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EX ECU l'IV E  SUMMA t{Y 

A maj or  pa r t  o f  t h i . · p roj e c t u s ed a c t u a l  f ie ld d a t a , as  we l l  a s  
in forma t i o n  in  t h e  l i te r a tu r e , to  a s s e s s  t h e  r e l a t ionsh i p  b e tween 
rock ma ss  cla s s  a n d  a c t u a l  p r oduc t ion su p p o r t  p e r f o rmance , fo r 
s evera l U .  S .  b lock  cav ing  min e s . Presen t rock  c l a ssi f i ca t io n  
s y s t ems wet:e developed  mos t ly f rom non-b lock-cav ing d a ta and  the r e ­
f o r e  are  n o t  ap propr ia t e f o r  spec i fy ing d r i f t  support f o r  typ ica l 
caving roc k  ma sse s . A c la s s i f ica t i on sy s t em i s  p roposed , based  on 
ob s erv a t ions of key d e t e rm i n an t s  of d r i f t  behav i o r  and c o l le c t ed 
da t a , c h a t  mo re  u se f u l J. y  recommends  d r i f t  s u p p o r t  in  b lock cav ing . 
The s y s t em ,  which  a llows ma n i pu la t ion o f  mine  geome t ry and  eng ineer­
i ng fa c t o r s , is  ch ie f ly in t e n d ed f or mine  p l a nning . 

While an e a r l y , c o r r e c t  d e c i sion on d r i f t  su pport  can  be  o f  
g re a t  impo r t a n ce t o  m i ne o p e ra to r s , e s pe c i a lly in v i ew o f  t h e  g re a t  
cap i t a l  ( and  p r e -p rodu c t ion ) cos e s  o f  t h e  suppo r t  s y s tems , t h e re a r e  
o t h e r  con c e r n s  o f  c r i t i ca l  i mpor t a n ce to  the  e conomic  v iab i l i ty a n d  
s a f e t y  o f  a proposed c a v ing  mioe . 

One is  ca vab il i t y . C aving ea s e  c a n  make o r  break  an  o p e r a t ion , 
y e t  i c s  p re-produ c t i on a s s es smen t is  one  o f  the mos t d i f f i cul t 
que s t ions facing  mine planne r� . R o ck ma s s  c l a s s  h a s  been  su gge s ted  
as  a u s e ful  index  o f  cav ab i l it y , and s ome pre liminary or  site­
spec i f ic re la t ions h ip s , based  on e l emen t a ry geome chan ica l da ta , hav e 
b e en p rop osed , Fur t h e r  re sea r ch i s  n e e d e d  to  d e f in e  cAving mechan­
isms , to  pu t toge t h e r  a u seful  c l a s s i f i c a t ion  sy s t em . Th e de s i r­
ab i l i ty o f  su ch  a sy s t em e x tends  beyond  imp rovement in mine design  
for  lowered deve lopmen t c os t s  and improved  produc t ivity . Impt' oved  
cav&b i l i ty a s se s smen t s  t h a t  r e s u l t  in  smoo ther , con t inuous c av ing 
wou ld mean less  n eed  for  l o o s e n ing ha ng-ups in  d tawpo ints  by  prod d i n g  
o r  s e c o n d a ry b las t i n g , t h u s  r e du c i ng miners ' e:xposu re to  l i t e ra lly  
tons of  po t en t i.a l ly u n s t ab le rock  ov erhead  a n d  redu cing t h e  ha z a r d s  
a s so c i a t e d  wi th  add i t ion a l  b la s t in g . Improvemen t s  i n  cavab i l i t y  
a sse ssmen t s  would  resu l t  i n  d e s igns th a t  enh a n ce the  f low of  rock 
t h rough  d rawpo i n ts , re l i e v i ng mu ch  of  the  su p p o r t  sys t em d i s t ress  
re s u l t ing from pa cking  of  dra,;..• ra i se s , and  wou l d  simp l i fy unde r cu t 
d e s ig n , redu cing t he in c i d en ce of  s t ub�  t h a t  c a n  have severe e f f e c t s  
on  d ri f t s u p p o r t . 

S imi l a r l y , c l a s s i f ica t ion  sy s tems  c ou l d  be  u sed t o  s p e c if y  
d rawp oin t spa c in g . pred i c t s econd at'y  b lA $ t ing r e q u i r emen t s ,  a n d  
imp rov e draw con t ro l . In  sho r t , imp rovecl cav ing ha s f n r- reach :1.ng 
e f f ec t s , for  a s imp l e r  a n d  sa f e!:' , a �. we ll as c h e a per , mining o pe ra ­
t ion . 

Th is  res e a rch e f fo rt a l so iden t i f i ed t ha t  add i t i ona l b a s i c re­
s earch in  cav ing mine rock  ma s s  b eh a v i o r  i�  b o t h  nec e s�a ry and  d e s ir­
ab le . Mu ch d a t a  ex is t , bu t caving  mi n e  d r i f t b ehav ior is  d e f ined  by  

1 s  ENGI NEERS INTERNATIONAL,  I NC .  



a number ot' factors Lhat are not wtll unde'C�tood by open1Lors . /\ t  
this time, thorough support design b-ased on measurable geomechani cul 
properties is simply not generally possible. Judgement is exten­
sively relied upon . Computer models need to be developed that 
realistically model the large deformations and extremely strong 
support systems in u�e lo caving mines. An  understanding is needed 
of caving and rork fragmentation processes, and such an understanding 
would be useful for other caving mining methods as well, such as 
longwall and pillar removal as widely practiced in the coal industry. 

L6 ENGINEERS INTERNATIONAL, INC. 



1 . 0 I NTRODUCTION 

The suppol."t of production dd.ft!': remains a high-cor, t  item facing 
the developer or operator of :1n underground caving mtne. Support 
costs are incurred well in advance of ore production and there is a 
strong need to minimize these pre-production capital coounicments. 
However, the extreme loads d eveloped in production drift supports i n  
caving mines, together with safety requirements and a still­
incomplete understandtng of rock mass b ehavior in caving areas, leads 
to a high degree of uncertainty in support design. 

The reseArch described here has led to the MER (Modified Basic 
RHR) System, a rational means to predict drift support requirements  
for preliminary design, planning, and cost estimation, through the 
u se of a rock quality index ( RQI ) .  

1 . 1 Scope of the Project 

Presently, support design for caving production drifts i s  
largely a trtal-and-error process. Established mines have developed 
their support practices through years of experience in their respec­
tive orebodies. New or ex.p;mding mines commonly plan drift support 
by comparing rock conditions with othe-r operations and adj usting 
support as appropriate. 

Varying amounts of geocechnical data may be incorporated, but 
fully analytical designs still are not achieved because essential 
quantitative information is lacking on the behavior of the rock 
masses involved . 

Similar problems have ex�sted in civil tunneling b ecause highly 
detailed support designs , while worthwhile, are expensive co achieve. 
However, there are numerous rock mass classification approaches in 
past or present use that generate a support recommendation, by 
comparing rock mass conditions from the planned tunnel with those of 
completed tunnels. These conditions are described by means of a 
rating or rock quality index (RQI) that is ,  i n  turn, b ased on evalua­
tions of several diagnostic geocechnical characteristics. The 
differences between these classification systems relate to the typeb 
of data sought ,  the manner of corubining these data, and the data base 
of completed tunnel projects. 

Mine produccion drifts have certain characteristics that distin­
guish them from tunnels (for which most classification systems are 
intended) , Unlike most tunnels, caving mine production drifts are 
not single, isolated openings. The imposed loads are not static but  
are both dynamic and variab le in  time and space. Support philos­
ophies are less conservative in mining,  and excavation techniques are 
less rigorously controlled . Opening shapes may be different. 
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' J ' he  p l a n ned m i ne can � 1 d o m  b e  re s t  · .u.: t e d t o  t h e  b s t g rou n d  
c on d i t i o n s , w h i l t: i n  t u n n e l i 1 . -, s i t e  i nv is t i ga t i o n f: S l:!. e  c he b e s t  
R r o u n d . T n  £ a c t , w e a k  g rou n d  i �  a r e q u i r  me n t  f o t· e n s y  c a v ing a 1 , d  i s  
t h e re f o re a f a c t  o r  l i f e  in a:a 1 1 y m in e s .  

D e s p i t e  t h ese d i f f e re n c e s  w i t h  c i v i l  tu n n e l i ng , an RQ l a p p roa c h 
h a s  g r c n t  po t e n t · i:! l  f o r  a dv a n c e  p Ll n n i n g  o f  c av i n g  m :l n e  d ri f t s u p ­
po r t s . S u ch an  ap p ro a c h  wo u l d  fo rna l i z t h e  c o mp a r i so n  a p p roach t o  
p l e.rining  t h a t  is c o mm on i n  caving  m i n ing t o d av . 

T h e  b a s i c  obj e c t i v e  o f  t h e  p r oj e c t d e s c r i b ed i s  t h e r e t o r e  t o  
a p p ly pre s e n t l y  u s ed RQ I 1:ie t h o ds t o  b l o c k  c a v i n g  d r i f t s , a n d  p r ov i d e  
gu i d e line ::- f o r  g round su p p o r t  b a s e d  o n  emp i r  .L e a l  d a t a . Fo r t h i s , 
a t t e n t i on w a i:.  f o c u :;ed o n  t h  q !:> y s t. eo, o f  B a r t on ,  l . ien , a nd Lun d e ; t.h e 
RMR o r  Geome c h a n i c s  sy s t em o f  Bi en i aw s k i ; a n d  t h e  R S R  s y s t em o f  
W i c k ham , T i e demann , a n d  S k inn e r . ( Th � se  a n d  o t h e r  RQI sy s t ems a n.: 
d is cu s s e d  in Chap t e r  2 . ) f o  a d d i t i o n , t h e  a p p l i c a b i J  i t y  o f  t h e  
d ev e l o p ed RQ I a p pron c h  t o  o t h e r  1 .dn i n g  me t h o d s  i s  a d d r e s s e d . 

l .  2 M e  t h o d o� 

T h e  n umb e r  o f  v a riab les t h a t  de t e rm i n e s  d r i f t su p p o r t  and 
a f fe c t s  p e r f o rma n c e  i s  a l a r g e  on e .  Th e s e  v a r iab les  in c lu d e  ov e r a l l  
r o c k  compe r e n c e , v a r ia t io n  in ro e�  c o mp e t en c e , me thod  a nd q ua l i t y  o t  
ex c a v a t iu n , me t h o d  a n d  q u a l i t y o f  r o c k  re in f � rcerne n t , s u i t a b i l i ty and 
e f f e c t iv en e s s of  f i n a l s u p po r t ,  u n d e r cu t t in g  me t ho d  a nd p ra c t ice . 
d raw c o n t r o l , a n d  repa i r  t e c h n i q ues . A n y  on e o f  t h e s e  v a r i ab l e s , i f  
n o t  p ro p e r l y a c coun t ed fo r ,  co u ld le a d  t o  imp rop e r  s u p p o r t  or f a i l e d  
l i n i n g s  a n d , a t wo r s t , c e s s a t ion o f  m i n in g  in s ome a r e a s . 

F u r t h e rmo re , s u p p o r t pra c t i c e , once e s t a b l i s he d , i s  o r d ina r i l y  
n o t  va r i e d  e x c e p t  u nd e r  r a d i c a l ly d i f f e re n t cond i t i o n s . Th is  mea n s  
t h a t  t h e  i n s t a ] l e d  s u p p o r t  i s  n o t  n e c e s s a r i ly d i a gno s t i c o f  r o c k  
c om p e t e n ce . 

l o r  t h e s e  r e a s o n s , i t  wa s n e c e s s a r y  t o  v i s i t  s e v e r a l  a c t iv e 
mines  t o  c la s s i f y  t he r o ck m a s s  a n d  a c c o u n t  f o r v a r ia t i o n s  ln g ro u n d  
cond i t i o n s , a n d  t o  ob s e rv e  f.n d e t a i l  t h e  e x ca v a t ion a n d  s u p po r t  
p ra c t i c e . I t  w a s r e a l iz e d  t h D t  c h i t: wou ld b t.:  a g r e a t t=> ,  e f f o r t  a t  
s ome m i ne s  t h a n  a t  o t h e rs , s o  l o n g e r v i s i t s  we r e  � n t i c i p a t ed t o  t ho s e  
m i n e s  n u t a c t ive l y  c o l l e c t ing o r  a n a l y z i n �  g e o c e c h n i ca l d a t a . 

D u r i r. g t h e  f i e l d  v i s i t s , g e o l o g i c  d a t a  we r e  ob t a i n e d , wh e r e  
a va i l a b l e , f rom com p a oy ma p s  a n d  f i le s , in c lud i n g  d r i l l  c o re l o g s . 
When n e c e s sa r y , d e t a i led f r a c t u r e  s u rvey s w e r e  c o nd u c t e d , a n d  i n  o n e  
c a s e , co re w a s  re - l og g e d f o r  r e q u i r e d  g e o t e c h n i c a l d a t a . R e c onn a i s ­
s a n c e  l e d  t o  s e l e c t i o n  o f  s p e c i f i c  a r e a s  fo r s t u d y , a n d  R 0, I  v a lu e s  
we re o b c a i n f' rl f o r  t h e se a r eas b y  f i r s t -h an d  o b s e r v a t i on o f  r o c k  
c ond i t ions  a n d  in co r p o ra t ion o f  ge o t e c h n i c a l  d a t a . 
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The data required by the three HQI systems being applied in this 
study (Q ,  RSR, and R.MR) are simj lar, so that once the fracturing, 
rock type and i;trength, de�ree of alteration, and water conditions 
were assessed , ratj ngs and associated support recomme ndations could 
be obtained for e�ch system. 

Concurrent with geologic data collection, the excavation and 
support practices were observed. Information was collected on d rift 
dimensions anci layouts , on blasting practice (drillhole pattern, 
powder requirements, delays, overbreak and so on) ; advance rate, 
development sequencing, and support sequencing; type, density, and 
effectiveness of rock reinforcement as installed; specifica tions and 
as-built characteristics of permanent steel support; type , placement, 
and strength of concrete as designed and as placed; and general 
obs;ervat ioni:; relating to consistency and installation of support. 
These data were collected for the various types of drifts found in  
the production area - undercut. grizzly or slushex drifts. ventila­
tion drifts, access or fringe drifts, panel drifts, and haulageways, 
ll nd any "tailoring" of support practice to rock competence was also 
noted. 

At each field site, production data were collected so that 
production-related factors affecting drift support performance could 
also be considered. Such data re lated tu the method, progress. and 
direction of undercutting , pulling of swell muck,  draw control, and 
amount of draw. 

