r r i e r   b e h i n d   the  r e t a i n i n g   w a l l s ,   t h e  
c o n s o l i d a t i o n   of  the  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  

t a k i n g   p l a c e   by  s e t t l e m e n t   of  the  p a r t i c u l a t e   m a t e r i a l  
under   g r a v i t y   in  the  h y d r a u l i c   c a r r i e r .   T h e r e a f t e r ,  
the  h y d r a u l i c   c a r r i e r   may  be  a l l o w e d   to  d r a i n   a w a y .  

A l t e r n a t i v e l y ,   the  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   may  be  p n e u m a t i c a l l y   p l a c e d   b e h i n d   t h e  

r e t a i n i n g   w a l l s ,   the  c o n s o l i d a t i o n   of  the  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   t a k i n g   p l a c e   by  the  d i s c h a r g e   of  t h e  

m a t e r i a l   at  speed   under   p n e u m a t i c   p r e s s u r e .  

The  c o n s o l i d a t i o n   of  the  b a c k f i l l   m a t e r i a l  

in  the  lower  p o r t i o n   of  a  p i l l a r   may  t ake   p l a c e   by  t h e  

a p p l i c a t i o n  o f   m e c h a n i c a l   f o r c e   to  the  b a c k f i l l  

m a t e r i a l .   A l t e r n a t i v e l y ,   or  in  a d d i t i o n ,   c o n s o l i d a t i o n  

of  the  b a c k f i l l   may  i n c l u d e   e x e r t i n g   p r e s s u r e   on  t h e  

lower   p o r t i o n   in  a  c l e a r a n c e   space   b e t w e e n   such  l o w e r  

p o r t i o n   and  the  h a n g i n g   w a l l ,   and  by  a b u t m e n t   a g a i n s t  
the  h a n g i n g   w a l l   b e f o r e   f i l l i n g   up  the  c l e a r a n c e   s p a c e  
wi th   l o a d - t a k i n g   f i l l .   The  p r e s s u r e   e x e r t e d   on  a  l o w e r  

p o r t i o n   b e f o r e   f i l l i n g   of  the  c l e a r a n c e   space   may  be  a t  

l e a s t   9 / l O t h s   of  the  load   which  the  p i l l a r   is  e x p e c t e d  
to  t a k e .   P r e f e r a b l y ,   the   p r e s s u r e   e x e r t e d   is  in  e x c e s s  
of  the  load   which  the  p i l l a r   is  e x p e c t e d   to  t a k e .  

G e n e r a l l y ,   i f   d e s i r e d ,   the  s t e p   of  c o n s o l i d a -  

t i o n   of  a  l a y e r   by  p r e s s u r e   may  be  p r e c e d e d   by  c o m p a c -  
t i o n   of  t h i s   l a y e r   by  i m p a c t ,   v i b r a t i o n ,   or  the  l i k e .  

Such  c o m p a c t i o n   may  t ake   p l a c e   by  s t a m p e r s ,   v i b r a t o r s ,  

or  the  l i k e .   V i b r a t i o n   and  c o m p a c t i o n   methods  'may   b e  

used  t h r o u g h o u t   the  c o n s t r u c t i o n   p r o c e s s   to  a s s i s t   i n  

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



of  e x t e r n a l   r e m o v a b l e   s u p p o r t i n g - f o r m w o r k ,   s h a p e s ,  

or  s t r u c t u r e s .   The  p r e s s u r e   may  be  e x e r t e d   by  a  s h o e  

or  p l a t e n   which  may  a l s o   be  s u b j e c t e d   to  v i b r a t i o n  
w h i l e   p r e s s u r e   is  b e i n g   a p p l i e d .   P r e s s u r e   may  b e  

a p p l i e d   by  a b u t m e n t   of  a  p r e s s   a g a i n s t   the   h a n g i n g   w a l l .  

The  p l a t e n   may  have  a  s l i g h t   camber  t r a n s v e r s e l y   to  t h e  

d i r e c t i o n   of  the   p i l l a r .  

The  making  of  the  p i l l a r   may  i n c l u d e   t h e  
f i n a l   s t e p   of  p r o v i d i n g   a  l o a d - t a k i n g   f i l l   which   may 
be  in  the  form  of  a  l a y e r   of  g r o u t   in  b e t w e e n   t h e  

h a n g i n g   w a l l   and  an  upper   l a y e r   of  b a c k f i l l .   The  g r o u t  

may  be  tamped  or  rammed  in  unde r   p r e s s u r e   to  e n s u r e  
t h a t   t h e r e   is  a c t i v e   s u p p o r t   b e t w e e n   the   uppe r   l a y e r   o f  

the  p i l l a r   and  the  h a n g i n g   w a l l .  

A l t e r n a t i v e l y ,   the   p r o v i s i o n   of  the   l o a d -  

t a k i n g   f i l l   on  top  of  the   lower   p o r t i o n   may  i n c l u d e   t h e  

d r i v i n g   in  of  wedges  i n t o   the  c l e a r a n c e   space   b e t w e e n  

the  lower   p o r t i o n   and  the  h a n g i n g   w a l l ,   t h e r e b y  

e x e r t i n g   a  downward  p r e s s u r e   on  the   lower   p o r t i o n .   As 

a  f u r t h e r   a l t e r n a t i v e ,   the  l o a d - t a k i n g   f i l l   may  b e  

p r o v i d e d   on  top  of  the   lower   p o r t i o n   by  pumping  p a r t i -  
c u l a t e   m a t e r i a l   c a r r i e d   in  s u s p e n s i o n   by  a  h y d r a u l i c  

c a r r i e r ,   i n t o   the  c l e a r a n c e   s p a c e ,   the   pumping  t a k i n g  

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

ward  p r e s s u r e   is  e x e r t e d   on  the   lower   p o r t i o n   b y  

a b u t t i n g   a g a i n s t   the   h a n g i n g   w a l l .  

The  lower   p o r t i o n   of  a  p i l l a r   may  be  b u i l t   up  
in  l a y e r s   of  b a c k f i l l   w i t h   l a y e r s   of  r e i n f o r c i n g  

m a t e r i a l   a t   d i f f e r e n t   e l e v a t i o n s   b e t w e e n   l a y e r s   o f  

b a c k f i l l   in  the  lower   p o r t i o n .   The  v e r t i c a l   s p a c i n g  

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

mos t ,   be  e q u a l   to  o n e - t h i r d   the  minimum  c r o s s - s e c t i o n a l  



d i m e n s i o n   of  the  p i l l a r .   The  p i l l a r   may  i n c l u d e  

o p p o s i n g   r e t a i n i n g   w a l l s   on  i t s   o p p o s i t e   s i d e s ,   and  t h e  

r e i n f o r c i n g   m a t e r i a l   may  engage  wi th   the  r e t a i n i n g  
w a l l s   to  c o n s t r a i n   them  a g a i n s t   ou tward   b u l g i n g .  

The  r e i n f o r c i n g   m a t e r i a l   may  c o m p r i s e  

u n i n t e r r u p t e d   s h e e t   m a t e r i a l ,   expanded   s h e e t   m a t e r i a l ,  

or  mesh,  such  as  w i r e   mesh  or  n e t t i n g ,   s t e e l   g r i d  

or  p l a t e ,   m e t a l   s t r i p s   or  s h e e t s .   I t   may  a l s o   c o m p r i s e  
m a t e r i a l s   such  as  s y n t h e t i c   p o l y m e r s ,   e . g .   p o l y u r e t h a n e ,  

p o l y s t y r e n e ,   p o l y e t h y l e n e ,   and  so  on,  c l o t h - l i k e  

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

or  s h e e t s ,   and  so  on.  The  r e i n f o r c i n g   m a t e r i a l   may 
c o m p r i s e   the  c o m b i n a t i o n   of  two  or  more  of  the  a b o v e -  

m e n t i o n e d   i t e m s .   Thus ,   for   e x a m p l e ,   a  s h e e t   of  p o l y m e r  
cou ld   be  r e i n f o r c e d   by  s t e e l   and  wi re   mesh  or  b y  

s y n t h e t i c   or  n a t u r a l   f i b r e   mesh  or  c l o t h .   The  r e i n -  

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

of  a  s l a b ,   m e t a l   p l a t e ,   f i b r e g l a s s   m o u l d i n g ,   or  a 
g e o t e x t i l e  .   I t   is  d e s i g n e d   to  a c c e p t ,   w i th   a  
s u f f i c i e n t   f a c t o r   of  s a f e t y ,   the  h o r i z o n t a l   c o m p o n e n t  
of  load  LH  a s s o c i a t e d   w i th   the  v e r t i c a l   load   on  t h e  

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

or  p r o j e c t i o n s   p r o v i d i n g   an  uneven   s u r f a c e   so  as  t o  

improve   the  f r i c t i o n a l   g r i p   b e t w e e n   the  l a y e r   and  t h e  

p a r t i c u l a t e   m a t e r i a l   in  c o n t a c t   w i th   i t .   If   d e s i r e d ,  

f i b r e g l a s s   or  o t h e r   m a t e r i a l   may  be  r e i n f o r c e d   by  

high  t e n s i l e   w i r e .   A l t e r n a t i v e l y ,   if  d e s i r e d ,   t h e  

r e i n f o r c i n g   l a y e r   may  be  in  the  form  of  a  r e l a t i v e l y  
t h i n   c o n c r e t e   s l a b   which  has  been  p r e - s t r e s s e d   by  

a r r a y s   of  h igh   t e n s i l e   w i r e s   at  r i g h t   a n g l e s   to  e a c h  

o t h e r .  



The  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   may  b e  
made  up  i n t o   the  form  of  g a b i o n s   which  c o m p r i s e   t h e  
b a c k f i l l   m a t e r i a l   c o n t a i n e d   in  e n v e l o p e s   of  r e i n f o r c i n g  
m a t e r i a l ,   and  in  which  the  lower   p o r t i o n   of  a  p i l l a r   i s  
b u i l t   by  l a y i n g   the  g a b i o n s   in  l a y e r s .   At  l e a s t   some 
of  the  g a b i o n s   may  be  p r e - c o m p r e s s e d   b e f o r e   b e i n g  
i n s t a l l e d .  

The  i n v e n t i o n   e x t e n d s   to  a  p i l l a r   when  made  

a c c o r d i n g   to  the  method  as  d e s c r i b e d .  

The  i n v e n t i o n   e x t e n d s   a l s o   to  a  method  o f  

m i n i n g ,   which  i n c l u d e s   p r o v i d i n g   a  p l u r a l i t y   of  p i l l a r s  
b e h i n d   a  work  p l a c e   a d j a c e n t   a  work  f a c e ,   the  p i l l a r s  

b e i n g   p r o v i d e d   in  a c c o r d a n c e   w i t h   the  method  a s  
d e s c r i b e d ,   and  b e i n g   s p a c e d   in  a  d i r e c t i o n   a l o n g   t h e  
work  f ace   and  e x t e n d i n g   back  in  the  d i r e c t i o n   t r a n s -  

v e r s e l y   to  the  work  f a c e .   The  l e n g t h s   of  p i l l a r s   in  a  
d i r e c t i o n   t r a n s v e r s e   to  the  work  f a c e   may  be  a t   l e a s t  

t w i c e   the  w i d t h   of  the   p i l l a r   in  a  d i r e c t i o n   a l o n g  
the  work  f a c e .  

The  a d j a c e n t   p i l l a r s   may  be  s t r e n g t h e n e d  

a g a i n s t   o u t w a r d   b u l g i n g   under   load   by  h a v i n g   b e a m s  

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

to  the  w o r k i n g   f a c e ,   the   beams  b e i n g   s u p p o r t e d   by  
s t r u t s   s p a c e d   in  s e r i e s   g e n e r a l l y   in  a  d i r e c t i o n   away 
from  the  work  f a c e ,   and  the  s t r u t s   t h e m s e l v e s   e x t e n d i n g  

g e n e r a l l y   in  a  d i r e c t i o n   a long   the   work  f a c e .   The  

s p a c i n g   b e t w e e n   s t r u t s   may,  a t   the  mos t ,   be  e q u a l   t o  

the  minimum  c r o s s - s e c t i o n a l   d i m e n s i o n   of  the  p i l l a r s .  

The  i n v e n t i o n   e x t e n d s   a l s o   to  a  method  o f  

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



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

method  i n c l u d e s   c a l c u l a t i n g   the  v e r t i c a l   load   which  a 

p i l l a r   is  to  t a k e ,   c a l c u l a t i n g   the  h o r i z o n t a l   c o m p o n e n t  
of  load  a s s o c i a t e d   wi th   such  v e r t i c a l   l o a d ,   l a y i n g  
p a r t i c u l a t e   m a t e r i a l s   in  l a y e r s   b e t w e e n   h a n g i n g   w a l l  

and  foo t   w a l l ,   c o n s o l i d a t i n g   such  l a y e r s ,   and  p r o v i d i n g  
r e i n f o r c i n g   m a t e r i a l   w i t h i n   or  b e t w e e n   the  l a y e r s   o f  

p a r t i c u l a t e   m a t e r i a l   to  a c c e p t ,   w i th   the  d e s i r e d   d e g r e e  
of  s a f e t y ,   the  h o r i z o n t a l   componen t s   of  l o a d  

a s s o c i a t e d   w i th   the  v e r t i c a l   load  which  the  p i l l a r   i s  

e x p e c t e d   to  t a k e .  

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   by  way  o f  

example   wi th   r e f e r e n c e   to  the  a c c o m p a n y i n g   d i a g r a m m a t i c  

d r a w i n g s .  

