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Five s u b le v e l  cav ing  ar.d b lock  c u v i n j  o p e r a t i o n s  v.ere i n v e s t i g a t e d  

a t  Shabanie l i n e  t o  e s t a b l i s h  ground behav iou r  c h a r a c t e r i s t i c s ,  the  

mechanises  o f  cav ing ,  the  c o n d i t i o n s  r e q u i r e d  fo r  c v in g ,  and the  e f f e c t s  

o f  c a v i n j  on th e  rock  euid development openings  b e 1 r>V/ a  ’ in  the p e r i ­

p h e r i e s  o f  a caved b lo c k .  Th i s  work i n c lu d e d  the  te s t i>  or  development 

o f  a  ran^e  o f  i n s t r u m e n t s  to  I n v e s t i g a t e  and moni to r  g ro i  i d i sp lacem ent  

ar.d de fo rm a t ion  above th e  cave back,  in  the  p e r i p h e r i e s  a  I below a cave 

b lo c k .
Tne c h i j ' s o t i l e  a s b e s t o s  ni i .ed at  Shaoanie l i n e  occu i n  uoaeroua 

o re b o d ie s  l o c a t e d  i n  an u l t r a u a f i c  s i l l  which has  been f  ded ar.d f a u l t e d .  

The f i b r e  occurs  as  s u b p a r a i l e l  seams i n  bod ie s  o f  par - a l l >  s e r p e n t i n i s e d  

d u n i t e  o c c u r r i n g  between t a l c - c a r b o n ^ t e  zones and ca rb o n a te d  s e r p e n t i n e  

zones  which a r e  developed  a lo n g  the  f a u l t s . The o rebod ie s  a r e  i r r e g u l a r  

i n  shape and vary  i n  s i z e  and competency.  The ore and su r ro u n d in g  rocks  

a r e  c u t  by numerous,  most ly  s t e e p  d ip p in g  s l i p s  (minor f a u l t s ) .

S t r e s s  measurements t o  determine t h e  p re -m in in g  rock  s t r e s s e s  ae re  

made a t  s i x  s i t e s  a t  d e p th s  of  between 200 and 400m, u s in g  p h o t o - e l a s t i c  

b i a x i a l  s t r a i n  gauges ,  and th e  CSIR t r i u x i a l  c e l l  was a l s o  used  a t  one 

s i t e .  Some o f  th e  s t r e s s e s  measured were a f f e c t e d  by p r e v io u s  mining as 

i t  was p r e f e r r e d  to  measure th e  s t r e s s  i n  th e  same ro ' type t h a t  would 

be mined,  r a t h e r  than  i n  the f o o t w a l l ,  ou t  o f  t h e  i n f l u e n c e  o f  p rev io u s  

m in ing .  The r e s u l t s  i n d i c a t e d  t h a t  the l a t e r a l  s t r e r u e s  exceeded the  

v e r t i c a l  s t r e s s e s  by up to  50/' a t  the  depth  o f  mining .  These h ig h e r  

l a t e r a l  s t r e s s e s  a re  p robab ly  r e s i d u a l  t e c t o n i c  s t r e s s e s  from the pe r io d  

o f  f o l d i n g .  Repea ted  measurements a lo n g  ti .e l e n g t h  o f  a  bo reho le  

i n d i c a t e d  l a r ue v a r i a t i o n s  i n  s t r e s s  magnitude ar.d o r i e n t a t i o n  a t t r i b u t e d  

t o  the  e f f e c t  o f  v a r i a t i o n s  i n  rock  p r o p e r t i e s  and p ro x im i ty  o f  

s t r u c t u r a l  f e a t u r e s .

From o b s e r v a t i o n s  o f  smal l  d i s p la cem e n ts  on j o i n t s  i n  the  p e r i p h e r i e s  

o f  Caved b locks  i t  i s  concluded  t , a t  the  rock  mass us a whole behaves as 

a quasi-Bingham s u b s t a n c e ,  th e re b y  g i v i n g  any t h e o r e t i c a l  s t r e s s  a n a l y s i s  

a p a th  dependui.cy. For t h e  p r e s e n t ,  the  problems of  adequa te  e q u a t io n s
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t o  d e s c r i b e  t h e  rock  beh av io u r ,  s u f f i c i e n t l y  a c c u r a t e  rock  p r o p e r t i e s  

have t o  be so lved  be fo re  s t r e s s  and d i s ^ l a c e n e u t  a n a l y s e s  be done u s in g  

a f i n i t e  el emen t t e c h n iq u e .

r*o f o r e s  o f  c av ing  were r e c o g n i s e d ,  ' s t r e s s  cav ing '  and ' nass  

subs idence  c a v i n g ' . The f o rn u r  occurs  when th e  u n d e r c u t t i n g  r e s u l t s  in  

the fo rm at ion  o f  a  c a v i t y .  With s p o rad ic  s lo u g h in g  from the  back th e  

c av ing  p r o g r e s s e s  up to  s u r f a c e . In some c a s e s  h o r i z o n t a l  t e n s i o n a l  

c r a c k s  have been observed  o r  i n f e r r e d  above th e  back .  The s i z e  o f  a r e a  

r e q u i r e d  to  be undercu t  t o  i n i t i a t e  cav ing  and th e  r a t e  a t  which cav ing  

p ro c e e d s ,  depends p r i m a r i l y  on thn  competency o f  the  rock  in  the  back 

and th e  f o r c e s  i t  i s  s u b j e c t  t o .  In th e  r e l a t i v e l y  h igh  l a t e r a l  s t r e s s -  

f i e l d  i t  i s  e x p e c te d  t h a t  the  immediate back i s  su&ve c t  to  moderate 

l a t e r a l  compress ive  s t r e s s e s  w i th  low o r  t e n s i l e  s t r e s s e s  i n  the  v e r t i c a l  

d i r e c t i o n .  Over the  c e n t r a l  p o r t i o n  of  the  back t h e  major p r i n c i p a l  

s t r e s s  i s  a lmost  h o r i z o n t a l  and h e re  j o i n t s  w i th  low to  modera te d ip s  

a s s i s t  c a v in g ,  w h i le  a lo n g  the p e r i p h e r i e s  the  s t r e s s  d i r e c i o n  changes and 

where s u i t a b l y  o r i e n t a t e d  s t e e p e r  d ipp ing  s l i p s  may a s s i s t  c a v i n g .  Caving 

occurs  a s  a r e l a t i v e l y  narrow zone o f  i n s t a b i l i t y  develops  i n  the  immediate 

back as  a r e s u l t  o f  small  s h e a r  d i sp la cem e n ts  on j o i n t s  and a form of  

bed s e p a r a t i o n  occurs  i n  the  back .  ' Mass su b s id en ce  caving* occurs  where 

p r e v io u s  mining has  reduced  the l a t e r a l  c o n s t r a i n t  , t a k i n g  the  form o f  

an o r d e r ly  subs idence  o f  l a r g e  uux .. .nar b lo c k s  o f  r o c k .  Caving i s  r a p i d ,  

r e q u i r e s  p. r e l a t i v e l y  sm al l  undercu t  a r e a  and r e s u l t s  i n  a  low b u lk ing  

f a c t o r .
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F ro n t i s p ie ce :  Surface subs idence  over Block f- (left), Block 7 AB (foreground),  Blocks 7 / 1 - 7 / 3
(centre) ,  Block 7/2  (r ight background) and Block Hi (top of hill).
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1.1 rfrHoDUCTio:i
The mining e n g i n e e r  hao a r e s p o n s i b i l i t y  t o  h i a  company s h a r e ­

h o l d e r s ,  h i s  c o u n t ry  and t o  mankind in  g e n e r a l  n o t  to  squander t h a t  

l i t t l e  p o r t i o n  of  the  e a r t h ' s  eve r  d im in i s h in g  m inera l  r e s o u r c e s  e n t r u s t e d  

t o  him. His r e s p o n s i b i l i t y  i s  t o  g e t  the  maximum amount o f  m ine ra l  out 

o f  the  d e p o s i t ,  i n  th e  most economic way, w i th  the l e a s t  r i s k  t o  human 

l i f e .  In a t t e m p t i n g  to  o b ta in  th e  maximum o re  recove ry  a t  the  l e a s t  

c o s t ,  h idden r i s k s  may bo taken  in the p l a n n in g  s t a g e ,  which could  

l a t e r  r e s u l t  i n  t r o u b l e  and t h e  l o s s  o f  o r e ,  and which by a more c a u t io u s  

approach  i n  p l a n n in g  could  have r e s u l t e d  u l t i m a t e l y  i n  a h i g h e r  m inera l  

r e c o v e ry .  I t  i s  only w i th  h ig h l y  developed  ro c k  mechanics t e c h n iq u e s  

and e x p e r t i s e  t h a t  t h e r e  h idden  r i s k s  can be r e c o g n i s e d  and e v a l u a t e d .

In  t h e  mining o f  l a r g e  mass ive o r e b o d ie s ,  o^en p i t  mining i s  the 

most f r e q u e n t l y  used mining method because i t  i s  a low -cos t  h igh  p ro ­

d u c t i v i t y  method in  which ore and was te  can be kept  s e p a r a t e d  w i th  

r e l a t i v e  e a s e ,  but  w i th  i n c r e a s i n g  dep th  the  c o s t  o f  overburden  s t r i p ­

ping r i s e s  s t e e p l y ,  and so f o r  th e  deeper  e r e b o d i e s ,  o t h e r  mining 

methods become econom ica l ly  a t t r a c t i v e .  F u r t h e r ,  t n e r e  a r e  a l s o  a 

number of  o re b u d ie s  w .ere open p i t  mining has been p rec luded  by c l i m a t i c  or  

t o p o g ra p h ic  c o n d i t i o n s .  The a l t e r n a t i v e  mining methods in c lu d e  open 

a t o p in g ,  c u t  and f i l l ,  s u o i e v e l  s h r in k ag e  a t o p i n g ,  top  s l i c i n g ,  sub-

l e v e l  c a v in g  and b lock  c a v in g .
The cho ice  o f  an u l t e r n a t i *  mining method to  open p i t  mining 

depends p r i m a r i l y  on th e  shape and s i z e  o f  the  orebody,  the  competency 

of  the ore ind overburden ,  and th e  v e r t i c a l  and l a t e r a l  rock  s t r e s s e s .

The l a t t e r  two de te rm ine  the  s i z e  o f  s topc  which can be mined w i th  

r e l a t i v e  s a f e t y ,  w he ther  thu ore a n d / o r  h a n g i n g * a l l  w i l l  cave s a t i s ­

f a c t o r i l y .  The cho ice  of  mining method a l s o  depends on th e  va lue  of  

t h e  o re  and the  c o s t  of  t r e a t i n g  d i l u t i o n .  I f  the  c o s t s  of  h a u l i n g ,  

h o i s t i n g ,  m i l l i n g  and t r e a t i n g  t h e  ore a r e  h i g h ,  a mining method which 

keeps th e  amount of  d i l u t i o n  down t o  an a c c e p t a b l e  l e v e l  i s  r e q u i r e d ,
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and th e s e  s a v in g s  rn^y o f f s e t  the  n i^ h e r  c o a t  of  a more s e l e c t i v e  

min ing method.
In h igh ly  f r a c t u r e d  and j o i n t e d  ore bod ie s ,  t o p  s l i c i n g  or  b lock  

c av ing  may be t h e  only c h o i c e ,  w h i le  in  very  competent  o r e ,  th e  only 

cho ice  i s  open s t o p i n g  o r  c u t  and f i l l  min ing .  ' us t  o r e u c d i c e ,  however, 

i n  between th e s e  two e x t r e m e s ,  bhabanie  Mne i s  one oi the  lew 

mines which has  used s e v e r a l  o f  th e s e  mining methods.  Shabar. ie Mine 

s t a r t e d  with  open p i t ,  went on to  c u t  and f i l l  s t o p i n g ,  then b lock  

c a v in g ,  s u b l e v e l  s h r in k ag e  and s u b le v e l  open s t o p i n g .  I h i s  mine i s  one 

o f  the  l a r g e s t  c h r y o o t i l e  a s b e s t o s  mines in  the s ou the rn  hemisphere anc i-. 

one o f  two p r i n c i p a l  n i n e s  o f  th e  Afr ican  Associi  t e d  Mines g roup .  The 

o t h e r  mine i s  G a t h ' s  Mine, which mines t h r e e  d i s t i n c t  a s b e s t o s  d e p o s i t s  

s e v e r a l  k i l o m e t r e s  a p a r t ,  and u s e s  s i m i l a r  mining methods to  Jhar  n i t 1.

The ground c o n d i t i o n s  e n c o u n te r e d  on th e se  two mines v a r i e s  from very  

poor which caves  e a s i l y  under  s u i t a b l e  c o n d i t i o n s  t o  modera te ly  compe­

t e n t ,  which g ive n  s u i t a b l e  c o n d i t i o n s ,  w i l l  permi t  l a r g e  open s to p e s  to  

be mined.
I t  has been long  r ecogn i se d  t h a t  th e  f i r s t  b lock  or  pane l  in  a 

b lock  cav ing  o p e r a t i o n  i s  th e  most d i f f i c u l t  to  cav e .  Unlike most block 

cave mines,  Shabanie  has  numerous o rebod ie s  and t h i s  p r e s e n t s  an unusua l  

o p p o r tu n i ty  t o  s tudy the  mechanisms o f  cav ing  i n  the  i n i t i a l  o p e r a t i o n .

T here fo re  when the w r i t e r  was appo in ted  t o  t h e  Huck Mechanics 

Research Unit  on Shab .j i ie  Mine h '1 was given a unique o p p o r tu n i ty  to  

s tudy  caving  methods o f  mining .  The r ea so n s  1 o r  e s t a b l i s h i n g  t h i s  

r e s e a r c h  u n i t  were,  o f  co u r s e ,  n o t  a l t r u i s t i c .  In some cl th e  e a i l y  

a t t e m p t s  at block nd s u b le v e l  e rv in p  t  Shabanie mine th e  h- 'ngingwall  

f a i l - v  to cave ,  while  in  o t h e r  e a r l y  b loc k  cav in g  a t t e m p t s ,  a i r  b l a s t s  

were ex p e r i en ced  when sudden c o l l a p s e s  of  the  hanging ' : ' a l l  o c c u r r e d .  I t  

was c l e a r l y  e v i d e n t  th  . t  c r i t e r i a  fo r  d e c i d in g  w he the r  an a r e a  would 

cave o r  n o t ,  o r  whether  p o t e n t i a l  a i r  b l a s t  c o n d i t i o n s  would deve lop  

was needed.
In a d d i t i o n  to  th e s e  two problems,  a s e r i e s  o f  c o s t l y  and e x t e n ­

s iv e  c o l l a p s e s  occur red  on both  (laths and Shabanie Vdneo i n  the  e a r l y  

1 9 6 0 ' s .  These c o l l a p s e s  i l l u s t r a t e d  the need f o r  a  deeper  u n d e r s t a n d i n g

of  the  c a u s e a , and a need f o r  a method o f  p r e d i c t i n g  where such  damage 

can be ex p ec ted ,  so t h a t  p r e c a u t i o n a r y  measures cou ld  be t a k e n .  Th is  

was o f  p a r t i c u l a r  impor tance  on t ihabanie where the n e x t  b locks  t o  come
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i n t o  p ro d u c t io n  would be a t  dep tha  bO to  100%, g r e a t e r  than  had been 

e x p e r i e n c e d  to  d a t e .

1 .2  OBJEJl'u AND jUbri/IC,.71UN FOh Yhb ir.Vlw/i’lJA;1I ^ 0

When the  r e s e a r c h  was s t a r t e d ,  the  n e x t  b lock  schedu led  to  come 

i n t o  p ro d u c t io n  on Uhabanie Mine was s e l e c t e d  f o r  i n t e n s i v e  i n v e s t i g a t i o n  

w i th  t h e  o b j e c t  o u t l i n e d  below. The o b j e c t s  o f  t h i s  work can be 

d e f i n e d  as :
( a )  i'o d ev e lo p  and t e s t  in s t r u m e n t s  and te c h n iq u e s  f o r  m o n i to r in g  

ground d i s p la cem e n t  and subs idence  which would be b e s t  s u i t e d  

to  the  c o n d i t i o n s  p e r t a i n i n g  on S h a b tn i e  Mine, and s u i t e d  to  

be ing  r e a d  by r e l a t i v e l y  u n s k i l l e d  observ.  r s .  The purpose  o f  

t h e s e  i n s t r u m e n t s  was to  de te rm ine  the  e x t e n t  of  a caved zone ,  

to  d e t e c t  p r e - c a v in g  ground de fo rm a t ion  f> r  p r e d i c t i o n  of 

c a v in g ,  to  r e c o r d  occurrence  of  and cou rse  o f  c av ing .

(b)  To i n v e s t i g a t e  the  mechanics of  cav in g  and the  c o n d i t i o n s  

r e q u i r e d  f o r  c a v in g .  I t  was e v id e n t  from the  e x p e r i en ce  

g a in e d  on Shabanie Mine and from p u b l i s h e d  a cc oun ts  of  block 

c a v in g  o p e r a t i o n s  t h a t  the  s i z e  o f  th e  a r e a  t o  be u n d e r c u t , 

t h e  amount of  boundary weakening r e q u i r e d  t o  i n i t i a t e  caving  

and th e  degree  of  f r agm e n ta t ion  o f  the c aved ore a r e  r e l a t e d  

t o  the  competency of  tne o r e ,  the  u n d e r c u t t i n g  p rocedu re ,  the  

g e o l o g i c a l  s t r u c t u r e s  i n  the  back and th e  s t r e s s e s  i n  the beck.

( c )  To deve lop  and t e s t  in s t r u m e n t s  or  t e c h n iq u e s  fo r  m o n i to r in g  

th e  e f f e c t s  o f  s t r e s s  changes  on s h a f t s ,  c r o s s c u t s ,  d r i v e s  or  

o t h e r  wordings i n  the  p e r i p h e r i e s  o f ,  o r  below caved b lo c k s .  

These i n s t r u m e n t s  were needed t o  supplement v i s u a l  ob se rv a ­

t i o n s  i n  the  a n a l y s i s  and i n t e r p r e t a t i o n  o f  damage t o  th e se  

work ings  and . t  was hoped t h a t  some would be a b l e  t o  provide 

an e a r l y  warning o f  dauage so t h a t  p r e c a u t i o n s  could be t a k e n .

(d)  To i n v e s t i g a t e  the  mechanics and causes  o f  damage to  s h a f t s  

c r o s s c u t s , d r i v e s  and o t h e r  underground workings  i n  both  the 

p e r i p h e r i e s  o f  cave b locks  and in  th e  ground below. In 

common with  many o t h e r  mines p r a c t i c i n g  cave-min ing  methods , 

t h i s  mine had s u f f e r e d  a s c r i e s  o f  c o l l a p s e s  of  workings  in  

the p e r i p h e r i e s  a s  well  a s  b<low th e  cave b locks  which 

a f f e c t e d  p roduc t ion  and were expens ive  to  s u p p o r t . I t  was 

b e l i e v e d  t h a t , i f  the causes  and mechanisms o f  such damage
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could  be u n d e r s to o d ,  much of  i t  could  be avo ided  or  minimised

and s u p p o r t  cou ld  be made more e f f e c t i v e .

T h i s  d i s s e r t a t i o n  d e s c r i b e s  the  i n v e s t i g a t i o n s  c a r r i e d  out  in  

the  f i r s t  f u l l y  i n s t ru m e n te d  and observed  b lock ,  supplemented by the  

r e s u l t s  of  s e v e r a l  a d d i t i o n a l  . i n v e s t i g a t i o n s  i n  b locks  mined s u b s e q u e n t l y .  

The r e s u l t s  o f  th e s e  i n v e s t i g a t i o n s  have been a n a ly se d  and many improve­

ments in  mining t e c h n iq u e s  d e r i v e d  from them.

1 .3  LITLlvAiTJHE d'JHVr.Y

As over  t h e  y e a r s  a  c o n s i d e r a b l e  body o f  l i t e r a t u r e  has been b u i l t  

up on b a s i c  rook mechanics r e s e a r c h  and on th e  p r i n c i p l e s  o f  rock  

mechanics i t  w,,s c o n s id e r e d  t h a t  a review o f  the  l i t e r a t u r e  a v a i l a b l e  

on c av ing  methods would p ro v id e  a broad base f o r  the proposed i n v e s t i ­

g a t i o n s .  Th i s  l i t e r a t u r e  was found t o  be f a i r l y  l i m i t e d  and could i

d iv i d e d  i n t o  t h r e e  c l a s s e s : -
(a )  The broad d e s c r i p t i o n s  o f  th e  mining methods and t e c h n iq u e s  

p r a c t i c e d  a t  v a r i o u s  b lock  cav ing  o p e r a t i o n s .  These a r e  

v a l u a b l e  where,  th rough  , r e v io u s  e x p e r i e n c e ,  the  methods of  

u n d e r c u t t i n g ,  degree  of  boundary weakening,  o r  methods of  

working have had t o  be m od i f ied .

(b)  The papers  which d e s c r i b e  th e  r e s u l t s  o f  m on i to r ing  p ro ­

grammes or  o t h e r  o b s e r v a t i o n s  made on block c av ing  o p e r ­

a t i o n s ,  and have a t tem p ted  to  a n a ly s e  them. Very few of

th e s e  papers  a r e  a v a i l a b l e ,  bur a r e  ex t remeiy  v a l u a b l e  irom

a rock  mechanics p o in t  o f  v ie w .

(c )  The papers  which a t t e m p t  a t h e o r e t i c a l  a n a l y s i s  o f  an

h y p o t h e t i c a l  cave  bloc , ; ,  assuming a cav ing  mechanism.

1.31 LhSJRiPflUh'd OF CAVING Ufr-hATlONU IN THE LITiiKATJRh

The e a r l i e s t  r e f '  r euces  t o  block cav ing  d a t e  back t o  m . i .  crown1s 

1896 d e s c r i p t i o n  of  the  o r i g i n a l  b lock cav ing  o p e r a t i o n  a t  th e  Pewabic 

Mine on the  . enominee Range i n  Michigan U.S.A. where 1 s t r o n g 1 i r o n  ore 

was mined, u s in g  the  e a r t h s '  f o r c e s  t o  c ru sh  th e  ore to  a  s i z e  s u i t a b l e  

f o r  h an d l in g  (Quoted by Ducky 194b P 6 ,7 ) .  In t h i s  o p e r a t i o n  a block 

of  o re  60 t o  7bm by 60m wide and up to  30"i i n  h e i g h t  was p repared  by 

c u t t i n g  two narrow p,  r a i l  e l  v e r t i c a l  open s t o j e s  on o p p o s i t e  end s

b lo c k  u n d e r c u t t in g  i t .
This  r e s u l t e d  i n  u b lock  which was f r e e  on the  to p ,  bottom a. - e n u . .
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The f o r c e s  a c t i n g  on the b lock were due to  i t s  own w e igh t ,  and the  s i d e  

t h r u s t  between the  han&in^ and f o o t w a l l s .  A f t e r  a pe r iod  o f  6 to  b 

months,  when i t  was b e l i e v e d  the ore was s u f f i c i e n t l y  c ru s h e d ,  s , i l e d  

d r i f t s  were d r i v e n  i n  a t  7»ha c e n t r e s  to  the  end oJ' the caved ore  where 

trie ore  *as th e n  s h o v e l l e d  i n t o  c a r s  u n t i l  was te  appea red .  i7hen t h i s  

o c c u r r e d  one o r  two s e t s  o f  t imbers  were b l a s t e d  down and drawing 

resumed.

S ince  tn e n ,  th e  method has  been a p p l i e d  to  a l a r ^ e  number o f  ore 

d e p o s i t s ,  var^ine;  i n  competency from ex t remely  weak to  modera te ly  s t r o n g ,  

and over  the y e a r s  s e v e r a l  v a r i a t i o n s  in  the  teeh.J .quea oi b lock  c av ing  

have appea red ,  such a s  in  t h e  spac ing  raid methods o f  working  th e  draw- 

p o i n t s ,  su p p o r t  tvchri i  (ues, th e  method o f  u n d e r c u t t i n g  a b lock  and i n  

the  s i z e  o f  the  b locks  and amount o f  bou>dury weakening.

The example o f  a b lock  cav ing  mine quoted f r e q u e n t l y  i n  t e x t  

books i s  the Miami Mine in  Ar izona  wh*re a very  l a r g e  d e p o s i t  i s  be ing  

mined.  The o re  i s  tho rough ly  f r u c t u i  ed,  and occu rs  f.s copper bea r  .ng 

p y r i t e  and c h a l c u p y r i t e  in  a s c h i s t  which v a r i e s  from hard  and s i l i c i f i e d  

t o  u o f t  and k a o l i n i s o d .  Ths f i r s t  c av ing  p rocedu re  used was t o  undercu t  

a panel  the e n t i r e  ItiO t o  200m width  o f  th e  orebody and 45^ wide.  T h i s ,  

however,  l e d  to  damage t o  the  e x t r a c t i o n  openings  and t h e r e f o r e  t o  

reduce the l o a d  on the  g r i z z l y  l e v e l  the  s i z e  o f  subsequent  b locks  were 

reduced  t o  4v x and l a t e r  t o  4t> x 4^m. u t i l l  l a t e r  th e  block s i z e s  

r e v e r t e d  to  4[) x %0m. u r e  p i l l a r s  U ’i l l a r  Blocks)  1biu wide,  were l e f t  

between tne cave o locks  t o  minimise d i l u t i o n  and were s u b se q u en t ly  

r e c l a im e d .  The ore  was drawn th rough f i n g e r  r a i s e s  a t  5 . 1ia c e n t r e s  p*it 

up from the g r i z z l y  l e v e l  t o  i n t e r s e c t  t h e  u n d e r c u t .  U n d e rc u t t in g  was 

done by fan  d r i l l i n g  a 4 , ‘dm h ig h  s l i c e  from u n d e r c u t  d r i f t s  developed  

from the  f i n g e r  r a i s e s ,  and b l a s t e d ,  u re  p a s s in g  from the  two f i n g e r s  

t o  each g r . .  . was g r a v i t a t e d  dvwn lo ng  t r w . s f e r  r a i s e s  to  a hau lage  

l e v e l  below (ducky 194^ P 9 - 17). Boundary weakening d r i f t s  were 

j r i g i n a l l y  developed  on a l l  b locks  but th e  p r a c t i c e  was l a t e r  d i s c o n ­

t i n u e d .

Although the  Miami Mine i s  one o f  the b es t  known examples o f  

b lock c a v in g ,  i t  i s  one o f  t h e  few block c a v in g  mines where p i l l a r s  

o f  ore  were l e f t  between the  Cave b lo c k s .  Moat b lock  c av ing  o p e r a t i o n s  

a r e  c a r r i e d  out in  e x t e n s i v e  o rebod ie s  wnere one b lock  cave i s  next  to
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a p r e v io u s  caved b l o c k , i n  a 1 panel  r e t r e a t 1 where > h3 ore was u rav.71 

so as  t o  m a in ta in  the  o re -w as te  c o n ta c t  as an 3.ncl ned p ] a n e,

A s tudy  o f  the  o t h e r  a v a i l a b l e  l i t e r a t u r e  o f  b lo c k  c . v i n j  o p e r a t i o n s  

has  shown t h a t  a lm os t  w th o u t  ex ce p t io n  the  o r e b o d ie s  mined have been 

so e x t e n s i v e  t h a t  s e v e r a l  cave b locks  could  be mined n ex t  t o  each  o t h e r  

on th e  same l e v e l  or  g e n e r a l  e l e v a t i o n • In  most c a s e s  g e t t i n g  th e  

i n i t i a l  b lock  t o  cave has n o t  p re s e n te d  any r e a l  problem as  mining was 

s t a r t e d  when boundary c u t - o f f  s to u e s  o r  boundary weakening d r i f t s  were 

a t i l l  c o n s id e r e d  nece ssa ry *  As c a v in g  o f  second and subsequen t  b locks  

g e n e r a l l y  o ccu r red  with  t j r e a t e r  ease  tnan  th e  o r i g i n a l *  the  need l o r  tno 

boundary weakening d r i f t s  or  boundary c u t - o f f  s t o p e s  was b rought  i n t o  

q u e s t i o n  and u s u a l l y  d i s c o n t i n u e d .  In two r e c e n t  examples,  Rio b ia n co  

and Urad Mines, the i n i t i a l  b lo c k s  l a i d  ou t  f a i l e d  t o  cave ,  and expens ive  

programmes t o  a s s i s t  cav ing  hi d t o  be c a r r i e d  out  ( Kendrick  "ind

C a rp e n t e r  and Woolfe (1 972) ) •
The c h a r a c t e r i s t i c s  c f  ore  in  which th e  v a r i o u s  b lock  c av ing  mines 

a r e  o p e r a t i n g  vary  t r em en d o u s ly , probab ly  more than  many w r i t e r s  on the 

s u b j e c t  o f  b lock  c av ing  a re  aware , from very  s o f t  f r i a b l e  o r e s ,  uhrough 

s t i c k y ,  c layey  p a r t i a l l y  decomposed rock  to  ex t rem ely  competent  rock  

with  few j o i n t  p lanes  such as  th e  lime: tone s  which were mined a t  the 

Cres tmore Mine in C a l i f o r n i a .  The n a t u r e  o f  the  ore has t o  some e x t e n t  

i n f l u e n c e d  the  choice  of  drawpoint  ,pac ing ,  b u t  t h i s  appea rs  t o  be s t i l l  

very much a m a t t e r  of  p r e f e r e n c e .  Two extreme examples a re  t h e  S u n r i s e  

Mine, mining an orebody up t o  100m t h i c k ,  d e s c r i b e d  as mainly a weak red  

e a r t h y  h e m a t i t e  and l i m o n i t e  w i th  some h a rd ,  s t r o n g  s p e c u la r  h e m a t i t e  

i n c l u s i o n s .  At t h i s  mine the  d i s t a n c e s ,  c e n t r e  to  c e n t r e  o f  the  draw- 

p o in t  f i n g e r  r a i s e s  v a r i e d  from l e a s  than 4m a t  r i  h t  ang les  to  the 

g r i / . - l y  d r i f t  t o  6m p a r a l l e l  t o  i t  (Ducky 1945 P 56) • By c o n t r a s t ,  a t  

Grace Mine the  drawpoint  s p ac in g  i s  15m on s t r i k e  and 16m down d ip  i n  an 

orebody o f  1JOm v e r t i c a l  th i c k n e s s *  Here th e  ore  i s  d e s c r ib e d  as  c o n s i s ­

t i n g  o f  m a gne t i t e  w ith  s c a t t e r e d  l e n s e s  o f  l im e s to n e  and a few v e i n s  o f  

q u a r t z .  The o r e ,  while t y p i c a l l y  modera te ly  f r i a b l e  and e a s i l y  broken 

when s t r u c k  w i th  a hammer, can range  from v e ry  crumbly t o  v e ry  hard  

(Anon 197)))  •
When an onobody r e l a t i v e l y  competent ,  r e q u i r i n g  r i n g - d r i l l  n,< 

and b l a s t i n g ,  s u b le v e l  c av ing  i s  a f r e q u e n t l y  p r - f o r r e d  mining method.

I t  i s  e s s e n t i a l  t o  s u b lev e l  c a v in g ,  t h a t  the  hang ingwal l  coves  r e a d i l y

"
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and f o i l 0W9 th e  draw-down o f  the  o r e .  As most o r e b o d ie s  where t h l o  method 

has  been a p p l i e d  a r e  very  e x t e n s i v e ,  the  problems o f  i n i t i a t i n g  tn e  cav ing  

of  t h e  hang ingw al l  appea r  t o  be r a r e  and c o n s eq u en t ly  i n  p r a c t i c a l l y  a l l  

d e s c r i p t i o n s  o f  s u b le v e l  c a v in g  o p e r a t i o n s  i t  i s  assumed t h a t  no problem 

i n  cav in g  o f  th e  ho rg ingw a l1 e x i s t s ,  and a t t e n t i o n  i s  c o n c e n t r a t e d  on 

the  l a y o u t  and r i n g  d e s ig n ,  based on t h e o r e t i c a l  p a t t e r n s  ol draw. Among 

t h e s e  a re  pape rs  by : Uox ( l 9 ^ / ) f  ^Inson, Lckayne and Aaro (1973) & ̂

J u s t  (1972) .

1.32 g e n e r a l  p r a c t i c a l  o b s e r v a t i o n s  UP CAVING
At the symposium on b lock  c av ing  o rg an is ed  by th e  American I n s t i ­

t u t e  o f  Mining,  M e t a l l u r g i c a l  and Petroleum E ng inee rs  (AIMS) in  F e b r u a r y  

1941, f i v e  q u e s t i o n s  r e l a t i n g  t o  b lock  cav ing  were d i s c u s s e d  by an i n v i t e d  

panel  o f  l e a d i n g  b lo c k -c a v in g  mining p e r s o n a l i t i e s  (Bucky 1942).  The 

q u e s t i o n s  were:
1.321 How does one de te rm ine  w'.' c r  -ir v " ody w i l l  b lock  c-.ve? -  The 

fo l l o w in g  comments were o f f e r e d :  any orebody w i th  the r i g h t  s i z e ,  shapf , 

a t t i t u d e  and p h y s i c a l  p r o p e r t i e s  w i l l  c a v e ; t h e  s i z e  shou ld  be e x t e n s i v e  

t o  permi t  an u n d e rc u t  l a r ^ e  enough t o  i n i t i a t e  cav ing ;  i t  should have 

s u f f i c i e n t  araw h e i g h t ;  the  ore  should  be homogeneous, a s  weaker ground 

i n  the undercu t  a r e a  tends  t o  rim out l e a v i n g  the  more competent  zones 

as  l a r g e  bloCKs; i n  tr r e r a l  th e  coved ore should  no t  exceed 0,9m in  

d ia m e te r  or the l a r g e s t  s i z e  which can be h an d led .

1 .322 How does one • r  :r, hi .."'k d i r  enuions  Him th  ' cn v o l u g y n t  work 

n e c e sror.y t o  m ike u: orebody cove? - The unanimous op in ion  was the  s i z e  

could  only be de te rmined  by exper iment zmd e x p e r i e n c e .  L a rg e r  b locks  

were r e q u i r e d  in  v i r g i n  a r e a s  u id  the  s i z e  cou ld  be reduced  by l a t e r  

b lo c k s ,  but in  some o re s  boundary sh r inkage  s to n es  or  boundary weakening 

d r i f t s  and c o r n e r  r a i s e s  might  be needed .  Coyote b l a s t s  may a l s o  be 

r e q u i r e d  t o  loosen  j o i n t s  e t c .  Sm al le r  b locks  were p r e f e r r e d  because 

l e s s  maintenance of  the u n d e r ly i n g  e x c a v a t i o n s  was r e q u i r e d  w i th  them. 

While i t  wi:s r e c o g n i s e d  t h a t  the fo r c e s  e x e r t e d  by the caved ground on 

the  bottom o f  the b lock  were no t  dependent  on dep th ,  i t  was f e l t ,  however,  

t h a t  the  s t r e s s e s  in  the cave buck were depth dependen t .
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-1 .323 Ho'.v do th °  f o r c e s  a c t  arid .vhat ■lIig the SQL,_d^vulop'. 'J xn a

block  t ha t  cau s e i t  to  block  cr.ve? - Th is  q u e s t i o n  r e g a i n e d  unanswered ,  

but  p o in t s  made were: t h a t  dynamic and t e c t o n i c  s t r e s s e s  couJ d a l i e c t  

th e  s t r e s s e s  i n  the  back,  and t h a t  a  t ime element was p r e s e n t  in  the 

caving p r o c e s s .  On the  caving mechanism, i t  was c o n s id e re d  t h a t  t h i s  

to o k  the  form o f  r a v e l l i n g  or  s l o u g h in g  ol the o re  Irom the  back,  but  

i t  was a l s o  conceded t h a t  t h i s  may no t  occur  in s O i t  o r e s .

1 .324 what dc- te rx im-n t h e  procedure fo r  removing caved o re ? - The 

drawpoin t  s p a c in g  should  be a s  c l o s e  a s  y o s o i b l e ,  the r a t e  of draw 

r e l a t e d  to  th e  r a t e  o f  r a v e l l i n g  u n t i l  the b loc k  had com ple te ly  caved 

to  avo id  th e  fo rm a t io n  o f  d a nge rous ly  l a r g e  c a v i t i e s .  Once caved,  the 

r a t e  o f  draw may have t o  be h igh  t o  minimise weight  on and damage to  the 

u n d e r l y i n g  e x t r a c t i o n  o p e n i n g s , and in  s t i c k y  o r e s ,  to  p rev en t  conr,o 1 a,- 

d t . t i o n .  h a t e s  of  draw o f  b^mm/day to  yOOmnVday were quo ted ,  w ith  

22c'mcv/dav being p r e f e r r e d .  No p re f e r e n c e  was ex^ resued  f o r  e i t h e r  the 

pane l  r e t r e a t  o r  b lock  methods o f  low er ing  the  o re /w a s te  i n t e r l a c e .

1.325 .‘.hat  a r e  the  c r i t e r i a  f o r  de te rm in in g  tb.e e f f i c i e n c y  of  a .b lock  

ca v in g  o p e ra t i o n ?  - The p o in t s  c o n s id e r e d  i n c lu d e d  the c o s t  per  ton  o f  

o r e ,  r a t e  of  p r o d u c t i o n ,  d i l u t i o n ,  l o s s  01 o r e ,  c o s t  pe r  u n i t  o. 01e 

r e c o v e re d .

1.3 3 SPECIFIC INVESTIGATIONS OF BLOCK CAVING

The rem a in ing  payers  d e s c r i b i n g  i n v e s t i g a t i o n s  and o b s e r v a t i o n s  

o f  b lock  caVi.ng o p e r a t i o n s  w i l l  be d i s c u s s e d  under  one o f  the  fo l l o w i n g  

head ings  a p p r o p r i a t e  to  the s p e c i f i c  a s p e c t s  i n v e s t i g a t e d ,  hock Mass 

q u a l i t y  and Caving,  Caving mechanisms and m i  f a c e  F e a t u r e s  o f  Caving,  

m f f e c t s  of  U n d e r c u t t i n g  on " wpoin L e v e l .

1 . 2 3 1  ew s t u d i e s

the  q u a l i t y  o f  the rock  requ u i \  r  c a v in g ,  and t o  the  w r i t e r ' s  

knowledge th e  only two w-pe done a t  ' i l l .  , t h e  f i r s t  by King ( 1946)

and the second by McMahon and Kendrick 0* King developed  a

system of  rock  c l a s s i f i c a t i o n  b i.ied on ' t i l  s t r u c t u r a l  l e c t u r e s ,

m i n e r a l i s a t i o n ,  s i l i c i f i c a t i o n ,  a e r i c i t i z  t i o n  and decom pos i t ion .  The 

ro c k s  were c l a s s i f i e d  in to  f o u r  c l a s s e s  v a ry in g  from on. extreme.  C lass  

One being very s t r o n g ,  hard  a n d  competent  t o  C la s s  Four r e p r e s e n t e d  by 

very  weak, s o f t  incoup t e n t  rock  such us the  broken and c rushed  ruck
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alone, f r a c t u r e  a and f a u l t s  • C la ss  One was c o n s id e re d  uncavabl  c , <,ith 

very  l u r j e  s . a n s  b e in L' p ro b a b le ,  and i f  i t  did  cav e ,  the ore  would break  

i n t o  b locks  too  l a r ^ e  fo r  the s l u s h e r  s y s t e u .  fhe modera te ly  e t i c n g  

C la s s  Two rock was caved s u c c e s s f u l l y  but  s t o p e s  exceed ing  t0~ x ( Oa 

were r e q u i r e d  to  i n i t i a t e  c av ing  i n  a  b loc k  removed from o t h e r  caved 

b l o c k s .  Caved, C la ss  fwo ground was l a r g e  w i th  l i t t l e  tendency  t o  pipe 

or  f u n n e l . The m ode ra te ly  weaK C lass  Three rock  was s t e a d i l y  cavab ie  

and he rock broke up i n t o  a s in e  (up t o  3n) t h a t  was ec.sy t o  hand le  

t h ro u g h  d raw poin ta  and in  the  s l u s h e r  d r i f t s . Large d r i f t s  in  modera te ly  

weak C la ss  Three u round would r e q u i r e  t im b e r i n g .

C lass  Four (ve ry  weak) rock  would n o t  su p p o r t  l a r ^ e  openings  and 

d r i f t i n 0 or  r a i s i n g  th rough  t h i s  ground r e q u i r e d  complete  c l o s e  t i m b e r i n g .  

Unsuppor ted openings  over  T o — span would l a i x  o r  cav e .

This  c l a s s i f i c a t i o n  sys tem does n o t  appear  to  have been Used a ^ a in ,  

p o s s i b l y  because o f  t h e  amount of  work in v o lv e d  i n  d e t e rm in in g  the c l a s s i ­

f i c a t i o n ,  o r  because the  c l a s s i f i c a t i o n  was too  broad  t o  d e c id e  b o r d e r l i n e  

p rob lem s .
l e e r e  e t  a l , ( thb? )  proposed  the  use  o f  a 'hock Q ua l i ty  D e s ig n a t io n '  

(H^D) as an index  o f  rock  mass q u a l i t y .  The It^D i s  a m od i l ied  core  

r eco v e ry  techn ique  i n  which only l e n g t h s  01 sound core  exceed .ng  1jumm in  

l e n g t h  i s  c o u n ted .  T h . s  was fo l lowed by mchuhon's (19^®) p ro p o s a l s  f o r  

a n o t h e r  index  of  rock  mass q u a l i t y ,  t h e  ' J o i n t  - r c a k u g e ' in d e x .  Th.s  

index  i s  d e f in e d  as the p e r c e n ta g e  o f  the  t o t  J .  a r e a  o f  any exposure  

s u r f a c e  t h a t  i s  composed o f  j o i n t  f a c e s .  D i f f e r e n t  i n d i c e s  would bo 

o b ta in e d  from d i f f e r e n t  methods of  e x c a v a t io n ,  f o r  example,  i t  would be 

h i g h e r  fo r  c o n v e n t io n a l  bl s t i n g  than  f o r  smoothwall  b l a s t i n g ,  and even 

h i g h e r  in  n a t u r a l  e x p o s u r e s . There fo re  the mode oi fo rm a t ion  of  the 

exposure  had to  be s , v c i f i e d .
Hcliahon and Kendr ick  (19C5) a t tem p ted  a c o r r e l a t i o n  between 

v a r i o u s  i n d i c e s  o f  1 ock mass q u a l i t y  and an in d e p en d en t ly  d e r i v e d  

' c a v a b i i i t y  number'  • I:t o rd e r  t o  o b t a i n  the ' c a v a b i i i t y  number s i x  

e x p e r i en ced  mine o p e r a t o r s  were asrted i n d i v i d u a l l y  to  ranK th e  a r e a s  

tr.ey had worked in  the Cliuav- and Urud ulines i n  o rd e r  iroia one to  te . , .

One i n d i c a t e d  e x c e l l e n t  and ten i n d i c a t e d  very  poor cavin& c h a r a c t e r i s ­

t i c s .  f h i s  showed a  c l o s e  c o r r e l a t i o n  to  the secondary  b l a s t i n g  

e f f i c i e n c i e s .  The C a v a b i l i t y  number i s  t h e r e f o r e  a n t u s u r e  o f  the
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q u a l i t y  o f  the  caved  p roduc t  r e s u l t i n g  from a c e r t a i n  mechanism. The 

comparison o f  the  p a y a b i l i t y  number w i th  the v a r i o u s  i n d i c e s  o f  rock  mass 

q u a l i t y  showed no r e l a t i o n  to  the  bchmidt hammer h a rd n es s  o r  to  the  

J o i n t  Breakage Index ,  but a c l o s e  r e l a t i o n  t o  the  They concluded

t h a t  c a v i n g  behav iour  i s  much more in f l u e n c e d  by v a r i a t i o n s  in  degree  

o f  f a u l t i n g  and s h e a r i n g  than  by th e  r e l a t i v e l y  minor v a r i a t i o n s  in  

rock  h a r d n e s s  and. j o i n t i n g  c h a r a c t e r i s t i c s  measured in  the  s tudy  a r e a s .

1.332 Caving mechanises and s u r f a c e  f e a t u r e s of  cav ing  - O bse rva t ions  

of  c a v in g  a c t i o n  have in  g e n e r a l  been very  l i m i t e d  and i n  a lmos t  a l l  

c a s e s  o b s e r v a t i o n s  were made i n  cave b locks  which f a i l e d  t o  cave s a t i s ­

f a c t o r i l y .  The r easons  f o r  t h i s  a r e  s imply t h a t  no m on i to r ing  was 

r e q u i r e d  f o r  o re  which c<tved f r e e l y  no r  f o r  th o se  b lock  caves  which 

were p rov ided  w i th  boundary cut  o f f  s t o p e s  uecause th e  h a r d e r  ore was 

n o t  expec ted  t o  cave e a s i l y .  Uno of  the few s u c c e s s f u l  c a v in g  o p e r ­

a t i o n s  observed  was Miami where F l e t c h e r  ( l9 b 0 )  r e p o r t e d  c a v in g  a c t i o n  

a s  a s lo u g h in g  from th e  back o f  a c a v i t y  w i th i n  t h e  v e r t i c a l  l i m i t s  of  

t h e  u n d e r c u t  a r e a s .  In  one s to p e  he observed  the caved zone to  narrow 

down ab^ve tne  und e rcu t  a t  an ang le  of  83° from the h o r i z o n t a l .  In 

a lmos t  a l l  the  u n s u c c e s s f u l  Caving o p e r a t i o n s  such a s  J e n n i f e r  Bora te  

Mine, Kern Co. C a l i f o r n i a  (Ober t  and Long 1962) Urad,  Colorado (Kendr ick  

1970) and tiio Blanco,  C h i l e ,  (C a rp e n te r  and Woolfe 1972),  th e  u n d e r c u t t i n g  

and drawing l e f t  an e x t e n s i v e  h o r i z o n t a l  c a v i t y  from which o c c a s i o n a l  

s lo u g h in g  from the back o c cu r red .

There have been s e v e r a l  d e s c r i p t i o n s  o f  the  s u r f a c e  su b s id en ce  

zones developed  from c a v in g  o . e r a t i e n s .  T y p i c a l l y  the  su b s id e n c e  zone 

i s  d e s c r i b e d  in  t«-rrr.c o f  the  ' a n g l e  of  draw , ' a n g l e  o f  s u b s i d e n c e '  and 

!angl< o f  b r e a k ' .  The te rm 'a n g le  of  draw'  comes from c o a l  mining  

p r a c t i c e  and has been in t e r p r e t e d  in  d i f f e r e n t  ways, some w r i t e r s  measure 

i t  from the  h o r i z o n t a l  and o t h e r s  from the  v e r t i c a l ;  some u s e  i t  to  

d e s c r i b e  t h e  l i n e  j o i n i n g  the  l i m i t  of  mining to  vhe l i m i t  o f  s u r f a c e  

su b s id e n c e ;  to  o t h e r s  i t  i s  the  l i n e  j o i n i n g  the l i m i t  o f  mining to  the  

l i m i t  o f  l a t e r a l  d i sp la c e m e n t  -a . u r f u c e .  Johnson .-nd Sou le  (1963) d ef in ed  

t h e  arp.Ie  of  break a s  tue  an V asured from the  h o r i z o n t a l )  o f  

i n c l i n a t i o n  o*’ th e  l i n e  j o i n i ’ ..e n e a r e s t  underground workings w i th  

t h e  o u t e r  l i m i t  o f  s u r fa c e  T in c tu r in g ,  which a r e  u s u a l l y  t e n s i o n a l  f r a c ­
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t u r e s  r e s u l t i n g  from l a t e r a l  s u r f a c e  noveiient r a t h e r  than  subs idence  

movement. The a n ^ le  o f  subaidenco i s  the  a n ^ l e  (measured from the  

h o r i z o n t a l )  o f  i n c l i n a t i o n  o f  a l i n e  drawn t o  connec t  the  n e a r e s t  u n d e r ­

ground workings w i t h  th e  o u t e r  l i m i t  o f  s u r f a c e  subs idence  movement.

At San t i a n u e l , Johnson and Soule d e s c r ib e d  t h e  subs idence  zone 

over  th e  e x t e n s i v e  260m by 08Cu u n d e rc u t  a r e a  a t  the  s o u th  orebody as a 

c e n t r a l  core  which su b s id e d ,  and was sur rounded by a s e r i e s  o f  s c a r p s ,  

which dec re a se d  i n  h e i g h t  w i th  d i s t a n c e  from the  c e n t r a l  a r e a ,  f i n a l l y  

g r a d in g  i n t o  t e n s i o n  c rac ks  formed from l a t e r a l  d i s p l a c e m e n t .  The a n g le s  

o f  subs idence  and break were lower on one s i d e  than  the  o t h e r .  The 

d i f f e r e n c e  between the  a n g l e s  o f  subs idence  was l a r g e r  than  the  a n g le  of  

b reak  g i v i n g  a w ider  zone o f  t e n s i o n  c r a c k in g  on the  s i d e  w i th  the 

s t e e p e r  ang le  o f  s u b s id e n c e .

No s i g n i f i c a n t  zone of  t e n s i o n s !  c r a c k in g  was n o te d  by Obert and 

Long a t  the  J e n n i f e r  Bora te  Mine, but  the  development and f a i l u r e  of  

the  t e n s i o n a l  zone on the h i l l  s lo p e  above the  subs idence  zone r e s u l t i n g  

from cav in g  a t  Climax Molybdenum Mine has been d e s c r ib e d  by V anderw i l t  

( 1 9 4 9 ) . This  zone o f  t e n s i o n a l  c r a c k in g  was up t o  150m wide and w i th i n  

t h i s  zone a s e r i e s  o f  b locks  15 t o  30m wide,  30 t o  45“  h igh  and 30 t o  

150m l ong  were formed between th e  c r a c k s .  These b locks  were f r e e  t o  t i p

toward the cave zone a t  the  t o p  but a t  depth were h e l d  f a s t . The 

movement o f  the b lo c k s ,  in  t i p p i n g  forward,  produced a d d i t i o n a l  f r a c ­

tu r e s  u n t i l  the  b locks  were reduced  t o  weak p i l e s  o f  rock  which moved 

down the  s lope  as  a rock  slump, rock s l i d e  o r  combinat ion  o f  the  two.

In a rock  slump, b locks  r o t a t e  backwards a t  th e  top  and forward a t  the  

b a s e . In rock  s l i d e  the broken m a t e r i a l  moves a s  a mass or  i n d i v i d u a l  

bou lde rs  r o l l  on f r a c t u r e  p la n e s  p a r a l l e l  to  the  s u r f a c e .  At Gan 

Manuel , Johnson and ooule (1963) no te d  s i m i l a r  forward t i l t i n g  with  th e  

d ropping  o f  p ie - s h ap e d  wedges i n t o  th e  opening c r a c k s .  Heslop (19Y4) 

e x p la in e d  the s u r f a c e  subs idence  zone a t  Havelock Mine i n  Swazi land as 

the  t i l t i n g  of  l a r g e  s l a b s  o f  h an g in g * a l l  rocks  towards mining o p e r a t i o n s  

w i th  a wedge shaped p iece  s u b s i d in g  i n t o  the  opening f i n a l  c r a c k .  This  

e x p l a n a t i o n  o f  th e  subs idence  zone w.s n e c e s s a ry  both  «>t Climax and a t  

Havelock because underground development open ings  below the  subs idence  

zone showed no ev idence  o f  a  deep l y i n g  s h e a r  plane on which the  observed
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s u r f a c e  f a i l u r e s  cou ld  take  p l a c e .  At L ia rd  an exper iment  t o  l e a c h  

copper  from the  t e n s i o n a l  zone f a i l e d  because t h e  t e n s i o n  c ra c k s  d id  

n o t  l i n k  w i th  th e  underg round work ings .  However, i n  a r e c e n t  s e r i e s  of  

pape rs  Hoetc has  a t t e m p t e d  to  a n a l y s e  t h e  h i s t o r y  o f  hang inbw a l l  f a i l u r e s  

a t  t h e  s t e e p l y  d ip p i n g  Granuesborg  Mine by invok ing  s h e a r  f a i l u r e  on a 

p lane  d ipp ing  tow ards  t h e  o rebody . At t h i s  mine t h e  a n g le  o f  b reak  has 

shown a g r a d u a l  lo w er in g  w i th  i n c r e a s i n g  depth  o f  mining from 60° a t  a 

d ep th  o f  InOm to  G0° a t  a  dep th  of  300m (Houk 1974).

1 .333 a f f e c t s  o f  ■rndorci. ttin ■ on the draw; o i n t  l e v e l  below an undercu t  -  

L e r r i l  and Johnson ( 19G4 ) s t u d i e d  t h e  s t r a i n  and d i s p la cem e n t  c r e a t e d  

by u n d e r c u t t i i  0 i n  b lock  c a v in g  i n  the c o n c re te  su p p o r t  work on the 

e l u s h e r  and b r i z z l y  h o r i z o n s  a t  biji il&nuel and Climax . . l ines. This  work 

showed, a s  ex p e c te d ,  a s h a rp  r e d u c t io n  in  v e r t i c a l  lo a d s  as  the u n d e rcu t  

p a s sed  over  the  in s t ru m e n t  s t a t i o n s ,  w i th  an i n c r e a s e  i n  l a t e r a l  l o a d s .

At a s t a t i o n  below the  c e n t r e  o f  the  b loc k ,  a f t e r  com ple t ion  o f  the  

u n d e rc u t  g e n e r a l l y  i n c r e a s e d  l a t e r a l  arid v e r t i c a l  lo a d s  were imposed 

on th e  c o n c r e t e ,  w h i l e  t o  the  edge of  the  b loc k ,  th e  u n d e r c u t t i n g  

r e s u l t e d  in  mere ly  a  r e d u c t i o n  i n  l o a d .  In the  p e r ip h e r y  i n c r e a s e d  

v e r t i c a l  lo a d s  were r e c o r d e d ,  but  s u r p r i s i n g l y ,  no i n c r e a s e d  lo a d s  were 

n o te d  on the g r i z z l y  h o r i z o n  a s  u n d e r c u t t i n g  p r o g r e s s e d .

H e l l i w e l l  and h ch o r ie  (1962) a t  tne  L r r in g t o n  Underground Mine a t  

S te e p  R o c k  p laced  so m e  load  c e l l s  benea th a t o p  s l i c i n g  o j o r a t i o n ,  ihe 

r e s u l t s  dem ons t ra ted  t n a t  the  s t r e s s e s  benea th  a Caved b lock  were n o t  

p r o p o r t i o n a l  t o  tne  dep th  and d e n s i t y  o f  th e  o v e r l y i n g  caved ground but 

were c l o s s  to  t n a t  p r e d i c t e d  from Janus- n* s for .  .u la f o r  the average  s t r e s s  

on th e  base of  a non - f lo w in g  b in .  At J t e e p  hock tn e  y i e l d s  and d e f o r ­

mation of  y i e l d i n g  a rch  s e t s  or. ucram d r i f t s  i n  a b lock  c av ing  o p e r a t i o n  

were a l s o  m o n i to red .  The r e s u l t s  showed the  g r e a t e s t  y i e l d s  in  the 

middle o f  t h e  c e n t r e  scram d r i f t .  The cuucimum y i e l d s  were up to  300^ 

of  tne  o t h e r  g e n e r a l  d e fo rm a t ion  l e v e l s . These i n d i c a t e  t h a t  the  c e n t r e  

o f  a caved block c a r r i e s  a  h i g h e r  p ro p o r t io n  of  th e  w eight  o f  broken 

m a t e r i a l  than the  p e r i p h e r i e s .  However, i t  i s  c o n s id e r e d  u n l i k e l y  t h a t  

the  c e n t r e  c a r r i e s  t h e  very h ig h  p r o p o r t i o n  i n d i c a t e d  by the  sand f i l l e d  

bin exper imen t quoted  by iVoodruff ( 1962) .  I t  i s  c o n s id e r e d  t h a t  the 

h igh  p ro p o r t i o n  cou ld  have been due to  tht  way the b in  was loaded ,
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g i v i n g  a d e n s e , l e s s  com press ib le  c e n t r a l  c o r e .

1.34  THKuRETICAL amalyseb

The problem o f  c a l c u l a t i n g  th e  s t r e s s  i n  the  back of  a  block cave 

u n d e r c u t ,  c o n s id e r e d  i n s o l u b l e  a t  th e  1941 AIKE symposium, came very  

c l o s e  t o  being so lved  when Sadowsky and Stt r n b e r g  (1949) developed  the 

mathematica l  fo rm ulae  f o r  c a l c u l a t i n g  the  s t r e s s e s  around an e l l i p s o i d a l  

c a v i t y .  Toge the r  w i th  the  ma thematica l  formulae f o r  c a l c u l a t i n g  the 

s t r e s s e s , they  p r e s e n t e d  a s e r i e s  o f  g raphs  o f  the  s t r e s s  c o n c e n t r a t i o n  

f a c t o r s  along two o f  the t h r e e  axes f o r  v a r i o u s  p r i n c i p a l  s t r e s s  r a t i o s  

ana . H i u s o i d  s h a p e s .  U n f o r tu n a t e ly  th e  s t r e s s  c o n c e n t r a t i o n s  a long  the 

t h i r d  a x i s  were n o t  computed and co n s eq u en t ly  the  s t r e s s e s  i n  the back 

cou ld  n o t  be r e a d i l y  de r iv e d  f o r  a p r a c t i c i n g  rock  mechanics o r  mining 

e n g i n e e r . This  s tudy  was fo l lowed  by a s i m i l a r  one by Perzaghi  and 

Rich-tr t  (1952) ,  in  which s t r e s s e s  were c a l c u l a t e d  tround p r o l a t e  and 

o b l a t e  s p h e r i o d s .  Since th e s e  papers  were p u b l i s h e d ,  the f i n i t e  el emen t 

t e ch n iq u e  has become very  p o p u la r .  Th is  i s  a v e r s a t i l e  computer  echnique  

which a l low s  an a c c u r a t e  d e s c r i p t i o n  of  e x c a v a t io n  shape and body f o r c e s , 

rock p r o p e r t i e s , e l a s t i c  o r  o t h e r  r h e o lo g i c  laws o f  ground re sponse  to  

be modelled ( J a e g e r  and Cook 1 9 ( 9 ) '  While t h i s  t e ch n iq u e  i s  t h e o r e t i c a l l y  

capa b le  of  m ode l l ing  t a r e e  d im ens ional  problems,  i t  would r e q u i r e  such  a

lo ng  com pu ta t iona l  time on a l a r g e  computer  t h a t  i t  i s  no t  co n s id e re d

worth the e x t r a  e f f o r t . The t h r e e  d im ens iona l  s t r e s s  a n a l y s i s  programme 

developed  by th e  South A f r ican  Chamber o f  Mines r e c e n t l y  promises t o  f i l l

.. tm- as sum] t i o n  t h a t  

the rock  L-tnaves ns a ho :o cnuous , l i n e a r l y  e l a s t i c  m a t e r i a l  which r e s t r i c t s

i t s  use (Wagner 1979)•
Or a s i m p l e r ,  two d im ens ional  b a s i s  f o r  a n a l y s e s ,  Geldsrd  end Udd 

( 1962) c a l c u l a t e d  and p r e s e n te d  g r a p h i c a l l y  the  s t r e s s  c o n c e n t i a t i u n s  on 

the s u r f a c e  o f  e l l i p t i c a l  openings  of  v a r i o u s  shapes  from n c i r c l e  t o  a 

c r a c k  and with  v a r io u s  s t r e s s  c o n d i t i o n s  and o r i e n t a t i o n s .  T h i s  paper  

was used  as the  b a s in  f o r  Morrison and G e l d a r d ' s  ( 19M) paper on the 

s t r e s s e s  induced by block cav ing ,  from which they  conclude  " t h a t  the  

o ld ,  and somewhat obvious  p r a c t i c a l  e x p l a n a t i o n  i n  s t i l l  c o r r e c t ;  ' i t  

b reaks  up under  i t s  own w e ig h t1. The c o n t r i b u t i o n  o f  the f i e l d  s t r e s s  

i s  to  a s s i s t  o r  r e t a r d  the  p ro c e s s  by l o o s e n i n g  or  t i g h t e n i n g  the
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u n d e r c u t  rock  mass.  The b e s t  c o n d i t i o n s  p e r t a i n  w i th  th e  low es t

h o r i z o n t a l  s t r e s s " .
J e n i k e  and L e s e r  (1962) adopted  a d i f f e r e n t  approach  t i  t h e  p ro ­

blem by r e uardin>j the  caved and uncaved ore a s  a  continuum, and a n a l y s i n g  

the  cav ing  a c t i o n  a s  a  war,e f r o n t  moving; u jw ards  as a  f u n c t i o n  of time 

and rock  p r o p e r t i e s .  While t h i s  ap, roach  rray have some a p p l i c a t i o n  in  

th e  very weakes t  o f  cav ing  o r e s ,  i t  i s  no t  a p p l i c a b l e  t o  most o p e r a t i o n s  

where a c a v i ty  benea th  the  buck i s  e i t h e r  observed  o r  i n f e r r e d .

On the  e x p e r im en ta l  s i d e ,  most work has  been done on th e  mechanics 

o f  drawing the  ore i n  a b loc k  c av ing  o p e r a t i o n  in  o r d e r  t o  maximise ore 

r e c o v e ry  and minimise  was te  i n c u r s i o n .  One o f  the  most s i ^ i f i C c J i t  of  

th e s e  d e s c r i p t i o n s  i s  UcNioholas,  e t  a l  (1946) done a t  Climax Mine,  m e  

exper im en ts  were done i n  a  b' l a s s  f r o n t e d  box f i l l e d  w i th  0 . 6 ^  woS 

c o n t a i n i n g  m i l l  t a i l i n g s  and sand r e p r e s e n t i n g  the w as te  cap p in g .  From 

t h i s  work v a r i o u s  pa ram ete r s  o f  b lock  cav ing  o p e r a t i o n s  were worked o u t .

1.35 SULi.lAHY AK1) CONCLUSIONS
The most s i g n i f i c a n t  p o in t  t o  emerge from the l i t e r a t u r e  survey o f  

cave mining p r a c t i c e  was the  wide v a r i e t y  o f  ground c o n d i t i o n s  to  which 

th e  method has  been a p p l i e d .  In many cases  t h e s e  ground c o n d i t i o n s  

have been in a d e q u a te ly  d e s c r i b e d  t o  enab le  a n y t h in g  but b road  compar isons  

t o  be drawn.
While i t  i s  c l e a r  from the  survey  t h a t  i n c r e a s i n g  the s i z e  o f  the  

u n d e r c u t  enhances th e  chances  o f  i n i t i a t i n g  a cave ;  i t  i s  a l s o  c l e a r  t h e t  

i n c r e a s i n g  the  s i z e  o f  the  u n d e rc u t  i n c r e a s e s  the chances  o f  s ev e re  

"weight"  on the  e x t r a c t i o n  open ings .  How b ig  i s  b ig  enough: i h i s  i s

u s u a l l y  de termined  by experiment,  ex ten d in g  t h e  u nde rcu t  u n t i l  a  cave i s  

o b t a i n e d ,  which i s  no t  i d e a l  n o r  always p r a c t i c a l .  The problem has  been 

re c o g n i s e d  and a t t e m p t s  made t o  so lv e  i t  by th e  use o f  a rock  c l a s s i f i ­

c a t i o n  system. U n f o r tu n a t e ly  no s t a n d a r d  c l a s s i f i c a t i o n  sys tem has  been 

adop ted  y e t  and s t i l l  i n s u f f i c i e n t  d a t a  are a v a i l a b l e  f o r  a n a l y s i s .

A more fundamental  approach in v o lv in g  the  o b s e r v a t i o n  and a n a l y s i s  

o f  the  mechanisms o f  cav ing  ap p ea r s  n e c e s s a r y  as a v a r i e t y  o f  mechanisms 

a s  mi gilt be expec ted  from th e  v a r i e t y  of  ground c o n d i t i o n s .  However, 

t o  d i t e ,  i n s u f f i c i e n t  o b s e r v a t i o n s  have been made t o  draw any c o n c l u s i o n s .
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iSHABANI

F ig  1,1 u inul if ie . 'd  g e o l o g i c a l  m p  o f  Khodeaiu showing l o c a t i o n  o f  ShaLani
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.\'oati o f  tl«e t h e o r e t i c a l  a n a l y s e s  have t h e r e f o r e  been based on l i o i t e d  

o b s e r v a t i o n s  o f  c a v i n j  under  c e r t a i n  ground and s t r e s s  c o n d i t i o n s ,  and 

a r e  co n s eq u en t ly  n o t  u n i v e r s a l l y  a p p l i c a b l e .

The r e s e a r c h  d e s c r i b e d  in  t h i s  d i s s e r t a t i o n  was u n d e r ta k e n  because 

o f  the  need i n  the  a s b e s t o s  mines o f  the A f r i c a n  A sso c ia ted  idineo ejroup 

to  e s t a b l i s h  th e  s i z e  o f  und e rcu t  r e q u i r e d  t o  i n i t i a t e  cav ing  while  n o t  

making th e  a r e a  too  l a r ^ v  which would l e a d  to  "’.vc i jh t"  problems.  Also 

i t  was n e c e s s a r y  to  be ab l e  to  r e c o j n i s e  w i th  c e r t a i n t y  which o f  the  

s m a l l e r  o r e b o d ie s  were n o t  e x t e n s i v e  enough f o r  c a v i n j  by merely e x ten d in g  

the u n d e r c u t  t o  the  orebody l i m i t s ,  and where o t h e r  cave i n d u c t i o n  methods 

would be needed ,  or  where cav ing  was simply n o t  p r a c t i c a l .

There was a l s o  a c l e a r  need t o  u n d e r s t a n d  the behav iou i  o f  the 

rock mass as  a  whole so t h a t  e f f e c t s  on the p e r i p h e r i e s  o f  c r e a t i n g  such 

a l a r g e  volume o f  broken rock ,  a s  b lock cav ing  does ,  can be e s t a b l i s h e d .  

The l i t e r a t u r e  d e s c r i p t i o n s  i n d i c a t e d  the  e x i s t e n c e  o f  a zone o f  n e a r ­

s u r f a c e  e f f e c t s  while  damage a t  depth  o c c u r re d  in  c e r t a i n  c a s e s ,  some 

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

no p a t t e r n  emerged from the  l i t e r a t u r e  s u rv e y .

1 .4  b c c , i f  . -h. i- .v:::  .
Shabtuiie l a n e  i s  im media te ly  sou th  o f  bhabani  township  and i s  

approx im ate ly  kOOkm e a s t  of  Bulav.uyo on t h e  Bui a.. ay o -F o r t  1- i c t o r i a  road  

( F i g  1 , l )  • The g e n e ra l  a l t i t u d e  i s  960a.
The c h r y s o t i l e  a s b e s t o s  occurs  as  seams w i th  zones  o f  complete 

e e r p e n t i n i s a t i o n  in  a p a r t i a l l y  s c r ,  e n t r n i s e d  u l t r a m a f i c  s i l l .  There 

a r c  a t  l e a s t  40 o r e b o d . e s ,  which have been worked over  a s t r i k e  l e n g t h  

of  9km. These bodie s  - r e  s e p a r a t e d  from vne a n o t h e r  a long  s t r i k e  and 

down d i p ,  by dykes and zones o f  t a l c  ca rb o n a te  rocks  developed  a long  

major wrench and t h r u s t  f a u l t s .  The f i r s t  r eco rd  o f  a s b e s t o s  i n  t h i s  

p a r t  o f  the world was i n  1906 when some samples  were s en t  t o  th e  Bulaweyo 

museum fo r  e x a m in a t io n ,  but t h e r e  i s  some doubt t h a t  the  samples  cane 

from the  Shabani  d e p o s i t s  and may have come from one of  the  Belingws 

d e p o s i t s .  The f i r s t  c l n i u j  s t a k e d  in  t h e  a r e a  v;ere th e  Shabanie  c l a im s ,  

s t a k e d  by Hr %. Kerr  on b e h a l f  o f  the  Rhodesian .uid General  Asbestos 

C orpo ra t ion  i n  1919- In 1916 tu.d 1 >' 17 th e  B i r th d ay  -Uid . i l l  Despuranju. .
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5ome o f  the  t h e o r e t i c a l  analyt ica have t h e r e f o r e  been bused on l i o i t e u  

o b s e r v a t i o n s  o f  c&vinj  under  c e r t a i n  ground and s t r e s s  c o n d i t i o n s ,  and 

a re  c o n s eq u en t ly  n o t  u n i v e r s a l l y  a p p l i c a b l e .

The r e s e a r c h  d e s c r i b e d  i n  t h i s  d i s s e r t a t i o n  was u n d e r ta k e n  because  

o f  th e  need i n  th e  a s b e s t o s  n in e s  o f  the  A f r i c a n  A ss o c i a te d  ...inea (jroup 

t o  e s t a b l i s h  the  s i z e  o f  und e rcu t  r e q u i r e d  to  i n i t i a t e  cav ing  f th i le  n o t  

nakine; th e  a r e a  too  l a r j e  which would l e a d  t o  "we igh t"  p rob lem s.  Also 

i t  was n ece s s a ry  to  be a b l e  to  r e c o g n i se  w i th  c e r t a i n t y  which of  the  

s m a l l e r  o reb o d ie s  were n o t  e x t e n s i v e  enough f o r  cov ing  by merely ex t i j,.-^;.g 

the u n d e rc u t  to  the  orebody l i m i t s ,  and where o t h e r  cove i n d u c t i o n  methoda 

would be needed ,  o r  where cav ing  was simply n o t  p r a c t i c a l .

There was a l s o  a c l e a r  need t o  u n d e r s t a n d  the  behav iour  o f  ^he 

rock mass a s  a  whole so t h a t  e f f e c t s  on the p e r i p h e r i e s  o f  c r e a t i n 0 such 

a l a r g e  volume o f  broken rock ,  a s  block cav ing  does ,  can be e s t a b l i s h e d .  

The l i t e r a t u r e  d e s c r i p t i o n s  i n d i c a t e d  the  e x i s t e n c e  o f  a  zone of n e a r -  

s u r f a c e  e f f e c t s  w h i le  damage a t  dep th  o c c u r re d  in  c e r t a i n  c a s e s ,  some 

o f  t h e s e  o c c u r r e n c e s  appea red  to  be r e l a t e d  to  g e o l o g i c a l  f e a t o x e s ,  and 

no p a t t e r n  emerged from th e  l i t e r a t u r e  s u r v e y .

1.4 Loc,.7 iu:; <u'D h h i h r  Hi-Tcr.Y u r
Shabanie .Vane i s  immediately  sou th  o f  Shabani  township  and i s  

approx im ate ly  kCOkm e a s t  o f  3ula< :.yo on th e  Bui a - ay o- For t  \ i c t o r i a  road 

(F ig  1 , 1 ) .  The 0e n e r a l  a l t i t u d e  i s  960m.

The c h r y s o t i l e  a s b e s t o s  occurs  as  seams w i th  zones o f  comple te 

s e r p e n t i n i s a t i o n  in  a p a r t i a l l y  s e r ; e n t i n i s e d  u l t r a m a f i c  s i l l .  There 

a r e  a t  l e a s t  40 o r e b o d ie s ,  which have been worked over  a s t r i k e  l e n g t h  

o f  9km. These bod ies  a r e  sep t - ra ted  from vne a n o t h e r  a long  s t r i k e  and 

down d i p ,  by dykes and zones ol t a l c  ca rbona te  rocks  developed alon& 

major wrench and t h r u s t  f a u l t s .  The f i r s t  r e c o rd  o f  a s b e s to s  i n  t h i s  

p a r t  o f  the world was i n  1906 when some umaples were s e n t  t o  t h e  Bul&wtiyo 

museuri f o r  exam in a t io n ,  but t h e r e  i s  some doubt t h a t  the  samples  Came 

from the  Shabani  d e p o s i t s  and may have come from one of  the  Eclingwe 

d e p o s i t s .  The f i r s t  c l a im s  s t a k e d  in  th e  a r e a  were th e  Shabanie c l a im s ,  

s t a k e d  by 2ir %. Kerr  on b e h a l f  o f  the  Rhodesian and General  Asbestos  

C orpo ra t ion  i n  1915* in  1916 and 1917 the B i r th d ay  -nd .»il Despcranuu...
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cli i ima,  a&ong o t h e r s ,  were s t a t e d .  Turner  tuid hew a l l  formed the  A fr ican  

A sbes tos  Mining Company i n  1V19 ttrid took, over  th e  N i l  Desporauuum 

c l a i m s .  The Rhodes : in  and General  A sbes tos  C o rp o ra t io n  a c q u i r e d  the  

B i r thday  c l a im s ,  p l a n t  and workings  from Willoughby1 a C o n s o l id a te d  

Company i n  19J4 or  IgZS and w i th i n  t h r e e  y e a r s  embarked upon an expansion 

programme. In about  1930 T urne r  and No,/al l b o u jh t  t h e  Rhodesian ana 

General  Asbes tos  C orpo ra t ion  and t h u s  a c q u i r e d  c o n t ro l  ol Shaban ie ,  Oaths '  

and King Mines.  T h i s  brought a l l  the  workings i n  the ahaban ie  d e p o s i t

under  one management.
As i n d i c a t e d  e a r l i e r ,  i n i t i a l l y  open p i t  mining was u s e d ,  and 

w i t h  t e c h n i c a l  improvements i t  has  been used  a lm os t  co n t in u o u s ly  e v e r  

s i n c e ,  a l th o u g h  i t s  r e l a t i v e  im por tance  in  tonnage produced has

d e c l i n e d  over  the  y e a r s .
In t h e  VyPO's sh r in k a g e  a t  oping was s t a r t e d  i n  the  .Nil Despe random

Mine, and t h i s  evolveu i n t o  an overhand cu t  and f i l l  s t o r i n g  method,  in  

t h e  l a t e  1930' s  and e a r l y  1940' s  the  method was employed on an i n c r e a s ­

in g ly  l a r g e  s c a l e  on a l l  t h r e e  s e c t i o n s  of  t h e  mine -<nd became th e  main 

tonnage  p roduce r  i n  th e  mid 1 9 4 0 ' s .  However, w i tn  i n c r e a s i n g  s i z e s  o f  

th e  a to p es  a number o f  c o l l a p s e s  o c c u r r e d ,  and t h i s  l e d  to  t h e  even­

t u a l  abandoning  of  t h i s  method.
In the e a r l y  f o r t i e s ,  a  form o f  b lock  c av ing  was a t t e m p t e d  s u c c e s s ­

f u l l y  in  one o f  th e  u reb o d ie s  where a l a r g e  s e c t i o n  o f  the  cu t  and t i l l

a to p e s  had c o l l a p s e d .  A f te r  a n o t h e r  two major c o l l a p s e s  the  cu t  and 

f i l l  mining method was abandoned and the  d e c i s i o n  was taken  in  1946 to  

change over  t o  b lo c k  c a v in g .  By t h i s  time a l l  the  major  o re b o d ie s  down t o  

239 l e v e l  on the tihnb u i i e ,  295 l e v e l  on the  B i r thday  and 12 ( 265m) l e v e l  on the

N i l  s e c t i o n s  h id  f a i r l y  e x t e n s i v e  cu t  and f i l l  a t o p e s .  For th e  fo l lo w in g

twenty  y e a r s  t h e  b loc k  c a v in g  o p e r a t i o n s  were c a r r i e d  out  i n  theoe  b lo c k s .

In some caoes  the  s lo p e s  have as i s t e d  in  i n i t i a t i n g  c a v in g  wlr l e  in  

o t h e r s  they have p r e s e n te d  l a y o u t  and ground c o n t r o l  p roblems.

S ub leve l  cav ing  was i n t r o d u c e d  in  195b• This  method was i n i t i a l l y  

known as  the  "Kiruna  Method" and was f o r  a p e r io d  known on the  mine a s  

" s u b l e v e l  l o a d i n g " .  L a te ly  the method has been a p p l i e d  in  s e v e r a l  

m ining b loc ks ,  bu t  t h e r e  i s  some doubt an to  i t s  e f f i c i e n c y .
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S evera l  l u r j o  open e topea  have developed on the  n ine  mostly a s  a  

r e s u l t  o f  the  f a i l u r e  o f  the  h a n ^ n j w a l l  to  cave i n  b lock  o r  s u b l e v e l  

cav ing  o p e r a t i o n s .  In a  few i n s t a n c e s ,  however,  where the  orobody w as  

c o n s id e r e d  too  sm a l l  f o r  cav ing  o f  the hang ingv /a l l ,  t h e  o re  h a s  been 

mined a s  a  s h r in k a g e  open s to p e .