The field data were supplemented with published and unpublished 
infomation of utility to the overall proj ecc ,  which related co :  
geology and geometry of ore deposits that are ame nable to cav i ng ,  
design and operation o f  present and inactive caving mines, behavior 
of and stresses developed io rock masses near caving areas, early 
classification systems, theo-cetical and finite eleoent studies of 
rock mass stresses and displacements for various opening geometries 
and distributions, tunneling case histories, and vein-type orebodies 
and mining methods. This information was used throughout the study.  

Following the field work, support recomme ndations were formu­
lated according to the threr systems employed , and comparisons were 
made with encountered support and its performa nce. Key variables 
affecting drift support i ntegrity we re selected and the methods for 
rat inf! and combining these variables were formulated. This initial 
classification system was ev aluated in light of the field and pub­
lished data on support philosophy and performance, and revisions were 
made so as to make it better fit the data base. Finally, the system 
was evRluated for its potential for other mining methods . 
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l . � P r e v i ous  Wor k H n <l Pa ra l le l S tud i e s 

U e c n u r r  r l  i t s  mu l t id is c i p l in a ry na t u r e ,  t h i s  i n ve s t i g a t i o n  ma d � 
u � . e  o l'  t h e  e f :.. o r c s  o f  ,.,,.o r ke r s  in  s ev e ra l a r e a s : r o c k ma s s  c. J a s s i f i ­
c . .  t i o n , t h e o r � t i ca l  a n d  a p p l ie d  ro c k m e c h a n i r s ,  mi n i n g  e n g i n e e r i n g , 
a nd g e o J  , , g) . 

Lau b s c h e r  ( l 9 1 1 ,  1 9 8 1 ) , La u b s ch e r- a n d  Ta y l o r  ( 1 9 7 6 ) , and T a y l o r  
( l 9 8U )  r e p r ese n t  t he o n l y  p u b l i  h e d  ma t e r i a l  l o ca t e d  d u r f n r t h :i s 
inve s t iga t i on  t h a t  d e v e lop s a n  KO T a p p ro a c h s p e c i f i c a l l y f o r  d r i f t  
s u p p o r t  in b l o c k  ca v ing mine s . M c D onough { 1 9 7 6 )  d i s cu s s e s  a s u b j e c ­
c iv e  ra t i n g  sv stern f o r  a n a l y z i n g  ro c k  mas ses  a t  C l imax , a n d  r e l a te s 
t h e  r a t in g s  t o  sup p o r t r e q u i rement s .  O t h e. 1,· mi n e s  h a v e  o n g o ing 
e f fo r t s  to d e v e l o p  p re d i c t '.v e t e ( · h n iq u e s  f o r  t h e i r s p e c..: i f i c i rc um­
s t a n ce s ;  p r om in e n t  amo P �  t h e s e  t P c h n iq u e s  a re RQ l a p p r o a c h e � . 

S ev e ra l  min i n g  o p e ra t i o n s  h a v e  b e e n  s t u d i e d  i n  a t t e mp t s  t o  
u nd e r s t a nd t h e  n a t u re o f  a c t u a l  rock  loads  i n  b l o c k  cav i n g  m in e s  s o  
tha t t he s e  lo a d s may b e  p r e d i c t e d  f rom mP a s u r a b l e  d a t a . S u ch wor , 
con r lnues a t  t h i s  w r i t i n g . R e c t n t l y , M a i e r  a n d  B r um l e v e  ( 1 9 8 1 )  
d i s cu s s e d  rock  me c h a n i c s  i n v e � t i ga t i o n s a t  H e n d e r s o n  a n d  t h e i r 
exp e r ience wi t h  RQ I s y s t ems t h e re . P an e l,  a n d  T e s ch ( 1 9 8 l )  g iv e  t h e  
r e s u l t s  o f  me a s u r emen t s  o f  g r ou nd mo v e men t s  a t  S a n  M a n u e l . K e o d o r s k i  
( 1 9 7 3 )  d i s cu s R e : i r o c k  me c ha n i c s  a t  C l i 11.1a x . Thomas  ( 1 9 7 1 ) an a ly z e d  
s u b s id e n ce a t  S a n  M a n u e l . 

T h e  deve lopm e n t  a n d  ex pa n s ion o f  the RM R  o r  C e o me chan i c s  sy s t e m  
c a n  b e  t ra c ed t h r ough B i P n i awsk i  ( l 9 7 9 t a ) , 1 9 7 9 ( b ) , 1 9 7 6 , 1 9 7 3 ) . Th e 
Q s y s t em i s  d e s c r i b e d  b y  B a r c o n ,  L i en , a n d  Lu nd e ( 1 9 '/ 4 , 1 9 7 5 ) . Th e 
d � ve l o pmt n t  of  t h e R S R  c n n c e p t i s  d e s c r j h e d  b y  w ; ckham a nd T i e d e ma n n 
( 1 9 7 li ) . Fu r t h e r  d e s c r i p t i o n  i s  g iv en b y  W i ckh a m , T ied ema n n , a n d  
S k i n n e r  ( 1 9 7 4 ) . 

No t e  should  be  �iven t o  t h e  w u tk o f  D e e r e  ( 1 9 6 4 ) in  wh i c h  RQD i s  
i n t r o d u ce d , R Q D  i s  wide ly  a cc e p t e d  a s  a m e a s u r e o f  c o r e  q ua l i t y , 
d ep e n d i n g  in p a r t  on f r a c t u re s p a c ing , a n d  i n  fa c t  i s  c1 ke y i n p u t 
p a r a me t e r  c o  a numb er  o f  p ro p o s e <.l  R Q I a p p ro a c he s . The u se o f  R Q D  
a lo n e  to  re commend su p p o r t  i s  se ldom  p ra c t i c e d  t o d a y . howev e r .  

Te. r z a g h i  ( 1 9 4 6 )  p r o p o s ed on e o �  t h L ·  e a r l ie s t  cla s s i f i c d t ion  
s y s t e m s , a n d  t h e  me t h od  i s  in u s e.  t o d a y  f o r.  P. S t irna t in g  s t e e l -c i b  
s u p p o r t s  i n  h o r s e s h o e  o r  a r c h  t u n n e l !': , 

R u t l e d g e  1 1 9 7 8 ) , M c C u s k e c ( 1 9R O ) , a nd T a y l o r  ( L 98 0 )  r e v iew r o e �  
ma s s  c l a s s i i l c a t ion s y s t e ms . O c h � r  promi n e n t c l a s s i f i ca t i o n  
a p p r oa c h e s  we re u s e d by I k eda ( ) 9 7 0 ) , C 0a t e s ( ! % � ) . A b e l  ( 1 % 7 ) , 
Obe r t  a nd R i ch ( 1 9 7 1 ) , ., nd  B r e k ke  u nd H owa rd ( l  9 7 2 )  un d e r  mo r 1, 
specia l iz e d  c i r c u ms t a n c es .  
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Block caving nu•thods have been widely discussed in the litera­
cure. A �urnmary of current caving practice �as provided by Julin and 
Tobie ( 1973) and Tobie and Ju1in (197 0). Earlier block caving 
practice is discussed by Bucky (1945) . Merrill and J ohnson ( 1 9 6 4 )  
considered the stress changes due t o  undercutting in block c aving. 

The geologic requirements for caving orebodies have been exam­
ined by Panek (198 1 ) ,  White ( 1979) , Julin and Tobie ( 1973) ,  McMahon 
and Kenddck ( 1969) , Boshkov and Wright (1973) and McMahon ( 19 67 ) .  
Swaisgood, McMahon, and West ( 1972) discuss geologic: investigations 
f or block caving. 

The geologic environments at major caving mines are discussed in 
numerous papers, each dealing with a specific orebody. Only 
selected,  recent papers are mentioned here. The Urad and Henderson 
orebodies were studied geologic a l ly by Wallace. et.al. (197 8 ) . 
Thomas ( 1966) d iscusses the San  Manuel orebody; a later pap e r  
(Thomas, 1971) summarizes the caving behavior of San Manuel ore . 
Wallace ( 1968) gives a geologic overview of  the Climax orebody. 

An extensive volume edited b y  Stewart (1981) provides a detailed 
overview of present domestic and foreign block caving practices. The 
volum� includes papers describing the current status of many maj or 
caving operations. 

1 . 4  Report Content 

This report describes the research and deve lopment of the Ml3R 
(Modified Basic RMR) classification systea. To this end, Sect ion 2 
also includes comparative, parametric, and sensitivity studies of the 
Q ,  RMR, and RSR systems that were undertaken in support of chis 
deve lopment. The use of the MBR system the input variables. and the 
rationale behind the selection of variables, are principal topics. 

To preserve confidentiality, the identities of the field sites 
are not disclosed but are referred to as Mine A ,  B, and so on . The 
field data are summarized mine-by-mine . 

The applicability of th� MbH system to domestic vein mining is 
d iscuss�d in Section 7 ,  The Coeur d ' Alene Dis t rict is considered to 
be the maj o r  active vein mining area in the United States, and 
Section 7 therefore addresses itself to the rock conditions and 
mining methods of that a re a .  

It is assumed thot the. reader has been involved with mine 
planning a n<l rock mechanics co some degree. Therefore , descriptions 
of present RQI approaches and descriptions of block cave m1ning are 
not emphasized in this report. These subj ects have received wide 
attention and the interested r�ader is referred to the references 
listed in Section l . J  for more extensive discussions of these topics. 
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Spe1• ial noce should l>e  gJ ven Section 6.5,  which examine!': the 
utility of the MBR system, its weakne�ses and limits of app l icabil­
ity . 

Many of the cnncepts employed in the MBR system could be useful 
in ocher aspects of planning block caving minl• S. While beyond the 
scop� of the pr�senc invPstigatjon, issues of secondary blasting and 
caval>ility have applic�tion in defining performance of drift support 
durin� production. These and other is�ues are discussed in Section 
8. 

Finally, Lt was thought that a manual for the MBR system would 
be most useful to industry if it were detachable. from the Final 
Report. Acco rdingly , the Manual, Volume II, has been written as a 
separate volume . This report is devoted entirely to the process used 
in arrivin� at the HBR System. Specific instructions for the use of 
the System are given in the Manual. Volume 1 1 .  
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2 . 0  RUCK MASS CLASSIFICAT I O N S  

This section 1 s  int�nded to convey � �eneral familiarit� with the 
purpose and use of rock qui: d.ity index (RQI) systems. An exhaus1: 1ve 
review of rock classificat1 on tl;chniques is not undertaken; the 
interested reader is referred to the wor�s mentioned in Section 1 . 3 .  
The RQI systems employed in this study are outlined in the following 
paragraph�; references are given for more complete discussions. 

2 . 1  Batiic Concepts 

The attractiveness of an empirical method of tunnel support 
design has been recognized for several decades. In fact, mine drift 
and tunnel design began as an empirical process ,  in which the support 
was specified by an experienced person based on his impression of 
ground competence. 

Terzaghi (1946) w ... s the first to forml!lize this process for 
genern l  use. His method systematized the assessment of ground compe­
tence by providing definitions of observable conditions; these defini­
t ions al'.� combined , and are linked to i:,upport requj rement1;;, through 
simple formulae that enable th� weight of loosened rock over a tunnel 
to be computed. 

The method is not wholly empirical, in that an intermediate 
value, corresponding to rock load, is computed ,  and certain assump­
tions of the source of support loads are inherent. Because of these 
assumptions , the method is closely tied to steel rib support in 
tunnels of arched cross-section. Rock retnforcement 1n fl at-backed 
tunnels , and other options commonly used by present-day tunnel design­
ers, have less applicabj licy in the Ter�aghi system. 

I n  addition , a common problem with the Terzaghi system is that 
the definit ions used :1re subj ective, and the inexperienced user is  
likely to misapply them. Nonetheltss ,  Ierzaghi' s  system remains 
popular for its intended application. 

The RQD concept was introduced by Deere ( 1 964)  as a de�cription 
of rock core, and "1as only later proposed as a method of support 
design. This use of Rl,JD has not been popular as a result of wide­
spread awareness that RQD is essentially a measure of fracturing, an� 
does not fully describe rock ma�s competence. Furthermore , RQD can be 
affected by factors such as drill iug cechni4ue that are nor d irectly 
related to rock competence. 1'oday ,  howevl!r, RQO remains a valu�b le 
d escriptive tool, and is an essentia.1 input parameter of many RQl 
systems presently in use. 

More recent RQI apprunches attempt to rate. 
most important factors tliat determine ruck mass 
there is some variation, thes,· factor:" reduce 

individually , the 
behavior . Although 
to the following: 
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int;;Jct rock st rength , mc.i sure s  oi f ni cturing intl:!nsicy ,  measures of 
the shear screngtl1 of  the fr;ictures,  the .r.comPtrictd relationship 
b etween fracture p.ttteros c1nd the exc.:watloo, and r,roundwater .  The  
chief difftrences centcL on  the means of  combining these ratings to 
a ch ieve the rating for the rock ma iss , and the way 1n which the support 
recommendation is obtdintd. 

In the deve i opment of ,: fu ll:: e.mpiric,11 RQJ system, the 111cchod o [  

combinin� ;ind using t h e  r;:itings ii· determined by studying al'i mcJny 
excavations as possible, rating the rock mas.;es p resent , and associat·· 
ing these ratings with t h e  support that was installed, while maintain­
ing an awareness of  the effe.ctivenf'SS (overdesign as well as under­
design) of  such supports. 

It  is therefore clear that the limit of applicability of any RqI 
system is defin ed by its base of data . Classification is ess�ntially 
a means of accessing a data base; ideally, it a llows a user to specify 
a support sys t em that is the �ame os the most effective system used by 
other� under identical geolop ical conditiuns. 

For  the developer o f  an RQI system, there is always some uncer­
tainty in associating each 0£ the observed conditions in the data base 
with a rating. The user of an RQl system is again affected by 
uncertainty when he interprets the language  describing the rating for  
his own rock mass conditions. Also , the support/rating associations 
in the data base, to be  fully comparable, must all reflect the same 
degref' of support effectiveness,  and this may b e  difficult at impos­
sible to accurately assess. Because o f  these situations , RQI 
approache� y ield support recommendations that ore approxiroati0ns of 
the optimal design. There is still no substitute for detai led, 
analytical support design based on measurements of rock mass p roper­
ties i n  the fi eld and laboratory. 

RQI systems are theref1:re not ordinarily used a s  a substitute for 
such analytical designs. Howev�r, they can afford significant savings 
when used for estimation, planning, and preliminary design. 

2.2 RQl Syst ems Consid�red in This Study 

Inj tially , the three most popular current s.vstcr.is {RSR, Q ,  RMR) 
were tried ,  to evaluate their applicabi lity and util ity for block 
caving drift support. In sddition, the concepts formulatec1 by Abel 
(l967) and Laubscher ( l 976) were use<l in the development of the M'BR 
sys t ec .  These five approaches are discussed in 2.2 . l  through 2 . 2 . S .  