In  the  d r a w i n g s ,  

F i g u r e   1  shows  a  s e c t i o n a l   s i d e   e l e v a t i o n   of  a 

w o r k i n g   p l a c e   in  a  coa l   mine,   t a k e n   at  I - I   in  F i g u r e   3 

of  the  d r a w i n g s ;  

F i g u r e   2  shows  a  s e c t i o n a l   e l e v a t i o n   t a k e n   at  I I - I I  

i n  F i g u r e   1  of  the  d r a w i n g s ,  

F i g u r e   3  shows  a  s e c t i o n a l   p l a n   t a k e n   at   I I I - I I I  

in  F i g u r e  1   of  the  d r a w i n g s ;  

F i g u r e   4  shows   a  c r o s s - s e c t i o n a l   e l e v a t i o n   a t  

IV-IV  in  F i g u r e   5,  t h r o u g h   a  p l u r a l i t y   of  p i l l a r s  

spaced   a long   the  work  face   in  a n o t h e r   a r r a n g e m e n t ;  

F i g u r e   5  shows  a  s e c t i o n a l   p l an   view  at  V-V  i n  

F i g u r e   4,  of  the  p i l l a r s   of  F i g u r e   4 ;  

F i g u r e   6  shows  a  c r o s s - s e c t i o n a l   e l e v a t i o n   t h r o u g h  

a  p i l l a r   d u r i n g   the  f i n a l   s t a g e s   of  b u i l d i n g ;  

F i g u r e   7  shows  a  s i d e   e l e v a t i o n   of  the  f r o n t   e n d  

of  a  p i l l a r   d u r i n g   b u i l d i n g ;  

F i g u r e   8  shows  a  p l a n   view  of  a  wedge  s u i t a b l e  

for   use  in  b u i l d i n g   p i l l a r s ;  



F i g u r e   9  shows  a  s i d e   e l e v a t i o n   of  the  w e d g e ,  
c o r r e s p o n d i n g   to  F i g u r e   8 ;  

F i g u r e   10  shows  a  c r o s s - s e c t i o n   t a k e n   at   X-X  i n  

F i g u r e   8 ;  

F i g u r e   11  shows  an  o b l i q u e   s i d e   view  of  a  t e m p l a t e  
e l e m e n t   for   d e f i n i n g   the   s i d e   of  a  p i l l a r ;  

F i g u r e   12  shows  d i a g r a m m a t i c a l l y   an  end  view  o f  
the  t e m p l a t e   e l e m e n t   of  F i g u r e   1 1 ;  

F i g u r e   13  shows  a  d e t a i l e d   view  of  the  mesh  u s e d  

as  r e i n f o r c i n g   m a t e r i a l   b e t w e e n   o p p o s i n g   t e m p l a t e  
e l e m e n t s   in  u s e ;  

F i g u r e   14  shows  one  end  of  a  g a b i o n   s u i t a b l e   f o r  

use  in  the  making  of  a  p i l l a r   a c c o r d i n g   to  a n o t h e r  

a s p e c t   of  the  i n v e n t i o n ;  

F i g u r e   15  shows  a  c r o s s - s e c t i o n a l   end  e l e v a t i o n  

of  a  p i l l a r   when  made  w i th   g a b i o n s   of  F i g u r e   1 4 ;  

F i g u r e   16  shows  a  c r o s s - s e c t i o n a l   end  e l e v a t i o n  

of  a  p i l l a r   when  made  w i t h   g a b i o n s   h a v i n g   a  l e n g t h  

e q u i v a l e n t   to  the   w i d t h   of  the   p i l l a r ;  

F i g u r e   17  shows  a  s e c t i o n a l   s i d e   e l e v a t i o n   of  t h e  

u n d e r g r o u n d   w o r k i n g   of  a  mine ,   in  which   a  p i l l a r   a c c o r d -  

ing  to  a n o t h e r   a s p e c t   of  the   i n v e n t i o n ,   is  b e i n g   b u i l t ;  

F i g u r e   18  shows  a  p a r t   p l a n   view  c o r r e s p o n d i n g   t o  

F i g u r e   1 7 ;  

F i g u r e   19  shows  a  s e c t i o n a l   e l e v a t i o n   at  XIX-XIX 
in  F i g u r e   1 7 ;  

F i g u r e   20  shows  a  s e c t i o n a l   end  e l e v a t i o n   t a k e n   a t  

XX-XX  in  F i g u r e   1 7 ;  

F i g u r e   21  shows  a  s e c t i o n a l   s i d e   e l e v a t i o n   of  a  

p i l l a r   a c c o r d i n g   to  the  i n v e n t i o n ,   d u r i n g   the  p r o c e s s  
of  making  i t   u n d e r g r o u n d   by  means  of  a  m o b i l e   p r e s s ;  

F i g u r e   22  shows  a  s e c t i o n a l   s i d e   e l e v a t i o n   a t  

XXII-XXII   in  F i g u r e   2 3 ;  

F i g u r e   24  shows  a  s e c t i o n a l   f r o n t   e l e v a t i o n   of  a  

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

XXIV-XXIV  in  F i g u r e   2 2 ;  



F i g u r e   25  shows  a  view  s i m i l a r   to  F i g u r e   24,  b u t  

w i th   a  v a r i a t i o n   in  c o n s t r u c t i o n ,   t a k e n   at  XXV-XXV  i n  

F i g u r e   23 ;  

F i g u r e   26  shows  a  s t r e s s   s t r a i n   ( l o a d - d e f o r m a t i o n )  

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

F i g u r e   27  shows  a  s e c t i o n a l   f r o n t   e l e v a t i o n   of  a  
f u r t h e r   d e v e l o p m e n t   of  the  i n v e n t i o n ;  

F i g u r e   28  shows  a  t h r e e - d i m e n s i o n a l   view  o f  

r e i n f o r c i n g   m a t e r i a l   s u i t a b l e   for   use  in  c a r r y i n g   o u t  

the  i n v e n t i o n ;  

F i g u r e   29  shows  a  d e t a i l   p l a n   view  of  t y p i c a l  

r e i n f o r c i n g   m a t e r i a l   in  the  form  of  wi re   m e s h ;  

F i g u r e   30  shows  a  s e c t i o n   at  XXX-XXX  i n  

F i g u r e   29;  

F i g u r e   31  shows  a  w i re   mesh  a r r a n g e m e n t   h a v i n g  
w i r e s   of  e l l i p t i c a l   s e c t i o n   s e c u r e d   in  c r i s s - c r o s s  

f a s h i o n ,   and  s u i t a b l e   for   use  as  r e i n f o r c i n g   in  t h e  

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

F i g u r e   32  shows  a  s e c t i o n a l   s i d e   e l e v a t i o n   at  I - I  

in  F i g u r e   2,  of  a n o t h e r   embod imen t   of  the  i n v e n t i o n   i n  

an  u n d e r g r o u n d   w o r k i n g ;  

F i g u r e   33  shows  a  s e c t i o n a l   p l a n   t a k e n   at  I I - I I  

in  F i g u r e   32;  a n d  

F i g u r e   34  shows  a  p a r t   d e t a i l   s e c t i o n a l   s i d e  

e l e v a t i o n   of  an  a r t i f i c i a l   p i l l a r ,   t a k e n   at  I I I - I I I   i n  

F i g u r e   2,  but   to  a  l a r g e r   s c a l e ,   and  w i t h o u t   p a r t i c u l a t e  
m a t e r i a l   i n s i d e .  

R e f e r r i n g   to  the  d r a w i n g s ,   r e f e r e n c e   n u m e r a l  

10  r e f e r s   g e n e r a l l y   to  a  work  p l a c e   u n d e r g r o u n d   in  a  
coa l   mine.   I t   has  a  work  f a c e   12  which  a d v a n c e s   in  t h e  

d i r e c t i o n   of  a r row  14.  The  c o a l   f ace   e x t e n d s   b e t w e e n  

the  f o o t   w a l l   16  and  the  h a n g i n g   w a l l   18.  I m m e d i a t e l y  
b e h i n d   the   work  f a c e ,   the  h a n g i n g   w a l l   18  is  s u p p o r t e d  

by  a  head  p l a t e   20  which  is  i t s e l f   s u p p o r t e d   by  a  



p l u r a l i t y   of  p rops   22.  These  p rops   and  head  p l a t e  
e x t e n d   r e a r w a r d l y ,   more  or  l e s s   in  l i n e   w i t h   the  f o r w a r d  
end  of  p i l l a r s   24  which   are   a r r a n g e d   to  advance   a t  

more  or  l e s s   the  same  r a t e   as  the  w o r k i n g   f a c e .  

The  p i l l a r s   24  are   made  by  the  use  of  r e t a i n -  

ing  w a l l s   26  on  e i t h e r   s i d e ,   the   space   b e t w e e n   s u c h  
w a l l s   and  the  h a n g i n g   w a l l   and  f o o t   w a l l   is  t hen   f i l l e d  

w i t h   a  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 .   This   may  b e  
in  the  form  of  a sh ,   e x t e r n a l   make-up   in  the  form  o f  

sand  or  s o i l ,   gas  b e t o n ,   w a s t e ,   in  any  p r o p o r t i o n s .  
When  s u f f i c i e n t   w a s t e   m a t e r i a l   is  not   a v a i l a b l e ,   t h e n  

the  f o o t   w a l l   16  may  be  u n d e r - c u t   as  a t   16 .1   in  t h e  

s p a c e s   b e t w e e n   p i l l a r s   2 4 .  

J u s t   b e h i n d   the  work  f a c e   12,  a  work  s p a c e  
12 .1   is  l e f t   f r e e   for   m in ing   a c t i v i t y .   I m m e d i a t e l y  
b e h i n d   the  f i r s t   l i n e   22.1  of  p rops   22,  t h e r e   i s  

p r o v i d e d   a  c o n v e y o r   b e l t   30  whose  c e n t r e   l i n e   is  i n d i -  

c a t e d   in  F i g u r e   3  by  r e f e r e n c e   n u m e r a l   3 0 . 1 .  

In  o p e r a t i o n ,   p a i r s   of  r e t a i n i n g   w a l l s   26 

w i l l   be  a r r a n g e d   in  s p a c e d  r e l a t i o n s h i p   e x t e n d i n g   r e a r -  

w a r d l y   from  n e a r   the  w o r k i n g   f a c e .   S e v e r a l   p a i r s   o f  

r e t a i n i n g   w a l l s   26  are  so  p r o v i d e d   and  are   l o c a t e d   i n  

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

r e l a t i v e   to  o t h e r   r e t a i n i n g   w a l l s   for   o t h e r   p i l l a r s .  

The  r e t a i n i n g   w a l l s   26,  as  d e s c r i b e d ,   may  b e  

in  the  form  of  c l a d d i n g   which   is  c a p a b l e   of  a d v a n c e   t o  

f o l l o w   at   more  or  l e s s   the   same  r a t e   as  the  r a t e   o f  

a d v a n c e   of  the   work  f a c e .   However ,   such  c l a d d i n g   26 

may  i n s t e a d   be  p e r m a n e n t   and  may  be  of  c e m e n t i t i o u s  

m a t e r i a l   and  mesh.  The  o p p o s i n g   r e t a i n i n g   w a l l s   26 

of  a  p i l l a r   may  be  t i e d   t o g e t h e r   by  means  of  r e i n f o r c i n g  



m a t e r i a l   32.  Where  the  c l a d d i n g   26  is  m o v a b l e ,   t h e  

a t t a c h m e n t   b e t w e e n   the  m a t e r i a l   32  and  the  c l a d d i n g   26 

w i l l   be  of  a  t e m p o r a r y   or  d i s c o n n e c t a b l e   n a t u r e .   How- 

e v e r ,   when  the  c l a d d i n g   26  is  in  the  form  of  a  p e r m a n e n t  

or  s e m i - p e r m a n e n t   s t r u c t u r e ,   such  as  a  c e m e n t i t i o u s   c o a t  

w i th   r e i n f o r c i n g ,   then   the  c o n n e c t i o n s   b e t w e e n   t h e  

r e i n f o r c i n g   m a t e r i a l   32  at  d i f f e r e n t   e l e v a t i o n s ,   a n d  

the  c l a d d i n g   26,  may  be  p e r m a n e n t .  

R e f e r r i n g   now  to  F i g u r e   1  of  the  d r a w i n g s ,  
i t   w i l l   be  no t ed   t h a t   i m m e d i a t e l y   b e h i n d   the  work  f a c e  

the  h a n g i n g   wa l l   18  is  s u p p o r t e d   by  the  head  p l a t e   20 

t o g e t h e r   w i th   i t s   s u p p o r t i n g   p rops   22.  This   zone  40 

w i l l   be  a  n o n - s u b s i d e n c e   z o n e .  

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

what  is  r e g a r d e d   as  a  s a f e   zone  42  which  c o n t a i n s   a l s o  

the  f o r w a r d   end  of  the  p i l l a r   24.  The  b r o k e n   m a t e r i a l  

b e t w e e n   the  r e t a i n i n g   w a l l s   26,  r e s t s   at   an  a n g l e   o f  

r e p o s e ,   i n d i c a t e d   by  r e f e r e n c e   n u m e r a l   66.  The  

i m m e d i a t e l y   a d j a c e n t   zone  r e a r w a r d l y ,   is  a  zone  44  i n  

which  s e t t l i n g   has  not  ye t   t a k e n   p l a c e .   I t   is  in  t h e  

next   zone  46  t h a t   the  h a n g i n g   w a l l   18  f i r s t   b e a r s   up  
a g a i n s t   the  uppe r   end  of  the  p i l l a r   24,  as  shown  at   4 7 .  

I m m e d i a t e l y   b e h i n d   the  zone  44,  t h e r e   is  t h e  

s e t t l e d   zone  46  where  the  h a n g i n g   w a l l   18  has  a l r e a d y  
s e t t l e d   onto   the  uppe r   end  of  the  p i l l a r   24.  I t   w i l l   b e  

n o t e d   t h a t   the  h a n g i n g   w a l l   18.1  in  zone  46  is  at   a  

somewhat   lower   l e v e l   than   the  h a n g i n g   w a l l   18  i m m e d i a t e -  

ly  b e h i n d   the  work  f ace   1 2 .  

The  f i l l ,   when  i n t r o d u c e d   i n t o   the  s p a c e  
b e t w e e n   the  r e t a i n i n g   w a l l s   may  be  tamped  to  e n s u r e  

good  c o n t a c t   w i th   the  h a n g i n g   w a l l .   A l t e r n a t i v e l y ,  



or  in  a d d i t i o n ,   the  space   above  the  l ower   p o r t i o n  
of  the   p i l l a r   and  b e t w e e n   the  f i l l   and  the  h a n g i n g  
w a l l   may  be  g r o u t e d .   The  p u r p o s e  i s   to  o b t a i n   e a r l y  

a c c e p t a n c e   of  the   load   p r e f e r a b l y   b e f o r e   roof   f r a c t u r e  

t a k e s   p l a c e   from  s u b s i d e n c e .  