The mining m.-thodu a r e  d e s c r ib e d  in  f u l l  d e t a i l  i n  a  f u r t i  

c h a p t e r .
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THi; GEOLOGY OF TIIL lai 'U^IT

2.1 lUTKOD'JGTION
A f u l l  d e s c r i p t i o n  o f  th e  gL-olo^y o f  Shabanie  Mine I s  i n c l u d e d  i n  

t h i s  d i s s e r t a t i o n  a s  i t  i s  c o n s id e r e d  n e c e s s a r y  t o  th e  u n d e r s t a n d i n g  of  

th e  o b s e r v a t i o n s  d e s c r i b e d  i n  t h i s  work. I t  w i l l  a l s o  enab le  th e  r e a o e r  

t o  d ra w  c l e a r e r  compar isons  w i th  o t h e r  c a v in g  o p e r a t i o n s ,  i o  f a c i l i t a t e  

the  d e s c r i p t i o n  and unders tandsn t j  o f  the  foe o l o ryr o f  t h i s  d e p o s i t ,  which 

i s  r e l a t i v e l y  complex, a b r i e f  d e s c r i p t i o n  ol the g e o l o g i c a l  h i t  tuzy 

i r  i n c l u d e d .
In  the  f o l l o w i n g  d e s c r i p t i o n s  o f  th e  geology and s t r u c t u r a l  geo- 

l ° o y  o f  th e  v a r i o u s  rock ty p e s ,  the  p e t r o l o g i c a l  d e s c r i p t i o n s  end the  

i n t e r p r e t a t i o n s  o f  g e o l o g i c a l  o r i g i n  have been based on th e  works ol 

Keep ( 192&) and Laub:-chcr ( i % 3 )  •
The c h r y s o t i l e  a s b e s t o s  o ccu rs  a t  Shabani  a s  s u b - p a r a l l e l  seams 

(P ig  L , l )  in  a t  l e a s t  40 d i s c r e e t  o rebod ie s  which a r e  l o c a t e d  i n  a 1bkm 

lo ng ,  p a r t l y  s e rp en  t i n t  sed  and t a l c i f i e d  u l t r a n m f i c  s i l l ,  ihe  s i l l  was 

i n t r u d e d  i n t o  th e  pre-f lulawayan basement g n e i s s e s  about  1 000m below th e  

then  d e ve lop ing  d e p o s i t o r y  o f  the  Belingwe s c h i s t  b e l t .  Duiing i n ..r u - 

s ion  some d i f f e r e n t i a t i o n  took p lace  g iv i n g  a  t h i n  zone o f  l e s s  bas ic  

rocks  n e a r  the u p p e r  c o n t a c t  and s u b se q u en t ly  the  s i l l  was f o ld e d ,  

f a u l t e d  and a l t e r e d  by ca rb o n -d io x id e  n " in g  hydro therm al  e o l u t io m  

which l e d  to  the  development of  th e  t a l c - c u r b o n a t e  ro c k s ,  s e r p e n t i n i -  

s a t i o n  and f i u r e  growth.  Pi { 2 ,3  i s  a g e o l o g i c a l  ap and s e c t i o n  

th rough  the  a r e a ,  and P ig  2 ,4  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  o f  the o r e -

b o d ie s  t o  the  su r ro u n d in g  r o c k s .
Laubscher (1 y b j , P 5) h a s  given t . ie  g e o l o g i c a l  sequence a s  f o l l o w s :

Quartz Veins

A p l i t e s ,  P egm a t i t e s  

G r a n i t e s

bhea r  zones  in  the  g n e i s s  

T a lc  zones i n  the  u l t r« * a a f i c  •

P e r io d  of  l a t e r a l  compression 

a c i d  i n t r u s i o n  and hydro thermal 

a c t i v i t y
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Diabase  dykes

Acti r ’v l i t e  F e ld s p a r

A c t i n o l i t e

P y ro x e n i t e

Harzbui’t j i t e

P e r i d o t i t e

S e r p c n t i n i s e d  P e r i d o t i t e  

S e r p e n t i n i  sed Dunite 

S i l k y  f i b r e  zones  

b r i t t l e  f i b r e  zones 

Talc c a rb o n a te  rocks

Shabani  u l t r a m f i c

G reens tones
S h e f f i e l d  U l t r a b u s i c  > bulawayan System

Sediments J

Gneiss  basement

2 .2 THE bASS:.!^-'! GI^ISG
The y n e i sa  su r rounds  th e  u l t r a m a f i c  s i l l  and u n d e r l i e s  the  Bula ­

wayan system.  The g n e i s s  t y p i c a l l y  shows a wide range  o f  t e x t u r e s  and 

the  m i n e r a lo g i c a l  com pos i t ion  v a r i e s  froi .  g r a n i t i c  t o  t o n a l i t i c . 1 he

underground exposures  o f  the. ,e  rocks  a r e  c o n f in e d  t o  t h e  main v e r t i c a l  

s h a f t  development on a l l  the  main level* '
/

2 .3  THE BULA.VAYAN

This  system occurs  to  the sou th  o f  th f  mine,  and c o n s i s t s  o f  a 

1t>0m t h i c k  s u c c e s s io n  of  g r i t n .  n ie d  i r o n s  t o n e s ,  s l a t e s ,  l i m e s to n e s ,  

cong lom era tes  and q u a r t . " . i t e s • * .s f o l lw ed  by the  u h e f . . e l d  u l t i a b a s i c

body and t h i s  in  t u r n  by g r e e n s t o n e s .  The s u c c e s s io n  has  been fo lded  

t o  g iv e  a n o r t h  west  -  s o u th  c a s t  s t r i k e  and an tiO° s o u th -w e s t  d i p  in  

t h i s  a r e a .



r'io 2,1 uub p a r a l l e l  f i b r e  scams v i u- 2 ,2  2ev e lo p n en t  o f  the b e l i r . j ^ e

r/A#zw,

Vie 2 ,3 G e o l o j i c u l  Hiip o f  uhabani  Ar-’a
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2.4  THS SHA3.'C;i ULVRA:.'A?TV SILL

The u l t r a f f i c  s i l l  has  a s t r i k e  l e n g th  o f  15km, a t h i c k n e s s  of 

a t  l e a s t  1 500m and a 60° sou th -w es t  d ip .  The body was ciagmat ical ly  

d i f f e r e n t i a t e d  i n t o  a t h i c k  d u n i to  zone,  o v e r l a i n  by t h i n n e r  zones of  

p e r i d o t i t e , h a r z b u r g i t e , p y ro x e n i t c  ax.d gabbro .  The p y r o x e n i t e  was 

a l t e r e d  by automagmatic w a te r  to  t a l c  and a c t i n o l i t e  rock  and the gabbro 

to  a c t i n o l i t e  f e l d s p a r  ro c k  (Laubscher  1p63 i  20530) .

A f t e r  emplacement, the s i l l  w^s i n t r u d e d  by d iabase  d jk e s  and 

then s u b j e c t  to  a h igh  l a t e r a l  p r e s s u r e  which f o ld e d  the s i l l  and 

f a u l t e d  i t .  The f a u l t i n g  to ok  the form of  t h r u s t  f a u l t s  w i th  a s s o c i a t e d  

e h e a r i n u p a r a l l e l  i s  the lower c o n t a c t  o f  the s i l l ,  and t h r u s t  and 

wrench f a u l t s  c u t t i n g  th rough  the main body o f  the  s i l l .  These f a u l t s  

ac ted  a s  channel  ways f o r  th e  e a r l i e r  hydro therm al  s o l u t i o n s  which 

a l t e r e d  the d u n i t e  t o  s e r p e n t i n e  i n  which the  s i l k y  a s b e s t o s  f i b r e  

formed.  The l a t e r  hydro therm al  s o l u t i o n s  were ca i’bon-d iox ide  t e a r i n g  

and a l t e r e d  the rock  in  th e  v i c i n i t y  o f  the channelw&ys to  t a l c  s c h i s t  

and t a l c - c  rbonn te  ro c k .  In a t  l e a s t  40 o f  th e s e  compartments formed 

by the  f a u l t s  and a s ^ o c i ^ t c d  t a l c  z o n e s , the s e r p e n t i n i s a t i o n  p roces s  

went s u f f i c i e n t l y  f a r  to  develop  payable  c o n c e n t r a t i o n s  o f  s i l k y  

c h r y s o t i l e  f i b r e .

As the  hydro therm al  s o l u t i o n s  p e n e t r a t e d  the  s i l l ,  the  zones of  

t a l c i f i c a t i o n  &rev in  w id th ,  a l t e r i n g  p r e v io u s l y  s e r p e n t i n i a e d  d u n i t e  

f i r s t l y  t o  an i n t e r m e d i a t e  s t a g e  carbon , . t ed  s e r p e n t i n e  and f i n a l l y  to  a 

t a l c - c a rb o n a . t e  rock .  The c a r b o n a t io n  f i r s t l y  made th e  c h r y s o t i l e  f i b r e  

seams b r i t t l e , f i n a l l y  the  seams were com ple te ly  a l t e r e d  to  t a l c ,  r e ­

maining r e c o g n i s a b l e  as  a l t e r e d  f i b r e  seams.  These zones o f  c a rb o n a ted  

s e r p e n t i n e  fo r c e d  between the  t a l c i f i e d  zones a s s o c i a t e d  w i th  the  f o o t -  

w al l  and f a u l t s  and the  s e r p e n t i n e  and s i l k y  f i b r e  o f  the i n t e r i o r  

( F i g  2 ,4  and 2 , 5 ) .

The be n e r a l  r e l a t i o n s h i p s  o f  the v a r io u s  o re b o d ie s  i s  i l l u s t r a t e d  

i n  F ig  2 , 6 .

2.41 th>; F o o t . ; a i l  t a l c  l o c k s

The fo o tw u l l  t a l c  rocks  c o n s i s t  dominantly o f  t o l c - m a g n e s i t e  ruck ,  

w i th  zones o f  t a l c  s c h i s t  and ,  in  some a r e a s ,  g r a . h i t i c  s c h i s t s .
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Remnant b o d ie s  o f  ca rbona ted  s e r p e n t i n e  a r e  a l s o  found .  The massive 

l a l c -m a & n es i t e  rock  coirronly c o n t a in s  t a l c  pseudomorph a f t e r  f i b r e  s c a n s .  

The zones o f  t a l c - e n d  g r a p h i t i c  s c h i s t  a r e  a s s o c i a t e d  w i th  the major 

f a u l t s  which g e n e ra]^  occur  p a r a l l e l  t o  the fo o tw a l l  c o n t a c t .  In  the  

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

as  dykes ,  t h r u s t  and wrench f a u l t s  a c U d  as channelways f o r  the  h ya ro -  

the rm a l  o l u t i o n e  l e a d i n g  to  the development o f  zones o f  t a l c  s c h i s t  and 

t a l c  magnesi te  r o c k s .  The r e s u l t a n t  s t r u c t u r e s  a r e  i l l u s t r a t e d  in  F ig  2,4*

Laubscher P Id) g i v e s  the  fo l l o w in g  formulae f o r  the  fo rm at ion

o f  th e s e  rocks :

(1) + 3(J02 » H2Î )S i40 12 + 3M6C03 + 3H20

s e r p e n t i n e  t a i c  magnesi te

(2) 2H4:.'g3S i , 0 () + 6CJ2 — > + 3MgC0^ YAf  + jCOg

s e r p e n t i n e  t a l c  magnes i te

— > 6MgC0 + 4S i0 2 + 3'HgO

magnes ite  q u a r t z

The f i r s t  formula  i s  a p p l i c a b l e  i n  the  u p p e r  p o r t i o n  o f  the f o o t ­

w a l l  t a l c  zone,  w h i le  th e  second i s  a p p l i c a b l e  t o  a r e a s  where t h e r e  was 

a h i g h e r  c a rb o n -d io x id e  c o n t e n t  in  the hyd ro the rm al  s o l u t i o n s  such as 

n e a r  the g n e i s s  u l t r a b a s i c  c o n t a c t ,  where q u a r t z  v o i n l e t s  may be fo u n d .

The meet m i c a l  p r o p e r t i e s  o f  t h i s  group o f  rocks  v a ry  c o n s i d e r a b l y .  

The massive t a l c  magnesi te  rock: have minor f a u l t s  ( s l i p s )  developed in  

them and f r a c t u r e  p l a n e s .  G en e ra l ly  the mass ive rocks  a r e  mode ra te ly  

competent  (C.t ■ j )  whil in  some a re  a they may be ex t remely  c o m p e ten t . 

The t a l c  s c h i s t s  vary from s l i g h t l y  s c h i s t o s e  modera te ly  competent  rocks  

to  ex t remely  weak f i n e l y  c l eaved  rocks  (C la ss  lj) . The g r a p h i t i c  s c h l t - t s  

a r e  ex t rem ely  weak. The major s l i p s  and f a u l t s  f r e q u e n t l y  c o n t a in  a 

s o f t  c l a y - l i k e  gouge f i l l i n g  o f  f i n e l y  c rushed  t a l c ,  and th e s e  gouge 

f i l l e d  s h e a r s  may o c c a s i o n a l l y  exceed 0,bm in  t h i c k n e s s .  Development 

workings a r e ,  as  f a r  an p o s s i b l e ,  kept  out  o f  t h e s e  ro c k s ,  or  a t  l e a s t  

i n  th e  more competent  bands in  the  foo tw a l l  t a l c  ro c k s .

Appendix 1 g ives  some p r o p e r t i e s  of  th e se  ro c k s .  These t e s t s  

were done bo th  on the mine a n d  by the Council f o r  S c i e n t i f i c  and In d u s ­

t r i a l  Research  (COId) i n  P r e t o r i a ,  "or  rone reanon ,  p o s s i b ly  due t o  the



26

f a c t  t h a t  t h e  Shabanie  c o r e s  were soaked in  w a te r  p r i o r  t o  t e s t i n g ,  the 

Shabanie  t e s t s  tfave c o n s id e r a b ly  lower  s t r e n g t h s .

2.42 THE BRITTLE FIBRE ZONES

The b r i t t l e  f i b r e  zones occur between th e  t a l c  rocks  o f  both the  

fo o tw a l l  and t r u n s g r e s s i v e  t a l c  zones and the  s i l k y  f i b r e  b o d ie s ,  as  

shown i n  F ig  2 ,4•  Thean zones r e p r e s e n t  an i n t e r m e d i a t e  s t a g e  i n  the 

fo rm at ion  of  t a l c  magnes i te  rocks  from s e r p c n t i n i s e d  d u n i t e  by ca rbon ,  

d io x id e  metasomatism. Tin.- f i b r e  has a  lower f l e x u r a l  s t r e n g t h  due t o  th e  

rep lacement  o f  t h e  ou' .er  l a y e r s  o f  c h r y s o t i l e  o f  the  f i b r e s  by t a l c  and 

m a g n es i te .  The hos t  roc,  c o n s i s t s  o f  t a l c ,  m a g n es i te ,  s e r p e n t i n e  and 

o c c a s c i o n a l l y  o l i v i n e  (Luubocher 19L3 P i y ; 2 0 ) .

Con tac t  w i th  the  s i l k y  f i b r e  bodie s  i s  g r a d a t i o n a l ,  anc t m s  z o n e  

i s  commonly f r a c t u r e d .  Minor f a u l t s  or  s l i p s  a r e  common i n  the b r i t t l e  

z o n e s ,  and a : e  u s u a l l y  cemented by c a r b o n a t e s ,  making them s t r o n g e r  

than  th e  s l i p s  t h a t  occu r  i n  the  o re b o d ie s .  Major s l i p s  w i th  vu0hs  

a r e  o c c e s s i o n a l l y  fo u n d . The b r i t t l e  f i b r e  zones  a r e  u s u a l l y  competent  

(C la s s  1 to  j )  bu t  a t  the c o n t a c t  w i th  the  s i l k y  f i b r e  bod ies  t h e  rock 

can be h ig h ly  f r a c t u r e d  and very in c o m p e te n t .

The b r i t t l e  f i b r e  zone i s  no t  normal ly  mined f o r  i t s  f i b r e  c o n t e n t , 

b r i t t l e  f i b r e  be ing  r e g a r d e d  us a conta inment i s  a  s o f t ,  s i l k y  f i b r e  

p r o d u c t . These zones a r e  favoured  f o r  s i t i n g  hau lages  and o t h e r  ac c e s s  

development work ings ,  because o f  th e  g e n e r a l l y  s u p e r i o r  competency of 

t h e s e  zones .

A p p e n d i x  2 g i v e s  some o f  t h e  p r o p e r t i e s  o f  t h e s e  r o c k s .  A v e r y  

h igh  v a r i a t i o n  i n  s t r e n g t h  i s  a p p a r e n t ,  and th e  h ig h e r  v a l u e s  a re  prob­

a b l y  due to  a h igh  deg ree  o f  c u rb o n a t io n  and p o s s i b ly  some s i ] r e i f i c a t i o n  

w h i l e  the  lower  s t r e n g t h  specimens have lower d -greee o f  c a r b o n a t i o n .  

These t e s t s  were c a r r i e d  out  on the  mine, a f t e r  s o a k i n g  i n  w a te r  f o r  o n e  

w e e k ,  i n  o rd e r  to  e l i m i n a t e  the  v a r i a t i o n s  i n  s t r e n g t h  due t o  v a r y i n g  

w a t e r  c o n t e n t .

2.43 THE SILKY FIBRE BODIES AND OREBODIES

The s i l k y  f i b r e  bodie s  vary  in  s i z e  and shape ,  w i th i n  the  l a t e r a l  

l i m i t s  imposed by the  tu lc -m . ignoa i te  and a d j a c e n t  b r i t t l e  f i b r e  zones
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developed  a l o n tj major f a u l t s  and dykes .  The f i b r e  l e n g t h  and q u a n t i t y  

v a r i e s  n o t  on ly  from l o c a l i t y  to  l o c a l i t y  w i t h i n  th e  b o d ie s ,  but  a l s o  from 

body t o  body, and,  depending  upon th e  f i b r e  l e n g t h  and q u a n t i t y ,  p o r t i o n s  

o f  t h e s e  b o d ie s  may be p a y a b l e .  In g e n e ra l  th e  fo o tw a l l  p o r t i o n s  o f  

the  f i b r e  bod ie s  and th o s e  a d j a c e n t  to the t e l c - m a g n e s i t e  zones  a r e  

r i c h e r  than  the  more remote p a r t s  o f  the  b o d ie s ,  t h e r e f o r e  the  o rebod ie s  

g e n e r a l l y  have th e  hang ingwal l  c o n t a c t  d e f in e d  by an economic l i m i t ,  

w h i le  th e  f o o t w a l l  and l a t e r a l  c o n t a c t s  a re  d e f i n e d  ty  the b r i t t l e / s i l k y  

f i b r e  c o n t a c t .  The f i o r e  occurs  i n  s u b - p a r a l l e l  seams i n  the  p a r t i a l l y  

e e r p e n t i n i s e d  d u n i t e  ( i l g  2 , l ) .  The seams a r e  deve loped  w i t h i n  zones 

o f  comple te s e r p e n t i n i s a t i o n ,  which a r e  g e n e r a l l y  narrow i n  the  upper  

p o r t i o n s  o f  the  f i b r e  b o d i e s ,  forming a smal l  p r o p o r t i o n  o f  the  t o t a l  

volume of  r o c k .  C lo s e r  to  the f o o tw a l l  or  t a l c - m a j n e s l t e  zones ,  the 

f i b r e  seams become more f r e q u e n t  a n d / o r  l a r g e r  and the  s e r p e n t i n e  bands 

become wider ,  u n t i l  i n  c e r t a i n  a r e a s ,  no p a r t i a l l y  s e r p e n t i n i s e d  d u n i t e  

r em a in s .  S i m i l a r  s e r p e n t i n i s a t i o n  zones  a re  formed i n  the  rock  a d j a c e n t  

t o  the numerous s l i p s  which t r a v e r s e  the  d u n i t e .  In  the  s e r p e n t i n i s a ­

t i o n  p r o c e s s ,  w a te r  r e a c t s  w i th  o l i v i n e  i n  the d u n i t e ,  which r e s u l t s  

in  an i n c r e a s e  i n  volume or  the  removal of  some m a t e r i a l .  Some o f  the  

removed m a t e r i a l  was d e p o s i t e d  i n  th e  f r a c t u r e s  t o  form the  f i b r e  

seams. Laubscher  (1963 P 23) c o n s id e r s  t h a t  h e r e  t h e  fo l l o w in g  r e a c t i o n  

took p la ce :

d e r a b l e  v a r i a t i o n s  in  s t r i k e  and d ip  o f  the f i b r e  seams i n  Block 7AB. 

The n a t u r e  o f  tne  f i b r e  seams v a r i e s  from f i b r e  body to  f i b r e  body and 

w i tn i n  f i b r e  b o d i e s .  The most common types  c f  f i b r e  seams a r e  the  

r ibbon  seams which g e n e r a l l y  occur  towards the  f o o t w a l l  and th e  r e s u l t ­

an t  rock i s  m odera te ly  com peten t ,  and tne s i n g l e  or  double f ^ u ru  ovame 

(P ig  . , t i  and 2 ,9 /  which a r e  u s u a l l y  l a r g e r  and mike the  rock  s l i g h t l y

5M 231U + 4H 0
6 4 t 4 2 9

220cm3 160g 60*

removed i n  s o l u t i o n  to  be 
d e p o s i t e d  ' s u i t a b l e  a r e a s  
us f i b n

s e r p e n t i n e

219cm3 ?2g

o l i v i n e  i n t r o d u c e d  
water

The f i b r e  seams a r e  s u b - p a r a l l e l  to each  o t h e r  vary i n  d ip ,  

g e n e r a l l y  between 0°  and 9 0 °o . .  P ig  ..,7 i e  a p lan  s .«.ng th e  c o n s i -
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l e a s  com peten t ,  a l th o u g h  t h i s  i s  n o t  n e c e s s a r i l y  due to t h e  type  of  

f i b r e  seaac  a l o n e ,  but may a l s o  be due t o  the  f r a c t u r i n g  or  s l i p s  which

may be a s s o c i  ated w i th  thou*
Tne f i b r e  bod ies  a r e  c u t  by many s l i p s  (minor  f a u l t s ) ,  ihe s p a c in g

o f  t h e s e  s l i p s  v a r i e s ,  from l e s s  than  a metre  i n  t h e  zones o f  h i j h  

s l i p  d e n s i t y  t o  s e v e r a l  me tres  i n  the  low s l i p  d e n s i t y  a r e a s .  Phe-y 

occu r  in  up t o  f i v e  p r e f e r r e d  o r i e n t a t i o n s  in  an a r e a ,  and most e x h i b i t  

s t r i a t i o n s  i n  s e v e r a l  d i r e c t i o n s  which a r e  commonly p a r a l l e l  ' o  ( ' h e r  

s l i p  o r i e n t a t i o n s .  Branch ing  o f  the  s l i p s  i s  common and bends a l s o  

occur  bu t  l e s s  f r e q u e n t l y .  Shea r ing  i s  f r e q u e n t l y  a s s o c i a t e d  w i th  the 

l a r g e r  s l i p s .  The amount of  d i s p la cem e n t  i s  u s u a l l y  d i f f i c u l t  t o  d e t e r ­

mine; most p robab ly  have d i s p la c e m e n ts  o f  l e s s  than  1m. The shea r  

s t r e n g t h  o f  th e  s l i p s  i s  l a r g e l y  de te rmined by th e  f i l l i n g  m a t e r i a l s  o f  

which mass ive ,  co lumnular  o r  p l a t y  p i c , e l i t e  i s  a lm os t  u b i q u i t u s .  C ross -  

f i b r e  seams a r e  f a i r l y  f r e q u e n t l y  developed  i n  t h e  s l i p  p l a n e s ,  t 'agne- 

B i t e  and m agne t i t e  a r e  common f i l l i n g  mate - l a l s  and may occur  in  s l i p s  

w i th  or  w i th o u t  c r o r s f i b r e  deve lopm en t . •-oft ,  c l a y - l i k e  t a l c o s e  gouge

i s  an i m p o r t a n t ,  i f  l e s s  common, f i l l i n g .
Tne s h e a r  s t r e n g t h  o f  s l i p s  i s  a l s o  a f f e c t e d  by th e  number of  

p a r t i n g  p l a n e s ,  and th e  s t r a i g h t n e s s  o f  the  s l i p .  Gouge f i l l e d  s l i p s  tend  

t o  be th e  s t r a i g h t ' s * ,  and a r e  t h e r e f o r e  u s u a l l y  the  w eakes t .  S l i p s  

f i l l e d  w i th  p l a t y  p i c r o l i t e  a n d / c r  w i th  a s s o c i a t e d  s h e a r i n g  have i n t e r ­

mediate s h e a r  s t r e n g t h .  The l a r g e r  s l i p s  u s u a l l y  f a l l  i n t o  one o f  

t h e s e  c l a s s e s ,  w h i le  the  minor s l i p s  t end  t o  have the  h a rd e r  f i l l i n g  

m a t e r i a l s  and a r e  more i r r e g u l a r .  There a r c ,  however,  some i r r e g u l a r  

very  incompetent  blocky zones i n  , h i c h  a l l  the  numerous,  c l o s e l y  spaced ,  

minor s l i p s  occur  in  a m u l t i t u d e  of  d i r e c t i o n s  and have a weak p l a t y

p i c r o l i t e  f i l l i n g .
Two dominant types  o f  f r a c t u r i n g  o c c u r .  In  the  f o o t w a l l  the rock

a l o n g  the c o n t a c t  w i th  the  ca rb o n a te d  s e r p e n t i n e  o f  the  b r i t t l e  f i b r e  

z o n e  i s  f r a c t u r e d  and f r e q u e n t l y  t h e s e  f r a c t u r e s  a r e  f i l l e d  w i th  s e c o n d ­

a r y  m i n e r a l s .  In the  hang ingwal l  a r e a s  where th e  s e r p e n t i n e  zones 

a s s o c i a t e d  w ith  s l i p s  and fhb re  Beam a r e  w idely  s e p a r a t e d ,  t h e  s e rp e n ­

t i n e  i s  u s u a l l y  f r a c t u r e d  w i t h  3 - shaped  f r a c t u r e s  ( F i g  2 , 9 ) .  These 

f r a c t u r e s  a r e  u s u a l l y  f i l l e d  w i th  a m a g n e t i t e  pa;>tt..

Some o f  th e  phys ic  1 p r o p e r t i e s  of  the  ro ck s  o f  t h i s  zone ere

r i v e n  i n  Appindix 3.
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2.44  THh HAIiUIHSWALL PARTIALLY LLRPILTINISED DUNITE

Overlying the  o re b o d ie s  t h e  hani^Lnjwall d u n i t e  i s  p a r t i a l l y  s c rp e n -  

t i n i s e d ,  the f i b r e  seams and s l i p s  have th e  same g e n e ra l  a t t i t u d e s  and 

p r o p e r t i e s  but a r e  more widely  spaced  th a n  i n  the  o reb o d ie s  and the  zones  

o f  s e r p e n t i n i s a t i o n  a s s o c i a t e d  w i t h  them a r e  n a r ro w e r .  In th e  \ .pper  p o r t i o n  

o f  t h e  s i l l  the f i b r e  seams a r e  a lmost  t o t a l l y  a b s e n t .  At the  s u r f a c e  the  

d u n i t e  i s  w eathered  t o  a depth  o f  20 t o  3Cm t o  a  s o f t  m a t e r i a l  w i th  sub­

h o r i z o n t a l  n a j n e s i t e  v e i n l e t s  or to  b i r b i r i t e  which i s  h a r d e r .  Underground 

exposu res  cay wea the r  w i th i n  a few months.

2 .5  LIASALE LYKhS
A e f r o t ' o f  d ia b a se  dykes a r e  i n t r u d e d  i n t o  t h e  u l t r a m a f i c  s i l l ,  which 

p o s t - d a t e  the  B u la w a y a n  d e p o s i t i o n  but  p r e - d a t e  the  s h e a r in g  and f a u l t i n g ,  

and th e  f i b r e  fo rm a t io n  i n  the Chab&nie u l t r a m a f i c .

Lue to  h y d ro th e rm a l  a l t e r a t i o n  the  com pos i t ion  v a r i e s ,  w i th  th e  domi­

n a n t  m i n e ra l s  in  the  u n a l t e r e d  ro c k ,  a u j i t i c  pyroxene arid l a b r a u o i . t e ,  being; 

a l t e r e d  in  v a ry in g  amounts t o  a c t i n o l i t e  and ^ o i z i t e .  In the  u l t r a m a f i c  

where th e  c o n t a c t s  have been shea red  and a l s o  i n  the  fo o tw a l l  t u l c - c a r b o n a t e  

zone,  th e  dykes have been a l t e r e d  to  t a l c - c a r b o n a t e  rock (Laubscher  1563 f  35J 

The dykes a re  up t o  10m t h i c k  and h ve a j e r . e r a l  KE-uW s t r i k e  and d i p  o f  

45°E.  T y p ic a l ly  th e y  have a blocKy n a t u r e  and t h e  competency v . r i e s  from 

C la s s  3A to  43.

2 .6  THE YuUXGER 1?.A<’ITR r : : .  PEL., ! : :  ArLITI.o ITv 'A : : r : :3

A younger  a l k a l i n e  j r a n i t e  body occu rs  t o  th e  n o r th - w e s t  o f  t h e  

1 t r a m p f i c  bo.ly, and i s  c o n s id e r e d  by Laubscher  t o  be the source  o f  the  

«• - ich s o l u t i o n s  from which a p l i t e s  and pegm at i t e s  formed i n  t h e

11 iP ie las ,  and in  the  u l t r a m a f i c  s i l l  a cou rse  h yb r id  rock  o f

or e and f e l d s p a r  w i th  car&ins o f  s e r p e n t i n e  and i d d l n g f s i t e ,  or  i n

a r t  . ; c  it* t e m p e r a t u r e ,  a f i n e  ^ ra ined  rock  c o n s i s t i n g  o f  q u a r t z ,

f e l d s p a r ,  b l o t i t e  and muscovi te w i th  m a r i n e s  o f  9e r ; e n t< n e  and sometimes 

i d d i n o s i t e . In  the  u l t r a m a f i c  t h e s e  h y b r id  rocks  have a g e n e r a l  e a s t - w e s t  

s t r i k e  and a re  n e a r l y  v e r t i c a l .  The th i c k n e s s  v a r i e s ;  the  m a jo r i t y  a re  

l e s s  than one metre t h i c k ,  but o c c a s i o n a l  exp o s u re s  a re  up to  f o u r  m e t res  

t h i c k .  The f i n e - d r a i n e d  h yb r id  rocks w ea the r  r a p i d l y ,  and a r e  ue n e r a l l y  

c l o s e l y  f r a c t u r e d ,  c o n a t i t u t i n j  inco..., e t e n t  /.own. The c c . . r s e r  u r a i n e d  

v a r i e t y  i s  l e s s  f r a c t u r e d  and l e s s  s u s c e p t i b l e  to  vve.-therir^ and so  i s  

u s u a l l y  com peten t .
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2.7 T:i.: LjThu'CTURAL
V/iiile t h e  v a r i o u s  s t r u c t u r a l  f e a t u r e s  have been d i s c u s s e d  i n  the  

r e l e v a n t  s e c t i o n s  above froci g e o l o g i c a l  arid r o c k - s t r e n g t h  p o in t s  of 

view, but n o t h i n g  has been s a i d  of  the o v e r a l l  s t r u c t u r a l  p i c t u r e .

The g r e a t e s t  amount i s  known of s t r u c t u r e s  in  the  c e n t r a l  p o r t i o n  

o f  t n e  u l t r a m a f i c  s i l l ,  where the  mine i s  s i t u a t e d .  -rn t h i s  a r e a  the 

major s t r u c t u r e s  c o n s i s t  o f  n o r t h  e a s t  -  s o u th  wes t  s t r i k i n g  t h r u s t  

f a u l t s ,  n o r t h - s o u t h  s t r i k i n g  wrench f a u l t s  and e a s t - w e s t  s t r i k i n g  

wrench f a u l t s .  In the  c e n t r a l  p o r t i o n  o f  the  mine the t h r u s t  f a u l t s  

a r e  b e s t  deve loped  and most have a 60 t o  70 n o r t h - w e s t  d i p .  m e  

footw*11 s h e a r i n g  i s  a l s o  a t h r u s t  f a u l t  w i th  th e  same s t r i k e  and a 

southward  d i p  o f  4 5 ° .  On th e  e a s t e r n  s id e  o f  the mine the  dominant 

major s t r u c t u r a l  f e a t u r e s  a r e  n o r t h - s o u t h  s t r i k i n g  wrench l a u i t u  while

on th e  west  s i d e  th e  dominant s t r u c t u r a l  f e a t u r e s  a r e  LNE -VaW s t r i k i n g

wrench f a u l t s .  There are,  t h e r e f o r e ,  fo u r  o r i e n t a t i o n s  o f  major s t r u c t u r a l  

f e a t u r e s ;  NS -  S’.Y s t r i k e  d ip p in g  s t e e p l y  N’<V, NIi -  5V/ s t r i k e  d ip p in g  

sh a l lo w ly  SB, N -  S and EHB - '.VSiV with  s t e e p  d i p s .  The major s l i p s ,  

minor s l i p s  and s h e a r  zones do n o t  e x h i b i t  the same s p a t i a l  d i s t r i b u t i o n  

as  th e  major s t r u c t u r e s  but  g e n e r a l l y  occur  i r  sym pa the t ic  d i r e c t i o n s . 

These s t r u c t u r e s  i n d i c a t e  t h a t  t h e  major p r i n c i p a l  s t r e s s  a t  i.he time

of  t h e  fo rm at ion  of  t h e s e  s t r u c t u r e s  was N24°l- and had a shal low d ip

(Laubsche r ,  1963 P 1 4 ) .  The m a jo r i t y  o f  th e  f i b r e  seam o r i e n t a t i o n s  

do n o t  f i t  i n t o  any o f  th e s e  f o u r  o r i e n t a t i o n  g ro u p s .  The o r i e n t a ­

t i o n  o f  the f i b r e  seams be r e l a t e d  to  the  minimum s t r e s s  d i r e c t i o n  

a t  the  time o f  f o rm a t io n .  The f r a c t u r e s  a s s o c i a t e d  w i th  the f i b r e  

seams have n o t  been s t u d i e d  i n  d e t a i l ,  but i n  some a r e a s  t h e i r  o r i e n t a ­

t i o n  i s  c l e a r l y  r e l a t e d  to  the deduced major j l i n c i p a l  s t r e s s  d i r e c t i o n .
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CHATTZR

,'JIUHG ICTH.JG

3.1 INTROGlCTI^i

The . l i n i n j  Lethoda used  on bhabanie Mine in  the  pac t  have an 

i n f l u e n c e  on the  r r e s e n t  mining methods i n  the  fo l lo w in g  a s p e c t s ; -

( a )  The p r e s e n t  lay m i n i n j  methods have evolved  from t h e i r  p r e ­

d e c e s s o r s  as a  consequence o f  the problems w i th  them and 

c h a n j i n a  economic c o n d i t i o n s .

(b)  The e x t e n t  arid l o c a t i o n  o f  the e a r l i e r  minin^ o p e r a t i o n s  has 

l i m i t e d  the  cho ice  o f  mining methods , imposed p h y s i c a l  l i m i t ­

a t i o n s  on some new lay-outs and l i m i t e d  the cho ice  i n  tne 

sequence o f  mining a d j a c e n t  b lo c k s .

( c )  The mining methous and ground movements a s s o c i a t e d  w i th  them 

have a marked e f f e c t  on the u round behav iour  i n  c u r r e n t  mining
J

a r e a s  i n  the c l o s e  v i c i n i t y  o f  p r e v i o u s l y  mined a r e a s .

The main mining methods employed to  da to  a re  open p i t  mining,  

s h r in k ag e  and cu t  ar.d f i l l  s t o r i n g ,  b lock  cav ing  ( i n c l u d i n g  pane l  

r e t r e a t  c a v i n g ) ,  s - b l e v e l  cav ing  and s u b l e v e l  open s t o r i n g .  Tlie a r e a s  

mined t o  da te  employing th e s e  methods i s  shown i n  P ig  3 ,1•

3 .2  o r z ;  PIT

I n i t i a l l y ,  v i r t u a l l y  a l l  the o u tc ro p p in g  o re b o d ie s  were mined as 

small  open p i t s ,  ,71th improvements in  t e c h n iq u e ,  t h i s  mining method 

has been used a lmost  c o n t in u o u s ly  to  the  p r e s e n t  diiy. Die e a r l y  o p e ra ­

t i o n s  were very l a b o u r  i n t e n s i v e ,  the b l ^ s t  h o l e s  wore h a n d - d r i l l e d  by 

"hammer boys" and hand cobbing  or  s o r t i n g  o f  the f i b r e  from the  h o s t  

rock  was done i n  the open p i t s .  In j a c k  hammers were t r i e d  and

proved s u c c e s s f u l  a f t e r  none problems w i th  b lo ckages  by f i b r e  o f  the 

w a te r  channe ls  in  the d r i l l  s t e e l s .  In th e  I n t e r  open c a s t  o p e r a t i o n s  

hand cobbing was abandoned.  In  1964/65 p r e - s p l i t t i n g  was f i r s t  used 

e x t e n s i v e l y  t o  p rov ide  t i d y  f i n a l  benches ( F i 0 3 , 2 ) .
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3 .3  CUT AND FILL STOr ING

The cu t  and f i l l  s t o p i n g  ue thod  evo lved  from e x p e r im en ta l  s h r i n k ­

age s to p e s  s t a r t e d  in  19<-’G/«.,7 i n  the  "F" lode  on v/hat was then the  N i l  

Desperandum Mine.  These i n i t i a l  s h r in k ag e  s t o p e s  were wide,  and ran  

from fo o t  t o  hang in t,wal l  a t  r i g h t  a n g le s  t o  th e  s t r i k e  o f  th e  ore b o d ie s .  

P i l l a r s  6m wide were l e f t  between the  s to p e s  f o r  subsequen t  r em ova l .

T h i s  t e chn ique  was n e x t  a p p l i e d  t o  the  N i l  "B" l o d e ,  where t h e  hand 

s o r t i n g  o f  t h e  f i b r e  b e a r in g  rock  from was te  was done i n  the  s t o p e s .

The s o r t e d  f i b r e  b e a r i n g  rock  was passed  down c r i b b e d  o r e p a s s e s  to  the  

tramming l e v e l  below, w hi le  t h e  was te  rock  was l e f t  i n  the  s t o p e s .  The 

was te  was supplemen ted  by m i l l  d i s c a r d s  to  make up the bu lk .

As the "B" lode  s lo p es  approached low es t  benches in  the open p i t  

s ev e re  c r a c k in g  o f  the  p i l l a r s  occur red  and l a r g e  r o c k f a l l s  took p lace  

i n  the  s t o p e s .  One o f  the  measures adopted  to h e l p  s t a b i l i s e  the ground  

was the  b u i l d i n g  o f  6m wide waste rock p i l l a r s  down the  c e n t r e s  o f  each 

of  t h e  s t o p e s ,  r e d u c in g  th e  spans from 24m to  9m.

When c u t  and f i l l  s t o p i n g  was in t ro d u c e d  t o  the  170 and Bir thday  

s e c t i o n s  i n  1937 the normal s to p e  wid ths  were a p p ro x im a te ly  9m and the 

p i l l a r  w id ths  about  4,5m. W ith in  f i v e  y e a r s  o f  the  i n t r o d u c t i o n  o f  t h i s  

method,  i t  had become the main mining method.  S topes  were s t a r t e d  i n  

a l l  t h e  main o reb o d ie s  down t o  295 l e v e l  (ap p ro x im a te ly  295^ d e p t h ) .

P ig  3.3 i s  a b loc k  diagram showing the  mining method,  and F ig  j . 4  

d e p i c t s  m e  o f  th e se  s t o p e s .

"F i l l e r  r e c l a m  t i o n " , i n  r e a l i t y  a  form o f  p i l l a r  rob b in g ,  was 

p r a c t i c e d  a lm os t  from th e  i n t r o d u c t i o n  o f  t h i s  mining method.  This 

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

e x t e n s i o n  of  the s t o r e s  l e d  to  s p e l l i n g  and c r a c k i n g  o f  t h e s e  o i l l a r s . 

Hand b u i l t  w as te  rock  p i l l a r s  were w idely  used to  r e p l a c e  th e  n a t u r a l  

p i l l a r s .  As th o s e  b u i l t  p i l l a r s  were more com p re ss ib l e  than  the n a t u r a l  

p i l l a r s  iind were b u i l t  i n  the  s lo p e s  where a l a r g e  amount of  the  e l a s t i c  

c l o s u r e  had a l r e a d y  t a k en  p l a c e ,  t h e s e  p i l l a r s  d id  no t  c r ac k  to  the same 

degree  and were t h e r e f o r e  b e l i e v e d  t o  be f a r  s t r o n g e r  than  the n a t u r a l  

p i l l a r s .  Th is  b e l i e f  l e d  to  the  s y s t e m a t i c  r ep lacem en t  o f  a lmost  a l l  

n a t u r a l  rock p i l l a r s  w i th  hand b u i l t  p i l l a r s  in  t h e  p roduc t ion  s l o p e s ,  

and in  194b/49 t o  a c t u a l l y  b u i l d i n g  the p i l l a r s  p r i o r  t o  th e  s t a r t  o f
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stopint , '  o p e r a t i o n s  in  what i s  now known a s  Block .33• In 1945 th e  205 

l e v e l  e a s t  s l o p e s  (now b lock  5) and i n  194& t h e  110 l e v e l  west s topes  

(now b lo c k  25) c o l l a ’ sed .

3.4 bhOdn CAVIhJ
Block c a v in g  was s t a r t e d  on an ex per im en ta l  b a n s  below the a r e a  

o f  110 l e v e l  west  s to p e s  which c o l l a p s e d  in  1941, i n  an a t t e m p t  to  

r e c o v e r  the  o re  l e f t  above the  c o l l a p s e d  s t o p e s . uome d i f f i c u l t i e s  

were expe r i enced  i n  i n d u c e sg  the  subs ided  hangings, 'al l  t o  b reak  up and 

draw f r e e l y ,  but  by e x t e n d in g  the  a r e a  o f  the  cave b lock  w.d by l o c a l  

d r i l l i n g  and b l a s t i n g  th e  b lock  was made p r o d u c t i v e .  A s i m i l a r  method 

was a p p l i e d  to  r e c o v e r  the  ore above the  Block 5 s t o p e s  a f t e r  they 

c o l l a p s e d  in  1945, and when the Block 25 s lo p e s  c o l l a p s e d ,  i t  oecame 

a p p a re n t  t h a t  b loc k  cav ing  was a more economical  mining method which 

r e q u i r e d  l e s s  l a o c u r . I t  was dec ided  t h e r e f o r e  t o  change over  e n t i r e l y  

t o  b lock  c a v in g .  As the c u t  and f i l l  s t o p e s  had a low tonnage o u tp u t ,  

more s t o p e s  were brought i n t o  p roduc t ion  i n  s e v e r a l  o r e b o d ie s  t o  supp ly  

the  r e q u i r e d  tonnage and cons- . (uently almos t  a l l  b lo c k  cave p roduc t ion  

has come from a r e a s  co n v e r t e d  from cut and f i l l  s l o p i n g .

The des ign  o f  the u . a w p o i n t s ,  the p i l l a r s  over the  g r i z z l y  d r i f t s  

and s p a c in g  of  th e  druwpoin ts  has  changed over  the  y e a r s .  The methods 

o f  u n d e r c u t t i n g  have l a r g e l y  been d i c t a t e d  by the p rev ious  s l o p i n g  o p e r ­

a t i o n s  . w ith  the ex ce p t io n  o f  socu of  th e  e a r l i e s t  g r i z z l y  d r i f t s , lo ng  

ho le  t e c h n iq u e s  have been p r e f e r r e d  f o r  c u t t i n g  th e  drawpoin t  cones or  

t r o u g h s ,  and a l s o  u n d e r c u t t i n g  the  ore where no p r e v io u s  cu t  and f i l l  

s l o p in g  had e f f e c t i v e l y  done t h i s .  The th i c k n e s s  o f  the zone longho le  

d r i l l e d  and b l a s t e d  t o  c r e a t e  th e  undercu t  has  v a r i e d  w i th  t ime and 

a c c o r d in g  the o r e  f r a g m e n ta t io n  expec ted .  In a l e c e n t  b lock th e  under ­

cu t  c o n s i s t e d  o f  t.vo s u b l e v e l s ,  known us the  f i r s t  and second u n d e r c u t s ,  

from which a 16m t h i c k  zone o f  ore was longho le  d r i l l e d  and b l a s t e d  to  

c r e a t e  the  u n d e r c u t . A f u r t h e r  s u b lev e l  known a s  th e  overcu t  l e v e l ,  

was developed between the  second undercut  and g r i z z l y  l e v e l s .  Th is  

l e v e l  was needed to  enab le  the  drawpoint  t r o u g n s  to  be cut  under  vo id  

c o n d i t i o n s  w ith  l i g h t  c h a r g i n g  t o  minimise b l a s t i n g  damage t o  the 

ground s u r ro u n d in g  the g r i z z l y  d r i f t ,  when the  t r o u g h s  were complete 

the o v e rcu t  l e v e l  above them was b l a s t e d .
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Tha main changes to  the g r i z z l y  ci r i i ' t  and g r i z z l y  l e v e l s  over  the 

y e a r s  a r e :
( a )  the  rep lacem en t  o f  "Havelock l o a d i n g  t a b l e s "  by g r i z z l i e s  a t  

each  drawpoin t  w i th  an o repass  to  a  tramming l e v e l  below. Up 

t o  f o u r  dr  twpoih t s  used a common o r e p a s a .

( b) fh e  d raw poin t  apac ing  has  been r educed  from app rox im a te ly  10m 

t o  7 »bta.
( c )  The shape of  t h e  drawpoint  w d  th e  p i l l a r  over  th e  g r i z z l y  

d r i f t  ( t h e  "crown p i l l a r s " )  has  changed and F ig  j , 9  i l l u s ­

t r a t e s  some o f  t h e s e  changes .

In  some b locks  c o n s i d e r a b l e  s e c t i o n s  o f  th e  g r i z z l y  d r i f t s  c o l l a p ­

sed due t o  s e v e r a l  c a u s e s ,  such us i n a d e q u a te  crown p i l l a r  d e s i g n , poor 

f r a g m e n ta t io n ,  s low, i r r e g u l a r  draw e t c . Problems in  th e  i n i t i a t i o n  oi 
cav ing  a r e  s t i l l  being e x p e r i e n c e d  in  some o r e b o d ie s  where the ore  d id  

n o t  cave when th e  p lanned  u n d e rc u t  was comple ted .

3 . 9  SUbLh-vmL CAVI’id

Oublevel  c av ing ,  known u n t i l  r e c e n t l y  a s  " s u b le v e l  lo a d in g "  on 

t h i s  mine i s  s i m i l a r  to  th e  method employed in  Kiruna i n  dweden and 

o t h e r  mines ,  t h a t  the s u b l e v e l  d r i f t s  a r e  r e l a t i v e l y  n a r ro w er ,  and the 

r i n g  p a t t e r n s  w t re  u n t i l  r e c e n t l y  "o ld  f a s h io n e d "  by Luropean s t a n d a r d s ,  

( w i th  49° s i d e  h o le s  i n s t e a d  o f  7 0 ° ) .  F i r s t  a p p l i e d  i n  195&* s u b le v e l  

cav ing  has  now oecome one of  th e  1:111 n mining m e thod r . F ig  j , b  i l l u s ­

t r a t e s  t h e  method,  s o t h  hand l a s u i n g  and l o a d e r s  have been used  f o r  

l a s h i n g ,  but  to -d ay  l a s h i n g  i s  e n t i r e l y  m echan ica l .  As the method has  

proved to  g iv e  a low e x t r a c t i o n  o f  ore and a h ig h  d i l u t i o n ,  i n v e s t i ­

g a t i o n s  a r e  in hand to imp. ove t i n s  a s p e c t .  In a  few a r e a s  some datiage 

has been ex p e r i en ced  to  th e  s u b le v e l  Cuvin^ d r i l l s ,  but on the whole t h i s  

method has proved to  be r e l a t i v e l y  t r o u b l e - l r e e .

j  . 6 bUHLlVnb ox til a l 'vPlha
A f t e r  the  d i f f i c u l t y  exp e r i e n c e d  i n  i n d u c in g  th e  d raw po in ta  below 

th e  c o l l a ;  led p o r t i o n  o f  block j  s tu p e s  t o  flow p r o p e r l y ,  an experimen­

t a l  b lock  cave was 1. id  in  b lock  49 w i th  p r o v i s i o n  f o r  s h r i n k i n g  th e  

o r e .  The ore was shrunk d u r in g  1949 but  when drawn the  b; ck f a i l e d  t o  

cave ,  and the  c a v i t y  so formed has  remained open e v e r  s i n c e .
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Tha main changes  to  the g r i z z l y  d r i i t  and g r i z z l y  l e v e l s  over the 

y e a r s  a r e :
( a )  th e  rep lacem en t  o f  "Havelock l o a d i n g  t a b l e s '  by g r i z z l i e s  a t

each drawpoin t  w i th  an o repass  to  a  tramming l e v e l  below. Up

t o  f o u r  d ra w p o m ts  used a common o r e p a s a .

v b) fhe  d raw poin t  spacir ig has  been r educed  Irom approximate!}  Ion

t o  7ibm*
(c )  The shape of  th e  drawpoin t  and t h e  p i l l a r  over  th e  g r i z z l y

d r i f t  ( t h e  "crown p i l l a r s " )  nas changed and F ig  j , 9  i l l u s ­

t r a t e s  some o f  t h e s e  changes .
In  some b locks  c o n s i d e r a b l e  s e c t i o n s  o f  the  g r i z z l y  d r i f t s  c o l l a p ­

sed due t o  s e v e r a l  c a u s e s ,  such us i n a d e q u a te  crown p i l l a r  d e s ig n ,  poor 

f r a g m e n ta t i o n ,  s low,  i r r e g u l a r  draw e t c .  Problems i n  t h e  i n i t i a t i o n  of  

cav ing  a r e  s t i l l  being ex p e r i e n c e d  in  some o r e b o a i e s  where t h e  o re  d id  

n o t  cave  when t h e  p lanned u n d e rc u t  was com ple ted .

3*9 SUBLKVZL CAVINU
Sub leve l  c a v i n g ,  known u n t i l  r e c e n t l y  a s  " su b le v e l  lo a d in g "  on 

t h i s  mine i s  s i m i l a r  to  th e  method employed i n  Kiruna i n  uweden and 

o t h e r  mines ,  t h a t  the  s u b l e v e l  d r i f t s  a r e  r e l a t i v e l y  n a r ro w er ,  and the 

r i n g  p a t t e r n s  were u n t i l  r e c e n t l y  "o ld  f a s h io n e d "  by muropean s t a n d a r d s , 

(w i th  49°  s i d e  h o l e s  i n s t e a d  o f  70°). F i r s t  a p p l i e d  in  19P&, s u b le v e l  

cav ing  has  now oecome one of  th e  tuu.n mining methods . f i g  3 , b i l l u s ­

t r a t e s  t h e  method,  do th  hand l a s n i n g  and l o a d e r s  have been u sed  f o r  

l a s h i n g ,  but  to -d a y  l a s h i n g  i s  e n t i r e l y  m echan ica l .  As the method has  

proved to  g iv e  a low e x t r a c t i o n  o f  ore  and a h igh  d i l u t i o n ,  i n v e s t i ­

g a t i o n s  a r e  in  hand to improve t h i s  a s p e c t . In a lew a r e a s  some damage 

has been ex p e r i en ced  to  th e  uublovej. Caving d r i f t s ,  but on the whole t h i s  

method nau proved to  be r e l a t i v e l y  t r o u b l e - f r e e .

3.6  hUdamVnh o Ptfi dVol’l Hd
A f te r  the  d i f f i c u  ty e x p e r i e n c e d  i n  in d u c in g  th e  d raw poin ts  below 

the  c o l l a p s e d  p o r t i o n  o f  b lock  3 s tu p e s  t o  flow p r o p e r l y ,  an experimen­

t a l  b lock  cave was l a i d  in  b lock  49 w i tn  p r o v i s i o n  f o r  s h r i n k i n g  th e  

o r e .  The ore was shrunk d u r in g  1949 but when drawn the  back f a i l e d  to  

cave ,  and the  c a v i t y  no formed has  remained open e v e r  s i n c e .
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f i g  3 ,6  ? l o c k  diayTan. of  s u b l e v e l  cav ing

Since  1^45, s e v e r a l  o t h e r s  f u l l e d  t o  cave arid in  a t  l e a s t  two 

i n s t a n c e s ,  Blocks 11A and 4 6 , the  b locks  were l a i d  out  as  an open s t o p e .  

b loc k  46 was mined on a s u b le v e l  cav ing  p r i n c i p l e ,  and from a  s t a b i l i t y  

o f  t h e  bur ' '  p o i r,t  o f  view,  was c o n s id e re d  t o  have been succes  f u l ,  but  

1 66 s u c c e s s f u l  from an ore recove ry  p o in t  o f  view a s  b l a s t i n g  threw so re  

o f  the  ore to  t h e  buck of  the s t o p e ,  and was l o s t .  Block 11A was t h e r e ­

f o r e  l a i d  and with  d r a w j o i n t s  benea th  i t ,  and has  been mined s u c c e s s f u l l y .

3 .7  COHCLUalCN

i’roia th e  fo r e g o in g  i t  can be seen t h a t  s e v e r a l  mining methods have 

been s u c c e s s f u l l y  a p p l i e d  to  the J h ab .T ie  o rebod ie o ;  and t h a t  a l l  but  

two a r e  s t i l l  p r a c t i c e d  t o - d c y .  These two a r e  t h e  e a r l y  s h r in k a g e  

s to p in g  and th e  cu t  and f i l l  s tu p in g  v-r.ich evo lved  fror .  i t .  They were 

r e p l a c e d  by b lock  Caving because  o f  the  c o l l a p s e s  which o c c u r r e d  wnen the  

a r e a  covered by cu t  and f i l l  s to p e s  became e x c e s s i v e ,  and because  o f  the



41

low ou tpu t  p e r  c . u n s h i f t .
The luinlrie, methods s t i l l  p r a c t i c e d  i n c l u d e :  open p i t  mining - 

which  i s  the f i r s t  c h o ice  of  mining methods f o r  the n e ^ r  s u r f a c e  ore -  

body,  b lock c a v i n g ,  s u b l e v e l  c a v in g ,  s u b l e v e l  sh r inkage  and s u b le v e l  

open s t o r intj* iihi 1 e s u b l e v e l  c av ing  cun be a p p l i e d  to  a r e l a t i v e l y  ee 

r an ^ e  o f  ore com petenc ies  and orebody s i z e s , t l .e o re  r e c o v e r i e s  ach ieved  

on Shabunie Kino a re  n o t  r e g a rd e d  as  s a t i s f a c t o r y .  The c h o ice  o f  which 

o f  the  r em a in ing  mining methods can or  shou ld  be used  i s  based  f i r s t l y  

on ro c k  mechanics c o n s i d e r a t i o n s *  namely,  w i l l  t h e  ore  cave s a t i s f a c t o r i l y  

w i th  r e a s o n a b l e  f r a g m e n ta t io n  which dees  n o t  r e q u i r e  e x c e s s iv e  secondary  

b l a s t i n g  and w i l l  the h a n g i n g * a l l  cave with  an u n d e rc u t  a r e a  which does 

n o t  exceed t h e  ^ lan s i z e  o f  the  orebody? I f  the  cav ing  of  th e  ore 

produces  s a t i s f a c t o r y  f r ag m e n ta t io n  and the hang ina 'va l l  w i l l  cave ,  then  

b loc k  cav ing  i s  chosen .  I f  the ore f r a g m e n ta t io n  i s  no t  s a t i s f a c t o r y  

but  th e  han g in uw a l l  w i l l  cave th e n  the  ore  has  t o  be p reb roken .  F i n a l l y ,  

i f  the  h a n g i n g * a l l  w i l l  n o t  cave then th e  ore  has  t o  be open s to p e d .
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ROCK C L A S S I F I C A T I O N  A R P  I N U i ' R U  :lu];TAL 

T P J C l K I . yULS U S L L  L I f i i l C  I N V ^ . i T l C n T l o N

4 . 1  I N r R U D U C r i v N

While i t  has  been rvcoyniBed. l o r  a Jong time t h a t  t h e r e  i s  a 

d e f i n i t e  need f u r  a more a t  u r a t e  wuj o f  d e s c r i b i n g  rocks  f o r  Rock 

Mechanicsi  i t  i s  only r e c e n t l y  t h a t  a s a t i s f a c t o r y  c l a s s i f i c a t i o n  system 

has  been deve loped .  Uone o f  the rock  c l a s s i f i c a t i o n  systems w.iich have 

been proposed from t ime to time appeared  t o  have app a t i o n  to  the 

rocks  encoun te red  on Jhaban ie  Mine or  to  be j u s t i f i e d  from the  po in t  

o f  view o f  the amount of  work r e q u i r e d  to  de te rm ine  t h e  rock  clas . j  

merely fo r  d e s c r i p t i v e  p u rp o s es .  The c l a s s i f i c a t i o n  system t h a t  has 

been adopted  was based on J i e n i u w s k i 1s "E ng inee r ing  C l a s s i f i c a t i o n  o f  

J o i n t e d  Rock Masses" which hue been s u b s t a n t i a l l y  m od i f ied  by Laubscher  

( 1974) .
Although t h i s  i s  a  very  r e c e n t l y  developed te c h n iq u e ,  i t  has  been 

p o s s i b l e  i n  some i n s t a n c e s  t o  c l a s s i f y  p o r t i o n s  o f  the  rock  in  the backs 

and p e r i p h e r i e s  o f  caved blocks which a r e  now i n a c c e s s i b l e ,  i’h i s  has 

been p o s s i b l e  because ,  s i n c e  1969 p r a c t i c a l l y  a l l  borehole  c o r e s  d r i l l e d  

f o r  g e o l o g i c a l  and rock mechanics pu rposes  have been photographed on 

35mm c o lo u r  s l i d e s ,  w i th  u,-, roxiimively 7 t o  Um o f  co re  p e r  s l i d e .

F u r t h e r ,  the bo reho le  co re s  d r i l l e d  f o r  rock  mechanics p ses  in  

b lo c k s  7AB, 7 / 1 ar / j ,  and 16 logged in  d e t a i l  by the  w n i e r .  Under­

ground exp o s u re s ,  ,.c / i n a c c e s s i b l e ,  have been r e l a t e d  to  a r e a s  o f  

s i m i l a r  rock ty p e ,  a t j c t u r e s  find f i b r e  va lue  which have been c l a s s i f i e d .

A wide range  c*’ i n s t r u m e n t s  have been employed t o  m on i to r  the 

e f f e c t s  t h a t  the  mining o p e r a t i o n s  have on the su r ro u n d .n g  rock  mass, 

and on the  e x t r a c t i o n  luid o t h e r  development open ings  below mid in  the 

p e r i p h e r i e s  of  th e  mining o p e r a t i o n ,  nu i n d i c a t e d  i n  the  l i r s t  c h a p t e r ,  

p a r t  o f  t h i s  i n v e s t i g a t i o n  was the  t e i t i n g  and development o f  i n s t r u m e n t a l  

tec imiqueo  s u i t e d  t o  m o n i to r in g  the  d i s p la c e m e n ts  unc defor;.. t i o n  o f  the  

j o i n t e d  rock mass encoun te red  on JhaUanie Mine. while  t, few o f  the
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i n s t r u m e n t a l  t e c h n iq u e s  used  a r e  a c c e p te d  p r o c e d u r e s , mo:t o f  t h e  t e c h ­

n i q u e s  were developed  o r  ad ap ted  to  s u i t  the ground c o n d i t i o n s  encoun­

t e r e d  on t h i s  mine,  by th e  w r i t e r  or  by members of  the  Rock Mechanics 

Department under h i s  d i r e c t i o n .  The t e c h n iq u e s  have i n  most c a s e s  proved 

ve ry  s u c c e s s f u l  and have made i t  p o s s i b l e  to  o b t a in  a 1a r  more a c c u r a t e  

and e x t e n s i v e  p i c t u r e  o f  ground behav iou r .  Wherever p o s s i b l e  t h e  desitgi 

o f  tn e  i n s t r u m e n t s  have been kept a s  s imple  a s  p o s s i b l e  1 or  r e i i a o i l i t y  

and a l s o  t o  keep them easy t o  r e a u .  This  has  been done a t  t h e  expense 

o f  some accuracy  i n  moot . a ; e s ,  but i s  c o n s id e r e d  to  be j u s t i f i e d .  

Exper ience  a c q u i r e d  on e a r l y  i n s t a l l a t i o n s  lias been used  to  improve 

l a t e r  i n s t a l l a t i o n s  o f  some in s t r u m e n t s .

As much o f  t h i s  d i s s e r t a t i o n  i s  based on th e  r e s u l t s  ob ta ined  from 

th e s e  i n s t r u m e n t s  and a s  comp .r i  s -r s a r e  made o f  ground behav iou r  from 

one a r e a  to  a n o t h e r  f u l l  d e s c r i p t i o n s  o f  the  rock  c l a s s i f i c a t i o n  system 

and i n s t r u m e n t a l  t e c h n iq u e s  used  a r e  g iven  i n  t h i s  c h a p t e r .

4 .2  geu:,ikC(.a: : ic s  c: ^ . ; :r:CATiu% u r  rock  :'.a:>.:ss

In an i n v e s t i g a t i o n  by the w r i t e r  i n  197% i n t o  the  r e l a t i o n s h i p  o f  

damage to  the  development workings and th e  s u b le v e l  s h r in k a g e  f ace s  a t  

Havelock l l ine,  Swaziland ,  i t  became ap p a re n t  t h a t  the  l o c a t i o n  and 

s e v e r i t y  o f  damage could no t  be simply r e l a t '  d to  the l o c a t i o n  w i th  

r e s p e c t  t o  the s u b l e v e l  s h r in k ag e  f a c e s  a l o n e . The s i z e  of  e x c a v a t i o n , 

tne  ground competency,  and th e  p resence  and o r i e n t a t i o n  o f  weak s l i p s  

a l s o  had to  be c o n s i d e r e d . T h e " e f o r e , a p o in t  system was d ev i sed  to  

a s s e s s  th e  r e l a t i v e  im por tance  o f  each i n  a ven s i t u a t i o n  which in  

a d o i t  ion could g iv e  an i n d i c a t i o n  o f  the  type o f  support  which would be 

r e q u i r e d  (Healop 1972).
The " E n g in e e r in g  C l a s s i f i c a t i o n  o f  J o i n t e d  Rock i insses"  proposed  

by BieniawuV i n  February 1973 (M e n !  aw s k i  1973a) was s i m i l a r  i n  approach 

t o  t h a t  proposed by th e  w r i t e r  but more d e t a i l e d .  In l i i e n i a w s k i ' s 

o r i g i n a l  p ro p o s e la  e i g h t  p a ram e te r s  were t o  be a s s e s s e d  i n d i v i d u a l l y  

i n t o  one o f  s i x  c l a s s e s  and a r a t i n g  a s s ig n e d  t o  each .  The o v e r a l l  

c l a s s i f i c a t i o n  would be de termined  by th e  a g g r e g a t e  r a t i n g s  o f  th e  e i g h t  

p a r a m e t e r s . The e i g h t  pa ram ete rs  were:

( 1) The rock  q u a l i t y  d e s i g n a t i o n  (KQU) a s  d e f in e d  by Deere

( 1967)



44

(2)  W eather ing  and a l t e r a t i o n  

( i )  I n t a c t  rock  s t r e n g t h  

( 4 ) Spac ing  o f  j o i n t s  or  bedding 

(t>) S t r i k e  and d ip  o r i e n t a t i o n s

( 6 ) S e p a r a t i o n  o f  j o i n t s

(7)  C o n t i n u i t y  of  j o i n t s

(8)  Ground w a te r  in f low

In a subsequen t  , .aper ,  t h e  number o f  c laeso . ,  w'^e r. %ccd from 

s i x  t o  f i v e  (d io n i a w s k i  1973t)«
Tne geouech n i c s  c lu e  - f i c a t i o n  sys tem adopted  on Sht u n ie  Mine 

was developed  from th e s e  p r o p o s a l s  by Laubscher  i n  col la 'uoi  t..on w i th

the w r i t e r  and the  o t h e r  members o f  the Hock Mechanics i)ep .-tment end

the G eo log ica l  Departments  of  Shabanie  tuid Gaths Mines, r i n g  t h i s  

p e r io d  Laubscher  and the w r i t e r  had d i s c u s s i o n s  w i th  B ie n iawski  on 

s e v e r a l  a s p e c t s  of  t h e  c l a s s i f i c a t i o n  sys tem .  As a r e s u l t  o f  th e s e  

d i s c u s s i o n s  B ie n iawski  had  m od i f ied  h i s  o r i g i n a l  c l a s s i f i c a t i o n  t o  some 

e x t e n t ,  reduc ing  th e  e i g h t  c l a s s i f i c a t i o n  pa ra m e te r s  t o  s i x ,  s t i l l  sub­

d iv i d e d  i n t o  f i v e  c l a u s e s .  Th is  r e d u c t io n  was ach iev ed  by d ropp ing  the 

"w ea the r ing"  param ete r  us  t h i s  a n , e c t  was a d e q u a te l y  covered by the  

reduced R<D, i n t a c t  rock s t r e n g t h  and a l t e r e d  c o n d i t i o n  o f  j o i n t s ,  and 

by combining th e  ' j o i n t  s e p a r a t i o n '  and ' j o i n t  c o n t i n u i t y '  i n t o  a ' j o i n t  

c o n d i t i o n '  p a ram e te r .  The g r e a t e s t  d i f f e r e n c e  between Nie system auopted 

f o r  Shabanie and l a t h s  Mines and B ien ia .v sk i ' s (1974) p ro p o s a l s  i s  t h a t  

B i e n i a . s k i  has  r e t a i n e d  a ' s t r i k e  and d ip  o r i e n t a t i o n  o f  j o i n t s '  p a r a ­

me te r ,  whi le  i t  i s  p r e f e r r e d  on Ghubanie Mine t o  apply  a s e r i e s  of  

a d ju s tm e n t s  to  an i i.ni tu  c l a s s i f i c a t i o n  t o  a r r i v e  a t  an ' a d j u s t e d  c l a s s i ­

f i c a t i o n '  f o r  each s p e c i f i c  a p p l i c a t i o n .  These a d ju s tm e n t s  t a ke  i n t .  

c o n s i d e r a t i o n  the s t r i k e  and d ip  o f  the  j o i n t s  i n  r e l a t i o n  to  the  exca ­

v a t i o n ,  the weathi r in, ,  p o t e n t i a l ,  t h e  e f f e c t s  o f  t h e  r e g i o n a l  s t r e s s  

f i e l d  and s t r e s s  changes the  s t r u c t u r e  w i l l  e x p e r i e n c e .

This  c l a s s i f i c a t i o n  system h a s ,  l i k e  B i e n i a w s k i ' s ,  f i v e  c l a s s e s  

co v e r in g  a l l  v a r i a t i o n s  i n  ground c o n d i t i o n s  from ex t remely  poor to 

ex t remely  good.  The c l a s s  i s  d e f in e d  by a p o i n t s  r a t i n g  a s s e s s e d  from 

f i v e  b a s i c ,  r e a d i l y  m easurab le  param ete rs  o f  a ro c k ,  the rock  q u a l i t y  

d e s i j i n t i o n ,  i n t a c t  rock  s t r e n g t h ,  s pac ing  o f  j o i n t s ,  the c o n d i t i o n  o f
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j o i n t s  and tl .e p re sen ce  o f  ground w a te r .  The p o i n t s  r a t i f . g  r e f l e c t s  the 

r e l a t i v e  i& por tance  o f  each o f  t h e  p a r a u e t e r s  (See Tab le  4 ,1 )  • The f u l l  

r a t i n g  s c a l e  i s  100 and each  c l a s s  has  a r ange  o f  20 p o i n t s . The 

c l a s s e s  nay be subd iv ided  i n t o  upper  or  lower s u b c l a s s e s ,  f o r  example 

C lass  3A, hav in g  a r u t i n u o f  between ^0 and 60 .  I f  i t  i s  d e s i r e d ,  a 

rock  aay be d e s c r ib e d  as  C la ss  3 (55)* the  f i g u r e  i n  p a r e n t h e s i s  be ing  

the  r a t i n g . .

I t  snou ld  be no ted  th .  . ,  t o r  the purposes  o f  rock  c l a s s i f i c a t i o n ,  

B ie n i a w s k i ' s d e f i n i t i o n  o f  the  te rm ' j o i n t 1 has  been adopted  w i th  one 

m o d i f i c a t i o n . A j o i n t  i s  any d i s c o n t i n u i t y  which cay be t e c h n i c a l l y  a 

f a u l t ,  s l i p ,  bedding p l a n e ,  f i b r e  seam, or  j o i n t  which ex ten d s  from one 

j o i n t  t o  a n o t h e r ,  o r  i n  an underground exposure  has  a  l e n g t h  exceeding  the 

width  o f  the  d r i f t .  In a bo reho le  co re ,  a  j o i n t  i s  any d i s c o n t i n u i t y  which 

can be c l e a r l y  seen t o  be a f u i l t ,  s l i p ,  bedding p la n e ,  f i b r e  seam g r e a t e r  

than  15cm i n  w id th  or  a  j o i n t  which by the  p re s e n c e  o f  some a l t e r a t i o n ,  

g r e a t e r  than  10mm i n  w id th ,  can be assumed t o  ex tend  from one j o i n t  t o  

a n o t h e r .  Th i s  d e f i n i t i o n  s p e c i f i c a l l y  e xc ludes  minor n a t u r a l  f r a c t u r e s  

such a s  those  shown i n  F i u 2,9* and in  t h i s  a s p e c t  d i f f e r s  from 

B i e n i a w s k i ' s  d e f i n i t i o n  which i n c l u d e s  a l l  f e a t u r e s  however minor they 

might be .  I t  i s  c o n s id e r e d  t h a t  the a d e q u a te l y  c a t e r s  f o r  th e se  

f e a t u r e s .

4.21 THE FIVE PARAMETERS

4 • jcx ..tunlxt., To. . . ut i  a-.: -  The rock  q u a l i t y  d e s i g n a t i o n  (uQ,D) 

as  p roposed  by Eeere e t  a l  ( 1 z6 7 ) * i s  a m od i f ied  co re  r ecove ry  p r o c e d u r e . 

The P^D i s  de te rm ined  i n  t h e  same way as c o n v e n t io n a l  core  recove ry  

d e t e r m in a t io n  modi fied  to  i n c o r p o r a t e  only t i .ose p i e c e s  o f  h a r d , sound 

core  wh ic h  a r e  g r e a t e r  than  10Cnxi i n  l e n g t h .  Thus c l o s e l y  spaced  

s h e a r in g ,  f r a c t u r i n g ,  or  bedd ing ; l _ n c s  a r e  r e f l e c t e d  in  a  lower 

Wea ther ing may a l s o  r e s u l t  in  a low er ing  o f  th e  RQD as  i t  i s  u s u a l l y  

accompanied by an i n c r e a s e  in  f r i a b i l i t y  o f  the rock  and i n  the  number 

of  f r a c t u r e  p l a n e s ,  f e a t h e r i n g  i s  a l s o  c a t e r e d  f o r  i n  an ad ju s tm en t  

(The P o t e n t i a l  W eather ing  Adjustment)  which i s  a p p l i e d  t o  the  j.nsi tu 

c l a s s i f i c a t i o n  o f  the  ro c k .

Bioniawaki ( 1, 74) recommends t h a t  the b o re h o le s  shou ld  be d r i l l e d  

with N -c ixe  double tube c o r e b a r r e l  w ith  a non r o t a t i n g  i n n e r  t u b e , t o  

ensure  t h a t  a h igh  s t a n d a r d  o f  d r i l l i n g  i s  ob ta ined*  On S h tban ie  Mine, 

however,  the s t a n d a r d  co re  s i z e  i s  3X1.., and i s  d r i l l e d  with  double tube



4 6

J2 O 
O  ̂ ‘X) CM

A

CM

32

<D

C ri Y

- V ' n o f  .V> u o ;  > : ;  . ^



47

c o r e b a r r e l .  A h i j h  s t an d a rd  o f  d r i l l i n g  i s  r e q u i r e d  . jid o b ta in e d  f o r  

e v a l u a t i o n  pu rposes  a s  the f i b r e  i s  u s u a l l y  the  f i r s t  t o  be l o s t  by 

poor d r i l l i n g .  F ig  4 , 1  i l l u a t r  th e  p r i n c i p l e s  of  the RQD measurement.

BOREHOLE CORE

LENGTHS OF SOUND CORE'

I

F ig  4,1 I l l u s t r a t i o n  o f  d e f i n i t i o n  o f  ' r.ovnd c o r e 1 f o r  &(%D pu rposes

In a rock  w i th  a r e g u l a r l y  spaced  s u b p a r a l l e l  j o i n t  system,  the

RqD i s  dependent  on the  d i r e c t i o n  the  bo reho le  i s  d r i l l e d  i n  w i th  r e s p e c t

to  the  j o i n t  o r i e n t a t i o n .  But by d e f i n i n g  1 sound c o r e 1 a s  t h a t  l e n g t h

o f  c o re  which has  n o t  been c u t  by a j o i n t ,  the  e f l e c t  of  o r i e n t a l  ion
o

can be ignored  f o r  a l l  a ng le s  o f  i n t e r a c t i o n  g r e a t e r  than  30 . Table 

4 ,2  i l l u s t r a t e s  t h i s  p o i n t .
To c l a s s i f y  rock  from an underground exposure  i t  i s  n e c e s s a ry  

e i t h e r  to  e s t i m a t e  the  n.tD o r  t o  adap t  the IQU measur ing  procedure  to  

rock  s u r f a c e s . This has  been done by ( i )  d e f i n i n g  a sampl ing  l j .ne on 

th e  rock s u r f a c e  by means o f  a  t a p e  sus ,  ended a l o n g  th e  s u r l a c e  ana  i i r . i  

by u s i n g  a duuiry 100mm l e n g t h  o f  BXL. c o re  to  s i  mu a a t e  t  he c o i e  measur ing 

t e c h n i q u e .
In a s s e s s i n g  the K^ii from a s u r f a c e  exposure  ex p e r i e n c e  w i th  bore ­

h o le  d e t e r m i n a t i o n  o f  t h i s  param ete r  i s  needed .  Oare must be taken  to

avo id  b l a s t i n g  f r a c t u r e s  and bedding o r  ohvar p la n e s  which would n o t  

b reak  in a bo reho le  c o r e .
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TABLE 4 ,2

A n g l e  b e t w e e n  t h e  
c o r e  a x i s  and j o i n t

(A) (See  F ig  4 , 0

F r a c t u r e  s pac ing  
a l o n g  a x i s

(B)

True spac ing  
f o r  100mm 
n o u n d  c o r e

(c )

Remarks

90 100 100 \

60 107 10b

70 11b 108

60 122 106 > A c c e p t a b l e

50 133 102

40 147 95

30 166 66

20 206 72 \ I n c r e a s e
> l e n g t h  o f

10 320 56 J sound c o r e
t o  230mm

4.212  I n t  i d  rock  s t , renf: t h : -  The i n t a c t  rock  s t r e n g t h  (IHS) i s  the  

average  unconf ined  coupret  s iv e  s t r e n g t h  ui th t - rock  cetwee n I r a c t u i e s .

A s e r i e s  of  compress ion t e s t s  were c a r r i e d  out  f o r  v a r io u s  rock  types  

e n coun te red  on Shabanie Mine, and the r e s u l t s  t a b u l a t e d  (Tab le  4 , 3 ) •

Th is  t a b l e  was r e f e r r e d  t o  in d e t e rm in in g  th e  IKS param ete r  i n  rock  

c l a s s i f i c a t i o n s  done t o  d a t e ,  however,  i t  shou ld  be no te d  t h a t  an e r r o r  

in  c a l c u l a t i o n  made some o f  the  ave rage  com pre ss ive  s t r e n g t h s  quoted 

too  h i g h ,  but th e  e r r o r  was in  g e n e r a l  l a r g e  enough to  a i i e c t  the r a t i n g s .

R ecen t ly  T ay lo r  has conducted  f u r t h e r  t e s t s  o f  i n t a c t  rock

s t r e n g t h  (Table* 4 ,4^ • He has s u g g e s te d  t h a t  i n  c a s e s  where the  s t r e n g t h  

o f  the  rock  can be v i s u a l l y  a s s e s s e d  a t  h ig h e r  or  lower than  the  mean, 

the  r a t i n ^  e q u i v a l e n t  to  a s t r e n g t h  .ne  s t a n d a r d  d e v i a t i o n  h i g h e r  01 

lower  than the moan shou ld  be u sed .