2.2.1 RSR Concept 

1he RSR Concept, a ground support prediction model, was developed 
in the United States in 1972 by Wickham, Tiedemann, and Skinner t l 97Z , 
1�74). The concept presents a quantitative method for describin� the 
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quality of a roc:k ma!�S fol: selecting the appropriate ground support. 
It. wa£ the first true rock mass cJ assificat ion system proposed i;incc 
that introduced by Terzaghi in L946. 

The RSR Concept was a step fon.tJrcl in a number of respects :  
firstly , it is a quantitative classification unlike Terzaghi' s quali­
tative one; secondly , it is a rock mass classification incorporating 
many parameters , unlike the RQD index chat is limit�d t o  core quality; 
thirdly. it is a complete classification having an input and an 
output ,  unlike a classification such as proposed by Lauffer (1958) 
that relies on pracc.ical experience to decide on a rock mass clas s ,  
which will then give a n  output in terms o f  the s tand-up time and span . 

The main contribution of the RSR Concept was that it introduced a 
rating system for rock masses. This is the sum of weighted values of 
the individual parameters considered in this classification system. 
In other words , the relative importance of the various classification 
parameters could b e  assessed. This rating system was determined on 
the basis of case histories as well as  reviews of various books and 
technical papers dealing with different aspects of ground support in 
tunneling. 

The RSR Concept considers two general categories of factors 
tnfluencing rock mass behavior in tunneling: geologic parameters and 
construction parameters . The geologic parameters are: (a) rock type. 
(b) j oint pttttern { average spacin!; of joints) . (c) j oint orfontations 
{dip and strike) , (d) type of discontinuities, (e) major fctults. 
shear s .  and folds , (f) rock material propertie s ,  and (g) weathering or 
alteration. Some of these factors are treated separately; others are 
considered collectively. The authorE point out that in some instances 
it would be possible to accurately define the above factors , but in 
others , only general approximations can be made. The construe tion 
para1r.eters are: ( a) size of tunnel . (b) direction of drive, and (c )  
method of excavn ti-on. 

All the above factors were grouped by Wickham, T iedemann , and 
Skinner ( 1972) into three basic parameters,  A ,  B ,  and C, which in 
themselves are evaluations as t o  the r�lac1ve effect on the support 
requirements of various geological factors . These three parar:ieters 
are a s  follows :  

Parameter A .  General appra isal of rock structure, on the 
basis of :  

(1) Rock type (igneous. metamorphic, sedimentary) . 
( 2 )  Rock hardness (hard, medium, soft, decomposed). 
(J) Geologic structure (massive, slightly faulted/ folded , 

moderately faulted/folded , intensely faulted/folderl) . 
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Parameter D .  E(iecc of discontinuity pattern with respect to the 
Jirecc ion of tunnel drive, on the basis of: 

( 1 )  Joint sp�cing. 
( 2 )  Joint Prientation ( strikE' and dip) . 
( J )  Oj rec tion ot tunnel dr1.vi· . 

Parameter C. Effect of g roundwater inflow, based on�  

( 1 )  Overall  rock masi; quaJi. t y  d11e to parameters A and B 
combined. 

(2) Joint con�ition (good, iair ,  poor). 
( 3 ) Amount of water inilow (in gallon� per minute per foot o f  

the' tunnel ) .  

The RSR valu� of any tunnel section is C'b tained by summariz i.ng 
the weighted numerical values determined for each parameter. This 
reflects the quality of the rock mass with respect to its need for 
Sttpporc regardless of the size of the tunnel .  The relarion between 
RSR values and tunnel size is taken into considera tion in the deter­
mination of respective rib ratios (RR) , as discussed below. Since a 
lesser amount of support was expected tor machine-bored tunnels than 
when excavated b y  d ril] and blast methods, it was suggested that RSR 
values be adjusted for mach in�-hored tunnelR. 

In order to correlate RSR va lues with actual support instal la­
tlons. a concept of the RR was introduced. The purpose was to have a 
common basis for correlating RSR determinations wlth actua l o r  re­
quired installations .  S 1 nee 90% of the case history tunnels were 
supported with ste�l ribs, the RR me�su re was chosen as the thenreti­
cal support ( rib size and spacing) .  I t  was developerl from Terzaghi' s  
formula for determining roof loads in loose sand below the water tabli:: 
(datum condition). Using the tables provided in Rock Tunneling_ with 
Steel Supports , the theoretical spacing required for the sam� size rib 
as used in a g:lven case study tunnel section wa s determined for the 
datum conditim1. The RR value 1 �  obtained by dividing this theoreti­
cal spacing by the ucrual spacing and mu ltipl ying the answer b y  100. 
Thus , RR = 46 would rne1-1n thaL the section required only 46% of the 
support used for the datum cond:t tion . However , different size tun­
nels, a lthough having the c;ame RR , .. :ould require different weight· or 
size of ribs for equivalent support. The RR for an unsupported tunnel 
w011l d be zero and would be J OO for a tunnel requiring the same support 
ai, the c latum condition. 

A tot:11 of 5 J  projecti. was evaluated ,  but �ince each tunnel was 
divided into typical geo logical section s ,  a total of  190 tunnel 
seccirms were analyzed. The RSR values were determined for each 
section, and actual support installations were obtained from as-built 
drawings. The support wa� d j A c ribu ted as follows: 
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Se c t io n s  wi th  s t eel  rib i- 1 4  1 ( 89 . 6% )  

Se c c 1 o n s  wi th  r o c kb o l t s  1 4  8 . 6% )  

S e c t io n s  wi th  sh o t c r e t e  J ( 1 .  8 % )  

Tot a l  su ppor t ed 1 6 4  ( I 00. 0% ) 

Tota l un su ppor t ed 2 6  

To t a l  1 9 0 s e c t ions 

An empir ica l re la tionship was develop ed be tween RSR a nd RR 
va lues , name l y : 

( RR + 8 0 )  ( R S R  + 30 ) � 8800 , o r  

( R R + 7 0 )  ( R S R  + 8 )  = 6 000 

It wa s concluded  tha t ro ck  s t ru c tu re s  wi th  R S R  va lues l e s s  than 1 9  
wou ld r e q u i r e  he avy sup.po r t  whi le t ho s e  wi th  ra t ings  of  80  a ad over 
wou ld  be un supp o r t�d . 

S ince t h e  RR  basica l ly de f ined an an t ic ipa ted rock load b y  
con s ideri ng t h e  load-ca rry ing c apac i ty o f  d i f fe rent  sizes  of  s t e e l  
r ib s ,  the  R S R  va lu es  were also  exp r e s sed  i n  t erms o f  uni t  rock loa d s  
f o r  various sized  tunne ls . 

The R S R  p redic t ion mod e l  w a s  d eveloped  p r ima r i ly w i th respec t t o  
s t e e l  rib suppor t .  Insu f f icient da ta we re ava ilab le t o  c orrela te  rock  
s t ructu res and rockb o l t  or sh o t crece  suppo rt . However . an appra isa l  
o f  rockb o l t  req u i reme n t s  was made b y  cons ider ing rock loads wi th  
r espe c t  to  the  t ensi le s t reng th of  t h e  b o l t . Th e au thor s poio ted ou t 
tha t t his  was � v e ry gene r a l  ap proach : i t  a ss9med t ha t  ancho rage wa s 
adequa t e  and  tha t a l l  bo l t s  a c t ed in t e n s ion only ; i t  d i d  no t a l low 
e i t her  for  in t e ra c t ion b e twe en  a dj acen t  b locks or for  an  a s sump t i on o f  
a comp r e s sion a rch  f o rme d b y  the b o l t s . J ,n add i t ion , t h e  'rock loa d s  
we re  dev e loped  f o r  s te e l  su ppor ted t u nnels . Never t h e l e s s ,  t h e  fol low­
ing re la t ion wa s given  for  l -in . - d i ame c e r  rockbol ts  wi t h  a working 
load of  24 , 000  lb : 

Spa c i n g  ( f t ) = 2 4 / W  

where W i s t he rock  load  in l , 000 p s f  ( ks f ) . 

No cor rela t ion  cou l d  be  found be tween geo l o g ic p r ed i c t ion a n d  
!'lhotcre t e  req u i rement A ,  so  tha t t he fol low i ng emp irica l  r e la t ion s h i p  
wa s sug ge s t e d :  
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where 

t e l + \.J 
l .  25 

or 
[: = 

D -- (Ii:> - RS'R ) l 'iO 

t = shotcrete thick.Hess,  in . 

W "-' rock load , 1 , 000 psf (l·sn 

D tunnel diameter, f t .  

Support tL•quil'.E!ment cha rts have been prepared that provide a 
means o f  determining typical ground support systems based on a RSR 
pt"ediction as  to the quali ty of  rock s t ructure through which the 
tunnel is co be driven. Charts tor 10-, 20-,  .:ind 24-t t-diameter 
tunnels are avai lab l e ;  similar charts could be u�ed for other tunnel 
sizes.  The cha rts  are appli cable to either circular or horseshoe­
shaped tunnels of comparable widths. 

The RSR Concept has b een widely accepted as  a very useful method 
for selecting steel riL support for rock tunnels . As with any empiri­
cal approach , one should not app1 y a concept beyond the range o f  
sufficient and reliable dc1ta used lor developinr. the concep t .  For 
this reason 1 the RSR Concept is not recommended for sel�t.:.tion o f  
rockbolt and shotcrete support ,  [ t  should be noted that a lthough the 
d,.:finitions of the classific�tion patameters were not explicitly 
s tated by the the pToposers , rr.ost of the input data needed will be 
normally included in a standard j o i nt survey; however, the lack of  
definitions (for examp le,  slightly faulted or  folded rock) may lead to 
some confusion. 

To summarize,  the followinr. steps are required in appl ying the 
RSR conce p t :  (The necessary char:t s  and tabh::s can b e  found i n  Wickham 
anJ Tiedemann, J q 72 ) .  

Step Divide rock mo1ss into geological regions , such that each 
region would be geologically simi h1r  and would require 
one type of suppo r t ;  that is , it wi l l  not be economical 
to change tunnel support until  rock mass cond i t ions 
change distinctly (a new stru, ·tural region cc1n bf· d i s t in­
guished ) .  

-�� 1_ Obtain classi fication input data for each s t ruct1Jtc1l 
regi.on. 

S t ep J Determine the individual classifica t ion parameters A ,  B ,  
and C and their !:,Um, \./hich gives the RSR : A +  B + C .  

S tep 4 Adjust the RSR valut:! if the tunnel is to be excavated by 
a tunnel boring machine. 
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S tep '> Select a support requirement chart appropriate for t.he 
tunnel size . These charts are applicable to both circu­
lar and horseshoe-sh;1ped tunnel s .  From the selected 
cha r t ,  determine the rib type and spacing corresponding 
to the RSR value. Ignore curves for rockbolt and shot­
trece support since they are not based on sufficient case 
l.istory data. 

Step 6 The rock load is then estimated from a table. The 
theoretical RR is given by : 

(RR � SO) ( RS R  + 30) = 8 , 800 

The values obtained are for compa rison purposes between 
the s t ructural regions. 

2 .2.2 Q-System 

The Q-System of rock mass classificat ion was developed in Norway 
in 1974  by Barton, Lien, and Lunde ,  aJ 1. of the Norwegian Geotechnical 
Institute . I t s  development represented a rnajor contribution to the 
subject of rock mass classifications for a number of reason s :  the 
system was proposed on the basis of a.n analysis of some 200 tunnel 
case histories from Scandinavia, it is  a quantitative classification 
system. and it is an engineering system enabling the design of tunnel 
support s .  

The Q-System i s  based on a numerical assessment o f  the rock mass 
quality using six different parameters : (a )  RQD , (b)  number of joint 
sets , (c)  roughness of the roost unfavorable joint or discontinuity, 
(d) degree o f  al teration or filling a long the weakest j oi n t ,  (e) water 
inflow, and (f)  stress condition. 

The above six parameters are grouped into three quotients to give 
the overall rock mass quality Q as follows: 

Rl)n Jr 1w • Q = � x - x  J J SRF  n a 

In this expression , J is the rating corresponding to the number 
of joint  set s .  J is the" j o int roughness rating, J is tbe joint 
alteration rating: J is the water inflov rating,  fnd SRF is  the w S t ress Reduct ion Factor, which is dependent on the rock stress condi-
tion and compressive strength. 

Since it is assumed chat the reader has some familiarity 
systems , the ratini sc3les ure omitted here for the sake of 
The reader should consul t  8:1rton . Lien, and Lunde ( 1 Q74)  
ratings'  descriptions, i f  desired . 

with RQI 
brev i t y .  
for the 
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'i'he value of  Q v.:irier from O .  ()() l to 1 , 000, where the la rg.er 
numbers denoce better rock .  

The proposers of the lrSyr: teni b1:'l ieved that the parameters. J , 
J , and J , played a more imporc.-, nt: rule than joint o rient ation, agd 
1f j oint 8rient�tion had heen inc1udcd 1 the �lasLlification would have 
been less genera l. However ,  the orientallon ir. implicit in th� 
pa rameters J and J becaust• they apply co the mosr unfavoralJle r a j ojnts. 

The Q is related to the tunnt: 1 support requiret1ents by de fining 
the equivalent dimen�ions of the 1.: xcavation. This equivalent d im�n­
sion, which is a funcrton of both the s:i ?.e and the purpose of the 
excavation, is obtained by d ividing the span, diameter, or the wall 
height of the excavat ion bv a quantitv called the excavation suppor t  
ratio (ESR). Thus, 

Equivalent dimension = Excavation spa n ,  d iame te r ,  or height , meters. 
ESR 

1'.ie ESR is reld ted to the use for which the excavation is 
intended and the degree of safety demanded , as follows : 

ESR 

A. Temporary mine openings J-5 

B. Vertical shafts:  
circular section 2 . 5  
rectangular/ $quare secLion �.O 

C. Permanent mine openings ,  1 . 6 
water tunnels for  hyctropower 
(excluding high-pressure pen­
s tocks) , pilot tunnels, dr i fts, 
and he�d ings for l�rge 
excavations 

D. Storar,e rooms, wu ter treat- I . J  
ment plants, minor highway 
and railroad tunnels, surge 
chambers , �cccss runnels 

E. Power stations ,  major high- l .0 
way or railroad tunnels, civjl 
d efense chambers , port a 1 , :  , 
inters!:!c:tions 

No. o f  
Cases - - ·-

(2) 

(8J)  

( l 5 )  

( 7 1 )  
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F .  Underground nuclear power 
stations, railroad stations, 
factories 

ESP. 