The  r e t a i n i n g   w a l l s   can  be  very   t h i n   a n d  

c o u l d   in  f a c t   be  in  the  form  of  a  s k i n   m e r e l y ,   and  w h e n  
in  the  form  of  c l a d d i n g   may  be  movab le   fo r   l a t e r   r e - u s e .  

A l t e r n a t i v e l y ,   d e p e n d i n g   upon  e c o n o m i c s ,   the   r e t a i n i n g  
w a l l s   may  be  l e f t   in  s i t u .   The  p r ime   p u r p o s e   of  t h e  

r e t a i n i n g   w a l l s   is  to  e n s u r e   t h a t   the   p a r t i c l e s   of  f i l l  

do  not   f a l l  o u t   at   the  s i d e s   of  the  r u n n i n g   p i l l a r s .  

For  ease   of  advance   of  the   work  f a c e ,   t h e  

c o n v e y o r   30  may  be  moun ted   upon  t r a n s v e r s e   s k i d s   t o  

p e r m i t   easy  d i s p l a c e m e n t   t o w a r d s   the  work  f a c e   in  a  
d i r e c t i o n   t r a n s v e r s e   to  i t s   l o n g i t u d i n a l   ax i s   3 0 . 1 .  

The  members  32  ac t   as  r e i n f o r c i n g   members  a n d  

may  be  in  the   form  of  m e t a l   p l a t e   or  m e t a l   s h e e t   o r  
w i r e   mesh.  They  need  not   be  c o n n e c t e d   to  the   r e t a i n i n g  
w a l l s   26  as  long  as  the  r e t a i n i n g   w a l l s   26  e n s u r e   t h a t  

the  p a r t i c l e s   of  the   b a c k f i l l   do  no t   f a l l  o u t .  

R e f e r r i n g   to  F i g u r e s   4  and  5  of  the   d r a w i n g s ,  
the  a r r a n g e m e n t   of  the   p i l l a r s   a t   the   work  f a c e   i s  

s i m i l a r   to  t h a t   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 s   1 

to  3  of  the   d r a w i n g s .   Like   r e f e r e n c e   n u m e r a l s   r e f e r   t o  

l i k e   p a r t s .   The  p i l l a r s   24  shown  in  F i g u r e s   4  and  5  a r e  

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

m i d d l e   a g a i n s t   o u t w a r d   b u l g i n g   under   l o a d ,   beams  50  a r e  

p r o v i d e d   on  o p p o s i t e   s i d e s   of  the   columns  24.  T h e s e  

beams  are   s u p p o r t e d   by  s t r u t s   52  s p a c e d   in  s e r i e s ,  

g e n e r a l l y   in  a  d i r e c t i o n   away  from  the  work  f a c e .   The  



s t r u t s   t h e m s e l v e s   e x t e n d   g e n e r a l l y   in  a  d i r e c t i o n   a l o n g  
the  work  f a c e ,   and  are   p r o v i d e d   a c r o s s   s p a c e s   w h i c h  

are  not   r e q u i r e d   for   a c c e s s   to  the  work  f a c e .  

R e f e r r i n g   to  F i g u r e   6  of  the  d r a w i n g s ,  

r e i n f o r c i n g   m a t e r i a l   in  the  form  of  w i re   mesh  32  a n d  

32.1  are  shown  i n s i d e   b a c k f i l l   a r r a n g e d   in  l a y e r s   5 4 .  

The  t h i c k n e s s   of  a  l a y e r   54  is  d e f i n e d   by  U - s h a p e d  
wi re   mesh  s i d e   members  56.  The  l a y e r s   of  b a c k f i l l   a r e  
c o n s o l i d a t e d   by  v i b r a t i o n   or  c o m p a c t i o n   by  making  u s e  
of  a  v i b r a t o r   58  or  c o m p a c t o r   6 0 .  

In  o r d e r   to  m o n i t o r   the  b e h a v i o u r   of  t h e  

p i l l a r   24  under   l o a d ,   a  p r e s s u r e - s e n s i t i v e   d e v i c e   62  i s  

embedded  w i t h i n   the  b a c k f i l l .   R e a d i n g s   or  r e c o r d i n g s  

can  then   be  t a k e n   p e r i o d i c a l l y   of  the  p r e s s u r e   in  t h e  

b a c k f i l l .  

A f t e r   the  lower   p o r t i o n   24.1   of  the  p i l l a r   24 

has  been  b u i l t   up  t hen   the  c l e a r a n c e   space   b e t w e e n   t h e  

top  of  the  lower   p o r t i o n   24.1  and  the  h a n g i n g   w a l l   18 

may  be  t a k e n   up  by  wedges  3 6 .  

R e f e r r i n g   to  F i g u r e s   8,  9,  and  10  of  t h e  

d r a w i n g s ,   t h e r e   is  shown  a  wedge  36  which  is  made  o f  

c o n c r e t e   and  which  has  r e i n f o r c i n g   36 .1 .   The  wedge  i s  

t a p e r e d   from  a  p a r a l l e l   p o r t i o n   36.2  at  i t s   r e a r   end  t o  

a  t h i n ,   p o i n t e d   end  36.3  at  i t s   f r o n t   end.  The  w e d g e s  

may  be  from  h a l f   a  me t re   to  one  and  h a l f   a  m e t r e s   i n  

l e n g t h .   A  wedge  may  be  t a p e r e d   over   most  of  i t s   l e n g t h ,  

i . e .   from  a  p o i n t e d   end  r e a r w a r d s .   But  at   l e a s t   o n e -  

q u a r t e r   of  i t s   l e n g t h ,   at  the  r e a r   end,   w i l l   be  p a r a l l e l  

to  e n s u r e   t h a t   i t   is  not   e j e c t e d   unde r   l o a d .   T h e  w e d g e s  

may  be  of  c o n c r e t e ,   and  may  be  d r i v e n   by  wooden  m a l l e t s .  

If  d e s i r e d ,   the  wedges  may  be  r e i n f o r c e d   w i t h   s t e e l   r o d  



or  w i re   mesh  or  n e t t i n g   embedded  w i t h i n   i t .   The  w e d g e s  

may  a l s o   be  of  ha rdwood   or  p l a s t i c .  

R e f e r r i n g   to  F i g u r e   7  of  the   d r a w i n g s ,   t h e  

r e t a i n i n g   w a l l s   26  are   shown  made  of  w i r e   mesh  h a v i n g  
a  c o a t   of  c e m e n t i t i o u s   m a t e r i a l .   The  n a t u r a l   a n g l e   o f  

r e p o s e   of  the   p a r t i c u l a t e   m a t e r i a l   b e i n g   c h a r g e d   i n t o  
the  space   b e t w e e n   the   o p p o s e d   r e t a i n i n g   w a l l s   26  i s  

i n d i c a t e d   by  r e f e r e n c e   n u m e r a l   66.  The  f r o n t   end  of  t h e  

p a r t i c u l a t e   m a t e r i a l   may,  h o w e v e r ,   be  c o n f i n e d   b y  
p r o v i d i n g   a  p l u r a l i t y   of  b a r s   6 8 .  

The  r e i n f o r c i n g   means  32  s e p a r a t i n g   the   b a c k -  
f i l l   i n t o   c o u r s e s   e n s u r e s   t h a t   i n s t e a d   of  a  s i n g l e   t a l l  

p i l l a r   t h e r e   is  p r o v i d e d   a  p l u r a l i t y   of  s q u a t   p i l l a r s  

on  top  of  one  a n o t h e r .   By  m a r e l y   c o n t a i n i n g   the   s i d e s  

of  the  c o u r s e s   to  p r e v e n t   f a l l i n g   away  a t   the   s i d e s ,  

a  r o b u s t   p i l l a r   h a v i n g   a  h igh   l o a d - b e a r i n g   c a p a c i t y  
is  p r o v i d e d .  

The  r e t a i n i n g   w a l l s   26  and  r e i n f o r c i n g  

means  32  may  be  p r o v i d e d   in  r o l l   form,   and  may  b e  

u n r o l l e d   in  the  d i r e c t i o n   of  a d v a n c e   of  the   w o r k i n g  

f a c e ,   as  i n d i c a t e d   by  a r row  14,  as  the  w o r k i n g   f a c e  

a d v a n c e s   and  as  the   p i l l a r   a d v a n c e s .  

R e f e r r i n g   now  to  F i g u r e s   11  and  12  of  t h e  

d r a w i n g s ,   t h e r e   is  shown  a  t e m p l a t e   e l e m e n t   g e n e r a l l y  
i n d i c a t e d   by  r e f e r e n c e   n u m e r a l   70  and  c o m p r i s i n g   a  

r e t a i n i n g   w a l l   member  26 .1   and  l e a f   e l e m e n t s   72 

f l e x i b l y   or  h i n g e d l y   c o n n e c t e d   to  the  r e t a i n i n g   w a l l  

member  2 6 . 1 .   In  o r d e r   to  f a c i l i t a t e   t r a n s p o r t ,   t h e  

l e a f   e l e m e n t s   72  may  be  p r o v i d e d   w i t h   h i n g e s   72.1   e x t e n d -  

ing  a l o n g   t h e i r   l e n g t h s .   This   w i l l   p e r m i t   f o l d i n g   o f  

the  t e m p l a t e   e l e m e n t   i n t o   a  n a r r o w e r   i t em  which   can  b e  

more  e a s i l y   t r a n s p o r t e d   t han   when  i t   is  w i d e .   T h e  



r e g a i n i n g   w a l l   member  26.1  may  be  made  up  of  w i re   o f  

2  t o   3 mm  d i a m e t e r   at   s p a c i n g s   of  15  to  20  cm  s q u a r e .  
It  may,  howeve r ,   have  o p e n i n g s   which  may  be  l a r g e r   o r  

s m a l l e r ,   or  which  may  be  r e c t a n g u l a r   in  s h a p e ,  

d e p e n d i n g   upon  what  is  r e q u i r e d   to  c o n t a i n   the  b a c k f i l l .  

The  l e a f   e l e m e n t s   72  may  be  made  up  of  a  m e s h  

such  as  is  shown  in  F i g u r e   13.  I t   w i l l   be  no ted   t h a t  

t h e r e   are  many  more  w i r e s   74  in  the  one  d i r e c t i o n   t h a n  

w i r e s   76  in  the  o t h e r   d i r e c t i o n .   In  u se ,   the  mesh  w i l l  

be  l a i d   in  such  a  manner  t h a t   the  w i r e s   74  e x t e n d   t r a n s -  

v e r s e l y   a c r o s s   the  w i d t h   of  a  p i l l a r ,   and  the  w i r e s   76 

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

r e i n f o r c i n g   means  32  in  a  d i r e c t i o n   a c r o s s   the  w i d t h   o f  

the  p i l l a r   24  w i l l   be  a b o u t   10  to  40  t imes   as  much  a s  
the  s t r e s s a b l e   a r e a   of  the  r e i n f o r c i n g   means,   in  a  

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

p i l l a r .   If  d e s i r e d ,   the  w i r e s   74  and  76  may  be  o f  

d i f f e r e n t   d i a m e t e r s   to  meet  t h i s   c o n d i t i o n .   The  s t r e s s -  

ab le   a r ea   or  the  s t r e n g t h   may,  of  c o u r s e ,   be  e q u a l   f o r  

the  two  d i r e c t i o n s .  

In  u se ,   the  t e m p l a t e   e l e m e n t s   70  w i l l   b e  

e r e c t e d   to  d e f i n e   the  s i d e s   of  a  p i l l a r ,   the  l e a f  

e l e m e n t s   72  b e i n g   r a i s e d   as  shown  in  F i g u r e   12.  As 

the  c o u r s e s   f i l l   up,  so  the  l e a f   e l e m e n t s   72  w i l l   b e  

l o w e r e d   onto   the  top  of  a  c o u r s e   of  b a c k - f i l l   m a t e r i a l  

which  has  been  l a i d .   T h e r e u p o n ,   r e i n f o r c i n g   means  i n  

the  form  of  mesh  32,  s i m i l a r   to  the  mesh  shown  i n  

F i g u r e   13,  w i l l   be  s e c u r e d   to  the  member  26 .1 .   A l t e r -  

n a t i v e l y ,   the  mesh  32  may  mere ly   be  l a i d   on  top  of  t h e  

l e a f   e l e m e n t   72  and  the  r e i n f o r c i n g   means  3 2 .  



R e f e r r i n g   now  to  F i g u r e s   14,  15  and  16  of  t h e  

d r a w i n g s ,   t h e r e   is  shown  one  end  of  a  g a b i o n   g e n e r a l l y  
i n d i c a t e d   by  r e f e r e n c e   n u m e r a l   90,  c o m p r i s i n g   a n  
e n v e l o p e   92  and  p a r t i c u l a t e   m a t e r i a l   94  w i t h i n   t h e  

e n v e l o p e .   The  p e r m e a b i l i t y   of  the  e n v e l o p e   92  w i l l   b e  
ma tched   to  the  f i n e n e s s   of  the   p a r t i c u l a t e   m a t e r i a l  9 4  
used  w i t h i n   i t .   Thus,   the  e n v e l o p e   must   be  a b l e   t o  

c o n t a i n   the  p a r t i c u l a t e   m a t e r i a l   w i t h i n   i t .  

In  u se ,   g a b i o n s   90  are   used   and  s t a c k e d   o n  
top  of  one  a n o t h e r   to  form  the   lower   p o r t i o n   of  a  p i l l a r  
96.  Such  a  p i l l a r   may  a l s o   be  r e n d e r e d   to  p r o v i d e  
a c t i v e   s u p p o r t   to  the  h a n g i n g   w a l l   26,  by  making  use  o f  

wedges ,   h y d r a u l i c   f i l l   m a t e r i a l ,   or  g r o u t   in  t h e  
c l e a r a n c e   space   a g a i n s t   the   h a n g i n g   w a l l .  