4.213 J o i n t  . . .o in g i -  As d e f in e d  above i n  4*2 a j o i n t  i n c l u d e s  any 

f a u l t ,  s l i p ,  bedding p l a n e ,  f i ore seam o r  n a t u r a l  j o i n t  which ex ten d s  

from one i n t e r s e c t i n g  vo i n t  to  a n o t h e r ,  or  has  a l e n g t h  exceed ing  the  

width of  the e x c a v a t i o n .
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TABLU 4 ,3

INTACT ROCK STRENGTH PARAMLlTiR

ROCK TYPE IRS (MPa) RATING

Orobody 99 4 - 6

Orebody h a u j i n j w a l l  ( P a r t i a l l y 69 6 - 6

s e r p e n t i n i c e d )

Immediate h a n g i n g * a l l  d im i te 103 6 - 9

Hanginfr*all  d u n i t e 199 13

Weathered d u n i t e 69 6 - 8

Black f i b r e  zone 96 8

B r i t t l e  f i b r e  zone 172 12 -  13

Talc s c h i s t 31 3 -  9

Talc  c a rb o n a te  rock 47 - 69 4 -  7

Diabase dyke 206 - ? 19

P e r i d o t i t e  - p a r t l y  s e r p e n t i n i s e d 199 12

A c t in o l i  t e  - f e l d s p a r  rock 207 19

Gneiss 274 19

TABLE 4 ,4

REViuEB IHTaCT ROCK OTRiJCTH PAlOULTLR

IRS (13a)

ROCK TYPE RANGE LliAH STB
deviation

NO
TE

Luni t ea 98-192 90 ,7 16,3

Orebody s e rp e n ­

t i n e  Barren 21-61 47 16,3

P i b r e - b e a r i n y 10-109 47 ,6 40 ,0

Carbona ted dun.i te  

and s e r  m t i n e

Barren 72 906 263,1 99 ,9

F i b r e - b e a r i n g 90-176 111,6 91,1

S of t  t a l c - e a r -  

bc a a te  rocks

Non s c h i s t o s e 13-109 34,0 19,4

Schi s toee 7-47 22,4 7,3 I
1----  — *

43

12

6

22

7

30

19

IRS RATING

MLrtN > 1 STD 
LEV

13-19

9

3
2

19
12

7

3

- 1 STB 
LEV

9

7

2

2
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The j o i n t  opac ing  pa ram e te r  i s  b e s t  a s s e s s e d  i n  underground 

exposures^  and the r a t i n g  i s  de termined  i r o n  the  minimum, the  i n t e r ­

media te  and m"jcir.ua s p a c in g  o f  j o i n t s , as  i n  most  a r e a s  t h e r e  a re  a t  

l e a s t  t h r e e  s e t s  o f  j o i n t s  which i n t e r s e c t  each  o t h e r  a t  n e a r l y  r i g h t  

a n g l e s .  .Vhere t h e r e  a r e  more than  th r e e  j o i n t  s e t s ,  only the t h r e e  

c l o s e s t  spaced  s e t a  a r e  c o n s id e re d  i n  d e t e rm in in g  the  r a t i n g .  The 

c h a r t  i n  Fig 4 , 2  i s  used  to  de te rmine  the  j o i n t  s p a c in g  r a t i n g  by:

(a )  u s in g  the minimum j o i n t  spac ing  as  a b s c i s s a  and i n t e r m e d i a t e  

j o i n t  s p ac in g  as o r d i n a t e ,  a  p o in t  i s  o b t a in e d  i n  the  top  

l e f t  h a l f  o f  the  c h a r t .

(b)  A l i n e  i s  drawn from t h i s  p o in t  p a r a l l e l  to  t h e  i n c l i n e d  

zone d i v i s i o n  l i n e s  to  i n t e r s e c t  t h e  d i a uonal  l i n e #

(c)  Th is  i n t e r s e c t i o n  d e f i n e s  th e  o r d i n a t e  and the maximum 

sp a c in g  th e  a b s c i s s a  f o r  a n o t h e r  p o i n t  i n  th e  lower  r i g h t  

hand a iu e  of  the c h a r t .

(d)  The j o i n t  s p a c in g  ra t ine ,  i s  g iven  by t h e  f i g u r e  in  th e  zone 

i n  which t h i s  p o in t  f a l l s .

For the  odd a r e a s  where t h e r e  a re  e s s e n t i a l l y  only  one or  two j o i n t  

s e t s ,  tne  r a t i n g  in  cLtLUr.vd u s in g  th e  ucp l e f t  h a l f  « f  tne c h a r t  un+y.

d e t e rm in in g  the  J o i n t  s p a c in g  from b o re h o le  co re s  i s  n o t  e a s y .  

Here a j o i n t  i s  any p o l i sh e d  o r  s t r i a t e d  n a t u r a l  s u r f a c e i  or a  j o i n t  

w ith  an a l t e r a t i o n  zone ,  o r  f i l l i n g ,  or  zone o f  sheared  m a t e r i a l  

exceed ing  13am in  w id th ;  o r ,  a  f i b r e  scam exce ed in g  l5um in  w id th .

M A X I M U M  S P A C I N G

F ig  4 , 2  J o i n t  s p a c in g  param ete r  r a t i n g  c h a r t  (bee  t e x t  f u r  i n t e r p r e t a t i o n )



One and a h a l f  metre l e n g t h s  o f  c o re  a re  sampled and the r a t i n - j  d e t e r ­

mined from the  number o f  j o i n t s  o c c u r r i n g  i n  each  1,5% s e c t i o n  and th e  

o r i e n t a t i o n  o f  t h e  j o i n t s .  Unless  t h e r e  i s  come ev idence  o f  a two 

jo in t ,  system, t h r e e  s e t a  o f  j o i n t s  a r e  assumed.  The r a t i n g s  a re  a l s o  

e s t i m a t e d  from th e  c h a r t  in  F io  4 - T .

4 . 2 1 4  C ondi t ion  o f  . j o i n t s : -  The c o n d i t i o n  o f  the  j o i n t  s u r f a c e s  in a  

r o c k  mass play  a  s i g n i f i c a n t  p a r t  i n  the q u a l i t y  o f  the rock  mass.  The 

s u r f a c e s  cay be rou^h ,  smooth,  o r  p o l i s h e d .  Also the  j o i n t s  may have 

s h e a r i n g  a s s o c i a t e d  w i th  t h e n ,  o r  they may c o n t a i n  sheared  or b r e c c i a t e d  

m a t e r i a l  or  j o u j e ,  which reduces  the  s h e a r  s t r e n g t h  of  the  j o i n t ,  o r  the  

j o i n t  may c o n t a in  a cemen tinu m a t e r i a l  such as  magnesi te  or  c a x c i t e  

which i n c r e a s e s  the s h e a r  s t r e n g t h  o f  the  j o i n t ,  f u r t h e r ,  t h e  v.all 

rock  cay have been a l t e r e d  to  some d e j r e o ,  the  common l o r e s  0  ̂ al - o r ­

a t i o n  be inb the development on c h l o r i t e  on j o i n t s  in  q u a r t z i t e s  and &r a n i t e  

gp ie is ses ,  the  development o f  s e r p o n t i n i a a t i o n  o f  0o i n t s  in  dun: t e ,  or  

t a l c  i n  s e r p e n t i n i t e ,  o r  w e a th e r in g  in  most rock  ty p e s .  ..he h a rdness  

o f  t h e  j o i n t  s u r f a c e  w i th  no a l t e r a t i o n  i s  de te rm ined  by the  h a rdness  

o f  tne  rock  mass r e l a t e d  to the end members of  the i n t a c t  rvC«; s t r e n g t h  

s c a l e .  A l t e r a t i o n  u s u a l l y  r e s u l t s  i n  a  r e d u c t i o n  i n  the r a t i n g  fo r  

s l i p s ,  but  in  some c a s e s ,  such a s  where c a r b o n a t e s  have been d e p o s i t e d  

i n  the  country  rock  a d j a c e n t  t o  a  s l i p ,  the  a l t e r a t i o n  may i n c r e a s e  

the  r a t i n g .
To o b t a i n  the  r a t i n g s  in  m u l t i p l e  j o i n t  sys tems the weighted 

ave rage  r a t i n g  o f  each j o i n t  i s  t a k e n .

4 .2 1 5  Ground w i t o n - The e f f e c t  o f  ground w a te r  under  p r e s s u r e ,  i s  to

on j o i n t s .  •

e r o s i o n  o f  j o i n t  f i l l i n g  m a t e r i a l  may o c c u r .  The former i s  im p o r t a n t  in  

open p i t  or o t h e r  a to^e  s t a b i l i t y  a n a l y s e s  and i n  underground wordings the 

l a t t e r  may be im p o r tan t  i f  the u r e a  has n o t  been d ra in e d  by d e e p e r  v, or  Kings •

4 .22  AA’UuL.uxiTS
For the  p r e d i c t i o n  o f  the  s t a b i l i t y  o f  and su p p o r t  r e q u i r e d  f o r  

underground h e a u i n u8, o r  f o r  p r e d i c t i n g  thi  CttVabi j. ; t y  o f  an ore body, 

e t c ,  a d vuat . v n t s  must be cv.do t o  the 31. n i t u  c l a w u i l i c u t i o n . *ne a d j u -  

c e n t s  take  i n t o  account  the  e f f e c t s  of  the  r e g i o n a l  s t r e s s ,  a n d / o r  

p o s s i b l e  changes  in  induced  s t r e s s , ind/^or the  e i f e c t s  o f  p o t e n t i a l
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w e a th e r in g  of  t h e  rock  over the  l i f e  o f  the  e x c a v a t i o n  and the  i n f l u e n c e  

on th e  s t a b i l i t y  o f  th e  e x c a v a t io n  o f  the  s t r i k e  and d ip s  o f  the  dominant 

s t r u c t u r a l  f e a t u r e s .

At t h i s  s t u y e ,  the a d ju s tm e n t s  t o  be nude t o  an i n s i t u  c l a s s i f i ­

c a t i o n ,  a rc  a t  b e s t  an educa ted  g u e s s ,  i t  i s  hoped v i t h  t ime t o  b u i ld  

up a  background o f  c»se  h i s t o r i e s  which w i l l  p rov ide  a b a s i s  f o r  

e s t i m a t i n g  the  a d j u s t m e n t s  r e q u i r e d .  I t  i s  c o n s id e r e d  t h a t  t h e s e  

a d ju s tm e n t s  a r e  more r e a l i s t i c  in  a s s e s s i n g  s u p p o r t  r e q u i r e m e n t s  than 

B ie n iaw o k i 'o  ' s t a n d  up t i m e 1 gu ide  l i n e s .

4 • 3 si'dVhY fix:;! i; .tuns
Survey ing  t e c h n iq u e s  has  p layed  an im por tan t  p a r t  in  t h e  moni­

t o r i n g  and i n v e s t i g a t  m i n t o  the  ground de fo rm a t io n  ana d i sp lacem en t  

i n  the  p e r i p h e r i e s  o f , a n d  bulov/ caved I .  ocku.  Survey ing  t e c h n iq u e s  were,  

used because ,  w i th  th e  base s t a t i o n s  l o c a t e d  i n  s t a b l e  ground,  they  

provided  d a t a  on the  s i z e  o f  the  zone o f  i n f l u e n c e  o f  a  cave mining 

o p e r a t i o n ,  and t o t a l  Uruund d i s p l a c e . . e n t s .  In t h e  l a t t e r  a s p e c t  

su rvey ing  t e c h n iq u e s  u ie  s u p e r i o r  t o  i n s t ru m e n t s  u sed  to  moni to r  d i s ­

placement or  d e fo rm a t io n ,  which usui*.:’.y only p rov ide  r e l a t i v e  d i s ­

p lacements.

Survey and l e v e l l i n g  t r a v e r s e s  were e x t e n s i v e l y  used i n  th e  

i n v e s t i g a t i o n  o f  ground d i sp la cem e n t  around b lo c k s  7A13, Blocks 7/1 - 

7/3  and i n  the  i n i t i a l  s t a g e s  o f  Block 1( . In a d d i t i o n  t r i a n g u l a t i o n  

was used  t o  i n v e s t i g a t e  th e  behav iou r  two s u b s t a n t i a l  r i b s  o f  s o l i d  

ground l e f t  between c av ing  o p e r a t i o n s  on e i t h e r  s i d e .

4.31 TRIANGULATION OF SURFACE BEACONS

The purpose  o f  tne  s u r f a c e  beacons l o c a t e d  on the  3/( " r i b  p i l l a r "  

(bee  F ig  F ,5)  and l a t e r  in  th e  ) / 7  " r i b  p i l l a r "  was t o  i n v e s t i g a t e  

p oes ib ly  bod i ly  movementa o f  the  p i l l a r s  of  s o l i d  rock  ly in g  between 

two caved a r e a s .  In the c h b c  o f  the  j / i  " r i b  p i l l a r " ,  t i l t i n g  o f  the 

s u r f a c e  o f  the  p i l l a r  was a ln o  m oni to red .

Three beacons  were e s t a b l i s h e d  on the 3/6 " r i b  p i l l a r "  and th e s e  

were t r i a n g u l a t e d  ar.d t r i g o n o m e t r i c a l l y  l e v e l l e d  from two c o n c r e t e



5 3

t h e o d o l i t e  s t a n d s  l o c a t e d  on s t a b l e  ground t o  the  n o r t h  and '■ e s t  of  the  

b e a c o n s . Purvey ing  was done u s i n g  a s i n g l e  second t h e o d o l i t e . ihe  

beacons c o n s i s t e d  o f  a c i r c u l a r  b lack  t a r g e t  mounted on a 3m l e n g t h  o f  

50mm b lack  p i p i n g  i n  a 1,5 d i a m e te r  by 1,Uo deep c o n c r e t e  f o u n d a t i o n .

For t i l t i n g  measurements th e  c e n t r e  beacon had an a d d i t i o n a l  t a r g e t  

mounted 3m above the lower t a r g e t .  To minimise sway in  the  wind guy

w i re s  were f i x e d  to  the  beacons .
On th e  5 /7  ' r i b  p i l l a r " ,  fou r  s i m i l a r  beacons  were e r e c t e d  excep t  

t h a t  the  f o u n d a t io n s  u sed  were s m a l l e r ,  and w h i te  s c r e e n s  were e r e c t e d  

behind the  beacons  t o  improve v i s i b i l i t y .  The number o f  o b s e r v a t i o n s  

used  in  each survey  were reduced t o  speed  up o b s e r v a t i o n .

The acc u racy  ach ieved  on the .>/ I " r i b  p i l l a r "  beacons was p o s s i b ly  

2%, b e t t e r  than  the g u a ra n t e e d  a c c u r a c i e s  g iven  below:

( I )  Guaranteed p o s i t i o n a l  accuracy  (ep )  

ep * 7 .3  x lO"1' LCosecC

wher t L «= l e n g t h  o f  base = 596,034®

C a A>icnl  angle = 89°37 l 

ep » - 7,3mm
( I I )  Guaran teed  V e r t i c a l  Accuracy (ov) 

ev ■ - 22 x 10 ' .S

where S = mean l e n g t h  o f  s i g h t  = 7 0 7 , 294m

ev = - 15, 5mm
( i l l )  Accuracy oi t i l t  of signal pole - 5 minutes of arc
In the 5 /6  " r i b  p i l l a r "  t h e  a c c u r a c i e s  a c h i e v e d  were n o t  as  good 

a s  i n  the  3 /6  p i l l a r  because o f  the  reduced number o f  o b s e r v a t i o n s .

The time required to make the observations  and ca lcu la te  the 
r e s u l t s  was acout ct d a v s . f he only problems encountered were a 

minor natui •, such an the i n i t i a l  settlement  o* the t c j id a t io n s  n i t e r  

the  f i r s t  heavy r a i n s ,  and the f l e x i b i l i t y  of the cenV'C 6m beacon in 

moderate winds .

4 .3 2  SURFACE SURVEY TRAVERSES
The purpose  o f  the s u r f a c e  survey  t r a v e r s e s  was t o  i i . v c s t i g a t e  

the su b s id en ce  iuid l a t e r a l  d i sp lacem en t  o f  the ground above . rid in  the

p e r i p h e r i e s  o f  p o t e n t i a l  cuv. d i r eam .  The l i n e s  o f  survey pegs
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were e s t a b l i s h e d  on the  s u r f a c e ,  ex ten d in g  from beyond th e  a n t i c i p a t e d  

l i m i t  o f  tjrovjid d i sp la cem e n t  to  above the  b loc k  cave-
T%o t r a v e r s e s  were used  to  i n v e s t i g a t e  the  s u r f a c e  Krounu in  -hi  

p e r i p h e r i e s  o f  b loc k  6 .  These t r a v e r s e s  were aga in  used  in  Block 7AB. 

L a t e r ,  over  the  e a s t e r n  s i c e  of  B j i cka  / /1 and 7/3 a n o t h e r  survey  

t r a v e r s e  was l a i d  out t o  m on i to r  ground subs idence  and d i s p la c e m e n t .

These l i n e s  on survey  pegs were e s t a b l i s h e d  a t  a  l a r g e  urg^e  t o  

the  boundary o f  th e  b lock and ex tended  froia well  beyond th e  a n t i c i p a t e d

l i m i t  o f  ground movement.
The survey pegs c o n s i s t e d  v f  I5mc round i r o n  rod ,  450mm long ,

w i th  a 3mm d ia m e te r  a x i a l  ho le  d r i l l e d  in  one end.  The rod i s  c a s t  in

a c o n c r e t e  b loc k  450mm i n  d ia m e te r  so t h a t  about  150mm p r o t r u d e s  :rom

the  s u r f a c e .  The c o n c r e t e  s lock  i s  founded a t  a depth  o f  ^OO-jOOmm

below the  s u r f a c e .
The t r a v e r s e s  were surveyed a t  i n t e r v a l s  u s in g  a s i n g l e  second

t h e o d o l i t e ,  and d i s t a n c e  measurements were done u s in g  a s t e e l  t a p e .

No c o r r e c t i o n s  were made f o r  ta pe  tem pera tu re  v a r i a t i o n s  or  c a t e n e r y

e f f e c t s ,  the  fo rm er  oe ing t h e  l a r g e r  e i f e c t  and the  most d i i :  ic.u* l to

c o r r e c t  f o r .
The a cc u racy  ach ieved  was e s t i ren ted  to  b e t -  _________

Angular  e r r o r  i n  seconds * -  7 yNumber ol a n g u la r  m e a s u r e n e n s  

L in ea r  e r r o r  in  metre a .  0 , 0 1 15 /Number o f  d i s t a n c e  measurements 

E r ro r s  i n  l a t i t u a e  and d e p a r t u r e  depend upon the i n d i v i d u a l  

t r a v e r s e .

4 .33  UNLLHOROUNL aVnVLY TRAVERSES
Underground su rvory  t r a v e r s e s  were u sed  tc  de te rmine  the  n a t u r e  

and e x t e n t  o f  ground d i s p la cem e n t  i n  the  p e r i p h e r i e s  o f  Block 7AB.

These t r a v e r s e s  subsequen t ly  ex tend  to  cover  the  d i s p la c e m e n ts  induced

by the  mining o f  Blocks 7/1 and f / 3•
The pegs u sed  fo r  the  underground  survey t r a v e r s e s  we*-a con­

s t r u c t e d  from 1,0m l e n t h a  o f  19mm d r i l l  s t e e l  which had a t  one end a 

number of  weld d rops  on i t  and a  50mm d ia m e te r  c o l l a r  app ro x im a te ly  

300mm from t n a t  end .  This  end o f  the  s t e e l  was g ro u te d  i n t o  a 1,6m
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ion*;, bOma d ia m e te r  h o le  d r i l l e d  i n t o  the  s o l i d  rock  above the  back of  

the d r i f t .  Welded t o  th e  lower  end o f  t h e  d r i l l  s t e e l  was a 19mm x 

39nun l o n b- c h a in  l i n k  w i th  a 1,6mm d ia m e te r  h o le  d r i l l e d  in  i t .  A

d ia m e te r  p ipe  p la ced  over  th e  p e j  d u r in g  dro u t i n d  ensured  t h a t  the 

peg was f r e e  from the  s i d e w a l l  and was n o t  a f f e c t e d  by s p a l l i n g  from 

the  back of  the  d r i f t  (P ig  4 , 3 ) .

F ig  4 ,3  Underground Survey Feg

The p o s i t i o n s  o f  the  survey  pegs were f i x e d  by t r a v e r s i n g  from a 

base s t a t i o n  assumed t o  be i n  s t a b l e  ground,  u s in g  a s i n g l e  second 

t h e o d o l i t e ,  and t a r g e t s  which were p o s i t i o n e d  v e r t i c a l l y  below the  1,bmm 

d ia m e te r  h o le  by o p t i c a l  ^ lu - .a ing .  Hi s l  uice was measured from t a r g e t  to  

t a r g e t  by a s t e e l  t a p e  suspended in  c a t c n e r y  from two s u p p o r t s  ja cked  

between the  hangingwul l  and f o o tw a l l  ol the d r i f t .

The o p t i c a l  plumbing proved very  t ime consuming and so from 1966 

plumb bobs were used  i n s t e a d ,  w ith  r e l a t i v e l y  l i t t l e  l o s s  in a c c u ra c y .  

E l e v a t io n  d i f f e r e n c e s  o b ta in e d  from l e v e l l i n g  were used  f o r  r ed u c in g  

the s lo p e  d i s t a n c e  t o  h o r i z o n t a l  d i s t a n c e s .

The accu racy  ach ieved  in  b l 'C k  7AB was : -

Angular e r r o r  i n  seconds * 6 ,9  ^/Number of  Angular  measurements

L in e a r  e, -or i n  me tres  -  0,00096 </l,umuur o f  measurements

l e s s  than bOm 

+ 0,00131 /Humber of  measurements 

exceed ing  'jOa
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K rro ra  i n  l a t i t u d e  and d e p a r t u r e  depend on the i n d i v i d u a l  t r a v e r s e .

The l a r g e s t  problem en coun te red  was tape  s t r e t c h  which n e c e s s i t a t e d  

r e - c a l i b r u t i o n  o f  the ta pe  a t  i n t e r v a l s  from a s t a n d a r d  t a p e ,  which in  

t ime a l s o  becuue s t r e t c h e d .  This  may n o t  have a f f e c t e d  t h e  a cc u racy  of  

Block 7Ad but  i t  d id  a f f e c t  the  accuracy  o f  the  su rveys  in  Block 7/1 

and 7 /3 •
The pegs used  f o r  the  survey  t r a v e r s e s  were l e v e l l e d  u s i n g  an 

a u to m a t i c  l e v e l  s e t  up hal fway  between l e v e l l i n g  pegs on nre-marked  

l o c a t i o n s . R e f l e c t i v e  l e v e l l i n g  s t a v e s  g r a d u a t e d  in  0 ,01 f t  suspended 

from th e  survey  peg c h a in  l i n k s .

Subsequent  to  the mining  o f  Blocks 7/1 and 7 /3  when th e  change 

over  t o  the  m e t r i c  system came, a s p e c i a l l y  manufac tu red  r e f l e c t i v e  

s t a f f  g ra d u a t e d  in  l e u  u n i t s  was used i n  c o n ju n c t io n  w i th  a p a r a l l e l  

p l a t e  m ic ro m e te r .

The accuracy  ach ieved  i n  l e v e l l i n g  was 0 ,5 6  /Number of  s e t  ups 

(mm) befo re  the i n t r o d u c t i o n  o f  the p a r a l l e l  p l a t e  m icrom eter .  No 

e s t i m a t e  of  the  accu racy  u s i n g  th e  micrometer  i s  a v a i l a b l e .

While no major problems ..ore e ncoun te red  w i th  t i n  a t e c h n i  que , 

s u rv ey in g  of  e l e c t r i f i e d  h a u la g e s  was i n c o n v e n ie n t  as  the  work had to  

be done on aundays when th e  power could  be s w i tched  o f f .

Survey t r a v e r s e s  . .ere d i s c o n t i n u e d  f o r  a  V a r ie ty  o f  r e a s o n s  

such a s  the d i f f i c u l t y  i n  e n s u r in g  t h a t  the base  uegs were i n  s t a b l e  

ground wi tn  the l i m i t e d  a c c e s s  a v a i l a b l e ,  th e  a b i l i t y  o f  b o re h o le  were 

ex ten so m e te r s  and remote d i sp la cem e n t  m e te rs  to  p rov ide  s i m i l a r  i n f o r ­

mation ,  the  u n c e r t a i n t i e s  in t ro d u c e d  by tajie s t r e t c h .

; ■

The i n s t r u m e n t a l  t e c h n iq u e s  have been suu d iv id e d  i n t o  t h r e e  

g ro u p s ,  th o se  th a t  measure de fo rm a t ion  o r  d i sp la cem e n t  around the  major  

openings  arc  d e a l t  w i th  in  t h i s  s e c t i o n , w hi le  th ose  used t o  measure 

de fo rm a t ion  in  and around development open ings ,  and o t h e r  s t r e s s  and 

de fo rm a t ion  m on i to r ing  or ne-"sur.n(; t e ch n iq u es  a r e  in subsequen t  s e c t i o n s .

With t h e  e x c e p t io n  o f  the  commercial ly  o b t a i n a b l e  i n s t r u m e n t ? ,  

m o d i f i c a t i o n s  and improvements o f  some of  the l o c a l l y  d e s ig n e d  i n s t r u ­

ments has  c o n t i n u e d  over  the  y e a r s .  In the d e s ig n  o f  t h e s e  i n s t r u ­

ments,  the  ph i losophy  has  been t o  keep the  i n s t r u m e n t s  a s  s im ple  a s
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p r a c t i c a l .  Th is  p o l i cy  has  r e s u l t e d  in  some l o s s  o f  acc u racy  but  t h i s  

i s  c o n s id e r e d  t o  he j u s t i f i e d ,  a s  more f r e q u e n t  r e a d in g s  can be taken

over  a  w ider  a r e a .
Some o f  t h e s e  i n s t r u m e n t s  a r e  now p r e f e r r e d  t o  survey  t e c h n iq u e s  

in  around d e fo rm a t ion  m o n i to r in g ,  because they  urf s imple  to  r e a d  and can 

be r e a d  more f r e q u e n t l y ,  a l lo w in g  t r e n d s  to  be r e c o g n i s e d  e a r l y .

The r e a d i n g s  o b t a in e d  from th e  i n s t r u m e n t s  i n  p r a c t i c e  were not  

us a c c u r a t e  t s  t h e o r e t i c a l l y  p o s s i b l e ,  because m a l p r a c t i c e s  and s h o r t ­

c u t s  c r e p t  i n t o  the  r e a d i n g  methods . Although some o f  t h e  m o d i f i c a ­

t i o n s  i n t r o d u c e d  were des igned  to  curb  the se  m a l p r a c t i c e s , even w i th  

th e s e  o t h e r  m a l p r a c t i c e s  c r e p t  i n .  Tho moat common and d i f f i c u l t  t o  

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

measurement t o  o b t a in  an a v e ra g e ,  where r e a d i n g s  were s e l e c t e d  or  the 

i n s t ru m e n t  s l i g h t l y  a d j u s t e d  t o  produce r e s u l t s  which d i s p l a y e d  a h ig h  

degree  of  agreement between th e n .  I f  l e s s  h o n e s t ,  t h e s e  r e s u l t s  not  

only looked b e t t e r ,  but they  a l s o  made c a l c u l a t i o n  of  a v e ra g e s  e a s i e r .

An extreme example o f  t h i s  p r a c t i c e  i s  given in  t h -  r e s u l t s  o f  c l o s u r e -  

c .eter  No 7 /9  d u r in g  a s table- per iod  (bee  Tab le 4 , 5 )  • I t  can be seen  

from t h e s e  r e s u l t s  t n a t  the s i x  r ead in g s  taken  on each day make a h igh  

degree  o f  agreement w i th  a low s ta n d a rd  d e v ia t io n *  Contrary  to  what  

might be expec ted  i f  the r e a d i n g s  were com ple te ly  i m p a r t i a l l y  done,  

t h e r e  was a l a r g e r  v a r i a t i o n  i n  th e  wc-.kly means than  in  the i n d i v i d u a l  

r e s u l t s  on any one day and t h i s  i s  borne out by the h ig h e r  s t a n d a r d  

e r r o r  o f  the  means.
From the  p o in t  o f  v±ew o f  a n a l y s i n g  the  r e s u l t s  a f t e r w a r d s ,  the  

dec re a se d  accuracy  i s  o f  l i t t l e  consequence,  but  i t  i s  e s s e n t i a l  t o  the 

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

behaviour  p r e d i c t i o n *  T h e r e f o re ,  in  some i n s t r u m e n t s  r e p u t a t i v e  

r e a d in g s  were r e p l a c e d  by four  r e a d i n g s  t a k e n  from fou r  d i f f e r e n t  

bench marks, where p o s s i b l e  in v o l v in g  r e a d in g  in  o p p o s i t e  d i r e c t i o n s .
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t a b u ; 4 ,5

Tab le  o f  j u a b i u g s ,  k la n u  ai i l  b tandakd  blVIaTjonb o f  cluguxE .•.••.tee no 7 /9

Date 1s t
h e a d i n '

2nd
Heading

3rd
no d ing

4 th
Hi ad ing

5th
head ing

6 th
Heading

...ean h td  Dev 
o f  t h e  6 
r e a d i n g s

1 b .2 • 74 26,0 26,1 26,0 . 5 , 9 26,1 , 1 26,03 0 ,08

25.2 • 74 26,1 26,4 26,3 26,3 26 ,0 *6,2 26,22 0 ,14

4 .3 .74 . '6,9 26,7 26,0 2 6 , a 26,6 26,6 26,77 0 ,1 0

11.3 .74 26,0 25,6 25,7 26,3 25 ,8 26,3 25,95 0 ,3 0

18.3 .74 26,0 26,2 26,6 25,9 26,1 26,0 26,13 0 ,1 0

25.3 • 74 26,0 25,6 25,7 25,6 26 ,0 25,8 25,85 0 ,1 2

1.4 .74 25,6 25,7 25 ,8 25,7 25,6 25, ' 25,67 0 ,06

8 .4 • 74 26 ,4 26 ,0 26,1 26 ,2 26,3 26,2 26,20 0 ,14

15*4 • 74 27,7 27,7 27,6 27,6 27 ,7 27 ,8 27,66 0 ,06

22.4 • 74 26,3 25 ,5 26,0 26 ,2 26,1 25 ,8 25,98 0 ,2 9

29.4 .74 26,3 26 ,2 26,4 26,1 26,1 26 ,2 26,22 0 ,14

Mean 26 ,24

Std d e v i a t i o n  of  Means 0 ,56

4.41 REZ.'.OTE DIS1 LACE.M2JT METEHS

The remote displaceiLcnt  n e t e r  l a  u sed  f o r  the same purpose  as 

l e v e l l i n g ,  t h a t  i s  the  u c n i t o x i n g  o f  s u b s i d e n c e .  They have th e  advan­

ta ge  t h a t  they m y  be l o c a t e d  in  a r e a s  d i r e c t l y  above an undercu t  

which would uvea:..' dangerous  f o r  l e v e l l i n g .  In a d d i t i o n ,  by I n s t a l l i n g  

them i n  bo ren o le s  o tn e rw i i u  i n a c c e s s i b l e  a r e a s  may be m on i to red .

Th i s  i n s t r u m e n t  i s  e s s e n t i a l l y  very  s i n  l e ,  c o n s i s t i n g  o f  1f,7mm 

p l a s t i c  hose ,  " i t h  one end f i x e d  t o  a s u i t a b l e  competent  p o r t i o n  of  

eide.vi-11 in  an a r e a  where i t  i s  d e s i r e d  to  mon i to r  e l e v a t i o n  changes ,  

and the o t h e r  end w i th  .1 g l a s s  tube  a t t a c h e d ,  f ix e d  to  the s i d e w a l l  in  

a s t a b l e  a r e a .  The hose id  f i l l e d  with  w a te r  and caused  t o  over f low  a t  

the remote or  "open” end,  and th e  r e s u l t i n g  over f low w a te r  l e v e l  i s  

measured in  the g l a s s  tube a t  th - men Burin,  end (ilue Fig 4 , 4 ) .  The 

lOAcr end o f t h e  g l a s s  tube  was f i t t e d  w i th  a small  p l a s t i c  d i s c  w i th  a 

0,9tim d ia m e te r  h o l e  which s e t a  as  a  r e u t r i c t o r  t o  slow the r a t e  o f  flow 

o f  w a te r  down d u r m  to p p in g  up o p e r a t i o n s .  Wi thout  t h i r  r e u t r i c t o r ,  

i t  was found t h a t  the w ate r  in  the  hose g a t h e r e d  so much momentum 

d u r in g  the  topp ing  up ,  t h a t  th e  w a te r  co n t in u e d  to  overf low f o r  a w hi le
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a f t e r  the w a te r  l e v e l  in  the ^ l a a s  tube had s u b s i d e d  below l e v e l  o f  the

open" end.

______ Cf' N fO-.FRFVOyW A T E R  L C V f L

Q9 mm C RES1HIC TOR

12,7mm PLASTIC HOSE

Mg 4»4 Cener 1 arrari,;,-r,ent of  Hf.iote diepl .ce; -'nt meter

The "o^en" ends  were e i t h e r  s e c u re d  to  the  a id*w a i l  by w i re  g ro u te d  

i n t o  tho  s i d e * . 11 by ipoxy r e s i n  , u t t y ,  or  in  buret  l e s  by a w ire  clamp. 

One o r  more g l a s s  tubes  would bo a t t a c h e d  to  a wooden board a t t a c h e d  to 

th e  s id e w a l l  a t  the  measuring  p o i n t . The hose would be f i l l e d  by 

syphoning c l e a r  w a te r  th rough  them.

The main m o d i f i c a t i o n s  i n t r o d u c e d  over  tne  y e a r s  were i-

1) The g l a s s  tu b e s  were r e p l a c e d  by c l e a r  p l a s t i c  hose in  Block 

7AB, but  t h e s e  became d i s c o l o u r e d  w i th  t ime and g l a s s  tube s  

were r e v e r t e d  t o  in  oubarajuent i n s t a l l a t i o n s *



60

2) For Blocks ? / l  and 7 / 3 ,  nnd Block 16 the  r e s t r i o t o r  was 

p la ced  in  a hosemender in  the hose some d i s t a n c e  Below the  

measur ing  board  t o  o b v ia te  the  need t o  remove the  g l a s s  tube 

t o  c l e a n  the  r e s t r i c t o r  .
3) The w ire  clamps were l e f t  o f f  two Block ? / ?  bo reh o le  remote 

d i sp la c e m e n t  m e te r s ,  bu t  were r e - i n t r o d u c e d  nncn i t  became 

e v i d e n t  t h a t  w i thou t  them t h e  hoses s low ly  d i d  out  o f  the  

h o l e .
4) Two g l a s s  tubes  were a t t a c h e d  to  each n o t e r  each  with  i t s  

own r e s t r i c t o r ,  and. connec ted  t o  the hose by means o f  a T- 

p i e c e .  This  was done to  p rov ide  a check on th e  r e a d in g s  and 

which would show up b lockages  in  the  r e s t r i c t o r .  At the  same 

t ime the  method o f  r e a d i n g  th e s e  i n s t r u m e n t s  was m od i f ied .

(See  below) In t roduced  fo r  Block 7 / 2 .

5) The open eada  were f ix e d  t o  the  s i d e w a l l  by means o f  a 6,3mm 

round i r o n  L -p iece  g rou ted  i n t o  the  s id e w a l l  i n  Block 7 / 2 .

6 ) I n s t e a d  o f  s ip h o n in g ,  i n i t i a l  f i l l i n g  ( n o t  to p p in g  up) was 

done by means o f  a bottom d is c h a rg e  drum a t t a c h e d  to  the  water  

sup l y ,  the  purpose o f  the drum be ing  t o  remove a i r  bubbles  

from the  w a te r  supp ly .

7 ) I ro n  hosemenders were r e p l a c e d  w i th  p l a s t i c  because some 01 

th e  l o n g e r  term i n s t a l l a t i o n s  were r u s t i n g  and a 200 mesh 

sc re e n  was p laced  over  th e  r e s t r i c t o r  t o  p reven t  the i n g r e s s  

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

8) The wooden g l a s s  tube  mounting boards  were r e p la ced  w i th  

m e ta l ,  and f i t t e d  w i th  f ix ed  '■cnles.

The r e a d i n g  procedure i s  r e l a t i v e l y  s i m p l e , u s i n g  a p l a s t i c  wash 

b o t t l e  a l l  the remote d i sp la cem e n t  mete rs  measured a t  one s i t e  a re

.

f lowed a t  th e  open ends ,  and the w a te r  l e v e l  in  the  g l a s s  tubes  should

be s t a t i o n a r y ,  fhe w a te r  l e v e l s  a re  i n i t i a l l y  r e a d  two minutes  a f t e r

topp ing  up .  Readings were in  tne e a r l i e r  i n s t a l l a t i o n s  1 ude by measur ing 

the  d i s t a n c e  between the  top  sadd le  h o ld in g  the g l a s s  tube and the  

bottom o f  the  m in iacu s ,  u s in g  a s c a l e  in  m i l l i m e t r e s  and on the



l a t e r  i n s t a l l a t i o n s  f r o n  s c a l e s  f i x e d  n e x t  t o  t h e  ^ l a s e  t u b e s .  Three t o  

f i v e  r e a d i n g s  were taken  and the  r e s u l t s  meaned.
The second g l a s s  tube  was i n t r o d u c e d  and t h e  r e a d in g  system changed 

t o  p rov ide  a check t h a t  t h e  r e s t r i c t o r  was n o t  p a r t i a l l y  blocked  or  

had an a i r  bubble t r a p p e d  below i t  and to  e l im u t e  r e p e t a t i v e  r e a d i n g s .

The method o f  r e a d i n g  was to  f i l l  t h e  f i r s t  t u b e ,  and r e a d  from the  to p  

sad d le  down t o  t h e  mini sous ,  (b)  r e f i l l  the l i r s t  tube and read  from 

the bottom s a d d le  up to  t h e  m in isous ,  (c )  f i l l  t h e  second tu b e  and r e a d  

from the  top  down, (d)  r e f i l l  the second tube and r ead  from the  bottom 

upwards . The f o u r  r e a d in g s  were n u m e r i c a l ly  d i f f e r e n t  and p rov ided  

c r o s s  checks on each o t h e r .  In p r a c t i c e ,  t h e r e  was a tendency to  cu t  

out some o f  th e  r e f i l l i n g s  o f  the  tu b e s  and a s  a  r e s u l t  t h e s e  checks  

would show f i n e  a g ree m en t , but the r e a d i n g s  c o u ld  s t i l l  be f a u l t y .

Th is  meant t h a t  the a d d i t i o n a l  work in vo lved  i n  check ing  th e  r e s u l t s  was

f r e q u e n t l y  a w as te  of  t i m e .
The f i x e d  s c a l e  was i n t r o d u c e d  a f t e r  i t  was r e c o g n i se d  t h a t  the

e x t r a  work in v o lv ed  i n  check ing  the  r e s u l t s  was not  worth  the  e f f o r t .

The r e a d i n g s  o b ta in ed  from remote d i sp lacem ent  me te rs  can be a f f e c t e d  

by changes  i n  th e  d i f f e r e n c e  i n  a i r  p r e s s u r e  between the  two ends .

These e f f e c t s  a r e  m easurab le  i f  t h e  measuring and open ends a r e  in  

d i f f e r e n t  v e n t i l a t i o n  compartments ( i n  which c a s e  they  te n d  t o  be 

e r r a t i c ) , o r  a r e  in  a  d r i f t  a long  which a i r  i s  f lowing  a t  a f a s t  r a t e ,  

exceed ing  0 , 7 m /se c . a lo n g  a  100m long  r im ote  d i sp la cem e n t  m e t e r • In 

g e n e r a l  p r e s s u r e  c o r r e c t i o n s  a r e  e i t h e r  to  sm al l  t o  w ar ran t  c o r r e c t i o n  

or  t o  e r r a t i c  to  make r e l i a b l e  c o r r e c t i o n s .
No c o r r e c t i o n s  were a p p l i e d  f o r  t e m p era tu re  v a r i a t i o n s , a s  u su a l ly  

t h e s e  a f f e c t e d  the whole l e n g t h  o f  the  hose.  Th is  does n o t ,  however,  

apply  to  b o re h o le s ,  where the p o r t i o n  of  hose  >n the b o reh o le  would n o t  

be s u b j e c t  to  the  Variat ions  i n  temp na tu re  t h a t  the p o r t i o n  in  the 

development openings  m.ght be s u b j e c t  t o .  The te m p e ra tu re s  e x . e r i e n c e d  

underground v a r i e d  by l e s s  than  5 b from summer to  w i n t e r  and the maxi­

mum head of  w a te r  f o r  a  meter  l o c a t e d  in  a bo reh o le  was about  6m. r'or 

a 3°b change i n  t e m p e ra tu re  e f f e c t  on the w a t e r  l e v e l  Cf” be c a l c u l a t e d  

from the  d e n s i t i e s  of  w a te r  a t  v a r i o u s  t e m p e r a t u r e s ,  and would be 

about  4mm. In g e n e r a l , the t e m p era tu re  v a r i a t i o n s  were c o n s id e r a b ly
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l a t e r  i n s t a l l a t i o n s  froci s c a l e s  f ix e d  n e x t  t o  t h e  b ' lass  t u b e s .  Three t o  

f i v e  r e a d i n g s  were taken  and the  r e s u l t s  weaned.

The second g l a s s  tube  was i n t r o d u c e d  and t h e  r e a d in g  sys tem changed 

to  p ro v id e  a check t h a t  th e  r e s t r i c t o r  was n o t  p a r t i a l l y  blocked or  

had an a i r  bubble  t r a p p e d  below i t  and to  eliin.%te r  p u t a t i v e  r e a d i n g s .

The method o f  r e a d i n g  was to  f i l l  the  f i r s t  t u b e ,  and r e a d  from the  top  

sa d d le  down to  t h e  m in is cu s ,  (b)  r e f i l l  the  f i r s t  tube and r ead  from 

the bottom s a d d le  up to  th e  m in i s c u s ,  ( c )  f i l l  t h e  second tube  and r e a d  

from th e  top  down, (d) r e f i l l  the  second tube  and r e a d  from the  bottom 

upw ards . The f o u r  r e a d i n g s  were n u m e r i c a l ly  d i f f e r e n t  and p rov ided  

c r o s s  checks  on each o t h e r . In p r a c t i c e , t h e r e  was a tendency to  cu t  

out some o f  th e  r e f i l l i n g s  o f  the  tubes  and a s  a  r e s u l t  t h e s e  checks 

would show f i n e  agreement,  but the r e a d in g s  cou ld  s t i l l  ue aa u l t y .

Th i s  meant t h a t  the a d d i t i o n a l  work invo lved  i n  check ing  th e  r e s u l t s  was

f r e q u e n t l y  a w as te  of  t i m e .
The f i x e d  4C i le  was i n t ro d u c e d  a f t e r  i t  was r e c o g n i s e d  t h a t  th e

e x t r a  work in v o lv ed  i n  check in , '  th e  r e s u l t s  was no t  worth the  e f f o r t .

The r e a d i n g s  ob ta ined  from remote d i s p la cem e n t  m e te rs  can be a f f e c t e d  

by changes  i n  the  d i f f e r e n c e  i n  a i r  p r e s s u r e  between the  two ends .

These e f f e c t s  a r e  measurable  i f  t h e  measuring and open ends a r e  in  

d i f f e r e n t  v e n t i l a t i o n  compartments ( i n  which c a s e  they  te n d  t o  be 

e r r a t i c ) , or  a r e  in  a  d r ; f t  a long  which a i r  i s  1 lowing a t  a f a s t  r a t e ,  

e x c e e d i n '  0 ,7 m /s e c .  a lo n g  a 100m long  remote d i sp la cem e n t  m e te r .  In 

g e n e r a l  p r e s s u r e  c o r r e c t i o n s  a r e  e i t h e r  t o  smal l  t o  w a r r a n t  c o r r e c t i o n  

or  t o  e r r a t i c  to  make r e l i a b l e  c o r r e c t i o n s .

No c o r r e c t i o n s  were a p p l i e d  f o r  t e m p e ra tu r e  v a r i a t i o n s ,  a s  uniiall^ 

the :  e a f f e c t e d  the whole l e n g t h  of  th e  hose ,  i’h i s  does n o t ,  however,  

apply  t o  b o r e h o le s ,  where th e  p o r t i o n  of  nose xn the b o reho le  would n o t  

be s u b j e c t  to th e  v a r i a t i o n s  in  temp* r a t a r e  t h a t  the p o r t i o n  i n  the  

development open ings  nught  be s u b j e c t  t o .  The t e m p e r a t u r e s  ex p e r i e n c e d  

underground v a r i e d  by l e s s  than 3 d 1 rum summer t o  w i n t e r  and the maxi­

mum head of w a te r  f o r  a meter  l o c a t e d  in  u bo reho le  was about  6m. For 

ft 3°u change i n  t e m p e ra tu re  e f f e c t  on th e  w a te r  l e v e l  Ctv be c a l c u l a t e d  

from the  den i  t i e s  o f  w ate r  a t  Var ious  t e m p e r a t u r e s ,  and would be 

about  4nm. In g e n e r a l , the t e m pera tu re  v a r i a t i o n s  were c o n s id e r a b ly
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l e s s  than  t h i s .  Readings o f  remote d i sp la cem e n t  mete rs  in  a s t a b l e  a r e a  

and measured over  t h r e e  y e a r s  and no t  compensated fo r  t e m p era tu re  had a 

v a r i a n c e  o f  l e s s  than  0 , 9 m  which i n d i c a t e s  t h a t  th e  in s t ru m e n t  can be 

q u i t e  a c c u r a t e  even w i th o u t  c o r r e c t i o n  f o r  t e m pera tu re  and a i r  p r e s s u r e .

4 .4 2  BOREHOLE WIRE EXTENGOMETERU
Borehole  wire  ex tenson ie te rs  can be used  f o r  measuring s t r a i n ,  

d i l a t i o n  o f  f r a c t u r e s  or  j o i n t s ,  l a t e r a l  movement on j o i n t s  and sub­

s i d e n c e .  U n l ike  most boreho le  w i re  cx tenr .ometere used e lsew here  the  

clamps used on Bhab.-tnie Lline a r e  simple  and cheap ,  and the r e a d in g  and

t e n s i o n i n g  a r rangem ents  a l s o  s im ple  but  n o t  as  a c c u r a t e  a s  the  more

e l a b o r a t e  i n s t a l l a t i o n s  used  e l sew h ere .  •

7 7 7 ; Pi g 4 , 5  Boyles ru b b e r  s l e e v e

b r id g i n g  clamp used
C P O i t  PU TTY  S f 'A C E R  ,

&r3N*A$ME» as  a b o re h o le  clamp

1 m iim m M iiu L /- '

S O F T  N E O P W t N E F  HARO N E O F R E K

The f i r s t  clamps used on the  mine were Boyles Bros ru b b e r  s l e e / e  

b r i d g i n g  p lu g s .  Designed f o r  s e c u r in g  d e f l e c t i o n  wedges i n  b o r e h o le s ,  
the se  have se rved  as in expens ive  unct auequa te  bo reho le  c lamps .  These

c o n s i s t e d  o f  a  s o f t  neoprene  rubbe r  s l e e v e  w i th  a hard  ru b b e r  cone a t  

one end .  Th is  end a l s o  kid  a s l i g h t l y  s m a l l e r  i n t e r n a l  b o re .  When 

used a s  a b o re h o le  clamp, a f o u r - h o l e  w i re  s p a c e r  was put i n t o  t h i s  end,  

and a washer  to  which the w ire  cou ld  bo secu red  was a t t a c h e d  to  the  

hard cone ( i ' i g  4 , 9 ) .  The rubbe r  s i r - v e  hud a d ia m e te r  2,5mm l a r g e r  

than  t h  i t  o f  t h e  b un  h o le ,  so t h a t  when the  clamp i s  pushed i n t o  th e  

boreho le  u s i n g  an i n s t a l l a t i o n  too l  which i s  ^rooved to  accoiumodate the  

w i re s  o f  p roceed ing  lumps,  and which puat ■ a on the  hard  r u b b e r  s h o u la e r  

i n s i d e  the clamp,  s t r e t c h i n g  the a l t  eve l o n g i t u d i n a l l y  ano r e d u c i  ig i t  

in  d i a m r t e r .  When n p o s i t i o n  and the  a t t a c h e d  w i re  i s  u n d e r  t e n s i o n ,  

the  clamp i s  pu t  in l o n g i t u d i n a l  compress, ion  c a u s i n g  an i n c r e a s e  i n  

d ia m e te r  which jura: the  clamp i n  p o s i t i o n .  Each clamp w i t h  i t s  w i re  

a t t a c h e d  was pushed i n t o  p o s i t i o n  by moans o f  the  i n s t a l l a t i o n  too l  

a t t a c h e d  to  a s t r i n g  of  e i t h e r  l i g h t  19mm d ia m e te r  c o n d u i t  rode f o r



6 3

shallo.v h o l e s  o r  t o  d r i l l  rods  f o r  the deeper  h o l e s .

The main d i f f i c u l t y  ex p e r i e n c e d  was i n  the  i n s t a l l a t i o n  o f  more 

than  one clamp i n  a h o l e , where a  wire from one of  t h e  p r e v i o u s l y  

i n s t a l l e d  clamps cou ld  e a s i l y  become caught  w h i le  pushing  a clamp i n t o  

p o s i t i o n .  Th is  u s u a l l y  r e s u l t e d  in  the  w ire  becoming caught  between the  

clamp and boreho le  w a l l s ,  and jamming the clamp in  the  h o l e .  Ihe jammed 

c l a n o  cou ld  only be removed by d r i l l i n g  and then  the  whole i n s t a l l a t i o n  

would hove t o  be s t a r t e d  from s c r a t c h .
The w i re  i n i t i a l l y  used  w a s  H2 o r  24 swg h igh  t e n s i l e  s t a i n l e s s  

s t e e l ,  and p assed  over  a  100mm d ia m e te r  p u l l e .  and f a s t e n e d  t o  a 4 ‘>' 

w e i g h t s . The p u l l e y s  had g r a p h i t e  im pregna ted  bronze  bushes 6,3mm i n  

l e n g t h  and 9 ,'juw in  d ia m e te r ,  f i t t e d  onto a b r i g h t  s t e e l  s h a f t  9,4mm 

i n  d ia m e te r .  The measurements were done by means o f  a  v e r n i e r  c a l i p e r  

between an aluminium r e f e r e n c e  bar  and b r a s s  clamps clamped on each 

w ire  (F ig  4 , 6 ) .

Fig 4 /  P u l l e y  - t r » n t  f o r  bo reh o le  wire ex tonsom ete r
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sha l low  h o l e s  o r  t o  d r i l l  rods  f o r  the de* p e r  h o l e s .

The main d i f f i c u l t y  exper i enced  was in  th e  i n s t a l l a t i o n  o f  more 

than  one clamp i n  a h o l e ,  where a w ire  from one o f  th e  p r e v io u s l y  

i n s t a l l e d  clumps could  e a s i l y  become caught  w h i l e  pushing a clamp i n t o  

p o s i t i o n .  This  u s u a l l y  r e s u l t e d  in  the w ire  becoming caught  between the 

clamp and boreho le  w a l l s ,  and jamming the  clamp in  the  h o l e .  The jammed 

clamp cou ld  only be removed by u r i 1l i n g  and then  the  whole i n s t a l l a t i o n  

would have t o  be s t a r t e d  from s c r a t c h .
The w ire  i n i t i a l l y  used  was d2 o r  24 swg h ig h  t e n s i l e  s t a i n l e s s  

s t e e l ,  and p as sed  over  a 100mm d ia m e te r  p u l l e  and f a s t e n e d  t o  a 4)N 

w e i g h t s .  The p u l l e y s  had g r a p h i t e  im pregna te d  bronze  bushes 6,3mm in  

l e n g t h  and 9 , ‘ymia i n  d ia m e te r ,  f i t t e d  unto a b r i g h t  s t e e l  s h a f t  9,4mm  

i n  d ia m e te r .  The measurements were done by weans of  a  v e r n i e r  c a l i p e r  

between an aluminium r e f e r e n c e  bur and b r a s s  clamps clamped on each 

w i re  (F ig  4*6) .

P ig  4 ,6  P u l l e y  a r range :  ent  f o r  bo reh o le  w ire  ex tensor . ' • to r

I
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The main m o d i f i c a t i o n s  i n t r o d u c e d  w i th  t ime were : -

(1)  19 swg Nichrome V 20/ti0 wire  r e p l a c e d  the  s t a i n l e s s  s t e e l  wire

a s  t h i s  hud u r e l a t i v e l y  low y i e l d  p o in t  and could  be s t r a i g h t e n e d ,  

when i n s t a l l e d  in  the  bo reho le  by s t r a i n i n g .  Th is  was i n t ro d u c e d  

i n  October  1970 in  boreho le s  i n  b lock  ? / 1 ,  Block 16 and one 

bo reho le  in  Block 7 / 2 .

(2)  Aluminium channel  s e c t i o n  was i n t r o d u c e d  t o  p rov ide  fou r  d i f f e r e n t  

measurements t o  p reven t  r e p e t i t i v e  r e a d i n g  e r r o r s . The a r r a n g e -  

ment i s  i l l u s t r a t e d  in Fig 4 ,7 •

(3)  Metal bo reho le  clumps were i n t r o d u c e d  to  r ep  I a- > t rubbe r

s l e e v e s  av a few ru b b e r  s l e e v e  clamps had f a i l .  t o  r i p  i n  o ve r ­

s i z e  b o r e h o le s ,  and the  metal clamps were r o t e n t i a l l y  s im p le r  

t o  i n s t a l l  w i th  the  promise  t h a t  more clamps cou ld  be p u t  i n t o  

n h o l e .  The clumps wore c o n s t r u c t e d  from g a l v a n i s e d  p ip i n g  as 

i l l u s t r a t e d  in  F ig  4 , 0 ,  were locked  in  p o s i t i o n  by jamming a 

r o l l e r  i n t o  the wedge o f  the clamp.

xprxrs.
"1

. A lU M f N I U *  A C 
. C H A N N L l .

k -------------------------------- 1 3 Q m m  .     ■ . ,

I ;  X nH Z nTT TT TrT-rrTT  T y n z s r z z .  
MOMTCANOi GALVANIC t o  PIPE -

W l F t

I  m m  W I D E  S E C T I O N
m )  " u t  a .  p ;  n T  i n a a r d S

1 2 , 7 m m  R O L L !  R > "  7
H LOWtRfNG POSITION C L > M P i; D  RONTON

Wifi.

F ig  4,7 Aluminium Channel 

Becti  on r e a d in g  

arrangement

F ig  4 ,6  Metal  Borehole Clamp
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Four methods o f  i n s t a l l a t i o n  vere t r i e d * -

(a )  A l l  th e  w i r e s  and clamps fo r  a borehole  were assembled  on

s u r f a c e  and then  lowered dovn the  b o re h o le  s i m u l t a n e o u s l y .

For lo w er in g i  tlie r o l l e r s  were he ld  i n  th e  clamps by l i j h t  

s p l i t  c o t t e r  p i n s .  Each r o l l e r  was a t t a c h e d  t o  a common

w ire  which ex tended  from the  bo reho le  c o l l a r  t o  a weight

below the bottom clamp. .Vhen in  p o s i t i o n ,  s t a r t i n g  a t  the  

bottom clamp, the  m o n i to r in g  w i re  o f  each clamp was given a 

s h a rp  j e r k  to  p u l l  the  c o t t e r  p in  out  and lo c k  the clamp in  

p o s i t i o n .  I t  was n o t  immedia te ly  a p p a re n t  t h a t  the  moni to­

r i n g  w i r e s  had Become s e v e r e l y  i n t e r t w i n e d ,  w i th  the r e s u l t  

t h a t  some o f  th e  clamps were n o t  s a t i s f a c t o r i l y  locked  in  

p o s i t i o n ,  and when ground d i sp la cem e n t  s t a r t e d ,  the  d i s ­

placement o f  one clamp was t r a n s m i t t e d  to  a l l  the w i r e s .

Aii a t t em p t  was made t o  keep the  w i r e s  s e p a r a t e  by i n s t a l l ­

i n g  s p a c e r s  a t  between 3 and 6m i n t e r v a l s ,  but th e s e  t w i s t e d  

out  o f  a l ignm en t  and jammed the  clamp w ires  i n s t e a d  of  

keeping them s e p a r a t e  and f r e e .

E igh t  clamps were i n s t a l l e d  i n  each  o f  two b o re h o le s  

i n  b loc k  16 and in  f o u r  h o l e s  i n  b lo c k  7 /2  u s i n 0 t h i s  method.  

In  two more h o l e s  in  b lock  7 / 2 ,  fou r  clamps were i n s t a l l e d .  

S t a i n l e s s  s t e e l  wire was used  f o r  the  i n s t a l l a t i o n s  because 

o f  a temporary  s h o r t a g e  o f  h ichrome.  These i n s t a l l a t i o n s  

were no t  r ega rded  as  s u c c e s s f u l  in d  where p o s s i b l e  th e  clamps 

were removed and r e p l a c e d  Only two b o re h o le s  could  be r e -  

equiped  in  b lock  7 /2  and only  th e  u p , e r  p o r t i o n s  of  the  two e 

b lock  16 h o l e s .

(b)  In the f i r s t  a t t e m p t  to  r e p l a c e  the above procedure  each 

clump had i t s  own /e ig h t  and the  r o l l e r  was kept  i n  p o s i t i o n  

by a s p l i t  c o t t e r  p in .  The clamps were lowered i n d i v i d u a l l y  

but as  the p in s  came out  e a r l y  in  the only i n s t a l l a t i o n  t r i e d ,  

the  method was not  r eg a rd ed  a s  be ing  s u i t a b l e .

( c )  In the  second a t t e m p t  r o l l e r s  were kept  in  p o s i t i o n  in  the  

clamp by f r e e z i n g  the  clamps and r o l l e r s  i n  b lo c k s  o f  i c e .

The clamps had i c e - f r e e  charmelw/iys f o r  w ires  from the  p ro ­

ceed ing  c l a m p s . Four Clamps were lowered  i n t o  p o s i t i o n
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i n d i v i d u a l l y  and v/lum the  i c e  m e l ted  th e  clamp locked  i n t o  

p o s i t i o n  and the Nichrome wire  t e n s i o n e d  t o  remove k inks  

b e fo re  th e  n e x t  clamp was low ered .  This  was used  in  Liui 

100, M ock  7 / 2 ,  and was com ple te ly  s u c c e s s f u l .

(d)  Thr method now p r e f e r r e d  i s  t o  u s e  rode t o  ru s h  the  clamps 

i n t o  p o s i t i o n  w i th  the r o l l e r s  kept  i n  p o s i t i o n  by means o f  

s p l i t  c o t t e r  p in s  which a r e  i n d i v i d u a l l y  a t t a c h e d  to  a heavy 

tfauge w i r e .  When in  p o s i t i o n  t h e  c o t t e r  p in  i s  p u l l e d  out 

by th e  heavy gauge wire  r e t r a c t e d  from the  b o r e h o l e . ihe 

clamp i n  then  locked i n  p o s i t i o n  and the  rods  withdrawn.

The rods  have p in s  a t t a c h e d  to  them so t h a t  i f  n e c e ss a ry  

the  clamps can be r o t a t e d  so t h a t  the  clamp l i e s  on top oi 

the r o l l e r  and Can g r i p  s a t i s f a c t o r i l y . This  te chn ique  has  

been used  w i th  complete s u c c e s s .
( 4 ) By a t t a c h i n g  remote d isp lacem en t  m e te r s  to  th e  w eigh t s  on b o r e ­

h o le  e x t e n s o m e te r s ,  t h e  i n s t r u m e n t s  could  be i n s t a l l e d  i n  po te n ­

t i a l l y  dangerous  a r e a s  and read  i n  a  s u f 3 a r e a .  In t roduced

O ctober  1^72 fo r  DD ‘jd?  in  b lock 7 / 2 .
(t,) as  a r e s u l t  o f  i n v e s t i g a t i o n s  by D.G.F.  Hedley 0  970) and a f t e r  

exper im en ts  on tho  mine, i t  was conc luded  t h a t  t h e s e  i n s t r u m e n t s  

cou ld  be made more s e n s i t i v e  to  ground  movements by keeping  the  

w i re s  under  minimum t e n s i o n s  end i n c r e a s i n g  the w e igh t s  a t  the 

t ime o f  r e a d i n g .  A 4,611 w eight  i s  kep t  on each  wire  and t h i s  i s  

i n c r e a s e d  to  %)N when a r e a d in g  i s  made. The t e n s i o n  i s  i n c r e a s e d  

on each w ire  i n  t u r n  and a r e a d i n g  t a k e n .  S ev e ra l  r e a d in g s  a r e  

made. A m o d i f i c a t i o n  to  the  p u l l e y  wheels  in* iuced  a t  the 

game t ime ,  was the mounting of  the wheels  on a  r o t a t i n g  bOmui 

long  s h a f t  w i th  reduced  d iam ete r  b e a r i n g  s u r f a c e s  a t  the  ends 

to  reduce  the  f r i c t i o n a l  f o r c e  on the  p u l l e y .  Also in t ro d u c e d  

a t  the  same time was a f ix e d  s c a l e  measur ing a r r a n g e  *^t  

(F ig  4 , 9 ) .  Some of  the Block 7/2  i n s t a l l a t i o n s  were modif ied  

t o  i n c o r p o r a t e  t h e s e  improvements.
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The accuracy  o f  th e s e  i n s t r u m e n t s  v/us dependent  on s e v e r a l  f a c t o r s

such as  th e  f r i c t i o n a l  f o r c e s  invo lved  i n  the  j j u l l e y s ,  arc between the 

bo reho le  s i  dews. 1 an d wi res* 11 i s  e s t i m a t e d  t h a t  v round »':ov < ='•*•.* »t. of 

up t o  10uaa cou ld  occur  w i th o u t  b e in fj  r e g i s t e r e d  on the e a r l y  i n s t a l l a ­

t i o n s  . With the  r e p e a te d  t e n s i o n i n g  t e c h n iq u e  and o t h e r  improvements 

th e  acc u racy  ( o f  t h i s  t e c h n iq u e )  i s  now e s t i m a t e d  t o  be o f  the o rd e r  

o f  2mm.

The fu n c t i o n  o f  wire e x t e n s o r " t e r o  in  underground d r i f t s  i s  the  

same as t h a t  o f  bo reho le  w ire  ex tenuom eter ,  t h a t  i s  t o  moni to r  s t r a i n  or 

d i s p l  ,cement on s l i p s ,  g e n e r a l l y  in  a  h o r i z o n t a l  d i r e c t i o n .

The wire e x t e n n o n c te r  c o n s i s t s  o f  a w i t x - anchored t o  a p in  i n  the 

rock  a t  on- end,  w i th  the- o t h e r  end o ve r  a p u l l e y  system a t  which 

measurements o f  ground ovument may bo ruide. The d i f f e r e n c e  l i e s  in 

th e  wire  extonso;  e t e r s  which a r e  i n s t a l l e d  in development o p e n i n : 3 &nd net  

b o re h o le s ,  and the anchors  a r e  19m d r i l l  o t e e l o  g rou ted  i n t o  h o le s

xtid s c a l e  r  ■ i d i n j  a i ra n k e r  e n t  f o r  bo reho le  w ire  extensome t e r

1HS IN hklVtiLUPiBJiT H&'.DINOS
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d r i l l e d  i n t o  t h e  s id e w a l l  o f  the head ing .  These i n s t r u m e n t s  have only 

been u sed  in  the  p e r i p h e r i e s  of  Block 16, and th e  p u l l e y s  were a l l  of  

the saue t y p e , w i th  Impregna ted  bronze bushes  1i t t e t i  t o  b r i g h t  s t e e l  

s h a f t s ,  and t h e  measurements were from h o r i z o n t a l  l e n g t h  o f  aluminium 

channe l  s e c t i o n .
A r e c e n t  development o f  th e  extensome t e r  i s  the  use o f  a  p u l l e y  

t / r t e m  s i m i l a r  t o  t h a t  i n  the  boreho le  w i re  ex tensom e te r ,  w i th  an 

ex tended  p o i n t e r  a t t a c h e d  t o  the  p u l l e y  wheel  i o r  g r e a t e r  p r e c i s i o n  

r e a d i n g s .  No i n s t a l l a t i o n s  of  t h i s  type a r e  d i s c u s s e d  i n  t h i s  d i s s e r ­

t a t i o n .

4 . 5  B t'S T R J .1TITAL . ' ' H  ..■■AoUitlK G  D EFT:t  '.ATT0!1' IN  /HD {QUrijj

bhVui.or:..::.T o.
The t h r e e  i n s t r u m e n t s  used  f u r  m o n i to r in g  de io rm at ion  and d i s p l a c e ­

ments i n  and around  d r i f t s  a r e  b a s i c a l l y  a l l  mechanical  e x t e n s o m e te . s ,  

wtuch d i f f e r  i n  s i z e ,  d e s ig n ,  and t o  some e x t e n t  in  a p p l i c a t i o n .  Used 

f o r  measur ing  d e fo rm a t io n  around development open ings ,  o r  d i s p la c e m e n ts  

Oil s l i p s  or  c r a c k s ,  the a b s o l u t e  v a lu es  o f  the  s t r a i n s  or  d i s p la c e m e n ts  

a r e  o f  l i t t l e  im por tance ,  but a  g r e a t  i n t e r e s t  l i e s  in  t h e  changes  i n  

r a t e s  o f  de fo rm a t ion  which have proved t o  be r e l a t e d  in  t ime t o  o t h e r  

e v e n t s  such a s  t h e  onse t  o f  c a v .n g  e t c • because  u* r e p e t a t i v e  ieax..n,j 

e r r o r s  the tendency  has  been t o  drop th e  use  oi c l o s u r e m e te r s  and the 

bemec e x tensom e te r  a n d , wnere p o s s i b l e ,  to  use  d i a l  e x * e n s o m t t e r s •

4.51 CLOSUREMETERS
These i n s t r u m e n t s  were g e n e r a l l y  used  t o  measure the changes  in

dim ensions  o f  development openings  i n  any d i r e c t i o n .  They were a l s o
o f  d i sp la cem e n t  o f  major s l i p s .  

The c l o s u r e  m e te r  i s  a p o r t a b l e  ex t e n so m e te r  which f i t s  between 

two permanently  i n s t a l l e d  bench marks to  take  a  r e a d i n g .  . h e  e x t e n ­

som eter  c o n s i s t s  o f  t h r e e  c o n c e n t r i c  aluminium tube s  w i th  a s t e e l  b a l l  

b e a r in g  mounted on each e n d . The in s t ru m e n t  i s  a d j u s t a b l e  w i th  one l o o t  

and one inch  a d j u s t m e n t s . A s p r in g - l o a d e d  s e c t i o n  t a k e s  up s m a l l e r  

a d ju s tm e n t s  which a r e  measured by means o f  v e r n i e r  o r  d i a l  c a l i p e r s  

(gee Fig  4 , 1 0 ) .  The permanent  bench marks were 900mm long  d r i l l  s t e e l s  

e s p e c i a l l y  f i n i s h e d  ends g ro u te d  i n t o  the  f a r  ends o f  two jack-hammer
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h o l e s  d r i l l e d  on j jos i te  each o t h e r  i n t o  the  r o o f ,  f l o o r  or  s i d e w a l l s  

o f  development open ing  so t h a t  the h o le s  were in  as  n e a r l y  a s  p o s s i b l e  

a  s t r a i g h t  l i n e .  A P o r t l a n d  dement g ro u t  was u sed ,  t o  g r o u t  t h e  d r i l l  

s t e e l  i n t o  the end o f  t h e  h o l e .  I t  i s  e s t a b l i s h e d  t h a t  the g r o u t  covered 

about  a  t h i r d  o f  the  l e n g t h  o f  t h e  d r i l l  s t e e l .

The c l o s u r e m e te r  i s  i n s e r t e d  between the  d r i l l  s t e e l  ends and the  

measurements t a k en  o f  the  c o a r s e  g r a d u a t i o n s , and by means o f  a  v e r n i e r  

o r  di d  c a l i p e r  on s p r in g  loaded  f i n e  a d j u s t a b l e  s e c t i o n .  The r ead in g s  

a r e  t aken  i n  t h r e e  p o s i t i o n s  around the  c l o s u r e m e t e r  a t  1^0° to  each 

o t h e r ,  aud t h ; n  a n o th e r  t h r e e  w i th  the ex teneom c te r  t aken  out and r e ­

i n s e r t e d  i n  the o p p o s i t e  d i r e c t i o n .  The s t a n d a r d  e r r o r  o f  the  weekly 

means o f  s i x  r e a d i n g s  u s u a l l y  i s  b e t t e r  than  0,Gmm.

Cv«eM M '

L ^ i ; . : r z z z z z 3 >

. ."*> e e e w . t e e e * »  e e w T ie  iw^o w u  •  » ■

P ig  4• 10 C losurem ete r

4 - 9 2  h t f 'h C  LXTi2itiOMi,TEB5

The ijemec ex t e n so m e te r ,  a  commercial ly a v a i l a b l e  mechanical  

s t r a i n  gau g e , was used i n  some a p p l i c a t i o n s  us  a  s t r a i n  gauge,  but i t  

was mainly used in  m on i to r ing  d isp lacem ent  on s l i p s  and open ings  up o f  

c r a c k s .

The ex tensom ete r  c o n s i s t s  o f  a  d i a l  gauge mounted on an i n v a r  

b a r ,  w i th  a f i x e d  s h a rp  s t e e l  p o in t  a t  one end and a t  th e  o t h e r  a 

movable arm, p iv o t e d  on a k n i f e  e d g e , which has  a s h a rp  s t e e l  po in t  on 

one end and a f l a t t e n e d  s u r f a c e  on the  o t h e r .  The d i a l  gunge p lunge r
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b ea r s  on t h i s  s u r f a c e  (Fitf  4 , 1 l ) .  The i n s t r u m e n t  i s  used  to  measure the  

d i s t a n c e  between two s t a i n l e s s  s t e e l  d i s c s  mounted v.'j.th epoxy r e s i n  t;lu-. 

o r  p u t t y  on the  o b j e c t  to  be m on i to red .  These d i s c s  have punch marks 

i n t o  which th e  s h a rp  s t e e l  p o i n t s  f i t .  The d i s c s  have t o  be mounted 

e x a c t l y  2U3,?mm a p a r t ,  i n  an ar rangem ent which was v a r i e d  a c c o rd in g  to  

the  purpose i t  was used  f o r .  S t r a i n  measurements were n o t  a t t em p ted  on 

rock  s u r f a c e s  underg round ,  a s  i t  was c o n s id e re d  t . i a t  the  in s t ru m e n t  was 

no t  s u f f i c i e n t l y  s e n s i t i v e ,  i t  was, however,  u s e d  a s  a s t r a i n  gauge in  

m o n i to r ing  th e  lo a d s  on t im ber  s e t t s ,  and a l s o  i n  de te rm in ing  rock

p r o p e r t i e s  from bo reh o le  c o r e s .
In m o n i to r in g  d i s p la cem e n ts  on c r a c k s ,  the  ar rangem ent  was i n i t i a l l y  

simply  t h r e e  p o i n t s  mounted i n  an i s o u c e l e u e  t r i a n g l e  spanning  the 

c r a c k  (F ig  4 , 1 2 ) .  The r e s u l t s  were p l o t t e d  to  form a t r a c e  oi the 

movement o f  the  apex w i th  r e s p e c t  to  the  o t h e r  two p o i n t s .  I t  was 

found t h a t  f o r  t h e  most r e l i a b l e  r e a d in g s  the  d i s c s  shou ld  a l l  be 

mounted in  the  same p la n e .  Two or  t h r e e  r e a d i n g s  in  each  d i r e c t i o n  on 

each l e g  were taken  and the r e s u l t s  f o r  each l e g  a v e ra g ed .  This gave a 

s t a n d a r d  e r r o r  o f  7 d i v i s i o n s  (70 micro s t r a i n s )  o r  0,014mm.

F ig  4,11 demec ex tenson .e ter

L a t e r  an arrangement o f  th e  d i s c s  t o  form a 4 lJ° r o s e t t e  r e p l a c e d

th e  i s o s c e l e s ®  t r i a n g l e  a r r a n  '■ iiwnt (F ig  4*14) .  The y0 a p i c a l  an ^ le  
was i n t r o d u c e d  t o  f a c i l i t a t e  p l o t t i n g ,  ui.a the  4 ' /  measurement t o  a c t  

an a check .  Ir. g e n e ra l  t h i s  ar rangement was very  s u c c e s s f u l .  I t  was
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i n t r o d u c e d  over  a pe r io d  between December 1^69 and August 1970.

^  - S T  % - r > ,
p o s s i o l e  \ A  I

> 3 *  \ \ V  1

S U P  O R  JCiINT

S T A IN L E S S  s t e e l
IOCATM Q D I S C S

e p o x y  c e m e n t
S U P  OR J O I N T

Fig  4 ,1 2  Den.eo extenBom- t e r  - two and t h r e e  p o in t  r e a d i n g  a r rangem ents

The measur ing p o i n t s  were ex t re mely  cheap and easy to  i n s t a l l  and 

consequen t ly  t h e  number o f  i n s t a l l a t i o n s  grew u n t i l  t h e r e  were too  many 

t o  r e a d  and a n a l y s e  p r o p e r l y .  The s e l e c t i o n  of  the  c o r r e c t  s l i p  or  

c rac k  and c o r r e c t  p o s i t i o n  on them f o r  m o n i to r in g  proved to  be an impor­

t a n t  but  d i f f i c u l t  a s p e c t .  A h ig h  p r o p o r t i o n  o f  th e  m easur ing  a r r a n g e ­

ments spanned th e  wrong p o r t i o n  o f  th e  s l i p  a s  an a d j a c e n t ,  o f t e n  l e s s  

l i k e l y  lo o k in g  j o i n t  d i s p l a y e d  a l l  the movement, o r  were mounted on a 

p o r t i o n  of  s i d e  wall  which became d i s lo d g e d  by the movement, or were 

i n c o r r e c t l y  p o s i t i o n e d  t o  measure the d i sp la cem e n t  on the  s l i p .  These 

problems were m agn i f ied  when in  t h e  second phase o f  h lock  7AB and in  

Blork 7 /1 - 7 / 3  a t t e m p t s  were made t o  s e l e c t  s l i p s  f o r  m o n i to r in g  1ri  o r  

t o  mining so t h a t  a cor.); l e t e  r e c o r d  o f  the d i s p la cem e n ts  cou ld  be 

o b t a i n e d ,  and very  ft w r e c o rd s  were ob ta ined  from t h e s e .

P r i m a r i l y  to  f a c i l i t a t e  meusurer .entu in  awkward p l a c e s ,  d i a l  

c a l i p e r s  f i t t e d  w i th  sh a rp  p o i n t s  wer*’ used i n s t e a d  o f  the  Bcr.ou e x t e n -  

aometer  f a r  a pe r io d  from June  1971, f o r  a l l  r o r e t t e  a r r a y s ,  but the  

accuracy  was v e ry  d i s a p p o i n t i n g  and the  t e ch n iq u e  was d i s c o n t i n u e d  i n  

January  1972 •
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4 .53  DIAL EXTEJ30I.5.TERS

The d i a l  e x t e n s o m e t e r 1h pr ime use  j n f u r  m o n i to r ing  s t r a i n  or  

d i sp la c e m e n t  on e l i p s  o r  s h e a r s .

I t  c o n s i s t s  o f  two lengths of  squa re  s e c t i o n  tu b i n g ,  one f i t t i n g  

i n s i d e  tne  o t h e r .  Both a r e  mounted by s u i t a b l e  b o l t s  on t n e  rock  

s u r f a c e  end both  have s e c t i o n s  c u t  away where two rubbe r  ^ads can be 

mounted.  A wire  p o i n t e r  i s  p laced  between t h e  pads and in  the  even t  of  

movement, r o l l s  between the  pads ( i’iti 4» 1 j )  • The dev ice  i s  p rov ided  

w i th  a g r a d u a t e d  d i a l , aid a  "ferspex" f a c e .  Heading are taken  simply 

by n o t i n g  the  p o s i t i o n  o f  th e  p o i n t e r .

These i n s t r u m e n t s  a re  t h e o r e t i c a l l y  capab le  o f  being  read  to 

0,01mm over  a l e n g t h  of  1m, or  10 micro  s t r a i n s  but t h i s  acc u racy  i s  

p robab ly  not  ach iev ed  i n  p r a c t i c e  because  o f  th e  f l e x i b i l i t y  i n  the  

mounting of  the i n s t r u m e n t s . An acc u racy  o f  0 ,0 5  i s  p robably  a t t a i n a b l e .

F ig  4,13 Dia l  Extensometc-r

4 .6  KUCELl.AhEuUL I h u T K l : V A l  TEC I ill: .UES

Inc luded  i n  t h i s  s e c t i o n  a r e  a number o f  i n s t r u m e n t s  des ig n ed  to  

moni to r  s p e c i f i c  i tems  or  a s p e c t s .

4.61 BOLT TENoIUN METERS

For m o n i to r in g  the t e n s i o n  on expansion  s h e l l  rook b o l t s  commerc­

i a l l y  a v a i l a b l e  p h o t o - e l n . i t i c  rock b o l t  dynamometers ( o r  b o l t  t e n s i o n
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m e t e r s ) ,  mede b) Horstnari L td ,  Bath,  Eii. ' land were u s e d .  The i n s t r u m e n t  

c o n s i s t s  of  a s t e e l  s l e e v e  long  and 57,1mm in  e x t e r n a l  d i a m e te r ,

w i th  a wal l  t h i c k n e s s  o f  12,7mm. The b o l t  p a s s e s  th rough two h o le s  

d r i l l e d  d i a m e t r i c a l l y  o p p o s i t e  each o t h e r  a l l o w in g  the  s l e e v e  t o  be 

d i a m e t r i c a l l y  lo aded  (P ig  4 , 1 4 ) .  When the  dynamometer i s  lo a d e d ,  a photo 

e l a s t i c  p a t t e r n  i s  deve loped  i n  the  g l a s s  d i s c  mounted in  the  end o f  the 

dynamometer which can be seen  when th e  in s t ru m e n t  i s  l i g h t e d  and viewed 

th rough  a c i r c u l a r  p o l a r i s e r .  The b o l t  t e n s i o n  m ete rs  a r e  i n s t a l l e d  

w i th  n c u p  washer  and s p h e r i c a l  s e a t  between the  meter  and the .  rock  

s u r f a c e , and a n o t h e r  s p h e r i c a l  s ea t  washer  between the  mete r  ana the 

nu t  on the  rock b o l t  to  minimise e c c e n t r i c  l o a d in g  c o n d i t i o n s .