0 . 8  

No. of 
Cases 

(2)  

The relat ionship between the index Q and the equivalent dimension 
is ilLustrated by 38 support categories shown by box numbering. 
Support measures that are appropriate to each category are then 
listed. Since it was decided that bolting and shotcrete support 
deserves most attention , case histories featuring steel rib sup�ort. 
concrete arch roofs, and precast lining have been ignored. 

The length of bolts L is determined from the equation: 

L = 2 + U . 1 5  B/ESR 

where B is the excavation width. Dimensions are in meters . 

The 38 support categories have been specified to give estimates 
of permanent roof support since they were based on roof support 
methods quoted in the case histories. For te.mporary support deter­
mination, either Q is increased to SQ or ESR is increased to 1 . 5 ESR. 

The maximum limit for permanent unsupported spans can be obtained 
as follows: 

Maximum span (unsupported) � 2 ( ESR) Q0 · 4. 

The relationship b etween Q and permanent support pressure P f roo is plotted from the following equation: 

p = 2 . 0 Q - 1 /3 
roof J 

I f  the number of joint sets is less than three, the equation is 
expressed as 

2 
proof

= 
3 

The proposers of the Q-System emphasized that while the support 
recommendations for the large-scale excavations would generally 
incorporate thicker shotcrete and longer bolts , the bolt spacing and 
theoretical support pressure would remain roughly the same. 
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When core is unavailah l e ,  the HQO i� t:srimated from r.he numhet o f  
; ointi:, per unit volume, in which the number o f  j oints per nt(!ter for 
each j oint set a r� added . The conversion for clay-free rock mass!!.$ is 

RQD = 1 1 5  - J.J  J 
\I 

where J represents the total numher o[  joints per cuh ic meter (RQD z 

100% to¥ J < 4.� ) . 
V 

The following steps are involved in applying the Q-System: 

Step l Divide the rock mass into structu ral region�, such that 
each region would be geologically similar and would 
r�quire on� type of support category. 

Step 2 Collect necessary input data for each structu r � l  region. 

Step 3 Determine the ratings of the six classification para­
meters and calculate the Q value. 

Step 4 Select the excavation category, and allocac� the ESR. 

Sce..e..2_ Determine the support category for the Q value and the 
tunnel span/ESR ratio. 

���6- Select the support measures appropriate to the support 
category. Calculate the length of rockbolts as above. 

Step 7 The. selected support measures are for the permanent 
support. Determination 01 thP initial support measun•s 
is a� described above. 

Step 8 For comparison purposes, determine the support pre sRure 
as above. 

Step 9 For record purposes , estimate the possible ma�imum 
unsupported span and the standup time. 

2.2.3 RMR (Geomechanic:;) System 

The Geomechanics Classi(icar.ion or the Rock Mass Rating (RMR) 
S ystem was developed by Bieniawski in 1973. the system has been 
updated and the reader is referred to Ilieniawski (1979(a) )  for thP 
current ( 1 983)  rating scheme. This engineering classif�car 1 on of rock 
masses, especially evolved for rock engineering applications , utilizes 
the following six parameters , all of which not only are measurable in 
the f1 eld but can also be obtained from borings :  

a. Uniaxial compressive strength of intact rock materi�l. 
b. Rock quality designation (RQD). 
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c .  Spacing of j oints (discontinuities). 
d.  Orientation of  joints (djsconttnuitiPs ).  
e. Condi t ion of j o int� (discontinuities). 
f .  Groundwater condition. 

Initially, five of the abuve parameters C a ,  b ,  c: ,  e, and f )  at"e 
grouped into five ranges of values. Since the various parameters are 
not equally importnnc for the overall c:lassiftcation of a rock mass, 
importance ratings are a l locateJ to the different valuE ranges of the 
parameters, a higher rating indicating better rock mass conditions. 
These racings were determined from 49 case histories investigated by 
the origina tor,  while the initial rat ings were based on the studies by 
Wickham, Tiedemann, and Skinner ( 1 �7 2 ) .  

To apply the Geomechanics Classification, the rock mass is 
divided into a number of structural regions, that is, zones in which 
certain geological features are more or less uniform within each 
region. The above six classification parameters are determined for 
each structural region from mea�urements in the field. 

Nex t .  the importance ratings are assigned to each parameter . In 
this respect , the typical rather than the worst conditions are evalu­
ated since this classification. being based on case histories, has a 
built-in "safety factor". Furthennore, it should be noted that the 
importance ratings given for j oint spacings apply to rock masses 
having three sets of j o ints.  Thus , when only two sets of joints are 
pTesent , a conservative assessment is obtained. Once the importance 
racings of the classification parameters are established , the ratings 
for the five pat:ameters are summed , to yit>ld the basic overall rock. 
mass rating for the structural region under consideration. 

At this stage, the influence of the strike and dip of j oints (''d" 
above) is included by adjusting the basic rock mass rating. This step 
is treated separately because the influence of j oint orien ta tion 
depends upon engineering application, for example, tunnel , slope, or 
foundation. The parameter "joint urienta tion" is not evaluated in 
quantitative terms but by qualitative descriptions such as "favor­
able. 1' In the case of civil eng ineering projects, an adj ustment for 
joint orientations will suffice. For mining applications, other 
adjustments may be called for such as the stress at depth or a change 
in stress. 

After the adjustrr,ent for joint orientations . the rock mass is 
classified, according to the final (adjusted) rock mass rating ( RMR) , 
into one of five rock mass classes. The rock mass classes a re in 
groups of twenty ratings each, �nd are denoted "very good rock" (Class 
I ,  PJ,iR = 81 to 100) , "good rock'' (Class II, RMR "' 6 l to 80) , .. fair 
rock (Class III, RMR """ 41 to 60) , "poor rock11 (Class IV, RMR = 2 l  
t o  40) , and 11very poor rock" (Class V ,  RNR ""' 0 t o  20 ) .  
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Nex t ,  the pt"actical n,eaning o t  each rock m.:iss c ·lass is related t o  
specific engineering problems. For tunnels and chambers , ch0 outpu t 
from tht Geomechanics Cl assification is t h e  stand-up time o f  an 
unsupported rock span for a given rock mass r a ting . The stand-up time 
is compared wi tl1 the design life nf the tunne l .  

Longer stand-up times can be achieved by selectinf? roclt rein­
forcement mc;isure s .  They depend on such factors as the depth below 
surface ( in situ stress) , tunnel si:1:e and shape, and the method o f  
excavat i o n .  Rock reinforcement measures and other suporc recommenda­
tions (Bieniawski, 1 9 7 9 ( a ) )  are defined only for lO-mecer- ( 3J�ft-)  
diameter tunnels and the d e t ermina tion o f  support for tunnels of other 
dimensions i s  apparently left  to i udgement or other means. 

The system also allows determination of in-situ modulus o f  
deformation for foundation design, and rock mass cohesion for slope 
design . 

I t  should b e  noted t h a t  the support measure� piven represent t h e  
permanent and n o t  the temporary suppo r c .  Hen c e ,  additional concrete 
lining i s  not required £or s t ructural purposes. 

However ,  t o  ensure full struc tural s t a b i l i t y ,  it  is recommended 
that tunnel monitoring during construction provide a check on stab j l i­
zation o f  rock movement s .  

The Geomechanics Classif ication recognizes that no single para­
meter or index can fully and quantitat ively describe a j ointed rock 
mass for tunneling purpo�es. Each of the many factors has a different 
significonce, and only if taken together can they describe a t"ock m;1ss 
satisfactorily.  Each of the six parameters employed :i n  this cJ  assi fi·­
ca tion is discuss�d below, since these concepts are d rawn upon else­
where in this rep o r t .  

S t rength o f  Intact Rock Material 

There is a general agreen:ent chat knowledge of the uniaxial 
compressive s t rength of intact rock is necessary for classifying a 
rock mas s .  A f t e r  a l l ,  i f  the discontinuitie� a r e  widely spaced and 
the rock material is weak, the rock material properties wil] influence 
the behavior o f  the rock mas s .  Under the same confining pressure, t h e  
strength o f  t h e  rock material constitutes t h e  highest strength limit 
of the rock mASti, The rock material s t rength is also import.:int i f  the 
use o f  tunneling machines i s  contemplated . Finally , a sample ol  the 
rock nia terial sometil'les represents a small-scale model of the rock 
moss since they have been subj e c t ed to the same geological processes. 

34 ENGINEERS INTERNATIONAL, INC. 



Rock Qua li ty Des igna t iun ( RQO ) 

RQ D is  u s ed a s  a c l a s s i l l c e t ion p a rame t e c , b e cau se  a l t hough  i t  is  
n o t  su f f i c J e n t  on i t s  own f o r  a fu l l  d esc r ip t ion o f  a rock  ma s s , the  
RQD index ha s b een  found  mos t us e f u l  in t u nneliHg app l ica t ion s, a s  a 
gu i de for  selec t ion of  t u nn el sup p or t , h as been  emp loy ed ex ten siv e ly 
in  t h e  Un i ted  S t a t e s  a n d  in  Eu rope , and  is  a simp le , inex pe n s ive , a n d  
rep roduc ib le way t o  a s se s s  t he q ua l i ty o f  r o ck  c o re . 

Spa c i ng of  J o in t s  

The term  " j oin t "  em c.ompa s s e b  a ll d i s c o n t i nu i t ies p rese n t  i n  t h e  
rock  mas s  t ha t  may b e  techn ica l ly j o io t b , b e d d ing p lanes , minor 
faul t s , or o t h e r  su r f aces  of we a kness. The behavior  of  j oi n t s  mn y 
govern t he b ehavior  o f  a roc k nass a s  a wh o l e . The  pre s e n c� o f  j oin t s  
red u c e s  t he s t reng th  of a ro ck  ma s s , and t h e ir spa c i ng governs  t h e  
deg ree  o f  s u c h  redu c t ion . F o r  ex ample , a r ock  ma c e  r i a l  wi th a h igh 
s t reng th  wi ll y i e ld a weak ro ck ma s s  a in t ense ly j o in ted .  S pa cing o f  
j oin t s  is a s epa ra t e  p a rame t er , b e cause  t h e  RQD i n d e x  does  n o t  
un iqu e ly d e f ine t h e  s pa cing o f  j o in t s .  

S tud ie s  by Wickham , Tied ema nn , and S k inne r  ( 1 9 7 2 ) ha ve emp h a s iz e d  
t he e f fe c t  of  j oint o r i e n t a t ions o n  tunnel  s tabi J t ty .  A qua l i t at ive  
a s sessme n t  o f  fa vorab i l i ty is  pre f e r red  to  mor e  e l a b ora t P  sy s t ems  for  
j o in t o r ien t a t ion  and  inc l i n a t ion e f f e c ts . 

Cond i t ion of  Join t s  

This  parameter  includes  roughness  o f  t h E'  j o in t su r fa ces . the i r  
con t inu i ty , the i r  o p en i ng o r  separa t ion ( d i s tance b e tween t h e  su r­
faces ) , the  in f i l l i ng ( gou g e )  ma t eria l , and wea the ring of  the wa ll 
rock. 

Rou gh nes s ,  or  t h e  na ture  o f  the  a s per i t i e s  in t h e  d i s co n t i nu i t y  
sur faces . i s  a n  importa n t  pa rame te r c h a ra c t e r i z ing the  on d i t ion o f  
d i scon t inu i t ie s . A spe r i t i es tha t  occu r o n  j o i n t  su r faces  in t e r lo ck ,  
i f  t h e  s u r f a c e s  a r e  clean  and c lo sed . and inh ib i t  sh e a r  mov eme nt  
a long the  j oint  s ur face . Ro ughness  aspe r i t ies  usu olly hav�  a b;i sP.  
leng t h  and  amp l itu de  mea s u red in  t e rms o f  ten t hs of  an  i n ch a n d  are  
readi ly ap paren t on  a c o re- s i z e d  ex po su r e  a l  a d i s c on t inu i t y. 

Con tinui ty o f  j oints  inf luences  t he ex t en t to wh i ch the  rock  
m a t e r i a l  and  the  d i s cont i nu i t ie s  separa t e ly a f fe c t  t h _e behav io r of  
the  rock ma ss . I n  the  ca se o f  t unnels , a d i scon t inu i ty i i ,  c o ns i d e red  
fu l l y  c o n t inuou s i f  its  leng t h  i s  grea t e r  t han  the  wid t h  or t h e  
t u nne l . 

S eparat ion , or  t he  d i s t a n c e  b e tw e e n  t h e  d i scon t inu i t y  s urfa c e � ,  
con t ro ls t he ex t e n t  to  wh ich  the oppo s i ng su r fa ces  c a n  i n te r l o ck a s  
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well as the amount 0f water that. can flow through the discont1.nuity . 
In the absence of interlocking ,  che filling (gouge) controls entirely 
the shear strength of the discontinuity. As the s eparation decreases, 
the asperities of the rock wall tend to become more interlocked, and 
both the lilling and the rock material contribu t e  to the shear 
strenr,th of Joints. The shear str-ength nlong a joint is therefore 
dependent on the degree of separation , presence or absence of filJing 
materials, roughness of the surface walls, and the nature of the­
filling material . 

The infilling (gouge) has a two-fold inf luence : 

� .  Depending on the thickness, the f illing prevents the inter­
locking of the J cacture asperi ties.  

b. Tc  po ssess1>:s its owr, characteristic proper,ties, that is,  
shear strength,  permeability, and deformational character­
is tics. 

The type, thicknesr , continuity, and consistency of filling should be 
noc:ed. 

Weathering of the wall rock , that is, the rock constituting the 
joint walls, is classified in accordance �1th the recommendations of 
the Task committee of tht! Arner·: can Soci ety  of Civil Engineers ( 197;, ) :  

a. 

b .  

C • 

rl • 

C • 

Unweathered. No visible signs of weathering are noted; rock 
frP.sh; crystals bright. 

SJ igh tly \\'E.:a thered rock. Discontinuities are stained or 
di�colored and may contain a thin filling of altered mater­
ial. Discoloration may extend into the rock from the 
di::.continui ty surfaces tu a dis tance of up to 20% of the 
disconti�ui ty spacing. 

ModerAtclv weathered rock. Sligh t discoloration ex tends 
from discont inuity planes for greater than 207. of the 
discontinuity spacing. Discontinuities may contain (illing 
o( u 1 tered ma t erial. Partial openin� of grain boundaries 
may be observed. 

Hjghly we:"lthered ror_!:. Discolorar:ion extends throughout the 
rock,  and the r0ck material i� partly friable. The original 
texture of the rock has n1ainly been preserved, but separa­
tion of thP gr�ins has occu rred. 