R e f e r r i n g   now  to  F i g u r e   16  of  the  d r a w i n g s ,  
t h e r e   are   shown  g a b i o n s   98,  s i m i l a r   to  t h o s e  s h o w n   i n  

F i g u r e   14,  bu t   h a v i n g   a  l e n g t h   c o r r e s p o n d i n g   to  t h e  

w i d t h   of  a  p i l l a r   100  which   is  to  be  b u i l t .   The  p i l l a r  
100  may  a l s o   be  r e n d e r e d   to  p r o v i d e   a c t i v e   s u p p o r t   t o  

the  h a n g i n g   w a l l   18,  by  means  of  the  use  of  wedges  a s  

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

p l a c e d   f i l l e r   m a t e r i a l   or  g r o u t   in  the  c l e a r a n c e   s p a c e  
b e t w e e n   the  top  of  the  lower   p o r t i o n   of  the   p i l l a r   a n d  

the  h a n g i n g   w a l l   18.  The  d e g r e e   of  s u p p o r t   p r o v i d e d  

can  be  d e t e r m i n e d   by  the   use  of  p r e s s u r e - s e n s i n g  
d e v i c e s   62,  as  p r e v i o u s l y   d e s c r i b e d .  

When  making  the  g a b i o n s ,   i t   is  i m p o r t a n t   t o  

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

is  p r o p e r l y   c o n s o l i d a t e d ,   such  as  by  v i b r a t i o n ,  

c o m p a c t i o n ,   or  c o m p r e s s i o n .  



I t   is  an  i m p o r t a n t   f e a t u r e   of  t h i s   i n v e n t i o n  

t h a t   the  p a r t i c u l a t e   m a t e r i a l   in  the  b a c k - f i l l ,   in  t h e  

v a r i o u s   c o u r s e s ,   be  v i b r a t e d   and  compac ted   as  f u l l y   a s  

p o s s i b l e ,   when  l a i d .   The  g a b i o n s   s h o u l d ,   in  t u r n ,   a l s o  

be  compac ted   as  f u l l y   as  p o s s i b l e ,   w h e t h e r   b e f o r e   o r  
a f t e r   l a y i n g .  

R e f e r r i n g   now  to  F i g u r e   17  of  the  d r a w i n g s ,  

a  f u r t h e r   v a r i a t i o n   of  the  p i l l a r s   24  p r e v i o u s l y  
d e s c r i b e d ,   is  shown.  Like  r e f e r e n c e   n u m e r a l s   r e f e r   t o  

l i k e   p a r t s .  

The  p i l l a r   24  is  made  of  b a c k f i l l   m a t e r i a l  

a r r a n g e d   in  l a y e r s   54  and  c o m p r i s i n g   v e r t i c a l l y   s p a c e d  

l a y e r s   of  r e i n f o r c i n g   m a t e r i a l   32  embedded  w i t h i n   b a c k -  

f i l l   p a r t i c u l a t e   m a t e r i a l .   As  the  s u c c e s s i v e   l a y e r s  
54  are  l a i d ,   so  they   are  c o m p a c t e d   and  l a t e r   c o n s o l i -  

d a t e d   by  means  of  m o b i l e   p r e s s e s ,   g e n e r a l l y   i n d i c a t e d  

by  r e f e r e n c e   n u m e r a l s   130  and  132,  u n t i l   the  whole   o f  

the  lower  p o r t i o n   24.2  of  the  p i l l a r   has  been  p r e -  
l o a d e d .   If  d e s i r e d ,   each  l a y e r   54  may  be  c o n s o l i d a t e d  

by  p r e s s u r e   a f t e r   i t   has  been  l a i d .   A l t e r n a t i v e l y ,   t w o  

or  more  l a y e r s   54  may  be  c o n s o l i d a t e d   t o g e t h e r .   T h e  

p r e s s   132,  is  s p e c i a l l y   a d a p t e d   to  p r o v i d e   c o n s o l i d a -  

t i o n   for   the  u p p e r m o s t   l a y e r   w i th   minimum  c l e a r a n c e  

be tween   the  upper   s u r f a c e   of  such  l a y e r ,   ( i . e .   the  t o p  
of  the  lower   p o r t i o n   2 4 . 2 ) ,   and  the  h a n g i n g   w a l l   1 8 .  

The  r o u n d e d   shape   of  the  l a y e r s   54  at  the  o p p o s i n g  
s i d e s   of  the  p i l l a r   may  be  o b t a i n e d   by  formwork  w h i c h  

is  r e m o v a b l e   a f t e r   c o n s o l i d a t i o n   of  the  l a y e r s .   The 

c l e a r a n c e   space   133  b e t w e e n   the  uppe r   s u r f a c e   of  t h e  

lower   p o r t i o n   24.2  of  the  p i l l a r   and  the  h a n g i n g   w a l l ,  

18,  is  f i l l e d   wi th   g r o u t   134,  a f t e r   c o n s o l i d a t i o n   by  

the  m o b i l e   p r e s s   132  has  t a k e n   p l a c e .   The  g r o u t   134 

is  tamped  in  s o l i d l y   under   p r e s s u r e   to  e n s u r e   t h a t   t h e  

p i l l a r   is  s u i t a b l y   p r e s t r e s s e d   or  p r e l o a d e d   to  s u p p o r t  
the  h a n g i n g   w a l l   18 .  



The  d e g r e e   of  c o n s o l i d a t i o n   by  the  p r e s s e s  
130  and  132,  is  p r e f e r a b l y   such ,   t h a t   the   l oad   a p p l i e d  
to  c o n s o l i d a t e   the  l a y e r s ,   w i l l   a p p r o x i m a t e   and  e v e n  
exceed   the  load   which   i t   is  e s t i m a t e d   t h a t   the   p i l l a r  
w i l l   u l t i m a t e l y   have  to  t a k e ,   in  s u p p o r t i n g   the   h a n g i n g  
w a l l   18.  This  is  to  e n s u r e   t h a t   the   amount  of  d e f l e c -  
t i o n   ( i f   any)  of  the   p i l l a r   unde r   the  load   which   i t   i s  

to  t a k e   u l t i m a t e l y   w i l l   be  as  s m a l l   as  p o s s i b l e .   I t  
is  a l s o   for   t h i s   r e a s o n ,   t h a t   the   g r o u t   l a y e r   134,  i s  

f i r m l y   tamped  in ,   by  m e c h a n i c a l   or  h y d r a u l i c   rams  i f  

n e c e s s a r y   to  e n s u r e   t h a t   the  load  w i l l   be  t a k e n   w i t h  

minimum  and  p r e f e r a b l y   no  d e f l e c t i o n .  

The  p r e s s e s   130  and  132,  a re   g e n e r a l l y   of  t h e  

same  c o n s t r u c t i o n   e x c e p t i n g   t h a t   the   p r e s s   132  is   made  

to  o p e r a t e   w i t h i n   a  s m a l l e r   c l e a r a n c e   space   1 3 3 .  

The  p r e s s   130  c o m p r i s e s   a  p l a t e n   140  m o v a b l e  

by  means  of  f o r k l i f t - t y p e   t r u c k s   or  m o b i l e   c r a n e s   f r o m  

one  l a y e r   or  zone  r e q u i r i n g   c o n s o l i d a t i o n   to  a n o t h e r .  

On  top  of  the  p l a t e n s ,   t h e r e   a re   p r o v i d e d   h y d r a u l i c   j a c k s  
148  h a v i n g   head   members  150  a d a p t e d   in  o p e r a t i o n   t o  

abu t   a g a i n s t   the  h a n g i n g   w a l l   18,  and  to  p r e s s   the  p l a t e n  
140  f i r m l y   on to   the  l a y e r s   54,  t h e r e b y   c o n s o l i d a t i n g  
t h e m .  

R e f e r r i n g   to  the   m o b i l e   p r e s s   132,  t h e  

c o n s t r u c t i o n   i s   s i m i l a r ,   e x c e p t i n g   t h a t   the   j a c k s   1 4 8 . 1 ,  

on  the  p l a t e n   140  are   s h o r t e r   t han   the  j a c k s   148 

b e c a u s e   t hey   have  to  o p e r a t e   in  a  s m a l l e r   s p a c e ,   n a m e l y  

the  c l e a r a n c e   s p a c e   133.  Thus  the   p r e s s   132  may  b e  

a r r a n g e d   to  o p e r a t e   in  a  space   o f ,   s ay ,   30  to  50  cm.  

More  j a c k s   148  and  148.1   may  be  used   t han   are   shown  i n  

the   d r a w i n g s .   , 



Each  mob i l e   p r e s s   130  and  132  is  c o n v e n i e n t l y  

p r o v i d e d   wi th   i t s   own  h y d r a u l i c   pump  and  r e s e r v o i r  

a r r a n g e m e n t   152  t o g e t h e r   wi th   a p p r o p r i a t e   v a l v e   g e a r ,  
to  s u p p l y   h y d r a u l i c   f l u i d   under   p r e s s u r e ,   to  the  h y d r a u l i c  

j acks   148  and  148 .1 .   This  w i l l   e n a b l e   the  h y d r a u l i c  

j a cks   to  be  p l a c e d   under   l oad ,   so  as  to  c o n s o l i d a t e   t h e  

l a y e r s   54,  as  and  when  r e q u i r e d .  

R e f e r r i n g   to  F i g u r e   19  and  20  of  the  d r a w i n g s ,  
the  r e i n f o r c i n g   m a t e r i a l   32  is  in  the  form  of  a  w i r e  

mesh  which  has  been  s u i t a b l y   p r o t e c t e d   a g a i n s t   c o r r o s i o n  

and  which  has  i t s   s i d e   p a n e l   110  and  end  p a n e l   112  ( s e e  

F i g u r e   28)  s t a n d i n g   u p r i g h t   w h i l e   the  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   is  be ing   c h a r g e d   to  form  the  l a y e r   5 4 .  

Once  the  p a r t i c u l a t e   m a t e r i a l   has  r e a c h e d   a  p r e - d e t e r m i n e d  

d e p t h ,   c o r r e s p o n d i n g   to  the  h e i g h t   of  the  s i de   p a n e l   1 1 0 ,  
t h e n  t h e   end  p a n e l   112  is  f o l d e d   over   onto  the  b a c k f i l l .  

If  d e s i r e d ,   p r i o r   to  c h a r g i n g   wi th   b a c k f i l l ,   p a n e l s   160 

i m p e r v i o u s   to  the  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   may  b e  

p r o v i d e d   on  the  i n s i d e   of  the  s i d e   p a n e l s   110  to  e n s u r e  

t h a t   the  b a c k f i l l   p a r t i c l e s   does  not   pass   t h r o u g h   t h e m .  

To  t h i s   e x t e n t ,   the  p a n e l s   160,  a l so   form  p a r t   of  t h e  

r e i n f o r c i n g   m a t e r i a l   32.  The  p a n e l s   160  may  be  made  up  
of  s m a l l e r   mesh  160.1  (say  a  mesh  a l s o   r e f e r r e d   to  a s  

b i r d   or  c a n a r y   mesh)  and  a  l i n i n g   160.2  of  c l o t h ,   c a r d -  

b o a r d ,   s h e e t   m a t e r i a l   or  p l a s t i c   f i l m   (see  F i g u r e s   29 

and  3 0 ) .  

The  l e n g t h   of  the  end  p a n e l s   112  of  the  r e i n -  

f o r c i n g   m a t e r i a l   32,  w i l l   c o n v e n i e n t l y   be  at   l e a s t   h a l f  

a  me t re   but   may  be  a  me t re   or  more  i f   d e s i r e d ,   so  as  t o  

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

c o n s e c u t i v e   l a y e r s   of  m a t e r i a l   32.  Where  d e s i r e d ,   t h e  

end  p a n e l s   112  may  be  bound  or  o t h e r w i s e   s e c u r e d   to  t h e  

u n d e r s i d e   of  the  next   s u c c e e d i n g   l a y e r   32  b e f o r e   c h a r g i n g  

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



The  p a n e l s   160,  may  be  of  p l a s t i c   s h e e t  

m a t e r i a l ,   t i m b e r   p a n e l s ,   me t a l   s h e e t i n g ,   or  the   l i k e .  
If   d e s i r e d ,   t h e r e   may  be  p r o v i d e d   in  a d d i t i o n ,   l o n g i -  
t u d i n a l   beam  e l e m e n t s   in  the  form  of  rods   162  s e c u r e d  
to  the  p a n e l s  1 1 0 ,   and  a d a p t e d   to  span  the  j o i n t s  
be tween   a d j a c e n t   r e i n f o r c i n g   m a t e r i a l   32.  If   d e s i r e d ,  
s u c c e s s i v e   r e i n f o r c i n g   l a y e r s   32  may  be  a r r a n g e d   to  o v e r -  

lap  in  a  l o n g i t u d i n a l   d i r e c t i o n ,   a long   the  l e n g t h   o f  
the  p i l l a r   2 4 .  

In  o r d e r   to  e x c l u d e   m o i s t u r e   and  w a t e r   b o r n e  

c o r r o s i v e   m a t e r i a l s ,   which  may  c o r r o d e   the  r e i n f o r c i n g  
m a t e r i a l   32,  a  p l a s t i c   s h e e t   of  f i l m   164  (see  F i g u r e  
20)  may  be  d r a p e d   over   the   u p p e r m o s t   l a y e r   b e f o r e   t h e  

g r o u t i n g   l a y e r   134  is  i n t r o d u c e d .   I n s t e a d   or  i n  

a d d i t i o n ,   a  p l a s t i c   f i l m   or  s h e e t   166  may  be  p r o v i d e d  
b e t w e e n   the  h a n g i n g   w a l l   18  and  the  g r o u t   l a y e r   1 3 4 .  

The  r o l l s   166.1  of  p l a s t i c   f i l m   w i l l   t hen   be  t e m p o r a -  
r i l y   s u p p o r t e d   by  t e m p o r a r y   s u p p o r t   p o s t s   168,  w h i c h  

can  be  removed  and  the  f i l m   166  can  t hen   be  a l l o w e d   t o  

f a l l   and  d r a p e   down  over   the  s i d e s   of  the   p i l l a r   2 4 ,  
when  g r o u t   134  has  been  p l a c e d .   If  d e s i r e d   p l a s t i c  
s h e e t   m a t e r i a l   or  o t h e r   s u i t a b l e   m a t e r i a l   may  be  u s e d  

as  a  damp  c o u r s e   b e t w e e n   the  lower   most  l a y e r   of  t h e  

p i l l a r   and  the  f o o t   w a l l   1 6 .  