The u s u a l  p r a c t i c e  i n  r e a d in g  th e s e  i n s t r u m e n t s  was t o  view and 

l i g h t  the  m e te rs  th rough  a s im ple  hand v ie w e r  ( c i r c u l a r  po l  r i s e r .  . nd 

compare the  p a t t e r n  o b t a in e d  w i th  a s e t  of  s t a n d a r d  p a t t e r n s  ( r i g  '* *1 -'/ •

The r e s u l t s  o f  compress ion  t e s t i n g  t h i r t y  m e te rs  were a s  follows*

Number of  F r in g e s  Mean Load
, 23kN-7kN

2 39 W - 7 kN

3 52kNtOkN

4 6 3 kN-9 kN

Repeated t e s t i n g  o f  on" meter  showed t h a t  the t e s t i n g  p rocedure

was a c c u r a t e  to  w i t h i n  5kN•
F u r t h e r  t e s t s  o f  a mete r  loaded w i thou t  a t h i c k  washer  between the  

m e te r  and th e  rock  b o l t  n u t ,  showed t h a t  the  lo a d s  r e q u i r e d  to  produce 

th e  sa.iu f r i n g e  o r d e r s  were app rox im a te ly  1,1 t imes  the load  r e q u i r e d

when a t h i c k  washer was u sed .
Also th e  me te rs  have proved to  be f a  r l y  s e n s i t i v e  t o  e c c e n t r i c  

l o a d i n g  c o n d i t i o n s .  I t  i s  e s t i m a t e d  t h a t  the  i n s t r u m e n t s  w i l l  unaer  

min ing c o n d i t i o n s  have an acc u racy  o f  - CkN. Conf idence  l i m i t s ) .
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Fig  4,1!) S tandard  f r i n g e  p u t t e r n s  f o r  l o a d in g  b o l t  t enn ion  motors

4 .62  STRESS-.M’KWS
Horotman p h o t o - o l a s t i c  tili 1!j0 g l a r a  p lug  s t r e s s  mete rs  were used  

in  an a t tem pt  t o  measure cha rge s  i n  s t r e s s .  The meter  c o n s i s t s  u f  a 

c y l i n d e r  o f  o p t i c a l  g lu e s  w ith  an »tXiul h o l e ,  t o g e t h e r  w i th  a l i g h t  

s o u rc e ,  p o l a r i e e r  and q u a r t e r  wave p l a t e  which i s  g ro u te d  i n t o  an EX 

borehole  uu ing  a carborundum f i l l e d  epoxy r o s i n  cement (F ig  4 , 1 6 ) .
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b e f o r e  i n s t a l l i n g  th e  m e te r ,  the boreho le  cored  were examined to  d e t e r ­

mine t h e  moat s u i t a b l e  ground ,  and having  dec id ed  t h i s ,  t h “ h o le  i s  

f i l l e d  w i th  r e q u i r e d  spacers*  The r e s i n  i s  i n t r o d u c e d  i n t o  the  h o le  in  

a metal  c o n t a i n e r  w i th  a wooden p lu n d e r ,  fo l low ed  by th e  a l r e s a - m u t e r  

Using an i n s t a l l a t i o n  too l  the  s t r e s s - n e t c r  was g r a d u a l l y  pushed back­

wards ,  f o r c i n g  th e  p lunger  to  d i s p l a c e  the cement and squeeze  the  

cement around tn e  s t r e s n - m e t e r •

. C »  1 1 J 4  » » V C

L\k,.\v̂  -v\vvŷ  <-;

'cOULAt I   -IMFAlJNArXO 4 
C E M E N T  • !

P ig  4 ,16  S e c t io n  th rough  a p h o t o - e l a s t i c  a t r e s s m e t e r  i n s t a l l a t i o n

The r e a d i n g s  were done by a hock mechanics i e c l in ic ia n  on a weekly 

b a s i s  u s in g  a " P r e c i s i o n  Hand Viewer" ( a  compensa ting  p o l a r i s c o p e ) . 

I n t e r p r e t a t i o n  o f  the  p h o t o - e l a s t i c  p a t t e r n  developed  i n  t h e s e  s t r e s a -  

me te rs  proved to  be d i f f i c u l t  i n  most cases  a s  seldom were t h e  s t r e s s e s  

high enough t o  take  the  p a t t e r n  o u t  o f  the f i r s t  o r d e r  g r e y s ,  mid 

seldom were p a t t e r n s  symmetr ica l  and r e c o g n i s a b l e .  The t e chn ique  

adop ted ,  t h e r e f o r e ,  was t o  s k e tc h  the  p a t t e r n  seen and to r e c o r d  the  

changes  in  them. Under t h e s e  c i r c u m s ta n c e s ,  the d i r e c t i o n s  o f  the 

majoj. p r i n c i p a l  s t r e s s  c cu ld  g e n e r a l l y  not  be de termined  with  c o n f id e n c e ,  

and s i m i l a r l y  th e  i n  t i o a  o f  the  major p r i n c i p a l  s t r e s s e s  could  in  most 

ca se s  no t  be de te rm ine d ,  e i t h e r  by comparison w i th  the  s t a n d a r d  photo­

g raphs  a s  s u g g e s te d  by i i ooe r ts  e t  a l  (1^64) o r  be measur ing the  t  . 'para- 

t i o n  o f  the  -zero p o in t s  a s  s u g g e s te d  by Bar a '.n ( l cJ65)* The- mcjor  

p r i n c i p a l  s t r e s c  cou ld  t h e r e f o r e  only be de te rm ined  on about  two o f  the  

s t r e s s - m e t e r s  i n s t a l l e d .

4 .63 CAVING INDICATORS
The c a v i n g  i n d i c a t o r  i s  a  s imple dev ice  used t o  de te rm ine  the  

p o s i t i o n  o f  a Cave buck from a borehole  d r i l l e d  t o  i n t e r s e c t  i t .  Th is
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was o r i g i n a l l y  a 304,a m  lo n g  l o a d - f i l l e d  2‘jim pipe  w i th  a ho le  d r i l l e d  

d i a m e t r i c a l l y  t h r  ugh i t  ha l fway a long  i t o  l e n g t h .  A s h o r t  l e n g t h  of 

copper  w ire  was th r e a d e d  th rough  t h i s  ho le  and t i e d  t o  a l e n g th  of  

heavy gauge f e n c i n g  w i r e .  The dev ice  was lowered  down t h e  bo reh o le  and 

when i t  e n t e r e d  th e  c a v i t y  i t  was p u l l e d  up a g a i n s t  the back ,  "hen  a 

f a l l  o c c u r r e d ,  th e  copper  w i re  would b reak  and f e n c i n g  w ire  cou ld  then  

be r e t r i e v e d  and a n o t h e r  i n d i c a t o r  a t t a c h e d  and aga in  lowered  i n t o  the 

c a v i t y .  The w ire  would be measured each time t o  g iv e  a r e c o rd  oi the  

p o s i t i o n  o f  the  buck ( ? i g  4 ,1  0 *

F ig  4 ,17  Caving I n d i c a t o r

The f i r s t  m o d i f i c a t io n  was to  i n c r e a s e  the l e n g t h  of  the  w e igh t ,  

t o  600mm t o  p re v e n t  the  dev ice  be ing  caught  i n s i d e  the  b o re h o le  and with  

d i f f i c u l t y  in  g e t t i n g  l e a d ,  25mm round i ro n  was used  i n s t e a d .  F i n a l l y  

i t  was dec ided  n o t  to  leave  the  i n d i c a t o r  w ire  down the  h o le ,  but  to  

low er  i t  down, measure the  d ep th  of  t h e  buck, and then  b reak  th e  copper  

w ire  '.nd withdraw the  w i r e , t o  ininimi se the r i s k  ol th e  wire be ing  

wedged i n  t h e  ho le  and b r e a k i n g  somewhere n e a r  the  top  which would make 

subsequen t  i n s t a l l a t i o n s  im p o s s i b l e .  A l i g h t  s t e e l  c e b l e  i s  now p r e ­

f e r r e d  to  the  f e n c i n g  w i re .
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A hi^h  de.-rec o f  accuracy  i a  no t  r e q u i r e d  f o r  the s tudy  o f  the

r a t e  o f  c a v i n g .  I t  i a  e s t i m a t e d  t h a t  the  acc u racy  in s t ru m e n t  i s  b e t t e r  

than  o f  the  d c j t h .  The main source  o f  in a c c u r a c y  l a y  i n  the e l a s t i c

s t r e t c h  i n  the  wire which te nded  t o  r e t a i n  some o f  i t s  c o i l  and k in k s .

4 .64  LOAD UhLLS

Three lo a d  c e l l s  were des igned  and i n s t a l l e d ,  and l a t e r  a f u r t h e r  

two lo a d  c e l l s  were i n s t a l l e d ,  w i th  th e  o b j e c t  o f  measur ing  loa ds  im­

posed on crown p i l l - t r a  by caved round under  draw. The load  c e l l s  ve re  

c o n s t r u c t e d  from th r e e  20.},2 x 101,6mm r o l l e d  s t e e l  j o i s t s  (HSJ) s e t  

p a r a l l e l  to  each  o t h e r  a t  2 0 3 , 2mm c e n t r e s  and 101,6mm deep i n  a c o n c re te  

fo u n d a t i o n ,  and pinned t o  th e  crown p i l l a r s  w i th  o ld  d r i l l  s c e e l s .  The 

c e l l s  were covered w i th  a 600;:.r wide,  12,7mm t h i c k  s t e e l  cove r  p la te  

b o l t e d  on only a t  the  en d s .  E l e c t r i c a l  r e s i s t a n c e  s t r a i n  gauges were 

cemented onto  one s id e  only  of  the webs o f  the  H SJ ' s  a t  2 0 3 , 2mm i n t e r v a l s  

i n  the  i n i t i a l  t h r e e  load  c e l l s .  P h i l i p s  PR 9244/04 was used f o r  

cementing  th e  s t r a i n  gauges on and they  were i n s u l a t e d  w i th  P h i l i p s  PR 

9244/09 w a te r  p ro o f in g  compound. Copper wire  l e a d s  o f  16 swg were lead  

th rough  b o re h o le s  in  the  crown p i l l a r  to  the g r i z z l y  d r i v e  where the  

r e a d in g s  were made. The load  c e l l s  a r e  i l l u s t r a t e d  i n  P igs  4 ,16 and 

4 , 1 9 .  The r e a d in g s  were nude w i th  a Huggenberger T e . i c  s t r a i n  i n d i c a t o r .

t lE C tW C A L  «■' ' TANCl
STRAIN GAUGES

•1 7 m m  COVER M ATE  

• !  'm m  SICE PLATES
l e v » 1 0 1  e  r s j .

c o n c r e t e
• ' *  FOUNDATION

Fig  4 116 S e c t io n  th rough  a load  c e l l
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F i j  4,1,.  Lo^dce l l

Two c e l l s ,  1,jm Ion;- were i n s t a l l e d  on the  to p  o f  the crown 

pi H a r  and one 2,4m Icntf was i n s t a l l e d  cn th e  s i d e  o f  the crown p i l l a r  

above 7 /9  % drawpoint  in  b lock  7Ab.
The ar rangement o f  s t r a i n  ^au^ea  on only one r i d e  or t h e  l iSJ ' s  

proved t o  be i n a d e q u a te  in  the  i n i t i a l  lor.d c e l l s . I t  had been csaimed 

t h a t  b u o k l i n j  o f  the  ,ibJ webs could  not  ta ke  p lace  w i th o u t  r e l a t i v e



-movements o f  the HSJ and th e  cover  p l a t e  which would be r e s t r a i n e d  by 

f r i c t i o n  between the  two. This  d e f i c i e n c y  was r e c t i f i e d  in  th e  two 

load  c e l l s  i n s t a l l e d  s u b s e q u e n t ly ,  over  f / 3 ^  d r a w r o i n t .  O ther  minor 

m o d i f i c a t i o n s  used h e re  i n c lu d e d  th e  use  o f  P h i l i p s  PH 9248 

w a te r p r o o f i n g  compound and H o t t i n g e r  Baldwin w a t e r p r o o f i n g  compound, 

and the  s e t t i n g  o f  the  load c e l l s  to p s  f l u s h  w i th  the s u r ro u n d in g  

c o n c r e t e . Swi tch boxen were a l s o  i n s t a l l e d  t o  f a c i l i t a t e  r e a d i n g s ,  but 

t h i s  was only i n t r o d u c e d  towards the  end o f  t h e  l i f e  o f  t h e r e  load  c e l l s .

The c a l c u l a t i o n  of  t h e  loa ds  on th e  f i r s t  load  c e l l s  w i th o u t  

making assumptions  proved im p o ss ib le  du° t o  t h e  in a d eq u a te  numbers of 

s t r a i n  gauges .  A model load  c e l l  was b u i l t  and t e n t e d  under  v a r i o u s  

com bina t ions  o f  l o a d s ,  and a t  was concluded t h a t  an e s t i m a t e  o f  the loads  

cou ld  only be o b ta in e d  i 1 i t  was assumed t h a t  u l i m i t e d  number oi p o in t  

l o a d s  were imposed on the load  c e l l s . i h e  assumed p o s i t i o n s  of  the 

p o in t  l o a d s ,  a r e  i l l u s t r a t e d  in  F ig  4 , 2 0 .  From the c a l i b r a t i o n  t e s t s  

i t  was shown t h a t  p o i n t  lo a d s  a c t i n g  in  t h e r e  p o s i t i o n s  were r e l a t e d  

t o  the  s t r a i n  r e a d in g s  by the  fo l l o w in g  e m p i r i c a l  formulae t

L1 * + 2 ,25 31 Where Li t o  L7 and 31 to  S3 a re

tr Uw a 1 4 ,5 31 o r  - 4 , 5  32 as i l l u s t r a t e d  in  F ig  4 , 2 0
1aiTXw-3 4 , 5 32 or  - 4 , 5  S3

L7 = + 2,25 S3

S3

F ig  4 ,20  Assumed p o s i t i o n  o f  lo a d s  on a lo a d  c e l l

The second r e t  of  lo a d  c e l l s  d id  n o t  p rov ide  any u s a b le  r e s u l t s  

because a breakdown i n  e i t h e r  the i n s u l a t i o n  o f  the gauges or  i n  the 

gauge cement which r e s u l t e d  in  a m ean ing le ss  d r i f t  i n  the  guu^c r e a d i n g s .
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4 .6 5  ARCH LOAD INDICATORS
To n o n i t o r  t h e  l o a d s  i m p o s e d  on TH y i e l d i n g  a r c h e s  an a r c h  l o a d  

i n d i c a t i n g  d e v i c e  was  d e v e l o p e d .  The d e s i g n  r e q u i r e m e n t s  w o r e  t h a t  t h e  

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

b l a s t i n g  s h o c k ,  f u m e s  and m o i s t u r e .  T h e s e  s i m p l e  d e v i c e s  w e r e  c o n s t r u c ­

t e d  o f  3 0 4 , 6 mm l o n g  h a c k s a w  b l a d e s  a t t a c h e d  t o  t h e  s i d e s  o f  t h e  a r c h  by 

means  o f  t i n - s m i t h s '  r i v e t s  c e m e n t e d  i n t o  h o l e s  d r i l l e d  i n t o  t h e  a r c h .

The b l a d e s  w e r e  s e t  w i t t ;  a  3mm bow i n  t h e m  and any  c h a n g e s  i n  s t r a i n  i n  

t h e  a r c h  was r e f l e c t e d  by a  c h a n g e  i n  t h e  amount  o f  t h i s  b o w . I h i s  was  

m a g n i f i e d  by w i r e  p o i n t e r s  made on a  j i g  t o  e n s u r e  u n i f o r m i t y .  ;h< 

p o i n t e r s  r e s t e d  a g a i n s t  a  s t a i n l e s s  s t e e l  b e a r i n g  p l a t e  and t h e  r e a d i n g s  

w ere  t a k e n  on a  s c a l e  a t t a c h e d  a s  i n  f ’i g a  4 , T1 4 , 2 < .  l R e w h o l e

a s s e m b l y  was  p r o t e c t e d  f r o m  b l a s t i n g  damage by 1 5 1 , 4  % / 6 , m n  c h a n n e l  

i r o n  c o v e r  b o x e s  ( T i g  4 , 4 3 ) •  Two i n d i c a t o r s  w e r e  p l a c e d  on t h e  s t r a i g h t  

l e g  p o r t i o n  o f  t h e  a r c h ,  one  on e i t h e r  s i d e  on t h e  n e u t r a l  a x i s ,  d o  

m o d i f i c a t i o n s  h a v e  be e n  i n t r o d u c e d  t o  d a t e .

The dt . i c e s  w e r e  c a l i b r a t e d  by f i x i n g  tw o  d e v i c e s  t o  a  s h o r t  

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

t h i s  m a c h i n e  i t  was  shown t h a t  t h e  r e a d i n g s  w e r e  u n a f f e c t e d  by b u c k l i n g  

i n  o n e  d i r e c t i o n ,  and t a k i n g  t h e  a v e r a g e  r e a d i n g s  o f  t h e  two i n d i c a t o r s  

b u c k l i n g  i n  t h e  o t h e r  d i r e c t i o n  c o u l d  be a c c o u n t e d  f o r .

The a c c u r a c y  o f  t h e  i n d i c a t o r s  i s  e s t i m a t e d  t o  be:  -  5kN + 5 /3 

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

t o  i n s t a l l , r e q u i r i n g  a  h i g h  d e g r e e  o f  a c c u r . c y .  I t  i s  v e r y  l i g h t  anu  

f l i m s y  but r e q u i r e s  a  h e a v y  c o v e r  box  t o  p r o t e c t  i « from s e c o n d a r y  

blas ting d a m a g e . The m o u n t i n g  a r r a n g e m e n t s  f o r  t h e  b o x e s  p r o v e d  t o  b e  

i n a d e q u a t e ,  a l l o w i n g  t h e  box  t o  become d i s p l a c e d  w i t h  s e c o n d a r y  b l a s t i n g ,

d i f f i c u l t  t o  r e a d ,  and i n  t h e  humid min e  a t m o s p h e r e ,  t h e  s c a l e s ,  w h i c h  

w e r e  p a i n t e d  o n t o  s t a i n l e s s  s t e e l  b r a c k e t s ,  s o f t e n e d  and becam e e a s y 1 

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

i n  t h i s  way .

4 .66  PH0T0-KLA5TIG DiSCJ DTl’Ebb UEAtiURiv.JKr ThUHNIqUL

T h i s  t e c  hit i pie was  u s e d  f o r  th e  d e t e r m i n a t i o n  o f  a b s o l u t e  s t r e s s e s  

i n  r o c k  by s t i c k i n g  a  b i a x i a l  p h o t o - e l a s t i c  d i :  c s t r a i n  g a u g e  t o  t h e
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f l a t t e n e d  end o f  a bo reho le  and over  c o r in g  i t .  The d i s c ,  made by 

H ors tm an 's ,  i s  nr.de o f  b i r c f r i n t f c n t  p l a s t i c  3 , 1 6 m  t h i c k  and i s  44,5mm 

i n  d ia m e te r  w i th  a 7,6mm. c e n t r a l  h o le  ( F i j  4,2«l) . The c e n t r a l  p o r t i o n  

o f  the  gauge i s  bu-ked by a r e f l e c t i v e  c o a t i n g  and a pa tch  o f  n o n - s t i c k  

p l a s t i c .  The o u t e r  i s  f r e e  o f  r e f l e c t i v e  c o a t i n g  and p l a s t i c  and can be 

bonded t o  the  ro c k .  Changes in  s t r a i n  in  the rock  a r e  t r a n s m i t t e d  by 

t h i s  bond and c o n c e n t r a t e d  around the  c e n t r a l  h o l e .  When viewed in  

p o l a r i s e d  l i g h t  a  f r i n g e  p a t t e r n  can bo observed  and u s i n g  a p r e c i s i o n  

hand v iew er  ( c i r c u l a r  c ro s s e d  r e f l e c t i o n  p o l a r i s e  ope) the  f - ' in^e order 

can bo measured f a i r l y  a c c u r a t e l y . I t  has been shown t h a t  the  f r i n g e  

o r d e r  i s  d i r e c l y  p r o p o r t i o n a l  to  th* major p r i n c i p a l  s t r a i n  and v h a t  

the  s p a c in g  o f  the i s o t r o p i c  p o i n t s  depends on the  r a t i o  of the major

t o  minor p r i n c i p a l  s t r a i n s .
To measure the  s t r e s s  i n  the  rock  the  gauges  were used t o  measure 

t h e  r r a i n s  developed  oy over  c o r i n g  th e  f l a t t e n e d  end of  a uX b o re h o le  

( F ig  .24 ) .  As t h e . ;  i s  a d i f f e r e n c e  in  the  c o - e f f i c i e n t s  o f  the rm al  

expans ion  o f  th e  d i s c  and t h e  rock ,  l a r g e  e r r o r s  can occur  w i th  v a r i a ­

t i o n s  i n  t e m p e r a t u r e . G rea t  c a r e  must t h e r e f o r e  be t aken  t o  r e a d  the 

d i s c s  a t  the  same tem p era tu re  as  a t  the  back o f  the  h o l e .  For t h i s  

pu rpose ,  the  t e m p e ra tu r e  o f  the d r i l l i n g  w a te r  i s  r ead  as  w e l l  a s  th e  

t e m p era tu re  o f  the  a i r  i n  t h e  b o re h o le .  On w i th d ra w a l ,  the  ove rco red  

d i s c  i s  read  immediate ly  i f  t h e  ambient  t e m p e ra tu re  and t h a t  i n  the 

b o reh o le  a re  s u f f i c i e n t l y  c l o s e .  I f  no t  the p ie ce  o f  core  i s  r e p la c e d  

i n  t h e  bo reho le  and l e f t  u n t i l  a s t a b l e  t e m p e ra tu re  i s  a t t a i n e d .  A f t e r  

the  r e a d i n g s  has  been o b ta in e d ,  the  d i s c  was u s u a l l y  warmed and t h i s  

p rov ided  a u s e f u l  check on th e  p r i n c i p a l  s t r e s s e s  r a t i o .

Where the  complete s t a t e  o f  s t r e s s  was d e s i r e d ,  t h r e e ,  p r e f e r a b l y  

.

measurements were made i n  each h o l e ,  s t a r t i n g  a t  0,9m from the c o l l a r .  

Measurements done c lone  to  t h p tunne l  s idewai had t o  be a d j u s t e d  for  

th e  s t r e s s  c o n c e n t r a t i o n  caused  by the t u n n e l , but were v i r t u a l l y  

u n a f f e c t e d  by the  s t r e s s  a c t i n g  in  the d i r e c t i o n  of  th e  b o re h o le .

The gauges were C a l i b r a t e d  hy Cook (1966) ,  by s t i c k i n g  one on to
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each s i  do o f  a c a l i b r a t i o n  c r o s s  w i th  an e l e c t r i c a l  r e s i s t a n c e  s t r e s s  

gauge r o s e t t e  s tu c k  onto  the one s i d e .  -Vith t h i s  dev ice  i t  was p o s s i b l e  

t o  impose both  t e n s i l e  and com pres . ive  s t r a i n s  and t o  measure them 

a c c u r a t e l y . I t  was i n  a d d i t i o n ,  a v a l u a b l e  a i d  to  i n t e r p r e t i n g  f r i n g e  

p a t t e r n s .  The gauge s e n s i t i v i t y  f a c t o r  so o b ta in e d  o f  450 x 10"b , was 

i n  good agreement w i th  p u b l i s h e d  v a l u e s .  Cook c la imed  t h a t  an accuracy  

of  0 , 0 ^  f r i n g e s  cou ld  be r e a l i s t i c a l l y  o b t a i n e d .  T h i s  co r re sp o n d s  to  

22,5  micro  s t r a i n s .  The acc u racy  o f  t h i s  t e c h n iq u e  as  a p p l i e d  t o  rocks  

on t h i s  mine i s  d i s c u s s e d  more f u l l y  i n  the  f o l l o w i n g  c h a p t e r .

4 .7  1)1 CUUiiuION
The system o f  rock  c l a s s i f i c a t i o n  o u t l i n e d  in  t h i s  c h a p t e r  has  

been a c c e p te d  by both  the  t e c h n i c a l  p e r s o n n e l  rnd o p e r a t i n g  o f f i c i  I s  on 

both  Shabanie and J a t h s  Mines.  The c l a s s i f i c a t i o n  sys tem i s  b e ing  used  

n o t  only  f o r  d e s c r i p t i v e  purposes  but w i th  a d j u s t m e n t s  t o  t h e  inc i  tu  

c l a s s i f i c a t i o n  t o  c a t e r  f o r  s p e c i f i c  s i t u a t i o n s ,  i t  i s  now be ing  uned 

t o  d ec id e  the  type  and amount of  suppor t  t h a t  a development head ing  may 

r e q u i r e .
In g e n e ra l  the  r e s u l t s  o f  the  survey  t r a v e r s e s  and s u r f a c e  beacon 

t r i a n g u l a t i o n s  Can be s a i d  to  have c o n t r i b u t e d  towards  th e  undeiL.«<indint, 

o f  ground b e h a v io u r .  The s u r f a c e  beacons i n d i c a t e d  t h e  Block j /C " r i b  

p i l l a r "  was t i l t i n g  and b re a k in g  up a t  a t ime when i t  . a s  found t h a t  

t h i s  mass o f  rock  v ould remain . n t a c t  and by t i l t i n g  en mas r e  s h e a r i n g  

o f f  a t  th e  back i t  wuuld d e s t r o y  the  workings  benea th  i t .  The survey 

t r a v e r s e s  in p a r t i c u l a r  showed the  e x t e n t  ol the  zone ol i m l u e n c e  o 1 a 

b lock  cave as  w e l l  as  i n d i c a t i n g  the  magni tudes unu d i r e c t i o n s  o. d i s ­

placement w i th i n  i t .  As i n d i c a t e d  e a r l i e r ,  survey t r a . e r a e a  have been 

r e p l a c e d  by i n s t r '  . icut. t o  a l a r g e r  d e g r e e . The wain r e a s o n s  i o r  t h i s  

was t h a t  the zone oi i l u e n c e  was so l a r g e  t h a t  s t a t u e  base s t a t i o n s  

cou ld  only  be found f a r  : t to th e  f o o t w a l l ,  and t h e r e f o r e  th e  t i a v e r s e s  

had to  be long  and con^ p i e n t ly  l e s .  a c c u r a t e .  F u r t h e r ,  t h e  fr equency  

a t  which s u rveys  cou ld  be done was l i m i t e d  by the  amount of  work i n v o l ­

ved and in  p r a c t i c e  were done a t  bes t  a t  monthly i n t e r v a l s  and a t  worst  

t h r e e  monthly o r  l o n g e r .  In s t ru m e n t s  on the o t h e r  hand cou ld  be read  

weekly with  minimal amount o f  work, p r o v id i n g  a more a c c u r a t e  r a t e  of



d isp la c e m e n t  curve  on which s h o r t  te rm p r e d i c t i o n s  cou ld  be based .

The two in s t r u m e n t s  u sed  fo r  l u r j e  s c a l e  de fo rm a t ion  m o n i to r in g ,  

t h e  remote d i sp lacem ent  m e te r  and e x t e n a c n e t a r  have proved to  be ex t remely  

v a l u a b l e  t o o l s ,  and with  th e  s e v e r a l  r e f in e m e n t s  th e  accuracy  ana r e l i a ­

b i l i t y  of  the i n s t r u m e n t s  has  been g r e a t l y  improved.  These two i n s t r u ­

ments have l a r g e l y  r e p l a c e d  su rv ey in g  t r a . e r s e s .

The c l o s u r e m e te r  was s u c c e s s f u l l y  used  f o r  m o n i to r ing  th e  d e f o r ­

mation o f  g r i z z l y  d r i f t s  a s  the in s t ru m e n t  s i t e s  wore o v e r c u t ,  and were 

a l s o  used  to  mon i to r  t h e  d i sp lacem en t  on s l i p s .  The Dumeu ex tensom ete r  

was used  a lm os t  e n t i r e l y  f o r  m o n i to r ing  the d i s p la cem e n t  on a l i ,  a opening 

o f  c r a c k s  e t c ,  and l o r  a  p e r io d  the  r e s u l t s  were s a t i s f a c t o r y ,  tiut with 

the  i n c r e a s e  in  number o f  i n s t a l l a t i o n s  which i n c r e a s e d  the  number of 

i n c o r r e c t l y  p la c e d  i n s t a l l a t i o n s  and a l s o  c o n t r i b u t e d  t o  an i n c r e a s e  in 

t h e  number o f  r e a d i n g  e r r o r s ,  and t h e  g e n e r a l  s lowing i n  r a t e  o f  d i s ­

p lacement  th e  r e s u l t s  became l e s s  s a t i s f a c t o r y .  The r e s u l t s  o b ta in e d  

from the  s i x  month t r i a l  p e r io d  i s  th e  use o f  d i a l  c a l i p e r s  i n  p la ce  of  

t h e  Berne^ ex tensom ete r  were n o t  s a t i s f a c t o r y .  This  i n i t i a t e d  the 

d e v e l o ; merit o f  th e  d i a l  ex tensom ete r  t o  r e p l a c e  the Bouoq ex tensom e te r .

The d i a l  e x tensom e te r  was made lo n g e r  and t h e r e f o r e  c a p a u le  o f  spanning 

s e v e r a l  a u b p a r a l l e l  j o i n t s ,  permanently i n s t a l l e d  and t h e r e f o r e  th e  

r e s u l t s  l o s s  s u b j e c t i v e .  To d a t e  the d i a l  ex tensom ete r  has  proved an 

ex t rem ely  s a t i s f a c t o r y  t o o l .

Among the m i s c e l l a n e o u s  te ch n iq u es  u s e d ,  the  s im p le r  te en n iq u ee  

were the  moat s u c c e s s f u l ,  i’e rh a p s  the  s i m p l e s t  i s  the c a v in g  i n d i c a t o r  

and i s  rega rded  as  Vein ; a s a t i s f a c t o r y  d e v i c e .  The b o l t  t e n s i o n  meters  

a r e  f i n e  f o r  uf-asur-ng the t e n s i o n s  on rock  b o l t s ,  but do no t  respond 

to  s t r e s s  ch.mgos p r i o r  to  damage becoming v i s i b l e ,  and cannot  be used 

a s  e a r l y  warn ing  d e v i c e s ,  fhe g l a s s  plug  s t r e s s  me te rs  a i i n  g e n e r a l  

n o t  s e n s i t i v e  enough and a r e  d i f f i c u l t  t o  r e a d .  There i s  a  d e f i n i t e  

need f o r  a  s t r e s s  m o n i to r in g  dev ice  and work i s  i n  hend d ev e lo p in g  

a boreho le  defo rm at ion  gauge f o r  t h i s  pu rpose .  As a s t r e s s  measuring 

d e v ice  the p h o t o - e l a s t i c  d i s c  i s  well  s u i t e d  to  our v a r i a b l e  s t r e s s -  

f i e l d  be ing  cheap and quick  to  . n u t u l l  and a l l o w in g  many r e a d i n g s  to  

be t a k e n .  I t  i s  however d i f f i c u l t  t o  read  a t  low s t r e s s  l e v e l s  and would 

improve by in c r e a s e d  s e n s i t i v i t y .  The f i r s t  lo a d  c e l l s  used  fo r



m o n i to r in g  t o  loada  impuaed on th e  crown p i l l  a r e  had  an i n a d e q u a te  number 

o f  s t r a i n  t,aub ea ,  and i n  the  l a t e r  l o a d  c e l l s  th e  s t r a i n  c ^Ce i n s u l a ­

t i o n  broke down, but  some i n t e r p r e t a t i o n  could  be made o f  r e s u l t s  from 

the i n i t i a l  i n s t a l l a t i o n s .  The a rch  lo a d  i n d i c a t o r  was developed  f o r  

use on a g r i z z l y  h o r i z o n ,  and has  been f a i r l y  s u c c e s s f u l ,  but  ^ t  i s  a 

d i f f i c u l t  d e v i c e  to  i n s t a l l , and f u r t h e r  work i s  r e q u i r e d  to  i n c r e a s e  

i t s  a b i l i t y  to  w i th s t a n d  secondary  b l a s t i n g  and the humid a tm osphere .

In c o n c lu s io n  i t  may be s t a t e d  t h a t  the  t e c h n iq u e s  used fo r  rock  

c l a s s i f i c a t i o n  and rock  de fo rm a t ion  m o n i to r in g  a r e  p r a c t i c a l  and ad e q u a te .  

F u r t h e r  work i s ,  however,  needed on d ev ices  f o r  m on i to r ing  s t r e s s  i n  

bo th  the  rock  mass and in  suppor t  such a s  the  y i e l d i n g  a r c h e s .
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As Shabarue ..line i s  s i t u a t e d  i n  a n c i e n t  h i g h l y  fo ld ed  rocks ,  s i m i l a r  

t o  r o c k s  e lsew here  i n  the  world which hnvc e x h i b i t e d  h i j h  l a t e r a l  - r c a a e ^ , 

a programme o f  v i r g i n  rock  s t r e s s  measurements was u n d e r ta k e n ,  fhe f i r s t  

measurements were made by the South A f r ican  Counc il  f o r  S c i e n t i f i c  end 

I n d u s t r i a l  R esearch  (CSIR) under  c o n t r a c t  a t  t h r e e  s i t e s  on the mine 

us in tf  the  " d o o r s t o p p e r " .  / J t h o u ^ .  t h i s  programme was dogged by problems 

w i th  s t r a i n  gauge a d n e s io n ,  r u i f i c i *  i t  ove rco r i r  s were o b t a in e d  which 

i n d i c a t e d  a h ig h  l a t e r a l  s t r e s r , w; oh prompted f u r t h e r  s t r e s s  measure­

ments by the Shabanie Mine ’t a f f ,  rid the Cblli t o  r e t u r n  t o  t r y  out  t h e i r  

new t r i a x i a l  11 a t  t h e  s i t e  which had p r e v i o u s l y  i n d i c a t e d  t h e  h igh  

l a t e r a l  s t r e s s .

The f i r s t  CSIR measurements were c a r r i e d  out  a t  s i t e s  us  remote 

from the mmin o p e r a t i o n s  a s  p o s s i b l e  so t h a t  the  measurements were n o t  

a f f e c t e d  by t>. s t r e s s e s  induced  by th e  mining o p e r a t i o n s .  However, i t  

was r e a l i s e d  t h a t  t h e  g e o l o g i c a l  s t r u c t u r e s  and rock  p r o p e r t i e s  cou ld  

i n f l u e n c e  the s t r e s s e s  and t h e r e f o r e  i t  was dec ided  to  s i t e  a l l  f u t u r e  

measurement.a f,s c lone  a s  p o s s i b l e  to  the o r e b o d i e s , even a t  the expense 

o f  e n t e r i n g  the  zone o f  i n f l u e n c e  o f  t h e  mining o p e r a t i o n s .

i’he purpose of  the s t r e s s  measurement p r o g n  e was t o  e s t a b l i s h  the 

s t r e s s  l e v e l s  in  the rock  be fo re  mining s t a r t e d ,  while i t  was r e a l i s e d  

i t  was not  p o s s i b l e  to  com ple te ly  avo id  t h e  s t r e s s e s  induced  by mini he, 

o p e r a t i o n s  i t  was dec ided  to  acc ep t  t h i s  e r r o r .  L a t e r ,  two smal l  s p e c i f i c  

s t r e s s  measurements were under taken  to  measure t h e  change in  o t i e s a  

a s s o c i a t e d  w i th  the mining  o p e r a t i o n s .

b . 2 c trh m , i.:;?:; - . i .TiioDb Ah u i(h.,i;i,Tu

S t r e s s  measurements u s i n g  the CClk " d o o r s to p p e r "  were a t t e m p te d  by

th e  CC1R under  c o n t r a c t  i n  February  and J u l y  iy((>. fhe  t h r e e  s i t e s

s e l e c t e d  were a l l  on 29b l e v e l , one n e a r  the  v e r t i c a l  s h a f t ,  one in  2]W
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crosscut  *ilock 16, end one in 6 /  J crosscut  Block ‘>u. At each si'-e three 
boreholes were d r i l l e d  in d i f f e re n t  d i r e c t io n s ,  and about ?7 overcoringa 
were attempted.  Of these only s ix  were successfu l ,  one in  each of the 
boreholes a t  the f i r s t  two s i t e s .  The high number of f a i lu r e s  was due to 
cementing the c e l l s  on part ings  of the rock and to  poor adhesion of the 
s t r a i n  gauge cement to the dump rock. The r e s u l t s  based on so lew readings 
were not considered r e l i a b l e  but they ind ica ted  a high l a t e r a l  stre.su and 
as  mentioned e a r l i e r ,  t h i s  spurred on fu r th e r  atle.mpts a t  s t r e s s  measure­

ments.

9.21 THL TRIAXIAL STRAIN CELL MrliSUitE.LTITS
As juirt of the t e s t  programme of the t r i a x i a l  s t r a i n  c e l l  the CLIR 

did  f ive  s t r e s s  measurements in  a borehole d r i l l e d  from the southern end 
of 2j* crosscut  on .’99 level  block 16 in January 1960. This was the s i t e  
where the highest l a t e r a l  s t r e s s  was obtained from the "doorstopper" 
t e s t s .  The t r i a x  m l  s t r a i n  c e l l  technique has been described by Leeman 
(1969) and by v r i  Heerden ( i960) ,  b r i e f l y ,  the technique involves 
d r i l l i n g  a small Ex (37,6mm dia- .-ter)  hole coax ia l ly  with, and from the 
end of a LXC (92mm hole and 68,9mm core diameter) hole .  At & pos i t ion  in  
the Lx hole ( se lec ted  from the e r e  of th a t  hole) the t r i a x i a l  s t r a in  
c e l l  i s  i n s t a l l e d .  This s t r a i n  ce l l  has th ree  e l e c t r i c a l  r e s i s t a n c e  s t r a i n  

gauge r o se t t e s  mounted in rubber and located in a metal body. <<nen the 
body i s  in pos i t ion  the s t r a in  gauges are pushed against the s ides  oi the 
Ex hole by compressed a i r  fed to  the body. When the cement i s  s e t ,  the 
pressure in released nd the i n i t i a l  s t r a in  measurements taken. The ce l l  
i s  then ovezcored by deepening the iXC oorehole ..nd ui t ‘m r e t r i e v i n g  t. ,e

•

poor cement adhesion experienced previously was overcome by the use of a 
se a la n t  (Union Carbide J i lnne bonding agent A 1/4) .  Tie ca lcu la t ion  of 
the p r inc ipa l  s t r e s se s  has been described in d e t a i l  I ..eeman (1969) and 
van Heerden (1968). The r e su l t s  of the f ive  measurements made a t th i s  
s i t e  are given in Table 9,1 and the p r inc ipa l  s t r e s s  d i rec t ions  are 
i l l u s t r a t e d  s te reographicc l ly  in / i g  9,2 and are  discussed in 9.31*

9 . 2 2  FdOTU-KLAoTIC UloU l&AUUKK.MITS

Stress  me isuremcnts using photo- e l a s t i c  d iscs  were s ta r ted  by Cook
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TABLE 9.1

The r e s u l t s  o f  the CBIR t r i a x i c a l  s t r a i n  c e l l  s t r e s s  measurements a t  s i t e  

No 1 23VV c r o s s c u t ,  299 l e v e l .  ( A f t e r  van Heerdcr. 1968 P 14) • V i rg in  

rock  s t r e s s  measurements.

Measurement

Number

1

Depth

4 , 6

P r i n c i p a l  L t r e s r e s  

MPa

iiirt-wti on 

Mine Beurin,

Dip

(T1 -  19,2 
02 = 16,0 

03 -  8 ,9

262°

160°

43°

-32°

-1 9 °

-53°

2 6 , 9 01 -  19,5 264° -30°

02 -  19,3 162° -1 6 °

03 -  7 ,0 46° -54°

3 7,3 01 -  14,9 203° -2 5 °

02 -  6 ,7 306° -27°

03 -  9 ,0 79° -51°

4 6 , 2 01 -  18,9 164° -  5°

02 -  12,9 256° -3 3 °

03 -  9 ,0 67° -5 7 °

5 9 ,2 01 -  21 ,0 329° -  6°

02 = 19,3 23?° -20°

03 -  7,6 64° -70°

Mean 01 -  16,9 180° -14°

02 -  19,9 276° -29°

03 ■= 7 ,9 64° -57°
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of  t h e  hock Mechanics Unit  i n  August 1 % ? .  The f i r s t  r e s u l t s  were v t r j  

poor but improved as  a s u i t a b l e  techn ique  was deve loped .  In December of  

t h a t  y e a r  a s a t i s f a c t o r y  s e t  o f  r e s u l t s  were o b t a in e d  from th e  23V c r o s s ­

c u t  s i t e s  wnere,  the fo l l o w in g  n w i th , the  CiJIK t r i a x i a l  s t r a i n  c e l l

measurements were done .
This  t e c h n iq u e  r e q u i r e s  t h r e e  boreho les  t.s w i th  the  " d o o r s t o p ; o r " .  

The p h o t o - e l a s t i c  d i s c s  a r e  s tu c k  on the  f l a t t e n e d  end o f  th e  NX boreho le  

and o w r c o r v d  ^ r ' i j  4 , . '4 )»  The p h o t o - e l a s t i c  d i s c  t e chn ique  has  been d e s ­

c r i b e d  by Hawkes and Moxor. ( 19 *̂9) and with  the  m o d i f i c a t i o n s  used he r e , 

was o u t l i n e d  in  the  p rocee d ing  c h a p t e r .  The f i r s t  o v e rc o r in g s  i n  each 

h o l e  a r e  done a t  about  ono metre of  the  c o l l a r ,  where s t i l l  i n  the  zone 

o f  i n f l u e n c e  o f  th e  c r o s s c u t , the s t r e s s e s  in  tne  p la n e  o f  the f l a t t e n e d  

e n d  a re  i n f l u e n c e d  by th e  development ,  but the s t r e s s e s  in  th e  d . r e c t i  on 

o f  t h e  bo reho le  a r e  very  s m a l l . iT’ora th e s e  f i r s t  measurements in  V • 

h o r i z o n t a l  h o l e s  :vi e s t i m a t e  o f  the s t r e s s  a c t i n g  i n  the  d i r e c t i o n  o f  

t h e  v e r t i c a l  h o l e  a r e  o b ta in e d  and s i m i l a r l y  e s t i m a t e s  oi the  s t r e s s e s  

a c t i n g  in  the  d i r e c t i o n s  o f  the  o t h e r  h o le s  a r e  o b t a i n e d .  Approximately 

te n  o v e rc o r in g s  were made i n  each h o l e , and a w e igh ted  average  ol the  

r e a d i n g s  were t a k e n . From th e s e  a v e r a u ; the p r i n c i p a l  s t r e s s e s  were 

c a l c u l a t e d .  The c om para t ive ly  l a r g e  number o f  o v e r c o r i n g s  from each ho le  

a r e  r e q u i r e d ,  because  th e  v a r i a t i o n  in  Young's modulus of  the d u n i t e  and 

s e r p e n t i n e  zones  g iv e s  a r a p i d  and marked v a r i a t i o n  i n  s t r e s s  a lo n g  th e  

l e n g t h  of  tne  b o r e h o le s ,  a s  shown in  Tabie  5 , 3 .

5 .3  DEUCKIITIUM O 1 SUMS AND Ic.-.ULTh
The r e s u l t s  o f  the  CLilK t r i  a x i a l  s t r a i n  c e l l  measurements a t  S i t e  1 

a r e  given i n  Tab le  5*1; and the  r e s u l t s  o f  t h e  p h o t o - e l a s t i c  d i r e  measure 

ments a t  the  f i r s t  f ive  s i t e s  i s  g iven  i n  Table 5 , 2 .  The l o c a t i o n  o f  the 

s t r e s s  measurement s i t e  i s  shown in F ig  5*1 arid the  o r i e n t a t i o n  of  the  

p r i n c i p a l  s t r e s s e s  from the  t r i a x i a l  c e l l  measurements a r e  shown s t e r e o -  

g r a p h i c a l  l y  i n  Fig  5 ,2  and the p h o t o - e l a s t 1c d i s c s  i n  Fig  5*3.

The t r i a x i a l  c e l l  measurements were nude i n  an h o r i z o n t a l  bo reho le  

d r i l l e d  t o  a dep th  of  10m southwards from the s o u th e rn  end o f  a c r o s s c u t  

o n  2%5 l e v e l  Block 1 6 .  The measurements were made i n  the hang ingwal l  

p a r t i  a l l y  s e r p e n t i n i  sed d u n i t e ,  ‘ t o  60m s o u th  o f  the Block 16 ore body 

and 15 ‘.0 25m n o r t h  o f  Xon*- C t a l c  . tie.
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TABLE 9 ,2

P r i n c i p a l  s t r e s s e s  a t  v a r i o u s  s i t e s  on ohubanie  lv!ine. ( . ' od i l ' ied  a f t e r  

Cook 1%ti)

S i t e  No.

1 ( A )

( T r i a x i a l

C e l l )

Leve l P r i n c i p a l  S t r e s s e s  

l.iPa

D i r e c t i o n  

to n e  Bear ing

Dip

d  -  16,9 

02 - 19 ,5 

03 -  6 , 0

lo 0 °

276°

64°

-14°

- 2 9 °

-5 7 °

1 (B) 295 01 -  14,5 224° -10°

(D isc s ) 02 « 14,0 131° -24°

03 -  5 ,0 334° -64°

2 295 01 .  17,5 129° -2 2 °

02 .  13,0 29° -2 3 °

03 = 9 ,0 256° -57°

3 295 Cl -  16,5 285° -56°
0 , 0

02 -  13,5 193 -  1

03 -  10,0 102° -3 2 °

4 369 Cl = 19,5 124° -11°

02 -  11 ,5 32° -1 2 °

03 •= 6 , 0 256° -73°

5 369 e 
!

?: 
;

295° - 1 5 °

02 -  16,0 44° -52°

03 .  9 ,5 194° -3 5 °

6 209 01 «= 13,1 104° -47°

02 -  9 ,7 232° -3 0 °

03 -  3,1 340° -27°
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These r e m i t s  conf irm ed  the i n d i c a t i o n  f r c a  t h e  " d o o re to p p e r"  

r e a d i n g s  t h a t  t h e  l a t e r a l  s t r e s s e s  exceeded the  v e r t i c a l  s t r e s s e s  sub­

s t a n t i a l l y .  However, no br e a t  d i f f e r e n c e  between the  l a t e r a l  » t r e s s e s  i n  

the  c r o s s c u t  and d r i v e  d i r e c t i o n s  was i n d i c a t e d  \rj t h e s e  cieusureaentE•

In comparing th e  p r i n c i p a l  s t r e s s e s  o b ta in e d  f r o a  t h e  f i v e  measurements,  

i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e r e  was a c l o s e  agreement i n  the o r i e n ­

t a t i o n  o f  the minor p r i n c i p a l  s t r e s s ,  d ip p in g  a t  between 50 and 70 

n o r t h  w e s t , and i n  cae j i i tude  v a r y i n g  from 7 to  Sto'a* fh e  major and 

i n t e r m e d i a t e  p r i n c i p a l  s t r e s s e s  v a r i e d  c o n s id e r a b ly  i n  d i r e c t i o n  w i th in  

a p la n e  dipping, app ro x im a te ly  25 sou th  e a s t  • The magnitudes  o f  the se  

s t r e s s e s  v a r i e d  from 0 ,7  to  21:3a w i th  no s t r o n g  d i r e c t i o n a l  predominance.  

However, a very  c l o s e  agreement i n  d i r e c t i o n  and magnitude was d i s p l a y e d  

i n  the  i n t e r m e d i a t e  and major  p r i n c i p a l  s t r e s s e s  f o r  the  measurements a t  

dep ths  o f  4 ,6  c*nd 6 , pm. The measurements a t  6 ,2  and 9 *<-m d i s p l a y e d  a 

f a i r l y  c lo s e  agreement to o ,  but  compared w i th  the f i r s t  two measurements 

the major and i n t e r m e d i a t e  s t r e s s s  were t r a n s p o s e d .  For the t i d r d  

r e a d i n g  a t  7 . 3m th e  major  and i n t e r m e d i a t e  s t r  e s s  had i n t e r m e d i a t e  

o r i e n t a t i o n .  Van Heerden ( 156b) a t t r i b u t e d  th e s e  v a r i a t i o n s  i n  o r i e n t a ­

t i o n  and magnitude to  the  s t r e s s  c o n c e n t r a t i o n  and the  end o f  the c r o s s ­

cu t  but  as  the f i r s t  measurement was made a t  a  depth  o f  tw ice  the  w id th  

o f  the  c r o s s c u t  and «.s th e  magnitude of  the minor p r i n c i p a l  s t r e s s  did  

not  d e c r e a se  s i g n i f i c a n t l y  with  b o reho le  d e p th ,  i t  i s  u n l i k e l y  to  be the  

only r ea s o n  f o r  the r a p i d  v a r i a t i o n  i n  d i r e c t i o n  o f  the  i n t e r m e d i a t e  and 

major p r i n c i p a l  s t r e s s e s .
The p h o t o - e l a s t i c  d i s c  s t r e s s  measurements made a t  t h i s  s i t e  gave 

s l i g h t l y  lo  . e r  s t r e s s  rm- j . i t u d e o  and in  o r i e n t a t i o n  d i s p l a y e d  c l o s e s t  

agreement w ith  the f i r s t  two t r i a x i a l  c e l l  r e s u l t s ,  t h e  d i f f e r e n c e  be ing  

up t o  40° .
S t r e s s  measurement s i t e  Ho 2 was on 295 l e v e l  in  the h ang ingw all  

d u n ite  about 20m south  o f  Zone C t a l c  zone and to  the  south  o f  Block 7A3.

The r e s u l t s  may have been i n f l u e n c e d  t o  some e x t e n t  by the  mining in  

B lock  7 A3, but t h i s  i s  c o n s id e r e d  to  be r e l a t i v e l y  sm all  and the  s t r e s s  

m agnitudes were s i m i l a r  to  those  measured a t  S i t e  1 . S i t e  3 was 

l o c a t e d  on 295 l e v e l ,  between 40 and 50m away from th e  old  Block 33 cu t  

and f i l l  s t o p e a .  This  i s  the  on ly  s i t e  where the v e r t i c a l  s t r e s s e s  exceeded 

the  h o r i z o n t a l  and t n i s  i s  a t t r i b u t e d  to  the h i g h e r  v e r t i c a l  s t r e s s
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These r e  c u l t s  c o n f i r a e d  the i n d i c a t i o n  frosi t h e  "d o o rs to p p e r"  

r e a d i n g s  t h a t  t h e  l a t e r a l  s t r e s s e s  exceeded th e  v e r t i c a l  s t r e s s e s  sub­

s t a n t i a l l y  . However, no ur e a t  d i f f e r e n c e  between the  l a t e r a l  s t r e s s e s  i n  

the  c ro e s c  t  and d r i v e  d i r e c t i o n s  was i n d i c a t e d  ty t h e s e  Leusurec ionts .

In  cor .par ing  th e  p r i n c i p a l  s t r e s s e s  o b ta in e d  f r o u  th e  f i v e  n e a s u r e a e n t s , 

i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e r e  was a c l o s e  agreement i n  the o r i e n ­

t a t i o n  o f  the  minor p r i n c i p a l  s t r e s s ,  d ipp ing  a t  between 50 and 70 

n o r t h  w e s t , and i n  magnitude  v a ry in g  from 7 to  913 a .  The major and 

i n t e r m e d i a t e  p r i n c i p a l  s t r e s s e s  v a r i e d  c o n s id e r a b ly  i n  d i r e c t i o n  w i th in  

a p la n e  d ip p in g  a p p ro x im a te ly  25 sou th  e a s t . The magnitudes  o f  the se  

s t r e s s e s  v a r i e d  f-om C,7 to  2 I l i a  w i th  no s t r o n g  d i r e c t i o n a l  predominance.  

However, a  very  c l o s e  agreement i n  d i r e c t i o n  and magnitude wus d i s p l a y e d  

in  th e  i n t e r m e d i a t e  and major  p r i n c i p a l  s t r e s s e s  f o r  th e  measurements a t  

d ep th s  o f  4 ,6  and 6 ,p c .  The measurements a t  6 , 2  and 9,2m d i s p l a y e d  a 

f a i r l y  c l o s e  agreement to o ,  bu t  compared w i th  the f i r s t  two measurements 

the major  and i n t e r m e d i a t e  s t r e s s s  were t r a n s p o s e d .  For the t i a r d  

reading,  a t  7,3m th e  major and i n t e r m e d i a t e  c t r e s s  had i n t e r m e d i a t e  

o r i e n t a t i o n .  Van Heerden f ' ,o)  a t t r i b u t e d  t h e s e  v a r i a t i o n s  i n  o r i e n t a ­

t i o n  and magnitude to  the  s t r e s s  c o n c e n t r a t i o n  and th e  end o f  the  c r o s s ­

c u t  but  as  the  f i r s t  measurement wa^ made a t  a  depth  o f  tw ice  th e  width  

o f  the  c r o s s c u t  and ..s the  magnitude o f  the minor p r i n c i p a l  s t r e s s  did 

n o t  d e c r e a s e  s i g n i f i c a n t l y  w i th  bo reho le  d e p th ,  A  i s  u n l i k e l y  to  be th e  

only reason  fo r  the  r a p i d  v a r i a t i o n  i n  d i r e c t i o n  o f  t h e  i n t e r m e d i a t e  and 

major  p r i n c i p a l  s t r e s s e s .
The p h o t o - e l a s t i c  d i s c  s t r e s s  measurements made a t  t l d -  s i t e  gave 

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

agreement w i th  the f i r s t  two t r i a x i a l  c e l l  r e s u l t s ,  t h e  d i f f e r e n c e  be ing  

up t o  40° .
S t r e s s  measurement s i t e  No 2 was on <99 l e v e l  i n  the hangingwal l  

d u n i t e  about  20m s o u th  o f  Zone C t a l c  zone and to  the  sou th  o f  Block "Jiji.

The r e s u l t s  may have been i n f l u e n c e d  ;o none e x t e n t  by the  mining in  

Block 7AB, but t h i s  i s  c o n s id e r e d  to  be r e l a t i v e l y  sm al l  and the  s t r e s s  

magni tudes  were s i m i l a r  t o  th o s e  measured a t  S i t e  1.  S i t e  3 v'as 

l o c a t e d  on 295 l e v e l , between 40 and 50m away from the  o ld  Block 33 cu t  

and f i l l  a t o p e s .  This  i s  the  only s i t e  where the v e r t i c a l  s t r e s s e s  exceeded 

th e  h o r i z o n t a l  and t n i o  i s  a t t r i b u t e d  t o  the h i g h e r  v e r t i c a l  s t r e s s
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induc ed  i n  t h e  abutments  o f  the s t o p e s .

S i t e  4 on 3^5 l e v e l  was almost  v e r t i c a l l y  below J j t e  1 on 2^9 l e v e l .  

The s i t e  v/ao l o c a t e d  i n  the  fo o tw u l l  B r i t t l e  f i b z e  a one , w i th  Zone U 

immedia te ly  to  the  sou th  <ind the  1/0 dyke 30 to  ^Om to  the w e s t . At t h i s  

s i t e  measurements were in  on ly  two h o l e s ,  a h o r i z o n t a l  and a v e r t i c a l ,  

and t h e r e f o r e  a r n e a r  s t r e s s  had to  be assumed t o  d e r i v e  an e s t i m a t e  of  

th e  p r i n c i p a l  s t r e s s e s .  Ko re c o rd  was kept o f  the  b a s i s  fo r  t h i s  a s s u m p t i o n .

Some o f  the measurements a t  S i t e  were made w i th in  a t a l c  zone 

a s s o c i a t e d  w i th  a wrench f a u l t ,  w h i le  t h e  remainder  were made in  the 

a d j a c e n t  b r i t t l e  f i b r e  z o n e . both  t h e s e  s i t e s  a r e  c o n s id e re d  to  have 

been o u t s i d e  any s i g n i f i c a n t  zone of  i n f l u e n c e  o f  mining,  but  i t  i s  p ro­

bab le  t h a t  the  l o c a l  geology has  a f f e c t e d  the s t r e s s e s .

The measurements a t  S i t e  6 were made n t  a l a t e r  d a t e ,  j u s t  a f t e r  

min ing  had s t a r t e d  i n  b lock  16 but  b e fo re  i t  had p ro g re s s ed  v e ry  f a r .  I t  

was hoped t o  o b t a in  a comparison o f  t h e  s t r e s s e s  befo re  and a f t e r  Block 

16 had c a v e d . The r e s u l t s  a r e  n o t  c o n s id e r e d  t o  have been a f f e c t e d  by the  

mining i n  Block 16.

At a i l  the  s i t e s ,  w i th  the  e x c e p t io n  o f  b i t e  3, the  v e r t i c a l  r t r e s s  

was exceeded by the  l a t e r a l  s t r e s s e s  i n  the  c r o s s c u t  and d r i v e  d i r e c t i o n s .

In g e n e ra l  the  s t r e s s e s  i n  the c r o s s c u t  d i r e c t i o n  (146° mine b e a r in g )  

were s l i g h t l y  l a r g e r  than the s t r e s s e s  i n  the d r i v e  d i r e c t i o n  ( 96° mine 

b e a r i n g ) .

9.4 blbOJLoIUI

9.41 ACCURACY

The most im p o r ta n t  f a c t o r  a f ;  t m t, th e  accuracy o f  a s t r e s s  measure­

ment i s  the degree  t o  which the s t r e s s e s  a re  r e p r e s e n t a t i v e  o f  the s t r e s s e s  

i n  the  rock  mass in  the a r e a .  The s i z e  o f  t h i s  a r e a  must b' r e l a t e d  to 

th e  s i z e  o f  th e  e x c a v a t i o n s  which w i l l  be made. In T ab le s  9»1 and 9*2 

q u i t e  marked v a r i a t i o n s  in  the  magnitude and d i r e c t i o n s  o f  the  p r i n c i p a l  

s t r e s s e s  a r e  shown. These v a r i a t i o n s  a r e  a t t r i b u t e d  p r i m a r i l y  to  the  
v a r i a t i o n  i n  the  modulus o f  e l a s t i c i t y  between the  d i n i t e  and s e r p e n t  i n i  t e  

and p rox im i ty  o f  s l i p s  and f i b r e  seams.  I t  i s  c l e a r  from t h e s e  v a r i a t i o n s  

t h a t  a more r e a l i s t i c  e s t i m a t e  o f  th e  s t r e s s e s  would be o b ta in e d  from a
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l a r t;e number o f  s t r a i n  r e a d i n g s ,  and t h a t  a  h igh  debTee  of  acc u racy  in  

the  i n d i v i d u a l  s t r a i n  r e a d i n g s  i s  l e a s  im p o r t a n t .

TABLE 5.3

STRESSES 12A3URED IN tt 'E HOLE IN DRIVE DIRECTION AT THE STRESS v'EASURK’INT

SITE ON 305 LEVEL 

(Readings  compensated f o r  t u n n e l  s t r e s s  c o n c e n t r a t i o n s )

Reading No. D cp th ( j ) Ox (MPa) 02 (MPa) 7z x  (MPa)

1 0 , 6 22,7 15,1 3 ,6

2 1,2 17,5 13,6 5,2

3 1,4 15,6 13,6 2,4

4 3,3 6 ,5 6 ,4 4 ,8

5 3,6 3 ,4 6 ,2 4 , 2

6 4,1 18,6 16,6 5 ,5

7 5,9 7 ,2 7 ,2 2,8

8 6 ,2 11,4 0 ,7 9 , 2

9
6,7 14,5 15,8 4 ,8

The CSIR t r i o x i n l  s t r a i n  c e l l  g ive s  a h igh  degree  o f  accuracy  in

the  measurements of  t h e  s t r e s s e s  a t  a p o i n t ,  but  no study  has  y e t  been

p u b l i sh e d  on d e t e r m i n a t i o n s  rn the  accuracy  o f  t h e s e  measurements in

l e s s  than  i d e a l l y  homogeneous, i s o t r o p i c  and con t in u o u s  m a t e r i a l s ,  fo

o b ta in  a r e a l i s t i c  e s t i m a t e  o f  the  s t r e s s e s  i n  the  a r e a  such a s  found on

'

Cook (1969b) c l a im -  t h a t  in  the  p h o t o - e l a s t i c  disc s t r a i n  measure-  

r e n t  a,  ur-in,, a p r e c i s i o n  h ind  v iew er  ( c i r c u l a r  c ro s sed  r e f l e c t i o n  

p o l a r ! s c o p e ) , r e a d in g s  can be f-ude t o  a. accu racy  o f  0 ,0 5  f r i n g e s  

(2 2 ,5  x 10"^ s t r a i n s )  i f  the  temport  . )  i s  w i th i  1 1°G o f  t!ie tem p era tu re  

a t  th e  end o f  the  b o re h o le .  The ne.joi pri i c i ju i l  s t r a i n  i s  g iv e n  by th e  

f r i n g e  o r d e r ,  and the minor p r i n c i p a l  s t r a i n  by the s e p a r a t i o n  o f  the 

i s o t r o p i c  p o i n t s .  The p r i n c i p a l  s t r a i n  r a t i o  i s  checked by warming the 

d i s c  and r e a d i n g  t!ie f r i n (,v o r d e r  tuid the  s e p a r a t i o n  o f  t in  i s o t r o p i c  

.

p r i n c i p a l  s t r e s s e s  uy the  t . . ■ -nount  t h e m  by chang ing  the  p r i n c i p a l  

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

F i e; 5 ,2  S t e r e o j r a p h i c  r e p r e s e n t a t i o n
o f  p r i n c i p a l  s t r e s s  d i r e c t i o n s
f r o a  t r i a x i u l  s t r a i n  c e i l  
c e a s u r e a u n t a

measurements

0  O

Firi 5 ,4  u t e r e o u ru::.o s.-.oflin^ r e l a t i o n s h i p  of  p r i n c i p a l  s t r e s s e s  t o  j o i n t  o r i e n t ­
a t i o n  ( l e f t )  and L l i c k e n s i d i n  d i r e c t i o n s  on j o i n t s  ( r i ^ n t ;  J i t e  \ 23" 
x / c  o l .  16 2 j ‘;  l e v e l

"W
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Fio  5*2 S t e r e o ^ r a p h i c  r e p r e s e n t a t i o n
o f  p r i n c i p a l  s t r e s s  d i r e c t i o n s
f r o a  t r i a x i a l  s t r a i n  c e l l  measurements
measurements

6 v

(J\ .

Firf 5*4 o t e r e o 0 ra a s  oho.vii.^ r e l a t i o n s h i p  of  p r i n c i p a l  s t r e s s e s  to  j o i n t  o r i e n t ­
a t i o n  ( l e f t )  -and u l i c k e n s l d i n j  d i r e c t i o n s  on j o i n t s  ( r i un t )  o i t e  \ 2 3 '  
x / c  i>l. 16 2pi> l e v e l
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• W  4 1  POIXJ 70 ncrs

F ig  5 ,5  Stereojrar . ;o  oho.ving r e l a t io n : ' . h ip  o f  p r i n c i p a l  s t r e s s e s  to  
j o i n t  o r i e n t a t i o n  ( l e f t )  and s l i c k e n a i d i n g  d i r e c t i o n s  on 
j o i n t s  ( r i g h t )  S i t e  2 6/7 '.  x / c  31 .  50 299 l e v e l

TN TN

62 fVOTS
«•< P o l e s

>5 g 5*6 Ste reograms showing r e l a t i o n s h i p  o f  p r i n c i p a l  s t r e s s e s  to  
j o i n t  o r i e n t a t i o n  ( l e f t )  and s l i c k e n s i d i n g  d i r e c t i o n s  on 
j o i n t s  ( r i g h t )  3i te  3 l iain x / c  i l l . 33 295 l e v e l
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Fi0 li,7 S t o r e u j r a n s  ahowinj  r e l a t i o n s h i p  of  p r i n c i p a l  s t r e s s e s  to  
j o i n t  o r i e n t a t i o n  ( l e f t )  and s l i c i ; e n s i d i n 0- d i r e c t i o n s  on 
j o i n t s  ( r i j h t )  S i t e  4 2 5 Y x /c  31.  16 365 l e v e l

tt: TN

Pig
j o i n t  o r i e n t a t i o n  ( l o f t )  and s l i o k e n s i d i n g  dire< 
j o i n t s  ( r i g h t )  S i t e  5 330V.' x /c  B1. 51 365 l e v e l
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5 . 4 2  RELATIONSHIP TO LOCAL GEOLOGICAL FEATURES

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

mine w h e t h e r  p r i n c i p a l  s t r e s s  v r r e c t i o n s  b o re  an y  r e l a t i o n s h i p  t o  t h e  

l o c a l  s t r u c t u r a l  a e o l o j y . S t e r e o g r a m s  w e r e  drawn o f  t h e  s l i p s ,  f i b r e  

seams and s l i c ^ e n  s i d i n g  d i r e c t i o n s  on t h e  s l i p s  and th e  p r i n c i p a l  s t r e s s  

d i r e c t i o n s .  T h e s e  a r e  shown i n  P i^ s  5 , 4  t o  5 , 3 .

At som e o f  t.v l i t e s  som e r e l a t i o n s h i p s  c o u l d  be r e c o j n i s e d  b u t  

these a r e  r e g a r d e d  a s  c o i n c i d e n t a l  a s  t h e s e  r e l a t i o n s h i p s  do n o t  a p p e a r  

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

on d i r e c t i o n s  o f  t h e  v i r g i n  r o c k  s t r e s s e s  c a n  b e  o b t a i n e d  from  a  s t u d y  o f  

g e o l o g i c a l  s t r u c t u r e s .

5 . 4 3  REGIONAL STRESS FIELD

From a  s t u d y  o f  t h e  s t r u c t u r a l  g e o l o g y  o f  t h e  d e p o s i t , L a u b s c h e r  

( 1 9 6 3  P 4 5 )  c o n c l u d e d  t h a t  t h e  d i r e c t i o n  o f  c o m p r e s s i o n  w a s  N 2 4 °  E,

( | 14 °  Liine b e a r  in  e,) i n  a  s u b - h o r i z o n t a l  p l a n e .  I t  i s  p r o b a b l e  t h a t  th e  

m o d e r a t e l y  h i g h  l a t e r a l  s t r e s s e s  m e a su r e d  a r e  o f  t e c t o n i c  o r i g i n  and may 

d a t e  b a c k  t o  t h i s  m a jo r  d e f o r m a t i o n  p e r i o d .

The r e s u l t s  i n  T a b le  5 , 2  show t h a t  t h e  p r i n c i p a l  s t r e s s e s  v a r y  

c o n s i d e r a b l y  from  s i t e  t o  s i t e , i n  a  s i m i l a r  m anner t o  t h e  l o c a l  s t r e s s  

v a r i a t i o n s .  A l t h o u g h  t h e r e  i s  a  w id e  s c a t t e r  o f  r e s u l t s ,  an a t t e m p t  h a s

b e e n  made t o  r e l a t e  t h e  v e r t i c a l ,  and h o r i z o n t a l  s t r e s s  c o m p o n e n ts  i n  th e

c r o s s c u t  and d r i v e  d i r e c t i o n s  t o  d e p th  ( F i g  5 , 9 ) •  The r e g r e s s i o n  l i n e s  

h a v e  b een  c a l c u l a t e d  u s i n g  an ssum ed w e i g h t i n g  o f  1 t o  3 f o r  e a c h  r e s u l t

d e p e n d in g  o f  C o o k 's  a s s e s s m e n t  o f  t h e  r e l i a b i l i t y  o f  t h e  r e s u l t .

The v e r t i c a l  s t r e s s  c o m p o n e n ts  on a v e r a g e  a r e  s l i g h t l y  h i g h e r  th a n  

m ig h t  be e x p e c t e d  from  t h e  d c , t h  and r o c k  d e n s i t y  . T h i s  may b e  d ue  t o  

an i n h e r e n t  i n a c c u r a c y  i n  t h e  m ea su rem en t  t e c h n i q u e ,  o r  m e r e ly  due t o  t h e  

w id e  s c a t t e r  o f  r e s u l t s  o b t a i n e d .  The r e g r e s s i o n  l i n e s  h a d  lo w  c o r r e l a ­

t i o n  c o e f f i c i e n t s ,  and t h e r e f o r e  s h o u l d  be u s e d  o n ly  a s  an i n d i c a t i o n  o f  

t h e  g e n e r a l  s t r e s s  l e v e l s .

5 . 5  c u .c .U G iu N s

The r e s u l t s  i n d i c a t e  t h a t  l a t e r a l  s t r e s s  c o m p o n e n ts  w h ic h  e x c e e d  

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

by t h e  f o l l o w i n g  r e l a t i o n s ;
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1 0 1

Oh ( c r o s s c u t )  

Oh ( d r i v e )

2 .3  + 0.0242x1) Mia 

1 .25  + 0 .0525  x i  MPa

9 .5  + 0 .0133x0  MPa

where D = depth in  metres
Additional s t r e s s  L.eusurements are  required a t  greater depths to

confirm th i s  r e l a t io n s h ip .
Varia t ions  in s t r e s s  encountered in the rock are s iy n i f i c a n t .  fhese 

are a t t r i b u t e d  to  local  v a r ia t io n s  in e l a s t i c  proper t ies  of the rock and 
the d i s to r t io n s  in the s t r e s s  f i e l d  caused by the s l i p s  and f ib r e  seams.

The t r i a x i a l  c e l l  i s  an e legant  method but severa l  readings are 
required to obtain a rep resen ta t ive  average. The instrument i s  easy to  
read, and has a check on gau.;e adhesion by having three s t r a in  readings 

p a r a l l e l  to the axis  of the hole .  Only one hole i s  required.
The pho to -e la s t ic  d iscs  a re  cheap and reusable but are more

d i f f i c u l t  to  read and are l e s s  acc u ra te . Headings are  required irom 
three  holt.; to obtain the complete s t a t e  of s t r e s s ,  .ftiile the technique 
i s  l e s s  accurate than the t r i a x i a l  ce l l  t h i s  i s  considered to  be unimpor­
tan t  in the highly var iab le  s t r e s s  enviroment encounterec on Shabanie . m e .

I t  i s  considered tha t  the moderately high l a t e r a l  fit res .ee measured 
are res idua l  from the tec ton ic  compressive s t r e s s  which created the 
major geological s t ru c tu re s  and folded the u l t r a b a s ic  s i l l .

However, no close  r e l a t io n s h ip  e x i s t s  between the measured pr inc ipa l  
s t r e s s  o r i e n t . t i o n s  and the loca l  geological  s t ru c tu r e s  a t each s t r e s s  
measurement i t e ,  and i t  i s  considered tha t  no conclusions on the v i rg in
rock s t r e s s  o r ie n ta t io n  or magnitude can be drawn from a study of loca l

geological s t ru c tu re s .
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D K O O H I P T 1 0 1 . ’ O F  i i L Q C K  7 A B  a K U  G l i u H , D  H L H A V J u U R

6 .1  I N T R O D U C T I O N

Block ?AB was t h e  f i r s t  b lock  on Shaban ie f i n e  t o  corre i n t o  p roduc t ion  

a f t e r  the i n i t i a t i o n  o f  th e  rock  mechanics r e s e a r c h  programme, which forms 

th e  b a s i s  o f  t h i s  d i s s e r t a t i o n .  This  block war e x t e n s i v e l y  in s t ru m en ted  

and a l l  a v a i l a b l e  development workings above,  below and in  the  p e r i p h e r i e s  

were i n s p e c t e d  r e g u l a r l y  w i th  the  o b j e c t  o f  d e t e rm in in g  th e  mechanisms 

o f  cav ing  and the  minimum re q u i re m e n t s  f o r  a b lock  t o  c a v e , th e  e f f e c t s  

on the  p e r i p h e r i e s  and u n d e r ly i n g  g round , th e  e x t e n t  o f  the  ground a f f e c t e d  

e t c .  This  b lock was a l s o  u sed  f o r  the  f i e l d  t e s t i n g  and development of  

t h e  m on i to r ing  t e c h n iq u e s  d e s c r i b e d  in  c h a p t e r  4•

This  b loc k  i s  p a r t  o f  the Block 7 orebody and was i n i t i a l l y  l a i d  

ou t  and developed  t o  p rov ide  a r e s e r v e  source  o f  ore  i n  t h e  even t  o f  

a n o t n e r  block  c l o s i n g  p r e m a tu re ly .  The name o f  the  b loc k  i s  a c o n t r a c t i o n  

o f  th e  o r i g i n a l  s u b d i v i s i o n s  o f  th e  b lock  - b lo c k  7A and b loc k  1b. IL 

was l o c a t e d  n e a r  the t o p  o f  the  orebody a s  t h i s  was t h e  only a c c e s s i b l e  

p o r t i o n  a t  t h a t  t im e ,  and i t  was s i t e d  below Block 6 to  ensu re  ' c o n t i n u i t y  

o f  c a v e ' .  The raining o f  the  b lock  was d iv ided  i n t o  two phases ,  t h e  f i r s t  

phase or the  s o u th e rn  h a l f ,  end the second phase or  the  n o r t h e r n  h a l f  o f  

t h e  b lock ,  which was u n d e rc u t  some months a f t e r  th e  f i r s t  phase .  In 

a d d i t i o n ,  an e f f e c t i v e  e x t e n s i o n  o f  the  u n d e rc u t  was provided  by the  

e x t e n s i v e  23b l e v e l  c u t  and f i l l  s t o r e s  which had been niin d in  the  upper  

p o r t i o n  of  t h e  orebody.

6 . 2  GEOLOGY

Block 7AB i s  l o c a t e d  in  th e  upper  p o r t i o n  o f  the  Block 7 orebody as  

i l l u s t r a t e d  in  Kig 2 ,b  and P ig  6 , 1 .  The orebody may be d iv i d e d  i n t o  two 

s e c t i o n s ,  which roughly  c o i n c i d e  w i th  th e  f i r s t  and second phases  o f  

min ing ,  and in  which t h e r e  i s  a change in  the c h a r a c t e r i s t i c s  and c l a s s  

o f  the  o r e .  In the n o r t h e r n  h a l f ,  t h e  f i b r e  o ccu r s  mainly a s  con^uga t"  

r ibbon  seams which g e n e r a l l y  d ip  towards the  s o u th  and sou th  e a s t ,  whi le  

i n  the  s ou the rn  h a l f  t h e  f i b r e  occurs  a s  s i n g l e  and double f i b r e  seams, 

w i tn  a  g e n e ra l  but  more v a r i a b l e  d i p  towards t h e  sou th  c s t  (Fir ,  2 , 7 ) .
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Minor s l i p s  o c c u r r i n g  s u b p a r a l l e l  to  the  f i b r e  seams were more common i n  

the s o u th e rn  h a l f .  In g e n e r a l  the n o r t h e r n  h a l f  had fewer  s l i p s  and 

a p l i  t e - d e - i v e d  hy ock i n v r u s s i o n s  than  the s o u th e rn  h a l f  (F ig  6 , 2 ) .

The s o u th e r n  poi ^  t l s o  c o n t a in e d  hi(di ly i r r e g u l a r ,  smal l  zones  of  

b locks  very  incompeten t  r o c k  (C la s s  4 ) i n  which the  rock  was cu t  i n t o  

b locks  o f  l e s s  than 0,5mm maximum dimension by numerous minor p l a t y -  

p i c r o l i t e  f i l l e d  s l i p s .  These f a c t o r s  a r e  r e f l e c t e d  in  the geomechanics 

c l a s s i f i c a t i o n  o f  26b g r i z z l y  l e v e l .  In t h e  n o r t h e r n  h a l f  o f  the b lock 

the  rock  c l a s s  r an g es  from 13 t o  23,  w i th  a sm al l  zone of  C la ss  4 a s s o ­

c i a t e d  w i th  a h i g h l y  f r a c t u r e d  dyke o f  a p l i t e  d e r iv e d  h yb r id  ro c k .  In the  

s o u th e rn  h a l f  C la s s  3A p redom ina te s ,  w i th  a  s m a l l e r  a r e a  o f  C la ss  33 in  

which th e  smal l  a r e a s  of  blocky C la s s  4 rock  a r e  most common, and c o n t r i ­

bute  t o  the  lower  compute. .cy,

r  1 n

Fig 6 ,1 C r o s s - o e o t i m  th ro  i,;h Blocks  3,  6 and 7A3

1
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To the  n o r t h  and above the  orebody i s  a r e l a t i v e l y  wide zone of  

ca rb o n a te d  s e r p e n t i n e  c o n t a i n i n g  b r i t t l e  f i b r e .  Th is  zone ranges  i n  

c l a s s  f r o c  13 to  the  n o r t h  o f  the orebody t o  3A where more h ig h l y  f r a c t u r e d  

above th e  orebody.  In t h i s  zone s e v e r a l  s o u th  d ip p in g  s h e a r s  were developed ,  

and t h e  l a r g e s t  and cc , t  im p o r tan t  o f  th e s e  i s  the  T rave l l ingw ay  s h e a r -  

zone ,  which i s  an e x t e n s i v e  but i r r e g u l a r  f r a c t u r e  w i th  co a r se  s l i c k e n -  

s i d i n g  i n  the  c r o s s c u t  d i r e c t i o n .  The i r r e g u l a r i t i e s  have g iven  r i s e  t o  

vughs  w i th  some secondary  magnesi te  d e p o s i t i o n .  Tt.is s h e a r  p e r s i s t s  i n t o  

th e  orebody where i t  has  a s s o c i a t e d  w i th  i t  a  low er  c l a s s  o f  r o c k .

O ver ly ing  the orebody i s  Zone B t a l c  zone,  and th e  mined out  Block 

6 orebody to  the n o r t h .  The t a l c  zone has  an i r r e g u l a r  c e n t r a l  uheur-  

zone and i s  g e n e r a l l y  a Glass  3B r e c k .  The c o n t a c t s ,  however,  a re  h igh ly  

f r a c t u r e d  i n  p l a c e s  r e s u l t i n g  i n  a G lass  4 r o c k .  The hungingwal l  d u n i t e  

on e i t h e r  s i d e  o f  Zone B i s  e n e r a l l y  competent  be inb C la s s  . A az.d 23.