CornplC:!tely weatht!r/;!d rock. The rock iti totally discolored 
and decomposed and in a friable condition. The external 
appearance is that uf soil. lnt0rnally ,  the rock texture is 
partly preserved , but grains have completely separated. 
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(It  should be noted that the boundary between rock and soil is defined 
in terms of the uniaxinl compre�sive strength and not in terms of 
weathering. A material with the strength equal to or above 1 5 0  p s i  i s  
considered a s  rock . )  

Groundwa ter Cond i t ions 

In the case of tuon1 d s ,  the ra t e  of inflow of groundwater in 
gallons per minute per 1 , 000 ft of the tunnel should be determined , or  
a general condition can  be  destribed as  coropletely dry ,  damp, we t ,  
dripping, and flowing. I f  actual water pressure data are available, 
thi:se should be  stated and expressed in terms of the ratio o f  the. 
water pressure to the major principal stress.  The latter can be 
either measured or determined from the depth be low surface, that is ,  
the  vertical stre$r- increases �ith depth at 1 . 1  psi  per  foot of  the 
depth below surface. 

2 . 2 . 4  Laubsche r ' s  Geomechanics System for Mining 

The system discussed by Laubscher and Taylor ( 1 9 76 )  was intended 
primarily for rock mass classifications in b lock-cave mining. This 
method was developed on the basis of Bieniawski ' s  Geomechan1cs system 
and has been in use in Af ric:.:in asbestos mines since 1 9 7 3 .  It has 
since been extended and clarif i e d  (Laub scher,  1 9 7 7 ,  1 981 ) .  For 
purposes of discussion in this repo r t ,  this system will be referred to 
as Laubscher ' s  system. 

The input data fur l aubsche r ' s  system are very similar to those 
of  the RMR . although che criteria for arriving at  the values used are 
somewhat different in che two systems. The rock mass in question h, 
assigned to one of  1 0  sub-classes ( L A ,  1 8 ,  2 A ,  2B ,  e t c . )  by dividing 
each RMR class into two parts , so that each class has a value of 10 
rating unit s .  This in-situ rock mass rating is then adjusted for 
weatherjng,  field and induced stresses, changes in stress,  joint 
orientations, and b l ast ing effec t s .  The support requirements extend 
to massive concrete with steel reinforcemen t ,  and depend on the 
adjusted class and the degree of adjus tment . 

The ratings may a 1 so be related to cavability ,  stand-up t:ime, 
cave anrlc and failure zone,  and applied to slopes, pillars,  and 
found a t ions . These applic a t ions are beyond the scope of this discus­
sion . The readei:: is referred to Laubscher and Taylor ( 1 9 7u )  and 
Laubscher ( 1 9!:U ) for mon' on these: topics .  

Since this sy:;tem i;; a n  important model for the MBR system, and 
since i t  is lesr l ikely tha t the reade1.· will b e  familiar with it than 
with the three RQI systems just discussed, the following deocrip tion 
includes considerable detai l .  
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The five essenL Lal input parameters are ( as in the RMR) che RQD, 
1nt3�t rock strength, j oint condition, joint spacing, and ground water 
condition .  The de�cription� of these parameters are the same as for 
the RMR ,  as described in Section 2 . � . J  above , except in the following 
instances. 

1 . 

J .  

4 .  

RQD - As conventionally determined. 

lntact Rock Strength - The average uniaxial compres�ive 
strength between j o ints ,  and exclusive of alteration zones. 

Joint Condition - The j oint condition is assessed according 
to Table l I which deve lops percentages to be applied to a 
rnaximum possible racing of .3 0 .  Noce. Choe st:pa-retion t.ond 
continuity are omitted. Using this scheme, the rating for a 
s traight , polished j oint would be 30 x (70% x 50%) ,� 10 . 5 . 

Joint Spacing - The ratings at:e obtained by means of the 
�raph in Figure 1 .  It is necessary to distinguish the 
spacings associ,c1ted with each recognized set. The inter­
section corresponding t0 the intcrmeJiate and minimum joint 
spacings (AB, for the e�awple in Figure 1 )  is first found . 
This v alut:! is projected to the diagonal line as shown . This 
is proj ected to the right until the maximum spacing (C or D 
in the example in Figure l )  is intersected . The rating is 
read directly. For a 2-joint system such as A B ,  the rating 
used would be 1 5 .  If there are more than J sets (such as 

ABCD) , the lowest 3-set rating would be used (in this 
instance , ARC, rated 6) . 

5 .  Groundwater - Then.: are, no differenceA with the RMR rating 
structure, except chat it is recognized that much develop­
ment work in mining is done in well-drained areas. 

H.aving obtained ratings for these five basic parameters , the 
in-situ rock cL:1ss is obtained from a chart (Table 2). As with the 
RMR , the five patr:ml!t�r ratings are summed to obtain the in-situ 
rating. This rAting is a description of the rock mass competence for  
various engineering purposes. 

The key feature ot Laubscher's system is the application of  
adjusrwen t s  to che  in- situ ratings. Most of these adj ustments are for 
conditions that significantly affect rock mass behavior in mining.  
L'he udj ustment procedure is tn apply sequenti,tl percentage multipliers 
(Table 4)  to thP in-situ rating s ,  rath�r than to sub tract va lues. 

The w�athering adjuFtment recognizes that weathering may affect 
rocks in 3 areds : RQD, intact rock strength, and j oint condition. kn 
adjustment of 95% to t he RQD rating is possible if weathering results 
in increased fracturing. An  adj ustmenc of  96% may be applied to the 
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TABLE l - Joi n t  Cond i t ion Ra t in g s  
( a f t e r  Laub scher a n d  Ta y l-0 r , 1 97 6 )  

Parame t er 

A . J o i n t 
expres s ion  
( large  s c a l e )  

B .  J o in t 
exp ression 
( sma 1 1  scale ) 

C. A l t e ra t ion  
zone 

D .  Jo i n t. 
f i l l ing 

D e: sc:r i p t i on 

Wavy u n i-d i re c t i on� l 

Cu rv e d  

S t ra i gh t 

S t ria ted 

Smoo t h  

Pol i shed 

Sof t e r  than wa ll  �o c k  

Coa r se hard -sheared 

F ine  ha rd- shea r ed 

Coa r s e  s o f t -sheared  

Fioe  so f t- sh�a T e d  

Gouge th ickn e s s � I r regu l a r i t ies 

Gouge t h ickn e s s > I rregu l a r i t i e s  

F lowing ma t e r ia l > I rregu la r i t ies  

P e rcen t a g e  
a d j u  tmen t 

9 0- 9 9  

80 - 89 

70- 7 9  

85-99 

60-8� 

50-59 

10- 9 9  

9 0- 9 9  

80-89  

7 0'- 7 9  

50-f. 9 

3 5 -4 9  

t 2- 23  

0- 1 1  
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r i 3ur L - J o i n t Spac i n g  Ra c in s ( Laub s c h e r ) . Th is  c h a r t  is  
u :.; 1..:d in  conn  cc  ion  wit \  L a u b s cher ' s Geomechan ic s  
� a s s i f i c a c ion  f o r  m i n ing . I t s  u s e  i s  exp l a in�d 
i n  t h e  t e x t .  No t t ha t s p a c in!!S  a r e  i n  me t r i c  un i t s .  
Sp3 c i n  s mea su red i n  fee t mu s t  b e  conver ted t o  me t r ic  
un i ts b e f o  u s i ng the  cha r t . A f t e r  L a u b s ch e r  a nd  
l'.:i y l a r ( 1 9 76 ) . 
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1 

2 

.,4 

5 

TABLE:: 2 - Ra i n gs and  R o ck Mas s  C l .i s s e s  ( La u b s <' h P. r ) . 

C l a e s  

Ratin& 

Descri p t i on 

R . Q . D . �  
. 

Ra t ing  

I . B . S .  ( KPa )  

R.a ting 

Joint s pa c ing  

R a ting 

Cond i tion 
of joints  

Rating 

Groundva ter 

R.a tiog 

F rom Laubs cher  and Tay lo r  ( 1 9 76 ) . 

l 2 3 4 5 
A B A B A B A B ... B 

1 00  - 81 80 ·· - 61 60 - 4 1  4 0, - 2l 20 - 0 

Very good G ood Fa i r  Poor Very poor 

100- 91 90-76 75-66 65-56 55-46 4 5-)6 35- 26 25-16 15-6 5 - 0 

20 18 15 .n ll 9 ., 5 } 0 

14 1-136 1 }5-126 1 25- 1 1 1  1 1 0- 96  95-81 80-66 65-51 50-}6 35-21 20-6 5-0 

10 9 8 ., 6 5 4 3 2 1 0 

Ref e r  Figure 1 
30  - 0 - -

4 5 ° - s t • t 1 C 8 n g l e 0 f' f' r i C t 1 0 0 > 5 11 , � 
Refer Tab k  1 

30 - - 0 - -
Inf lov per 10 m le ngth = 0 "' 25 li t res/min • 25 - 125 > 125 l i  tree/min 

OR 

Jo i n t  va ter Ere ssure 
Ma j or pri ncipa l  s t reee 

OR 
Comple t ely d..cy 

10 

l i  lre3/min 

"' 0 .. o ,o  - 0 , 2 .. 0 , 2  - 0, 5 > 0, 5 

Mod era te Severe 
Mo i e t  only pres sure - problem:i 

7 4 0 
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TA BLE J - To t a l  P o s s i b l r Ad j u s tmen t s  
(a f t e r L a ub s che r a nd Tay lo r , 1 97 6 )  

P a r a me t e 'C  

Wea th e r i ng  

F i e l d  and  ind u ce d  
s t r e s s e s 

C hange  in s t 1'. e s s  

S trike  a n d  dip  
o r i e n ta t ion 

Il l a s t in 

Maxi mum 
poss ib l e a d j us tmen t 

J o i n t  
R . Q . D . 1 .  R . S spacing  

95%  9 6% 

7 0% 

9 3 %  

C ond i t i on 
o f  j oi n t s T o ta l 

8 2 %  7 5 �  
1 2 0% t o  l 20% t o  
7 6% 7 6% 

l ? O% t o  1 2 0% t o  
6 0 %  607.  

70%  

86%  80%  

5 0 %  
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in t a c t  ro c k  s t reng t h  for  s t reng th  redu c t ion d u .e to we a ther ing . An  
;i dj u s tme n t  to  82% is  pos s ib le for the  e f f e c t  of  wea t h e r ing  on j o i n t  
cond i t io n s . Th e t o tal  adj us tme n t  pos s i b l e  is  7 5 X  bu t cou l d  b e  ev e n  
l ower  f o r  some rock types . 

The a d j us tme n t  f o r  s t re s s  L i e l d  a nd ind u ce d  s t re sse o d e pen d s  o n  
whe t h er  t hese  s t re s s e s  ca u se j o in t �  t o  op en , t o  shea r ,  or  t o  rema i n  i n  
compress ion . The in-s i t u  ra t ing  ma y be  in c rea sed up  to  L L D%  i f  j o in t s  
a re ke pt  in comp r e s s i on . A n  enh anced  possib i l i ty o f  shear mov emen t 
resu l t s  in  a 90% adj us tmen t .  Jo in ts be ing caused  to  op en  behave  as  i f  
they we re f illed wi th t h in gouge , a n d  the  in-s i tu ra t i ng i s  decrea sed 
by up  to 6 7 % . Th i s  f ield  and indu ced  st ress  ad j u s tment  is ma in l y  
i n t en d e d  f o r  l arge  open ings  a n d  a pp l i e s  to  sma ll t unnels  on ly in 
excep t iona l c a se s . 

S t re s s  ch ang e s  o c cu r  a d j a cen t to caving area s ,  i n  c rown p i l la r s  
ove r  e x t ra c t ion leve l s .  i n  o p e n  p i t s , and d ue to  abu tme n t  s t re s s es and 
poor face  shap e s  in sub lev e l  min ing . U sing t he same concep t s  a s  fo r 
t· i e ld  a nd induced  s t r e s ses , pos sib le  a d j us tmen t s  ra nge from 60% to 
1 20% . 

Laub s cher ' s  sys t em con siders  a d i s t in c t ion b e twee n th e p u r e  
wea ken ing e f fec ts  o f  di scon t inu i t i es o n  a rock ma s s , and the  sp ecia l  
role  t h a t d i s c on tinu i t i e s  ( j oints and she a r  zones ) play  in  rock ma sse s 
sub j e c t  to large  d e f o rma t ions . 

Adj u s tmen t s  d u e  to  j o in t o r ien tation s  a re 
freedom o f  ro ck  b l oc k s  to  move  in to  t he excava t ion. 

dependen t  on the  
(Al though this  i s  

no t a c ond i t ion u n ique  to  min ing . i t is  ac coun t ed fo r a s  a n  a d j us tmen t  
ra t h e r  t han  a b a s ic ra t e d  i t em becau se the in-si tu r a t ing  mu s t  be  
independen t o f  the ty pe  o f  open ing  cons t ru c ted in it . )  Th e j o i n t  
o r i en t a t ion adj us tme nt  i s  made as  f o l lows (Tab le  4 ) . 

TABLE 4 - Join t O r i e n t a t ion Adj us tme n t s  ( Laubscher }  
From Laub sche r a n d  Tay lor  ( 1 9 7 6 )  

No . o f  
de fining 

j oin t 5  

3 

4 

5 

6 

No . of  f a c e s  inc l ined away from 
ver t i cal  a n d  a d j us tme n t  percen t age  

70%  

3 

4 

5 

6 

7 5 %  8 0 %  8 5 %  90 % 

3 

4 

2 

J 

4 

2 

2 

3 2 ,  l 
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The occurrences of sheen· zones also require adjustments to be  
made to  the  01:ientat ion term. These adj ustment:� depend on the. orien­
tation of shear zones with respect to developme n t :  0 to 15 ° = 7 6% , 
1 5 ° to 4) 0

,� 847., 4 5 ° t o  7 5 ° = 92% , An additional 90% adjustment 1�  
applied when advancing against the dip .  

Blasting may create new fnictures and open or generate shear 
movement on old fractures and thus demands coni,ideration. The adjust­
meni;s to the in-situ r a t ing are none for machine boring, 97%  for 
sruooth blasting, 94� for good conven tional blasting, and 80% for poor 
conventional blasting.  They ore �pplierl as shown on Table J .  

The adjustmencs � re summarized i n  Table 3 .  NotP that the maximum 
t o tal  adjus tment is 50% . 

The support requirements depend in part on  the in-situ versus the  
adjusted values .  A rock mass of  in-situ class 5 8  (Table 2 )  probably 
cannnt be reinforced, whereas a rock mass of in-situ class 3A and  
adjusted to 5 8 ,  could bP rockbolte d .  Tn view of this,  Laubscher and 
Taylor ( 1 976) give the following support recoounendations (Tab le  5 ) .  
In using Table 5 .  i t  shou l d  be noted that  bolts an· ineffective in 
g round receiving a spacing rating less than 6 .  The support recommen­
da tions npply mainJy to mines with field s t resses less than (30 MPa) 
4 , 350 psi.  