R e f e r r i n g   to  F i g u r e s   29  and  30  of  t h e  

d r a w i n g s ,   t h e r e   is  shown  r e i n f o r c i n g   m a t e r i a l   in  t h e  

form  of  wi re   mesh.  The  w i r e   may  be  of  r o u n d ,   r e c t a n g u -  
l a r   or  e l l i p t i c a l   c r o s s - s e c t i o n .   D e p e n d i n g   upon  t h e  

load   which   is  to  t a k e n ,   the  c r o s s - s e c t i o n a l   a r ea   of  t h e  

wi re   used   for   the   w i re   mesh,  may  be  e q u i v a l e n t   to  t h e  

a r e a   of  w i re   h a v i n g   a  d i a m e t e r   of  b e t w e e n ,   say ,   2  mm 

and,   s ay ,   6  mm.  The  p i t c h   P1  b e t w e e n   w i r e s   i n , a  

l o n g i t u d i n a l   d i r e c t i o n ,   may  be  b e t w e e n   10  and  30  t i m e s  

the  d i a m e t e r   or  t r a n s v e r s e   d i m e n s i o n   of  the  w i r e .  



The  p i t c h   P2 may  l i e   b e t w e e n   once  and  s ix   t imes   t h e  

p i t c h   P 1  b u t   is  p r e f e r a b l y   of  the  o r d e r   of  fou r   t i m e s  

P 1   R e i n f o r c i n g   m a t e r i a l   32  can  be  made  of  t h i s   m e s h .  

If  d e s i r e d ,   the  r e i n f o r c i n g   means  32  may  b e  

made  up  of  f l a t   m e t a l   s t r i p s ,   e x t e n d i n g   t r a n s v e r s e l y  

a c r o s s   the  w i d t h   of  the  p i l l a r   24,  and  by  w i r e s  

e x t e n d i n g   a l ong   the  l e n g t h   of  the  w a l l .   The  c r o s s -  
s e c t i o n a l   a r e a   of  m e t a l   a d a p t e d   to  t ake   t e n s i l e   l o a d s  

in  a  d i r e c t i o n   t r a n s v e r s e   to  the  w a l l ,   t h a t   is  in  t h e  

d i r e c t i o n   of  arrow  170,  may  c o n v e n i e n t l y   be  t w i c e   t o  

ten  t imes   the  c r o s s - s e c t i o n a l   a r ea   of  m e t a l ,   a d a p t e d  

to  take  t e n s i l e   load  in  the  d i r e c t i o n   of  a r row  1 7 2 .  

A l t e r n a t i v e l y ,   the  w i r e s   t a k i n g   load   in  the  d i r e c t i o n  

of  arrow  170  may  be  of  h igh   t e n s i l e   s t e e l   so  as  to  b e  

ab l e   to  t ake   a  g r e a t e r   l o a d .  

R e f e r r i n g   now  to  F i g u r e   21  of  the  d r a w i n g s ,   t h e  

p i l l a r   24  b u i l t   is  of  s i m i l a r   c o n s t r u c t i o n   to  t h a t  

a l r e a d y   d e s c r i b e d ,   and  l i k e   r e f e r e n c e   n u m e r a l s   r e f e r   t o  

l i k e   p a r t s .   The  d i f f e r e n c e   is  in  the  type   of  m o b i l e  

p r e s s   used .   The  m o b i l e   p r e s s   used  in  the  b u i l d i n g   o f  

the  r u n n i n g   p i l l a r   as  shown  in  t h e s e   d r a w i n g s ,   is  in  t h e  

form  of  a  f o r k l i f t - t y p e   of  v e h i c l e   g e n e r a l l y   i n d i c a t e d  

by  r e f e r e n c e   n u m e r a l   180.  I t   has  w h e e l s   or  t r a c k s   1 8 4 ,  

a  p a i r   of  s p a c e d   p o s t s   186,  a  p l a t e n   140.  The  p l a t e n  
140  c a r r i e s   a  number  of  j a cks   148  (or  148.1  where   t h e  

j a c k s   are  to  o p e r a t e   in  s p a c e s   w i th   l i t t l e   c l e a r a n c e ) .  

The  use  of  f o r k l i f t - t y p e   of  v e h i c l e s   180  m a k e s  

i t   p o s s i b l e   fo r   the  v e h i c l e   to  move  a r o u n d ,   and  fo r   t h e  

w id th   of  the  p i l l a r ,   to  be  v a r i e d   by  making  the  p l a t e n s  

140  l a t e r a l y   movab le   r e l a t i v e   to  the  p i l l a r   24.  F o r  

s t r e n g t h   and  l i g h t n e s s   the  p l a t e n s   140,  the  j a c k s   1 4 8 ,  

and  148 .1 ,   and  i n d e e d   many  a r t i c l e s   used   in  c a r r y i n g  

out   the  method  may  be  made  of  manganese   a l u m i n i u m   a l l o y ,  
for   e x a m p l e .   D u r a l u m i n .  



If  d e s i r e d ,   i n s t e a d   o f  l a y i n g   b a c k f i l l   a n d  

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

( g a b i o n s )   can  be  l a i d   in  c o u r s e s   b r i c k - f a s h i o n   to  f o r m  
the  p i l l a r .   The  c o u r s e s   l a i d   c o r r e s p o n d   to  t h e  

l a y e r s   54.  T h e r e a f t e r   the  c o u r s e s   of  u n i t s   may  b e  

c o n s o l i d a t e d   under   p r e s s u r e   as  d e s c r i b e d   w i th   r e f e r e n c e  

to  F i g u r e s   17  to  21  of  the   d r a w i n g s .   The  u n i t s  

( g a b i o n s )   may  be  p r e c o m p r e s s e d   b e f o r e   l a y i n g .  

R e f e r r i n g   now  to  F i g u r e s   22  to  25,  t h e r e   i s  

shown  a  p i l l a r   24  for   use  in  m in ing   a  t h i c k   s t e a m ,   s a y ,  
in  e x c e s s   of  t h r e e   m e t r e s .   A  p l u r a l i t y   of  p i l l a r s  
e x t e n d   back  from  the  work  f a c e   12,  c o n t i n u o u s l y   f r o m  

t h e i r   f r o n t   ends  near   the  work  f a c e   fo r   a  l e n g t h   e q u a l  
to  at   l e a s t   t w i c e   t h e i r   w i d t h s   W. 

Where  the  h e i g h t   b e t w e e n   the  f o o t   w a l l   16  a n d  

the  h a n g i n g   w a l l   18  is  not   e x c e s s i v e ,   say ,   up  to  a  
maximum  of  t h r e e   m e t r e s ,   then   the   p i l l a r   p r e v i o u s l y  
d e s c r i b e d   may  be  u sed ,   c o m p r i s i n g   a  p l u r a l i t y   of  l a y e r s  
54  of  p a r t i c u l a t e   m a t e r i a l   r e i n f o r c e d   w i t h   r e i n f o r c i n g  
m a t e r i a l   32.  Such  r e i n f o r c i n g   m a t e r i a l   may  be  in  t h e  

form  of  w i r e   mesh,  s t e e l   s t r i p s ,   s t e e l   p l a t e ,   f i b r e g l a s s  

m o u l d i n g s ,   p r e - s t r e s s e d   c o n c r e t e   s l a b s ,   or  the  l i k e .  

The  amount  of  r e i n f o r c i n g   which   is  i n s e r t e d   w i l l   d e p e n d  

upon  the  u l t i m a t e   load   which  the  p i l l a r   is  e x p e c t e d  

or  d e s i g n e d   to  t a k e .   This   w i l l   depend   upon  the  d e p t h   D 

at  which  m i n i n g   is  t a k i n g   p l a c e   below  the  s u r f a c e   2 3 5 ,  

and  upon  the  d e n s i t y   of  the   r o c k .   As  p r e v i o u s l y  

m e n t i o n e d ,   at  100  m e t r e s   d e p t h   the  l o a d i n g   cou ld   b e  

of  the  o r d e r   of  200-300   tons   per   s q u a r e   m e t r e .   A t  

200  m e t r e s   d e p t h   the  l o a d i n g   c o u l d   be  400-600   t o n s  

per   s q u a r e   m e t r e ,   and  at   300  m e t r e s   i t   cou ld   be,   s a y ,  
700-800   tons   per   s q u a r e   m e t r e .   (1  Ton  per   s q u a r e  
me t r e   =  l O k P a ) .  



If  the  load   on  the  p i l l a r   is  i n c r e a s e d ,   t h e n  

i t   w i l l   u l t i m a t e l y   f a i l   in  d i a g o n a l   t e n s i o n   a l o n g  

p l a n e s   242  and  244  (see  F i g u r e s   24  and  25) .   The  p i l l a r  

b e  s t r e n g t h e n e d   a g a i n s t   such  f a i l u r e   by  means  of  b e a m s  
236  and  238,  e x t e n d i n g   l o n g i t u d i n a l l y   a long   the  s i d e s  

of  the  p i l l a r   24,  and  at  abou t   the  m i d d l e ,   more  or  l e s s  

in  l i n e   w i th   the  i n t e r s e c t i o n   of  the  p l a n e s   242  a n d  

244.  These  beams  236  are  then   t i e d   a c r o s s   to  each  o t h e r  

by  means  of  t r a n s v e r s e   t e n s i l e   e l e m e n t s   240  p a s s i n g  

t h r o u g h   the  p i l l a r   and  which  may  be  in  the  form  of  b o l t s  

or  s t e e l   w i re   r o p e s .   The  b o l t s   or  s t e e l   w i re   r o p e s   may 
be  s h e a t h e d   in  a  s t e e l   or  p l a s t i c   tube   or  p l a s t i c   f i l m  

s h e a t h   for   p r o t e c t i o n   a g a i n s t   c o r r o s i o n   and  fo r   e a s y  
w i t h d r a w a l .   The  beams  236  and  238  may  be  in  the  f o r m  

of  c o l d - r o l l e d   m e t a l   p l a t e   to  p r o v i d e   a  s t i f f   s e c t i o n   f o r  

a  bean  The  l o n g i t u d i n a l   s p a c i n g   b e t w e e n   the  t e n s i l e  

e l e m e n t s   240  may  vary   from  one  me t re   to  two  o r  
t h r e e   m e t r e s ,   d e p e n d i n g   upon  the  s t r e n g t h   r e q u i r e d   a n d  

upon  the  load   which  is  to  be  t a k e n .   The  s p a c i n g   w i l l  

a l s o   depend  upon  the  s t r e n g t h   of  the  beams  236  and  2 3 8 .  

The  s p a c i n g   b e t w e e n   e l e m e n t s   240  w i l l   g e n e r a l l y   not  b e  

g r e a t e r   than   the  w i d t h   or  t h i c k n e s s   of  the  p i l l a r .  

R e f e r r i n g   to  F i g u r e   24  of  the  d r a w i n g s ,   t h e  

a r r a n g e m e n t   t h e r e   is  s i m i l a r   to  t h a t   shown  for   F i g u r e  

25,  e x c e p t   t h a t   a  s t r o n g   r e i n f o r c i n g   l a y e r   342  i s  

p r o v i d e d ,   which  is  of  a d e q u a t e   s t r e n g t h   to  t u r n   t h e  

high  p i l l a r   24  h a v i n g   a  h e i g h t   H1  i n t o   two  s h o r t e r   a n d  

s t i f f e r   s u p e r i m p o s e d   s q u a t   p i l l a r s   h a v i n g   h e i g h t s   H2, 
and  have  the  e f f e c t   t h a t   the  p o i n t s   of  i n t e r s e c t i o n   o f  

the  p l a n e s   242.1   and  244.1   in  F i g u r e   24  are  more  w i d e l y  

spaced   than   the  p o i n t s   of  i n t e r s e c t i o n   of  the  p l a n e s  

242  and  244  in  F i g u r e   2 5 .  



In  p r a c t i c e ,   the  h e i g h t   Hl  w i l l   depend  u p o n  
the  t h i c k n e s s   of  the  seam  of  coa l   which  is  b e i n g   m i n e d .  
This   may  vary   from  2-3  m e t r e s   to  5-10  m e t r e s .   H o w e v e r ,  
when  the  h e i g h t   H1  is  ve ry   l a r g e   t h e n ,   d e p e n d i n g   u p o n  
the  l o a d s   which  are   to  be  t a k e n ,   the  h e i g h t s   H2 of   t h e  

s q u a t   p i l l a r s   w i l l   be  r e d u c e d   to  a  v a l u e   p r e f e r a b l y   n o t  

e x c e e d i n g   the  minimum  c r o s s - s e c t i o n a l   d i m e n s i o n   of  t h e  

p i l l a r ,   i . e .   the  w i d t h   or  t h i c k n e s s   of  the   p i l l a r .  

When  the  seam  of  c o a l   which  is  b e i n g   mined  i s  

s h a l l o w ,   t h e r e   may  be  some  r e l a x a t i o n   w i t h   r e g a r d   to  t h e  

h e i g h t   of  the  p i l l a r   r e l a t i v e   to  i t s   w i d t h .   H o w e v e r ,  
when  seams  deep  down  are   b e i n g   mined ,   and  where   loads   o f  

the  o r d e r   of  1000  tons   per   s q u a r e   me t re   are  c o n t e m p l a t e d ,  
then   the  o v e r a l l   h e i g h t   H2  of  a  s q u a t   p i l l a r ,   as  shown  

in  the  lower   h a l f   of  the   p i l l a r   shown  in  F i g u r e   24,  w i l l  

be  much  l e s s   than   the  t a l l   p i l l a r   of  F i g u r e   25,  shown  

for   an  a p p l i c a t i o n   where  the  c o n t e m p l a t e d   l o a d i n g   i s  

much  l e s s .  