At th e  s u r f a c e  t h e r e  i s  a 25m t h i c k  w ea th e red  aone w i th  a  4A c l a s s i f i c a t i o n .

The s t e e p l y  n o r t h  d ip p in g  Zone A occurs  an the  n o r t h  s i d e  o f  Block 6 

and i s  s i m i l a r  t o  Zone B i n  competency.

The f o o t x a l l  t a l c  to the n o r t h  o f  the orebody i s  c u t  by weak gouge- 

f i l l e d  s h e a r s  w i th  tui e a s t - w e s t  s t r i k e  and a d ip  o f  35 t o  50° s o u th .

The competency o f  t h i s  zone i s  v a r i a b l e ,  r a n g in g  from 3A t o  4% depending 

on t h e  decree  of  s h e a r i n g .

6 .3  h i u n o
P r i o r  t o  t h e  i n s t r u m e n t a t i o n  o f  t h e  b l o c k ,  t h e  a r e a s  t h a t  had b e e n  

mined were -  B l o c k s  3 , 4 * 5 » 6  and t h e  2 3 5  l e v e l  c u t  and f i l l  s t o p e s  i n  

B l o c k  7 •  The r e l a t i v e  p o s i t i o n s  o f  t h e s e  a r e  shown i n  P i g  3 , 1 .

This  b lock  was undercu t  in  two phases ,  s t a r t i n g  w i th  the  sou thern  

h a l f  known as  the f i r s t  r hase  between February  1>C7 and - .arch 1566 and 

fo l lo w ed  by the  second phase in  the n o r t h e r n  h a l f  which was mined i n  

October  1 , (6  and J u l .  1 / 6 / .  Tne f i r s t  paaSv u n u e r c a t t a n 0 i ^ m t . a t e d  a 

sm al l  zone o f  Cavinb from the  immediate u n d e rc u t  back,  t o g e t h e r  w i th  

the  o ld  c u t  and f i l l  s tu p e s  c r e a t e d  a l a r g e  e f f e c t i v e  undercu t  a r e a  and 

which i n i t i a t e d  the  main c a v i n u p e r i o d .  The d a t e  acc e p te d  f o r  th e  cav ing  

o f  t h e  h a n g in g * a l l  o f  the b lo c k  was 12th  A p r i l ,  1968. The u n a a r c u t t i n ^  

o f  the second phase was r e q u i r e d  to  cave th e  o re  o v e r ly i n g  the  undercu t  

and u n d e r ly i n g  the  c u t  and f i l l  s t u p e a .
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F ig  6 ,4  245 l e v e l  FI  mi showing u l o t s  c u t  mid
a r e a s  shrunk

Fig  6 , 5  255 l e v e l  F la n  showing s l o t s  c u t  and
a r e a s  shrunk
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The i d e a  behind the u r i j i r a l  l a y o u t  f o r  the  b lo c k  was t o  s h r i n k  

a l l  t h e  ore between the d raw po in ts  and the  c u t  and f i l l  s t o p e s .  A 

s t a r t  on t h i s  was made on 24!) and ?!)5 l e v e l s  on the  sou th  -■ s t e m  

c o r n e r  o f  the  b lo c k ,  where s l o t s  were cu t  and some s h r inkage  done ( F i g  6, 

and 6 , 5 ) .  Th is  was abandoned when the s h r in k a g e  face  advanced t o  benea th 

the  s lo p e s  and e x c e s s i v e  q u a n t i t i e s  o f  s a r i  i i l t e r e d  throu,;h t o  245 l e v e l .  

Also,  a s  a t  t h a t  t ime s e v e re  damage w -.s be ing  ex p e r i e n c e d  in  both  th e se  

s u b l e v e l s ,  i t  was no l o n g e r  c o n s id e r e d  n e c e s s a r y  to  s h r i n k  the ore and x* 

was th ough t  i t  would cave e a s i l y .  The f i r s t  phase u n d e r c u t t i n g  was t h e r e ­

fo r e  reduced  to th e  c u t t i n g  o f  265 l e v e l  draw t r o u g h s ,  p lus  -i w iden ing  

o f  th e  2)5 l e v e l  c r o s s c u t s  to  comple te the  u n d e rc u t  (F ig  3 , 5 ) .  Once 

undercu t  the  dr  t' .ypoints were no t  brought  i n t o  f u l l  p r o d u c t i o n ,  L^t work 

proceeded w i th  the  prej  i r a t i o n  to  u n d e rc u t  the  second ph s e .  t h i s  invo lves  

d eve lop ing  and c u t t i n g  o f  th e  s l o t s  on 245 nnd 255 l e v e l s .  The under ­

c u t t i n g  o f  the  second phase c o n s i s t e d  of  c u t t i n g  and emptying p a i r s  o f  

d r a w p o i r t  cones  and then  w i th  longho le  f a n s ,  b r e a k i n g  the ore between 

255 and 245 l e v e l s  i n t o  t h e  empty c o re s  (F ig  3 , 5 ) .  The ore between 2d5 

and th e  s t o r e s  was no t  broken and al lowed  to  cav e ,  "hen the  second phase 

u n d e r c u t t i n g  was com ple te ,  p ro d u c t io n  was resumed i n  the  f i r s t  phase and 

co n t in u e d  u n t i l  d e p l e t e d .  Draw then s t a r t e d  on the  e a s t  s i d e  o f  the  

second phase and e a s t  t o  west  cn pannel  r e t r e a t  for  draw c o n t r o l  was 

p r a c t i c e d .
To p reven t  the  c o l l a p s e  o f  the  s t o r e s  o f  t h i s  b lock  when t h e  b lock  

was u n d e r c u t ,  an u t t e r p t  to  deve lop a v e r t .  ;al  pliuie o f  weakness a long  

t h i s  boundary was made. Th i s  was done by l i g h t l y  c h a rg in g  and b l a s t i n g ,  

i n  an open ^ i t  p r e - s p l i t  manne-,  a s e r i e s  of  b o re h o le s  d r i l l e d  upwards 

and downwards from a c r o s s c u t  on .105 l e v e l ,  but  ..u ehown l a t e r ,  t h i s  d'.d 

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

6 .4  VIIt;IN Hu Ji; v fr Ka
Using the  g e n e r a l  s t r e s s  -  dep th  r e l a t i o n s h i p s  de te rm ined  from 

t i i r eso  measurements in  o t h e r  p a r t s  o f  th e  mine g iven  in  Chapter  5« i t  i s  

a cc e p te d  t h a t  p r i o r  to  any mining in  t h i s  a r e a ,  the  v i r g i n  rock  s t r e s s e s  

were o f  the  o r d e r  o f : -
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205 leve l

265 l e v e l

Qx - 9 ,0 MPa

py 12,0 MPa

Oz MPa

Ox = 12,0 MPa

cry - 13,0 MPa

0 % - ti ,5 MPa

0z H C t  i n the

r e s p e c t i v e l y .

The m i n i n j  o f  b lo c k s  j ,  4 /5  tmd 6 ,  and th e  235 l e v e l  s t o ^ s  r e d i s ­

t r i b u t e d  t h e s e  s t r e s s e s ,  which caused  small  d i s p la c e m e n ts  t o  t a k e  p la ce  

on son major  s l i p s .  These small  d i s p la c e m e n ts  in t u rn  caused  f u r t h e r  

r e d i s t r i b u t i o n  o f  the s t r e s s e s .  Th is  s t a t e m e n t  i s  i n f e r r e d  from o b s e rv a ­

t i o n s  made on , ;round behav iou r  in  t h i s  b loc k  as  mining p r o g r e s s e d .

I t  i s  expec ted  t h a t  b e fo re  mininp, i n  Block 7AB s t a r t e d  h i g h e r  l a t e r a l  
s t r e s s e s  e x i s t e d  between b lock  ( and 235 l e v e l  s l o p e s ,  and be] ov. th e s e  

s t o p e r . i’he l a t e r a l  s t r e s s e s  a round b lo c k  6 wore reduced  i n  a r a d i a l  

d i r e c t i o n ,  but p robab ly  i n c r e a s e d  t n n g o n t i a l l y . Also,  due t o  t h e  l a r g e  

span o f  the 235 l e v e l  s to p e o ,  the  abutments o f  t h e s e  s l o p e s  wore f a i r l y  

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

6 . 5 iNSTffi. nTK-;

P r i o r  t o  t h e  s t a r t  o f  th e  u n d e r c u t t i n g ,  th e  block was in s t ru m e n te d  

w i th  a v a r i e t y  o f  i n o t r u  en ta  on v a r i o u s  e l e v a t i o n s  above,  below and in  

the p e r i p h e r i e s  of  th e  b lo c k . The o b j e c t  o f  t h i s  i n s t r u m e n t a t i o n  was t o  

i n v e s t i g a t e  the mechanisms o f  c a v in g ,  and to  de te rm ine  the  c o n d i t i o n s  

r e q u i r e d  f o r  c a v in g  t o  s t a r t  and co n t in u e  t o  t e s t  and deve lop  s u i t a b l e  

m o n i to r in g  te chn ique :  , and,  to  i n v e s t i g a t e  the e f f e c t s  o f  t h e  caved ground 

on Die u n d e r l i  ng rock  and e x t r a c t i o n  work ings .

Survey ing  and l e v e l l i n g  t r a v e r s e s  wore e x t e n s i v e l y  u sed  i n  the p e r i ­

p h e r a l  a r e a s ,  to  moni to r  subs idence  and l a t e r a l  d i s p l a c e m e n t ,  b v a r  the 

back o f  the  b lock  boreho le  clamps and remote d i sp lacem en t  mete rs  were 

uaed f o r  t h i s  purpose  (bee  4 .3  and 4 . 4 ) .  The l o c a t i o n  o f  t h e s e  i n s t r u ­

ments i s  shown in  P ig  fc,b t o  P ig  b , 12. The i n s t r u m e n t  r e a d i n g s  were done 

weekly and th e  su rveys  a t  app ro x im a te ly  t h r e e  monthly i n t e r v a l s .
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F i g  6,6 S u r face  i n s t r u m e n t a t i o n  and b lock  6 subs idence  o u t l i n e

Foi' moni to r  j-.g l o c a l  s t r e s s  changes <aid l o c a l  rock  d v f o r c a t i o n  the  

g l a s s  p lu s  s t r c s o c . e t e r s ,  c l o s u r e n e t e r s ,  H ore t  nun b o l t  t e n s i o n  n e t  e r a  and 

the Be^ec ex tenaoc .e te i  were u s e d .  '.Vith the  e x ce p t io n  o f  the  e x t e n s o n e t e r ,  

th e s e  i n s t r u m e n t s  /.eio c o n c e n t r a t e d  in  th« usutuienta o f  the l e v e l  

s to p e a  on 235 l e v e l  and i n  th e  265 l e v e l  g r i z s l y  l e v e l .  Measuring p o i n t s  

f o r  the  Lenec e x t e n s o n e t e r  were only e s t a b l i s h e d  on one l e v e l  p r i o r  to  

c a v in g ,  t u t  a f t e r  the b lock  caved c e n s u r i n g  p o i n t s  were e s t a b l i s h e d  

e x t e n s i v e l y  on a l l  nuvo r  l e v e l s  and , roved t o  re ex t re m e ly  u s e f u l  i n  

m o n i to r in g  the  r a t e s  o f  r e l a t i v e  d i s ^ l t  cu:..< a t  on s l i ; s  and c r o c k s .

An a t t e m p t  was :....de to  measure the io. .da imposed on the  crown p i l l a r s  

by the  caved uround bv i n s t a l l i n g  f i v e  l a r g e  lo a d  c e l l s  an t h e  to^s  ana 

s i d e s  o f  the  cro. .n p i l l f i r s  in  two l o c a l i t i e s  ( aee  4 . 64) .
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i i j  6 ,7  125 l e v e l  F lan  showing l o c a t i o n  of  inatrun.entH

6.6  VISUAL
The 245 wid 2 ;5  jru-b*eukirie ,  b u b le v e lu ,  t h e  26^ g r i z z l y  l e v e l s  and 

the  275 tit." ming l e v e l  were i n s p e c t e d  weekly to  oba2rve  th e  c a v in g  p ro c e s s  

and e f f e c t s  on p e r i p h e r a l  u round raid the change note d in  a l o g  book and 

on p l a n s  of  the  r e s p e c t i v e  l e v e l s .  The Lain l e v e l s  were i n s p e c t e d  on a 

monthly b a s i s  f o r  the  s&i-ti p u rp o s e . Ttie appea rance  o f  new rock  f a l l s  wu, i 

n o t e d ,  and the d i l a t i o n  o f  c rac ks  moni to red  by i n s t r u m e n ta l  t e c h n iq u e s  or  

by s . . u l l  p a t s  o f  p l a s t e r  p la c e d  acro . ,s  the  open s l i p  or  or. .ok.  The s u r f a c e  

above the b lock  was in s p e c t e d  on a monthly b a s i s ,  and t h i s  w,.s i n c r e a s e d  

t o  a  weekly b a s i s  once c r a c k s  had a. . .oared on the s u r f a c e .
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?i<j 6 ,12  265 l e v e l  Man uhov.-iny l o c u t i o n  o f  i n s t r u m e n t s

6 .7 C u . ; ^ i f i v j  :3

The p e r i p h e r i e s  o f  t i , -  cave hud i a,uVj.ougl/ been a f f e c t e d  by the  

Gavin* o f  Blocko 3 ,  4 /5 ;  6 and 6 .  d lock  3; l y i n g  t o  the n o r t h  o f  the  b lock  

and above 125 l e v e l  was the  f i r s t  b lock  to  be caved on t h i s  mine.  The 

caved a r e a  wjs e x t e n s i v e  but r e l a t i v e l y  s h a l lo w .  To the  wes t  t h i s  caved 

ground ran i n t o  the Caved ground of  Block Q and t o  the e a s t  th e  caved 

ground of  Block 4/ 5 . The u n d e r c u t t i n g  in  Block 4/ 5  ex tended  t o  g r e a t e r  

d e p t h s ,  t o  between 170 and 205 l e v e l s .  D i l u t i o n  aid s h e a r  d i s p la c e m e n ts  

had o ccu r red  wid cou ld  be observed  0.1 s l i p s  i n  the  p e r i p h e r i e s  o f  th e s e  

b locks  on 120 and 135 l e v e l s  as  wel l  a s  i n  3 s h a f t .

South o f  Zone A, o v e r l y i n g  the n o r t h e r n  s i d e  o f  the  block was 

Block 6 .  This  b lock  had c^ved th ro u g h  to  s u r f a c e  l e a v i n g  a c i r c u l a r
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su b s id en ce  zone,  f l a n k e d  by a  s n a i l  overhang on the  e a s t  s i d e  and a much 

l o n g e r  overhang on the  w e s te rn  s i d e .  In  the  n o r t h e r n  and e a s t e r n  p e r i ­

p h e r i e s  o f  t h i s  b lock  to o ,  d i l a t i o n  and s h e a r  d i s p la c e m e n ts  were found on 

s l i p s  on 125, 13!) and 170 l e v e l s .  On 170 l e v e l  t h e s e  d i s p l a c e m e n t s  nad 

n e c e s s i t a t e d  the b u i l d i n g  c o n c r e t e  p i l l a r s  t o  su p p o r t  a  wide,  p r e v io u s l y  

s t a b l e  d r i f t .  I t  i s  expec ted  t h a t  s i m i l a r  d i s p la c e m e n ts  and d i l a t i o n  of  

s l i p s  had a l s o  o c c u r r e d  on th e  s o u th  and w es te rn  s i d e s ,  a l t h o u g h  no work­

i n g s  were a v a i l a b l e  f o r  i n s p e c t i o n  in  t h i s  a r e a .

The t h r e e  survey  beaconc e s t a b l i s h e d  on the p i l l a r  between Blocks 

3 and 6 were shown to  be s lowly  moving nor thw ards  towards th e  mining in  

Block 6.
The 23!) l e v e l  s t o p e s  had n o t  had any v i a i o l e  a f f e c t  on e i t h e r  the  

f o o t  or  hang ingwal l  development o f  23!) l e v e l . The p i l l a r s  w i t h i n  the  

s t o p e s  were n o t  i n s p e c t e d  by * he w r i t e r  p r i o r  to  th e  commencement of  

u n d e r c u t t i n g ,  but i t  i s  e x p e c te d  t h a t  s i m i l a r  t o  o t h e r  s t o p e s  e l sew here  

on the mine t h a t  some c r a c k in g  of  the  p i l l a r s  had o c c u r r e d .

6 .  e Risu i i 'b  of A in.;.; vip'hd.

As the  i n v e s t i g a t i o n s  covered  a p e r io d  o f  fo u r  y e a r s  and a wide 

range  i f  i n t e r  r e l a t e d  f a c e t s  of  ground behav iour  were i n v e s t i g a t e d ,  th e  

d e s c r i p t i o n  which fo l low s  h a s  been d iv i d e d  i n t o  t h r e e  main s e c t i o n s ;  

f i r s t l y  i n v e s t i g a t i o n s  o f  c av ing  p r o c e s s e s ,  secondly  the  e f f e c t s  o f  u n d e r ­

c u t t i n g  and C u v i n g  on the rock  i n  the p e r i p h e r i e s  and t h i r d l y  t  e f f e c t s  

o f  u n d e r c u t t i n g ,  c av ing  and p ro d u c t io n  on the rock  and e x t r a c t i o n  openings  

below the  u n d e r c u t . Each o f  t h e s e  s e c t i o n s  w i l l  be s u b d iv id e d  i n t o  sub­

s e c t i o n s  d e a l i n g  w i th  s p e c i f i c  a r e a s  o r  t ime p e r i o d s .

6.81 INVESTIGATION OK CAVING 1 HOCESS

The o b s e r v a t i o n  and m o n i to r in g  r e s u l t j  from the  back o f  the  

'undercut t o  s u r f a c e  a r e  d e s c r i b e d  i n  t h i s  s e c t i o n .  This  ground may be 

d iv i d e d  i n t o  t h r e e  zones :  from the  u n d e rcu t  back to  the  c u t  and f i l l  

s t o p e s ,  between the  ntoj er. and Block 6 ,  and from Block 6 g e n e r a l  g r i z z l y  

e l e v a t i o n  to s u r f a c e  in  the  s o u th e rn  per iphery  o f  Block 6 ,  i n  which c e r t a i n  

c h a r a c t e r i s t i c s  in  the rock  behaviour  have been r e c o g n i s e d .

The u n d e r c u t t i n g  was dune in  two p h as es ,  and d u r in g  th e  f i r s t  phase 

t h *  whole of  the  s u b l e v e l s  above the  undercu t  were open to  i n s p e c t i o n ,
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but s h o r t l y  a f t e r  the  s t a r t  o f  the  u n d e r c u t t i n g  o f  the  second phase ,  245 

l e v e l  v:as s e a l e d  o f f  f o r  v e n t ' l a t i o n  pu rp o ses ,  p r e v e n t i n g  o b s e r v a t i o n  of  

th e  cav ing  p r o c e s s .  Also no o b s e r v a t i o n s  cou ld  be r.ade on 255 l e v e l ,  as  

i n  t h i s  phase i t  was t h e  ond e rcu t  l e v e l .

6*611 V hove the  u n d e rc u t

The s l o t s  on 245 and 255 l e v e l s  were a lm os t  complete on the  e a s t e r n  

h a l f  of  the  b lo c k ,  and or. t h e  w es te rn  h a l f  s l o t  c u t t i n g  had b a re ly  s t a r t e d  

when the  s h r in k a g e  o f  the f i r s t  phase was abandoned in  f avou r  o f  d raw poin t  

t r o u g h s  (F ig  6 ,4  md F i g  6 , 5 ) .  The weekly o b s e r v a t i o n s  o f  the  ground on 

th e s e  s u b l e v e l s  a s  the  t roughs  wore c ra s h ed  r e v e a l e d  i n i t i a l  d i f f e r e n c e s  

in  ground behav iou r  between the e a s t e r n  a ide  and w e s te rn  s i d e  of  t h e s e  

l e v e l s .  The o b s e r v a t i o n s  i n  t H o  a r e a  were made o v e r  a p e r io d  of  February  

to  Fay 196b. Un the e a s t e r n  s i d e  of  255 l e v e l  sm a l l  c a v i t i e s  o v e r ly i n g  

the  d raw po in ts  were f r e q u e n t l y  observed ,  and l a r g e  bou lde rs  r e s t i n g  on 

the  crown , . . l i a r s  cou ld  be seen a t  t im es .  Un 245 l e v e l  o v e r ly i n g  t h i s  

a r e a  t h e  ground  a u t s i d e d  i n  l a r g e  i n t a c t  b locks  bounded by n e a r  v e r t i c a l

s l i p s  o r  she r s  in  March and A p r i l  1,>60. L i t t l e  o t h e r  damage was n o te d

i n  t h e  c r o s s c u t s ,  which remained open f o r  s e v e r a l  me te rs  i n t o  the  sub­

s id e n c e  a r e a .

Over th e  w es te rn  h a l f  o f  the block ,  on 255 l e v e l , sm al l  c a v i t i e s  

o v e r l y i n g  the  d raw po in ts  were a l s o  observed  but  l e s s  freque .  , i y  than in  

the  e a s t .  A larg-- c a v i t y  o v e r ly in g  s e v e r a l  d raw po in ts  developed  on the  

extreme west  s i d e  of  t h e  b loc k .  Un 245 l e v e l  no nubs idence  s i m i l a r  to  

t h a t  observed  on the e a s t  occu r red  and c a v i t i e s  were neldom seen ,  but  

l a r g e  s e c t i o n s  o f  the  c r o s s c u t s ,  when u n d e r c u t , devr>l< ;-ed s eve re  s p a l l i n g  

b e f o r e  c o l l a p s i n g .  Even us l a t e  an A pr i l  4 ,  V)61 i t  war, p o s s i b l e  to  see 

up t o  16m down an undercut and damaged c r o s s c u t ,  a l s o  two e x t e n s iv e  h o r i z o n t a l  

t e n s i l e  c r a c k s  were observed  on 245 l e v e l  between p a i r s  o f  c r o s s c u t s  

s h o r t l y  b e fo re  they  c o l l a p s e d .

6 .612  Ubuervnt i o n : j .d ri- ' l l t r  two, n t* 2)5 1 cu t  and f i l l

s lopes  anil block < -n'.r/.ly

The u n d e r c u t t i n g  of  th e  s ou the rn  abutment o f  the cu t  and f i l l  s t o p e s ,  

f i r s t  i n t e r s e c t e d  the e a s t e r n  utOjX.-ii, l e a v i n g  a wedge sh .pud p . l i a r  

between the s to p e s  w.d the  u n d e r c u t t i n g  o p e r a t i o n s  (F ig  6 , 1 j ) . At an



e a r l y  s t a g e  in  the i n t e r s e c t i o n  o f  the und e rcu t  and a to n e s ,  e m a i l , s low 

v e r t i c a l  d i s p la c e m e n ts  were r eco rded  o ve r  t h e  s to p e s  oy the /Ob l e v e l  

remote d i s p la c e m e n t  m e t e r s . I n s p e c t i o n  o f  the p i l l a r s  i n  the c u t  and f i l l

s t o p e s  showed l i g h t  c r a c k in g  o f  the p i l l a r s .  As th e  wedge between th e

s o u th e rn  l i m i t  of  the s t o p e s  and th e  u n d e r c u t t i n g  was reduce d ,  th e  r a t e s  

o f  su b s id en ce  reco rd ed  over  the  back i n c r e a s e d .  Sharp  i n c r e a s e s  in  the  

r a t e s  of  s u b s id en ce  were reco rd ed  on the eui . t  s i d e  o f  the  b lo c k  e a r l y  in  

March 1968. At the  same t ime t h e r e  was a s m a l l e r  i n c r e a s e  i n  the r a t e  of

su b s id en ce  o ve r  the  w es te rn  s id e  o f  the b lock  ( P ig  6 ,14 tn  ( , 1.j  •

P ig  6 ,13 ?3b l e v e l  scopes  and ■ < 'j l e v e l  t r o u g h i n g  face  p o s i t i o n s

On /Ob l e v e l  the  i n c r e a s e d  subaidvncu  r a t e s  c o i n c id e d  w i th  tlic 

appea rance  of  e x t e n s i v e  a lm os t  h o r i z o n t a l  t e n s i l e  c r a c k s  i n  the  ground 

o v e r l y i n g  the  s t o p e s .  b e r t h  o f  Lne n o r t h e r n  abutment o f  th e  s t o p e s ,  6
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g r i z z l y  d r i v e  e x h i b i t e d  e x t e n s i v e  s ; a i l i n g  and c r a c k in g  which was i n t e r ­

p r e t e d  as  be ing  due to  a h ig h  l a t e r a l  s t r e s s  w i th  s p a l l i n g  from the  back 

w i th  buck l ing  o f  the  c o n c r e t e  f l o o r .

F ig  6 ,16  i s  a p la n  allowing ttie su b s id e n c e  co n to u rs  reco rded  on 12 

/ . p r i i  196b, on 209 l e v e l . i t  i s  est imator!  t h a t  the c ra c k s  appeared  on s u r  

f a c e  a t  t h i s  t ime (See s e c t i o n  6 .73)  •

On th e  west s i d e  o f  t h e  block  the  subs idence  ex tended beyond the  

p r e s p l i t  boundary . Tht i n s t r u m e n t s  l o c a t e d  on e i t h e r  s i d e  o f  th e  p r e -  

s p l i t  i n d i c a t e d  a un i fo rm  su b s id en ce  g r a d i e n t ,  w i th  no d i s c o n t in u o u s  

d i f f e r e n t i a l  movement on the  p r e s p l i t  hence p r e s p l i t t i n g  had proved to  

be i n e f f e c t i v e . An exam ina t ion  of  Uie s to p es  on the west  s i d e  o f  th e  

b lock  showed t h a t  the p i l l a r s  had been s e v e r e l y  damaged t o  b?m beyond 

th e  wes te rn  l i m i t  o f  the block and l i g h t l y  damaged to  IjOm west o f  t h i s  

l i m i t . In May 196b h o r i z o n t a l  t e n s i l e  c ra c k s  appea red  in  the 209 l e v e l  

tramming c r o s s c u t s  west  o f  the p r e s p l i t .

V

\v

V

/ y “ r < .  i f - m o *

Viti 6 ,17 S u r face  tmbcidence zone 20th  Soptumber 1$)69
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6 . a i l  R e a n l t a  and obaTVBt tu £1 ' - them  m r i  rhery of B?.ock_6

S h o r t ly  a f t e r  the  i n c r e a s e  in  the su b s id e n c e  r a t c c  r e c o rd e d  u n d e r ­

ground , cracko  appeared  on s u r f a c e .  Vi'hen f i r s t  oh nerved on A pr i l  1()«

196b, the c r a c k s  were a few c e n t i m e t r e s  wide ,  and aone had smal l  v e r t i c a l  

d i s p l a c e m e n t s .  The r a t e  a t  which th e  c r a c k s  s u b s e q u e n t ly  opened i n d i c a t e d  

t h a t  they had appea red  w i th in  a  week o f  t h e i r  d i s c o v e r y .  The appearance  

o f  t h e s e  c r a c k s  was taken  to  i n d i c a t e  t h a t  the  hangingv.al l  had caved .

The survey o f  p r e v i o u s l y  e s t a b l i s h e d  survey pegs was resumed and t h i s  

i n d i c a t e d  an i n c r e a s i n g  r a t e  of  su b s id en ce  which c l o s e l y  p a r a l l e l e d  t n a t

be ing  reco rded  on 170 l e v e l  ( I’i g  6 , 1 h ) .
At the same t ime the  two s u r f a c e  b o re h o le s  which were equ iped  w i th  

cav ing  i n d i c a t o r s t d id  n o t  r eco rd  any f '  11 a from th e  backn o f  the cu t  

and f i l l  s t o n e s ,  but i n s t e a d  th e  w i re s  were h i g h l y  Pens ioned i n d i c a t i n g
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t h a t  they  had been caugh t  by ahear  movements on s l i p s  and s t r e t c h e d .

With f u r t h e r  m i n in j  o p e r a t i o n s  su b s id e n c e  w i t h i n  the  s u r f a c e  c ra c k s  

c o n t in u e d .  A survey  o f  th e  s u r f a c e  s u b s id e n c e  zone conducted  on September 

20,  1969 showed t h a t  tne  volume i n c r e a s e  of  the  caved ground was te/o.

Another  survey  was done in  October 1970 a f t e r  f u r t h e r  draw and t h i s  gave 

a volume i n c r e a s e  o f  12%a.

The f i n a l  shape  o f  t h e  s u r f a c e  su b s id e n c e  zone i s  shown i n  F ig  6,18 

and t h i s  shows t h a t  a 80° ( from th e  h o r i z o n t a l )  overhang developed  on 

th e  e a s t  s i d e  of  the  b lock .  On the sou th  s i d e  o f  the  b lock ,  the  lowes t  

ang le  o f  subs idence  was 78" ,  and s ia t l l  t e n s i o n  c rac ks  were observed  to  

an a n g le  o f  70° ( the  ang le  o f  b r e a k ) .  The a n g le  of  subs idence  b ea r s  a

c l o s e  c o r r e l a t i o n  t o  th e  average  d ip  o f  the  H-W s t r i k i n g  s l i p s  in  t h i s

a rea*  The average  d ip  o f  t h e s e  s l i p s  i s  80°M. On t h e  west  s i d e  the  sub­

s id e n c e  ..one embraced the w es te rn  overhanging  p o r t i o n  o f  Block 6 and ex­

te nded  t o  86m A' o f  th e  d n .w p o in t s .  Underground the  c u t  and f i l l  s tojx ' s  

had s u f f e r e d  s e v e re  damage up t o  82n and had co l lu u u c d  to  43m V/ o f  the  

d raw po in ta ,  i n d i c a t i n g  an a n g l e  of  subs idence  o f  71° from the  d raw poin ts  

and 80° from the l i m i t  o f  a t o , e  c o l l a p s e .  Again the ang le  o f  subs idence  

a p p e a r s  t o  be de te rmined  by th e  d ip  o f  s l i p s  on t h i s  s i d e .

6.814  Ih s c o r pion
Caving i n  t h i s  b lock  has  o ccu r red  in  d i f f e r e n t  a r e a s  under  d i f f e r e n t  

c o n d i t i o n s .  Two s e t s  of  c o n d i t i o n s ,  each w i th  i t s  own form of  c a v in g  and 

c h a r a c t e r i s t i c s  can oe r e c o g n i s e d : -

a)  where p rev io u s  mining h ts removed o r  reduced the l a t e r a l  r e s t r a i n t , 

such as  above 209 l e v e l  sou th  of  Block 6 and between the  u n d e r ­

cu t  and tne s l o p e s ,  on the  e a s t e r n  s id e  o f  the b lock  th e  cav ing

i s  c h a r a c t e r i s e d  by the o r d e r l y  eubs iavaco  o f  l a r g e  v e r t i c a l  

co lumnar b locks  bounded by s t e e p l y  d ip p in g  s l i p s  ( F ig s  6,19 

and 6 , 2 0 ) .  This  f o r  , o f  Caving has been c a l l e d  "Mass Subsidence  

Caving" ( h e s lo p  1969) • The lov, b u lk ing  f a c t o r s  r e c o rd e d  i n  

t h i s  blocr: a r e  a t t r i b u t e d  to  the l a r g e  b locks  and the  o rd e r ly  

form o f  s u b s i d e n c e .

b) In the absence  o f  p re v io u s  mining t o  reduce  the  l a t e r a l  

s t r e s s  n ,  the  f t  rm t h a t  oavin# t a k e s  in  very  d i f f e r e n t ; i t  has



122

been c a l l e d  " s t r e s s  cav ing"  and in  t h i s  block t h e r e  were two 

a r e a s  where i t  o c c u r r e d ,  in  th e  ground between th e  s l o p e s  and 

Block 6 and between the  undercu t  and a to o e s  or. t h e  w es te rn  s i d e  

o f  the  b lock  ( F ig s  6 ,19  and 6 , 2 0 ) .  In bo th  th e s e  a r e a s  deve lop­

ment was under  c o n s id e r a b l e  l a t e r a l  s t r e s s  a s  ev idenced  by 

damage to  development open ings  such as  o p a l l i n g  from the back 

and heav ing  o f  the  c o n c r e t e  f l o o r s .  In a d d i t i o n  h o r i z o n t a l  

t e n s i l e  c r a c k s  were observed  over e x t e n s i v e  a r e a s ,  i n d i c a t i n g  

b u c k l in g  r e s u l t i n g  from a h igh l i t e r a l  s t r e s s  and a r e d u c t io n  

i n  v e r t i c a l  s t r e s s • I t  may be p o s t u l a t e d  t h a t  had the r a t e  of 

draw o f  the  caved a r e a  below been h i g h e r  th e s e  c r a c k s  may have 

developed  i n t o  s u b s t a n t i a l  c a v i t i e s .

6 .02  THS EFFECTS OF UNDERCUTTING AND CAVING UN THE PERIPHERAL AREAS

The o b s e r v a t i o n s  made i n  the  p e r i p h e r i e s  o f  t h i s  block have been 

used a s  the  b a s i s  f o r  much o f  the i n t e r p r e t a t i o n  o f  ground behav iou r  which 

fo l l o w s  in  c h a p t e r  8 .  The e f f e c t s  on the  p e r i p h e r a l  a r e a s  have been d i v i ­

ded i n t o  t h r e e  t ime p e r i o d s ,  r e l a t i n g  t o  the  u n d e r c u t t i n g  and cav ing  of  

t h e  b loc k ,  and a r e  d i s c u s s e d  s e p a r a t e l y  below. The e f f e c t s  o f  t h e  under ­

c u t t i n g  and c a v in g  o f  th e  immediate hang ingwal l  o f  th e  f i r s t  phase were 

observed  over  a r e l a t i v e l y  s h o r t  pe r iod  and in  only  two l o c a l i t i e s .  How­

e v e r ,  when o re  o v e r l y i n g  the s to p e s  caved the  e f f e c t s  were w idesp read  and 

f e l t  over  a long  p e r io d  o f  t i m e . The u n d e r c u t t i n g  o f  the second phase 

main ly  e f f e c t e d  th e  imrmdipte f o o t w a l l .

6.821 The e f f - c t :: of  u n d e r c u t t i n g  t v  '  hnse

E f f e c t s  o f  mining on the p e r i ;  Aind were observed  almos t

im media te ly  a f t e r  mining s t a r t e d  in  th< .^ck , when in  October  19&7 damage 

was r eco rded  i n  the  low competency C la ss  jB blocky rcund i n  the  hang ing­

w a l l  d r i v e  on 239 l e v e l . This s e c t i o n  vf  th e  h n . 1  d r i v e  had been 

in s t ru m e n te d  w i th  c l o o u r o n e t c r o ,  s t r e s s  m e te r s ,  so.,, b o re h o le  clamps and 

remote d i sp lacem en t  motors ,  and a survey  t r a v e r s e  ( F i g  6 , 1 0 ) .  The photo- 

e l a s t i c  g l a s s  p lug  s t r e s s  mete rs  did not  r e v e a l  any s i g n i f i c a n t  s t r e s s  

c h a n g e s , bu t  t h e  c l o s u r e m e t e r s  showed a N - 5 d i l a t i o n  o f  the  g ro u n d . The 

survey  pegs r e v e a l e d  u s i m i l a r  l a t e r a l  movements o f  the  p e r i p h e r a l  ground 

towards the  caved g ro u n d . These d i s p la cem e n ts  Were f i r s t  r e c o rd e d  in  

J a n u a ry  1968 and aga in  in  Februa ry ,  p r i o r  to  t h e  c av ing  o f  th e  ground



o v e r l y i n g  th e  s to p e a  i n  A p r i l  1^66. D e t e r i o r a t i o n  i n  t t d s  a r e a  becwte so 

s e v e re  i n  March 1p6fa t h a t  i t  was d ec id ed  to  d i s c o n t i n u e  r e g u l a r  o b s e r v a t i o n s  

and in s t ru m e n t  r e a d i n g s .  Below t h i s  a r e a  in  the  hang ine?wall c r i v e  on B?0 

l e v e l , s o u th  o f  the 26'p l e v e l  g r i z z l y  c r o s s c u t s ,  smal l  d i l a t i o n  and s h e a r  

d i s p la c e m e n ts  were no te d  on s e v e r a l  s l i p s .  D isp lacements  were reco rded  

on some o f  t h e s e  s l i p s  from the t ime o f  i n s t a l l a t i o n  of  the Dem.c e x t e n -  

son.e te r  r r . n i t a r i n g  p o in t s  in  November 19^7 th rough  196b and i n t o  19^9*

P ig  6,21 shows t h e  d i sp la cem e n t  r eco rded  on one o f  the  major s l i p s  i n t e r ­

s e c t e d  by t h i s  d r i v e .  I’h i s  d i sp lacem en t  i s  s i m i l a r  t o  t h a t  r eco rd ed  on 

o t h e r  s l i p s  excep t  in  the  magnitude o f  the  d i sp la cem e n t  which was l a r g e r  

than  most of  the  o t h e r  s l i p s  m o n i to r e d . The g r e a t e s t  r a t e s  o f  d i sp lacem en t  

were r eco rded  i n  e a r l y  February  196B, and s lo w e r ,  f a i r l y  c o n s t a n t  r a t e s  

were r e c o rd e d  from l a t e  February t o  Juno w i th  no s i g n i f i c a n t  change which 

cou ld  bt r e l a t e d  t o  the  cav in g  o f  the  ground o v e r l y i n g  th e  c to p e s  in  A p r i l .

z 3
UJ

J 9 6 7  .1 9 6 9 ____    [ _____ |_ ____ , 1 1 1 1 ________

DEC URN FEB MRR RPR MRY UUN UUL RUG S EP  DCT NOV DEC

Fig  6,21 Disp lacement moni to red  on a major s l i p  on 270 l e v e l  by Der.ec 

e x t e n s o n e t e r  m o n i to r in g  po in t  No 2

6 .822  The e f f o r t s o f  U ■■ a .’iv-:.;; o f  * h" ore o v o r l y i n - i ' o  ' -to' tes

The p e r i p h e r i e s  o f  the  p o t e n t i a l  cave '/one were monitored  by survey 

t r a v e r s e s  c a r r i e d  from bane pegs i n  a r e a s  c o n s id e r e d  o r i g i n a l l y  t o  he
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r e l a t i v e l y  s t a b l e  i n  th e  f o o t w a l l  o r  on th e  e a s t e r n  s i d e  o f  t h e  b lo c k .

The i n i t i a l  s u rv ey s  were done in  November and nee ember 1% 6 ,  and r e p e a t  

s u rv ey s  were done a t  two to t h r e e  month i n t e r v a l s  between December 1L> 7

and 1971•
P r . o r  t o  A p r i l  1)68 the p e r i o d i c  t r i a n j u l a t i o n  o f  s u r f a c e  beacons 

on th e  Block i / 6  r i b  p i l l a r  i n d i c a t e d  t h a t  the  p i l l a r  was moving n o r t h ­

westwards towards  Block 8 a t  a  r a t e  o f  6mn/month. lAiring A p r i l  the  

d i r e c t i o n  and r a t e  o f  d i sp lacem en t  changed a b r u p t l y  t o  a sou th -wes tw ard  

d i r e c t i o n  towards  Block 7 a t  a r a t e  o f  2)mm/month. S h o r t ly  a l t e r  t h i s  

the  p i l l a r  s t a r t e d  t o  c rac k  and d i s i n t e r , ; r a t e . Underground p r i o r  to  A pr i l  

th e  survey  t r a v e r s e s  on 11') l e v e l  a l s o  i n d i c a t e d  t h a t  the  ground in  the 

n o r t h - w e s t e r n  p e r ip h e ry  o f  th e  Block 6 caved a r e a  was moving a t  a  r a t e  of  

2 to  4mm/month n o r th -w e s tw a rd s  towards Block 8 .  As th e  Block / AB caved 

zone deve loped ,  f u r t h e r  d i s p la c e m e n ts  were n o te d  on s l i p s  end s h ea r s  

which in c lu d e d  some on which movement had occu r red  p r e v i o u s l y  d u r i n g  the 

mining o f  B I o c k b  6 ,  4/ )  and 3 • These d i s p la cem e n ts  could  be seen on both  

s i d e w a l l s  o f  t h e  development opening and so r e p r e s e n t  s h e a r i n g  o f  the 

rock  mass , %nd no t  merely the  f a i l u r e  ol the  ground i n  the zone cl 

i n f l u e n c e  o f  th e  deve lopment . These d i s p la c e m e n ts  were n o t  always easy  

t o  r e c o g n i s e ,  but  on 12) l e v e l  the  most e a s i l y  r e c o g n i s e d  d i s p la c e m e n ts  

were on s t e e p  N- i> t r e n d i n g  s l i p s  on the n o r t h  e a s t e r n  p e r ip h e ry  o f  the 

b lo c k .  Here,  a lm os t  a l l  e x h i b i t e d  l a t e r a l  d i s p l a c e m e n t s  of  a  few m i l l i ­

m e t res  to  the  l e f t ,  on the  e a s t e r n  s id e  of  t h e  b lock  bo th  l e f t - l a t e r a l  

and r i g h t - l a t e r a l  d i s p la c e m e n ts  were n o t e d .  The g r e a t e r  r a t e s  o f  d i s ­

placement r e c o rd e d  on the  o u rv e t  t r a v e r s e  were i n  the  p e r io d  A p r i l  t o  May 

1)66 and the r e l a t i v e  peg d i s p la c e m e n ts  conf ix ,  a th e  d i s p la c e m e n ts  ob­

se rved  on the  s l i p s  and s h e a r s ,  a s  the  pegs a lo n g  i n  t h e  e a s t  were d i s ­

p laced  towards  the n o r t h  r e l a t i v e  t o  the n o r t h - s i d e  and base p eg s .  In 

th e  n o r th e r n  and weste rn  p e r i p h e r i e s  d i l a t i o n  and a few l a t e r a l  d i s p l a c e ­

ments were n o te  1 on s t e e p  d ip p in g  E - V/ s t r i k i n g  s l x ^ z .  A r a p id  d i s p j  c e ­

ment towards th e  deve lop ing  cave was shown by the su rvey  t r a v e r s e s  i n t o  

t h i n  a r e a  i n  A j r i l  and June  1)60.
The d i s p la c e m e n ts  observed  on . s and r e c o rd e d  on the  survey  

t r a v e r s e s  on 170 l e v e l  were very  xar  to  tho^e  n o te d  on 12) l e v e l .  In 

the  e a s t e r n  p e r ip h e r y  on 1/0 l e v t h e  cav ing  o f  Block /AB r e s u l t e d  in 

s i m i l a r  renewed and new d i 1 1 1 on and l e f t  l a t e r a l  di j j l a c e m e n t s  on the



125

N O R TH

SCAV r IN m

Pie; 6,22 Diopl.-ce:.* u t  m onitored on Lcaec e x t  tn;; oat t e r  p o in t  No 41



H-S t r e n d i n g  s l i p s ,  und on th e  S-'.V t r e n d i n g  s a i p s  bo th  l e i t - l i i t e r a l  and 

r i i j h t - l a t e r a l  d i s p l a c e m e n t s ,  llany of  th e s e  s l i p s  were moni to red  . . i t : ,  the 

Dea.ec e x t e n e o c e t e r  from and June . f icj &,J2 i l l u s t r a t e s  t h e  l e f t  

l a t e r a l  d i s p la cem e n t  on a l a r ^ e  v e r t i c a l  I.B-DW s t r i k i n g  s l i p  i n  t n i s  a r e a .  

The d i s p la c e m e n ts  on th o s e  s l i j - s  were accompanied i n  t h i s  a r e a  by sev e re  

c r a c k in g  of  the  p i l l a r s  and s i d e w a l l s ,  l o c a l  open ing  <ni s h e a r in g  o f  

s l i p s  and minor rock  f a l l s  in  the  v i c i n i t y  o f  the ho 3 s h a f t  s t a t i o n .  To 

i n v e s t i g a t e  the  damage i n  t h i s  a r e a  two s t r e s s  measurements were made in  

June 1966 (Hes lop and Cook 1960) (F ig  6 , 2 3 ) .  These measurements r e v e a l e d  

t h a t  the  v e r t i c a l  s t r e s s  a t  the  two s i t e s  were l e s s  than  UlPa above and 

below th e  6MPa v e r t i c a l  v i r g i n  rock s t r e s s  e s t i m a t e d  fro... t h e  s t r e s . ; -  

d ep th  r e l a t i o n s h i p  g iv e n  above i n  5 . 5 .  The s t r e s s  i n  the c r o s s c u t  d i r e c ­

t i o n  a t  the  two s i t e s  were 7 4  ana 5Lc/j above the  e s t i m a t e d  6,75^P& v i r g i n  

rock  s t r e s s ,  w h i l e  t h e  s t r e s s  i n  th e  d r iv e  d i r e c t i o n  were and 34/' 

below the  e s t i m a t e d  1 1 , 5MPa v i r bi n  rock  s t r e s s .  I t  was conc luded  t h a t  

t h i s  damage was l a r g e l y  due to the r e d u c t io n  in  t h e  l a t e r a l  s t r e s s  a t  

r i g h t  a n g le s  to  the c r o s s c u t  r a t h e r  than  the i n c r e a s e  i n  s t r e s s  i n  the  

c r o s s c u t  d i r e c t i o n  as  th e  former  could  be expec ted  t o  have a g r e a t e r  e f f e c t  

on th e  s t r e s s e s  around the  c r o s s c u t  than  the l a t t e r .  Tn i s  r e d u c t i o n  in  

s t r e s s  would a f f e c t  s t a b i l i t y  of  the  wide E-W spans  in  the  v i c i n i t y  o f  the 

s h a f t  s t a t i o n  c a u s in g  the smal l  p i l l a r s  i n  the  a r e a  to  c a r r y  an i n c r e a s e d  

lo a d  and c r a c k .
The foot, . -oil  d r i v e  on 1?0 l e v e l  i n  the n o r t h e r n  p e r ip h e r y  was ex ten -  

s i v e l i y  c o n c r e t e - s u p p o r t e d  and t h i s  was l o c a l l y  damaged between Aprix and 

June 1968. J h e re  the ground was not  c o n c r e t e - s u p p o r t e d ,  r e g i o n a l  d i l a t i o n  

o f  s t r i k i n g  s l i p s  was most commonly seen .  The survey t r a v e r s e  m oved  

the  g r e a te s t  r a t e s  o f  d i s  l a c e m tn t s  i n  th e  period . ay to  September 1;f .

On the e a s t  s i d e  o f  the  b lock  s u b s id en ces  o f  up t o  Hum were r eco rded  on 

Pe.j X 3045 and th e  pegs in  t h i s  a r e a  wore d i s p l a c e d  r e l a t i v e  to  the  base 

pegs up to  19mm n o r t h - a i d s  i tow a rds  Block fe). No s i g n i f i c a n t  l a t e r a l  

d isp la cem e n ts  were r e c o rd e d  a long  f o o tw a l l  d r i v e  r e l a t i v e  t o  the  base

pegs ( see  b e lo w ) .
Oil 205 l e v e l ,  the  p a t t e r n  o f  r e g i o n a l  d i l a t i o n  and d i sp la cem e n t  on 

s l i p s  was i n  g e n e r a l  s i m i l a r  to  those  n o te d  on t h e  l e v e l s  above .  The

a r e a  i n  the v i c i n i t y  o f  3 s h a f t  s t a t i o n  a l s o  s u f f e r e d  damage s i m i l a r  to
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t h a t  i n  th*? s&rae a r e a  on 170 l e v e l .  However, on the  e a s t e r n  .side o f  the 

b loc k  an i n t e r e s t i n g  normal f a u l t  type  o f  d i sp la cem e n t  was no te d  on the 

Zone B s h e a r  which d ip s  ea s tw a rd s  a t  1'his i s  taken  to  r e p r e s e n t  the

t i l  t i n . ;  o f  the f)round benea th  th e  s h e a r  towards the cave block to  the  west 

( F i g  (. ,24) • Th is  i s  an example o f  d isp lacem en t  on a s h e a r  w i th  a d ip  

• f a v o u r a b l e ’ t o  s t a b i l i t y  i . e .  d ip p in g  away from the cave b lo c k ,  and i s  

s i m i l a r  to  o t h e r s  d e s c r ib e d  by Johnson and Soule ( l l>63) and Ho s i  on ( lp74)  •

On the n o r t h e r n  s i d e  o f  the  b lock  small l a t e r a l  d i s p la c e m e n ts  were 

n o te d  on the  Zone A s h e a r ,  and in  two l o c a l i t i e s  t h i s  d i s p la c e m e n t  d i s ­

lodged  b locks  from the  s i d e w a l l  and back o f  th e  fo o tw a l l  h a u l a g e .  In one 

o f  t h e s e  l o c a l i t i e s  the  low G lass  4 sh e a re d  ground was a s s o c i a t e d  with  

t h i s  s h e a r ,  and the movement caused  s e v e r a l  majo r  r o c k f u l l s  h e r e  over  a 

p e r io d  o f  time (F ig  6 , 24) .  T h i s  form o f  damage has  been c a l l e d  ’ secondary

induced  damage1 .
On 23b l e v e l  on the  fo o tw a l l  s i d e  t h e r e  we-e r e l a t i v e l y  few s l i p s  

w! xch d i s p l a y e d  the  type  o f  d i s p la cem e n t  observed  on the l e v e l s  above .

On th e  e a s t s i d e  of  the  b lock  in  fo o tw a l l  d r i v e ,  d i sp lacem ent  was r eco rded  

on an e x t e n s i v e  sou th  di p ing  s l i p ,  which appea red  to  be a l o c a l  e f f e c t .

The survey  t r a v e r s  ’S on 1 2 5  and 15 0  l e v e l s  both showed no s i g n i f i c a n t  

d i sp lacem en t  t o  the fo o tw a l l  ( n o r t h  p e r ip h e ry  o f  Block h) r e l a t i v e  t o  the 

b^ee pegs ,  w h i le  the s u rveys  of  205 and /3b  l e v e l s  benea th  t h e s e  a r e a s  

d i s p l a y e d  s i  j n i f i c o n t  southward d i s p l a c e m e n t s .  I t  i s  t h e r e f o r e  concluded 

t h a t  none o f  t h e  base pegs on th e s e  fou r  l e v e l s  were l o c a t e d  i n  com ple te ly  

s t a b l e  g ro u n d . The l e v e l l i n g  r e s u l t s  from 1 7 0  and 2 0 b  l e v e l s  showed 

anomalous smal l  r i s e s  in  the fo o tw a l l  i n d i c a t i n g  the  p o s s i b i l i t y  o f  base
• . 4  1 tvt .

a d j u s t e d  t o  compensate f o r  a s l i g h t  d i s p la c e m e n t  o f  the  base  pegs* The 

s u rveys  were n o t  f r e q u e n t  enough n o r  s u f f i c i e n t l y  a c c u r a t e  to  p e r ­
mit  a  more d e t a i l ' d  c o r r e l a t i v e  a n a l y s e s  of  ground d i s p la c e m e n ts  and mining  

a c t i v i t y  as has  been done in  the  nex t  s e c t i o n .

6.823 b f f e c t n  of  undercu t  t in . ;  the  s e cond : ha."e

In the  "second phase"  the  d raw poin t  de s ign  was changed from t roughs  

t o  p r e - c u t  cones ,  and i t  was in te n d e d  to  s h r i n k  24b and 255 l e v e l s .  To 

do t h i s  a s l o t  wan developed  and c u t  on both  l e v e l n  a c r o s s  the  e n t i r e  

l e n g t h  of  the  block d u r in g  ' a y  and June 1%9« The t roughs  were then  

ex tended t o  t h e  s l o t  p o s i t i o n  and the  f i r s t  cones  were cu t  i n  O c tober .
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i ' ig  6 ,2 9  Area dan x^ed by g ra v i ta t io n a l  s l id in g  on a eouth d ip p in g  c l i p  

2 4 b l e v e l

In the in tervening period,  July to  October* a 10a wide zone developed to
the nor th  of the aloto in  which there was a general opening up of ea s t -
west s t r i k i n g  s l i , a n d  small hor izonta l  displacements took place on the 
s t e e p  N - S s t r i k i n g  s l i p s .  Xurther,  s l id in g  oc urred on th ree  s l ip s  
d ip p in g  south at  at)out 4 9 ° .  during July, which caused the loss  of the 
shr in kage  blasthol  o and r e ;k f a l l s  in  7 and 8 crosscuts  on 245 l e v e l

and 7 and 8 c rosscuts  on 295 leve l  ( f ' ig  8 , 2 5 ) •
In the footwall the re  i s  a major ahenr which cuts  tnrough 235-295  

l e v e l  t r a v e l l i n g  way, , jid b u can e known as the Travellin,-.v:iy shear (F ig  

6 , l )  and has be»-n monitored for displacement on i t  by closure; .oters from 
mid 198b to d a te , and fo r  a period by the lie me c extensometer. The apparently
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e r r a t i c  rciovementfi took place on the shear from the s t a r t  of  monitoring, 
and these could be co r re la ted  with the coning of drawpoints and crashing 
o f  the ground overlying in the second phase. When t h i s  operation was 
completed, trie r a t e  of displacement on th i s  shear  slowed markedly. Fig 

6 , 2 6  i l l u s t r a t e s  the to ta l  displacement,  of  displacement and acceler ­
a t ion  recorded on th i s  shear and a histogram showing the number o f  draw­
points  crashed per week. The acce le ra t ion  curve and the histogram o f  the 

number o f  drawpoints crashed showed a close s im i l a r i t y  which becomes even 
more s t r i k i n g  when i t  i s  pointed out tna t  crashing the ground overlying 
t h e  drawpoints followed a few days a f t e r  the coning of the drawpoints.

t ies .x t i  the diapi cements recorded on the t r a v e l l i n g  way shear,  the
undercutt ing of the second phase has only u r e l a t i v e ly  small e f f e c t  on 
the per ipheral  rocks. On surface v i s ib l e  cht ages continued to occur with 
more subsidence and the appearance of odd new c rac k s . The pegs on the 
south side continued to move slowly, while the i / 6  r ib  p i l l a r  moved towards 
the block a t  an increas ing  r a t e  u n t i l  the p i l l a r  cracked and the surveys 
were discontinued.

Underground on 120, 170 , 205 and "'35 l e v e l s ,  small displacements 
continued to be recorded by the lex e l l in g  and survey t raverses  and by the 
remaining ins t ruments .  The tiemec exit ,  sonic t e r  monitoring points  recorded 
slow displacements with some s l i p s  showing a s t i c k - s l i p  form of movement.

6 .6 2 4  J iscuus ion
The caving of the ground overlying the undercut and the old cut and

f i l l  stopes had the e f f e c t  of  c rea t ing  a near v e r t i c a l  bin f i l l e d  with
l a rg e  columnar si bo, and in fori.ar .• t h i s ,  considerable cha igeo in  s t r e s s  
took  place; s t r e s s e s  nor a l  to the periphery of the bin were reduced and 
r e d i s t r ib u te d  in th- per ipher ies  and below the cave* I t  i s  deduced from 
the cracking and damage ob^ervna in  the per ipheries  tha t  the l a t e r a l  
s t r e s s  in in the l a t e r a l  s t r e s s  d i rec t ion  were reduced in the normal to  

the periphery of the bin, and increased in  the other  d i r e c t io n .  The 

extent  to which s l i p s  are a f fec ted  by these changes i s  evidently depen­
dan t  on the p rope r t ie s  of the s l i p s .  Week gouge f i l l e d  shears such as 
t h o s e  occurring in the main t a l c  aones have displayed displacement 
considerable di. ‘ mcco from the mining. Closer to the cave the s tronger ,  
leas  continuous s l i  j u are a f fe c ted .  From the observations of  damage at
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the  t ime o f  c a v in g  and the  survey  and Ivemec extonsoLie te r  r e c o r d s  the 

maximum r a t e s  o f  d i s p la cem e n t  were reached  on most s l i p s  s h o r t l y  a f t e r  

c a v i n j  reached  s u r f a c e , and r e l a t i v e l y  hi/;h r a t e s  01 d i sp la cem e n t  con t inued  

f o r  some weeks b e fo re  s lowing  down t o  a s t o p  over  s e v e r a l  months .

The removal o f  th e  l a t e r a l  su p p o r t  r e s u l t e d  i n  the  c o l l a p s e  of  

c e r t a i n  s e c t i o n s  o f  245 und 255 l e v e l s  when s l i d i n g  o ccu r red  on weak eAUge 

f i l l e d  minor s l i p s  d ipp ing  towards u n d e r c u t t i n g  t r o u g h s .
I t  w a s  expec ted  t h a t  t h e r e  would have been some damage due t o  a b u t ­

ment l o a d in g  i n  t h “ p e r i p h e r i e s  o f  the  235 l e v e l  s t o p e s ,  but  i n  the n o r t h ­

ern  a Outwent o f  t h e  s to p e s  the ground competency was h ig h ,  e s t i m a t e d  to

be C la s s  I d  or  2A and d e s p i t e  e x t e n s i v e  development open ings  t h e r e  w a s  

only a  l i t t l e  ev idence  i f  such damage in  the form o f  minor c r a c k i n g  and 

s p a l l i n g .  In the  s o u th e rn  abutment on 235 l e v e l  t h e r e  was no d i r e c t  

ev id en ce  of i n c r e a s e s  in  v e r t ' c a l  l o a d in g ,  but  r a t h e r  ev idence  ol l a t e r a l  

r e l a x a t i o n  from the c l o u u r s n e t e r  measurements l o c a t e d  in the p e r ip h e r y .

The ro c n  in  t h i s  a r e a  i s  e s t i m a t e d  to  be C la s s  3A o r  3b, i n  p l a c e s  had 

p r e v io u s l y  been s u p p o r te d ,  and some e x t e n s i v e  damage and c o l l a p s e s  

o c c u r r e d  as  u n d e r c u t t i n g  and c. v in g  p r o g r e s s e d .

6 .83  THfc EFFECTS OF UNDERCUTTING AND PRODUCTION UN THE GROUND BELOW THE
UNDERCUT’

The development below the  b lock  c o n s i s t e d  o f  t h e  g r i z z l y  h o r i z o n ,

265 l e v e l ,  • i n t e r m e d i . t r  t ramming l e v e l  (275 l e v e l )  and a main tram­

ming l o v e ]  (295 l e v e l ) . Th is  l e v e l  was sup p o r ted  i n i t i a l l y  w i th  rock-  

b o l t n ,  each c r o s s c u t  hav ing  a  d i f f e r e n t  type o f  r o c k b o l t , 1 or  example,  

t e n s i o n e d  b o l t s ,  g rou ted  and te n s io n e d  r o c k b o l t s ,  g rou ted  r e - b a r s  e t c .

265 l e v e l  was in s t ru m e n te d  with  Horstman b o l t  t e n s i o n  m e te r s ,  and 

c l o s u r e m e t e r s . In a d d i t i o n  t h r e e  load  c e l l s  were i n s t a l l e d  on a crown 

pi  11 a ” in  the  f i r s t  phase and two i n  the ooconci p h ase .  Three Horatman 

p h o t o - e l a s t i c  s t r e s s  m e te rs  were a l s o  i n s t a l l e d .  On 275 l e v e l  the 

i n s t r u m e n t a t i o n  conoi t e d  o f  survey and l e v e l l i n g  t r a v e r s e s  and two pho to -  

e l a s t i c  s t r e s s  m e te r s .

6.831 F i r s t  phn:,e im der  'u I t ing
Very s h o r t l y  a f t e r  undercu t  t i n , , s t a r t e d  damage was e v i d e n t  on the  

g r i z z l y  ho r izon  and in November-December 1967 th e  u n d e r c u t t i n g  had to  ue
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brought  to  a  h a l t  whi le  y i e l d i n g  a r c h e s  were i n s t a l l e d  i n  t h e  l e s s  compe­

t e n t  z o n e s . This  damage was a t t r i b u t e d  t o  the  v e ry  blocky,  weak n a t u r e  

of  t h e  ground,  the g e n e r a l l y  h ig h e r  s t r e s s  env i ro n m en t  i n  t h e  abutment o f  

th e  23b l e v e l  s to n e s  and to  b l a s t i n g  shock w aves . When u n d e r c u t t i n g  was 

resumed no f u r t h e r  s e r i o u s  damage was e x p e r i e n c e d  i n  any g r i z s l y  c r o s s c u t s  

b u t ,  minor changes ,  i n  the form of  l i g h t  s p a l l i n g  juid d i s l o d g i n g  of  loo^e 

b lo c k s  and minor c r a c k i n g ,  were observed  o c c u r r i n g  ahead and j u s t  behind 

th e  advanc ing  undercu t  f a c e . The c lo s u r c m e te r s  and b o l t  t e n s i o n  mete rs  

a l s o  showed changes  which were r e l a t e d  to  the face  p o s i t i o n . However, 

in  every c a s e ,  damage was v i s i b l e  befo re  r e s p o n s e s  were de te  -ted on the 

i n s t r u m e n t s .  These r e l a t i o n s h i p s  c;m be seen  i n  f i g s  L,ZJ and ( , -̂3..

S i g n i f i c a n t  upward movements o f  b t o  7nim i n  the c e n t r e  o f  the block 

were reco rd ed  on th e  survey  pegs on 27b l e v e l .  The surveys  showed th e  

s o u th e rn  most pegs in  the tramming c r o s s c u t s  were d i s p l a c e d  up to  1b™a 

n o r thw ards  r e l a t i v e  t o  the n o r t h e r n  most pegs on t h i s  l e v e l  d u r in g  the  

p e r io d  October VJ67 to  February  1968. In  g e n e r a l l y  oi.ly minor damage 

was no te d  on t h i s  l e v e l  d u r in g  t h i s  p e r i o d .

6 .8 3 2  becond phase u n d e r c u t t i n g  u:d coning
The p r e - c o n i n g  o f  the second phase s t a r t e d  s lowing in  October 1968 

w i th  a few druwpoin ts  p e r  month which was l a t e r  i n c r e a s e d  t o  16 d raw poin ts  

p e r  month. Th i s  o p e r a t i o n  was completed i n  June 1969•

With th e  advance o f  the  p r e -c o n in g  o p e r a t i o n s  only l i g h t  damage 

o c c u r r e d  j u s t  ahead o f  "on ing  a s  had been observed  i n  th e  f i r s t  

phase .  Tne h o r i z o n t a l  ^urometer:  r eco rd ed  s i m i l a r  l a t e r a l  e x t e n s i o n ,  

w h i l s t  the v e r t i c a l  c l o u u re m r te ra  ( i n s t a l l e d  only  in  t h i s  phase)  shoved 

a v e r t i c a l  c o n t r  ‘ ion (See f i g  6 , 2 8 ) .  No b o l t  t e n s i o n  m e te rs  were

i n s t a l l e d  in  t h i  huse .
On 27b l e v e l ,  the  l e v e l l i n g  and survey  t r a v e r s e s  a f t e r  r e c o r d i n g

smal l  f a l l s  f u r t h e r  slow r i s e n  o f  the ground below the rock  were r eco rded

w i th  some f u r t h e r  d i sp la c e m e n t  o f  the pegs towards  t h e  middle o f  the b lo c k .

No o t h e r  s i g n i f i c a n t  changes  were r e c o rd e d .

6 .833  '
Burin, t h e  p ro -co n in g  and u n d e r c u t t i n g  o f  the  second phase,  the  

d raw poin ts  in  the f i r s t  phase were worked on a r o t a t i o n a l  b a s i s ,  each
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druwpoint  b e in g  " i s s u e d "  ( r e q u i r e d  t o  be worked) one day per  week to 

p re v e n t  c o n s o l i d a t i o n  o f  the or<- i n  the  draw columns . But because o f  the 

smal l  tonnage c a l l e d  f o r ,  n o t  a l l  d raw poin ts  were worked when i s s u e d  and 

the  r e s u l t  was a very  i r r e g u l a r  s t a t e  o f  d n  w. The average  r a t e  of  draw 

f o r  th e s e  d raw p o in ts  was l e s s  than  P'yvn per  day .  In hovembe^ 1^68, a n in e  

metre  l e n g t h  o f  7 g r i z z l y  c r o s s c u t  was h e a v i ly  damaged, w i th  opening of  

v e r t i c a l  c r a c k s  which appeared  to  ex tend  r i g h t  th rough  the crown p i l l a r .  

This  a r e a  was immedia te ly  suppor ted  and the n e a rb y  draw poin ts  were worked 

c o n t i n u o u s l y .  In V.-rch 1%9» s i m i l a r  damage o c c u r re d  i n  1, 2 and 3 

g r i z z l y  c r o s s c u t s ,  which sp read  and del ' o r a t e d  in  subsequ"- t months 

( F i g  6,2%).  In May f u r t h e r  c o l l a p s e s  e r r e d  in  6 and 7 g r i z z l y  c r o s s ­

c u t s  w i th  f u r t h e r  damage and e x t e n s i o n s  to the  damaged a r e a s  i n  the  

f o l l o w i n g  month . The damaged a r e a  was sup p o r ted  w i th  2‘3kg T.H. y i e l d i n g  

a r c h e s  i n s t a l l e d ,  i n i t i a l l y  a t  0 , 90m c e n t r e s  and s u b se q u e n t ly  a t  0,45m 

c e n t r e s . As soon a s  p o s s i b l e  a f t e r  th e  damaged d r a w j o i n t s  had been 

su p p o r te d  they  were brought i n t o  f u l l  p ro d u c t io n  in  an e f f o r t  t o  keep th e  

g r i z z l y  c r o s s c u t s  open to  complete drawing o f  the  o r e ,  but r e p a i r s  and 

rep lacement  o f  a r c h e s  were r e q u i r e d  f r e q u e n t l y .  At f u l l  p ro d u c t io n  th e  

d r a w  r a t e  remained a t  l e s s  than  lOOnri/dey, a r e l a t i v e l y  slow r a t e  when 

compared w^th o t h e r  block cave n i n e s .

The lo a d  c e l l s  i n s t a l l e d  on the top  and s id e  o f  the  crown p i l l a r  

in  7 g r i z z l y  c r o s s c u t  recorded  the bu i ld  up o f  loa ds  mi or  t o  the  c o l l a p s e  

o f  the crcwn p i l l a r .

The c a l c u l a t i o n  of  the  loads  on th e  lo a d  c e l l s  w i thou t  making assump­

t i o n s  proved im p o ss ib l e  due to  the  ina dequa te  number o f  s t r a i n  gauges ,  

but i f  i t  i s  assumed t h a t  the  loads  were a l i m i t e d  number o f  p o in t  lo a d s  

a c t i n g  on narrow l o n g i t u d i n a l  zones o f  th e  l o a d  c e l l  then an e s t i m a t e  of  

the m ximum po in t  l o  ds c i n  be o b t a i n e d .

The two 1,2m lo r . ;  load  c e l l s ,  Non 1 and 2,  were i n s t a l l e d  on top  o f  

the  crown p i l l  r , No 1 be ing  above 7 /9  druwpoint  and No 2 between 7/9 and 

7 / l 0  dr?-w| o i n t s . The c e l l s  were s e t  in  c o n c r e t e  so t h a t  the  * ops were 

101,6mm h i g h e r  than  the s u r ro u n d in g  c o n c r e t e  and th u s  the  edges  o f  th e s e  

c e l l s  were h ig h l y  loaded .  The r e a d i n g s  l a r g e l y  r e f l e c t  t h e s e  lo a d s  

(F ig s  6,33 a n H 6 , 3 1 ) .  They show t h a t  d u r in g  th e  low draw p e r io d  of

Dec ember-January  1969 tho weal a m  edge of No c was h ig h l y  loa ded ,  but  no

e x c e s s i v e  lo a d s  were reco rded  on No 1, p o s s i b l y  due t o  a r c h i n g  over  t i d s  

c e l l .  Some very  h igh loads  were recorded  on No 1 d u r in g  the  i.iarch -  A pr i l

low draw p e r i o d ,  w h i le  t h e r e  was m  i n c r e a s e  i n  load  d u r in g  May on No 2.

These c e l l s  have a l s o  shown t h a t  t h e  ar rangem ent o f  rock  on the  load
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c e l l s  chan^-e a t  wide t i n e  i n t e r v a l s ,  i n d i c a t i n g  a slow movement o f  the 

ground im media te ly  above the crown . a l l u r e .

Load c e l l  Mo 3 which was 2 ,4n  lo n g  was i n s t a l l e d  on the  s id e  of  

7/ 9W druwavln t  crown p i l l a r .  The to p  was f l u s h  w i th  th e  s u r ro u n d in g  con­

c r e t e  end,  t h e r e f o r e ,  the  edges we^e n o t  as  h i g h l y  loaded  as  the o t h e r  

two c e l l s ,  and the  r e s u l t s  a r e  no t  comparable .  The r e s u l t s  have shown 

t h a t  l a r g e  i n c r e a s e s  in  load  occur red  d u r in g  the low draw pe r io d  of  

December-Mny and t h a t  the g r e a t e s t  a r c h i n g  f o r c e s  occu r  between 1 ,2m and 

2,4m below the  t o p  o f  the crown p i l l a r  (F ig s  6 ,3 2 ;  6 , y ;  and 6 ,34 )«

The damage t o  the  crown p i l l a r s  in  t h i s  phase i s  p robab ly  t h e  r e s u l t  

o f  a combinat ion  o f  f a c t o r s »-
a) the  mass su b s id en ce  cav ing  o f  the o re  between 239 and 299 l e v e l s  

which g a v e  r i s e  t o  .,001 f r a g m e n t a t i o n .  Secondary b l a s t i n g  

accoun ted  t o  90;  ̂ o f  t h e  coo t  o f  working t h i s  o r e .

b) I n a d e q u a te  crown p i l l a r  d e a i y i ,  which was w i thou t  l a t e r a l  b u t ­

t r e s s i n g  p i l l a r s ,  and to  the u n d e r c u t t i n g  method which s u b j e c t e d  

the  crown p i l l a r s  to  heavy b l a s t i n g  shock and h igh  s t r e s s e s  

which may have d e s t ro y e d  t h e  cohes ion  of  the s l i p s .

c) Incompetent  ground c o n d i t i o n s .  Two t h i r d s  o f  the  drt-wpoints  

i n  the  f i r s t  phre in  incompetent  blocky ground ( C la s s  4A and 

3Ii) have been s e v e r e l y  damaged as  compared w i th  one h a l f  o f  the  

d raw po in ts  s i t u a t e d  in more competent  ground (C la ss  3A and 2 b ; .

d) The p r a c t i c e  of  on ly  drawing small  to nnages  from the d raw po in ts  

a t  wide spaced  i n t e r v a l s  g iv i n g  r i s e  to  uneven draw c o n d i t i o n s .  

Fig 6 , 2 9  shows how the a r e a s  of  low draw r a t e s  were subsequently 
h e a v i l y  dan g e d . The load  c e l l o  i n s t a l l e d  on the t o p  o f  and on 

t h e  s i d e s  o f  the Crown p i l l a r  above ?/4N drawpoint  and between 

7 /9  and 7/ 1 0  d raw po in ts  showed i n c r e a s e s  i n  loads  d u r in g  the 

low draw p e r io d s  p r i o r  t o  the s eve re  damage to t h e  crown p i l l a r s  

i n  t h i s  a r e a .

6 . 6 3 4  1 ’ r o d n c  t . or, : o n d  p h  m e

A f t e r  each second phase drawpoin t  was coned and o v e rcu t  i t  was worked 

a t  a modera te ly  h igh  r a t e  u n t i l  J u ly  1969, when a l l  c o n in r  and p roduc t ion  

i n  t h i s  phase was s topped  and p ro d u c t io n  was s w i tched  to  tav n  p id ly  d e t e r ­

i o r a t i n g  f i r s t  phase .  Noth ing  was drawn,f rom th e s e  d r  wpoin ts  u n t i l  £ 

g r i z z l y  c r o s s c u t  was brought i n t o  p roduc t ion  in  August 1970. Thus f o r
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o ver  a. y gbt t h e  s o u th e rn  mont l i n e  ol druvzpointu in  t l i i s  ph<.ise ^  ̂ood, 

unworked,  a d j a c e n t  t o  t h e  c o n t in u o u s ly  working f i r s t  phase  r irawpointa.

Only s l i g h t  damage in  the  form o f  f u r t h e r  d i s p la c e m e n ts  on s l i p s  and 

l i g h t  s p a l l i n g  was observed in  t h i s  l i n e  o f  d raw po in ts  d u r i n g  t h i s  p e r i o d .  

S i m i l a r  o b s e r v a t i o n s  wore made e lsew here  in  t h i s  p o r t i o n  ot the  b lock ,  

and the  s e v e r i t y  o f  t h i s  damage appea rs  to  have been un i fo rm  over  the  

whole phase ,  and no t  more severe  a lo n g  the  s o u th e rn  boundary .

The second phase was brought i n t o  p ro d u c t io n  aga in  i n  August 1970. 

S t a r t i n g  on the  e a s t  a i d e ,  w i th  No 8 g r i z z l y  c r o s s c u t ,  one c r o s s c u t  was 

brought i n t o  i roduc t ion  a t  a  t im e ,  i n  a panel  r e t r e a t .  During t h i s  pe r iod  

some c r a c k in g  and d i s p la c e m e n ts  on s l i p s  were n o te d ,  but  th e s e  n e v e r  

a: proached th e  s e v e r i t y  ex p e r i e n c e d  i n  the  f i r s t  phase .  Even towards  the 

end o f  the  l i f e  o f  t h e  b lock ,  when c e r t a i n  d raw poin ts  were s topped ,  and 

o t h e r s  around them c o n t in u e d  to  be working no s e r i o u s  damage was n o t i c e d .

The s u p e r i o r i t y  of  t h i s  a r e a  i s  a t t r i b u t e d  t o  the  h ig h e r  rock 

c l u ."',1 f i c : i t i o n , the  b e t t e r  druwpoint  d c s i . j i ,  b e t t e r  u n d e r c u t t i n g  method,  

and p o s s i b ly  th e  draw c o n t r o l  p o l i c y .

6 .9  s u m g Y

The i n s t r u m e n t s  gave r e a s o n a b ly  good r e s u l t s ,  which when combined 

w i th  t h e  v i s u a l  o b s e r v a t i o n s  made i t  p o s s i b l e  t o  deduce the Caving mecha­

n isms  o p e r a t i n g  in  t h i s  b loc k .  However, the  p resence  o f  the  239 l e v e l  

cu t  and f i l l  s t o p e s  was a c o m p l i c a t i n g  f a c t o r  in  the  a n a l y s e s  o f  the 

o b s e r v a t i o n s  i n  t h i s  b loc k .  T h e r e f o re ,  f u r t h e r  o b s e r v a t i o n s  from o t h e r  

b locks  a r e  d e s c r i b e d  in  the fo l lo w in g  c r ,  and the d i s c u s s i o n  ol t a e s e

c o n c l u s i o n s  i s  d e f e r r e d  to  w h ip te r  0 .  v . . i c e  i t  to  spy t h a t  i n  th*s  

b lock  two d e c t i n c t  cav ing  mechanisms re  n c o . n i s e d ,  v i s  'mass subs idence  

c o v in g '  in  a r e a s  where the l a t e r a l  Svreoe had been reduced in  one d i r e c t i o n  

and ' s t r e s s  caving* where no ouch l a t e r a l  s t r e s s  r e d u c t io n  had o c c u r r e d .

The r e s u l t s  o b ta in e d  from and the  e x p e r i e n c e  ga ined  i n  the  use  of  

the  v a r io u s  i n s t r u m e n t s  md t e c h n iq u e s  was used  in d e c i d in g  the  form of  

i n s t r u m e n t a t i o n  to  be used i n  subsequen t  b lo c k s .
In  g e n e r a l ,  the  s u rv ey in g  t e c h n iq u e s  r e q u i r e d  a c o n s i d e r a b l e  amount 

o f  s k i l l e d  o b s e rv e r  t i n e ,  and on most l e v e l s  the base s t a t i o n s  cou ld  not  

be l o c a t e d  in  s t a b l e  ground,  t h e r e f o r e ,  l e a s  cmj le s io  was p la ced  on the se  

t e c h n iq u e s  i n  subsequen t  b lo c k s .  The remote d i sp lacem en t  mete rs  and b o r e ­
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h o le  w ire  ex t6nsoc .c to rs  proved to  be r e l i a b l e  arid eus j’- t o - r e a d ,  and w i th  

r e f in e m e n t s  to  improve accuracy  cou ld  be used  more e x t e n s i v e l y  and in  

some c a s e s  r e p l a c e  su rv e y in g  techn i  ;aes .

The g l a s s  d u g  s t r c s s m e t e r  proved t c  be n o t  s e n s i t i v e  enough and 

s u b j e c t  to  very  l o c a l  v a r i a t i o n s  in  rock  modulus o f  e l a s t i c i t y  end l o c a l  

s t r u c t u r e s .  Alav th e  p a t t e rn . ;  proved were d i f f i c u l t  t o  i n t e r p r e t .  

Consequently t h i s  meter  was no t  used  i n  any o t h e r  b locks  d e s c r i b e d ,  but  

where s t r e s s  measurements were r e q u i r e d  ove rco red  p h o t o - e l a s t i c  d i s c  

was used .