2 . 2 . 5  Able ' s  Tunnel Support Nomographs 

Abel ( 1967) , in a thorough regre�sion analysis of rock mass 
behavior and set load response for the S t  ra igh t Creek Tunnel ( now 
Eisenhower Memorial Tunnel) pilot bore in Colorado, developed J series 
of nomographs for assessing the time to stabilization and -;ec load 
response . While not exactly an RQI system, Abel ' s  approach does 
pl?nnir- the selection of steel rib supports based on a (ew eas i l y ­
obtained ge�logical parame ters.  

Abel ( 1 967) performed computer analysis of set  loads , rock 
s t rains,  geologic cond itions , and co11s truction pr act ice s ,  incorporat­
ing regression analyses to d e termine the paramelers most uniquely 
influencing inelastic roc.k mass behavior. This work resulted in a 
numbe r  ot significant findings regarding tunnel mechanics .  Only those 
of importance of  block caving drif t supports are mentioned here ; the 
nomographs an<l other conclusions may be found in Abel ( l Y6 7 ) . 

S ta b i J i z a t ion time was most inlluenced by the. thickness (not 
prnximity) of the neare::;t. faul t zone and degree of  rock alteration , 
nnd to a lesser extent by wa ter condition, the degree of faulting or 
shearing, and the basic rock type.  
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TABLE 5 - Dr if t Suppor t Requiremen t s  (Laub s cher) . 
Take n From Laub s che r and Tay lor  ( 1 9 7 6 ) . 

In s i t u  
Adj u s t e d  
c la sses l A  l B  2A 2B 

1 and 2 

3A a a a 

3B  b b 

4A c ,  d 

!� B 

SA  

SB  

c,_. ne ra lly no  sup por t  b u t  lo c a l ly j o int in t e r­
sec t  ions  mi gh t requ i re b o l t i n g .  
Pa t te rned  gro ut e bo l t s  at  1 m c o l la r  sp�c i n g .  
Pa t te rned grou t e d  bo l t s  a t  0 . 7 5  m col l a r  
sp ac in g .  
Pa t terned ;r ou ted  b o l t s  a t  1 m c o l lar spac ing. 
and  sho t cre t e  50  mm t h ick . 
P a t t� rned  gro u t e d  bo l t s  at  l m c o l lar  spac ing 
and  mas s ive  concrete  300 mm thick  and o n ly 
used  i f  s t ress  chan ge s  no t exce s s i ve. 
Pa t t e rned gr o u t e d  bo lts at 0 . 7 5  m co llar  
spac ing  and  shotcre t�  1 00 mm ch ick. 
Pa t te rned  gr o u ted bo l t s  a t  0 . 7 5  m co llar 
spac in g with mesh r e i n forced  sho t c r e te  100 mm 
c h i c k . 
Ma ssive concre t e  4 5 0  mm th ick w ith  pa t terned 
gr ou ted  bolts at  1 m s p ac ing  if  s t ress 
cha n ge s  a r e  no t ex c es s ive . 

I 
3A 

a 

b 

c ,  d 

i 

j 

k 

classe s  

3 B  4A 4 B  S A  5 8  

c ,  

f ,  

i 

= 

= 

I 
b 

cl d .  

f ,  g g ; f ,  j 

i h h 
i ,  j j 

k k 1 1 

Grouted  bo lts  3 t  0. 7 5  m c o l l a r  s pac ing i f  
rein for c in g  po ten t i a l  is  p r L' S ..:n t , and 1 0 0  llllD 

r e i nforced sho t cret e ,  and then v ie ld ing s teel 
a r c he s  as  a r e pa i r  tec hn ique i f  s t �e s s  
chan ges a r e  exc e s s ive . 
S t ab i l i z e  w i th rcoe * cover s u p�o r t  and �a ssivc 
concrete  4 5 0  mm t hick  i f  s t res s c h ange s no t 
exces s ive . 
S t abi lize  wi th rope*  cover s up po r t  fol l owed by  
sho tc r e t e  co  and i nclud ing face  i f  nece s s a ry , 
and then c lo sely spaced y i e l d in g  arches as  a 
repair  t e chniq ue whe re s t r e s s  cha n ge s  a r e  
exce s s ive . 

1 = Avo id deve lopment in  t his ground, o t he rwi s e  
u s e  suppor t sys tems "j " or  " k" . 

''NOTE : " rope cover"  re fers  to the  use of  old  
ho i s t i ng cab l e  a s  s p i l in s unpo r t  in  s ome 
A f r i can l'lines . 
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S e t  J oc1 d  r e sp ons e  wa s oh s e n, e d  a s  f a r  a s  2 , 500 f t  away f r om  t h e  
poin t o i  f i rs t pene t r a t ion o f  a mu j or  sh e a r  z one . S e t  l o a d  r e spon se  
wa :� p rima r i ly a f fe c t ed hy con s t x: 1 1 c t ion va 1: L1b J es  ( sec t ion  mod t • 1 u s , 
numb e r  o f  e f f e c t ive  b loc king poin t s ) . Ge o log ica l ly , set  load r e sponse  
was found  to  dep e n d  c h ie f ly on  the  wa t e r  � o n d i t io n s , degr e e  of  f a u l t­
i ng an d shea r i ng ( i f  "mo d e ra te"  or  less ) , and  t he thi c kne S : ' o t  the  
nea r e s t  fau l t  zone  ( n o t  p rox imi ty ) . 

Wh i le emph a s i z i ng t ha t  t=very tunne  1 i s  un ique , Ab el  ( l 9 6  7 ) 
n o n e t l 1 c l e s s  d eve lop s con c e p t s  o f  u s e  in ro ck  c: la s si f ica t ions  f o r  
min :i.ng. t' i rs t , the  ve ry s t rong e f f e c t  o f  wa t e r  on  t unne l s t ab i l i t y 
t b ,'lt i s  re f le c t ed in  mo s t  RQ I app roa ches  is  rea sonab l e. Second , t he 
r o l e  o f  width  o f , a s  oppo s e d  to  d i s ta n c e  t o , the  nea r e s t  fau l �  zone  i s  
a ma j or  one a n d  mu s t  be  a c coun t ed f o r . Th is i s  d i f f icu lr  i n  m i n i ng , 
where f a u l t s  a r e  o r d i na r i ly nume rou s  and w ides p read  ( t h e  M B R  ma k e s  u s e  
o f  a wid t h -d i s t an c e  re la t i onship b ased o n  A b e l ' s  r inding s ) . Th ird . 
s t ab i · i z a t io n t ime shou l d b e  cons id�red when ins t a l li n� ma s s iv e  
c onc re te  l in ing s , b e c a u s e  i t  i s  u n d e s i rab le co  mob i l i z e  some po r t ion  
o f  t h e  lining c.i pac i ty to  s tab i U z e the  d r i f t du r i ng deve lopmen t . 
Abel ' s ab so lu te  s ta b i l i z a t i on t imes  and s e t  loa d s  a re n o t  ne ces sa r i ly 
a pplicab l e  t o  min ing , b ec ause of  t h e  geome t ric  compl i ca t io n � . bu t some  
grounrl  i n te r s e c ted  b y the  S t ra igh t  Creek  p ilo t  bore i s  simila r in  
s t ru c t u r e  to  th a t  of  ma ny caving mine s . 

2 . 2 . 6  McDonou gh Sys t �m 

McDonou gh ( 1 � 7 6 } re po r t s  on a sy stem o f  ground c l a ss i f i ca t ion  i n  
u se a t  the C l ima x  M i ne , T h e  sy s t em r e l i e s  heav i ly o n  ge ologi c  j u dge ­
ment , a n d  i nvolves  ra t ing t h e  rock  ma s s  compe tence  on  a sca le  o f  1 t o  
Q ,  based  o n  rock type ,  c o re re covery , RQD , lon ge s t  p ie ce  of  co t � . 
numb e r  0 E  p i e ces o f  c o te , number  o f  j oin t s  pe r  f oo t  ( of c ore ) , a r gi l - · 
l i z a tion  ( ra ted  on  a s ca l e  of  O t o 9 ) , a n d  d i s t rib u t i on o f  f a u l t s  a n d  
s h ea r s . N o t  a lJ. o f  t he se  wou l d  a lway s b e  u sed  in a s sign i ng a compe­
tence  ra t in g , which  ls  d one  both  a s  pa r t  o i  t he c o re l ogg i ng p ro c ed u r� 
and du ring un d e rground  �a p ping. 

Th� sy s t em re qu ir e s  c on s id e rab l e  exp e ri � n c e  w i t h  t h e  C l imax  
� eolo� i c a l  con d i t ion s .  A l t hough it  is  n o t  s t ri c t ly l imi t ed co  C limax , 
i t s  u se in  o t he x:  m in e s  h a s  n o t  b e o: n  rt= por ted . McDon ou gh ( 1 9 7 6 ) 
d i s cus s e s  t h e  f ea t u re s  a t t r ibu t ab 1 , :  t o  rock  o f  e a c h  c l a s s . ad  p r ov i d �s 
ph o t og ra phs  o f  re pr e :;ent a t ive  co re. The  me t h od is  s t i l l  r e l ied  up on  
with  c onsid erab l e  s u cc e ss f o r  p roj ec t i ons  o f  g rnund cond i t ion s  and  
deve l opment  p l a nn in g . Ma p .c; o f  g ro u nd  c o nd i t io n s  s h ow i ng t h e  p re d ic ted  
c a s - s a id i n  ch i �  r ega rd . 

Sup po r t  ( o r  each  ty p e  o f  g round v a r ied  de p e n d i ng on t h e  typ e o f  
o p ening  under  c o n s i de ra t ion , a n d  d if f eren t typ e s  n f  s u p p or t  may b e  
i n s ta l l e d  i n  t h e  s a me c la s s  o i°  ground  in  t h e  same t y p e  o f  ope n in g , 
d epen d i ng on c o nd i t io n s  as  encoun t e re d .  A tab le  is  p rov ided , g i v ing 
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such typical suppo rt practices (McDonough,  1976 ,  p. 125).  Support 
varied from non� in che best ground co rigid steel sets with bolts and 
reinforced concrete linings in the worst g round, depending on the type 
of drifts or  intersection. 

2 . 2 . 7  Correlallons Between Systems 

Much effort has ben directed at corre J ating the ratings obtained 
when applying the va rious RQI syst�ms to the same rock mass. Most o f  
these consider Q ,  RSR, RMR, although there are doubtless many others 
that are not reported in che litPrature. 

Rutledge and Preston ( 1 9 78 )  developed the following correlations , 
based on New Zealand experience: 

RMR · ·  13.5 (log 1 0 Q) + 43 

RSR = 0 . 77 ( RMR) + 1 2.4 

RSR = 1 3 .3 ( log 1 o Q) + 4 6 . 5  

Bieniawski ( 1 976) suggested the relation 

RMR = 9 ( log 1 o Q) + 44 

as describing the RMR and Q relat ionship. 

Taylor (1980) observel::i that the results obtained by the RMR are 
somewhat higher than by Laubscher's system, and attributes this to the 
fact that the RMR uses a mean spacing criterion, while Laubscher' s 
syscem uses a multi-joint rating scale. Taylor (1980 , p. 37 )  provides 
a graph of rat lngs from Laubscher' s system versus ratings from the Q 
system. It can be determined from this graph that the rela t ionship 
can be described by (Laubscher rating) = 19.S (log Q) + 4 3 .  

For conditions at the Henderson Hine, Brumleve and Maier (1981) 
found the followin� relations (ussuming SRE in the Q system equal to 
1 . 0) . 

RMR "" 5 • 4 7 ( l n Q) +- 4 6 . t 8 

RSR :: 1 . 1 19 (RMRO. 785) + 8 . l9le0 . 0 196 RMR 

RSR = 1 1 . 43 (ln 4) + 38 . b2 

They note that the relation for RMR and Q corresponds co that of 
Rut ledge and Preston (1978 ) .  

At Climax, a number o f  relacionships have been t ried in relating 
the McDonough system to RMR, and correlations better than 0 . 9'0 have 
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been found emp 1 rtcally and cheoretico l l y ,  for linear, powe r ,  and 
exponent ia l  relationships (iJhite,  oral communica tion , 1981 ) .  Presum­
ably, this is due to the subj ect ive nature of the McDonough system and  
inh�rent d i f fictil ty  relating the McD0n0ugh and  RMR values precisely. 
One preferred empirical rel a t ion is 

M l . l i g l  e0 . 0326RMR 

a l though others have bee� found useful ns �ell . 

During the investigations leading to the development of  the MSR 
system, the relationships of Rutledge and Preston were tried using the 
field data. The following trends emerged :  

l .  Using the RMR, the predicted RSR va lucs were almost always 
higher than the ratecl RSR. The difference is usually less 
than 15% of  the rated R SR .  

2 .  Using Q ,  the predicted RMR wa!'i always lower than the rated 
RM.R . The difference was ordinarily at  lease 30% of the 
rated RMR. 

J .  Using Q ,  the predicted RSR values were almost always lower 
than the rated R S R ,  b etween 2% and 4 2 Y.. of the RSR rating. 

4 ,  The agreement where Q is involved is less reliable in highly 
fractured ro�k because J is less reliable , n 

5 .  Because the Q system is designe<l to be applied to the roost 
unfavorab] v  oriented s e t ,  it is 111ore sensitive to h.ighly 
ordered syr.tems than the RMR and RSR , where orient:ation is  
takt!n i11t0 accou n t .  

From this experience and that report by othcrH,  i t  is  clear that  
the Correlation between RQI systems may va r:y with d i fferent geologic 
settings and d i f ferent lvvels of experience of the user. 

2 .  2 .  f; Sensitivity An;ily: ,ts 

Some paramc: ters  are more difficult to evaluate than others, so 
RQI systems placing .:i heavy reUance on such parameters �·ill yield 
less reliable resu l t s .  I n  order t o  identify those geologic conditions 
most extensively influencing the find rating, the Q, RMR, and RSR 
were subjected to a sensitivity analy � i s .  

T h i �  analysis was 1 nitial ly carried out by varying one parameter 
\./hile holding the others constant in each system. Recognizing tha t 
the geolo�icol i a ctors being evalu�teu are con�only associated ( for  
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example , weathering, RQO, and intact rock strength') , the results of 
the initial study were re-examined based on field data. The following 
conclusions were drawn. 