The  v a r i o u s   l a y e r s   of  p a r t i c u l a t e   m a t e r i a l   5 4 ,  

t o g e t h e r   w i t h   t h e i r   r e i n f o r c i n g   mesh  l a y e r s   32,  and  t h e  

r e i n f o r c e d   cap  or  f o o t   p l a t e   342,  are  c o n s o l i d a t e d   by  

v i b r a t i o n ,   c o m p a c t i o n ,   or  the  l i k e ,   and  u l t i m a t e l y   b y  

b e i n g   c o m p r e s s e d   by  means  of  j a c k s   148  and  1 4 8 . 1 ,  

p r e s s i n g   d i r e c t l y   a g a i n s t   the   h a n g i n g   w a l l   18,  as  shown 

by  j a c k s   1 4 8 . 1 ,   or  i n d i r e c t l y   v i a   a  s p a c e r   254,  a s  
shown  by  j a c k s   148  (see  F i g u r e   2 2 ) .  

When  the  seam  b e i n g   mined  is  ve ry   t h i c k ,   t h e n  

the  w o r k i n g   f a c e   12  may  be  worked  in  s t e p s   1 2 . 1 ,   1 2 . 2 ,  

and  1 2 . 3 .  

The  s p a c i n g   b e t w e e n   l a y e r s   of  r e i n f o r c i n g  

mesh  32  is  g i v e n   by  H3.  Here  a g a i n ,   the  s t r e n g t h   o f  

the  mesh  w i l l   be  d e t e r m i n e d   by  the  h o r i z o n t a l   c o m p o n e n t  



of  the  v e r t i c a l   l o a d i n g   which  the  mesh  is  e x p e c t e d   t o  

take   when  the  p i l l a r   is  s u b j e c t e d - t o   i t s   v e r t i c a l   l o a d .  

The  s t r e n g t h   of  the  mesh  w i l l   be  chosen   w i t h   a  s u i t a b l e  
f a c t o r   of  s a f e t y   be ing   t a k e n   i n t o   a c c o u n t ,   say ,   1 , 6 .  

R e f e r r i n g   now  to  F i g u r e   26  of  the  d r a w i n g s ,  
r e f e r e n c e   n u m e r a l   260  i n d i c a t e s   a  S t r e s s - S t r a i n   or  L o a d -  
D e f o r m a t i o n   cu rve   which  the  l a y e r s   of  p a r t i c u l a t e  
m a t e r i a l   54,  w i th   r e i n f o r c i n g   m a t e r i a l   32,  are  e x p e c t e d  
to  t ake   as  they  are  l o a d e d .   The  p i l l a r   is  d e s i g n e d   t o  

t ake   an  u l t i m a t e   s t r e s s   i n d i c a t e d   by  p o i n t   A  which  i s  

a p p r e c i a b l y   h i g h e r   than   the  s t r e s s   i n d i c a t e d   by  p o i n t  
B  and  which  r e p r e s e n t s   the  s t r e s s   or  load   which  i t   i s  

e x p e c t e d   (from  the  d e p t h   of  w o r k i n g   below  s u r f a c e )   t h a t  

the  p i l l a r   w i l l   u l t i m a t e l y   have  to  t a k e .   In  p r a c t i c e ,  
t h e  v a r i o u s   l a y e r s   54  and  r e i n f o r c i n g   m a t e r i a l   32  w i l l  

be  s t r e s s e d   by  p r e - l o a d i n g   by  a b u t m e n t   a g a i n s t   t h e  

h a n g i n g   w a l l   18,  to  an  e x t e n t   i n d i c a t e d   by  p o i n t   C.  

T h e r e a f t e r   the  upper   l a y e r   134  in  the  form  of  g r o u t   i s  

tamped  or  rammed  in  under   p r e s s u r e   in  an  e n d e a v o u r   t o  

take   the  s t r e s s   of  the  g r o u t   a l s o ,   up  to  a  v a l u e   i n d i c a -  

ted  by  p o i n t   C.  Al l   the  l a y e r s   w i l l   then   have  b e e n  

p r e - c o m p r e s s e d ,   and  upon  the  load  b e i n g   t a k e n   s u b s e -  

q u e n t l y ,   the  i n i t i a l   s t r a i n   D  w i l l   a l r e a d y   have  b e e n  

t a k e n   up  and  the  minor   amount  of  s t r a i n   E  is  a l l   t h a t  

w i l l   t ake   p l a c e   in  the  p i l l a r .   The  s p a c i n g   b e t w e e n  

p o i n t s   C  and  B  has  been  e x a g g e r a t e d   in  the  d i a g r a m ,  

for   c l a r i t y .  

I t   i s ,   of  c o u r s e ,   p o s s i b l e   fo r   the  p r e -  
l o a d i n g ,   to  t a k e   p l a c e   to  the  same  v a l u e   as  the  s t r e s s  

B,  or  even  s l i g h t l y   beyond  i t ,   say ,   to  a  p o i n t   C l .  

This  w i l l   t hen   e n s u r e   t h a t   the  p a r t i c u l a t e   m a t e r i a l  

in  the  p i l l a r   has  been  f u l l y   c o n s o l i d a t e d   by  b e i n g  

p r e - l o a d e d   so  as  to  e n s u r e   t h a t   the  load  from  t h e  

h a n g i n g   wa l l   w i l l   be  t a k e n   wi th   minimum  or  no  d e f l e c t i o n  



or  d e f o r m a t i o n   of  the  p i l l a r .   The  d e g r e e   of  d e f l e c t i o n  

or  d e f o r m a t i o n   of  the  p i l l a r   under   p r e - l o a d i n g   or  p r e -  
c o m p r e s s i o n   is  e x p e c t e d   to  be  a b o u t   1 / 8 t h   or  1 / 1 6 t h  
of  the  o r i g i n a l   h e i g h t   of  the   p i l l a r .  

R e f e r r i n g   to  F i g u r e   27  of  the   d r a w i n g s ,   a  
f u r t h e r   p o s s i b i l i t y   s u g g e s t s   i t s e l f   of  p r e v e n t i n g  
b u r s t i n g   of  a d j a c e n t   p i l l a r s .   The  a r r a n g e m e n t   s h o w n  

in  F i g u r e   27  is  b e l i e v e d   to  be  p a r t i c u l a r l y   u s e f u l   i n  

very   t h i c k   seams  which  are  b e i n g   mined ,   s ay ,   f r o m  

a b o u t   6  m e t r e s   u p w a r d s .   If   the  d e s c e n t   of  the   h a n g i n g  
w a l l   18  is  a c c u r a t e l y   p r e d e t e r m i n a b l e ,   i . e .   i t   i s  

known  a l m o s t   e x a c t l y   how  f a r   i t   w i l l   d e s c e n d   to  t h e  

f i n a l   s e t t l e d   p o s i t i o n ,   t h e n ,   by  making   use  of  t h e  

t o g g l e   mechan i sm  270,  the   d e s c e n t   of  the  roo f   18  can  b e  
t r a n s m i t t e d   to  the   p o s t   272  which   w i l l   t hen   urge   t h e  

l a t e r a l l y   e x t e n d i n g   p o s t s   274  to  abu t   a g a i n s t   b e a m s  

276  to  p r e v e n t   o u t w a r d   b u l g i n g   of  the  p i l l a r s   2 4 .  

R e f e r r i n g   to  F i g u r e   31  of  the  d r a w i n g s ,   t h e r e  

is  shown  a  w i r e   mesh  m a t e r i a l   of  e l l i p t i c a l   s e c t i o n ,  
but   wh ich ,   b e t w e e n   a d j a c e n t   w i r e s ,   a re   t w i s t e d   t o  

p r e s e n t   the  maximum  w i d t h  a s   a  g r e a t e r   d e p t h .   I t   i s  

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

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

the  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 .  

R e f e r r i n g   to  F i g u r e s   32  to  34  of  the   d r a w i n g s ,  
r e f e r e n c e   n u m e r a l   10  r e f e r s   g e n e r a l l y   to  a  w o r k i n g   p l a c e  
in  a  c o a l   mine  u n d e r g r o u n d ,   h a v i n g   a  work  f a c e   12  b e t w e e n  

f o o t w a l l   16  and  h a n g i n g   w a l l   18.  The  f a c e   12  a d v a n c e s   i n  

the  d i r e c t i o n   of  a r row  14  as  coa l   is  mined  ou t .   In  t h e  

c o n v e n t i o n a l   bord   and  p i l l a r   p r a c t i c e   known  to  t h e  

a p p l i c a n t ,   in  s i t u   coa l   p i l l a r s   17  of  unmined  c o a l   w i l l  



be  l e f t   to  p r o v i d e   s u p p o r t   to  the  h a n g i n g   w a l l   1 8 .  

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

i n v e n t i o n ,   a r t i f i c i a l   p i l l a r s   120  are  p r o v i d e d   i n s t e a d  
of  some  or  a l l   of  the  in  s i t u   coa l   p i l l a r s   17 .  

An  a r t i f i c i a l   p i l l a r   c o m p r i s e s   r e t a i n i n g   w a l l s  
126  made  up  of  i n t e r e n g a g i n g   p a n e l s   122,  which  a r e  
c o n n e c t e d   to  o p p o s i n g   c l a d d i n g   e l e m e n t s   v ia   t i e   m e m b e r s  
124  spaced   t r a n s v e r s e l y   and  v e r t i c a l l y   r e l a t i v e   t o  
each  o t h e r ,   and  d i s p o s e d   t r a n s v e r s e l y   to  each  o t h e r .  
The  p a n e l s   122  r e t a i n   the  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  

p l a c e d   in  the  c o n f i n e d   space   25  d e f i n e d   by  the  p a n e l s  
122.  The  t i e   members  124  are  embedded  w i t h i n   the  p a r -  
t i c u l a t e   m a t e r i a l   c o n t a i n e d   in  the  space   25  and  a r e  
s e c u r e d   to  o p p o s i t e l y   d i s p o s e d   p a n e l s   to  p r e v e n t   o u t -  
ward  d i s p l a c e m e n t   of  the  p a n e l s   122.  R e i n f o r c i n g  
m a t e r i a l   32  at  d i f f e r e n t   e l e v a t i o n s   is  embedded  w i t h i n  
the  b a c k f i l l   m a t e r i a l .  

In  use ,   the  p a n e l s   122  are  e r e c t e d   b e t w e e n  

h a n g i n g   w a l l s   and  f o o t   w a l l ,   as  shown  in  the  d r a w i n g s .  
T h e r e u p o n ,   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   is  c h a r g e d   i n  

l a y e r s   i n t o   the  space   25  b e h i n d   the  p a n e l s   and  c o n s o l i -  
d a t e d .   The  t i e   member  124  and  r e i n f o r c i n g   m a t e r i a l   32 

are  l o c a t e d   in  p o s i t i o n .   The  b a c k f i l l   may  be  p l a c e d  
h y d r a u l i c a l l y .   The  m a t e r i a l   i m m e d i a t e l y   under   t h e  

h a n g i n g   w a l l   may  be  p l a c e d   under   p r e s s u r e   to  e n s u r e   t h a t  
the  load   of  the   h a n g i n g   w a l l   is  a c c e p t e d .   Thus  i t   may 
be  s e t t a b l e   c e m e n t i t i o u s   m a t e r i a l   such  as  g r o u t   w h i c h  

is  tamped  or  rammed  in  under   p r e s s u r e ,   or  i t   may  b e  
f l u i d   for   p l a c i n g   h y d r a u l i c a l l y .  

The  r e t a i n i n g   w a l l s   need  not  be  in  the  f o r m  
of  p a n e l s   122  t i e d   t o g e t h e r   by  t i e   members  1 2 4 ,  ' b u t  

may  be  l o c a t e d   in  p o s i t i o n   by  o t h e r   m e a n s .  



The  i n v e n t i o n   a c c o r d i n g l y   e x t e n d s   a l s o   to  a  
method  of  m i n i n g   coa l   in  coa l   m i n e s ,   which   i n c l u d e s   t h e  

s t e p   of  h a v i n g   the  work  f ace   more  a d v a n c e d   in  some 
p l a c e s   t han   in  o t h e r s ,   t h e r e   b e i n g   p r o v i d e d   p i l l a r s  
e x t e n d i n g   b a c k w a r d l y   from  a  work  space   i m m e d i a t e l y  
b e h i n d   the  work  f a c e ,   the  l e a d i n g   ends  of  the  p i l l a r s  
b e i n g   a l i g n e d   w i t h   t h o s e   p a r t s   of  the   work  f ace   w h i c h  

are  more  a d v a n c e d   t han   the  o t h e r   p a r t s   of  the   work  f a c e .  

I t   w i l l   be  r e a l i s e d   t h a t   the  l e n g t h   o f  

v a r i o u s   p i l l a r s   may  va ry   d e p e n d i n g   upon  w o r k i n g  
c o n d i t i o n s ,   a c c e s s   to  w o r k i n g s   for   men,  and  m o v e m e n t  
of  m a t e r i a l s .   The  l e n g t h   of  a  p i l l a r   in  a  p a r t i c u l a r  
l o c a t i o n   may  a c c o r d i n g l y   be  as  s m a l l   as  t w i c e   i t s  

w i d t h .   In  a n o t h e r ,   more  r e m o t e ,   l o c a t i o n   i t   may 
e x t e n d   c o n t i n u o u s l y .   Where  p o s s i b l e ,   c o n t i n u o u s  

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

not   h a y i n g   to  make  o f f   ends  in  a  manner   s i m i l a r   to  t h e  

s i d e s .  

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

p a r t i c u l a t e   b a c k f i l l ,   may  i n c l u d e   the  use  of  c e m e n t i n g  
m a t e r i a l s   or  s y n t h e t i c   c h e m i c a l   m a t e r i a l s   to  p r o m o t e  
c o h e s i o n   in  the  b a c k f i l l .  

When  formwork   or  t e m p o r a r y   s t r u c t u r e s   a r e  
used  w h i l e   b a c k f i l l i n g   and  c o n s o l i d a t i o n   of  the  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   is  in  p r o g r e s s ,   t hen   s u c h  

formwork  and  s t r u c t u r e s   w i l l   be  c a p a b l e ,   where  n e c e s s a r y ,  
of  r e s i s t i n g   a l l   the   p r e s s u r e s   r e s u l t i n g   from  t h e  

c o n s t r u c t i o n   of  the   p i l l a r .  