The c a v in g  i n d i c a t o r  f a i l e d  to  r e c o rd  the c a v i n g  p r o g r e s s  between 

th e  s to p e s  and s u r f a c e .  Consequently  bo reho le  w ire  e x t en so m e te r s  were 

p r e f e r r e d  i n  a r e a s  where mass subs idence  type c a v i n u i s  n n t i c i a p t c d .  The 

s m a l l e r  i n s t r u m e n t s  such tvs the  Democ e x ten so m e te r  t x d  c l o s u r e m e t e r  proved 

v a l u a b l e  in  a n a l y s i n g  the d isp lacem en t  on s l i p s  and c r a c k s . Ho*over, 

the  r e s u l t s  were n o t  coiapai a .e w i th  one a n o t h e r ;  b u t  were mean ingful  

when r a t e s  o f  d iu p l .  > iei t h e re  compared w i th  the  p re v io u s  r e c o r d  o f  the 

i n s t r u m e n t .  For succee d ing  b lo c k s ,  f u r t h e r  Decec ex t e n so m e te r  r e a d in g  

p o i n t s  were l a i d  o u t , but  w i th  one e x c e p t io n ,  no more c lo s u r e m e te r s  were 

u sed .  I n s t e a d  the  d i a l  ex ten so m e te r  was used i n  i t s  p la c e  t o  improve 

the a curacy o f  the  r e a d i n g s .

The long  te rm i t  s t a b i l i t y  o f  t h e  e l e c t r i c a l  r e s i s t a n c e  s t r a i n  gauges 

a n d / o r  d i f f i c u l t y  i n  m a in t a i n in g  an e f f e c t i v e  w a te r p r o o f  i n s u l  t i o n ,  

combined w i th  the  l a r g e  number o f  gauges  t o  be r e a d  p r e c lu d e d  th e  l e a d  

c e l l s  from f u r t h e r  u s e .
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7 . 1 I N T R O D U C T I O N

In a d d i t i o n  t o  Block 7AB de s c r ib e d  i n  the  p re v io u s  c h a p t e r ,  the 

cav ing  o f  four  o t h e r  bloc leu have been s t u d i e d .  These b locks  p rov ide  a 

f a r  wider range  o f  c o n d i t i o n s ,  and p u t s  t h i s  stud,, o i , t h e  c av ing  p ro cess  

on a f i r m e r  b a s i s .  While t h r e e  o f  the b locks  d e s c r ib e d  here  were mined 

a f t e r  Block 7AB, o n e , Block t>, was mined some y e a r s  p r e v i o u s l y  and i s  

i n c lu d e d  because i t  i s  an im p o r ta n t  example o f  s t r e s s  cav ing  where a 

l a r g o  c a v i t y  deve loped  and was moni to red  as  c av ing  p r o g r e s s e d  t o  t h e  s u r f a c e .

7 . 2  BLOCK b
Block 6 was one o f  the  f i r s t  b locks  i n  which c a v in g  vas  i n v e s t i g a t e d ,  

and the r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  played  on im p o r ta n t  p a r t  in  the 

t h i n k i n g  behind t h e  p la nn ing  of  subsequen t  b locks  such a s  Block 16 . Block 

6 caved th rough  to  s u r f a c e  on Liarch 13, 1963, and c e r t a i n  f a c e t s  o f  the  

cav ing  were i n v e s t i g a t e d  by Cathorul  (1963) • The b lock  lay im media te ly  

sou th  o f  Lone A and block  3 ,  above Lone B ( P i g  7,1)  and was i n i t i a l l y  

mined by c u t  and f i l l  s t o p i n g .  In 195% g r i z z l y  d r i v e s  were developed 

below th e s e  s to p e a ,  and p ro -b re a k in g  d r i v e s  above them. The o re  over -  

l y i n g  the  d raw po in ts  was shrunk on an c a s t  t o  west  r e t r e a t  and the  drawing 

o f  the pre-broKen ore r e s u l t e d  in th e  development o f  a  c a v i t y .  The 

shrunk  a r e a  was 100m c a s t  t o  west and 100m n o r t h  to  s o u t h . a t  t h e  t ime.

In the  n o r t h e r n  abutment o f  the c a v i t y  d i sp la cem e n t  was observed 

on the t a l c  zone,  Lone A c r o s s c u t  on 13b l e v e l .  P u r t h e r  i n fo rm a t io n  on 

t h i s  d i sp lacem en t  was o b ta in e d  from t h “ two s p e c i a l l y  d r i l l e d  h o le s  from 

125 l e v e l  (P ig  7 ,1 )  which showed t h a t  d u r i n g  d r i l l i n g  in  A pr i l  1962 a 

v e r t i c a l  d i s p la c e m e n t  was t a k in g  p lace  on th e  zone .  W ith in  3 months the  

d i sp lacem en t  was l a r g e  enough to  c l o s e  the  h o l e s  c o m p l e t e l y .

The c a v i t y  r e s u l t i n g  from the removal of  the  p re -b roken  o re  was
■

which were r> ,y;ed with  c av ing  i n d i c a t o r s  i n  uep teuuo r  1962. The depth
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7.1 INTRODUCTION
In a d d i t i o n  t o  Block 7A3 d e s c r ib e d  in  the  p rev io u s  c h a p t e r ,  the  

cav ing  o f  fou r  o t h e r  b locks  have been s t u d i e d .  These blocks  p rov ide  a 

f a r  w ider  range  o f  c o n d i t i o n s ,  and pu ts  t h i s ' s t u d y  o i ^ t u e  c a v i n g  proves.,  

on a  f i r m e r  b a s i s .  While t h r e e  o f  the b locks  d e s c r ib e d  here  were mined 

a f t e r  Block 7A3, one,  Block 6,  was mined some y e a r s  p r e v i o u s l y  and i s  

i n c lu d e d  because i t  i s  an im p o r ta n t  example o f  s t r e s s  cav ing  where a 

l a r g e  c a v i t y  deve loped  and was moni to red  as  c a v in g  p r o g re s s e d  t o  th e  s u r f a c e

7 .2  BLOCK 6
Block 6 was one o f  the  f i r s t  b locks  i n  which c a v in g  was i n v e s t i g a t e d ,  

and th e  r e s u l t s  o f  t n i s  i n v e s t i g a t i o n  p layed  an im p o r ta n t  p a r t  in  the 

t h i n k i n g  beh ind th e  p lann ing  of  subsequen t  b locks  ouch as  Block 16. Block 

6 caved th rough  to  s u r f a c e  on March 13, 1963, and c e r t a i n  f r c e t s  o f  th e  

c av ing  were i n v e s t i g a t e d  by C a thc ra l  (1963)•  The b lock  lay  immedia te ly  

sou th  o f  none A and b lock  3,  above Lone B ( F i g  / ,  1) and was i n i t i a l l y  

mined by c u t  and f i l l  s l o p i n g .  In 195« g r i z z l y  d r i v e s  were developed  

below th e s e  s t o p e s ,  and p r e - b r e a k i n g  d r i v e s  above them. The o re  o v e r ­

l y i n g  the  d raw po in ts  was anrunk on an e a s t  t o  west  r e t r e a t  and the drawing 

o f  the  p re -b roken  ore r e s u l t e d  in th e  development o f  a c a v i t y , The 

shrunk a r e a  was 100 .i c a s t  t o  west and 100m n o r t h  t o  so u th .a t  '.he t ime.

In  the  n o r t h e r n  abutment o f  the c a v i t y  d i sp la cem e n t  was observed 

on the  t a l c  zone ,  lone  A c r o s s c u t  on 139 l e v e l .  F u r t h e r  i n f o r m a t io n  on 

t h i s  d i sp lacem en t  was o b t a in e d  from the  t  , s p e c i a l l y  d r i l l e d  h o l e s  from 

125 l e v e l  ‘ F ig  7*1) which showed t h a t  di . i n g  d r i l l i n g  i n  A pr i l  1'.J( 2 a 

v e r t i c a l  d i s p la c e m e n t  was t a k in g  p lace  on th e  zone .  With.In 3 months 

d i sp lacem en t  was l a r g e  enough t o  c l o s e  th e  h o l e s  c o m p l e t e l y .

The c a v i t y  r e s u l t i n g  from the removal o f  the  p re -b roken  o re  was 

i n v e s t i g a t e d  from t h r e e  s u r f a c e  bo reh o le s  d r i l l e d  d u r in g  1C>  • Two ot 

which were r i g  ed w i th  c av ing  i n d i c a t o r s  in  Beptembor 1962. The dep th
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o f  the  b ick  when i n t e r s e c t e d  by th e s e  two b o re h o le s  was 45 end 62m. The 

t h i r d  ho le  i n t e r s e c t e d  f r a c t u r e d  ground a t  47m i n  the  so u th e rn  abutment 

o f  the block ( F i g  7 , 1 ) .  When the c a v i t y  was i n t e r s e c t e d ,  some 70 t o  lOOn 

v e r t i c a l  h e i g h t  o f  ground had caved,  l e a v i n g  a c a v i t y  o f  6 t o  13m i n  h e i g h t .

Between Oeptember and hece: h e r  1962 no f a l l s  were reco rded  from the  

back ,  bu t  a t  the beg inn ing  o f  December the f i r s t  o f  s e v e r a l  f a l l s  were 

r e c o r d e d ,  and i n  March 1963 the  back reached t h e  s u r f a c e  w ea the red  zone.

On March 13, t h e  cave broke the  remain ing  20m th rough  t o  s u r f a c e  d ropp ing  

th e  s u n  je by approx im ate ly  20m. This  took p la c e  w i th i n  a day ° i  a 

major s l o t  b l a s t  underground ( F ig  7 , 1 ) -  F ig  7 , 2  i l l u s t r a t e s  th e  s u r f a c e  

subs idence  zone in  r e l a t i o n  to  the  mining a t  the time o f  c av ing  and vie 

f i n a l  o u t l i n e  o f  the  block  i n  plan and F ig  7 ,3  the  r e l a t i o n  o f  f i r s t  

phase mining  t o  the  s u r f a c e  subs idence  zone .  The n o r t h e r n  s i c e  of the  

subs idence  zone was bounded by the major weak s h e a r  zone in  the c e n t r e  

o f  Zone A g i v i n g  an overhang o f  8 0 ° .  The o t h e r  t h r e e  s i d e s  of the sub­

s id en ce  zone was bounded by s t e e p  d ip p in g  s l i p s .  The subsequen t  westward 

e x t e n s i o n s  o f  t h e  p r e - b r f'ak d id  n o t  produce any e x te n s i o n  o f  the  s u r f a c e  

cave o u t l i n e .  However, s lo u g h in g  from the buck o f  the cave o f  t h i s  w es t ­

e rn  e x t e n s i o n  was moni tored  by two a d d i t i o n a l  b o re h o le s  r ig g ed  w i th

c av ing  i n d i c a t o r s  ( F i g  7 , 4 ) •
From t h i s  b lock  i t  was concluded  t h a t  ( l )  c a v in g  took  p la c e  as  a 

s e r i e s  o f  s p o r a d i c  f a l l s  from the back of the  c a v i t y .  These f a l l s  co*.ld 

be t r i g g e r e d  by b l a s t i n g  shock o r  ' l u b r i c a t i o n 1 of the j o i n t s  by w a te r  

d u r i n g  the  r a i n y  s ea son .  (2)  A minimum span o f  49 t o  60m was regarded  

in  1962 as  th e  c r i t e r i o n  f o r  c a v in g .  Subsequen t ly ,  the  h y d r a u l i c  r a d i u s  

o f  t h i s  block ( a r e a / p e r i m e t e r )  o f  19, 5™ waa adopted as  the only c r i t e r i o n  

fo r  c a v in g .  (3)  The d isp la cem e n ts  recorded  on Zone A in  the n o r t h e r n  

abutment could  have had the e f f e c t  o f  r ed u c in g  th e  l a t e r a l  s t i e s s  in  tiv 

back.

7 .3  BLOCKS 7/1 AND 7/1

7.31 IMTK0DUCTJ UN
D esp i te  t h e  s u b d i v i s i o n  i n t o  Block 7/1 and Block 7/3  t h e s e  b locks  

were planned and wonted as  a s i n g l e  con t inuous  s u b l e v e l  c av ing  o p e r a t i o n .  

They a r t  l o c a t e d  immediately  e a s t  o f  Block 7AD and u n d e r c u t t i n g  s t a r t e d  

i n  August 1970 on the  sou th  e a s t  s i d e  of  t h e  b lo c k ,  r e t r e a t i n g  nor thwards
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F id  7•1 N o r th - s o u th  s e c t i o n  th rough  ^locKs 3 and 6

3 ^ 3

'■

F id  7 . 2  i ’i a n  o f  J I o c k  6  s u r f . x e  subs idence  uone r e l a t i v e  
t o  undercu t  a r e a
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Fit; 7 ,3  L u s t -w e s t  s e c t i o n  t h r o u j h  Block showing r e l a t i o n  o f  uinine; 
to  s u r f a c e  su b s id e n c e  zone ( f i r s t  phase)

.eov.>..

o  D i t v n  o  

. rt i t l r f L

o  o

Kip 7 ,4  Block 6 cave o u t l i n e  * i t h  westward e x t e n s i o n  of  
shrinkuyU (second  phase)
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und westwards towards Block j AB • I t  w i l l  be ah own th a t  a r e su l t  of tr.is 
d i rec t ion  of undercu t t ing  s t r e s s  caving occurred in  the ear ly  s tages,  and 
tha t  mass subsidence caving occurred l a t e r  due to the proximity of nlock 
7AB. I t  w il l  a l so  be shown tha t  the caving of  t h i s  block af fec ted  a 

very la rge  area surrounding the block.

7.32  GLULOCif
The geology of these block: i s  very si m i l i r  to the second phase 

in Block 7AB; the area  i s  over lain  by the shallowly e a s t  dipping Zone B 
ta lc -carbonate  " s i l l "  which merges over the eas te rn  l im i t  with the t a l c  
and shearing associa ted  with the 170 dyke ( F i g  7 , 5 ) -  This dyke i s  
la rg e ly  t a l c i f i e d ,  nri tulc-gouge f i l l e d  shears are usually  developed on 
the upper and lower con tac ts .  The dyke i s  10 to 20m th ick  and nips south 
eas t  a t  50-60°, i t s  competency va r ie s  from Glass 2 to Glass 4 depending 
on the degree of shearing.  Above t h i s  zone and dyke i s  the normal

205 l

O.V.N

Fig 7,5 North-south sect ion through Blocks 7/1 and 7 / 2
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p a r t i a l l y  s e r p e n t i r i i a e d  hanij ingwall  d u n i t e .  Vn the  n o r t h e r n  sir te  of 

t h e  a r i a  i s  the  s t e e p l y  N-dippin^J Zone A t a l c  zone , and on the sou th  

s i d e  o f  Zone B. Belov/ the dyke t h i s  zone f l a t t e n s  out  t o  become the  

Zone B " s i l l "  over the  b lo c k .  The orebody i s  very  s i m i l a r  to  the  second 

phase o f  Block TAB w i th  a c l a s s i f i c a t i o n  ( e s t i m a t e d )  o f  23 w i th  Conjugate 

r ib b o n  f i b r e  seams d ip p in g  a t  30-45 s o u th w a rd s • 1 here  a r e  a l s o  south

d ip p i n g  s l i p s ,  p a r a l l e l  to  the f i b r e  seams, some ol which c o n t a i n  / : inor 

gouge f i l l i n g .  The l a r g e s t  o f  th e s e  i s  the  eas tw ard  e x t e n s i o n  o f  the 

T r a v e l l i n g  way s h e a r  which can be t r a c e d  from Block TAB th rough  Block 7/3

t o  the  boundary of  Block T / 1•
Along the  s o u th e rn  boundary w i th  Block ? / 2  a r e  two l a r g e r  a p l i t e  

i n t r u s i o n s  a s s o c i a t e d  w i th  an e a s t - w e s t  s h e a r . ihe ground a s s o c i a t e d  

w i th  t h i s ,  in  t h e  orebody i s  blocky and in c o m p e te n t . This zone has  ac t e d  

as  a channelway f o r  hydro therm al  s o l u t i o n s  so t h a t  i n  the f o o t w a l l  the  

zone has  a co re  o f  t a l c - c u r b o n a t e  rock  w i th  c a rb o n a ted  s e r p e n t i n e  and 

b r i t t l e  f i b r e  on e i t h e r  s i d e ,  and,  on the  e a s t  a broad tongue o f  c a ro o -  

n a t e d  s e r p e n t i n e  w ith  b r i t t l e  f i b r e  p e n e t r a t i n g  the orebody a lo n g  t h i s  

zone (F ig  , ,5)  •

7 .3 3  PREVIOUS MINING AND GROUND CONDITIONS PRIOR TO MINING

The p re v io u s l y  mined a r e a s  c o n s i s t e d  o f  Blocks <l/5 above 170 l e v e l  

on t h e  n o r t h ,  Block 3 above 1?;j l e v e l  on the n o r t h  w es t ,  Block TAB and 

Block 6 on the west s i d e  a s  w e l l  a s  th e  smal l  remain ing p o r t i o n  o f  th e

Block 7,  235 l e v e l  a t o p e a .
An overhang had developed  over th e  e a s t e r n  a ide  o f  Block TAB as  

shown i n  F ig  6 , 1 7 .  Borne c r a c k s  were v i s i b l e  on s u r f a c e  some 40m e a s t  of  

th e  e a s t e r n  l i m i t  o f  th e  Block TAB s u b s id e n c e .  Lfri 125* 1 TO and 205 l e v e l s  

smal l  movements on, and d i l a t i o n  of  s l i p s  had been n o te d  i n  the  e a s t e r n  

p e r ip h e ry  of  Block TAB over  the  back o f  Block 7/1 - 1' / 3 • Access to  125 

l e v e l  had been l o s t  because  o f  d e t e r i o r a t i n g  ground c o n d i t i o n s  n o r t h  of  

Block TAB.
The o t r e a r e s  g ive n  i n  Table 7*1 were measured on 170 l e v e l  i n  the 

p e r ip h e ry  o f  Block TAB, i n  June I960 (Bee 6 .0 2 2 ) •  I f  i t  i s  c o n s id e r e d  

t h a t  some f u r t h e r  c a v in g  and subs idence  occu r red  in  subsequent  months 

and t h a t  f  . t h t r  d i sp lacem en t  wvi monitored  on the  s l i p s  i n  the  a r e a ,  

i t  i s  expec ted  t h a t  the v e r t i c a l  s t r e s s  component g iven  in  Table 7*1 was
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s u b s e q u e n t ly  reduced  s l i g h t l y  and s i m i l a r l y  the  h o r i z o n t a l  s t r e s s  i n  t h e  

d r iv e  d i r e c t i o n ,  borne i n c r e a s e  in  the  n o r th  -  so u th  s t r e s s  33 l i k e l y  

w i th  the  i n c r e a s e  i n  the e a s t - w e s t  dimension  o f  caved ground .

TABLE 7,1

170 LEVEL STRESS ULAsUhL..u'-NT RESULTS 

Ov ( v e r t i c a l )  s i t e  1 5 ,2  “•Ta s i t e  ■ ^ %

Oh ( c r o s s c u t )  11,8 MPa 10,8 t.Ta

Oh ( d r i v e )  f-Pa 7,6 ^ a

7 . 3 4  INSTRUMI'IITATI CN
The i n s t r u m e n t a t i o n  i n  t h i s  block  was n o t  as  comprehensive as in

Block 7AB, f i r s t l y  because  of  the  mining method em.loyod,  iirtd . ,eco.idly

to  the l a c k  o f  acc es s  p o i n t s .  The i n s t r u m e n t a t i o n  c o n s i s t e d  o f  a s u r f a c e

borehole Which was equipned with a c ving in d ica to r ,  remote displacement
m ete rs  i n s t a l l e d  i n  the  main c r o s s c u t  on 1/0 l e v e l  ( P ig  7 / 0  eve r  th e

n o r t h e r n  s id e  o f  Block 7 / 3 -  %emote d i sp la cem e n t  me te rs  and boreho le  w ire

ex tensom ete re  were i n s t a l l e d  in  the  b o re h o le s  d r i l l e d  from and on 205

l e v e l  i n  t h e  n o r t h e r n  and e a s t e r n  s i d e  o f  the  b lo c k s  and from 2)5 l e v e l

remote d i s p la cem e n t  m e te rs  i n  two b o re h o le s  on th e  so u th e rn  s i d e  o f  the

b lock  ( P ig s  7 , 6 ;  7 ,7  and 7 , 6 ) .  Also the su rvey  and l e v e l l i n g  t r a v e r s e

in the fo. ' twal l  Of BICCK "'A. ' - tmu.-u deeper i n to  the i o o tw a l l .  ihe
rem a in ing  ex tonsom cte r  p o i n t s  on a l l  l e v e l s  c o n t in u e d  to  be r e a d ,  but

the method o f  r e a d i n g  was n o t  s a t i s f a c t o r y  and th e  r e s u l t s  t h e r e f o r e  can

be d i s c o u n t e d ,  (bee  4*25)

7 .3 5  MINING METHOD
The b lock  i s  be ing  mined by su b le v e l  c a v in g  u s i n g  c r o s s c u t s  spaced

a t  7,5m c e n t r e s  w i th  a  s o u t h - n o r t h  r e t r e a t .  I f  c a v i t i e s  deve lop  i n  sub-

l e v e l  cav ing  the  r i n g  b l a s t  throws the ore to  the  back  i f  th e  c a v i t y ,  out

o f  r eac h  and t o  avoid t h i s  an adequa te  cover  o f  caved ground i s  r e q u i r e d

t o  keep ore b l a s t e d  w i t h i n  easy  reach o f  the  l o a d i n g  c r o s s c u t s .  I t  was

t h e r e f o r e  im p o r tan t  t h a t  the b lock  was undercu t  and t h a t  th e  hang ingwal l

s h o u ld  cave b e fo re  the  b lock  was put  on a p r o d u c t i o n  f o o t i n g .  The u n d e r -

c u t t i n g  o f  the  hang ingwal l  was done a t  t h e  top  o f  the b lo c k  on the  u p p e r

t h r e e  l e v e l s .  245, 255 and 2 f 5 l e v e l s .  On each  l e v e l  th e  u n d e rc u t  wan
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s t a r t e d  on the sou th  and advanced north .1; a r i s .  2‘jrj and 265 l e v e l s  had to  

l i n k  w i th  the  p r e v i o u s l y  u n d e rc u t  p o r t i o n s  on 245 and 255 l e v e l s .

The u n d e r c u t t i n g  s t a r t e d  a t  the  c a s t  s i d e  on 245 l e v e l  i n  August 

1970, on 295 l e v e l  i n  September and on 265 l e v e l  i n  O c tober .  U n d e rc u t t i n g  

o n  the  west  s i d e  a lo n g  the boundary w i th  Block TAB lagged  behind the  r e s t  

o f  th e  u n d e r c u t t i n g  and had to  be speeded up  ( F i g  7 » 9 ) •

7 .36  OBSERVATIONS A'II) MKASURhD RESULTS

7.361 Observ. it .  on: . nt: ■.boyi‘ tb.>- undercu t

Small s u b s id e n c e s  were f i r s t  r eco rd ed  by the  170 l e v e l  su rvey  

t r a v e r s e ,  end by the  remote d i s p la cem e n t  m e te rs  over  the  w es te rn  end o f  

the b lock  in  J a n u a ry  1971 • In A p r i l ,  more w idesp read  subs idence  was 

r e c o r d e d ,  when widening  o f  t h e  s u r f  ce c r a c k s  i n  the  overhanging  e a s t e r n  

p o r t i o n  o f  Block 7AB (F ig  6 , 1 0 ) .  In May damage was no ted  i n  the  main 

c r o s s c u t  on 170 l e v e l ,  and i n  June sha rp  i n c r e a s e s  i n  the r a t e s  o f  sub­

s id e n c e s  over  the  back o f  the  block were r e c o rd e d  by th e  r e r o t e  d i s p l a c e ­

ment mete rs  on 170; 205 and 235 l e v e l s .  The l a r g e s t  s u bs idences  were 

over  th e  c e n t r e  of  the block  <nd dec re ase d  outwards from th e  c e n t r e  towards 

t h e  p e r im e te r  and from .'35 l e v e l  upwards t o  170 l e v e l .  F ig  7,10 

i l l u s t r  t ea  the  r e l a t i o n s h i p  between u n d e r c u t t i n g  and su b s id e n c e ,  o f  a 

t y p i c a l  r e u o te  d i sp lacem en t  m e te r  over  the  c e n t r e  o f  the b lock  on 205 

l e v e l  which snows the  i n c r e a s i n g  r a t e  o f  su b s id e n c e  w i th  a c o n s t a n t  r a t e  

o f  u n d e r c u t t i n g .  F ig  7,11 i l l u s t r a t e s  the  amounts o f  subs idence  r eco rded  

on 205 l e v e l  in  r e l  t i o n  to  the  u n d e rc u t  ; i rea .

On J u l y  12, 1971 the cave I  ck brokt th rough  to  205 l e v e l  over  a

d i s t a n c e  o f  20m as  a l a r g e  open c a v i t y .  On the e a s t e r n  s i d e  o f  the b lock

the c av ing  broke th rough to  th  ; weak Zone B s h e a r  d ip p i n g  e a s t  30° K 

( F i g  7 , 1 2 ) .  Displacem! .♦ had been reco rded  on t h i s  s h e a r  zone a t  the  

time Block 7A3 caved (F ig  6 ,  4 ) .  Over the  week-end o f  J u l y  17 the r e a  

o f  cav ing  ex tended  12m to the e a s t  and p o s s i b l y  th rough  t o  Block 7AB on 

the wes t .  The back moved up t o  between 170 and 205 l e v e l s .  On 205 and 

235 l e v e l s ,  open ing  up  and l a t e r a l  d i sp la c e m e n t  a long  s l i p s  were n o t e d  in  

the  ground i n  th e  v i c i n i t y  o f  the  cave .

When the  cave broke th rough  t o  205 l e v e l  on J u l y  12 some o f  the  

remote d isp lacem  n t  r o t o r s  were l o  t ,  but those  which had n o t  been l o s t  

on the  west  s i d e  c o n t in u e d  t o  reco rd  i n c r e a s i n g  r a t e s  o f  subs idence  a f t e r  

th e  cave broke th rough ,  w h i le  th o s e  on the  e a s t e r n  s i d e  reco rded
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s t a r t e d  on the  sou th  and advanced n o r th w a rd s .  2^5 and 265 l e v e l s  had to  

l i n k  w i th  the  p r e v i o u s l y  u n d e rcu t  p o r t i o n s  on 245 and 255 l e v e l s .

The u n d e r c u t t i n g  s t a r t e d  a t  the  e a s t  s i d e  on 245 l e v e l  in  August 

1970, on 295 l e v e l  i n  September and on 265 l e v e l  i n  O c to b e r .  U n d e rc u t t i n g  

on the  west s i d e  along the boundary w i th  Block TAB la g g ed  beh ind  th e  r e s t  

o f  th e  u n d e r c u t t i n g  and had t o  be speeded up  ( f i g  7 » 9 ) •

7 .36  OBSERVATIONS AID ME..JURKD RESULTS

7*361 O b r e r v a t . on: .::d me.u .u r e : ' -nts  •.hove t h e  u n d e r  " i t

Small s u b s id e n c e s  were f i r s t  r eco rd ed  by the  170 l e v e l  survey 

t r a v e r s e ,  and by the remote d i sp la c e m e n t  mete rs  over  the  w es te rn  end o f  

the b lock  in  Jan u a ry  1971. 7 ' A p r i l ,  more w idespread  subs idence  was 

r e c o r d e d ,  when widen ing  o f  t h e  s u r f a c e  c r a c k s  in  th e  overhanging  e a s t e r n  

p o r t i o n  o f  Block 7AB (F ig  6 , 1 0 ) .  In May damage was no te d  i n  the  main 

c r o s s c u t  on 170 l e v e l ,  and i n  June ' ,harp i n c r e a s e s  in  the  r a t e s  o f  sub­

s i d e n c e s  over  t h e  back o f  the  b lock were reco rd ed  by th e  remote d i s p l a c e ­

ment mete rs  on 170; 205 and 235 l e v e l - .  The l a r g e s t  s u b s id en ces  were 

over  t h e  c e n t r e  of  the block end dec re ase d  outwards from th e  c e n t r e  towards 

the  p e r im e te r  and from . c5 l e v e l  upwards to  170 l e v e l .  F ig  7,10 

i l l u s t r  tea tne  r e l a t i o n s h i p  between u n d e r c u t t i n g  and s u b s i d e n c e , o f  a 

t y p i c a l  remote d i sp la cem e n t  m e te r  over  the  c e n t r e  of  the b lock  on 205 

l e v e l  which shows tne  i n c r e a s i n g  r a t e  o f  subs idence  w i th  a c o n s t a n t  r a t e  

o f  u n d e r c u t t i n g .  F ig  7,11 i l l u s t r a t e s  the  amounts o f  subs idence  reco rd ed  

on 205 l e v e l  in  r e l a t i o n  to the  und e rcu t  area*

On J u l y  12, 1971 the  cave b .ck  broke th rough  t o  205 l e v e l  over  a

d i s t a n c e  o f  20ra as a l a r g e  open c a v i t y .  On the e a s t e r n  s i d e  o f  the b lock

the c av ing  broke th rough t o  t h e  weak Zone B s h e a r  d i j  p ing  c a s t  30 E

( F ig  7 , 1 2 ) .  Displacement had been r eco rded  on t h i s  s h e a r  zone a t  t h e

t ime Block 7AB caved (F ig  6 , 2 4 ) .  Over the  week-end o f  J u l y  17 the a r e a

of  cav ing  extended 1 i’m to  the  e a s t  and p o s s i b l y  th rough  t o  Block 7&B on 

the wes t .  Tne back moved up t o  between 170 and 205 l e v e l s .  Or. 205 nnd 

235 l e v e l s ,  open ing  up and l a t e r a l  d i s p la cem e n t  a long  s l i p s  were n o t e d  in  

the ground in  t h e  v i c i n i t y  o f  the  c a v e .

When the  cave br /<u th rough  to  205 l e v e l  on J u l y  12 some o f  the

remote d i sp la cem e n t  mete rs  were l o  but th ose  which had n o t  ueen l o s t  

on th e  west s i d e  con t in u ed  t o  r e c o rd  i n c r e a s i n g  r a t e s  o f  subs idence  a f t e r  

the  cave broke throu,  h ,  while  th o s e  on the  e a s t e r n  s i d e  reco rded
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d e c r e a s i n g  r e t e a  o f  su b s id e n c e . -

When the  back o f  the cave reached  170 l e v e l  i n  August ,  i t  was c h a r a c ­

t e r i s e d  by r o c k f a l l s  i n  the  main c r o s s c u t ,  i n i t i a l l y  over  th e  middle o f  

the  b lock ,  end l a t e r  up to  10m n o r t h  o f  the  u n d e r c u t .  Ac f a r  a s  cou ld  be 

a s c e r t a i n e d ,  t h e r e  was no l a r ^ e  c a v i t y  benea th  th e  back ,  us  had been seen 

on 205 l e v e l ,  and broken m a t e r i a l  f i l l e d  the  c a v e . H o r iz o n ta l  t e n s i l e

c ra c k s  a l s o  n o t  obse rved .
In Aujus t  and September 1971 s e v e r a l  new c r a c k s  were ouserved  on 

s u r f a c  -. Most o f  t h e s e  t r e n d e d  Nzi-SW and appea red  i n i t i a l l y  a s  s p o r a d i ­

c a l l y  developed c r a c k s  a few m i l lm e te r s  wide.  I he c r a c k s  i n i t i a l l y  

covered  only  t h e  ex t  re:;, v w es te rn  s id e  of  t in  b loc k ,  Giv ing  an e a s t - w e s t  

overhang o f  90m but  in ILrcM 1972 more c r a c k s  were observed  midway a long  

th e  so u th e rn  s i d e  of  ti. b] jck which sp read  n o r th  i n  J u l y  1972 i n t o  the  

" r i b p i i i e r "  between Blocks 9 and 7/ 1 • Survey beacons i n d i c a t e d  d i s p l a c e ­

ment o f  the  ground towards  Block 6 .  These c rac ks  j o i n e d  up t o  form a 

c o n t in u o u s  s c a r p .  To the  west o f  t h i s  s c a rp  westward t i l t i n g  o f  b locks  

bounded s t e e ^  s l i p s  were o b s e rv e d . Over t h e  c e n t r e  o f  th e  b lock  l a rg e

s u b s id e n c e s  a p p ea red .
This  s c a r p  formed approx im ate ly  hal fway  a c r o s s  the  b loc k  l e a v in g  

an overhang over  the e a s t e r n  s i d e ,  which was moni to red  by s e v e r a l  remote 

d i s p la cem e n t  m e te r s  ana borehole ex tensom ete rs  on and below 209 l e v e l .

This in s t ru m e n t  reco rd ed  a con t inuous  slow subs idence  between Ju ly  1971 

and August 1973 when i n c r e a s e d  r a t e s  o f  su b s id en ce  were r e c o rd e d  a s  a 

r e s u l t  o f  the  p r o g r e s s  o f  the  Block 7 /2  cav e .  The s u r f a c e  bo reho le  was 

ren d e red  u s e l e s s  when a f a l l  broke th e  w ire  a t  the  t o p  of  t h e  hole  and 

p u l l e d  i t  i n .  T h e r e a f t e r  i t  .a: im poss ib le  t o  lower a cav ing  i n d i c a t o r  

down p a s t  the  l o o s e l y  s p i r a l l e d  o ld  wire  i n  the  h o l e . The overhang 1s 

i l l u s t r a t e d  in  s e c t i o n  in  >'ig 7*1^ and in  plan  i n  F ig  7« 1-i •

7 .362  (Jhtr v ‘u o n s  f r o -  th"  ;>»--i : h e r i c «  o f  t he block

P r i o r  to  th e  cave back r e a c h in g  209 l e v e l  on J u l y  12, 1971 t h e r e  

were no v i s i b l e  e f f e c t s  o f  the pro.-rcou o f  the cave on th e  p e r i p h e r a l  

ground .  The f a l l  t h a t  occu r red  on t h a t  day must have been l a r g e  enough 

to  cause  s i g n i f i c a n t  r e d i s t r i b u t i o n  o f  s t r e v o v s ,  fo r  t 1 o re  was an imme­

d i a t e  i n c r e a s e  i n  th"  r a t e  of  d isp lacem ent  reco rd ed  or. the  T r a v e l l i n g  way 

sh ea r  (F ig  6 , 2 6 ) .  Also smal l  rock  f a l l s  one r r e d  a s  a  r e s u l t  o f  small  

movements on Zone A on 209 l e v e l  end a l s o  on 239 l e v e l ,  t o  t h e  e a s t  o f  the  

b l o c k . D i l a t i o n  and small l a t e r a l  d io p l  .cerr n t  o r  s l i p s  were no ted  on 

209 l e v e l  on th e  fo o tw a l l  s i d e  o f  Block 7/3  mid in  the s h a f t  c r o s s c u t  on
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t h e  harigin(^ a l l  a id e  o f  23b l e v e l .

In th e  s u c c e e d in g  months f u r t h e r  snr i l l  s e c t i o n s  o f  20b l e v e l  and 

the  main c r o s s c u t  on 170 l e v e l  c o l l a p s e d ,  and c r a c k in g  and s p e l l i n g  con­

t i n u e d  in  t h e  p e r i p h e r y  o f  t h e  block f o r  a c o n s i d e r a b l e  p e r io d  ( P ig  7 , 1 2 ) .

—

Pig 7,14 Surface subsidence zone Block i f  1 -  7/3



the  hanging;*al l  a ide  o f  235 l e v e l .

In  the  s u c c e e d in g  non the  f u r t h e r  s n a i l  s e c t i o n s  of  205 l e v e l  ar.d 

the  main c r o s s c u t  on 170 l e v e l  c o l l a p s e d ,  end c r a c k i n g  and 8p a l l i n g  con­

t i n u e d  in  t h e  p e r ip h e ry  o f  the  b lock  f o r  a c o n s i d e r a b l e  pe r io d  (P ig  7 ,12 )  •

*<y

Pig  7,14 Surface oubsidence zone Block ?/1 -  7/3
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Along th e  n o r t h e r n  p e r i p h e r y ,  t h e  noFt yi j n i f i o a n t  ground d i s p l a c e ­

ments were a s s o c i a t e d  w i th  the  T r a v e l l i n g  way s h e a r  which moved r a p i d l y  

f o r  a s i x  week pe r iod  fo l lo w in g  th e  cav ing  o f  the b lock  and th e n  slowly 

a t  a d e c r e a s i n g  r a t e  f o r  i. p r o t r a c t e d  pe r iod  o f  n e a r l y  two y e a r s .  The 

d i sp lacem ent  on t h i s  s l i p  r e s u l t e d  in  e a s t - w e s t  c r a c k s ,  some damage and 

s p a l l i n g  in  development t h a t  i n t e r s e c t e d  i t  and a l s o  wome damage i n  ahead 

c f  s u b l e v e l  c a v in g  f a c e s  a s  they approached thi-3 shea r  on 2 ^  l e v e l .

7*363 Ground b< h v i o u r  brlnw Uie block

because  o f  the  mining method, w ith  i t s  c o n t in u o u s ly  advanc ing  f a c e s  

and new l e v e l s  be ing  brought i r t o  p r o d u c t i o n , no i n s t r u m e n t s  were i n s t a l l e d  

below the  b loc k ,  and th e  v i s u a l  i n s p e c t i o n s  were only made when damage 

o c c u r r e d . Only fou r  i n s t a n c e s  o f  minor damage were n o t e d .

7.37 DISCUSSICK
The c a v i n g  on 205 l e v e l  had,  in  common w i th  the  c a v in g  in  Block 6

and p o r t i o n s  o f  b lock  7Ad, a  c a v i t y  which p ro g r e s s e d  upwards by s p o rad ic

f a l l s  from the  back .  Unl ike Block 7AB, t h e r e  was no s i g n i f i c  a t  ev idence  

o f  damage due t o  a h igh l a t e r a l  s t r e s s ,  in  t h e  back ,  th e  only damage 

b e in g  a rock  f a l l  on the 205 l e v e l  3 s h a f t  s t a t i o n  from which no c o n c lu ­

s i o n s  were drawn. However, the s t r e s s  measurements done in  1966 c l o s e r  

to  the Block 7AB cave on 170 l e v e l  i n d i c a t e d  an enhanced l a t e r a l  s t r e s s  

o f  app rox im ate ly  12 MPa i n  a d i r e c t i o n  p a r a l l e l  to  the p e r ip h e r y  of  

Block 7AB, and the  s t r e s s e s  normal t o  the p e r ip h e ry  was reduced t o  about  

5 MFa. I t  mpy be concluded t h a t  in  t h i s  a r e a  the  s t r e s s e s  i n  the back 

n o t  s u f f i c i e n t l y  reduced t o  al low i.nsa sub: idence  c av ing  no r  so h igh  as

to  cause rock f a i l u r e  and c r a p id  cavHig a c t i o n .

Tn* s u r f a c e  subs idence  zone wan n o t  s p e c t a c u l a r ,  bu t  c o n s i s t e d  of  

a  zone o f  c r a c k in g  and o r d e r l y  nubeidence as  had been observed  over Block 

7Ad. There was a g e n e ra l  t i l t i n g  o f  the columnar b locks  o f  rock  bounded 

by c l i p s  towards  Blocks 6 and 7AB i n d i c a t i n g  a r e d u c t io n  in s t r e s s  in  

t h a t  d i r e c t i o n .

Two forms of  cav ing  a r e  i n d i c a t e d  by t h e i r  d i s t i n c t  c h a r a c t e r i s t i c s  

w h i c h  a r e  s i m i l a r  t o  t h e  two forms o f  caving observed  in  Block 7 AB, 

known as  s t r e s s  cav in g  and mass subs idence  c a v in g .

In  the p e r i p h e r i e s , the ground behav iour  was e s s e n t i a l l y  s i m i l a r  t o  

t h a t  observed in  Block 7AB, but  because  the Block 7/1 -  7 /3  Caved a r e a



was s m a l l e r  Uv.n t h a t  o f  Block 7A3, the  e f f e c t s  on th e  p e r i p h e r i e s  was 

a l s o  s m a l l e r .

7 .4  BLOCK 16

7.41 INTRODUCTORY REMARKS

Block 16 was l a i d  out  uu a s u b le v e l  c av ing  o p e r a t i o n  and was expec ted  

t o  cave when t h e  und e rcu t  a r e a  had reached  a c e r t a i n  s i z e ,  but when the  

u n d e rc u t  reached  t h i s  s i z e  no cav ing  o ccu r red  and s e v e r a l  measures were 

taken  in  a t t e m p t s  t o  induce  caving,", i ' ron th e  f a i l u r e  o f  t h i s  b loc k  to  

cave as  expec ted  and the f a i l u r e  o f  most o f  t h e  cave i n d u c t i o n  a t t e m p t s ,  

much has  been l e a r n t  about  c u v i n j .  D iscuss ion  o f  t h i s  b lock  i s  i n c lu d e d  

h e re  because  i t  p ro v id e s  f u r t h e r  in fo rm a t io n  on the  c o n d i t i o n s  r e q u i r e d  

f o r  s t r e s s  c a v i n j ,  the s t r e s s  caving; mechanisms,  the  l i m i t a t i o n s  t o  t h e  

a p p l i c a t i o n  o f  an u n d e rcu t  and c r i t e r i o n  f o r  c a v in g ,  and amont o t h e r  t h i n g s  

on the  e f f e c t i v e :  e s s  o f  the cave i n d u c t io n  measures t a k e n .

Block 16 i s  l o c a t e d  to  the  e a s t  and above the  170 dyke which over ­

l i e s  the e u s t  end o f  b loc k  7« This i s  a  l a r g e  b lock  which i s  subd iv ided  

from west t o  e a s t  i n t o  Block 16A, Block 16B, Block 16C e t c .  and has  been 

mined s in c e  1$h6 by su b le v e l  c«v ing .

7 .42  GEOLOGY

Being a sv b l e v e l  c a v i n g  block i t  i s  no t  the  s t r u c t u r a l  geo logy  o f  

the  orebody but o f  the  hanqingwal l  t h a t  c o n t r o l s  the  cav ing  behav iour  of  

th e  ground o v e r l y i n g  the u n d e r c u t .  The hnngingwpll  c o n t a c t  of  the  block 

i s  an economic c u t  o f f ,  w i th  a d e c r e a s i n g  number o f  f i b r e  seams upwards 

away from the  orebody.  The rock  c l a s s i f i c a t i o n  of  the  h a n g i n g * a l l  rocks  

i s  given in  P ig  7 ,22 ana P ig  7,23* The n o r t h  s id e  o f  the orebody i s  

bounded by the Lone B t a l c  zone which s t r i k e s  E -W and d i . s  s t e e p l y  

nor thwards  a t  about  6 ^° .  Aone C runs  p a r a l l e l  to  Lone B and occurs to  

the  sou th  o f  the orebody,  bu t  i s  n o t  a s  cl cuo  t o  the  orebodier .  a s  Lone D 

(F ig  7 , 15) .  fo the  west o f  the  block i s  th e  6 ^° e a s t  d ip p in g  170 dyke 

which s e p e r a t e e  Block 16A from Block 7 us i t  p a s s e s  below Block 16A and 

above Block 7 (F ig  7#1f)« Lone t a l c  developed a long  th e  c o n t a c t s  of  th e  

dyke,  and two r - g o r  g o u g e - f i l l e d  s h e a r s  a r e  developed  along the o n t a c t s .  

The h a n g in g * a l l  p a r t i a l l y  s e r p e n t i n i a e d  d u n i t e  i s  cu t  by a r t e e p  d ip p in g
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Fig  7i1!> S e c t io n  th rou  n iilock 16

7 .43  CCtlDITIvNS -TIC:. TO MB:INC
This  block was in  an ulmont v i r g i n  u t u t e  p r i o r  t o  in' i n g ,  be ing 

s i t u a t e d  v.-ell uv/ay from any p rev ious  cave mined b lo c k s ,  and u n l i k e  most 

o t h e r  b locks ,  i t  did  n o t  have any cu t  and f i l l  s t o p e s .  No d iap lacem en t  

was known to  have occu r red  on any u l i p y  i n  the  back p r i o r  t o  mining,  but 

i t  in  p robab le  t h a t  the cav ing  o f  b lock  7aB and l i . t o ' 1 i n  1971, b lock  7/1 

i n c r e a s e d  th e  l a t e r a l  s t r e e s  in the ground above the  b lo c k ,  b t r e s s  

measurements wer#' done i n  t h i s  b lock  on 2(,b  l e v e l  d u r in g  the s t r e s s  meas­

urements progrurjue p r i o r  to  mining,  nd the  r e s u l t s  nr,* g iven  in  Table b» 1
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and d i s c u s s e d  i n  Chap te r  5*

7 .44  MINING METHOD
The block  was n ined  by s u b le v e l  cav ing  from d r i v e s  w i th  a west  t o  

e a s t  d i r e c t i o n  t o  r e t r e a t . The t o p  l e v e l  o f  t h e  b lock  was 275 l e v e l ,  and 

on t h i s  l e v e l  j u s t  over  h a l f  the tonnage  broken was c a l l e d  f o r  but some­

what tvt was a c t u a l l y  drawn. I t  was a n t i c i p a t e d  t h a t  when 275 l e v e l  was 

comple te  the b loc k  would cave .  I t  d id  n o t . I t  was th ough t  n e c e s s a r y  t o  

co n t in u e  mining,  drawing only  a l i m i t e d  tonnage l e a v i n g  a s u b s t a n t i a l  

co v e r  o f  broken ground as  a  p r e c a u t io n  a g a i n s t  a i r  b l a s t s ,  and t o  i n c r e a s e  

th e  undercu t  a r e a  as  r a p i d l y  as p r a c t i c a b l e  i n  the hop0 t h a t  t h e  b lock 

would cave .  The nex t  l e v e l  was 2b5 l e v e l  which s l i g h t l y  widened the  t 75 

l e v e l  n o r t h - s o u t h  span but  not  th e  e a s t - w e s t  span as  c r a s h i n g  on t h i s  

l e v e l  a l s o  s topped  a t  the  e a s t e r n  r e t r e a t  c r o s s c u t s ,  on the  boundary of  

16A and 16B. Crash ing  on 295 l e v e l  ex tended  the u n d e rc u t  by 2Jm on the  

s o u th  s id e  and c o n t in u ed  th rough  from Block 16A i n t o  16B u n t i l  a l l  the  

o re  on t h i s  l e v e l  was c r a s h e d  i n c r e a s i n g  the span and u n d e rc u t  a r e a  con­

s i d e r a b l y .  The c r a s h i n g  o f  305 l e v e l  i n c r e a s e d  the n o r t h - s o u t h  span 

m a rg i n a l l y .

7 .45  i n s t r u m e n t a t i o n

The in s t r u m e n t s  i n i t i a l l y  planned f o r  t h i s  b lock  covered  only the 

n o r t h  west c o r n e r  which was expec ted  to  cave ,  f u r t h e r  i n s t r u m e n t s  were 

i n s t a l l e d  t o  moni to r  the  e x t e n s i o n s  t o  the  u n d e rc u t  and a t  v a r i o u s  t imes  

as  th e  undercu t  v i s  ex tended in  an a t t e m p t  t o  induce c a v i n g .  The i n i t i a l  

programme to  moni tor  the  back in c lu d e d  from 205 l e v e l 1 four bo reho le s  

f i t t e d  with  remote d i sp la cem e n t  m e t e r s , t h re o  bo reho le s  f i t t e d  w i th  w ire  

e x ten so m n te r s ,  and one bor ho le  f i t t e d  w i th  a c av ing  i n d i c a t o r ,  and from 

s u r f a c e  one boreho le  which was u n s a t i s f a c t o r i l y  equipped w i th  borehole  

w ire  e x t e n s o m e te r s .  Wire ex tensom ete re  and remote d i sp la c e m e n t  meters  

on 205 l e v e l ,  to  moni to r  d e fo rm a t ion  o f  the p e r i p h e r i e s .

From 2^5 l e v e l  two bo reh o le s  were f i t t e d  w i th  wire e x t e n s o m e te r s ,  

t o  moni to r  the  w es te rn  p e r ip h e r y ,  and w i re  ex t e n so m e te r s  and remote d i s ­

p lacement  m e te rs  were i n s t a l l e d  in  the  a v a i l a b l e  t u n n e l s . On 295 l e v e l ,  

one borehole  and u c r o s s c u t  were f i t t e d  w i th  w ire  e x t e n s o m e te r s .
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Survey f t f  
Survey S»ee P rg 
B e e .01# D leptefn v e e i  
M e te r  H eeeurlng Pel el

S e i r e t e  [ M e r ' e r r t  t m  
M eter O e rflo w  le d

Srfehm le f  *tr re r .v e te r  
M eeewrleg P eiei 

Snreh.-•» Cievp
O e e v re  M eter 
S o il T erew e  l le te r  -  
• t r e e e  M<ter 
D e w ec  Ir te e e o rre te r

Fit; 7,16 I n s t r u m e n t a t i o n  205 l e v e l

Also on t h i s  l e v e l  a su rvey  l e v e l l i n g  i n v e r s e  was brought in  from 

th e  fo o tw a l l  and down th e  e a s t e r n  p e r im e te r  o f  the b lock  ( F ig  7 , 1 8 ) .

The lower h a l f  of  one o f  the 205 l e v e l  bo reho le s  was c l n o  l o s t .

Only h a l f  t h e  l e n g t h  o f  the b o re h o le s  d r i l l e d  f o r  remote d i sp lacem en t  mete rs  

cou ld  be used  fo r  the  p lanned remote d i s p la c e m e n t  me te rs  because  o f  the 
d e f l e c t i o n  o f  the  b o r e h o le s .  Otherwise  a l l  o t h e r  i n s t r u m e n t s  were i n s t a l l e d



It!)

as  p lanned .  The l o c a t i o n  o f  th o s e  and subsequen t  i n s t r u m e n t s  i o  shown in

/ i g s  7, i&;  7 , 17 ;  und 7,  i t .
The subsequent  i n s t r u m e n t a t i o n  i n c lu d e d  t h r e e  e x t r a  remote d i s p l a c e ­

ment mete rs  over  the > ok o f  the  block on i?35 l e v e l .  An e x t r a  bo reho le  

on 20b l e v e l  f i t t e d  w i th  remote d i s p la c e m e n t  m e te r s  and an e x t r a  boreho le  

from 20b l e v e l  d r i l l e d  t o  i n t e r s e c t  the  back and l a t e r  f i t t e d  w i th  bore­

h o le  clamp w i re  e x t e n s o n n t e r a .  To moni to r  t h e  e f f e c t s  of  e x t e n d in g  the 

u n d e rc u t  i n t o  16B t h r e e  h o l e s  were d r i l l e d  from 23b l e v e l  end f i t t e d  with  

remote d i sp lacem en t  m e te rs  and wire e x t e n s o m e te r s .

JSMJUlUH
•umt 1 
i u r r ^ v  H ie#  |> g

M « U r l l e e e u r l m  f e i n t

Bem et# CHirlerfir.#at 
M e te r  tfc e rf le w  |  nd

• n r e h r l #  r u fw w o m e te r  
M eeewrlm  Folnl 

B o re h o le  ( lem p  
Clo#xi re  l i f t e r  
Boll T fn iloS  t l r l e r  
• t r e e *  l i c i e r  #
B e r n *  l-ft#  s e » r r e t f r  ♦

P ig  7,17 I n s t r u m e n t a t i o n  P . 3b l e v e l
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A > '<*»
JK*V.*JdMU 

fertr? rrf  
K r v r y  Bee# l ^ i  
Betni>(« tNe(viB(»m>a« 
N * i e r  H # M u r l« |  F o » m

M etei - ire rfio *  »»d

Bore** I f  B x irM trn iev e r
M»e*i rt#B P*'«w

B or « o ) f  C lem p
Cl»m re  M eier
B ail l e i# I f  r  M e te r  —
•  rv« e  M i t e r
D r re c  le u ite o m e ie r

7 ,10  I n a t r u i a e n t a t i o n  ,795 l e v e l

L a t e r  s t i l l  a n o t h e r  h o l e  wna d r i l l e d  from 2)5 l e v e l  over  t h e  sou th  

e e n t e m  c o rn e r  of  th e  b lock  •» <1 f i t t e d  with  o o m h o le  w ire  ex tunoomete rs  

( F i ^  7 , 1 7 ) .  Dur ing  l u t e  1973, u box ho le  w a s  d r i l l e d  from s u r f a c e  and 

moni tored A i th  a cav ing  i t  di t u t o r .

7.46 GROUND BEHAVIOUR

7*461 Ob.ie rva t; orn a o o v  the  block

The b e h a v io u r  o f  the  rock  above the block  i s  the  moat im p o r ta n t  

a s p e c t  o f  t h i s  b lock ,  because  the  ground d id  not  Cave aa ex p ec ted  from
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t h e  p rev io u s  example o f  Block 6,  and u n d e r c u t t i n g  s t a r t e d  in  t h i s  b lock 

i n  J a n u a ry  when app rox im ate ly  h a l f  l e v e l  had been c r a s h e d ,  one

clamp i n d i c a t e d  an 6m f a i l  from the  back a s  th e  f a c "  »assed b n ea th  i t .  

O ther  very  smal l  movements were recorded  a t  t h a t  t i m a .  No f u r t h e r  changes 

were reco rded  u n t i l  J anuary  1^70 when 275 l e v e l  was a lmost  complete and 

some very sm al l  su b s id en ces  were aga in  reco rd ed  over  th e  back .  In March 

1570 photograha  o f  the  c a v i t y  l e f t  between the  broken ground and s o l i d  

back were taken  from two v e r t i c a l  h o le s  d r i l l e d  from 235 l e v e l  (F ig  7 , 1 ” ^. 

The photographs  were t^ken  w i th  th e  camera developed by th e  COIR to  pho to ­

graph  p o t e n t i a l  s in k  h o le s  i n t e r s e c t e d  by d r i l l i n g  i n  the C a r l e t o n v i l l e  

a r e a .  Two complete  s e t s  were taken from each  h o l e ,  g i v i n g  360° s t e r e o p a i r  

coverage  from which d i r e c t i o n s  and d i s t a n c e s  could  be worked o u t .  The 

l i m i t  o f  adequa te  i l l u m i n a t i o n  in  the  photographs  was about  5 , 4m.

The pho tographs  from i)D 414 showed t h a t  rock f a l l s  from the beck had 

o c c u r r e d  on the  n o r t h e r n  and w es te rn  and sou the rn  s i d e s .  A c a v i t y  up to  

3m h igh  was l e f t  between th e  f a l l e n  rock  and th e  back .  Un the  e a s t e r n  

s id e  the  b l a s t e d  rock  banked un t o  the hang ing  about  3m from the b o r e h o l e . 

From DD 916 a c a v i t y  was found to  the  n o r t h  o f  the  h o l e ,  end to  the  sou th  

b l a s t e d  materi  i l  was banked up t o  the  hang ing  about  2m from the ca! e r a .  

Another bo reho le  i n t e r s e c t e d  the  back in  A p r i l ,  and t h i s  too  showed broken 

m a t e r i a l  up a g a i n s t  the back.  In  June and J u l y  a f t e r  265 l e v e l  c r a s h i n g  

had p ro g re s s ed  t h r e e  q u a r t e r s  o f  the  way a c r o s s  the  b loc k ,  removing the  

s u p p o r t  the  broken m a t e r i a l  w .s g i v i n g  to  the  back,  s e v e r a l  f a l l s  o f  up 

to  6m in  h e i g h t  were r e co rd ed  by c a v in g  i n d i c a t o r s  i n  t h e s e  h o l e s .  At the 

same time one boreho le  wire  ex tensom ete r  clamp moved down 317mm. No 

s ubs idences  were r eco rded  by any o f  t h e  o t h e r  i n s t r u m e n t s  a t  t h e  t ime of  

t h e s e  f a l l s .

Because a coV'?r o f  caved ground i s  needed in  a  s u b l e v e l  caving  

o p e r a t i o n ,  and i n  t h i s  case  some p r o t e c t i o n  from a i r b l c a t s  was r e q u i r e d ,  

i t  was c o n s id e re d  n e c e s s a r y  to  t r y  and induce  c a v i n g .  The f i r s t  

a t t e m p t  a t  cave in d u c in g  was made by d r i l l i n g  two, then  fou r  h o le s  from 

235 l e v e l  over  th e  back and pumping w a te r  under  p r e s s u r e  i n t o  th e s e  h o l e s .  

The p r e s s u r e s  . / e re  i n i t i a l l y  low but were g r a d u a l l y  i n c r e a s e d  by the 

p e r i o d i c  a d d i t i o n  o f  f i n e  s ludge  to w a t e r .  The pumping s t a r t e d  in  December 

1970 f o r  a f-w days and on th"  u th  and 16th o f  th. t  month, two f - l l s  

o f  0 , 5  and 6m from the back were r e co rd ed .  Two more h o le s  were d r i l l e d
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and puapine; i n  a l l  f o u r  waa reaunad  l a t e r  in  L e c e ^ j e r  w i th  pumping f o r  6 

houro  per  d a y . Pu^pir-u waa reauued i n  A p r i l , f o r  fou r  day s ,  and i n  Hay 

f o r  t h r e e  weeks.  In June th e  a r e s s u r e  was i n c r e a s e d  to  approx im ate ly  5 

MPa and pumping c o n t in u e d  every day u n t i l  J u ly  During t h i s  p e r i o d ,

from December 16 to  J u l y  31,  no f u r t h e r  f a l l s  were r e co rd ed  and no 

changes  were r e c o rd e d  on any of  the  i n s t r u m e n t s .

The h y d r a u l i c  cave i n d u c t i o n  exper iment hav ing  f a i l e d ,  an a t t e m p t  

was made to  c u t  a s l o t  on tho  n o r th e r n  boundary o f  t h e  b loc k  by b l a s t i n g  

26 h o l e s  d r i l l e d  from 6A/9Z c r o s s c u t  on 233 l e v e l  (F ig  7 ,19 )«  in  August 1,

F ig  7 ,19  Block 16 cave i n d u c t i o n  b l a s t  ho le  p a t t e r n

19711 24 o f  the  26 h o l e s ,  charged w i th  32 c a s e s  o f  g e l i g n i t e , were 

d e to n a te d  s im u l t a n e o u s l y .  I t  i s  d o u b t fu l  whether  th e  s l o t  was eucct s s -  

f u l l y  c u t , a s  the i n s t r u m e n t s  did  n o t  show any s i g n i f i c a n t  changes  a t t r i ­

b u ta b le  to  t h i s  b l a s t .  In r e t r o s p e c t  the  charge  was a l s o  c o n s id e re d

/
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t o  be too  sm al l  t o  c u t  t h e  s l o t .  I t  was t h e r e f o r e  dec ided  to i n c r e a r e  

the undercut,  a r e a  by e x t e n d in g  the  299 lev- 1 c r a s h i n g  i n t o  Block 16B. 

Between August and O ctober  four  f a l l s  o f  up to  6m were reco rd ed  f o r  the  

back and some smal l  s u b s id e n c e s  were reco rd ed  on the  o t h e r  i n s t r u m e n t s .

At the  end o f  October ,  the  back p o s i t i o n  given by th r e e  b o re h o le s  over  

a  s t r i k e  d i s t a n c e  o f  30m was approx im ate ly  30m above 275 l e v e l . Whether 

t h e s e  f a l l s  were due to  the a t tem pt  a t  s l o t  c u t t i n g ,  o r ,  due to  the  

e f f e c t s  o f  Block 7/1 c a v in g ,  o r ,  duo t o  the  e f f e c t  o f  ex t e n d in g  the 

und e rcu t  e a s tw a rd s  i n t o  Block 16B, i s  no t  c l e a r .  I t  i s  probab le  t h a t  the 

s l o t  b l a s t  had th e  l e a s t  e f f e c t  because the  s i z e  o f  t h i s  b l a s t  was r e l a ­

t i v e l y  smal l  and a p p a r e n t ly  f a i l e d  to  c r e a t e  th e  d e s i r e d  s l o t .

Small s u b s id e n c e s  and a f a l l  from th e  back were aga in  r e c o rd e d  i n  

February  and on March 17, 197' a s u b s t a n t i a l  f a l l  o cc u r r e d ,  b r in g i n g  tne 

back t o  j u s t  above the  235 l e v e l  h o r i z o n .  On th e  n o r t h e r n  s i d e  c a v i t i e s  

o f  6m and 1 0 , 5m were measured and on the  w es te rn  s id e  about  17, 5m. The 

205 l e v e l  i n s t r u m e n t s  con t inued  t o  r e c o rd  subs idence  a t  u s low, but un­

changed r a t e , which d id  no t  r e f l e c t  t h i s  f a l l ,  i n  J u l y ,  s u b s id e n c e s  

l a r g e  enough to  i n d i c a t e  t h a t  c av ing  had r e a c h e d  235 l e v e l  were reco rded  

over  the  c e n t r a l  p o s i t i o n  o f  16D on the new e a s t e r n  remote d i sp lacem ent  

mete rs  s h o r t l y  a f t e r  the  295 l e v e l  c r a s h i n g  had passed  benea th  th e s e  

i n s t r u m e n t s  ( F i g  7 , 2 0 ) .  The g radua l  i n c r e a s e  in  th e  r a t e  of  subs idence  

exper i enced  p r i o r  to  cav ing  i n  Blocks 7A3 and 7/1  d id  n e t  occur  in  t h i s  

a r e a .  Tne s t e a d y  r a t e  o f  sub. dence o f  0,1 run/day which was reco rd ed  over 

th e  p ro c e e d in g  t h r e e  months,  r idonly a c c e l e r a t e d .  These in s t r u m e n t s  

were l o s t  in  t h i s  a c t i o n . The remain ing  t h r e e  remote d i sp la cem e n t  meters  

co n t in u e d  to  r eco rd  su b s id en ce  u n t i l  a n o t h e r  was l o s t  i n  November 197< , 

and from then  u n t i l  September 1973 a r e l a t i v e l y  slow r a t e  o f  subs idence  

was r e c o rd e d .

Over Block 16A t h e r e  was a s lowing o f  the  r a t e  o f  subs idence  recorded  

in  J u l y  arid w i th  the e x c e p t io n  o f  two bo reho le  wire  extensom* t e r s  which 

r eco rd ed  con t in u o u s  slow su b s id e n c e ,  no changes  were reco rded  between J u ly  

1972 and September 1973• In September 1973 g e n e r a l  i n c r e a s e d  r a t e s  of  

subs idence  were r eco rded ,  th e s e  were due t o  th e  p ro g re s s  of  the Block 

7 /2  cave (See  Fig 7,  33) •

Push ing  a cav ing  i n d i c a t o r  up one o f  th e  205 l e v e l  h o l e s  d r i l l e d  

f o r  remote d i sp la cem e n t  me te rs  in  October 1973 i n d i c a t e d  t h a t  a l a r g e  f a l l
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had taken  p l a c e  o ve r  the c e n t r e  o f  the  b lock ,  l e a v i n g  a c a v i t y  on the 

20$ l e v e l  e l e v a t i o n .  There i a  no i n d i c a t i o n  au to when t i d e  f a l l  o cc u r r e d ,  

b u t  i t  i s  sunpec ted  t h a t  i t  o c c u r r e d  in  October  1?73 when some sudden 

damage was n o te d  on 30‘p l e v e l .  Th is  c a v i t y  p ro g r e s s e d  by slou^'hine, f ro n  

th e  back u n t i l  i t  broke th rough  to  s u r f a c e  in  June 197^•

In F i g  7 , J1 an a t t e m p t  i s  made t o  r e l a t e  th e  v a r i o u s  p a ram e te r s  o f  

t h i s  b lock  to e v e n t s  r e c o r d e d  in  the back.  F ig s  7 , J <  and 7>JJ a r e  s e c ­

t i o n s  th rough  the buck i l l u s t r a t i n g  the s t a g e  o f  mining and e v e n t s  in  the 

back .

7 .462  Obr-rr v ■ in  the peri  pher i '

In g e n e r a l , ve ry  l i t t l e  has  been no te d  in  the p e r i p h e r i e s  o f  the 

b lo c k .  Apar t  from some s l i g h t  damage r e p o r t e d  ahead o f  the face  on 275 

l e v e l  a s  t h a t  l e v e l  was n e a r i n g  com ple t ion ,  and some s p a l l i n g  a t  the 

p i l l a r s  l e f t  between the r e t r e a t  c r o s s c u t  and f a c e  on th e  extreme e a s t  

end o f  295 l e v e l ,  no damage has  been no ted  in  the  a b u t m e n t s . The l a c k  o f  

ev idence  o f  abutment lo.id.Lng on 275 in  Block 16A was i n v e s t i g a t e d  in  A p r i l ,  

1970 by do ing  a s e r i e s  o f  s t r e s s  measurements in  the  abutment on 275 l e v e l  

i n  t h e  sou th  e a s t e r n  c o m e r  o f  t h e  b lock  w i th in  10m o f  the  f a c e .  These 

showed t h a t  i n  the abutment the  s t r e s s e s  were approx im ate ly  the  overburden  

load  and i t  was concluded  t h a t  the  abutment lo a d s  had been widely  r e ­

d i s t r i b u t e d  by smal l  d i s p la c e m e n ts  on s l i p s . There i s  some ev idence  f o r  

t h i s  r e d i s t r i b u t i o n  in  the movements which were r e c o rd e d  on the 295 l e v e l  

bo reho le  ex tensom ote r  l o c a t e d  a c r o s s  the  Zone B s t e e p  major s t r u c t u r a l  

f e a t u r e  on th e  n o r t h  s i d e  o f  the  b lock .  Displacement on t h i s  zone has  

a l s o  been r e co rd ed  in  th e  n o r t h e r n  abutment on Block 16B (F ig  7 , < 4 ' .

7.463 Obse rva tion : ,  I'rc:. • ■ 1 ov.- tp.  n ; ock

Ho i n s t r u m e n t s  were i n s t a l l e d  below the b lock ,  and no r e g u l a r  i n ­

s p e c t i o n s  wera made o f  the  development below th e  b lo c k .  The mining p e r ­

s o n n e l ,  hnve however,  kept  a  watch on the a r e a  and r e p o r t e d  any s i g n i f i ­

c an t  damage, which in c lu d e d  a l i g h t  s p u l l i n g  below Block 165 u n d e rc u t  

' a r e a ,  and the  sudden c o l l a p s e  o f  a s t r u c t u r a l l y  weak a r e a  on 305 l e v e l  

which could  have been due to  a subu t  n t i a l  f a l l  from the  back, o r  to  th e  

load  ex tended by an urn roken p o r t i o n  l e f t  un ,'95 l e v e l  above.
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7-47 BldCUSdlOM

The p r o g r e s s  o f  cuv in^  in  t h i a  b lock  wua s i L i l u r  to  t h a t  exp e r i e n c e d  

in  b lock  6,  but i n  s i z e ,  t h i s  b lock  . a s  c o n s id e r a b ly  l a r g e r .  Tbie 

h y d r a u l i c  r a d i u s  o f  Block 6 which was u sed  us the  b a s i s  f o r  d e c i d i n g  h u w  

b i j  the  undercu t  a r e a  shou ld  be to  i n i t i a t e  c a v i n b-, proved to  be i n a d e q u a t e , 

A ttempts  to induce  c a v i n b by i n c r e a s i n g  th e  wate r  p r e s s u r e  in  the  buck and 

by a t t e m p t i n g  to  b l ^ a t  a s l o t  on the  n o r t h e r n  boundary , f a i l e d ,  c e s p i t e  

t h e  f a c t  t h a t  c a v i n j  o f  b lock  6 was a t t r i b u t e d  to  i n c r e a s e  in  Oround w a te r  

i n  the  rai i iy season  and to  b l a s t i n g  a c t i v i t y  underg round .  This  b l o c '  

d i f f e r e d  from Block 6 in  i t o  i s o l a t i o n  from p r e v i o u s l y  mined a r e a s ,  i t s  

g r e a t e r  der t h ,  taid poc. , ib ly more competent  hanu i n bw u l l  ground c o n d i t i o n s .

There has  always  been a f e a r  o f  an a i r b l a a t  i n  t h i s  b lock  i f  a 

s u f f i c i e n t l y  " l a b  were to  f a l l  from th e  back.  The known two l a r g e r

f a l l s , and - a l l e r  f a l l s  d id  n o t , however,  produce any u i r b l u u t s .
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7 . 5  BLOCK 7 /2

7.51 INTRODUCTION

Block 7 /2  i s  in c lu d e d  a s  an exat;^le o f  a b lock  cav ing  o p e r a t i o n ,  

which unlike* Block 7AB i s  no t  com pl ica ted  b> th e  p resence  o f  old  c u t  and 

f i l l  e topea  o r  an o v e r l y i n g  caved b loc k .  As w i l l  be shown, the  course  

o f  cavint ,  was s i m i l a r  t o  t h a t  in  Block 7/1  d e s p i t e  the i n i t i a l  d i f f e r e n c e  

i n  shape o f  t h e  undercu t  and g e o l o g i c a l  f a c t o r s . ^n i n t e r e s t i n g  a s p e c t  

o f  t h e  c av ing  o f  th us  b lock  .vas the e f f e c t  t h a t  t h i s  had on the  a d j a c e n t  

u n c u v t i  Block I f  and on the  overhanging  p o r t i o  1 o f  Block 7 / 1 •

Block 7 /2  l i e s  im media te ly  sou th  o f  Block 7/ 1  and t o  th e  west o f  

Block 16 which i t  r a r t l y  u n d e r l i e s .  U n d e r c u t t i n g  s t a r t e d  i n  A pr i l  1572 

and was completed i n  December 1573*

7 .52  dBOLuGY

The b loc k  i s  on the  s o u th  e a s t  end o f  the  Block 7 o r e b o d j , w i th  an 

a r b i t a r y  l i n e  d i v i d i n g  t h i s  b loc k  f r o a  Block 7/ 1 •  There i s ,  however,  a 

v e r t i c a l  zone o f  s h e a r i n g  w i th  a s s o c i a t e d  a p l i t e s  and t u l c i f i c u t i o n  

metasomatism which occurs  in  Block 7/1  and n e a r  the  boundaiy between 

th e s e  b locks  (F ig  7 , 2 5 ) .  As w i th  Block ?/1 the e a s t e r n  s i d e  o f  t h i s  block 

i s  o v e r l a i n  by the s o u th -e a s tw a rd  d ip p in g  170 dyke u ,d  i t s  a s s o c i a t e d  t a l c  

zones  a t  the  c o n t a c t s .  This  dyke i s  l a r g e l y  t - . l c i f i c d ,  and weak t u l c -  

gouge f i l l e d  s h e a r s  a r e  developed  on the  upper  ,.nd lower c o n t a c t s . The 

w es te rn  margins  of  Block If A o v e r ly  the  dyke and th e  e a s t e r n  l i m i t  of  

Block 7 /2  (B ig  7*26) .  To the sou th  of  the  b lock  i s  the 65°  d ip p i n g  

Zone C t a l c  z o n e .

The incompetency o f  the  ,rebody on the u r i z z l y  i s  lower  on the  n o r t h ­

ern  s id e  when 35-45° so u th  d ip p in g  s h e a r s  w i th  t h i n  Ucuue f i l l i n g s  a r e  

common and t h e r e  i s  a h ig h e r  s l i p  d e n s i t y  which reduces  tne ro c a  c l a s s  

t o  4 A i n  p l a c e s .  The sou the rn  h a l f  o f  the  block  i s  more competent  w i th  

a few er ,  s m a l l e r  f i b r e  seamo and more widely spaced  u l i , s ,  hav ing  a 2D 

and l o c a l l y  a 2A r a t i n u . The immediate b..ck of  th e  undercu t  has  a 3A 

ru t in* , ,  o v e r l a i n  by C la s s  k ore ( f i g  7 , 25) •

7.53 PRBVivUB »n j  cauUUb cu,D:TiuNc baiok to .u n i n c

To the  n o r t h - w e s t  o f  the block was the p r e v i o u s l y  caved Block 7AB 

and on tne  n o r t h e r n  s id e  i s  Block 7/1 iu,d Block 7 /3 ,  which h^d Caved



1 7 6

throu ,  h t o  s u r f a c e  p r i o r  to  the  couuencecient of  u n d e r c u t t i n g  i n  t i l l s  uxock* 

The bottom o f  Block ?AB was on th e  100 l e v e l  e l e v a t i o n ,  some 6^m above 

- the  to p  u n d e r c u t .  As th e  u n d e r c u t t i n g  p r o g re s s e d  n o r th w a rd s ,  so  the

mining in  Block 7 / 1 - ? / 3  Was deepened.  The caved a r e a s  o f  n l o ' k s  7ali, 7/1 

and 7 /3  had r e s u l t e d  i n  a r e d u c t i o n  o f  l a t e r a l  s t r e s s  in  the  n o r t h - s o u t h  

d i r e c t i o n  and s m a l l  d i l u t i o n  and l a t e r a l  movements had been n o te d  on some 

o f  t h e  weaker s l i p s ,  n o t a b l y  on the t a l c - 0 ou^e f i l l e d  s h e a r  on th e  under ­

s id e  o f  the 170 dyke.  D isp lacements  were n o t e d  on i35  l e v e l  on s l i p s  in  

the  p e r ip h e ry  o f  Block 7/ 1, bu t  t h e r e  was no ev idence  o f  any d i sp la cem e n t  

on s l i p s  and only  l o c a l l y  l i 0'ht s p a l l i n d- i n d i c a t e d  the i n c r e a s e  v e r t i c a l  

s t r e s s e s  in  the  p e r i p h e r i e s  of  Block 16 on t h i s  l e v e l .

F iy  7 ,2 5  I /D  s e c t i o n  th rough  Blocks 7/1  and 7 /2

I t  i e  c o n s id e r e d  t h a t  the  l a t e r a l  s t r e s s e s  in  th e  back in  the 

n o r t h - s o u t h  d r e c t i o n  had been reduced by the  caved ^round in  Blocks 7 / 1 1 

7/3 and 7Ab, w h i l s t  the  e a s t - w e s t  s t r e s s e s  may have been i n c r e a s e d .  In
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Fig  7,26 S-W s u c t i o n  th rough  Wlo k 7 / 2  mid 16

the  p e r i p h e r i e s  of  Block 16A h i g h e r  v e r t i c a l  s t r e s s e s  were i n d i c a t e d ,  

whi le  i t  i u  a l s o  p robab le  t tm t  the  l a t e r a l  s t r e s s e s  i n  the  zone between 

the  lowes t  l e v e l s  o f  Block 16A and the to p  o f  Block j/'2 u n d e r c u t , were 

a l s o  i n c r e a s e d .
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7*54 LINING rLTHOD
As i n d i c a t e d  above ,  bloc.:  c . .v i n j  was the n i n i n 0 Bethod s e l e c t e d  f o r  

t h i s  b lo c k .  The g r i z z l y  h o r izon  on 36^ l e v e l  was o v e r l a i n  by one ove rcu t  

h o r i z o n  l o c a t e d  </m above i t  and two undercu t  h o r i z o n s ,  :-.t 16,5 -.-nd 24b 

above i t  (See r ' i^  7 ,25)  • C rash ing  on the  top  undercu t  (345 l e v e l )  s t a r t e d  

*r  th e  sou th  e a s t  c o r n e r  o f  the  b lock  in  A pr i l  1972 and p ro g re s s e d  n o r t h -  

wurds towards  7 / 3 ,  as  i l l u s t r a t e d  in  Tiu 7 ,2 7 .  The c r a s h i n g  o f  the  second 

u n d e rc u t  fo l low ed  c l o u e ly  beh ind .  Tin o v e r c u t t i n g  o f  d raw po in ts  was l e f t  

u n t i l  the d raw po in t s  were r e q u i r e d  fo r  p r o d u c t i o n .  This  was s t a r t e d  i n  

A p r i l  1573.
The u n d e r c u t t i n g  p r o g re s s e d  a t  a  s tead y  r a t e  from the s t a r t  o f  the 

u n d e r c u t t i n g  u n t i l  ..Lurch 1973* when i t  was dec ided  t o  s t o p  u n d e r c u t t i n g  

f o r  fo u r  months u n t i l  a c c e s s  to  J lock  7 /4  was e s t a b l i s h e d ,  when un d e r ­

c u t t i n g  cou ld  be resumed.  U n d e rc u t t in g  was resumed i n  August 1973, and 

completed  i n  December 1973.

7 .55  INSTRULILIITaTICN

Tne i n s t r u m e n t a t i o n  of  t h i s  b lock  c o n s i s t e d  o f  b o re h o le  wire e x t e n - 

som etcrs  l o c a t e d  i n  t h r e e  b o re h o le s  d r i l l e d  from 205 i o v u l  to  moni to r  th e  

e a s t e r n  s id e  o f  the  b lo c k .  The clumps i n  one of  the b o re h o le s  were 

l o c a t e d  over the  back while the clamps i n  the o t h e r  two were in  the  

p e r i p h e r y .  7/hi le  t h e s e  i n s t a l l a t i o n s  gave some u s e f u l  i n f o r m a t i o n ,  t h e i r  

performance  was not  S a t i s f a c t o r y  . Remote . . I splacement m e te rs  were a l s o  

l o c a t e d  in  bo reh o le s  and development on 235 and 275 l e v e l s .  Borehole  

clamps were l o c a t e d  i n  the back n d  w es te rn  p e r ip h e ry  i n  b o re h o le s  d r i l l e d  

from 239 l e v e l , ..nd a cav .ng  i n d i c a t o r  i n  a  235 l e v e l  bo reho le  d r i l l e d  

i n t o  t h e  sou th  w es te rn  c o rn e r  o f  the  b lock  where a c a v i t y  wuu expec ted  

t o  deve lop .

The l o c a t i o n s  o f  t h e s e  i n s t r u m e n t s  a r e  shown i n  F igs  7 ,25 ;  7,26$

7,27  and 7 ,2 8 .