Q-System 

l .  RQO - The Q-system is uniformly sensitive co RQO. The 
principal difficulty is assignin� an RQD value c0 the rock 
mass value considered. 

2 .  J - The Q-system is very highly sensitive to J io rock 
w!ch two or fewer j oints secs . Fortunately , cwo-s�t systems 
are more readily recognized than systems with more diverse 
fracturing . However, recognition of the numbe1' ot joint 
sets in more highly fractured rock iA difficult, and even a 
slight misassessment of the number of secs from "two plus 
random, 11 to "three plus random, 11 coupled with a J OI error in 
RQD can throw Q off by a factor of approximately 2.5 . 

3 .  J - The range of values for J is small, and Q is uniformly 
r . r sensitive to it , to about ttie same degree as RQO . This 

parameter presents little problem if the most unfavorable 
set can be readily identified. 

4 .  J - Q is more sensitive where rock wall contact is ob­
sirved, especially for the stronger j oint conditions . 
However, this nonlinearity is less by an order of magnicude 
than that for J .  This parameter is also difficult to rate, 
and serious mi'ica lcula tions can result, due to the wide 
range of possible ratings . 

S .  J - Q is uniformly, but highly sensitive to J . However·, 
t�is is one of the mo$t straightforward paramet�rs to rate, 
so miscalculations are less likely. 

6 .  SRF - The range of values is large and a high degree of 
experience is required to properly evaluate this parameter .  
The sensitivity is very similar to that of J a 

7. Quotients - In field data from this study, Q was found to be 
more sensitive to J /SRF than to J /J . Poor correlations 
were obtainer! for ,�D/J , probably Tiecause of its hi;:h 
sensitivity (RQD/J may" vary by 400;t) . OveraJ 1 j oint 
condition determine8 Q t o  a g reater extent than RMR or RSR. 
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R.MR System 

1 .  The Geomechanics system is unifL• rnily sensitive t1 1  all  i t s  
input p a  romete r s ,  when they are considered individual ly .  
Thur , the degree of accuracy required fo r each is  about the 
same. 

:! . Only s l ip,h t variations in sens i t ivity were observed for the 
combinations of  RMR input va"(iables generated from the field 
study si tes . 

3 .  The "support intensi t y , " as indicated by recom11.1�nded inter­
nal support pressures based on the ratings, are must highly 
dependent on :i oint: condit ions und war.er condition s ,  arr: 
somewhat less dependent but about equally so on RQD and 
j oint spacing , and depend the least on intact rock s t rength.  
Th i:; is in keeri.ng with the intent ot the RMR , which con­
siders joint  condi r ion to be thP mos t important factor tor 
tunneJ stabil i ty . 

R S R  Concept 

1. Parameter A: Rock Type, S t ructure - The response oi the RSR 
f inal rati11g co vatiatiuns of the Parameter A component:::;  is 
fairly uniform th-roughouc the ranges of these variables. 
Over a l l ,  the RSR is slightly more sensitive to s t ru c ture 
than hardness or  rock type, and errors can be  significant. 

2 .  Parameter B :  Spacing, Orientation - The RSR responds f.airly 
uniformly to individual vari a t i o n  in spacing and orienta­
t ion;  however,  errors in assessing spAcing can make a great 
d i f ference in the R S R .  

3 .  Parameter C :  Groundwa ter,  Joint Condition - The RSR i s  
again uniformly responsive changes in both groundwater and 
j oint condition s .  Each affect� RSR to about the same degree 
as hardness and rock type . 

4 .  With regard to recommended internal support pressure: i n  
our field d a t a ,  spacing i s  b y  Lar the most important d e ter­
mina n t ;  fol lowed by groundwr1 t e r ,  j oint condition, and 
s c ru c ture , h;irdness, and orien t a t ion , which have only a 
sligh t  effo c t .  The ro<'k types in  aJ 1 our field d a t a  were 
igneous. 

so ENGINEERS INTERNATIONAL, INC. 



3 . 0  BLOCK AND PANEL C A V E  M I N I N G  

I t  is assumed that the reader i s  farnl l i ar wich b lock cave mining 
methods. Much has been written on these mining methods and a complete 
discussion of block caving would be lengthy and of doubtful utility to 
this report. This section will discuss those features of the caving 
method that are considered in the development and use of the MBR 
system. 

For a genera] overview .  the reader is referred co Julin anJ tobie 
(1973) or Tobie and Julin ( L 982 ) .  Stewart (198 1 )  edited an extensive 
volume on various aspects of the design and operation of caving mines, 
that includes many general discussions of the methods considered 1n 
the following sections. 

3.1 Basic Description 

Caving mines utilize the force of gravity to the fullest extent 
possib le to fragment ore and move it to loading points. In order to 
do this, a large area of ore is undercut so that it  caves. and in so 
doing , breaks itself up. The ore is then withdrawn in a systematic 
manner. 

Caving orebodies must b e  weak enough to cave yet strong enough to 
be supported,  must be of fairly homogenous grade, and must break into 
manageably small f r agments .  These characteristics generate a concept 
of a caving orebody such that certain simplifications and allowances 
are made when a RQI approach is to be applied to mining as opposed to 
tunneling . These are: 

1 .  Weaker rock masses predominate. 

2 .  The geological environment is one of scructural discont inu­
ity in the form of fractures and faults. 

3 .  Altered and weathered rock is common if not predominant .  

4 .  The complex l> t ructural fabric is overprinted onto broadly 
systematic variations in alteration and mineralization. 

5 .  Extensive horizontal area . 

Similarly, a concept of a block caving mine would have these 
components.  

l .  An undercut horizon where caving is initiated . 

2 .  An extraction horizon where the caved ore is withdrawn , 1..titli 
or without intermediate levels to promote efficient ore 
h-andling . 
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J .  A haulage level. for transport tng ore away from the produc­
tion area and PVen tua lly to the surface . 

4 .  Connection o f  undercu t ,  extraction , and haulage horizons by 
raises for passage of men and ore .  

5 .  Attendant service drHts an<l required ventilation d r i f ts 
that a1:1y or may not be wholly within the extraction horizon. 

Other general characteristics of  importance to this investigation 
include the following . 

1 .  Areas in produc t ion a t  any given time are extensive , and 
s i tes of ore withdrawa�. must be closely spaced , so that a 
high density of produ c t ion workings is  necessary. 

2 .  A large amount o f  pre-production devel npment i s  requ i red,  
and production lead  times are therefore long. 

3 .  The mining method produces extensive changes in the initial 
stress field,  due to the development and maintenance <'f a 
caved volume. 

4 .  High transient s t r es s  levels ( strains) may be 
this in conjunction with necessarily wenk 
dict�tes a tend�ncy for heavy suppo r t .  

achieved, and 
rock masses 

S .  Because of the capital-and time-intensive nature of the 
method, high production rates are emphasized, a highly 
systematic approach is  maintaine d ,  and apparent minor 
adjustments to the mining system can have far-r.eaching 
effects.  

7obie and Julin ( ! 982)  clas�1fy the form of the cave into three 
di�:tinct groups. In crue "block" caving, the orebody is divided 
horizontally into blocks. most commonly square, and draw is evenly 
dis tributed over the entire area so that the ore/capping contact 
remains a t  its  original an�le. 'l'his method has been used more exten­
sively in the pas t .  More common in present-day mining i� "panel" 
caving, where the orebody is divided horizontally into enlongace 
panel $ ,  and 1s undercut and caved by retreating f rom one t!11d co the 
other ( the panel may be divided into 11b l0cks" £or thi�) , so that the 
ore/capping con�act angle is chan�ed .  Pillars may or may not be left 
between pan�l s.  ln  "mass" caving , there is  no division of the orebody 
inn, blocks or panels . Undercutting o E  manageable areas proceeds 
acros" the level from one end of the orebody to  the other , changing 
the ini t i al angle o( the ore /capping con t a c t .  The active cave area is 
defined by the si?.e of "block" that will not produce undue stresses,  
und by production requirements . 
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1 . 2  Variations of the Method 

Aside from the common aspects listed in Section 3. l ,  there are 
almost as many variations of the b lock caving roethod as there are 
mines, because once it is b egun, the method o f  a given mine inevitably 
evolves to fit the patticulnr cbaract�ristics of the orebody. There 
are two major classes that can b e  di�tinguished, based on the type of  
ore transfer mechanism. Pillar ( 1981) discusses the advantages and 
disadvan tages of each. 

The full-gravity approach (Figure 2) uses only gravity to move 
the ore to the haulage. For this ,  a weak, flowing ore is required. 
The classic example is the San Manuel Hine; others include El Teniente 
and Rio Blanco in Chile and Lutopan in the Phillipines. There are 
three or more levels (the Inspiration Eillilla mine had 4 leveJs) per 
caving lift, in order to accommodate the transfer raises necessary to 
isolate the haulage level from the caving area in the weak ore. By 
inclining transfer raises , it is possible to have a wider spacing of 
haulage luading points than drawpoints. A level intermediate between 
the haulage and undercut known a� the grizzly, permits control of the 
size of ore sent down the transfer raises. 

The grizzly level is normally a short ( less than 50 ft) distance 
b eneath the undercut , and the haulage is much further (up to several 
hundred feet) below the grizzly. 

The full gravity method uses less mechanized equipment and 
requires more development, and therefore higher ore columns, than the 
slusher/LHD system, on a per-ton basis. 

The other broad class of caving mine layout uses some mechanical 
uieans of transporting ore co the loading point. Thus the grizzly 
le\!el, and for some layouts, the transfer raises, are omitted. The 
roeans of ore transfer �ay be by slusher (Figure 3) or LHD (Figure 4) , 
and these. comprise two distinct subgroups. Although the design and 
operation of  slusher systems is radically different from that of  LHD 
syste�s . the basic development frameworks are similar. 

Figure 3 shows a classic slusher system patterned after that 
cutren c ly in use at Climax . At ocher mines, different layouts and 
dimensions may bP used. The slusher lanes at  Lakeshore do not alter­
nate and are longer , incorporating more drawpoints , than chose in 
Figure 3 ;  the ventilation drift is on the same level. At the King 
Heaver Mine, muck i& slushed into chute raises to the haulage, rather 
than directly into muck trains. Mucking at several other mines is 
similarly done into transfer raises to th e haulage. Also, in Figure 
3 ,  two sideline drifts are shown feeding each drawpoint. In other 
layouts , each drawpoinc is served by a single finger raise chat may b e  
vertical or inclined. 
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Slusher draw methods require far less development than gravity 
methods and are better suited to more competent ore s .  Draw control 
may present problems since i t  is easy to overdraw from more freely­
running drawpoin t s .  Slusher:-s ar:-e especia lly vulnerable to ground 
weight prob.lems, and the ma1.ntenance of even draw to prevent this 
commonly results in reduced production, be.cause freely-running draw­
points may frequently have to be put on hold . 

The example o f  the LHD method is  taken from the Henderson Mine 
(Figure 4) . LHD drawing methods enable mining of coarsely fragmented 
ore in more competent massive deposits. 

The LHD sys t em a f fords th� best: draw control and flexib i l i ty ,  
high production , and i s  preferred where a large degree of  mechaniza­
tion, high capital cos t ,  long pre-production lead times, wide draw­
point  spacings, high ventilation requirements,  and large opening 
�ross-seccions can be tolerated . 

Varia tions on this method include sub s t i tu tion of direct loading 
for transfer raises, the use of rock breakage equipment in the trans­
fer  raise area with inclusion of a chamber for the purpose, the 
configurat ion of the vent i l a t ion network, and a re-design of the 
production level layollt to straighten the cross-cuts between haulage 
drifts .  

In  summar y ,  it  should be emphasized that present mining systems 
of the various types mentioned were developed in response to condi­
tions prevailing a t  individual orebodies.  Future mining systems will 
certainly incorporate innovations in layout and level design , to cope 
w.ich changing and new renditions. 
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Figure  4 - Typ ical  LHD Drawing Scheme ( f rom B r um l eve  and  Ma i e r , 1 9 8 1 ) . TI1e pro uc t ion l ev e l  l ayou t may 
d i f fer  f rom mine  to  mine . No t shown i s  a t rans f er r a i s e  and o re ass  sy s t em t ha t in  c h is cas e  
t rans f e rs o r e  a v e r t i c a l  d is t ance o f  600 f t . A t  some m ines , t he  produc t i o n dri f ts a r e  kno, as 
ha ul a ge d r i f t s ,  i�h ich shou l d  no t be  c o n f u s e d  w i th  the hau  age l eve l . Used w i c h  pe rm i s s i on  f 
c h e  Soc ie t y  o f  Min in g Engineers  o f  A I �E .  
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4 . 0  KEY PAR AME1'1ms A F FECT I N G  DRIFT S U PPOR T  

This section addrei:;ses the. in itial work in the develorrnent o t  the 
MBR system , the iden tification and combin;:tion of tho::;,· parameter� 
wost influential in drift .c-upport design. 

For this selection , it is necessary to consider par3meter1 a�cive 
at each point in the caving cy�le . During this cycle , the rock mass 
undergoes an initial s t ress change a $  the development workings are 
driven. When the undercut level is developed, the rock mass is  
partiallv unloaded, and severe s tress changes occur as the  undercut 
approaches (abutment stress) . These loads then decrease when the 
undercut is directly overhe a d .  During caving, err;-. tic  load changes 
occur due to point loadings and ore drawing. 

At different time s ,  the load on a drift  support e lement i s  
c0ntroll�d b y  different factors . These factors may b e  summarized a s  
geologic variables , geometric vuriabl e s  (related to mine plan) , and 
developmen t/production variables (related to the creation and use o f  
the  opening) . Drift support de�ign must then consider these factors 
throughout the mining sequellce . 

4 . 1  Geologic Variables 

Geolof?ic variables identif Led as most greatly affect lng r.aving 
drift support requirements and behavior are rock competence , stress 
field , and structuc-al set ting . When taken togethel'. , these chree 
elements eval uate basic rock s t rength, account for the distribution of 
various strengths and the interaction of these various strengch ::ones , 
,md provide a basis for assessing the modificat ion and migration o f  
whatrver loads are produced by  mining. 

4. L . l  Ea�ic Rock Mass Class 

The overall rock mass competence is independent of the tvpe o( 
opening int�nded . A good measure of rock mass competence is rock 
classifica tion , but the <'lass must be determined in such o wuy that it 
is not unique to any particular type of drift . 

As d iscussed in Section 2 .  l ,  popular current rock mass clas$i[i­
caLlons al 1 constde r rock strength. fracturing, and water Condit Lon, 
in  some way . The Q ,  RSR , and R.MR were assessed for each case hi story 
used in devel oping the MBR .  