The  s l i g h t   camber  which  the  p l a t e n   1 4 0 , m a y  

have  (see  F i g u r e   191,  w i l l   a s s i s t   in  p r o v i d i n g   g o o d  

a c c e s s   fo r   e f f e c t i v e   g r o u t i n g .   The  g r o u t   l a y e r   134  i s  



i n t e n d e d   to  have  the  same  w i d t h   as  the  p i l l a r   and  may 
be  c o n s t r a i n e d   b e t w e e n   r e m o v a b l e   f o r m s ,   w h i l e   s e t t i n g .  
Such  r e m o v a b l e   forms  w i l l   e x e r t   p r e s s u r e   on  the  g r o u t  
and  w i l l   p r e v e n t   g r o u t   b r e a k i n g   o u t .  

The  w i d t h   of  the  p i l l a r ,   w h i l e   d e p e n d i n g  

upon  the  t h i c k n e s s   of  the  coa l   seam,  the  dep th   b e l o w  

the  s u r f a c e ,   and  the  c o n d i t i o n   of  the  h a n g i n g   w a l l ,  
w i l l   a l s o   depend  upon  the  a v a i l a b i l i t y ,   q u a l i t y ,   a n d  

n a t u r e   of  the  b a c k f i l l .   The  use  of  b u r n t   ash  a n d  

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

t i o u s   b i n d i n g   m a t e r i a l   in  the  b a c k f i l l ,   w i l l   a l s o  

m i t i g a t e   a g a i n s t   c o r r o s i v e   a t t a c k   of  r e i n f o r c i n g  
m a t e r i a l   in  the  p i l l a r   s t r u c t u r e .   I t   w i l l   a l s o   p r o v i d e  

s a v i n g s   in  the  c o s t   of  the  b a c k f i l l .  

The  v e r t i c a l   s p a c i n g   be tween   s u c c e s s i v e  

r e i n f o r c i n g   l a y e r s   32,  w i l l   be  the  s u b j e c t   of  d e s i g n  

by  c o n s i d e r i n g   the  load  which  the  p i l l a r   is  e x p e c t e d  

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

r e i n f o r c i n g   l a y e r s   32,  and  the  economic   ga in   w h i c h  

is  to  be  a c h i e v e d   by  making  use  of  the  p i l l a r   i n  

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

in  s i t u   for   s u p p o r t .   The  v e r t i c a l   s p a c i n g   b e t w e e n  

s u c c e s s i v e   l a y e r s   of  l a t e r a l   c o n s t r a i n t   means  w i l l   v a r y  
d e p e n d i n g   upon  i t s   p o s i t i o n   in  the  p i l l a r .  

The  p i l l a r s   w i l l   be  d e s i g n e d   to  t ake   l o a d s  

which  w i l l   be  l e s s   than   t h o s e   which  w i l l   c ause   them  t o  

c o l l a p s e   or  f a i l   due  to  d i a g o n a l   s t r e s s .   In  o t h e r  

words ,   the  maximum  r e s i s t a n c e   of  the  p i l l a r   t o  

d i a g o n a l   t e n s i l e   s t r e s s   w i l l   be  above  t h a t   imposed   by  

the  load  which  the  p i l l a r   c a r r i e s .   , 



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

d e g r e e   of  d e f l e c t i o n   of  the   p i l l a r   under   l oad   to  a  
minimum  when  the  p i l l a r   r e c e i v e s   i t s   f u l l   l o a d i n g   o f  

the  r o o f .   Such  minimum  d e f l e c t i o n   a l s o   r e d u c e s   t o  

a  minimum  the  s u b s i d e n c e   of  s t r a t a   and  o t h e r   m o v e m e n t .  

I t   is  b e l i e v e d   t h a t   even  i f   the   l o a d i n g   o n  
the  p i l l a r   i n c r e a s e s   so  t h a t   i t   f a i l s   unde r   d i a g o n a l  

t e n s i o n   a long   the  p l a n e s   242  and  244,  t hen   the   p i l l a r  
w i l l   y i e l d   g r a d u a l l y   and  w i l l   not   f a i l   by  s h a t t e r i n g  

as  when  b r i t t l e   m a t e r i a l   s h a t t e r s   unde r   e x c e s s i v e  

c o m p r e s s i v e   l o a d s .  

This  method  of  s u p p o r t i n g   a  h a n g i n g   w a l l  

a c c o r d i n g   to  the   i n v e n t i o n ,   may  be  used   a d v a n t a g e o u s l y  

by  b u i l d i n g   p i l l a r s   or  c o n t i n u o u s   p i l l a r s   a c c o r d i n g   t o  

the  i n v e n t i o n   b e t w e e n   in  s i t u   p i l l a r s   l e f t   for   s u p p o r t  
in  m i n e d - o u t   a r e a s .   This   makes  p o s s i b l e   the  r e c o v e r y  
of  coa l   from  such  in  s i t u   p i l l a r s   w i t h o u t   i n c r e a s i n g  
the  d a n g e r   of  the   h a n g i n g   w a l l   coming  down.  The  v a l u e  

of  the  coa l   to  be  e x t r a c t e d   w i l l ,   of  c o u r s e ,   have  t o  

be  b a l a n c e d   a g a i n s t   the   c o s t   of  making  such  p i l l a r s ,  
to  e n s u r e   t h a t   i t   w i l l   be  e c o n o m i c a l l y   p o s s i b l e   t o  

e x t r a c t   such  c o a l .  

The  p a r t i c u l a t e   m a t e r i a l   used   as  a  b a c k f i l l  
in  c a r r y i n g   out   t h i s   i n v e n t i o n   s h o u l d   p r e f e r a b l y   b e  

s t r o n g   and  have  h igh   i n t e r - p a r t i c u l a t e   f r i c t i o n .  



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

h a n g i n g   w a l l   which  i n c l u d e s  

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

h a n g i n g   w a l l   (18)  and  the  f o o t   wa l l   ( 1 6 ) ,  

c h a r a c t e r i s e d   t h e r e b y   t h a t  

the  p i l l a r s   (24)  have  lower  p o r t i o n s   ( 2 4 . 1 , 2 4 . 2 )  

i n c o r p o r a t i n g   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   which  h a s  

been  c o n s o l i d a t e d   so  t h a t   i t   has ,   at  the   most ,   o n e -  

q u a r t e r   v o i d s   by  v o l u m e .  

2.  A  method  as  c l a i m e d   in  Claim  1,  c h a r a c -  

t e r i s e d   t h e r e b y   t h a t   the  lower   p o r t i o n   ( 2 4 . 1 , 2 4 . 2 )   of  a  

p i l l a r   (24)  has ,   at  the  mos t ,   o n e - f i f t h   v o i d s   by  
v o l u m e .  

3.  A  method  as  c l a i m e d   in  Claim  1  or  Claim  2 ,  

c h a r a c t e r i s e d   t h e r e b y   t h a t   the   b a c k f i l l   m a t e r i a l   i s  

f i n e   such  t h a t   abou t   h a l f   by  mass  would  pass   a  s i e v e  

of  0 ,85  mm,  and  such  t h a t   only  a b o u t   1%  by  mass  w o u l d  

be  r e t a i n e d   on  a  s i e v e   s i z e   of  6,75  mm. 

4.  A  method  as  c l a i m e d   in  Claim  1,  Claim  2  o r  
Claim  3,  c h a r a c t e r i s e d   t h e r e b y   t h a t   the  lower   p o r t i o n  

( 2 4 . 1 , 2 4 . 2 )   of  a  p i l l a r   (24)  is  p r o v i d e d   by  the  e r e c t i o n  

of  r e t a i n i n g   w a l l s   (26) ,   the  h y d r a u l i c   p l a c e m e n t   of  t h e  

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   in  a  h y d r a u l i c   c a r r i e r  

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

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   t a k i n g   p l a c e   by  s e t t l e m e n t  

of  the  p a r t i c u l a t e   m a t e r i a l   under   g r a v i t y   in  t h e  

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

h y d r a u l i c   c a r r i e r   to  d r a i n   a w a y .  



5.  A  method  as  c l a i m e d   in  a n y  o n e   of  Cla ims  1 

to  3  i n c l u s i v e ,   c h a r a c t e r i s e d   t h e r e b y   t h a t   the  l o w e r  

p o r t i o n   ( 2 4 . 1 , 2 4 . 2 }   of  a  p i l l a r   (24)  is  p r o v i d e d   by  t h e  
e r e c t i o n   of  r e t a i n i n g   w a l l s   (26) ,   the  p n e u m a t i c  

p l a c e m e n t   of  the   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   b e h i n d  

the  r e t a i n i n g   w a l l s ,   the   c o n s o l i d a t i o n   of  the   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   t a k i n g   p l a c e   by  the   d i s c h a r g e  
of  the  m a t e r i a l   at   speed   unde r   p n e u m a t i c   p r e s s u r e .  

6.  A  method   as  c l a i m e d   in  a n y  o n e   of  Cla ims  1 

to  5  i n c l u s i v e ,   c h a r a c t e r i s e d   t h e r e b y   t h a t   the   c o n -  
s o l i d a t i o n   of  the  b a c k f i l l   m a t e r i a l   in  the   l o w e r  

p o r t i o n   ( 2 4 . 1 , 2 4 . 2 )   of  a  p i l l a r   (24)  t a k e s   p l a c e   by  t h e  

a p p l i c a t i o n   of  m e c h a n i c a l   f o r c e   to  the  b a c k f i l l  

m a t e r i a l .  

7.  A  method  as  c l a i m e d   in  a n y  o n e   of  the   p r e -  
c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   t h e r e b y   t h a t   c o n s o l i d a t i o n  

of  the  b a c k f i l l   in  the  lower   p o r t i o n   ( 2 4 . 1 , 2 4 . 2 )   of  a  

p i l l a r   (24)  i n c l u d e s   e x e r t i n g   p r e s s u r e   on  the   l o w e r  

p o r t i o n   in  a  c l e a r a n c e   s p a c e   (133)  b e t w e e n   such  l o w e r  

p o r t i o n   ( 2 4 . 1 , 2 4 . 2 )   and  the  h a n g i n g   w a l l   (18) ,   t h e  

p r e s s u r e   b e i n g   e x e r t e d   by  a b u t m e n t   a g a i n s t   the   h a n g i n g  
w a l l   (18) ,   and  t h e r e b y   t h a t   the   c l e a r a n c e   s p a c e   (133)  i s  

t h e n   f i l l e d   u n d e r   p r e s s u r e   w i th   l o a d - t a k i n g   f i l l   ( 134 )  

which  t h e r e b y   e x e r t s   a  downward  p r e s s u r e   on  t h i s   l o w e r  

p o r t i o n   ( 2 4 . 1 , 2 4 . 2 )   by  a b u t t i n g   a g a i n s t   the  h a n g i n g   w a l l .  

8.  A  method   as  c l a i m e d   in  Claim  7,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   the   p r e s s u r e   e x e r t e d   on  a  l ower   p o r t i o n  

( 2 4 . 1 , 2 4 . 2 )   b e f o r e   f i l l i n g   of  the  c l e a r a n c e   space   ( 1 3 3 ) ,  

is  at  l e a s t   9 / l O t h s   of  the   l oad   which   the  p i l l a r   (24)  i s  

e x p e c t e d   to  t a k e .  



9.  A  method  as  c l a i m e d   in  Claim  8,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   the  p r e s s u r e   e x e r t e d   on  a  lower   p o r t i o n  
( 2 4 . 1 , 2 4 . 2 )   b e f o r e   f i l l i n g   of  the  c l e a r a n c e   space   (133)  
t a k e s   p l a c e ,   is  in  e x c e s s   of  the  load  which  the  p i l l a r  
(24)  is  e x p e c t e d   to  t a k e .  

10.  A  method  as  c l a i m e d   in  a n y  o n e   of  the  p r e -  
c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   t h e r e b y   t h a t   the  l o w e r  

p o r t i o n   ( 2 4 . 1 , 2 4 . 2 )   of  a  p i l l a r   (24)  is  b u i l t   up  i n  

l a y e r s   (54)  of  b a c k f i l l   wi th   l a y e r s   (32)  of  r e i n f o r c i n g  
m a t e r i a l   at  d i f f e r e n t   e l e v a t i o n s   b e t w e e n   l a y e r s   o f  

b a c k f i l l   in  the  lower   p o r t i o n   ( 2 4 . 1 , 2 4 . 2 ) .  

11.  A  method  as  c l a i m e d   in  Claim  10,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   the  v e r t i c a l   s p a c i n g   b e t w e e n   l a y e r s   (32) 

of  r e i n f o r c i n g   m a t e r i a l   is  at  the  most  e q u a l   to  o n e - t h i r d  

the  minimum  c r o s s - s e c t i o n a l   d i m e n s i o n   W  of  the  p i l l a r .  

12.  A  method  as  c l a i m e d   in  Claim  10  or  Claim  1 1 ,  

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

r e t a i n i n g   w a l l s   (26)  on  o p p o s i t e   s i d e s   of  a  p i l l a r   (24)  

and  in  which  the  r e i n f o r c i n g   m a t e r i a l   (32)  e n g a g e s ,  
w i th   the  r e t a i n i n g   w a l l s   (26)  to  c o n s t r a i n   them  a g a i n s t  
ou tward   b u l g i n g .  

13.  A  method  as  c l a i m e d   in  anyone  of  the  C l a i m s  

10  to  12  i n c l u s i v e ,   c h a r a t e r i s e d   t h e r e b y   t h a t   c o n s o l i -  

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

p l a c e   on  one  or  more  l a y e r s   of  b a c k f i l l   at  a  t i m e .  

14.  A  method  as  c l a i m e d   in  a n y  o n e   of  the  C l a i m s  

10  to  13  i n c l u s i v e   c h a r a c t e r i s e d   t h e r e b y   t h a t   t h e  

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   is  made  up  i n t o   the  f o r m  

of  g a b i o n s   (90)  which  c o m p r i s e   the  b a c k f i l l   m a t e r i a l  

(94)  c o n t a i n e d   in  e n v e l o p e s   (92)  of  r e i n f o r c i n g   m a t e r i a l ,  



and  t h e r e b y   t h a t   the   lower   p o r t i o n   of  a  p i l l a r   i s  

b u i l t   by  l a y i n g   the  g a b i o n s   in  l a y e r s .  