7 .56  GROUND dliUAVIvUR

7 . 5 6 1  d r o u n d  r.»fh v :  o u r  a  u v r  t h e  u n d e r c u t

The u n d e r c u t t i n g  o p e r a t i o n ,  which p ro g re s s ed  from the sou th  e a s t  

towards tne n o r t h  west r e s u l t e d  in  a l i m i t e d  amount o f  c u v in u forming a 

dome shaped back over  the  undercu t  a r e a .  This  w..s ind ie  t e a  by the  wire 

ex teneom e te rs  i n  th e  two bo reh o le s  d r i l l e d  from 235 l e v e l  which were n o t
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BLOCK I6A

D ie p la c e m e e i
poire

J m » o i»  D c ,» i , c , „ , w  
I U l* r  O e r f l o w  tr»u

F i b- 7 129 275 l e v e l  i n a t r u i a e n t a t i o n

s a t i s f a c t o r y ,  and were r e p l a c e d .  These r ep lacem en t  e x t e n s o a e t e r s  r e co rd ed  

slew s u bs idences  i n  J anuary  1973, a t  d i s t a n c e s  o f  30 to  40c above the  

back when the  undercu t  face  had passed  benea th  t h e e  , a d i s t a n c e  of  

and the  E - sp;in was 66m. These movements were slow and smal l  and 

i n d i c a t e d  the fo rm at ion  o f  t e n s i l e  c ru c k i n 0 in  th e  back s i m i l a r  to  t h a t  

observed on 2C5 l e v e l  i n  Block 7AB. On the  wes t  s i d e  however,  th e  fo rm at ion  

of  C a v i t i e s  was i n d i c a t e d  ly the  w ire  e x tensom e te r  i n  SRI' 100 which 

r e co rd ed  co re  r a ^ i d  s u b s id e n c e s  a t  e l e v a t i o n  of  15m and 25m above the  

u n d e r c u t . The lowest  clump i n d i c t e d  t h a t  a c a v i t y  of  a t  l e a s t  0,25m had 

developed  s lowly  enough to  be monitored  be fo re  the  clomp wire  was broken 

i n  J a n u a ry .  The n e x t  clamp i n d i c a t e d  th e  fo rm at ion  o f  a  s i m i l a r  c a v i t y  

10,5m h iyh  where i n t e r s e c t e d  by the b o r e h o l e s .  I t  i s  r emarkable  t h a t  up 

t o  1 0 , 5m o f  w ire  Was exposed f o r  16 months w i thou t  b e i n j  cu t  by a rock  

f u l l  o f  any form.

SRH 101 d r i l l e d  from 235 l e v e l  i n t o  the s o u th e rn  h a l f  o f  the 

b lock  which was r i ^ o d  w i th  u c u v i n j  i n d i c a t o r ,  showed a s p o ra d ic  westward 

e x t e n s i o n  o f  the  c uve l i m i t s ,  a l th o u g h  a c a v i t y  l u r  ,e enough t o  ac c e p t  

the  Cavinu i n d i c a t o r  d id  no t  develop*
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>i<s 7 i3 l  Subsidence j r a j h s  27!; l e v e l  b lock  7 /2

un 275 and 35 l e v e l s ,  j e n e r a l  slow BubFidencea were r e c o rd e d  over  

the  undercu t  a r e a  d u r in g  1571 • R<>.pid s ubs idences  on 275 l e v e l  

r eco rded  over  the  c e n t r a l  p o r t i o n  o f  the b lock  d u r in g  Xarch , A p r i l ,  May 

and June 1973, i n d i c a t i n g  t h a t  th e  back had reached  t h i s  l e v e l  (P ig  7,31 

a i . i  7 ,^ 2 )  . Aja in  no sudden f a l l s  were reco rd ed , a t  l e a s t  n o t  i n  the 

i n i t i a .  s t a g e s ,  as  the subs idence  graphs i n d i c a t e  a c c e l e r a t i n g  subs idence  

b efo re  the i n r . t r u c e n t s  were l o u t .  Li August and Uepteruber when the  under ­

c u t t i n g  o f  the  remain ing  p o r t i o n  o f  the p i l l a r  between b lock  7 /2  and 7/1 

w a s  resumed,  i n c r e a s i n g  r a t e s  of  subs idence  ; e r c  recorded  on the n o r th
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s i d e  o f  the  block on both  235 and 275 l e v e l s ; . In  October ,  g e n e ra l  sub ­

s i d e n c e s  were r eco rded  i n d i c a t i n g  t h a t  a major change had taken  p l a c e .

For  the  f i r s t  t ime,  th e  e f f e c t s  o f  c av in t, were v i s i b l e  on 235 l e v e l ,  where,  

i n  the  s h a f t  c r o s s c u t ,  d i l a t i o n  of  N -  2 s t r i k i n g  s l i p s  i n d i c a t e d  t h a t  i n  

t h e  n o r t h e r n  p o r t i o n  of  the  b lock  n e x t  t o  Block 7 / l»  the  cuv inu was 

a d o p t in g  the form t h a t  was ooserved  i n  b lock  7AB to  the  sou th  of  b loc k  6 .
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On s u r f a c e , th e  c r a c k in g  observed  over the  n o r t h e r n  p o r t i o n  o f  the  b loc k ,  

i n i t i a l l y  in  Sep tember ,  ex tended  s i g n i f i c a n t l y  i n  October 1973 (P ig  7 , 3 4 ) .

B L O C K  l | .

P ig  7 , 3 4  S ur face  c r a c k in g  B l o c k  7 / 2

S ubsequen t ly ,  the  s u r f a c e  c rac k s  ex tended  over  th e  Block 16.  These c rac ks

d id  n o t  have any i n i t i a l  v e r t i c a l  d i sp lacem en t  but . .ere caused  by the

r e l a t i v e  l a t e r a l  d i sp lacem en t  o f  the ground on o p p o s i t e  s i d e s  of  s t e e p

d ipp ing  s l i p s .  This  c o r re sponds  t o  an ang le  o f  b reak  o f  76 with  r e s p e c t  

t o  Block 7 /2  but  Block 16 m y  have i n f l u e n c e d  t h i s .
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7 * 5 6 2  Obr.crv. ' t i o n s  I’r o r  t h e  p e r i - i h ^ r i

With b lock  7/1 on the n o r th e r n  s id e  o f  t h e  b lock  and b lo c k  16 on

t h e  e a s t e r n  s i d e ,  th e  c a v i n g  of  Block 7 /2  had a s i g n i f i c a n t  a f f e c t  on 

the  s t a b i l i t y  o f  the  overhang over  the  e a s t e r n  end o f  Block 7/1 and the 

back o f  Block 16. These e f f e c t s  w i l l  be d i s c u s s e d  under  s e p a r a t e  h e a d in g s .

Only on the  w es te rn  s i d e  o f  the b lock  could  the  e f f e c t s  oi cav ing  

on the p e r i p h e r i e s  be obse rved .  Here ,  snu l]  d i l a t i o n  and l e f t  l a t e r a l  

s l i p  d isp lacem en t  were observed on n o r t h / n o u t h  s t r i k i n g  s l i p s  on both 

235 and 2l>5 l e v e l s .  The smal l  r i s e s  recorded  on the  275 l e v e l  remote 

d i sp lacem en t  me te rs  on the  w es te rn  s i d e  o f  the  block  Nos 8 ,  9> 10 end 

11 appea r  t o  be anomolous and could  be due t o  a f a u l t y  r e a d i n g  board 

mounting.
On the  e a s t e r n  s id e  o f  the  b lock  nolow Block 16 some movement was 

n o t e d  on a major E-W s t r i k i n g  s h e a r  and on th e  s h e a r in g  a s s o c i a t e d  with  

the  dyke.  These may have s t a r t e d  b e f o r e ,  bu t  were only  n o te d  in  October ,  

d u r in g  which month the  g r e a t e s t  r a t e  o f  d isp lacement  o c c u r r e d . rXirthei 

d i s p la c e m e n ts  were r e c o rd e d  a t  a slow r a t e  f o r  some months a f t e r w a r d s .

These d i s p la c e m e n ts  a r e  im p o r ta n t  because  they  could cause  rock 1c 

which would p r o h i b i t  the  use o f  the  b ins  l o c a t e d  i n  th e  a r e a ,  c u t t i n g  the  

p ro d u c t io n  from Block 7/1 and 7 / 3 .

7 . 5 6 3  Ob:u>rv.-t . on? or l ow t h e  u n d e r c u t

During the  u n d e r c u t t i n g  of  t h i s  block e x t e n s i v e  damage was ex p e r i en ced

ahead  of  and below the  345 l e v e l  undercu t  f a c e .

Ahead o f  the  f a c e ,  the damage observed was in  t h e  n a t u r e  o f  s p o i l i n g  

and smal l  l o c a l  s h e a r  a t  d i l a t i o n  d i rp l a c e m e n t s  s l i p s  in  the rock  s u r ro u n ­

d in g  the  development. Th is  was p a r t i c u l a r l y  n o t i c e a b l e  i n  th e  l e s s  

competent  a r e a s ,  and in  th e  " p i l l a r " ,  between Block 7/ 2  and 7/1  on the 

n o r t h e r n  s id e  of  the block where y i e l d i n g  a r c h e s  had to  be i n s t a l l e d .

Un the  low«'r undercu t  l e v e l  (350 l e v e l ) ,  the  a r e a  a f f e c t e d  was l a r g e r  

than  on the  upper  und e rcu t  l e v e l , w i th  s p a l l i n g  and smal l  l o c a l  s h e a r  and 

d i l a t i o n  movement on s l i p s  i n  the rock  s u r ro u n d in g  the  deve lopment . This  

was moot n o t i c e a b l e  in  the  les: ; competent  ground on the  c o r n e r s  o f  the 

r i n g  d r i l l i n g  d r i v e s  and c r o s s c u t s . The appea rance  o f  the damage was 

b road ly  r e l a t e d  to  U 345 l e v e l  face  p o s i t i o n ,  as  i t  occur red  i n  a broad 

zone both  ahead o f  md behind the f ace  p o s i t i o n .  In the  more competent



1U5

a r e a s ,  the f r a c t u r e s  observed  i n  the  development c o n s i s t e d  o f  s p e l l i n g  

c r a c k s  i n  the  back ,  and s n a i l ,  com nress iona l  d i s p la c e m e n ts  on sh -H ow  

d ip p i n g  s l i p s ,  which e;ave the im pres s ion  t n a t  t h e  cause  was a h o r i z o n t a l ,  

not, v e r t i c a l  s t r e s s . Hock b o l t  in*; improved c o n d i t i o n s  s u f f i c i e n t l y  to  

al low u n d e r c u t t i n g  t o  p rocee d .

On 3^0 l e v e l ,  damage s i m i l a r  t o  t h a t  observed  on j^O le v e l  o c c u r r e d .  

However, on the w e s te rn  abutment an un fav o u rab le  s l i p  o r i e n t a t i o n  n e c e s s i ­

t a t e d  y i e l d i n g  a r c h e s .  Here,  d i sp lacem ent  on ll-S s l i p s  were no ted  which 

wore more r e , i o n a l  than  c o n f in e d  to  the  zone o f  i n f l u e n c e  o f  the  deve lop­
ment .

The g r i z z l y  l e v e l ,  3(>,j  l e v e l ,  was e x t e n s i v e l y  suppor ted  by s t e e l  

a rc h e s  as  a p r e c a u t i o n a r y  measure did n o t  show the v i s i b l e  e f f e c t s  o f  the  

undercu t  face  advance .  In the  w es te rn  abutment,  on 350 l e v e l , s p e l l i n g  

and r e g i o n a l  movements were observed  i n  the unsu p p o r ted  a r e a s .  The a rch  

load  i n d i c a t o r s  responded to  the u n d e r c u t t i n g  w i th  i n c r e a s e s  and then  

d e c r e a s e s  in  t h e  loa ds  imposed on the a r c h .  On th e  s o u th e rn  s id e  o f  the 

block the  a rch  load  i n d i c a t o r s  showed n i n c r e a s e  i n  load  th roughout the  

sou thern -m os t  g r i z z l y  d r i v e .  T h i s  d r i v e ,  d e s p i t e  being l o c a t e d  i n  good 

ground s u f f e r e d  c o n s i d e r a b l e  s p a l l i n g ,  n e c e s s i t a t i n g  the  com ple t ion  o f  
a rch  i n s t a l l a t i o n .

7.57 ErYmUTS uP CaVIHG IN B L O C K  7 /2  O H  B L O C K  7/1

The c a v in g  o f  Block 7/ 2  had an e f f e c t  on c l o c k  7/ 1- 7 /3  mainly in  

the overhang over  the e a s t e r n  end o f  the  b lo c k .  The b o re h o le s  and d i s ­

placement m e te rs  lo c a t e d  on 205 l e v e l  recorded g e n e r a l  slow subs idences  

th rough  1972 and to  August 1973, nd then  a c c e l e r a t e d  between August nd 

October ,  c o i n c i d e n t a l  w i th  the removal o f  th e  p i l l  ” between 7 /2  and ]j\ . 

Severa l  o f  t h e r e  i n s t r u m e n t s  were l o o t  d u r in g  O ctober  a s  t h e  ca v in g  of  

block 7 /2  induced  f u r t h e r  cav in g  in  Block 7/1 overhang ( P i g  7 , 3 4 ) .  The 

ground on the  e a s t  a ide  o f  th e  block d i s p l a y e d  a r e l i e f  o f  s t r e s s  i n  an 

K-'A' d i r e c t i o n  where the newly caved ground i n t e r s e c t e d  a d r i v e ,  and cou ld  

be* seen  s u b s i d i n g  a lmost  i n t a c t  on n e a r l y  v e r t i c a l  s l i p s .

Th is  a l s o  caused  a gene ra l  d e t e r i o r a t i o n  i n  the blocky incom peten t ,  

and s h e a re d  ground a s s o c i a t e d  w i th  the 170 dyke in  the  e a s t e r n  p e r ip h e r y  

o f  b lo c k  7 / l - 7 / 3 .

7 .56 EFFECTS ON CAVING IN DL0CK 7 /2  ON BLOCK 16

During 1972 arid 1973, very  alow s u b s id e n c e s  were r e c o rd e d  over  the 

back oi b lock  16 by the  205 l e v e l  remote d i s p la c e m e n t  mete rs  and borehole
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wire  ext .ensometerti .  However, in  J u ly  1^)73 t h r e e  bo reho le  ex tenaom e te ra  

on the  w e s te rn  s id e  o f  the  block  r e c o r d , d  s h a r p ly  i n c r e a s e d  subs idence  

r a t e s  p o s s i b l y  caused  by some f a i l u r e  in  the  ground between b lo c k s  16 and 

7 / 2 .  Dur ing  August and September some i n s t r u m e n t s  reco rd ed  a ^ ra d u a l  

i n c r e a s e  i n  su b s id e n c e  and on October  24 u g e n e r a l  speed ing  up in  the  r a t e  

o f  subs idence  s t a r t e d  ( F i g  7 ,33)  • At t h a t  t ime i t  was d i s c o v e re d  t h a t  the 

cave back had r e a c h e d  th e  2 0 l e v e l  e l e v a t i o n  over  the  c e n t r a l  p o r t i o n  

o f  th e  block .  I t  was then  dec ided  to  d r i l l  a h o le  from s u r f a c e  to  

i n t e r s e c t  the back and t o  moni to r  the p ro g re s s  o f  the cave upw ards . This  

bo reho le  was completed  i n  Decern, r  by which t ime th e  cave back had reached  

the  170 l e v e l  e l e v a t i o n .  From then  u n t i l  June  197^ the back moved upwards 

a t  a  r a t e  o f  s e v e r a l  m e t res  per month ( F ig  7 ,24 )  • The c v in g  i n d i c a t o r  

a l s o  showed t h a t  a c a v i t y  e x i s t e d  between the  broken ground and the back 

from t ime t o  t i m e .  This  c a v i t y  broke th rough  to s u r f a c e  i n  June 1cy75 as  

a  l a r g e  s i n k h o l e . From t h i s  i t  was deduced t h a t  the  cove back was 

aga in  a  s t e e p  s id e d  dome s i m i l a r  t o  t h a t  deduced f o r  block 7 / 4 ,  a s  t h e  

i n s t r u m e n t s  on the n o r t h  wes t  and sou th  w es t  s i d e s  o f  the  b loc k  had i n d i ­

c a t e d  t h a t  a comple te f a i l u r e  of  th e  ground l y i n g  b. tween b lock  7 /2  and 

16 had n o t  o c c u r r e d ,  bu t  i n s t e a d  r e l a t i v e l y  sm al l  movements had been 

r e c o rd e d  i n d i c a t i n g  some f a i l u r e  or  d i sp la cem e n t  on s l i p s  on t h i s  z o n e .

The w es te rn  abutments  o f  the clock  were s t i l l  r e l a t i v e l y  s o l i d  on th e  205 

l e v e l  e l e v a t i o n  whi le  over t h e  c e n t r e  o f  th e  b lock  th e  cave back was 

measured above the  170 l e v e l  e l e v a t i o n .

7 .5 9  SUCIAHY

The u n d e r c u t t i n g  o f  b l o c k  7 /2  r e s u l t e d  i n  i n i t i a l l y  a  dome shaped 

cave w ith  a r e a s  in  benea th  t h e  buck where c a v i t i e s  d- ’/ e lo p e d .  These 

c a v i t i e s  over  the c e n t r e  o f  the b lock  narrow but  on the  w e s te rn  p e r ip h e ry  

up t o  10,5m h i g h . The u n d e r c u t t i n g  r e s u l t e d  in  a zone o f  damage b road ly  

r e la t e d  t o  be face  p o s i t i o n  on the second u n d e rc u t  and ove rcu t  l e v e l s .

This  damage, however,  had the  appearance  o f  be ing  caved by a l a t e r a l  no t  

v e r t i c a l  s t r e s s .

The com ple t ion  o f  the u n d e r c u t t i n g  a lo n g  the  boundary w i th  Block 7/1 

•caused mass subs idence  type o-.ving or. t i n  n o r t h e r n  s id e  o f  the b lock  

w i th  a s t e e p  overhang over  the sou th  s i d e .  Thin a l s o  i n i t i a t e d  f u r t h e r
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ca v in g  of  t h e  overhang on th e  e a s t e r n  a ide  of Block / / l ,  and,  the 

c a v in g  o f  th e  back Block 16. In t h i s  block l a t e r a l  s t r e s s  r e l i e f  was 

i n d i c a t e d  by c r a c k s  on s u r f a c e  and the  cav ing  took  the  form o f  an upward 

p r o p o r t i o n  o f  a s t e e p  s id e d  dome shaped cave back benea th  which a c a v i t y  

p e r i o d i c a l l y  deve loped .

7 .6  DlLiCJBaTON
Some common c h a r a c t e r i s t i c s  and i n t e r e s t i n g  d i f f e r e n c e s  ctun be 

r ecogn i se d  in  the  cav ing  o f  the f o u r  b locks  d e s c r i b e d  in  t h i s  c h a p t e r .

A s u b s t a n t i a l  a r e a  was u n d e rc u t  in  each o f  the b locks  b e fo re  

cav ing  s t a r t e d .  This  ' u n d e r c u t '  was c r e a t e d  by the  s h r in k ag e  o p e r a t i o n  

i n  Block 6,  s u b l e v e l  cav ing  i n  Blocks 7 /1 - 7 / 3  and 16 and by the under ­

c u t t i n g  of  t h e  ore f o r  th e  block cuvin-,  o f  7 / 2 .  C onsequen t ly ,  the back 

r a s  roughly a rch  o r  dome shaped (de te rm ined  by the  orc-body  s h a p e ) i n  the 

f i r s t  t h r e e  c a s e s ,  and f l a t  in  the  l a t t e r .  The mined a r e a s  were p a r t i a l l y  

f i l l e d  with  tne b l a s t e d  o re  l e a v i n g  one o r  more c a v i t i e s  between the  p r e -  

broken ore  and the back.

i n i t i a l l y  c a v in g  took t i n -  form o f  s p o r a d i c  s lo u g h in g  from the back 

o f  t h e s e  C a v i t i e s ,  o r  where the  broken ore f i l l e d  the  u n d e rc u t  t o  the 

back c r a c k in g  w i th  more or l e s s  detachment from the s i d e s  and s lower  sub ­

s i d e n c e .  With s lo u g h in g  from the back the c a v i t i e s  o f  Blocks 6 and 16 

p rogressed  t o  s u r f a c e .  T h i s  c av ing  mechanism was s i m i l a r  t o  the  s t r e s s  

cav ing  in  Block 7aB but  in  a l l  t h e s e  c a s e s ,  the  p r e v io u s l y  mined block 

on one s id e  i n f l u e n c e d  t h e  s t r e s s e s  i n  the back ,  and probably  c o n t r i b u t e d  

t o  th e  i n s t a b i l i t y  o f  the  buck.  In Blocks 7 / 1 - 7 / 3  and 7 /2  the  i n f l u e n c e  

o f  the a d j a c e n t  caved  block became s u f f i c i e n t  to  cause  the  mode o f  coving 

to  change from s t r e s s  c a v in g  to  muse subs idence  cav ing  between 30 and 60 

m e tres  above the  i n i t i a l  back e l e v a t i o n .  The Caving mechanisms a r e  d i s ­

cussed  more f u l l y  i n  the nox l  c h a p t e r .
The ground in  the p e r i p h e r i e s  o f  each o f  th e s e  b locks  was a f f e c t e d

by the  cav in g  m a n i f e s t  in  the  d i s p la cem e n ts  obse rved  on s l i p s  and i n  the

damage to  d r i f t s  i n  t h i s  ground.  As d i s c u s s e d  more f u l l y  in  the  next 

c h a p t e r  the r a t e  o f  d i sp lacem en t  on t h e  s l i p s  were normal ly  a t  a  maximum 

a t  the t ime o f  c .v ing ,  and s u b se q u en t ly  slowed over  a  c o n s i d e r a b l e  p e r io d  

o f  t ime.  The damage observed  in  the p e r i p h e r i e s  took the form o f  s l a b b i n g  

and f a l l s  o f  rock d i s lo d g e d  or  f o r c e d  from the  back o r  s i d e w a l l  o f  deve lop­
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ment open ings ,  a l u o  rock  f a l l s  and 3p u l l i n g  a t t r i b u t a b l e  to  changes  in  

th e  s t r e s s  f i e l d  i n  the  a r e a ,  n t h  t h e  consequen t  changes  in  s t r e s s  a r rund  

the  e x c a v a t io n  and i t s  s t a b i l i t y .
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A:,AiYu::.; .•/ J-\ >"i: c.

o . 1
In t h i s  c h a p t e r  i t  i e  hoped to  analyne  the j ro u n d  behuv iour  by 

evokino  t h e o r e t i c a l  ^odel  m a t e r i a i a  to  d e s c r ib e  the  g t r e s e - 8 t r a i n - t i n . e  

r e l a t i o n s h i p s  which a r e  im p o r ta n t  i n  u n d e r s t a n d i n g  the  ground b e h a v io u r .

I t  w i l l  be shown t h a t  the ground on t h i s  u ine  on a l a r g e  s c a l e  behaves  a s  

a quasi-Bingham su b s t a n c e  and on a s. ■ 11 s c a l e  muy be e i t h e r  e l a s t i c  or  

p l a s t i c .  L a t e r  i t  w i l l  be shown how th e s e  c h a r a c t e r i s t i c s  e f f e c t  the 

p r a c t i c a l  s ide  o f  the mining n.v .o ly ,  the  c o n d i t i o n  r e q u i r e d  f o r  caving  

a i d  the  form t h a t  the c av ing  w i l l  take  as wel l  as  t h e  s t a b i l i t y  o f  

development work ings .

8 0  T 5 * f T  r  . 1 T  ^  '  T 1 T  TiVJ Q

The s t r e s s - s t r a i n - t i n e  r e l a t i o n s h i p s  o f  g e o l o g i c a l  m a t e r i a l s  maj- oe 

r e p r e s e n t e d  by one o f  e i g h t  mechanical  models g iven  In  J a e g e r ' s  " E l a s t i ­

c i t y  F ra c tu r e  and Flow" (1 ^  P 99 - 109) ( F i g  b ,1 } .
(1)  The p e r f ect e l . i t " c or  "uook'-un" s u b s tan ce  R ep resen ted  by a 

wpring,  wivi; trie «;Atension U-n xi»8tailUu»«ou8 and p ro p o r ­

t i o n a l  to  the  s t r e s s .

(2)  Th p e r f e  t l y  vin;u)un f l u i d  or "hewtoni n"  sub.nt.'j.ce Repre­

s e n te d  by a dnshpo t ,  the r a t e  o f  s t r a i n  £ i s  r e l a t e d  l i n e a r l y  

to  the s t r e s s ,  and tl'.o s t r a i n  i s  de te rm ined  by the d u r a t i o n

of  the  s t r e s s  and s t r a i n  r a t e .

( j )  A : i e I  j  cvr*. u Jo Repreuented by a f r i c t i o n  c o n t a c t  which

would only y i e l d  i f  the a p p l i e d  f o r c e s  exceeded  the  f r i c t i o n a l  

f o r c e  (Jo)  due to  s t a t i c  f r i c t i o n .

(4 ) The ; erfVcti." '  . l a .  t i c  s o l i d  or " C t . V * n t "  s u b s tan ce  Repre­

s e n te d  by a s p r i n g  tuid f r i c t i o n  co i i tnc t  which has an e l a s t i c  

s t r a i n  u n t i l  t h e  y i e l d  s t r e s s  i a  re a c h e d .

(9)  The 'hh I v i n " , t " o r  rr,o-Vi r.n’rr.t- nee Represented

by a s p r i n g  and d i shpo t  in  p a r a l l e l  i n  which th e  s t r e s s e s  on 

the  system a r e  equa l  to  the  sum o f  the  s t r e s s e s  on the  s p r i n g
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(K ) tuid dushpot  ( l  ) •  Should the  system be s u b j e c t  t o  a 

c o n s t a n t  l o a d ,  the  u l t i m a t e  s t r a i n  would be reached  exponen­

t i a l l y  and i f  the  s t r e s s  i s  removed th e  s t r a i n  i s  dec re a se d  

e x p o n e n t i a l l y  to  ze ro  s t r a i n .

((,) The " m a x w e l l ' 1 or  " E lu s t i  co-Vi scoun" n.bnt- . r ' -e  Rep resen ted  by

a  s p r i n g  and dashput  i n  s e r i e s ,  t h i s  m a t e r i a l  i s  l i k e  p i t c h ,  

e l a s t i c  to  i n s t a n t a n e o u s  l o a d s ,  bu t  f lows v i s c o u s l y  w i th  s u s t a i n e d  

low s t r e s s e s .  Under c o n s t a n t  s t r e s s ,  t h e r e  would be an i n s t a n ­

ta neous  e l a s t i c  s t r a i n  fo l lowed  by l i n e a r l y  i n c r e a s i n g  t imo­

de pendant  s t r a i n .
(? )  Genera l  l i n e a r  sub, t .tioe Represen ted  by a s p r i n g  in  p a r a l l e l

w i th  a Maxwell e lem en t ,  the  m a t e r i a l  under  c o n s t a n t  load  has 

an i n s t a n t a n e o u s  s t r a i n  which i n c r e a s e s  e x p o n e n t i a l l y  to  a 

f i n a l  v a lu e  de te rm ined  by s p r i n g  on i t s  own.
(8)  The "dinpham" subst  - n e e  This  i s  r e p r e s e n t e d  by a s p r i n g ,  f r i c t i o n

s u r f a c e  and a daahpot in  s e r i e s ,  t h e  dashpot  he re  r e s t r i c t s  

th e  r a t e  o f  movement once the  y i e l d  p o in t  i s  passed ,  u n l i k e  the  

p e r f e c t l y  p l a s t i c  m a t e r i a l  which has  no l i m i t  to  the  r a t e  o f  move­

ment.  This  m a t e r i a l  behaves e l a s t i c a l l y  f o r  s t r e s s e s  l e s s  than  

the  y i e l d  p o in t  and f o r  g r e a t e r  s t r e s s e s  i t  deforms w i th  s t e a d i l y  

i n c r e a s i n g  s t r a i n .  A p o r t i o n  o f  t h i s  s t r a i n  i s  n o t  r e c o v e ra b l e  

on r e l e a s e  o f  t h e  deforming s t r e s s .

6 . 3  SMALL JCALK Db.-'ORI '.AT ■ Oh’

On a email  s c a l e ,  such as in  l a b o r a t o r y  s pec im ens , most o f  the  rocks  

found on tin* n ine  behave e l a s t i c a l l y .  The p o s s i b l e  e x c e p t io n s  a r e  the 

fo o tw a l l  t a l c  rocks  where the  gouge f i l l e d  s h e a r  h o r i z o n s  and weak shea red  

zones con be expec ted  to g i v e  i t  a v i s c o u s  n a t u r e .  The incompetent  n a t u r e  

o f  th e s e  ro c k s ,  makes co re  specimens o f  th e s e  ro ck s  f o r  l a b o r a t o r y  t e s t i n g  

p r a c t i c a l  lyr u n o b ta in a b le  .
Th< e l a s t i c  n a t u r e  o f  the d ' i n i t v ,  s e r p e n t i n e ,  ca rbona ted  s e r p e n t i n e  

and t s l c - c a r b o n a t e  rocks  i s  dem ons t ra ted  by the  i n s t a n ta n e o u s  re sponse  t o  

l o a d in g  and absence of  Big* i f l e a n t  permanent  d e f o r m ' t i o n  a f t e r  a per iod  

o f  s u s t a i n e d  l o  id . These p r o p e r t i e s  a r e  i l l u s t r a t e d  in  the  g rap h s  in 

F ig  8 , 2 .
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7 5  ' L  UUTl f c AATt  10*D-1  D U N I T E
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6,2 Creep tua t  r e s u l t s

6 . 4 l ah;. .j c A - . u r . K o ; r  c ^ a h a c .’l h i .>t i c j

When a l a r  ,e voluiae of rock containing severa l j o i n t s  i s  s t r e ssed ,  
the rock nuy not only deform e l a s t i c a l l y ,  but depending upon the d i re c t ions  
and magnitudes of the three pr inc ipa l  s t r e s se s  to the o r ie n ta t io n  and 
f r i c t i o n a l  p roper t ies  of the j o i n t s ,  there may a lso  be a p l a s t i c  component 
r e su l t in g  from small sh< ar diapl  ce:,/nt: on one or more j o i n t s .

Small displacements on j o i n t s  huve been otuerved -aid recorded in many 
loca t ions  in the per ipher ies  of c-tved blocks on t h i s  mine (Pi,-; 6 ,23) .
In other  l o c a l i t i e s ,  where high s t r e s se s  wore expected, there  v,cre no 
v i s i b l e  e f f ec t s  of the s t r e s se s  in the form of epa l l ing  and other damage 
and from th i s  i t  was infe rred  tha t  the s t r e s se s  hud been reduced and re ­
d is t r ib u ted  by small shear adjustments on j o i n t s .  The lower-than- 
expected abutment loads in the per ipher ies  of Block 16A was one example 

(See 7.162).
The r a te  of displacement measured by the Bern' c extensometer on 

s l i p s  in the per ipher ies  of Block 7AB were general ly  very slow and appar­
ently  continuous, but there were sore which displayed email sporadic 
displacements.  These slow, frequently  uniform r a te s  of displacement
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i n d i c a t e  a  t ime f a c t o r  i n  the de fo rm a t ion  c h a r a c t e r i s t i c s  o f  th e  Oround.  

This  cou ld  be e i t h e r  a t ime dependent  r e sponse  o f  ground to  a change in  

s t r e s s ,  o r  t o  an immediate response  o f  th e  ground to  a g ra d u a l  change in  

s t r e s s .  A g rad u a l  change in  s t r e s s  cun be brought about  by uuvancea in  

the mining or  t o  t h e  g r a d u a l  development o f  a  zone o f  ad ju s tm e n t  around 

a mining o p e r a t i o n .  As the  cav ing  o f  o lock  ?AB was r e l a t i v e l y  r a p i d  and 

i n  th e  p e r i p h e r i e s  was fo l low ed  by a p r o t r a c t e d  p e r io d  d i sp la c e m e n t  on 

s l i p s ,  i t  i s  c o n s id e r e d  t h a t  the  t ime dependency i s  p r i m a r i l y  a p roper ty  

o f  t h e  d i sp lacem en t  on th e  s l i ^ s .

because  o f  the  smal l  d i s p la c e m e n ts  on the numerous j o i n t s  and the 

t im e-dependen t  r e s p o n s e ,  the  rock  m, s s  behaves as a  quas i-Bingham sub­

s t a n c e .  The s p r i n g  p ro v id e s  an i n s t a n t a n e o u s  e l a s t i c  r e s p o n s e ,  the 

d ashpo t  a c o n t r o l l e d  r a t e  o f  s l i d i n g  o f  the f r i c t i o n  b lock  when the  a p p l i e d  

loud  exceeds  th e  y i e l d  p o i n t  p rov ided  by the f r i c t i o n  b lo c k .

8.41 ?%% UATb'HE v ?  BlbPUCii.LA.TL, Ui JOINTS

8.411 Ty of . o : n t  . or. d:.\. l . i c e r e n t  occurs

In  the  p e r i p h e r i e s  o f  a  c w e d  b loc k ,  the j o i n t s  which show d i s p l a c e ­

ment l i r s t  and which ex/d hi t  the g r e a t e s t  amounts of  d i sp la c e m e n t  a re  the 

s u i t a b l y  o r i e n t a t e d  muvor s t r u c t u r a l  f e a t u r e s  such as f a u l t s ,  major s l i p s  

o r  s h e a r s  in  the a r e  . These major  f e a t u r e s  a r e  u s u a l l y  p l a n a r  and cay 

have a s s o c i a t e d  uor.es o f  s h e a r i n g  and in  c ny caces  a gouge f i l l i n g .  C lose r  

to  t h e  caved block the d i sp lacem en t  occurs  more f r e q u e n t l y  on td n o r  

J o - n t s  such as c l i ; s  which a r e  n o t  us smooth o r  p la n  r .

8.41T Amounts o f  uh- r  . vt • l^_t_;on

The m oni to r ing  oi t in  d i r e c t i o n  o f  d io p l  .cement or* t h e s e  sli^-o showed 

t h a t  tn e  l u t e f w .  d i . .p lacement wa- a*:..o. t  i n v a r i a b l y  acco:  . a iu ed  bv d i l u t i o n .  

This  could  be Caused by the  " r i d i n g  up" o f  i r r e g u l a r i t i e s  i n  the  s l i p  

s u r f a c e s  on each  o t h e r  d u r ing  l a t e r a l  d i s p l a c e m e n t , however,  on the moie 

i r r e g u l a r  minor s l i p s  i t  i s  p robab le  th a t  r e d u c t io n  in  the s t r e s s  or  change 

t o  t e n s i o n s !  s t r a i n  i n  a d i r e c t i o n  p e r p e n d i c u l a r  to the s l i p  f a c e  i s  

r e q u i r e d  to  overcome the i n t e r l o c k i n g  o f  the  i r r e g u l a r i t i e s .  The l a t e r a l  

d i9plac t . . .vn t  and d i l a t i o n  components o f  movements r e c o rd e d  on a s l i p  i n  the 
p e r i p h e r y  o f  b lock  7A2i i s  giv.-n in  F i g  t , 2 2 .
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b *413 I r r e , ' u l ; : r  di r;;)l:;ce:n(.nt recordi  d on some r . l ipg

W hi ls t  the  d i s p la cem e n t  recorded  on th e  m a jo r i t y  o f  th e  s l i p s  moni­

to r e d  w i th  the Democ ex tensom ete r  was a p p a r e n t l y  con t inuous  and slow, 

t h e r e  were a s i g n i f i c a n t  p ro p o r t i o n  of  c l i p s  which d i s p l a y e d  a j e r k y  

m o t io n . As t h e s e  i n s t r u m e n t s  were read  once p e r  week, t h e r e  nay have 

been more s l i p s  which i l l u s t r a t e d  a j e rk y  motion where the  p e r io d  o f  j e r k s  

was l e s s  than  one week. However, where j e r k y  d i s p la cem e n ts  were reco rded  

on s l i p s ,  th e  j e r k s  occur red  a t  lo ng  and i r r e g u l a r  i n t e r v a l s  o f  t im e .  I t  

i s  p robab le  t h a t  t h e s e  were the r e s u l t  o f  the  i r r e g u l a r  f l u c t u a t i o n s  in  

f r i c t i o n a l  f o r c e  caused by s h e a r in g  o f f  the  a j -ec ie s  o f  i r r e g u l a r i t i e s  

r a t h e r  than  a sudden change in  s t r e s s . Jao.r .T and Cooke ( 196.4 P 63) 

r e c o g n i s e  two ' s t i c k - s l i p '  phenomena, one r e s u l t i n g  from s h e a r i n g  o f  i r r e ­

g u l a r i t i e s  d u r i n g  s l i d i n g ,  and th r  o t h e r  phenomenon observed in  the  s l i d i n g  

on f i n e l y  ground s u r f a c e s  o f  rock .  This  type j f  ' s t i c k  s l i p *  s l i d i n g  

they  have c a l l e d  ' s t i c k  s l i p  r e l a x a t i o n  o s c i l l a t i o n s ' ,  and a s c r i b e  i t  to  

a c o e f f i c i e n t  o f  s t a t i c  f r i c t i o n  t h a t  i s  h i g h e r  than  the dynamic f r i c t i o n .  

Under a c o n s t a n t  o v e r a l l  s t r a i n  r i t e ,  t h e r e  i s  a b u i l d - u p  i n  e l a s t i c  

s t r a i n  u n t i l  the  s t r e s s  i s  s u f f i c i e n t  t o  overcome the s t a t i c  i n c t i c n a l  

r e s i s t a n c e ,  and then  s h e a r i n g  s t a r t s  and c o n t in u e s  u n t i l  the f o r c e  drops 

t o  the dynamic f r i c t i o n  i l  r e s i s t a n c e  which b r in g s  movement to  a  h a l t , 

u n t i l  once again  the e l a s t i c  b u i ld -u p  exceeds th e  s t a t i c  f r i c t i o n  r e s i s ­

t a n c e .

6 .414  h e l a t . on.rhi u of  v o f  :.oV' : • M. 1 . changes

I t  i s  u s j  l l y  very  d i f f i c u l t  t o  d e t e r :  Then, e x a c t l y ,  a ch n g e

i n  the s t r e s s  f i e l d  t a k e s  p la c e  so t h a t  the t s  on s l i p s  can be

r e l a t e d  to  t h e n .  V/hen block VAb c a v d ,  th e l ip . i  bedng moni tored

were th o s e  on t,70 l e v e l  on the  sou th  s i d e  o f  tn e  b lock ,  and o f  th e s e  most 

r eco rded  s u b s t a n t i a l  movement in  J am  ,ry and February p r i o r  t o  cav ing  w i th  

a g e n e ra l  ; lowing down in . larch and A p r i l , anu with  l i t t l e  o r  no chan-"i; 

i n  the  r a t e  of  movement a t  the  time o f  c av ing  in  A p r i l .  I t  was c l e a r  t h a t  

the  s l i p s  in  t h i s  a r e a  were be ing  a f f e c t e d  by th"  u n d e r c u t t i n g  o p e ra t io n  

and h a r d ly  by the  b reak  th rough  of  the  cave to  s u r f a c e .  Elsewhere i n  the

p e r i p h e r i e s ,  however,  displace:;.* n t  w. a no te d  on nun: rous  s l i p s  d u r in g

A p r i l  and . 'ay.  Only a f t e r  t h i s  d inpl .  cement had s t a r t e d  were the se  s l i p s

moni to red .  The g rad u a l  s lowing in  the r a t e s  o f  d i sp lacem en t  recorded
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showed th  it a f t e r  a  major  ch;mde in  s t r e s s ,  a d j u s t m e n t s  i n  the form of 

d i sp la cem e n t  on s l i p s  con t inued  f o r  s e v e r a l  months.

IXirinj  the underou t  t i n  ; o f  the  second phase o f  Block 7*3, d i s p l a c e ­

ment was r e c o rd e d  on the  T ra v e l1i n . ; y s h e a r  (See 6 .35 )  • This  movement 

was r e l a t e d  t o  the c r a s h i n g  o f  drawpoin ts  i n  t h i s  a r e a .  The r a t e  o f  d i s ­

placement s lowed c o n s id e r a b ly  du r ing  th e  p roduc t ion  from the  f i r s t  phase,  

speeded  up d u r i n g  th e  working of  the second phase ,  and s u b s t a n t i a l l y  on 

the  day b loc k  7 /1 - 7 / 3  caved .  The d i sp lacem en t  on t h i s  s l i p  was,  in  g e n e r a l ,  

very  c l o s e l y  r e l a t e d  to  the  passage  o f  minin ;. The o t h e r  s l i p s  be ing  

moni to red  d u r in g  t h i s  pe r iod  and in t h i v  .area did r o t  chow t h i s  di:  t i .net  

r e l a t i o n s h i p  t o  the  p r o g r e s s  o f  mining (R e fe r  P ig  6 , 2 6 ) .

P  . 4 1 5  Ori ‘ - t -  t, j on?; o f  mov r e n t  occur  '

Displacement  w :a reco rded  on s e v e r a l  j o i n t  o r i e n t a t i o n s  in  the j i e r i -  

p h e r i e s  o f  the  Block 7aB and th e se  movements could  be b road ly  c& tagor ised  

i n t o  l a t e r a l  (wrench f a u l t )  d isp lacem en ts  on s t e e p  d i c i n g  s l i p s  s t r i k i n g  

a t  an acu te  ang le  to  th e  boundary o f  t h e  caved a r e a ,  normal and r e v e r s e  

f a u l t  d i s p la c e m e n ts  on s l i p s  s t r i k i n g  f a i r l y  p a r a l l e l  to  the  p e r ip h e ry  

(F ig  6 , 3 ) .  On s l i p s  p e r p e n d i c u l a r  to  th "  boundary o f  the caved a r e a  p a r ­

t i c u l a r l y  on the upper  l e v e l s ,  such as  i n  1B5 l e v e l  main c r o s s c u t ,  small  

l a t e r a l  d i s p la c e m e n ts  were obrerv* d o c c a s i o n a l l y .  Broadly ,  tht d i r e c t i o n s  

o f  d i s p la cem e n t  on the  j o i n t :  i n d i c a t e  u r e d u c t i o n  in l a t e r a l  s t r e s s  p e r ­

p e n d i c u la r  t o  the  boundary o f  the  caved u r e a ,  a n d / o r  an i n c r e a s e  in  p a r a ­

l l e l  to  the bound r y .  Tht v e r t i c a l  d i sp lacem en t  on the  c l i p s  s t r i k i n g  

p a r a l l e l  ♦ o t h e  boundar ie s  a re  du t o  the  v e r t i c a l  s t r e s s , e i t h e r  over ­

burden lo..d on ly ,  o r  a l s o  i n c r e a s e d  t e m p o r a r i l y  by abut":": t  l o a d s ,  i n ­

f luenced  by 1 -educed h o r i z o n t a l  s t r e s s . The s l i p s  perpen.  c u l a r  t o  the 

bound ry ,  on which 1 t e r a l  d i s o l  com' n to  re  re  observed  on the upr e r  l e v e l s ,  

were ,  i t  i s  b e l i e v e d ,  merely r e f l e c t i n g  the d i s p la c e m e n ts  o f  ground below 

the  observed s l i p s ,  in othi r  words t h i s  ground was be ing  c a r r i e d  by the 

ground moving bene th i t .

, y

In th e  p roceed ing  two c h a p t e r s  i t  has  been s u g g e s te d  t h a t  the  

s t r e s s e s  in t h e  p e r i p h e r i e s  had been modi f ied by the  obs rved smal l  d i s ­

placements  on s l i p s  and s h e a r s .  I t  was a l ao  s p e c u l a t e d  t h a t  the  s t r e s s e s  

measured in the  abutment o f  the f i r s t  l e v e l  in  the  s u b le v e l  cav ing  of
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Block 16A were n o t  a s  h i j h  a s  had been expected,  because  o f  s n a i l  d i s ­

placements  on s l i p s  the  i^aximum s t r e s s e s  in  the  immediate abutment had 

been reduced and r e d i s t r i b u t e d  f u r t h e r  awaj from the  f a c e . U s i n j  Hookes 

law f o r  u n i a x i a l  compression a f i r s t  e s t i m a t e  o f  the e f f e c t  t h a t  the  

smal l  d i s p la c e m e n ts  observed  on s l i p s  could  have on th e  s t r e s s e s  could 

be o b t a i n e d .  For example , the  e l a s t i c  defo rm at ion  o f  the  p u r t i ' U l y  s e r -  

p e n t i n i s e d  d u n i t e  w i th  a modulus o f  e l a s t i c i t y  o f  1>0 GPa, under  a s t r e s s  

of 1 MPa would amount t o  0,O2mm per  n . e t r e .

From t h i s  i t  can be a p p r e c i a t e d  t h a t  the smal l  movements o f  the 

o r d e r  of  m i l l i m e t r e s  observed  on the many s l i p s  in  th e  p e r i p h e r i e s  could 

have a s i g n i f i c a n t  e f f e c t  at. the s t r e s s  f i e l d  s u r ro u n d in g  the b loc k .  

However, in  a q u a s i - 3 i n v;han sub.i tance the t o t a l  deform., • ion i f  dependent  

on th e  magnitude o f  th e  deforming s t r e s s  • nti t h e  d u r a t i o n  o f  the  s t r e s s ;  

in  the back o r  p e r ip h e r y  o f  a  cave b loc k  the  magnitude  and d u r a t i o n  

o f  t h e  deforming s t r e s s  would depend on the s i t u a t i o n .  In g r.er- 1 t i e  

l a r g e r  the zone i n  which s h e a r  d isp lacem en t  on s l i p s  i s  p o s s i b l e , the  

l a r g e r  the  t o t a l  defo rm at ion  w i l l  be and the  l o n g e r  i t  w i l l  take  f o r  the  

p r i n c i p a l  s t r e s s  d e v i a t i o n s  i r  t h i s  zone t o  d e c re a s e  t o  the  y i e l d  s t r e n g t h  

o f  t h e  roek .; so and th e  f i n a l  s t a t e  o f  s t r e s s  t o  be r e a c h e d .

The s h e a r  d i s p la c e m e n ts  o c c u r r in g  on the majo r  s l i p s  or  th e  y i e l d i n g  

o f  th e  rock mass would tend  to  reduce  the p r i n c i p a l  s t r e s s  d e v i a t i o n s  

w i t h i n  the y i e l d i n g  zone and to  i n c r e a s e  the s t r e s s  i n  the  a r e a s  a d j a c e n t  

t o  i t  o u t s id e  the  p o t e n t i a l  y i e l d i n g  z o n e . , /here,  however,  the p r i n c i p a l  

s t r e s s  in  the y i e l d i n g  zone i s  due t o  u r a v i t a t i a n a l  f o r c e s ,  then  the  

y i e l d i n g  w i l l  n o t  reduce  the  p r i n c i p  1 s t r e s s  d e v i a t i o n s  u n l e s s  b r i d g i n g  

occurs  which r e d i s t r i b u t e s  t h e  weight  o f  the  m a t e r i a l  o v e r ly i n g  the  

y i e l d i n g  zone onto  the p e r i p h e r a l  i aos o u t s id e  the  y i e l d i n g  zone ,  or  th e  

l a t e r a l  f o r c e s  r e s i s t : n g  y i e l d s  , a r e  i n c r e a s e d  by some p roces s  such as 

c o n e c l i d a t . c n  o r  an even t  such as  the c e s s a t i o n  o f  mining .

The small  d i sp la cem e n ts  o f  the  o rd e r  o f  m i l l i m e t r e s  observed on 

many s l i p s  in th e  p e r i p h e r i e s  o f  Block 7AB could  have had a s i g n i f i c a n t  

e f f e c t  on the  a t r e s a f i e l d  i.unrounding t h a t  b l o c k . Fig  6 ,24  i l l u s t r a t e s  

the s l i p s  which had novtn.a-nt n o te d  on Ua.-m on 205 l e v e l  i n  the p e r i p h e r i e s  

o f  Block 7A3 and Block 6 ,  t o g e t h e r  w i th  the ground movements recorded  on 

the su tvey  p i , ,a . The t o t a l  movements or . t i t , a ted  f o r  s l i p s  on the  e a s t e r n  

p e r im e te r  o f  the b lock on 170 l e v e l  amounted t o  6mm in  160m, w h i le  tha 

t o t a l  s h o r t , m in , : r e co rded  on the survey t r a v e r s e  was 20mm. The 14i 1 

s t r a i n  given by the  d i f f e r e n c e  between those  i n d i c a t e s  t h a t  the h o r i z o n t a l
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t i tress  may have been increased by the order of 4 , 5  Mpa and th i s  i s  in 
c lose  agreement with the d i f ference  betwe n measured l a t e r a l  s t r e s se s  of 11, 8  

and 10,9 MPa and the extupoluted vir, in rock s t r e s s  of 6,5  I.'Pp (See 6 .3 ) .  
There was fu r th e r  an adjustment ind ica ted  by the 6mm observed y ie ld in g  
which may be equivalent to a s t r e s s  r e l i e f  of about i! MPa.

Prom th i s  example i t  can be concluded th a t  when an excavation i s  
made in the type of ground encountered a t  Shubnnie, there i s  a r e d i s t r ib u t io n  
of the v i rg in  s t r e s s  around the block, determined by the shape of  the 
excavation.  These s t r e s se s  would be modified l o c a l ly  by local  d i fferences  
in the e l a s t i c  p roper t ies  of the rock, and on a l a rg e r  scale by d i f f e r ­
ences in the e l a s t i c  p roper t ies  of the various major rock types. I f  in 
t h i s  ground there wore also su i tab ly  or iented s l i p s ,  and i f  the s t r e s s  
condit ions  are  such tha t  the shear s t r e s se s  exceeded the f r i c t i o n a l  and 
cohesive s t reng th  of the s l i p ,  then displacement would occur on these s l i p s ,  
reducing the s t r e s s  in the area and increas ing  i t  outside the p o ten t ia l  
f a i lu r e  zone.

In t h i s  way the s t r e s se s  around the major excavations at Shabanie 
can be expected to be s ig n i f i c a n t ly  d i f f e ren t  to those in  an e l a s t i c  
medium. The y ie ld in g  on s l i p s  tends to  reduce the general level  of s t r e s s  
in high s t r e s s  areas and r e d i s t r ib u t e  them over a wider area and so the 
high s t r e s se s  tha t  lead to rockbursts  on other  mines are un l ike ly  to  be 
reached on th i s  mine.

9 • 5 CaVKIG MhCHANIu'.'Si IN A JH,-.' HI'^.TaNCK

Two d i s t i n c t  s i t u a t io n s  in which caving can occur have been recog­
n ised  in the blocks s tu d ied • These r e s u l t  in caving mechanisms which are 
s u f f i c i e n t ly  d i f f e r e n t  to warrant id en t i fy in g  names, v is  " s t r e s s  caving" 
and "mass subsidence caving". These two forms of c v i n g  may be observed 
in d i f fe ren t  areas in a sin le block, " s t r e s s  caving" occurs in areas 
where no previous mining ban removed the l a t e r a l  cons tra in t  in one d i rec t ion  
and "nil.is subsidence caving" occurs in  areas  where the l a t e r a l  cons tra in t  
has been s ig n i f i c a n t ly  reduced. The c h a r a c t e r i s t i c s  and mechanisms of 
these two form:; of Gavin*, are d iscuss 'd  below.

8.51 ITRK CAVING

8 . 511  Tri no i plea

In the l i t e r a t u r e  i t  has long been recognised tha t  more d i f f i c u l t y
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i s  ex p e r i e n c e d  in  i n i t i a t i n g  c a v in g  i n  the  f i r s t  b lo c k  in  an a r e a  than  

i n  subsequen t  M o c k s . The s t r e s s  c av ing  s i t u a t i o n  n a y  be equated  w i th  

the  c av ing  o f  the  f i r s t  b lock i n  o t h e r  mines .  However, on Shabanie 'wine 

due p r i m a r i l y  t o  the u n d e r c u t t i n g  sequences  adopted  i t  a l s o  o ccu r red  in  

s u b s e q u e n t  b l o c k s .

Although the rock  on t h i s  n in e  i s  a n i s o t r o p i c  because t h e  j o i n t s

have p r e f e r r e d  o r i e n t a t i o n s , i t  i s  worth while  lo o k in g  a t  Morrison and

G e ld a " d 1s (19^4) paper  on cav ing  i n  i s o t r o p i c  rock  in  which they c a l ­

c u l a t e d  the s t r e s s e s  i n  th e  back a t  v r io u u  s t a g e s  o f  c av ing  ( r i g  

In  a low l a t e r a l  s t r e s s  f i e l d ,  on the  comple t ion  o f  th e  u n d e rc u t  h o r i z o n t a l  

t e n s i o n  of  0 ,7  u n i t s  (one u n i t  be ing  equal  to  the  v e r t i c a l  s t r e s s  a t  the  

dep th  of  the u n d e rc u t )  would c-xist over  much o f  the back o f  th e  b lo c k .

The e f f e c t  would be to  open up the  j o i n t  p L j i e s  t o  t h e  degree  r e q u i r e d  t o  

in d u c e  l o c a l  and p r o g r e s s iv e  c a v in g .  However, w i th  s u c c e s s iv e  f a l l s  

from over  t h e  c e n t r e  o f  the  b lo c k ,  the back would become more arched  and 

p r o g r e s s i v e l y  l e s s  f a v o u ra b l e  to  cav ing  as th e  t a n g e n t i a l  t e n s i l e  s t r e s s e s  

g r a d u a l l y  change t o  compression w . t h  i n c r e a s i n g  h e i g h t  o f  the  a r c h .  This

they s a y  could  a r r e s t  t h e  cave ,  but  c o n s id e r  t h a t  w i th  the weakening

e f f e c t s  of  abutment she r i n g ,  f r i n g e  d r i f t s  a n d / o r  abutment .‘ t o p e s ,  the  

b a c k  shape w i l l  vary between o u t l i n e s  1 and 3 i . e .  w i th  t a n g e n t i a l  t e n s i l e  

s t r e s s e s  in  the  back.  In a high l a t e r a l  s t r e s s  f i e l d ,  the t a n g e n t i a l  

t e n s i l e  stroc: cs  di  appea r ,  and a r e  r e p la c e d  by compress ive s t r e s s e s  
which tend towards  t i g h t e n i n g  r a t h e r  than  l o o s e n i n g  the u n d e rc u t  mass.

T h i s  they  conclude av ing  and good f r a g m e n ta t io n *

Immediately  a f t e r  u n d e r c u t t i n g ,  the tan* u t i a l  s t r e s s e s  i n  t h e  back would 

be s l i g h t l y  coir.pres. i v e ,  u n l i k e l y  to su p p o r t  th t  dead weigh t  o f  the  rock  

i n  t h e  buck and f a l l s  would o c c u r .  With th e se  a s t a t e  of  un i fo rm  ta ngen ­

t i a l  corr.preui ion i s  r a p i d l y  approached ,  which could  r e s t r a i n  the  dead 

w eigh t  and a r r e s t  the c a v e .

In a n  a n i s o t r o p i c  rock ,  t h e  o r i e n t a t i o n s  o f  the  p la n e s  o f  weakness 

must b e  c o n s id e r e d .  £\ig b ,9 i l l u s t r a t e s  the s t r e s s  d i r e c t i o n s  in  the 

b a c k  o f  tilocK 16, o b ta in e d  from p. f i n i t e  el •ment a n a l y s i s .  From t h i s  i t  

in  c l e a r  t h a t  in  a  h igh  l a t e r a l  a t r e e o f i e l d ,  the r e q u i r e d  o r i e n t a t i o n s  

o f  the  s t r e s s e s  f o r  she . r  f a i l u r e  on th#- s t e e p l y  d ip p i n g  s l i p s  occurs  

only i n  p small  a r e a  no r  th*- e x t r e m i t i e s  o f  t h e  u n d e r c u t .  However, 

s h e a r i n g  on j o i n  to with  low d ip s  i s  p robab le  over  the  g r e a t e r  p ro p o r t i o n  

o f  t h e  back and i f  those  j o i n t s  p e r s i s t  above the back,  a  s e r i e s  o f
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f a i l u r e s  could  occu r  j i v i n j  an upward p r o g r e s s io n  o f  a cave.  The main- 

t e nance  of  a  c a v i t y  below the  back would a s s i s t  t h i s  p ro c e s s .

I f ,  however,  th e  dominant j o i n t  d i r e c t i o n  i s  h o r i z o n t a l ,  the  s t r u c ­

t u r e s  in  th e  back would resemble a s e r i e s  o f  beams or  p l a t e s  which 

would buckle and s u £'  as  i l l u s t r a t e d  i n  Pi/; u , 6 • Denkh ius  (19^4 P 319) 

p o i n t s  out  t h a t  w i th  defo rm at ion  of  the  abutments  the  maximum s t r e s s e s  

and p o s s i b l e  f a i l u r e  a r e a  l i e  more towards the  c e n t r e  of  the  undercu t  

t h a n  i t  would w i th  r i . ; i d  abutments .  Due to  the  bending o f  the  lower beam, 

th e  span o f  the second beam would be s m a l l e r  than  the f i r s t . As the  de­

f l e c t i o n  o f  each  beam depends on i t s  t h i c k n e s s  and e l a s t i c  deformat ion  

modulus,  i t  i s  p o s s i b l e  t h a t  the lower  beam d e f l c c t s  more than th e  over-  

l y i n g  one so t h a t  a gap,  termed the  Weber c a v i t y ,  occu rs  between the  two 

beams.  I f  one j o i n s  the  abutments ( f  a l l  beams one o b t a i n s  a dome shaped 

curve  (P ig  b,fc ) .

Th is  beam concep t  i s  based on the  assumption  t h a t  no bond e x i s t s  

between s u c c e s s i v e  l a y e r s  so t h a t  they can d e f l e c t  f r e e l y . I f  such a 

bond e x i s t s  the two l a y e r s  behave l i k e  one t h i c k  beam. I f ,  however,  the 

s h e a r  fo r c e  caused by the  d e f l e c t i o n  loosen: ,  the  bond, d e f l e c t i o n  of  both 

beams suddenly  i n c r e a s e s  and t h i s  may m a n i f e s t  i t s e l f  i n  a b u r s t - l i k e  

f a l l  o f  hang ing  over  a l a r g e  a r e a .  With n h gh l a t e r a l  s t r e s s  the  i n c r e a s e d  

d e f l e c t i o n  o f  the  beams can be e x p e c te d .  Park  r  ( 1%6 P 1192) observed  

t h i s  typ< o f  b u c k l in g  in  a h igh l a t e r a l  o t r e :  f i e l d  a t  White P ine L i n e , 

Michigan ,  where he a l s o  no ted  t h a t  the  b uck l ing  le ad  t o  a r e d u c t i o n  in  

the  l a t e r a l  s t r e s s e s  i n  the beam. This  would tend  to  favour  cav ing  i n  a 

rock  a l s o  c o n t a i n i n g  v e r t i c a l  j o i n t s .  A form o f  c av ing  s i m i l a r  to  t h i s  

. ami Mine *

The c a v in g  ] ocean which f i t s  the  observed f e a t u r e s  of  s t r e s s  

cav ing  on ilhnbanie Mine r r y  be so: uinrised an fo l l o w s :

In the  back o f  an und e rcu t  a r e a  the rock  i s  s u b j e c t  t o  s t r e s s e s  

which a r e  the  r e s u l t  o f  the r e d i s t r i b u t i o n  of  the  p r e - e x i s t i n g  s t r e s s e s  

around the  u n d e rc u t  and the weight o f  th e  t o c k  in  the back .  I f  the j o i n t s  

i n  t h e  back a n  f avou rab ly  o r i e n t a t e d  with  r e s p e c t  to  the  s t r e s s  d i r e c t i o n s  

and i f  the s h e a r  a n d / o r  t e n s i o n s !  s i r e n ,  th  o f  the  j o i n t s  a re  exceeded by 

t h e  s t r e s s e s  imposed on them, some d i l a t i o n  and l a t e r a l  d i sp la cem e n ts  

w i l l  o c c u r • These w i l l  r e s u l t  in  a m o d i f i c a t i o n  o f  the  s t r e s s  f i e l d  and 

f u r t h e r  y i e l d  in r ay  ensue  • In the h igh  1 - tor-,1 n t r e a o  f i e l d  o f  tihaba-iie
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Mine th e  j o i n t s  which would have a ' f a v o u r a b l e '  o r i e n t a t i o n  over  a f l a t  

hack o f  an u n d e rc u t  a r e  th o s e  j o i n t s  w i th  a dij> o f  up  t o  35 • J o i n t s  

w i th  s t e e p e r  d ip s  map h ve a f a v o u ra b l e  o r i e n t a t i o n  over  a narrow zone 

a long  p o r t i o n s  o f  th e  p e r i p h e r i e s .  With a back,  which i s  f l a t  and 

c o n t a i n s  a lmos t  h o r i z o n t a l  j o i n t s  sore  bed s e p a r a t i o n  could  d ev e lo p ,  which 

w i th  b u c k l in g ,  could  r e s u l t  i n  a r e d u c t io n  in  th e  normal s t r e s s  and 

s h e a r i n g  on o t h e r  more s t e e p l y  d ipp ing  j o i n t s .  I f ,  however, the  back i s  

dome-shaped then  s h e a r i n g  r a y  occur on th e  more s t e e p l y  d ip p in g  s l i p s  i n  

the  zone along p o r t i o n s  o f  the  p e r i p h e r i e s  o f  t h e  bacK. mhi- zone i s  

w ide r  than  would be the  case  w i th  a f l a t  buck.

I f  th e s e  p ro c e s s e s  r e s u l t  in  the  detachment o f  b locks  o f  rock  from 

the  rock  mass,  which noy c o n t in u e  t o  subs ide  u n d e r  g r a v i t a t i o n a l  f o r c e s  

a lone  when th e  u n d e r l y i n g  r e  i s  drawn, th< n tr.e ground may be cor.s. . * red  .0 

be c a v i n g .  A block nay b- c o n s id e re d  t o  have caved when s u f f i c i e n t  

ground has  e n t e r e d  t h i s  s t a t e  t o  enable  e x t r a c t i o n  t o  proceed e f f i c i e n t l y  

and s a f e l y .  Caving may be c o n t i  ie red  t o  be complete  when i t  r e a c h e s  

s u r f a c e s .

6 .5 1 2  I ) j - r i on o f  ox"- o f  s t r e s s ,  cavi :  on Shabar . i e  .Mire

S t r e s s  o w i n g  o c c u r re d  over  the  su b le v e l  s h r i n k a g e  of  the  e a s t e r n  

h a l f  o f  block  6,  ove r  th e  to p  o f  the  s u b le v e l  cav ing  o p e r a t i o n s  i n  Blocks 

7 / 1 - 7 / 3  and 16,  in  B’ ock 7 /2  and i n  Block 7A3 between ♦he c u t  and f i l l  

s t o c e s  and Block 6 ,  and over  the  w es te rn  h a l f  o f  t h e  r .  ♦ phase under ­

c u t  a r e a .  With the  e x c e p t io n  o f  Blocks 7 /2  and 7A3 the w^cks o f  the  u n d e r ­

c u t  a r e a s  were a l l  arched v  dome-shajed.

In  a l l  b locks  ex' ap t  Block 7AB the  v i s u a l  and i n s t r u m e n t a l  d a t a  

i n d i c a t e d  th  i t  the  c w o  b ick an: a s t e e p  ided  dome shape,  and t h a t

c a v i t i e s  developed  t twee ,  the cave back and cuved m a t e r i a l . The e w e  

back p ro g re s s e d  upwards by s p o ra d ic  f a l l s .  H o r i z o n ta l  tcns . iona l  cracks  

were observed  i n  the back in  both a r e  no in Block 7A3 fuid, in  Block ? /2  

wher^* c a v i t i e s  a r e  c o n s id e re d  t o  h iv* formed f  ’or  th e  g radua l  w iden ing  o f  

a t e n s i o n a l  c r a c k .  1’or  t h a t  p o r t i o n  o f  Block 7AB which formed th e  excep t ic  

t o  the  g e n e ra l  o b n r a t i c n a  above,  i t  i s  s u g g es ted  t h a t  i.ad the  und e rcu t  

n o t  been the  cu t  end f i l l  c t o j ^ s  in  which the  p i l l a r s  s lowly  crumbled,

'  •

( | ■ •
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I n  a l l  t h e  b lo c k s  s tu d ie d  t h e  m a j o r i t y  o f  the s l i p s  were s t e e p -  

dippirib' t and i n  g e n e ra l  the  only  j o i n t s  which wore r e l a t i v e l y  f l a t  d ip p in g  

were tiio f i b r e  seams• However, in t h e  n o r t h e r n  hal f  o f  c lo ck  7 /2  a s e t  

o f  35°ti d ip p i n g  s l i p s  had been mapped. I t  i s  p robab le  that ,  the  cav ing  

took  place  by th e  p r o g r e s s i v e  s h e a r  f a i l u r e  on th e s e  j o i n t s  rn  the  p e r i ­

phera l a r e a s  and by s e p a r a t i o n ,  b u c k l 'n g  over  the c e n t r a l  p o r t i o n  ol the  

back .  The major g e o l o g i c a l  f e a t u r e s  which p robab ly  a s s i s t e d  the  cav ing  

p ro c e s s  i n c l u d e s  the  Zone A s h e a r  in  th e  back ol dlock f , Zona B in 

Blocks 7A3 and 7/ 1- 7/ 3 , and the  s h e a r i n g  a s s o c i a t e d  w i th  the 170 dyke 

i n  Blocks 7 /2  and 7/ 1 - 7 / 3 .  In Block 16 t h e  Zone B s h e a r  l a y  to  th e  n o r th  

o f  th e  block and in  t h e  i n i t i a l  s t a g e s  had no e f f e c t  on the  caving .

L a t e r  the cave ba^k p ro g re s s ed  th ro u g h  t h i s  zone w i th  no appa re n t  d e f l e c t i o n .

The s t r e s s e s  in t h e  backs  o f  a l l  t h e s e  b locks  were probab ly  a f f e c t e d  

by prev ious  cav ing  in the  n e a r  v i c i n i t y . fhe one p o s s i b l e  ex ce p t io n  was 

B lock  16 which s t a r t e d  i n  an i s o l a t e d  a r e a  and t h -  -uv ing  did  n o t  p ro g re s s  

v e r y  f a r  u n t i l  the Block 7 caved a r e a  was ex tended  towards  i t  by the 

c a v in g  of  Block 7 /1 - 7 / 3  and Block 7/ 2 . I t  ap p e a r s  t h a t  the  cav ing  of  

B lock  7 /2  a d j a c e n t  to  Block 16 changed the  s t r e s s e s  in  the  back s u f f i c i e n t l y  

f o r  cav ing  to  proceed a t  a  f a i r l y  c o n s t a n t  r a t e  w ith  s lo u g h in g  from the  

back o f  a c a v i t y  b u t ,  no t  enough t o  change the  node of  cav ing  t o  mass sub­

s id e n c e  cuv ng.
The r a t e  o f  p ro p a g a t io n  o f  th e  cave back i s  r e l a t i v e l y  slow, but 

depends v e y  l u i  e ly  on tiv s t r u c t u r e s , the c ln  ■ ol rock in  the back ,  and 

th e  s t r e s s e s  i n  the back.  The r a t e s  o f  cav ing  r - c o r d e d  in  Block 16 

v a r ie d  from a few f e l l s  pe r  y e a r  to  a  f a i r l y  r e g u l a r  lOm/month.

No com para t ive  s t u d i e s  have been made on the  f r ag m e n ta t io n  r e s u l t ­

i n g  from t h i s  form o f  cav ing  but  i t  i s  expec ted  t h a t  in  the  pace c l a s s  

o f  rock ,  f r ag m e n ta t i  on w i th  t h i s  form of  c av ing  would be b t i e r  than  w i th  

mass subs idence  cav in g  because w i th  s p o ra d ic  1 a l l s  from the  baCK ul a 

c a v i t y  the  b locks  become r o t a t e d  r e l a t i v e  to  each  o t h e r  which would al low 

g r e a t e r  a r c h i n g  and a t t r i t i o n  i n  the  draw column.

6 .5 2  MASS SUBB1 JUICE GAVINC

8.^21 I ' r inc  p i e :;
Mass subs idence  cav ing  o c c u r i  q u i t e  r e a d i l y  where t h e  l a t e r a l
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r e s t r a i n t  has  been s i ^ a i f i c t n t l y  reduced i n  a t  l e a s t  one d i r e c t i o n  above 

th e  u n d e r c u t . The r e d u c t i o n  i n  l a t e r a l  s t r e s s  i s  u s u a l l y  p rov ided  by a 

co=%on boundary w i th  an a d j a c e n t  caved b lock ,  or  in  so;ae c a s e s , by a s l o t  

c u t  a lo n ^  one or  more b o u n d a r i e s • The l a t e r a l  s t r e s s  has to  V** s u f f i c i e n t l y  

reduced  to  a l low  s h e a r  f a i l u r e  in  a v e r t i c a l  sense  on th e  n e a r  v e r t i c a l  

s l i p s .  When c a v i n g  occu rs  i t  i s  c h a r a c t e r i s e d  by the  o r d e r l y  subs idence  

o f  i u r ue columnar b locks  o f  rock  bounded by th e s e  n e a r l y  v e r t i c a l  s l i p s .

6 .5 2 2  d i s c u s s i o n  o f  ex^nv les
l i as3 subs idence  c av ing  was observed  i n  two a r e a s  on Block 7AB, where 

in  the  f i r s t  a r e a  the  s l o t  c u t t i n g  and s h r in k ag e  on the  sou th  s i d e ,  and 

in  the  o t h e r  the b loc k  6 cave removed the  l a t e r a l  r e s t r a i n t .  This form 

o f  cav ing  a l s o  o c cu r red  in  Blocks ? / 1 - 7 / 3  and in  Block 7 /2  where the mode 

o f  cav ing  cha ined  us  the  cav ing  p ro g re s s ed  upwards from s t r e s s  caving, t o  

mass subs idence  caving,,  and the rer ,oval  o f  the  l a t e r a l  r e s t r a i n t  by the  

cuved ones i n  Block 7 ^  and Block 7 /1 - 7 / 3  r e s p e c t i v e l y .  The p ro p a g a t io n  

of  th e  cave to  s u r f a c e  was ra. - id  i n  a l l  c^ses  and the  s u r f a c e  subs idence  

took  the form o f  the  o r d e r l y  d i f f e r e n t i a l  subs idence  o f  b locks  o f  rock  

bounded by s t e e p  d i . . ing  s l i p s .
Ac the  cav ing  of  th e s e  a r e a s  proceeded r a p i d l y , u t i l i s i n g  only the 

r e l a t i v e l y  minor n ea r ly  v e r t i c a l  s l i p s ,  i t  a p p e a r s  t h a t  major s t r u c t u r a l  

f r a c t u r e s  a re  n o t  e s s e n t i a l  to  t h i s  form of  Caving,  but  would obvioue ly  

h e l p .
Op>en c a v i t i e s  wore observed  i n  only one o f  th e s e  foui'  a r e a s , and an 

th e s e  c a v i t i e s  were o f  l i m i t e d  e x t e n t ,  i t  i s  conc luded t h a t  c a v i t i e s  w i l l  

p robab ly  only develop: a t  the  u n d e r c u t  e l e v a t i o n  .uid would be 1,  mi ted in  

a r e a  by the  spac ing  and o r i e n t a t i o n  o f  the  n e a r l y  v - r t i c  1 c l i p s .

S h o r t ly  a f t e r  Block ?Ai caved a low b u lk in g  f a c t o r  o f  only  6 /  warn 

c a l c u l a t e d  fo r  t h a t  b lo c k ,  and a subsequen t  survey  showed t h a t  the  f a c t o r  

had in c r e a s e d  to  12^.  These low bulkin , ,  f a c t o r s  a r e  p robably  a d i r e c t  

r e s u l t  o f  the o r d e r l y  subs idence  o f  l a r g e  columnar c locks  o f  rocx  formed 

i n  t h i s  s o r t  o f  c a v i n g .

8 .53  CAVH.G CHIVBBIA
An e a r l y  i d e a  on c. ivin^ on t h i s  n ine  was t h a t  a new C a v e  block 

should  be s i t e d  a d j a c e n t  to  a p r e v io u s l y  cuv. a b loc k  to  en s u re  " c o n t i n u i t y
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o f  c a v e " .  On t h i s  b a s i s  i t  was dec ided  t o  s t a r t  the izdning i n  Block 7 

a d j a c e n t  to  Block ' ' .  S ubsequen t ly ,  t h e  h y d r a u l i c  r a d i u s  o f  Block 6 

was adopted  a s  the  cav. *v c r i t e r i o n  f o r  Block 16 as i t  had a s i m i l a r  major 

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

I t  has  s in c e  become obvious  t h a t  the h y d r a u l i c  r a d i u s  as  a c r i t e r i  

f o r  c a v i n g  i s  i n a d e q u a te .  But t h e r e  i s  s t i l l  a c l e a r  need to  have a simple 

way o f  a s s e s s i n g  whether  an orebody w i l l  cave s a t i s f a c t o r i l y ,  w i th  a 

g iv e n  undercu t  a r e a ,  o r  a l t e r n a t i v e l y  guide l i n e s  a re  r e q u i r e d  f o r  d e t e r ­

mining the  s i z e  of  the  u nde rcu t  needed t o  in duce  c a v i n g .  In a d d i t i o n  an 

i n d i c a t i o n  o f  the s i z e  the  caved m a t e r i a l  w i l l  be,  i s  a l s o  d e s i r a b l e .

while  i t  i s  c l e a r  t h a t  whether o r  no t  a block w i l l  cave s a t i s f a c t o r i l y  

depends upon the s t r e s s e s  in  the  back and on th e  o r i e n t a t i o n s ,  d e n s i t y  and 

p r o p e r t i e s  o f  the  j o i n t s ,  and in  c e r t a i n  c i rc u m s tan c es  on the  i n t a c t  rock  

s t r e n g t h ,  p a r t i c u l a r l y  i n  t e n s i o n ,  i t  i s  a l s v  c l e a r  t h a t  each  o f  th e se  

a s p e c t s  has  t o  be q u a n t i f i e d  before  an a n a l y s i s  can be made on a b lock

which i s  on the b o rde r  l i n e  between the  c a v i n g  o r  n o n -cav ing  f i e l d s .  For

n o n - b o r d e r l i n e  c a s e s  the a n a l y s i s  can be very  much more ru d im en ta ry .  In 

the  most e lem en ta ry  o f  t h e s e , a s p e c t s  such as  minimum span ,  h y d r a u l i c  

r a d i u s  or  a r e a  oecome the most im por tan t  c r i t e r i a  while  the s t r u c t u r a l  

geology i s  assumed to  be a c o n s t a n t  f u r  a p a r t i c u l a r  n i n e . Th is  was 

bom out  by the  a s s e r t i o n  by Bmith, L ied ich  and Hosier  t h a t  o n e ' s  p a s t

ex p e r i e n c e  i n  a p a r t i c u l a r  orebody was the  b e s t  guide to  the  s i z e  o f  an

a r e a  to  be undercu t  to  induce c;-ving ( lucky  1542) • l o r e  r e c e n t l y ,

C a rp e n te r  and / /oolfe ( 157k) s t a t e d  t h a t  a t  Rio Blanco,  the  minimum span 

was the  main f a c t o r  which de termined  t i e  c a v a b i l i t y ,  whi le  Ubert and Duvall 

(1966 P 574) quoted a 2 ea . o f  40 x 55m i n  a S a l t  mine w i th  a compress ive 

s t r e n g t h  of  3 ,5  ‘“Pa which d id  n o t  cave,  uid 43 v tifcm i n  a b o r a t e  mine 

w i th  a  compression rock s t r e n g t h  o f  b to  45 tu ’a  which s tood  i n t a c t  f o r  

25 y e a r s  w ith  heavy s p a l l i n g  o n l y .

Good p r o s p e c t s  f o r  a s imple approach t o  d e t e rm in in g  the  c a v a b i l i t y  

l i e  i n  the use o f  the geomechanics c l a s s i f i c a t i o n  sys tem.  Laubscher 

( 1975) has  su g g es ted  t h a t  a guide  to  th e  c a v a b i l i t y ,  f r a g m e n ta t i o n  amount 

o f  secondary  b l a s t i n g  can be ob ta ined  from the  i n s i t u  c l a s s i f i c a t i o n  (Bee 

Table U, 1) .  Also by ap p ly in g  a s e r i e s  ^ f  ad ju s tm en t  f a c t o r s  to  the  

i n s l ti. c l a s s i f i c a t i o n  th«. s i z e  of  the  a r e a  to  be und e rcu t  can be de te rm ined .  

The a d j u s t m e n t s  a r e  made f o r  the e f f e c t s  t h a t  p o t e n t i a l  w e a th e r in g ,  tue 

f i e l d  and induced s t r e s s e s ,  changes i n  s t r e s s ,  movement s i z e  :uid j o i n t
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o r i e n t a t i o n ,  have on th e  s t a b i l i t y  u f  the  b a c k . . Laubccher s u g g e s t s  

the  fo l l o w in g  guide  t o  theye  a d j u s t m e n t s . The a d j u s t e d  r a t i n g  i s  a r r i v e d  

a t  by r . u l t i p l y i n ,  the  i n r . i t u  by the  ad ju s tm en t  f a c t o r s ,  which a r c  expressed  

as  p e r c e n t a g e s .  For p o t e n t i a l  w e a th e r in g  a  t o t a l  ad ju s tm en t  to  can 

be made by c o n s i d e r i n g  th e  p o s s i b l e  d e c re a se  i n  RQD as  th e  rock w ea the rs  

g i v i n g  m  ad ju s tm en t  t o  the d ec re a se  i n  rock  s t r e n g t h  i f  w e a th e r in g

t a k e s  place  a long  micro  s t r u c t u r e s  d e c r e a s i n g  t h e  r a t i n g  t o  96%, and by 

a l t e r i n g  the  c o n d i t i o n  o f  j o i n t  s u r f a c e s  an a d ju s tm en t  o f  i s  p o s s i b l e ,  

g i v i n g  n t o t a l  maximum ad ju s tm en t  to  x ^6)o x ti2/e = 7%'•

TAdLm b , 1

CBOlumCHAZilCti ULAtiulFIC.VflOi OF ROCK .'ALLIS APFLlmd TO UaVaBILITY

( a f t o i  l a u b c c h e r  157$

AID UoftiU ROCK CLAJC 1 2 3 4 b
Undercut  a r e a  as 
H ydrau l ic  Radius

no t
p r a c t i c a l

30 -  20m 20 ~ 8m 6m

Via .  o f  e q u i v a l e n t  
c i r c u l a r  a r e a 120m 120 -  80m 60 -  32 32m

INSITU Ci ASS 1 2 3 4 5

C a v a b i l i t y N i l Poor P a i r Good Very
Good

Fragmenta t ion - Medium Small Very
Small

Secondary b l a s t i n g - High V a r ia b l e Low Very
Low

S i m i l a r l y  the  e f f e c t s  of  the  f i e l d  and induced  s t r e s s e s  can be al lowed 

f o r :  I f  the j o . n t s  a r e  kept  i n  c ..iprei s i o n  then  the r a t i n g  may be

i n c r e a s e d  up t o  110,j$ i f  s h e a r i n g  on j o i n t s  i s  p o s s i b l e  then  the  r a t i n g  

dec re a se d  to  99  fmd i f  the j o i n t s  open the r a t i n g  may be dec re ase d  t o  

7(f/o. S i m i l a r  arguments and ad ju s tm en t s  can be a p p l i e d  to  changes  i n  the 

s t r e u a f i e l d  due to  subsequen t  mining o p e r a t i o n s . The e f f e c t s  o f  the  s i z e  

and o r i e n t a t i o n  o f  the j o i n t s  niiiy be accoun ted  f o r  by a n o t h e r  ad jus tm en t  

t o  VO'/u. Laubscht r  f u r t h e r  recommends t h a t  the  t o t a l  a d ju s tm e n t s  be 

l i m i t e d  to  99®•
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These ad ju s tm e n t s  were d e r iv e d  e m p i r i c a l l y  f o r  v a r io u s  a p p l i c a t i o n s  

o f  t h e  c l a s s i f i c a t i o n  system such us a ssessm en t  o f  c av ing ,  the  des ign  o f  

s u p p o r t  f o r  underground e x c a v a t i o n s  o r  open p i t  s t a b i l i t y .  At t h i s  s t a g e  

o f  development,  a p r e - r e q u i s i t e  t o  d e c i d in g  th e  ad ju s tm en t  f a c t o r s  t o  be 

used  i s  a  sound p r a c t i c a l  knowledge o f  the magni tude and o r i e n t a t i o n s  o f  

the s t r e s s  l i k e l y  t o  be developed  in  the  back ,  both  i n i t i a l l y  and as 

cav ing  p ro cee d s ,  and w hether  t h e s e  w i l l  cause  s h e a r  -or t e n s i o n a l  f a i l u r e  

o f  the j o i n t s  i n  the back.  Although g u ide  l i n e s  Can be drawn up f o r  

a s s e s s i n g  th e s e  f a c t o r s  i n  a  quasi-Bingham s u b s t a n c e  in  a m odera te ly  h igh 

l a t e r a l  s t r e s s f i e l d  • s formed a t  i ihabanie ,  th e  system remains  t f i r s t  

approxj  mat i o n .

Analys ing  the  c a v a o i l i t y  o f  b o r d e r l i n e  c a s e s  t h e r e f o r e  r e q u i r e s  

more s o p h i s t i c a t e d  t e c h n iq u e s  f o r  d e t e rm in in g  th e  s t r e s s e s  i n  the  back 

and the  l i k e l y  e f f e c t s  on the  g e o l o g i c a l  s t r u c t u r e s  i n  the back .

T h e o r e t i c a l l y  i t  i s  p o s s i b l e  to  a n a l y s e  the  s t r e s s e s  i n  th e  back 

o f  the block by means o f  a t h r e e  d im ens ional  f i n i t e  element a n a l y s i s ,  which 

would ta ke  i n t o  c o n s i d e r a t i o n  the  s t r e s s  modi y i n g  a f f e c t s  o f  small  move­

ments on s l i p s ,  and which ~ aid  an a ly se  the  p r o b a b i l i t y  o f  f a i l u r e  of  

s t r u c t u r e s  i n  the  back,  nd modify th< shape o f  the  c a v i t y  a c c o r d i n g l y , 

and r e p e a t  the a n a l y s i s .  This  approach u p ; e a r s  imminently s u i t a b l e  f o r  

de te rm in ing  w h e th e r  a b lock w i l l  cave ,  what cou rse  th e  c av ing  w i l l  t a k e ,  

as  wel l  as  e f f e c t s  t h a t  can be expec ted  to  deve lop  in  the  p e r i p h e r i e s .

But a t h r e e  d im ens iona l  a n a l y s i s  such as t h i s  would r e q u i r e  a  very  l a r g e  

computer  and lo ng  computat ion  t imes  because the  rock  p r o p e r t i e s ,  s t r u c t u r e s  

and the  mining sequence in  the a r e a  would have t o  be modelled .  This  

would a l s o  i n v o lv e  a c o n s id e r a b l e  amount o f  d a t a  p r e p a r a t i o n .  The 

approach i "  t h e r e f o r e  c o n s id e r e d  i m p r a c t i c a l .

A more p r a c t i c a l  approach  would be to  s e l e c t  a s u i t a b l e  s e c t i o n  

th rough th e  b lock  #md to  a n a ly s e  the  s t r e s s e s  in  t h e  back by means o f  a 

two d im ens iona l  f i n i t e  element an- l y s i s .  McMahon and Kendrick  ( 1%9) d id  

t h i s  f o r  the  Urud Mine, under  g r a v i t a t i o n a l  f o r c e s  o n ly .  On t h i s  mine,  

i n i t i a l  l a V ' - t i l  rock  s t r e s s e s  would a l s o  have to  be a p p l i e d .  McMahon and 

Kendrick p o in t  ou t  th; t the  two d im ens ional  a n a l y s i s  a s s u r e s  p lane  s t r a i n  

which r e q u i r e s  t h a t  a l l  the  d e f l e c t i o n s  a re  in  the  plane s t u d i e d .  The 

most v a l i d  c r o s o - s e c t i o n  i s  g e n e r a l l y  th rough the middle o f  the c a v i ty  

in  i d i r e c t i o n  nor: ul to  the  long  dimension o f  the  c a v i t y .  E r r c  in  the 

e s t i m a t i o n  o f  u t r e s  j c o n c e n t r a t i o n  due t o  the p lane  s t r a i n  assumption  a r e  

l e s s  than  fo r  a c a v i t y  w i th  a l e n g t h i w i d t h  r a t i o  o f  5 and l o s s  than
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1^/o f o r  a  c a v i t y  w ith  a l e n g t h : w i d t h  r a t i o  o f  2.

In a two d im ens iona l  a n a l y s i s  such an t h i s ,  the e l a s t i c  p r o p e r t i e s  

o f  the v a r io u s  rock  types  cou ld  be modelled .  Thi nrogramme could a l s o  be 

des igned  to  t e s t  f o r  s h e a r  f a i l u r e  on s p e c i f i e d  j o i n t  p lanes  and t o  c a l ­

c u l a t e  th e  d i s p la c e m e n ts  on the j o i n t  p l a n e s ,  and then  r e p e a t i n g  the  

a n a l y s i s  o f  s t r e s s  d i s t r i b u t i o n  t a k i n g  i n t o  c o n s i d e r a t i o n  the  d i s p la cem e n ts  

so o b t a i n e d . A l t e r n a t i v e l y ,  the programme could  p rov ide  simply the  

p r i n c i p a l  s t r e s s  magnitudes  and o r i e n t a t i o n s  and the a r e a s  o f  j o i n t  

f a i l u r e ,  de te rm ined  manually from t h e s e .  I f  e x t e n s i v e  zones o f  f a i l u r e  

a r e  i n d i c a t e d ,  the  -Lape o f  the  c a v i t y  ccu ld  be modif ied  a c c o rd in g ly  and 

r e - a n a l y s e d .  This  approach  was adopted in  the  f i n i t e  element a n n l y s i s  

o f  b lock  If ( P i g  0 , 5 ) .  However, ir t h i s  case  no f a i l u r e  zone w.-ir i n d i c a t e d ,  

except  fo r  th e  narrow zone o f  v e r t i c a l  t e n s i l e  s t r e s s e s  the back and 

as  no f u r t h e r  major  f a i l u r e  a;'; ca red  l i k e l y  i n  the  s t r e s s f i e l d  presumed 

f o r  the new shape c f  c a v i t y ,  no r e c a l c u l a t i o n  o f  the  s t r e s s e s  was done .

Th is  p a r t i c u l a r  a n a l y s i s  was n o t  c o n s id e r e d  t o  be an a c c u r a t e  r e f l e c t i o n  

o f  the  c o n d i t i o n s  s u r ro u n d in g  the  b lock ,  and i t  i s  c o n s id e r e d  t h a t  the 

s t r e s s e s  and s t r u c t u r e s  in  the  immediate back de te rm ine  the  e x t e n t  o f  

cav ing  in  the absence  o f  any major,  weak, s t r u c t u r a l  f e a t u r e s .

Thes- t e c h n iq u e s  a r e  based  on the assumption  t h a t  th e  ground behaves 

e l a s t i c a l l y  exce p t  where t e n s i o n  o r  s h e a r  f a i l u r e  i s  i n d i c a t e d  f o r  j o i n t s  

w i th  p a r t i c u l a r  o r i e n t a t i o n s .  There i s  an e lem en t  o f  s i m p l i f i c a t i o n  in  

t h i s ,  such a s  i g n o r i n g  the  e f f e c t  o f  s l i p s  which do n o t  i n t e r s e c t  the  

p lane of  the  a n a l y s i s  a t  a l a r g e  a n g l e ,  and i g n o r i n g  the  minor,  l e s s  

f r e q u e n t  o r  l e s r  con t inuous  j o i n t s . A more r e a l i s t i c  s t r e s s  d i s t r i b u t i o n  

might ha o b ta in e d  i f  an e l a s t o - p l a s t i c  behaviour  i s  assumed.  Keyes and 

Deere (1yf 6) developed a f i n i t e  el ement method employing a g e n e r a l i s e d  

von his**.j c r i t e r i o n  which accoun ts  f o r  both  in t -  nnal f r i c t i o n  and c o h e s i o n . 

T h i s  y i e l d  fu n c t i o n  p l o t s  m a cone in  p r i n c i p a l  s t r e s o  space ,  and the 

e t r e  i s - ‘ t r a i n  r e l a t i o n s  cou ld  be ob ta ined  by r e g a r d i n g  t h i s  f u n c t i o n  as 

a p l a s t i c  p o t e n t i a l .  They used t h i s  d i sp ia cen  r.t method of  f i n i t e  element 

a n a l y s i s  w i th  t r i a n g u l a r  e lements  and l i n e a r  d inp lacem ent  f u n c t i o n s ,  w i th  

a s t e p  by s t e p  a p p l i c a t i o n  o f  lo a d .  At each  s t e p  in c re m en ts  o f  d i s p l a c e ­

ments which s a t i s f y  the e q u i l i b r i u m  were de te rmined  by a r e c u r s i v e  p r o c e s s .

They a n a ly se d  the  s t r e s s  c o n c e n t r a t i o n s  around c i r c u l a r  open ings  

i n  an i n f i n i t e  medium f o r  a r b i t u r y  va lue  o f  y i < I d  param ete rs  and i n i t i a l  

s t a t e  of  a t r u n s ,  and concluded  th a t  the r e s u l t s  appea red  t o  be " f a i r l y
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y i e l d i n g  &a i c p l i e d  by the e t r e s a - e t r a i n  r e l a t i o n s  u s e d " .

In a p p l i c a t i o n  t o  the l u r ^ e  e x c a v a t io n s  which c o n s t i t u t e  a  cave 

u n d e r c u t ,  i t  nay prove n e c e s s a r y  to  in t r o d u c e  the added r e f in e m en t  c f  

m o de l l ing  the  p r o g r e s s  o f  the  u n d e rc u t  a s  w e l l .

8 . 5 4  CAVE INDUCTION I2THJES
When b lo c k  16 f a i l e d  to  cave ,  ways o f  in d u c in g  the  b lo c k  t o  cave were 

a t t e m p te d  w i th o u t  s u c c e s s  ( See 7•461)•  The f i r s t  t e chn ique  t r i e d  was the 

pumping o f  w a te r  a t  n igh  p r e s s u r e  i n t o  fo u r  b o re h o le s  d r i l l e d  over  the 

back f o r  over  a  mouth,  d u r in g  which t ime s e v e r a l  p r e s s u r e  drops  were 

n o te d  but no s i g n i f i c a n t  f a l l s  occu r red  from the back .  L a t e r  fans  of  

s e v e r a l  h o le s  were charged and d u s t e d  i n  on e f f o r t  t o  cut  a s l o t  or. ti.e 

n o r t h e r n  s i d e  i n t o  which compress ive l a t e r a l  s t r e s s e s  i n  the  back could 

be r e l i e v e d .  Th is  to o  was n o t  s u c c e s s f u l .
Elsewhere the  o t h e r  methods have been t r i e d  w i th  v a r y in g  d ec re es  

o f  s'Ji'Ci'SS such a s  boundary weakening o r  i s o l a t i o n ,  longho le  d r i l l i n g  and 

b l a s t i n g ,  coyote  b l a s t s  and ex tend ing  the  minimum span or  a r e a .

I t  i s  h i g h l y  r ro b ab le  t h a t  i n  t h e  b locks  where cave i n d u c t i o n

methods worked,  the b locks  were i n i t i a l l y  i n  a s t a t e  app roach ing  i n s t a ­

b i l i t y  and c l o s e  t o  cav ing ,  w h i le  in  b lo c k s  where th e y  were n o t  s u c c e s s f u l  

the  measures t a k e n  were l e s s  adequa te  or  the  back was very  s t a b l e .

I f  r em ed ia l  a c t i o n  has  to  be taken  to  induce  c av in g ,  i t  i s  c o n s id e r e d  

t h a t  what e v e r  a c t i o n  i s  taken  i t  snou ld  be done w i th  a  s p e c i f i c  o b j e c t  

i n  mind which w i l l  ach ieve  a  majo r change i n  the  s t a b i l i t y  o f  th e  back .

For i n s t a n c e ,  ex tend ing  the  u n d e rc u t  t o  b r in g  a  major  v.euk s h e a r  i n t o  

the back w i l l  have more e f f e c t  than  merely i n c r e a s i n g  the  minimum span by 

a co r re s p o n d in g  amount.

8.6 BEHAVIg'-’H OF CAVED GHCMID AND I  TP EFFECT C  TIE GRIZZLY KbRIZCN

The n a t u r e  of  the caved m a t e r i a l  and how i t  behaves  under  draw can

e i y i i f i c u n t l y  e f f e c t  the  economics 01 a  b lock c av ing  o p e r a t i o n .  In 

g e n e r a l ,  the i n i t i a l  f r ag m e n ta t io n  o f  the ore a f t e r  cav ing  and the  a t t r i t i o n  

t h e  l a r g e r  b locks  o f  ore s u f f e r  i n  the  draw column de te rm in e s  th e  amount 

o f  secondary b l a s t i n g  r e q u i r e d ,  the  frequency and s iu e  o f  hanu- u p s ,  the 

p r o d u c t i v i t y  o f  o p e r a t i o n s  and the  wid th  o f  the  draw column. The second­

a ry  b l a s t i n g  i s  no t  on ly  ex p e n s iv e ,  i t  i s  time consuming and damages the
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d raw po in t  su p p o r t  work und j r i z z l i e a .  Although poor f r  gm n t  t i o n  v . l l l  

i n c r e  se  th e  f r eq u en cy  ;.nd s i z e  o f  hang-ups ,  w iden ing  th '  d r  w columns md 

improving  th e  f i n a l  o r e - r e c o v e r y , t h e s e  hang-ups  impose p o in t  loa ds  on t h e  

crowr p i l l a r s  which may s e v e r e l y  damage them. This  damage may be l i m i t e d  

by u l a r 0e r  crown p i l l a r ,  bu t  w i th  a w ide r  d ruwpoin t  c p ac in u , t h e r e  i s  a 

g r e a t e r  tonnage p ^ r  dr  aw p o i n t  r e q u i r i n g  a  l o n g e r  t i n e  to  draw, ar.d a 

g r e a t e r  a m e n t  o f  r e p a i r  work from secondary  b l a s t i n g  and a t t r i t i o n .

Also w i th  a  w ide r  druwpoint  s p a c in g  the r a t e  o f  draw i s  reduce d ,  and so 

f o r  the same p r o d u c t i o n ,  a  l a r g e r  a r e a  has  t o  be drawn. Both o f  the se  

f a c t o r s  has  a  b e u r i n v on t h e  s t r e s s e s  imposed on the e x t r a c t i o n  hor izo , .  

and may c o n t r i b u t e  to  the  damage on the ^ r i z z l y  h o r i z o n .

Each o f  th e s e  a s p e c t s  could form a l a r ^ e  s tudy  o f  i t s  own, and so the 

d i s c u s s i o n  he re  w i l l  be c on f ine d  a s  f a r  a s  p o s s i b l e  t o  the s t r e s s  e f f e -  s 

o f  the  caved bro~nd .

One of  the  e a r l i e s t  s t u d i e s  p e r t i n e n t  t o  t h i s  q u e s t i o n  was J a n n s e n ' s  

s tudy  o f  the s t r e s s e s  e x e r t e d  on the s i d e s  and base o f  a n o n - f lo w in g  b i n ,  

from which th e  fo l lo w in g  formula was d e r i v e d .

ffv  •  r£hi -  sxp  u  t -  = | )

>Vhere (Tv i s  the  ave rage  u n i t  p r e s s u r e  on th e  bottom o f  a cav ing

block

X * d e n s i t y  o f  t h e  ore

i  = 1 - Sin {j
1 + L i n f

.  &n,yl e  o f  i n t e r n a l  f r i c t i o n  o f  f r a c t u r e d  ore

Z * d ep th s

d -  Bnul e o f  f r i c t i o n  oi ore on s .  o f  the  caved ground

From t h i s  formula  can be shorn  t h a t  on ly  a smal l  p r o p o r t i o n  of  

weigh t  the t o t a l  caved e>roui.d i s  c a r r i e d  by the  base ,  a c o n c lu s io n  which 

has  been v e r i . ' r a d  dur.n._ model t e s t a  done by the  hock Mechanics department 

on tld.3 mine.  For a g iven  dep th ,  the  l a r g e r  t h e  h y d r a u l i c  r a d i u s  o f  an 

u n d e r c u t ,  the h i g h e r  the average  s tr ewn on the base ,  and co n v e r s e ly  f o r  

a given  h y d r a u l i c  r a d i u s ,  the  g r e a t e r  the dep th  the  s m a l l e r  the  p ro p o r ­

t i o n  o f  the t o t a l  weight  the  m a t e r i a l  i n  the  b in  i u  c a r r i e d  by the b a s e .

Lucas and V e r n t r  (quo ted  by Woodruff 1%62 P have a t t e m p te d  to

i n v e s t i g a t e  the s t r e s s  d i s t r i b u t i o n  a c r o s s  t h e  base o f  the  b in ,  by f i l l i n g

a b in  w i th  sand and measur ing the s t r e s s  d i s t r i b u t i o n  on th e  base .  The
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r e s u l t  showed a peak in  the  s t r e s s  in  the c e n t r e  of  th e  b in  e q u i v a l e n t  to  

tw ic e  the  average  s t r e s s  on the b a s e .  The l i m i t e d  model exper iments  done 

on Shabanie  Mine showed t h a t  under  draw, th e s e  peak s t r e s s e s  may occur 

anywhere i n  the u n d e rcu t  a r e a  and do no t  n e c e s s a r i l y  occur  i n  the  c e n t r e .  

I t  i s  concluded  t h a t  the  peak s t r e s s  found by Lucas and V erner  was due to  

method o f  l o a d i n g  the model,  o f  which no d e t a i l s  a re  g iven  by woodruff .

In  the  Shabunie model exper im en ts  the peak s t r e s s e s  occur red  i n  v a r io u s  

p o s i t i o n s  r e l a t e d  to  the  r a t e s  o f  draw from th e  d raw po in te .

I t  has  been the  e x p e r i en ce  on s e v e r a l  mines t h a t  th e  l a r g e r  the  a r e a  

un i. r  draw, the h igher  e s t r e s s  on the  g r i z z l y  l e v e l  a s  i n d i c a t e d  by the  

Jannsen's  formula above.

At Kimberley a t  the  f l u l t f o n t e i n  Mine t h e  p r a c t i c e  i s  to  work a 

narrow,  fo u r -d ra w p o in t -w id e  t r i p  a c r o s s  the p ip e ,  which i e  scanned s -c o ­

ward s and fo rw ards  by c l o s i n g  one l i n o  o f  d raw po in ts  a t  the  r e a r  and 

b r i n g i n g  i n  a n o th e r  a t  th e  f r o n t . Th is  s t r i p  mining i s  done b a s i c a l l y  

f o r  draw c o n t r o l  p u r p o s e s , bu t  has had b e n e f i c i a l  e f f e c t s  on the s t r e s s e s  

ex p e r i e n c e d  on th e  bottom,  which have d e c re a se d  the damage p r e v io u s l y  

e x p e r i e n c e d .

In b loc k  7AB f i r s t  p h a s e , s e v e re  damage was exp e r i e n c e d  in  the  low- 

draw r a t e  a r e a s .  However, i n  the second phase and in  Block ? / 2  no severe  

damage was e x p e r i e n c e d ,  d e s p i t e  i r r e g u l a r  r a t e s  o f  draw In both  th e s e  

i n s t a n c e s ,  however,  i t  i s  p robab le  t h a t  the improved drawpoint  des ign  has

enab led  th e  j r i z z l y  l e v e l  to w i th s ta n d  th e s e  f o r c e s .

In p r a c t i c e  an e f f o r t  i s  made to  m a in ta in  an even r a t e  o f  draw over  

the  b lock t o  minimise the  i n g r e s s  of  d i l u t i o n ,  which a l s o  has  b e n e f i c i a l  

e f f e c t s  on the  p r e s s u r e s  on the  g r i z z l y  h o r i z o n ,  nut  where t h e r e  i s  a l o t  

o f  c o a r s e  m a t e r i a l  in the  d r  w columns lo a d in g  t o  f r e q u e n t  hung-ups ,  w i th  

th e  concom itan t  p o in t  lo a d s  on the crown pi 11a r e ,  an even r a t e  o f  draw 

i s  d i f f i c u l t  to  m a i n t a i n . by p roduc ing  from more d ra w p o in t s , the average  

r a t e  o f  p ro d u c t io n  per  drawpoint  can be brought down t o  a r a t e  comparable 

t o  t h a t  ach ieved  i n  the  most f r e q u e n t l y  hung-up d raw po in te .  I f  th e  

o b j e c t  i s  p r i m a r i l y  to  p reven t  e x c e s s iv e  l o a d in g  on the  crown p i l l a r s ,  

t h i s  measure may be s e l f - d e f e a t i n g ,  an J a n n s e n ’o formula shows t h a t

i n c r e a s i n g  the  a r e a  under draw in c re '  nos the  average s t r e s s  on the  ba se .

To summarise, the  , r i  z z l y  ho r izon  i s  s u b j e c t  to damage i n  the f i r s t  

i n s t  j i c e  by the  abutment lo a d s  imposed in the  u n d e r c u t t i n g  s t f .ge ,  and to
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b l a s t i n g  daniatje in the  cone-cu t  t i n y  Mid o v e r c u t t l n j  3 ta , ; ea .  The e f f e c t s  

o f  abutment l o a d i n g  have been reduced in  b lock  7/ 2  by keep ing  the  under ­

c u t  well  ahead of  the  overcut  t i n g  and c u t t i n g  th e  t r a n s v e r s e  drawpoint  

t r o u g h s  ( c o n e - c u t t i n g ) , t h a t  i s  t>y min imis ing  the  amount o f  rock  removed 

i n  the  abutment a r e a s .  An a t t e m p t  to  minimine b l a s t i n g  damage i s  made 

by p r e - c o n i n g  tlie d raw po in ts  so  t h a t  b l a s t i n g  cha rge s  can be kept  l i g h t  

w i t h  void  c o n d i t i o n s  xn the co n es .  In p r o d u c t i o n ,  the g r i z z l y  h o r izo n  

i e  s u b j e c t  t o  v a r y i n g  lo a d s  imposed by th e  broken ground,  which can. be 

c o n c e n t r a t e d  i n t o  p o i n t  lo a d s  by l a r g e  b locks  o f  rock  o r  h a n j - u p s .  The 

av e rage  s t r e s s  imposed on th e  g r i z z l y  crown p i l l a r s  can be minimised by 

keep ing  the  a r e a  under  draw as smal l  as  p o s s i b l e ,  m a in t a i n in g  an even r a t e  

o f  draw, and c r in g i n g  down hong-upa us soon as  p o s s i b l e .  These a r e  not  

always ach ieved  in  pr. d i c e ,  and t h e r e f o r e  th e  crown p i l l a r s  must be 

d es igned  fo r  maximum s t r e n g t h  and minimum s t r e s s ,  and su p p o r te d  a d e q u a t e l y . 

The suppo r t  p o l i c y  and des ign  i s  de termined  by the c l a s s  o f  rock  i n  the 

f i r s t  i n s t a n c e ,  a s ,  i f  i t  i s  c o n s id e re d  th a t  the  ground i s  good enough 

f o r  an a d e q u a te ly  s u p p o r ted  d r i v e  to  l a s t  the  ' t f e  o f  the  b lock ,  then  the 

su p p o r t  work should  be a c t i v e ,  r e i n f o r c i n g  the  rock ,  whereas i f  the  rock 

i s  poor ,  p a s s iv e  s u . p o r t  which can be q u ic k ly  and e a s i l y  r e p a i r e d  should  

be c o n s i d e r e d .

The c u r r e n t  i d x . a  on crown p i l l a r  and drawpoint  des ign  a r e  embodied 

in  the  b lock  7 /2  d e s ig n ,  shown in  Fig  3,5 . In t h i s  d e s i s t ,  t r a n s v e r s e  

t r o u g h s  have been chosen so th a t  l a t e r a l  b u t t r e s s i n g  p i l l a r s  a r e  l e f t  between 

t h e  d r a w p o i n t s . The crown pi l i a r  - were a l s o  kept  as  l a r g e  a s  p r a c t i c a b l e  

fo r  maximum s t r e n g t h  -uid the s i d e s  kept  v o r t i c a l  to  minimise th e  chances 

o f  a r c h in  - in  the drawpoin ta  which could impose a h igh l a t e r a l  s t r e s s  on

the crown p i l l a r s .  I t  i s  s t i l l  too  e a r l y  t o  draw c o n c l u s i o n s  on t h i s

d e s ig n ,  but  i t  has been noted  t h a t  in  u t  l e a s t  one d raw po in t  some c o n s i ­

d e r a b l e  a t t . i t i o n  o f  the  1rown p i l l a r  has t a k e n  p lace  and the  l a r g e s t  and

most d i f f i c u l t  t o  b reak -up  hang-ups  ":cur  above the to p s  o f  the crown

pi 11 a m .

0 .7 FOli. ; JF ik. hrJV.LOi urhMNC/d

Four forms o f  damage to  development openings  have been r e c o g n i s e d .

The damage can in each  f u r , - no a t t r i b u t e d  to  s t r e s s  changer accompanying 

a major mining o p e r a t i o n ,  o t h e r  than  th e  advance o f  the  development in  

i t s e l f .  The f  u r  forms a r e :
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(a )  . - t resn  d . i’hi a  f o r a  o f  da.-aje occurs  i n  h i j h  s t r e s s

u r e a s ,  such ac in  the abut: e n t s  o f  an undercu t  where l i t t l e  or

no s t r e s s  r educ ing  movements could  occur  on j o i n t s ,  because t h e r e  

were i n s u f f i c i e n t  j o i n t s  w ith  s u i t a b l e  o r i e n t a t i o n s  and s u f f i ­

c i e n t l y  low s h e a r  s t r e n g t h s .  The shape end s i z e  o f  the  deve lop­

ment openings  i n  t h i s  zone a f f e c t s  the u l t i m a t e  s t r e s s  concen­

t r a t i o n s  and s e v e r i t y  o f  d a n u j e . The s e v e r i t y  o f  th e  damage i s  a l s o  

g r e a t l y  i n f l u e n c e d  by the rock  competency. Higher s t r e s s  con­

c e n t r a t i o n s  a r e  mort p robab le  in  the  s m a l l e r  s t r e s s  c o n c e n t r a t i o n  

zones ,  such a s  in  the ubuta .  nt  o f  u narrow u n d e r c u t ,  o r  benea th  

a narrow veu n o tc h  w: e r e  t l . e re  i s  a  lower  p r o b a b i l i t y  o f  s u i t a b l y  

o r i e n t e d  j o i n t s  f o r  s t r e s s  r e l i e f .

This  damage t a k es  the form o f  l o c a l  movement on j o i n t s  and 

s p e l l i n g  i n  a zone s u r ro u n d in g  the  development.  The l e s t  

examples of  t h i s  type  o f  damage were i n  the  abutmen ts  o f  J l o c k  

7 /2  on 3.,5 l e v e l  and on 350 l e v e r .

(b)  he i ;C'-d 1 t ' r. /! ;;t r>. s i d: ' _e b e v e l 0. ment done i n  t. h ig h  l a t e r a l

s t r e s a f i e l d  can et s t  l i e  i t h  c o n s i d e r a b l e  s . v u . s .  s i m i l a r l y  

complex h o r i z o n t a l  l a y o u t s  i n v o l v i n g  sm a l l  p i l l a r s  could  a l s o

be s t a b l e .  The c r e a t i o n  o f  a l a r g e  Caved u r e a  i n  the  v i c i n i t y  

could  reduce  th e s e  s t a b i l i s i n g  L i t e r a l  f o r c e s  and ensnge tn e  

s t r e a e f i e l d  . .round the e x c a v a t i o n s ,  p u t t i n g  the  buck o f  wide 

e x c a v a t io n s  i n t o  t e n s i o n  .u.d i n c r e a s i n g  th e  compress ive s t r e s s  

in  the s i  dev: a l l  a of  t h e  p i l l a r s  and development.

Examples i n c lu d e  tl .e 3 s h a f t  s t a t i o n  l a y o u t s  on 170 and 

205 1 • v e l a  which ex p e r i e n c e d  heavy damage when Hoc:. 7A3 caved .

( c )  gecondar..- ind'au"! 1 . ■ This  i s  a common form d m.-ge to  deve­

lo p m en t . I t  occurs  where s h e a r in g  on a s l i p  d i s l o d g e s  <»r.d 

f a r c e s  o f f  p i e c e s  of  rock from the  s i d e w a l l  o r  buck i n t o  an 

underground working .

I t  i s  c o n s id e r e d  t h a t  the movement would h.mve o c cu r red  

on tl.e s l i p  r e g a r d l e s s  o f  whether  the  development i n t e r n e  te d  

i t  or  n o t .  I f  i t  v/as i n t e r s e c t e d  by a d r i f t  and t h e  ^round 

i n  the  p rox im i ty  o f  the j o i n t  ." re competen t ,  uomoo® cou ld  be 

mini... .1, but i f  t h i s  ground were in c o m p e te n t ,  the sm al l  move­

ment.; could  u p s e t  the  s t a b i l i t y  o f  <-. .. r v i n a l l y  s t a b l e  row 

competency zone.  Given no wxtenaio  . to  th e  1:1 avor  mining e f f o r t ,  

t h e  r a t e  o f  move; r. n t  would d* c reaue  w i th  t ime tuid e v e n t u a l l y  

s to p ,  and th e  amount o f  damage induced  would dvcroe.se s i m i l a r l y .
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Thiu f o r u  o f  daz-aje can occur  r e l a t i v e l y  remote ly  f j o a  the  

c-ajor  excavatioz;  aa t h e  g e n e r a l  e t r e c a f i c l d  need only  be enough 
to  cause  the movement on a major w i n t  which u s u a l l y  have a 

low er  f r i c t i o n a l  r e s i s t a n c e ,  w h i l e  the a t r e s o f i e l d  z,ay not  be 

enough t o  r use da,, j j e  to  th e  d r i f t  a lo n e .

An example o f  t i d s  f o r a  o f  duria^e was on 205 l o ' e l  where 

movement on Zone A c a r e d  s e v e r a l  rock  f a l l s  over a  p r o t r a c t e d  

f  iod o f  t i n e .

(d)  G rav i ty  e l :  din.,  d-, e A p r e - r e q u i s i t e  o f  t h i s  form of d aza je  

i s  a  m a jo r ,  weak j o i n t  d i p . i n ^  towards  th e  mining; o p e r a t i o n .

I f  the s h e a r  s t r e n g t h  o f  th e  j o i n t  i s  s u f f i c i e n t l y  low, and 

th e r e  i s  n o t  s u f f i c i e n t  l a t e r a l  r e s t r a i n t ,  the superincumbent 

rock  nay s t a r t  to  s l i d e  towards th e  mining ope . t i o n .  Although 

th e  r e d i s t r i b u t e d  r e g i o n a l  s t r e s s  may have had a r o l e  in  

i n i t i a t i n g  t h i s  movement, i t  w i l l  co n t in u e  to  s l i d e  under i t s  

own w e ig h t ,  u n t i l  t h e r e  i s  an i n c r e a s e  i n  l a t e r a l  s t r e s s  which 

would slow down and e v e n t u a l l y  b r i n g  t h i s  movement to  a h a l t .  

This  could  occur some months a f t e r  the c e s s a t i o n  r f  drawing 

down d i p .

bocauoe movement i s  caused  by g r a v i t a t i o n  f o r c e s ,  the 

dur-i t i on  o f  t h e  f o r c e  i s  u n l i m i t e d ,  and t h e  d i s p l  cem en t  

can on ly  be s to p p e d  by b u i l d i n g  up the l a t e r a l  r e s i s t a n c e  by 

s t o p p in g  th e  draw  down d i p .  The amount and s e v e r i t y  o f  the 

damage t o  development openings l o c a t e d  i n  the moving mass i s  
p o t e n t i a l l y  u n l i m i t e d .  I t  i s  p o s s i b l y  however,  f o r  d r i f t s  

in  c o m p e te n t  g ro u n d  in  th e  moving zasu to s u rv iv e  some moder­

a t e l y  l a r ue m ovem en ts w i t h o u t  s e v e r e  d am age, w h i le  o t h e r s  in  

l e s s  c o m p e te n t  g ro u n d  aa^ be s e v e r e l y  damaged by s m a l l  d i s -  

» cements on the  s h e a r .

Examples o f  t h i s  type o f  da:.age o c c u r re d  in  Block 7A3 

(Xi 245 eu.d 2^5 l e v e l s  a t  the  s t a r t  o f  u n d e r c u t t i n g  o f  the 

second phase .  The wors t  example w . s ,  however,  i n  f l o c k s  4 

and 5 where a 60m wide zone s l i d  a t  l e a s t  100mm on a gouge- 

f i l l e d  f a u l t  in  the immediate f o o t w a l l .  Damage to  workings 

above t h i s  zo n e  w as v e r y  u e v . r e ,  l e a d i n g  t o  c o n t l n u j u s  r e ­

pla cements  o f  the  .’ .H. y i e l d i n g  a r c h e s .  G l id in g  con t in u ed  

f o r  two months a f t e r  the c e s s a t i o n  o f  minin^ .
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R eco g n i t io n  o f  t h e  f o r a  o f  dar,uue would h e l p  i n  d e c i d i n g  what type 

and anount  o f  s u p p o r t  work would be z o s t  e f f e c t i v e . In  g e n e r a l  f o r  h igh  

s t r e s s  damage, a c t i v e  (roc. :  r e i n f o r c i n g )  suppo r t  i s  c o n s id e r e d  to  be the 

most e f f e c t i v e .  F , r  r educed  l a t e r a l  s t r e s s  da age a c t i v e  suppor t  may be 

e f f e c t i v e ,  but  where the  l a t e r a l  s t r e s s  i s  so r e u a c e a  h a t  th e  s t e e p l y  

d ip p i n g  j o i n t s  a r e  opened up ,  p a s s iv e  su p p o r t  t e c h n .q u e :  v i l l  be more 

e f f e c t i v e .

I f  the  rock  a f f e c t e d  by secondary induced  damage has r e i n f o r c i n g  

p o t e n t i a l ,  a c t i v e  suppor t  can be used  prov ided  t h a t  the re n f o r c i n g  b o l t s  

do n o t  c r o s s  t h e  major j o i n t . Support  w i l l  n o t  s t o p  d i s p l  cement on the 

major j o i r t ,  i t  shou ld  t h e r e f o r e  r e i n f o r c e  the rock  on oi ier s i d e  o f  the 

j o i n t ,  while a l lo w in g  the d i sp lacem ent  on the  j o i n t  t o  m t i n u e .  I f  the 

d a m a g e  i s  due to  g r a v i t a t i o n a l  s l i d i n g ,  a c t i v e  s u p p o r t  may be e f f e c t i v e  

f o r  a  while but u l t i m a t e l y  th e  d i s r u p t i o n  o f  th e  ground w i l l  be so bad 

t h a t  f r e q u e n t  rep lacement  o f  p a s s iv e  suppor t  may be r e q u i r e d .
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In  t h i s  s tu d y  of  the ground behav iour  a s s o c i a t e d  w i th  b lock  and sub-

l e v e l  cav ing  Liininu o p e r a t i o n s ,  the f a c t o r  which has  c^e r^ed  a s  hav ing  the

g r e a t e s t  e f f e c t  on the c a v in g  p ro ces s  aiid the  ground r e a c t i o n  t o  cha:.ueB in  

s t r e s s  induced by u n d e r c u t t i n g  or  c av ing ,  i s  the  h igh  p r o b a b i l i t y  of  s h e a r i n g  

on j o i n t s  i n  t h e  rock mass.  In  the  p e r ip h e ry  o f  a caved block  s h e a r in g  

has  been observed  on the weaker,  c o re  c o n t in u o u s  j o i n t s  a t  i n t e r v a l s  as 

c l o s e  a s  tiuree to  s + x c e t r e s .  The s h e a r i n g  d i s p la c e m e n ts  uiv e  the  rock  

nasa a s  a whole a p l a s t i c  y i e l d i n g  p ro p e r ty ,  v-hich de te rm in e s  the course  of  

cav ing  o f  u n d e rc u t  a r e a s ,  the s t a b i l i t y  of  workings  i n  the p e r i p h e r i e s  c f  

caved a r e a s  a..d i n f l u e n c e s  the s e l e c t i o n  o f  muni w r i n g  d ev ices  and a n a l y s i s  

t e c h n i p u e s .

The R e l a t i v e l y  h i uh l a t e r a l  s t r e s s  f i e l d  i s  a l s o  an im por tan t  f a c t o r  

d e t e rm in in g  the- response  o f  the  rock  t o  u n d e r c u t t i n g  or  c av ing .  The e f f e c t  

o f  the.  e twr- f a c t o r s  huVt be on *eiv i n  almos t  a l l  s e c t i o n s  o f  t h i s  i n v e s t i ­

g a t i o n .  Ihe c o n c lu s io n s  drawn fro:  each f u c i t  o f  the  i n v e s t i g a t i o n  a re  

d i s c s  s e p a r a t e l y  oelow.

9 . 2  l i t v  h . . ;  . : i h - v i v J H  c :-.  h a C T h h :  J T i c g

The beh av io u r  of  th e  rock  mass may be d e s c r i b e d  as  a quas i-Bingham

.

Under s t r e s s ,  the  rock  muss deforms e l a s t i c a l l y ,  and w i th  r e l a t i v e  shea r  

movements on the s u i t a b l y  o r i e n t a t e d  j o i n t s ,  n o n - r e c o v e r a b l e  de fo rm a t ion  

occurs i n  the rock  mass. O bse rva t ions  o f  s h e a r  d i sp la cem e n t  i n d i c a t e  t h a t  

s h e a r i n g  occurs  f i r s t  on th o s e  s u i t a b l y  o r i e n t a t e d  s t r u c t u r e s  w i th  the 

lo w e s t  s h e a r  s t r e n g t h s .  At h i 0h<r s t r e s s  d e v i a t i o n s ,  more j o i n t s  w ith  

h i g h e r  s h e a r  s t r e n g t h s  a r e  a f f e c t e d .  The s p a c in g  o f  j o i n t s  on which 

s h e a r i n g  occurs  v r i e s ,  bu t  i s  g e n e r a l l y  i n  the  range  o f  3 t o  30m. In 

g e n e r a l ,  the c h e e r in g  occurs  a t  a e lov  r a t e ,  and t h e  magnitudes  o f  the  

s h e a r  d i s p la c e m e n ts  a r e  dependent  on the  magni tudes  o f  the  s t r e s s  

d e v i a t i o n s  and th e  d u r a t i o n  o f  the s t r e s s e s .  In  the  p e r ip h e ry  o f  J lo c k  7A3
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the  observed s h e a r  d i s p la c e m e n ts  accounted  fo r  2%3  o f  the  t o t a l  measured 

d e fo rm a t io n .

I t  i s  conc luded  t h a t  t h e s e  movements cou ld  s i g n i f i c a n t l y  a f f e c t  the  

s t r e s s  d i s t r i b u t i o n  i n  the  ro c k  around  a b lock  cave u n d e rc u t  o r  i n  the 

p e r i p h e r i e s  o f  a cuved zone .

9 .3  vii.dia RXh aT...:Sads
The rock  s t r e s s  measurements made a t  s i x  s i t e s  on l e v e l s  ranging; i n  

dep th  from dOO to  400m i n d i c a t e d  t h a t  t h e  l a t e r a l  s t r e s s e s  exceed the 

v e r t i c a l  s t r e s s e s .  These h i g h e r  l a t e r a l  s t r e s s e s  a r e  c o n s i i e r e d  to  be 

r e s i d u a l  t e c t o n i c  s t r e s s e s  from the p e r io d  o f  l a t e r a l  compress ion which 

r e s u l t e d  i n  the f o l d i n g  and f a u l t i n g  o f  the u l t r a b u s i c  s i l l ,  d e g r e s s io n  

l i n e s  o f  the  v e r t i c a l  and l a t e r a l  s t r e s s  components o f  th e  s i x  r e s u l t s  

i n d i c a t e  t h a t  the measured v e r t i c a l  s t r e s s e s  a r e  s l i g h t l y  h i g n e r  than 

th o s e  expec ted  from the  rock  d e n s i t y ,  t h a t  th e  l a t e r a l  s t r e s s  components 

p a r a l l e l  to  the  s t r i k e  of  the u l t r u b a u i c  s i l l  i n c r e a s e s  g r a d u a l l y  with  

dep th  <*r.d a t  - i g h t  a n S .e s  to  th e  s t r i k e  the l a t e r a l  she? r s  component 

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

th e s e  r e g r e s s i o n  a n a l y s e s  were poor and t h e r e f o r e  f u r t h e r  measurements 

shou ld  be made a t  g r e a t e r  dep ths  t o  check th e s e  r e l a t i o n s h i p s .

I t  was no te d  t h a t  a marked v a r i a t i o n  in  p r i n c i p a l  s t r e s s  o r i e n t a t i o n s  

and magnitudes e x i s t e d  between s u c c e s s i v e  measurements m-.de in  e< ch b o re h o le .  

Th is  v a r i a t i o n  i s  a t t r i b u t e d  t o  the p rox im i ty  o f  mav or j o i n t s  such as  s l i p s  

or  f i b r e  seams, and t o  the d i f f e r e n c e s  in  the modulus o f  e l a s t i c i t y  o f  the 

s e r p e n t i n e  and duni t o .  I t  i s  conc luded ,  t h e r e f o r e ,  t h a t  s e v e r a l  measure­

ments had t o  be conducted  i n  each borehole t o  o b t a in  a  meaningful  a v e r a g e .

There i s  a broad  agreement i n  the  o r i e n t a t i o n  o f  the mnvor  p r i n c i p a l  

s t r e s s  a t  r i g h t  a n g l e s  to  the  s t r i k e  o f  the  s i l l ,  as  deduced by L a u b s c h t r ,  

f o r  the  t e c t o n i c  t r e s s e s  which r e s u l t e d  i n  the  f o l d i n g  ana f a u l t i n g  of  

the  s i l l ,  and th e  g e n e r a l l y  h i g h e r  l a t e r a l  s t r e s s  component i n  t h i s  d i r e c t i o n  

i n d i c a t e d  by th e s e  m . s - r *.»..< n t ;  . however,  a d e t a i l e d  s tudy  of  the  g e o l o ­

g i c a l  s t r u c t u r e s  a t  each  s i t e  f a i l e d  to  r e v e a l  any r e l a t i o n  between th e  

s t r u c t u r e s  and the measured p r i n c i p a l  e t r e c i  o r i e n t a t i o n s .  I t  i s  concluded  

t h e r e f o r e  t h a t  no u s e f u l  puide t o  p r e s e n t - d a y  s t r e s s  o r i e n t a t i o n  could  be 

ob ta in e d  from an a n a l y s i s  o f  s t r u c t u r a l  g e o l o g i c a l  f e a t u r e s .
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o . 4

In  ground which i s  c u t  by nunerous  j o i n t s  and behaves as  a q u u s i -  

Biribhan. m a t e r i a l ,  the  t e c h n iq u e s  ' ..• s t i u ru e r t s  which have p r o v e d  most 

s u c c e s s f u l  f o r  m o n i t o r i n j  do fo r  ' . isid d i sp lacem en t  a r e  th o s e  which

e x tend  over  s e v e r a l  m e tres  such .. the survey  t r a v e r s e s ,  remote d isp lacem en t  

m e te rs  and both  forms o f  . . i re  extent'a-. ,  t u r u , which m on i to r  s e v e r a l  j o i n t s .

Ine  i n s t r u m e n t s  which moni to r  d i sp lacem en t  or  de fo rm a t ion  over  s h o r t e r  

d i s t a n c e s  have provt-d to  be u s e f u l  f o r  m on i to r ing  r e l a t i v e  d i s p la cem e n ts  

on si e c i f i c  ^ o i n t e ,  b u t ,  in  m o n i to r in g  deformation  g e n e r a l l y ,  t h e r e  a re  

too many l o c a l  v a r i a t i o n s  in  Orouna behav iou r  to  d e r iv e  a t  any mean ingful  

a b s o l u t e  r e s u l t s  from a few i n s t r u m e n t s .  T h e re fo re  enough i n s t r u m e n t s  

must be i n s t a l l e d  to  o o tu in  s u f f i c i e n t  r e s u l t s  which have s t a t i s t i c a l  

s i t f i i  f i c a n c e .  The same d i f f i c u l t i e s  a r e  encoun te red  w i th  rock  s t r e s s  

m on i to r ing  d e v ic e s  such at; the p h o t o - e l a s t i c  s t r e s s  me te r ,  o r ,  s u p p o r t  load 

m o n i to r in g  d e v ic e s  such a s  the p h o t o - e l a s t i c  b o l t  t e n s i o n  m e te r  or  a rch  

lo a d  i n d i c a t o r .  I n d i v i d u a l  i n s t r u m e n t  r e s u l t .  . .ould be ar .a lysed  by r e f e r e n c e  

to  tne p re v io u s  r e c o rd  o f  the i n s t r u m e n t ,  and in s t ru m e n t  comparisons should 

bo m„de on a q u a l i t a t i v e  ai'.d t ime b a s i s .  On t h i s  b a s i s  some p r e d i c t i o n s  

on th e  date o f  c a v in g  or  d u r a t i o n  and s e v e r i t y  o f  f u r t h e r  damage can be m-de.

While s a t i s f a c t o r y  de fo rm a t ion  m on i to r ing  t e c h n iq u e s  have been 

d e v e lo p e d ,  c o n s i d e r a b l e  f u r t h e r  ? ork  r e q u i r e s  to  be done on suppo r t  moni­

t o r i n g  techr . iqueo e s p e c i a l l y  f o r  ^ r i z s l y  h o r i z o n s  where i n s t r u m e n t s  would 

be s u b j e c t  to  he.wy second try b l a s t i n g  dr -.;e and to a humid arid c o r r o s i v e  

a tm osphere . Also f u r t h e r  aoi’k i s  r e p a i r e d  to  develop  s u i t a b l e  t e ch n iq u es  

f o r  m oni to r ing  the lo a d s  imposed on the  crown p i l l a r s  by th e  broken & round 

which have n o t  bean moni to red  s a t i s f a c t o r i l y  to  d a t e .

9 . j : : J : ' : w

The c.eomechanics rock  c l a s s i f i c a t i o n  system has  bean adopted  f o r  

d e s c r i p t i v e  p u rposes  by p ro d u c t io n  and s e r v i c e  depar tm ent  p e r s o n n e l ,  in 

t h i s  d i s s e r t a t i o n  i t  has  been used l a r g e l y  fo r  t h i s  p u r p o s e . With the 

a p p l i c a t i o n  o f  a s s e s s e d  a d ju s tm e n t s  to  account  f o r  p o t e n t i a l  w e a th e r in g ,  

i r.si  t u  s t r e s s  tuid changes  in s t r e s s ,  j o i n t  o r i e n t a t i o n  and b l a s t i n g  e f f e c t s ,  

the system could be a p p l i e d  to  deni j . i n j  the su p p o r t  r eq u i re m en ts  f o r  an 

underground e x c a v a t i o n ,  and a su p p o r t  j u i d e  baaed on the  i; . i t u  and 

a d j u s t t d  c l a s s i f i c a t i o n  r a t i n j o  has  been proposed by Laubscher  (1979)•
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Sim ila r ly ,  the c l a s s i f i c a t i o n  system has p o te n t ia l  app l ica t ion  in asaeso in j  
the c avab i l i ty  of a block and the drawjoint rocK s iz e .  At the piesent  
e ta j e  of development, the ju ide to cav ab i l i ty  i s  s t i l l  too cmde to provide 
anything 'out a f i r s t  guide to the p o te n t ia l  for  caving a block, as the rock 
c l a s s i f i c a t i o n  i s  not sens i t ive  enough. Further  work ra required to 
formulate ru le s  and guidel ines  for  determining the adjustments to be made, 
ar.d fu r th e r  York w i l l  a l so  have to be done on -improving the c l a s s i f i c a t i o n  
s e n s i t i v i t y ;  there  may be some advantage in changing the r e l a t iv e  import­
ance r a t in g s  of the Various parameters,  which are curren t ly  assumed to 
have un iversa l  app l ica t ion  to problems ranging i ron  tuwiel s tab .^^ ty  to 
p i t  slope unul i  s • f;*ere a lso snould be aii in v e s t ig a t io n  in to  the possible 
advantages in  def ining the rock c las s  by th ree r a t in g s  instead of one, as 
proposed by barton e t  a l  (1974/» which def ine the th ree  main rock parameters 
v is ;  the block s iz e ,  the in te rb lock  shear s t reng th  and the ac t ive  s t r e s se s  
( i n  the so i l  mechanics sen se ) . Fur ther  work should a lso  be done on the 

app l ica t ion  of  the system to  problems on o ther  mines.

9 . 6  c.'.vi:. j

Two forms o f  c av ing  have been r e c o g n i s e d : -  1. .so subs idence  cav ing  and 

s t r e s s  cav ing ;  the  fo rmer  occurs  where the  l a t e r a l  s t r e s s  has  been s u f f i ­

c i e n t l y  reduced to  a l low  s h e a r i n g  on the  s t e e p l y  d ipp ing  j o i n t s .  The 

l a t e r a l  s t r e s s  r e d u c t i o n  m<y be due t o  an a d j a c e n t  p r e v io u s l y  caved b lock  

o r  a boundary i  so l  . . L i n  . j. o t , and the cav ing  tarces the  form c > the o r c c r l  y 

subs idence  o f  l a r g e  columnar blocks bounded by s t e e p l y  d ipp ing  s l i p s ;  

th e  b u lk in g  f a c t o r  i s  low and r a t e  o f  p ro p a g a t io n  o f  Cavin& t o  s u r f a c e  

very  r a p i d .  The l a t t e r  form o f  c a v in g  i e  c h a r a c t e r i s e d  by c a v i t i e s  benea th

the back and the  cav in g  a c t i o n  i s  l a r g e l y  a s l o u j i i n g  from a r e l a t i v e l y

nar row zone o f  i n s t a b i l i t y  i n  the buCk• Tl*e s t a b i l i t y  o f  t h i s  zone i s  

de te rm ined  Ly thu p res  nee o f  s u i t a b ly  o r i e n t a t e d  j o i n t s  witn  r e s p e c t  *o 

the s t r e s s e s  i n  t h e  back .  These s t r e s s e s  a r e  c o n s id e r e d  to  be compress ive

due t o  the  r v ^ i o n a l  l a t e r a l  s t r e s s e s ,  c-jid a l s o  because  the buck develops

i n t o  aii a rch  o r  dome shape in  which compressive s t r e s s e s  a re  e x p e c te d .  

However, t e n s i l e  s t r e s s e s  in  th e  v e r t i c a l  d i r e c t i o n  over  the  c e n t r e  o f  the 

u n d e r c u t  may c o n t r i b u t e  to  the  i n s t a b i l i t y  o f  t h i s  z o n e . The propoua t i o n  

o f  the cave b:.c' t o  m r f a c e  i s  s po rad ic  and u s u a l l y  slow.
The f a c t o r s  which de termine  the  C a v a b i l i t y  o f  the  ground a r e  the 

competency of the  rock  mass; the o r i e n t a t i o n  and s h e a r  s t r e n g t h  o f  the
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j o i n t s  in tne back r e l a t i v e  to the s t r e s se s  in the back. In general ,  the 
l a t e r a l  s t r e s se s  tend to i n h i b i t  caving* but there regains  a zone in the 
back which may become unstable  and cave with even small changes in  l a t e r a l  
s t r e s s  such as those brought about oy irJLninb of an adjacent block. .Vith 
the l a t e r a l  r e s t r a i n t  reduced over a su b s tan t ia l  area of the back, the 
caving; wil l  V.ke the form of mass subsidence cavinjj.

The beomechanics c l a s s i f i c a t i o n  with adjustments can provide a 
f i r s t  uuide to the po ten t ia l  Cav .b i l i ty  of the broimd. As ind ica ted  above, 
the system requires  some improvements in  s e n s i t i v i t y  and the ru les  fo r  
adjustments defined, however, even with these i t  i s  s t i l l  considered th a t  
in  borderline cases a more soph is t ica ted  a b r o a c h  i s  requ ired .  For th i s  
the most promising technique i s  a f i n i t e  element analys is  which used an 
e l a s t i c . p l a s t i c  y i e l d  condit ion and can model the heterogeneity  and 
anisotropy of the rock in s trength  and deformation, and cai". Cater for the 
path dependency of the problem. The path depenuvncy a r i s e s  from both the 
minin^ sequence az;d . armanent deformation. For t h i s  teciuiique several 
pmpl«=s h-ve to be solved, r^ ich  include e e t s b l iP r ing the  co r rec t  c o n s t i ­
tu t ive  equation and the deturmin t ion of the mater ia l  p ro p e r t i e s ,  applied 
loads and i a ^ . t u  s t r e s s e s  to the requi :ed accuracy to  obtain r e l i a b le  

p red ic t ions  (FuXiseau 1?70).

0 . 7  h ; v :  . . 7 ,  I F j :;. ~ ' ; a : :  r >:c k

The periphery of a caved zone i s  subject  to a reduct ion in the l a t e r a l  
s t r e s s  f i e ld  in one d i r e c t io n ,  and an incre .se in the other  d i rec t io n  p a r a l l e l  
to the p e r i . n e ; y . This r e s u l t s  in the e l a s t i c  deformation of  the rock mass, 
plus permanent de for  at  ion re.:.ultinw from oh*. *rinb on j o i n t s  under s u i t ­
able streo; condi t ions .  On the surface ,  the an j le  of subsidence &s defined 
by the l im i t s  of the subsidence zone r e l a t e d  to the underground mining 
va r ie s  between 76° and an overh;tfiuinv 60 , and these are determined by 
the o r icn .a t ion  of the j o i n t s .  The minimum angle of break, measured to 
the l a s t  surface cracks from the l im i t  of  mining, w^s 70° .

Four forms of damage to development openings ht.ve been recognised} 
higfi s t r e s s  damage noted in a few ureas ouch us ahead of tin undercut fact , 
r e d u c e d  l a t e r a l  s t r e s s  damage occurring in  the per ipher ie s  of a caved urea 
where the reduction in the l a t e r a l  s t r e s s  due to  cavinb reduces the 
s t a b i l i t y  of wide openings, secondary induced dai,.gc lo ca l i s ed  to the
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v i c i n i t y  of a auvor shear and caused by displacements on th a t  shear,  and 
gravi ty  s l id ing  danaje caused to workings located within a block of ore 
overlying a weak shear on which i t  i s  slidin_, towards the mininv operat ion.

After the appropria te  adjustments have been tL.de to the ^eocechanics 
c l a s s i f i c a t i o n ,  Laubscher 'a support guide could be used to determine the 
support requirements of workings subject  to high s t r e s s  damage or reduced 
l a t e r a l  s t r e s s  darn. v. With respect  to secondary induced damage, the 

a d j u s t e d  c l a s s i f i c a t i o n  may hoi* decidi  the support requirements , but not 
w ith  a rv  c e r t a in ty  as the i r r e g u l a r i t i e s  cay induce f u r th e r  damage as d i s ­
placement continues.  S i tua t ions  where g r a v i ta t io n a l  s l id in g  i s  l ik e ly  to 
occur are best recognised beforehand and measures taken to avoid the 
s l id in g  occurring b„. mining sequence modifications or leaving bu t t re ss ing  
p i l l a r s  i f  such i s  ..arr.uited

Beneath a cave block the crown p i l l a r s  and gr izz ly  horizon are 
subject  to v e r t i c a l  lo .din^ du< to the remaining weight of c tived mater ia l  
not c a r r ie d  by the s ides ,  and due to h i j a  point loads imposed by arching 
in  the broken „round. Li gen e ra l , the pressure on crown p i l l a r s  i s  r e la ted  
to by the rate  of draw, the draw point sp,.cing and frequency of hangups.
In the design of the g r izz ly  e lev a t io n ,  the layout should provide as much 
l a t e r a l  support to the crown p i l l a r  as p o ss ib le .  The drawpoint spacing i s  

u s u a l l y  determined by experience with the fragmentation encountered with 
the  o re . The widest drawpoint spacing cons is ten t  with an adequate ore 
recovery w i l l  give the lowe.,t overa l l  s t r e s s  on the g r izz ly  horizon for  
a given ra te  of  draw.
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physical  proplh: : : -^  up r ikLc caR3c;.';u L rock and

TALC SClEuT PRULl T;iL i W . . / A L  AiD TALC LOLLS

TALC CAI&ONATL ROCK -  CLIR TLSTS

NO. Density
----------
Conpreasive e tren  ;th Younj 's .loduluo Renarkn

t / c / 0* c . J’a L GPa

1023 1 2,752 234,4 S i l i c i f i e d

2 2,699 2 (5 ,6 II

3 2,907 53,0

4 2,736 60 ,3

2,930 74,4

6 2,954 124,1 49 ,6 Carbonated

7 2,712 74 ,2

6 2,917 56,4

9 2,726 324,0 S i l i c i f i e d

10 2,915 40 ,5

Mean 2,83 131,5 49,6

Ltd Lev 0,11 1 0 3 , 4

10 311 2,975 86,1

12 2,699 45 ,2

13 2,959 70 ,0

14 2,955 56,0

15 2 , 8 4 7 70 ,2

16 2,952 6 5 ,2

17 < , 6 6 0 59,1

18 2,904 60 ,7

19 2,cb0 75,3

20 2,056 65,3 51,7

..'ean 2,91 67,3 51,7

Std Lev 0,017 11,9



223

ap p"  dix i co;;t .

PHYSICAL PR0PLKTIB3 OP TALC CjJiXH’/.TL ROCK ,J:L 

TALC SCHIST P:.OU T III FOOT,,ALL ,wL TALC SOI.'LS

TALC C .J iB lM B  ROCK - SHABANIL’ KINS TESTS

No. a t  Mra crc :.:pa KIXaKS

U 412 64 68 ,2 Li I d l y  s c h i s t o s e

72 27,9 II It #

73 55,2 II II

60 44 ,2 II II «

81 24,1 *

84 6 , 0 Pine ^ ru i n e d  s c h i s t *

86 27,9 L d ld l j  o c l i iu to se #

86 41 ,7 II II

66 23,3 II II #

66 4 2 ,6 II II

102 4 5 ,0 F u i r l y  cou rse  g r a in e d #

102 8 , 0 II II II #

102 32,3 Mildly  s c h i s t o a e

102 15,7 it n *

103 33 ,5 ii ii *

103 24 ,0 H ii #

103 17,7 *i ii

105 16,0 ii ii #

107 21,7 ii ii *

100 6 , 0 n n *

SIC.: 126 204,5 6 , 0 29,2
206 7,1 3 4 , u

207,5 4 , 5 26,6

Lean 5 ,9 29,6
Std Devia t ion 1,3 15,4
M'TL

Coci^restiion t v a tu  dura- on m a n u a l ly -o p e ra ted  isodel 420 P u r n e l l  Ooupreauion 

t e s t  aaohine  u s i n u e p h o r io a l  avut  f l a t t e n s ,  upecir.itna aouked in  w a te r  f o r  

one week. T e n s i l e  b t r e n ^ t h a  d e t u n . in e d  by B r u z i l l i a n  t e s t .

* F a i l u r e  on p lane  o f  weakness
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An : : : m x 1 cc : :? .

PHYSICAL PSO?:J??IIiS v? TALC Cni’.iu; aTB RUCK ANU 

TALC SC.-iIST r'ROM TKL iVvT.VALL /LiL TALC KvllLS

TALC CARHoNATE ROCK - SHABANIL HIM:-: '’’SOTO

No. It . i ' a (To i.ita Rn..ji?i>3

uR.V. 125 40m 17,6 Coarse 0 r a i n e d

52,4 7 0 ,0 ...edium g r a in e d

4 8 ,5 49 ,0 II II

23,5 10,7 II If

24 ,0 12,9 II II

22 ,0 10,7 II II

23,0 21,0 II II

13,2 36,2 Medium ^ ru in e d -

1,9 25,7 s o f t  t a l c

13,6 25,7 II II

14,3 26,9 II II

10,5 56,0 II II

4 ,9 11,6 II II

15,8 25,7 II II

2,6 107,5 Carbona ted

SUM 126 220,5 10,2 173,0 II

200,0 9 ,7 37,3 II

197,0 10,1 50,1 II

Le an 12,7 44 ,0

Ltd v v i u t i c n 4,6

KOTa,
Compression t e a t s  done on nu tnua l ly -o ,e r t . t ed  c.odel 420 F a r n e l l  Compression 

t e s t  CKxohine u s i n ^  up.-ierioal s e a t  p l a t t  . is.  Jpeci^.etiH soaked i n  w ate r  f o r  

one week. T e n s i l e  s t r e n g t h s  d e t e r ; d n e d  by B r a z i l  11 an t e s t .
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A IT .-^ IX  2

PHYSICAL PHOFLHTILS C? CVJUvX'ATKL S ^ IP ^ 'T K E  

FROM TJX- BRITTLE FIBRE LOME

HOLE AfB DEPTH TEIfSlLE STRENGTH 

CTt ::Pa

co:.:; ;l .j j i y e  j ILIi . gth

d o  :..Ta

re: arks

SRK 126 212,3 c 10,1 218,5

177,5 10,4 156,5

226 9 ,3 176,2

216 10,9 269,0

^24 12,5 102,6

SRI,I 412 SO ia 264,0 * Almost ba r ren

90 m 367,0

90 m 576

92 m 279,6 #

93 m 323,5

93 n 235,0 #

96 m 469,0

96 a 524,0

97 a 176,6 #

91 a 162,0 *

Me aii 10,64 286,3

Std O c / i _ t i o n 1,19 141,0

* F a i l u r e  on , l a n e  o f  woukneas
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PHYSICAL PROPERTIES OF PARTIALLY LL1SC:TIRILED 

DVKITE fro:: FIBRE BUSY AJiB H^OINCT./aLL

COIR TEST RESULTS

HOLS MO. X DEPTH YOUR0*3 MODULUS 

2 GPa

lO IS S C U S  Ra T IO c ..ZPu RE .ARKS

LD 761 73 ,6 0,296 149,9

2D 761 73,6 0 ,333 161,3 P a r t l y  se rpen -

22 760 93 ,7 0,30( 166,6 t in i ,  aed d u n i t e

22 760 90 ,3 0,213 164,1

22 779 73 ,6 0,267 159,3

22 779 74 ,5 0 , , 6 1 169,6

22 604 51,4 0 ,27 105,5 P a r t l y  se rj jen-

SRM 2 43,6 0 ,29 144,1
t i n i s e d  d u n i t e

SRM 16 55,4 0 ,3 2 135,8

SRiM 17 61 ,7 0,31 153,1

sri.: 16 74,1 0,31 155,8

SRV. 33 67,6 0 ,29 106,9

sic: 34 79,3 0,31 169,6

SRM 47 07 ,6 0 ,27 177,2

SRM 46 04,6 0 ,26 146,2

Mean 

uTL Levi a t  ion

73,7

14,3

0 ,29

0 ,03

151,4
21,0
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PRACTICAL PS0FL1TIEU UP I ART I ALLY SLRPLMIiaSED

dlhit s  fro;: FinivX boly ; : ; b ilu^ i ;;gv,’all

I . ............... SHARANIH !!INE TEST KE3ILTS

HULL NO. X XPTH 

6.,, ____  ________

COMPRESSIVE 
STRENGTH 

.... (T r. MP-

TENSILE 
STRENGTH 

(T f  MPa

REMARKS

SRI,: 126 136,5 86 ,5 H.V Dunite Coarne Grained

136,5 07 ,9 5,9

247,5 103,0 4 ,5

121,5 95 ,9 6 ,0

172,5 95 ,9 13,4

103,5 83 ,5 6 ,7
7 5 ,0 , 65 ,7 - t ied. Grained HY/ Bunite

<5,02 67 ,9 9 ,5

6 5 ,5 67 ,2 -

64,5 90 ,5 4 ,4 P a r t i a l l y  W ea the red  Bunite

54,0 72 ,6 1,6 P a r t i a l l y  V,'G a t h e r e d  I /unite
37,0 40,6 » Mod. Weathered Bunite

46,5 36,6 - NXM

42,0 139,5 7 ,8

26,0 65,1 -

13,0 65,1 » 3 i r b e r i t e

ean 63,3 6 ,7
Std D ev ia t ion 24,5 3,3
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Ai r b l a s t  

Apii t e

Back

Block

h o l t  Tension L e t e r  

bo reho le  Clamp

B r i t t l e  f i b r e  

Cave Back 

Caving

Caving I n d i c a t o r  

Cloouremeter

GLOS. AliY 0? LOCAL TLHl.C

The escape o f  a l a r g e  volume o f  a i r  a t  v e ry  h igh

v e l o c i t i e s  th rough narrow e x i t s  due to  the  c o l l ­

apse o f  a l a r g e  undercu t  a r e a .

In the a e r v e n t i n i t e s ,  a b r id  rock  r e s u l t i n g  from 

r e a c t i o n  between a s i l i c a  r i c h  s o l u t i o n  and s i l i c a  

di f f i c i e n t  s e r p e n t i n e ,  r e s u l t i n g  i n  g r a in e d  o r th o -  

pyroxene and f e l d s p a r  ro ck s  with  margins  of  s e rp en -  

t i n i t e  and i d d i n g s i t e .  Q u a r t z ,  b i o t i t e  and muscovi te 

a r e  p r e s e n t  in  some l o c a l i t i e s .

The r o o f  or  h ing ing  o f  a d r i f t  or  a s t o p e .  (See

a l s o  cave back)

An orebody o r  a  p o r t i o n  o f  en o reb o d y .

A dev ice  a t t a c h e d  t o  r o c k b o l t a  used  f o r  measuring 

the  s t r e s s  on the b o l t . (See 4 . 61)

A device  which i s  clamped i n t o  a bo reho le  to  which 

u wire i s  a t t a c h e d  f o r  the  purpose o f  measur ing the 

movement o f  the ground in  which the clamp i s  l o c a t e d .  

Springy c h r y s o t i l e  f i b r e  which may be broken a f t e r  

l e s s  than f o u r  f l e x e s .

The under  s u r f a c e  o f  the s o i i d  ro c k  o v e r l y i n g  the 

caved m a t e r i a l  i n  a b lock  cave mining o p e r a t i o n .

A method o f  mining in which th e  orebody or  hang- 

irnpwell i s  undercu t  and r e q u i r e d  to  c o l l a p s e  o r  

f a l l  i n ,  i n  a t  l e a s t  s u f f i c i e n t  q u a n t i t y  to  al low 

th e  e x t i n c t i o n  o f  the  ore  to  proceed e f f i c i e n t l y  

and s a f e l y .

A device  f o r  l o c a t i n g  th e  back o f  a cave c o n s i s t i n g  

o f  n c e n t r a l l y  p iv o t e d  weight  lowered on a wire  down 

a b o reh o le ,  (tiee 4 «b3)

A mechanical  d e v ice  f o r  measur ing  the  d i s t a n c e  

between two p in s  s e t  e i t h e r  in  the s i d e w a l l s  o r  in  

t h e  hangingwal l  and fo o tw u l l  o f  development .

( u i u  4 . ' p l )
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C rash ing  

Crown P i l l a r

Development

Drawpoint

Drawpoint Cone 

Drawpoint  Trough

fix te nsone  t e r  P o i n t s

F ib re  Seam

G r iz z l y

G r i z z l y  D r i f t

Hand Cobbing 

Harsh F ib re  

H ydrau l ie  Radius

The procedure  o f  longho le  d r i l l i n g  and b l a s t i n g .

The s o l i d  rock  l e f t  o v e r l y i n g  a  g r i z z l y  d r i f t  

benea th  th e  ove rcu t  and between the  drawpoin t  cones 

o r  t r o u g h s .

Used i n  th e  sense  o f  N e l s o n ' s  Development Driv&^cs 

the  s h i f t s ,  t u n n e l s , c r o s s c u t s ,  r a i s e s  and winzes 

to  prove o r  r e n d e r  a c c e s s i b l e  the  ore to  be 

e x t r a c t e d  ( l e l a o n  1, 14) .

A heading which i n t e r s e c t s  caved ore and i s  used 

f o r  removal o f  ore by g r a v i t y  f low. Ora coming 

from a drawpoint  may pass  d i r e c t l y  t o  a  box on a 

hau lage  v i a  a g r i z z l y  o r  may be m e c h an ic a l ly  loaded .  

The cone o r  t r a n s v e r s e  t rough  c u t  below o re  p r e ­

broken o re  to  which a drawpoin t  i s  l i n k e d .

A t rough  p a r a l l e l  to  a g r i z z l y  d r i f t  c u t  below 

caved or  prebroken ore  to which s e v e ra l  d raw po in ts  

mpy be l i n k e d  the l e n g t h  o f  the  t r o u g h .

An ar rangem ent o f  smal l  s t a i n l e s s  s t e e l  d i s c s  used 

f o r  measurement o f  s t r a i n  o r  d isp lacement  by means 

o f  a p o r t a b l e  mechan ica l  s t r a i n  gauge .

A l a y e r  of  c h r y s o t i l e  a s b e s t o s  f i b r e s  c l o s e l y  

packed p a r a l l e l  to  each  o t h e r  and a t  a lmost  r i g h t  

a n g le s  to  th e  p lane o f  the l a y e r  or  seam.

A h o r i z o n t a l  bar p la ced  a c ro s s  an o re p a s s  t o  p reven t  

o v e r s i z e  p a r t i c l e s  from e n t e r i n g  the  o r e p a s s .

A d r i f t  w i th  d raw poin ts  l o c a t e d  on one or  both  

s i d e s  and equipped w i th  g r i z z l i e s  and o r e p a s s e s  

f o r  t h e  purpose o f  drawing o f f  p rebroken  or  caved 

o r e .

Thn removal of  l a r g e  f i b r e  s e a m : from was te  rock  

by h a n d .

t ipringy c h r y s o t i l e  f i b r e  which tray be broken a f t e r  

between f o u r  and twelve f l e x e s .

The r r c a  d iv id e d  by the  . - r i ..■•ter; a  co n v e n ie n t  way 

o f  r e l a t i n g  s i z e  and shape and used  as  a f a c t o r  in  

d e t e rm in in g  the  c a v in g  p o t e n t i a l  o f  a  mining a r e a .
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J o in t

Load Cell 

Main Levels 

Orebody

Overcut Level 

Photo-e las t ic  Dire

P ic ro l i t e

Pre-Conin^

P re sp l i t

Remote Displacement 
Meter

Retreat 

Rib P i l l a r

For the purpose of rock c l a s s i f i c a t i o n  any j o i n t ,  
s l i p ,  f a u l t ,  bedding plane or weak f ib r e  seam con­
tinuous from one jo i n t  to  another or a t  l e a s t  3m 
in leng th .  (See 4.2)

Devices used to measure the loads imposed on the 
Block 7AB crown p i l l a r s  by the ore. (See 4 . 64 ) 
Haulage leve ls  30m or 90m in te rv a l s  l inked to the 
main sh a f t s .

An economic deposit  of  ch ryao t i le  asbestos ,  defined 
by an economic cut o f f  (usual ly  in the hangingwall) 
and/or  by the b r i t t l e / s i l k y  contact (usua l ly  in 
the foo tw al l ) .  (See 2.43)
The leve l  overlying the g r iz z ly  level and below the 
undercut l ev e l ,  used for overcut t ing  the drav/points. 
A c le a r  p l a s t i c  disc which stuck on the f la t tened  
end of  a borehole and overcored can be used as a 
s t r a i n  gauge to measure rock s t r e s s .  (See 4 . 6 6 )
A non-fibrous var ie ty  of se rpent ine ,  apple green 
in  colour ,  and usually  occurring in s l i p s ,  i t  i s  
usual ly  columular,  or i t  may be p la ty .  (see 2 . 43 ) 
The cu t t in g  of druwpolnt cones or troughs before 
overcutt ing the drawpoints.
A l i n e  of holes charged and b las ted  before the 
approach of the major mining e f f o r t  t o  l im i t  ex­
plosive damage or to c rea te  an a r t i f i c i a l  l in e  of 
weakness.

A device fo r  measuring su n.icence constructed from 
a water f i l l e d  hose f i t t e d  wi.h u g la ss  tube a t  one 
end. (See 4»41)

The working by longhole d r i l l i n g  and b la s t in g  to ­
wards the poin ts  of access .  The d i r  : t ion  in 
which th i s  a c t i v i t y  progresses.
The large r e l a t iv e ly  narrow and high s t r i p  of un­
caved ground l e f t  between two caved blocks, usually  
l e f t  uncaved because o f  the presence of a t a l c  
zone or dyke.
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Ring

Ring D r i l l in g  Drive 
Serpentine

Shrink

Silky Fibre 

SI i ps 

Slot

Spalling 

Streaametere 

Sublevels 

Sublevel Caving

Tulc-Carbonute Hock 
Talc Schist

Undercut

The fan of holes d r i l l e d  from a drive or crosscut 
to he c> .rged and h i , - t e d  for the purpose of e i th e r  
sublevel caving, shrinking an ore body or undercut t ing  
n block.

The drive or c rosscut  in which r ing dr il l ing-  i s  done. 
The process of a l t e r a t i o n  from a duni te to  a s e r ­
pentine involving the addit ion of water and s i l i c a  
and tbv removal of  magnesium.

Tlie breaking of ore by longhole b la s t in g  withdrawing 
only enough ore to have room for  the expansion that  
occurs when the next por tion of ore i s  b las ted .
Soft,  f l e x ib le  ch ry so t i l e  f ib re  with a h i^ i  t e n s i l e  
s t reng th .

Minor f a u l t s  of smal l , frequently  indeterminate 
throw. (See 2.41)

Ver t ica l  excavation a t  the end of a ring- d r i l l i n g  
drive to provide room for  expansion in  longhole 
b la s t in g  and a f a l l  to break to .
The n p l i t t i n g  of rock p a ra l l e l  to the surface  of 
a d r i f t  due to e i th e r  weathering or to s t r e s s .
A r ig id  device for measuring- the s t r e s s  in rock.
(See 4.62)

Levels developed between the main leve ls  for  what­

ever purpose, not necessary linked to the main s h a f t s .  
A mining method involving the d r i l l i n g  and b la s t in g  
of o-e and the ex t r ac t io n  of tha t  ore by lash ing  
in a s e r i e s  of p a r a l l e l  d r i f t s  o f f  se t  with respect  
to  each other  on each su b lev e l .

Talo-magnesite rock, cons is t ing  of  ta lc  and magnesite.  
A sch is t  in which t a l c , associated with carbonates 
and occaBsionally quar tz ,  i s  the dominant s c h is ­
tose m a te r ia l .

The le v e l ( s )  on which a cave block i s  undercut .
The undercut love l (s )  overly the overcut and gr izz ly  
1evels .
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