15.  A  method   as  c l a i m e d   in  Claim  14,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   at  l e a s t   some  of  the  g a b i o n s   (90)  a r e  

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

16.  A  method  as  c l a i m e d   in  a n y  o n e   of  Cla ims   7 

to  15  i n c l u s i v e ,   c h a r a c t e r i s e d   t h e r e b y   t h a t   r e i n -  

f o r c i n g   m a t e r i a l   (342)  is  p r o v i d e d   in  the   form  of  a  

s l a b ,   m e t a l   p l a t e ,   f i b r e g l a s s ,   g e o t e x t i l e ,   or  the   l i k e ,  

at  a  h e i g h t   which  is  at  the   most  e q u a l   to  the   min imum 

c r o s s - s e c t i o n a l   d i m e n s i o n   W  of  the  p i l l a r .  

17.  A  method  as  c l a i m e d   in  a n y  o n e   of  Cla ims  7 

to  16  i n c l u s i v e ,   c h a r a c t e r i s e d   t h e r e b y   t h a t   a  p i l l a r  
(24)  is   r e i n f o r c e d   a g a i n s t   o u t w a r d   b u l g i n g   under   l o a d ,  

by  h a v i n g   beams  (236) ,   (238)  on  o p p o s i t e   s i d e s   e x t e n d i n g  

g e n e r a l l y   p a r a l l e l   to  one  a n o t h e r ,   and  by  h a v i n g   t i e  

members  (240)  p a s s i n g   t r a n s v e r s e l y   t h r o u g h   the  p i l l a r  
(24)  and  t h r o u g h   the  beams  ( 2 3 6 ) ,  ( 2 3 8 ) ,   and  p l a c i n g  
the  t i e   members  (240)  u n d e r   s t r e s s ,   t h e r e b y   t y i n g   t h e  

beams  on  o p p o s i t e   s i d e s   of  the  p i l l a r   t o g e t h e r .  

18.  A  method  as  c l a i m e d   in  Claim  17,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   the   t i e   members  (240)  are  in  the   form  o f  

b o l t s   or  s t e e l   w i r e   r o p e s   which  have  been  s h e a t h e d  

in  an  o u t e r   p r o t e c t i v e   s h e a t h .  

19.  A  method   as  c l a i m e d   in  Claim  17  or  C l a i m  

18,  c h a r a c t e r i s e d   t h e r e b y   t h a t   the   t i e   members  (240)  

are   s p a c e d   a l ong   the  l e n g t h   of  the   p i l l a r   (24)  a t  

i n t e r v a l s   at   the   most  e q u a l   to  the  minimum  c r o s s -  
s e c t i o n a l   d i m e n s i o n   W  of  the  p i l l a r .  



20.  A  method  as  c l a i m e d   in  Claim  10,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   a  p a i r   of  t r a n v e r s e l y   s p a c e d   r e t a i n i n g  
w a l l s   (26)  e x t e n d i n g   u p w a r d l y   from  the  f o o t   w a l l   (16) 

are  p r o v i d e d ,   a  c a v i t y   b e i n g   d e f i n e d   b e t w e e n   the  w a l l s  

(26)  and  the  h a n g i n g   w a l l   (18)  and  the  f o o t w a l l   ( 1 6 ) ,  
the  b a c k f i l l   b e i n g   c h a r g e d   i n t o   the  c a v i t y .  

21.  A  method  as  c l a i m e d   in  a n y  o n e   of  C l a i m s  

1  to  9  i n c l u s i v e ,   which  method  is  c h a r a t e r i s e d   t h e r e b y  
t h a t   i t   i n c l u d e s   c a l c u l a t i n g   the  v e r t i c a l   load  which  a  

p i l l a r   is  to  t a k e ,   c a l c u l a t i n g   the  h o r i z o n t a l   c o m p o n e n t  
of  load   a s s o c i a t e d   wi th   such  v e r t i c a l   l o a d ,   l a y i n g   t h e  

p a r t i c u l a t e   m a t e r i a l   in  l a y e r s   (54)  b e t w e e n   h a n g i n g   w a l l  

(18)  and  f o o t   wa l l   (16) ,   c o n s o l i d a t i n g   such  l a y e r s ,   a n d  

p r o v i d i n g   r e i n f o r c i n g   m a t e r i a l   (32 ,342)   b e t w e e n   t h e  

l a y e r s   of  p a r t i c u l a t e   m a t e r i a l   to  a c c e p t ,   w i th   t h e  

d e s i r e d   d e g r e e   of  s a f e t y ,   the  h o r i z o n t a l   componen t s   o f  

load  a s s o c i a t e d   wi th   the  v e r t i c a l   load   which  the  p i l l a r  
is  e x p e c t e d   to  t a k e .  

22.  A  method  as  c l a i m e d   in  a n y  o n e   of  Claims  1  t o  

9  i n c l u s i v e ,   which  method  is  c h a r a c t e r i s e d   t h e r e b y   t h a t  

i t   i n c l u d e s   c a l c u l a t i n g   the  v e r t i c a l   l oad   which  a  p i l l a r  
is  to  t a k e ,   c a l c u l a t i n g   the  h o r i z o n t a l   componen t   of  l o a d  

a s s o c i a t e d   w i t h   such  v e r t i c a l   l o a d ,   l a y i n g   the  p a r t i c u -  
l a t e   m a t e r i a l   in  l a y e r s   (54)  b e t w e e n   the  h a n g i n g   w a l l  

(18)  and  f o o t   w a l l   (16) ,   p r o v i d i n g   r e i n f o r c i n g   m a t e r i a l  

(32,  342)  w i t h i n   the  l a y e r s   of  p a r t i c u l a t e   m a t e r i a l   t o  

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

c o m p o n e n t s   of  load   a s s o c i a t e d   wi th   the  v e r t i c a l   l o a d  

which  the  p i l l a r   is  e x p e c t e d   to  t a k e ,   and  c o n s o l i d a t i n g  

the  p a r t i c u l a t e   m a t e r i a l   a round   the  r e i n f o r c i n g  

m a t e r i a l   ( 3 2 ) .  



23.  A  p i l l a r   c h a r a c t e r i s e d   t h e r e b y   t h a t   i t   i s  
made  a c c o r d i n g   to  the  method  c l a i m e d   in  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s .  

24.  A  method  of  m i n i n g ,   c h a r a c t e r i s e d   t h e r e b y  
t h a t   i t   i n c l u d e s   p r o v i d i n g   a  p l u r a l i t y   of  p i l l a r s   (24)  
b e h i n d   a  work  p l a c e   a d j a c e n t   a  work  f a c e   (12) ,   t h e  

p i l l a r s   (24)  b e i n g   p r o v i d e d   in  a c c o r d a n c e   w i t h   t h e  
method  as  c l a i m e d   in  a n y  o n e   of  Cla ims  1  to  22 

i n c l u s i v e ,   and  t h e r e b y   t h a t   the   p i l l a r s   (24)  are  s p a c e d  
in  a  d i r e c t i o n   a l ong   the   work  f a c e   (12)  and  e x t e n d i n g  
back  in  the  d i r e c t i o n   t r a n s v e r s e l y   to  the  work  f a c e .  

25  A  method  as  c l a i m e d   in  Claim  24,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   a d j a c e n t   p i l l a r s   (24)  are   s t r e n g t h e n e d  
a g a i n s t   o u t w a r d   b u l g i n g   under   load   by  h a v i n g   beams  (50)  

e x t e n d i n g   a l ong   t h e i r   l e n g t h s   in  a  d i r e c t i o n   t r a n s v e r s e  
to  the  w o r k i n g   f ace   (12) ,   the   beams  (50)  b e i n g   s u p p o r t e d  
by  s t r u t s   (52)  s p a c e d   in  s e r i e s   g e n e r a l l y   in  a  d i r e c t i o n  

away  from  the   work  f ace   (12) ,   and  the  s t r u t s   (52)  t h e m -  
s e l v e s   e x t e n d i n g   g e n e r a l l y   in  a  d i r e c t i o n   a long   t h e  
work  f a c e   ( 1 2 ) .  

26.  A  method  as  c l a i m e d   in  Cla im  25,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   the  s p a c i n g   b e t w e e n   s t r u t s   (52)  i s ,   at  t h e  

mos t ,   e q u a l   to  the  minimum  c r o s s - s e c t i o n a l   d i m e n s i o n   W 
of  the  p i l l a r s .  

27.  A  method  as  c l a i m e d   in  Claim  24,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   a d j a c e n t   p i l l a r s   (24)  are  s t r e n g t h e n e d  

a g a i n s t   o u t w a r d   b u l g i n g   under   l oad   by  the  p r o v i s i o n   of  a  

t o g g l e   mechan i sm  (270)  a d a p t e d   in  use  to  t r a n s f e r   d o w n -  

ward  movement  of  h a n g i n g   wa l l   (18)  i n t o   t r a n s v e r s e  

p r e s s u r e   a g a i n s t   the   s i d e s   of  a d j a c e n t   p i l l a r s   ( 2 4 ) .  



28.  A  method  of  m in ing   as  c l a i m e d   in  a n y  o n e   o f  

Cla ims  24  to  27,  c h a r a c t e r i s e d   t h e r e b y   t h a t   i t   i n c l u d e s  
the  s t e p   of  h a v i n g   the  work  f ace   w i t h   s t a g g e r e d   a d v a n c e d  
and  l e s s   a d v a n c e d   r e g i o n s ,   and  h a v i n g   the  l e a d i n g   e n d s  
of  the  p i l l a r s   g e n e r a l l y   a l i g n e d   w i t h   the  more  a d v a n c e d  

r e g i o n s   of  the  work  f a c e .  

29.  A  method  of  min ing   as  c l a i m e d   in  a n y  o n e   o f  

Claims  24  to  28  i n c l u s i v e ,   c h a r a c t e r i s e d   t h e r e b y   t h a t  

the  work  f ace   e x t e n d s   f o r w a r d l y   in  t e r r a c e s .  

30.  A  method  as  c l a i m e d   in  a n y  o n e   of  Claims  24 

to  29  i n c l u s i v e ,   c h a r a c t e r i s e d   t h e r e b y   t h a t   at  l e a s t   a  

p o r t i o n   of  the  b a c k f i l l   m a t e r i a l   is  o b t a i n e d   by  u n d e r -  

c u t t i n g   (16 .1)   the  f o o t   wa l l   (16)  below  the  lower   l e v e l  

of  the  w o r k i n g   f ace   (12)  and  be tween   the  p i l l a r s   ( 2 4 ) .  

31.  A  method  as  c l a i m e d   in  a n y  o n e   of  the  C l a i m s  

24  to  30  i n c l u s i v e ,   c h a r a c t e r i s e d   t h e r e b y   t h a t   the  l e n g t h  
of  the  p i l l a r s   (24)  in  a  d i r e c t i o n   t r a n s v e r s e   to  t h e  

work  face   (12)  is  at  l e a s t   tw ice   the  w i d t h   (W)  of  t h e  

p i l l a r   (12)  in  a  d i r e c t i o n   a long   the  work  face   ( 1 2 ) .  

32.  A  method  as  c l a i m e d   in  anyone  of  Cla ims  24 

to  30  i n c l u s i v e ,   c h a r a c t e r i s e d   t h e r e b y   t h a t   the  p i l l a r s  
(24)  e x t e n d   back  c o n t i n u o u s l y   from  b e h i n d   the  work  s p a c e ,  
and  advance   in  the  d i r e c t i o n   of  the  w o r k i n g   f ace   (12)  

as  i t   a d v a n c e s ,   and  t h e r e b y   t h a t   the  h a n g i n g   wa l l   (18)  

is  p e r m i t t e d   to  s e t t l e   onto  the  upper   s u r f a c e s   of  t h e  

p i l l a r s   (24)  in  a  r e g i o n   t r a i l i n g   the  a d v a n c i n g   l e a d i n g  

ends  of  the  p i l l a r s   ( 2 4 ) .  



33.  A  method  as  c l a i m e d   in  a n y  o n e   of  the   C l a i m s  
1  to  3,  c h a r a c t e r i s e d   t h e r e b y   t h a t   a t   l e a s t   two  p a i r s  
of  opposed   r e t a i n i n g   w a l l s   (26)  b e t w e e n   h a n g i n g   w a l l  

(18)  and  f o o t  w a l l   (16)  are  p r o v i d e d ,   a  c a v i t y   (25)  

b e i n g   d e f i n e d   b e t w e e n   the  w a l l s   (26)  and  the   h a n g i n g  
w a l l   (18)  and  the   f o o t   w a l l   (16) ,   the   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   b e i n g   c h a r g e d   i n t o   the  c a v i t y   i n  

l a y e r s   (54)  w i th   r e i n f o r c i n g   m a t e r i a l   (32)  at  d i f f e r e n t  

e l e v a t i o n s   w i t h i n   the  b a c k f i l l .  

34.  A  method  as  c l a i m e d   in  Claim  33,  c h a r a c t e r i s e d  

t h e r e b y   t h a t   c o n s o l i d a t i o n   of  the   b a c k f i l l   in  the   l o w e r  

p o r t i o n   ( 2 4 . 1 , 2 4 . 2 )   of  a  p i l l a r   (24)  i n c l u d e s   e x e r t i n g  

p r e s s u r e   on  the  lower   p o r t i o n   in  a  c l e a r a n c e   space   (133)  

b e t w e e n   such  lower   p o r t i o n   ( 2 4 . 1 , 2 4 . 2 )   and  the   h a n g i n g  
w a l l   (18) ,   the  p r e s s u r e   b e i n g   e x e r t e d   by  a b u t m e n t   a g a i n s t  
the  h a n g i n g   w a l l   (18) ,   and  t h e r e b y   t h a t   the   c l e a r a n c e  

space   (133)  is  t hen   f i l l e d   under   p r e s s u r e   wi th   l o a d -  

t a k i n g   f i l l   (134)  which  t h e r e b y   e x e r t s   a  downward  p r e s s u r e  
on  the  lower   p o r t i o n   ( 2 4 . 1 , 2 4 . 2 )   by  a b u t t i n g   a g a i n s t  
the  h a n g i n g   w a l l   ( 1 8 ) .  
