4 .  l . 2  Fiel d S t resse: ;  

The field s t ress s t a te i:. the initial condition fro1:1 which the 
induced s t resses develop. The interplay between mining and the �icld 
st re, -;ses determines the induced s t ress at  a given poin t .  Most 
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tunneling classifications do not consider stress state because th!:! 
tunnel reometries are $impler and the roh· of induced stress can b e  
implicit in the classification. 

4. 1 . 3  Structural Settin� 

Structural setting as  used here reft..rs to the distribution and 
character of. large-scale structural  discontinuitie s .  Small faults and 
the fracturing pattern are a lreaciy accounted for in the basic rock 
mass class. Large faults are classified separately. However, struc­
tural setting is considered separately because the effects of the 
extensive rock mass movements involved in caving may move or change in 
the presence o f  maj or structural discontinuities. In rock classifica­
tions for tunneling, faults and ocher weakness zones are either 
considered in the aggregate, as weakening (producing a lower rating 
for) the rock mass in general. or are classified separately . 

4 .2 Geometric Variables 

Geometric variables are non-geologic V8 riables tha t  determine the 
magnitude and distribution of stresses that can develop due to devel­
opment and production. Geometric variables are related to the mine 
plan or layout and influence both the static loads experienced durinr 
development, and the dynamic and transient loadings experienced during 
produc tion. 

4.2.1 D i stance to Cave Line 

During undercutting and caving, the stresses generated are 
transmitted through rock to the drift support systems. Of particular 
importance a re abutment stresses ,  which are concentrated at some 
distance around the marf>in  of the caved volume . The empha: . . i s  is on 
abutment stresses b ecause if caving proceeds smoothly and draw control 
is effective , abutment stresses pose the greatest potential for drift 
damage. The greater the volume of rock between the drift in question 
and the point of stress application, the less will be the stress 
realized.  

The point of st ress application is assumed to be at the floor of 
the undercut , beneath the leading e dge of the cave line,  1rl1en abutment 
stresses are being considered. 

Other sources of caving stress ( stub s ,  point loads, packed draw 
points) a re operational in nature and cannot be implicit in ar1 RQI 
approach without prior knowledge of caving behavior. Howeve r .  the 
point of application is still near the floor of the undercu t .  

When considering this effec t .  the distance used is the shortes t 
distance co the point of application of the stress .  This may be a 
vertical or ho rizontal distance, depending on the cy-pe of drift in 
question. 
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4. 2 . 2  fxtraction Rat io 

the d r i f t  spacing and size deLermines the vo lume of ruck avail­
<ible to bear the load imposed on the leve l .  The more rock is lef t ,  
the less is the demand on the dri f t  support system. A convenient 
measure of t h j �  is t he extraction ratio.  

The extraction ratio is  commonly used in coal rniuing as an 
expression of the l raction of the resource removed .  It is obtained by 
dividing the volume by the  volume o f  the resource originally present. 
for a single leve l ,  it may be consid�red the fraction of area occupied 
by working s .  See Appendix A for cal cu la tion of extract ion ratios.  
for purposes of  computing the  extraction r a t io in the MBR, it is  
assumed chat the imposed load:-; a1.:t a t  the springline, whe-re the 
opening i s  the widest and the extraction r a t i. o  is the highe s t .  

4 . � .  � P2nel S i ze 

Small panels or  b l ock� develop less weight than large one s ,  
because the  volume ot caved ma t e r ia l  is not a s  large and therefore the  
necessary redistribution o f  stresses i s  not  a� exten�ive. Also, i t  is  
less likely that  caving s t resses will be  thrown outi.ide the  production 
area with large block� than with small ones. 

This effect becomes 
hundred feet , a l t hough 
probable in this regard. 

negligible once th0 block size exceeds a few 
a slight dep�ndence on ore competence is 

4 .2 .4  Depth 

The role 0 f  depth in the generar 1.on of  caving stresses is not 
we l l  understood. It  seems clear from operating experience that ores 
of a given competenCL! generally cave more readily if deep than i f  
�hallow, and that  shal low drif t s  are more readily supported than deep 
drifts in orP.s of similar comper:ence. Depth would also a f fect thL· 
stresP field and thereby the induced s tresse � .  Depth would affect the 
mc1gnitude of abutment and c.aviog stresses i f  highec ore columns are  
used.  

� . 2 . 5  Location Within Panel 

Cavinp. s t resses arc higher townnls the center of  cavinc blocks 
than towards the boundaries . Uuring undercut ting,  points neDr- the 
s t L rt o f  the undercut wi U experience only partfaJ ly-developed abut­
ment s t resse s .  l'hesc factors �,i l l  a f fec 1  the loads exerted on th� 
drift  support , but ;:i re. most likely to be ov e 1 :,hadowed by  other tnflu­
ence:.;. 
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4.J Development/Operational Variables 

Production and development variables are tied di'l'ec tly to the 
creotion and use of the opening. In other disciplines, they might be 
described as construction and t.:ngineering variables. These affect 
rock mass competence and loading . 

4 . 3 . 1  Exc�vat ion Practice 

The creation of an underground opening unavoidably affects the 
rock surrounding the opening. Rock competence is reduced if blasting 
damage occurs. Even with  control l P.d blasting or machine boring, 
simple elastic relaxation will occur due to excavation, and the 
resulting dilation will be beneficia l for some rock types and will be 
detrimental to others. 

Regardless of rock competenc�, poor blasting practice will create 
new fractures and widen and lengthen o thers, reducing the effective 
load-bearing area of pillars. Poor blasting p ractice is exhibited by 
excessive overbreak and barring-down requirements, loose, drum�y, 
ravelling ribs and crown , and unshot blastholes . 

Ideally, one should have prior excavat ion experience specific to 
the rock mass in question in order t o  assess blasting damage fur 
classification purposes .  Although this will not be the case in 
advance o f  mining , it is felt that the large base of expei:ience with 
blasting that is availab le at most operations will enable good esti­
mates. 

4 . 3 . 2  Necessary Standage Time 

Standage time is used here as an expression of the length of t ime 
the opening must remain stable before permanent support is installed. 
This includes standup time , which is related to unsupported span, and 
is used in tunne 1 ing to determine the necessary proximity of the 
support to the face. 

Standage time therefore is a matter of the development-productiot\ 
sequencing. Openings requiring long standage times should be more 
conservatively supported than openings with short standage times. 

4 . 3 . 3  Degree of Acceptable Repai� 

Some types of openings must be more durable than others. For 
example, failures of supports in fringe drifts, panel drif ts,  and 
haulageways are far more disruptive to mine operations than are 
failures in grizzly d1:ifts or slusher lanes. Furthermore, de form11-
tions at the extraction level are more tolerable in some mining 
methods than others. For example, grizzly drift deforr1 1cstions in 
gravity caving are not nearly as serious as the same deformation in a 
slusher lane or LHO crosscut. 
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La c h  o pera c 1. or 1  ha s i c s  own -r e qu1 remen L :; fot:  d t: i  f t  s u p po r t  pe r f  r­
r, 1 ance , b u t  at  every ope t:a t i on , t he su pp o r t  p h i lu:.;ophy  a pp l i ed w i l l  
r e cogn i z e  the p u r p o s e.  for  t h c>  d r i f t  in qu e s t ion . T h o s e d r i f t s no t 
c omma n d in g  a s  conserv a t lv a s u p p o r t  phil o s oph  wi l l  h a v e  a h ig h e r  
d egree  o [  a c c e p t a b le repa i r . T h e  ass e s smen t of  re pa ir  f r��uen c y  w i l l 
t h en de t e rm i n e  t h e  d ri f t  su ppo r t  se lec t ed .  

4 . 3 . 4 Mi ning S t rc � s e �  

M in ing s t re s s es in clu d e  in i t i a l  indu c e d  s t r e s s t s due  t o  d eve lop­
men t ,  ab u tmen t s t res se s  due  co  un der c u t t i n� , and  caving  s t re s s e �  due  
to  p rodu c t i on .  ThP.  f i r s t two  t v p e s h ave b een a c coun t e d  for  by va ri­
ab l s d iscu s sed  p revious ly . C av i ng s t r e 1:. s e s  howeve r ,  a re  no t a d e ­
q u a te ly desc ribed by  m ine layou t a nd rock mass  cond i t io n s . �uman and  
o p e ra t iona l fac t ors e s sen t ia l l y  govern  t h e  magn i tu d e  that  ca v ing  
s t resse s wi ll  ob t ain , and  these  a re on ly  ind i rec t ly re la t ed to R Q I . 
I t  is f e l t  t ha t  caving  s t r e sses  c a n  b e  kep t a t  level s lowe r c han  
abu t men t s t r e s s e s  as  long as  ca r e f u l  d rdw  con t rol  is  p ra c t i c e d . 

The re  is  no t y e t  su f f i ci en t i n f o rn: a t i o n  a v a i lab le  co  de t ermine  
emp i r ic a l ly a r e l a t ion sh i p  b e tween  RQ I and  d raw cont ro l. I t  is  
recogn i z ed that  poo r draw c o n t rol  ca n ov er ride  a l l  o t h � r  mechan isms  ot  
d rif t suppor t  d i s t ress . Po s sib le  app roaches  for  p r e d ic t i n g  su ch  
p rob lems o n  t h e  b as i s  o f  RQ I a re men t i oned l n  S e c t ion  8 .  

4 . 4 U n r e r t a in t i es in the  A s s e �sment  o f  Va r iab les 

Unc e r t a in t i es in ev a lu a t in g  the varia b le s  l i s t ed in the  prec ed i n g  
sec t ions a r e  f o u n d  ch ie fly  in t h !:'  a r e a s  o f  geo l ogy  a nd e:..cav a t ion 
pra c t ice .  Even w i t h  co n� id e ra b le u nde r g round ex posu re , t h �  d s s ignroen t 
o f  typ ic a l  va lu e s  f o r  th�  rock ma ss  compet enc e , s c ru c t u n1l  s e t t i n r , 
an  s t res s f i eld  i s  no t s t raigh t fo rva r d  and  r e q u ires con s id e rab le  
j ud g e 1o1en t a nd e xpe r i en ce . Con s eq u en t ly ,  great  e f fo r t  ha8  b een  devot e d  
i n  t h c> M B R  sy s t em t o  c l a r i f y ir.g t h e  me thod o f  ra t in g  ea ch  pa rame t er . 

I t  i s  re cogn i z ed t h a t f iel d  s t re s s  d e t e rm i na t io n s  may n o t  be  
ava i l ab le , ev en  a t  mines  t ha t  h ave  been in op e ra t ion for  many y ear� . 
s o  t he impa c t  o f  t h is pa rat� t e r  i s  mln i m i z e d . 

The me t h od o f  comb ining  t h e  i n d i v i dua l pa r a m e t e r s , and  i n dee d  th e 
c ho i ce o f  t he p a rame t e rs t heru� e l ve s , h?s  b e en  d rawn f r om f i e l d  ob s e r­
va t ions  b y  t he  p roj ec t t e a m  a n d  f rom pub l i �h e d  repo r t s  on  c a v in g  ro c k  
:. 1J 0S  b ehav ior.  Th rough co n t inue d  a nd widesp r ead u s e , i t  1�  e . · p e c ted  
t ha t  mo d i f i c a t i o n s  w i l l  be  su gge s ted a s  a b road e r  b a se o f  da ta  b e come 
a v a i lab l� . 
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5 . 0  FJELD DATA 

In support of this investigacinn, field data  were collected at 
four United States mines using block, panel, or mass caving methods. 
These data, as d iscussed in Section 1 .  2 1 inc lude general geologic 
conditions ,  rock mass ratings f or the Q ,  fillR ,  and RSR systems, excava­
tion and support pr�ccice, production statistics, and support perfor­
mance. Interviews with knowledgeable personnel were of great value. 
The mines were most cooperative in providing access to requested data. 

These data are summarized in the following sections. To avoid 
disclosure of p roprietary or otherwise sensitive inf onna c ion, the 
mines are not identified by name. 

5 . 1  Hine A 

5. 1 . 1  Geologic Overview 

Mine A is in a large. low-grade , disseminated porphyry deposit .  
Ore formation occuTred upon intrusion of  a porphyry into earlier 
granites, accompanied by pervasive alt�ration. The intrusion was 
followed by emplacement of unmineralized , acidic dikes and later, 
large-scale faulting that truncates the ore. Several major faults 
transect the orebody. In general, the ore is weak and caves readily. 

The portion of thi� large o'rebody that was studied in detail 
contains one major fault zone trending northwest and dipping moder­
ately to the southwest, accompanied by subsidiary east-west faults. 

The geologic setting, for purposes of this analyst�,  was general­
ized into three structural domains, corresponding to the intrusive 
porphyry, the host granite, and a severely faulted area. The charac­
teristics for each of these domains in the area of interest are 
discussed in Section 5 . 1 .4 .  

The area considered comprises half a level and incorporates 
activ e ,  worked-out ,  and development panels. The faulted zone occurs 
within the western third of the study area and trends acrosf the short 
dimension of the level. 

5. 1.2 Mining Practice 

5 . 1.2 . l  General 

Mine A uses a full gravity caving system. Undercutting is by 
blocks of various sizes (at least 2 10 f t  long) . �long panel.s 140 f t  
wide. Ore is caved in lifts o f  either JOO o r  600 f t ,  depending on the 
attitude of the mineralized zone. Caving iti presently being performed 
at depths from 2 ,000 to 3 , 000 ft. 
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Mining is accomplished th rough a pair of levels. The upper level 
i s  the mining or grizzly 'Level 1:1nd the lower level is the haulage 
level . Caving is ini t ia ted by completely undercut tin� the block above 
the g r i z z ly leve l .  Broken ore flows down through fj ngcr rais('., to the 
gri:i:zly level. Here , the ore is m.inually x-edured in size as neces­
sa1· y ,  so it passes the grizzly.  Tt  then flm:s down transfer rais,·,-. to 
the haulage level by the action of gravity . Ore trains a t  the haulage 
level load and haul the muck to the production shafts whPre skips 
hoist the ore co the su rface . 

5.1.2 , 2  Deve lopment 

In the primary development stage,  peripheral drifts called fringe 
drifts are driven both at  the grizz l y  and haulage levels a long t h e  
orebody contacts .  These are  usually driven 1 2  ft  wide by  l �  E t  high 
with conventionul drilling and blasting.  

Once thr  f ringe drifts  have suf.Eiciently advanced, haulage panel 
drifts are started .  These cross the orebody on 70 f t  centers and are  
centered b elow e:lch half o f  each panel .  Panel drifts  are  connect.ed 
with vent crossovers at various places to facil i t a te venLllacion and  
emergency acces s .  The haulage panel drifts ,  which have an ar<:hed 
section , arc. driven much che same way as the fringe drifts and have 
the same dimensions . 

Concurrent with haulage pan« ·l development ,  grizzly panel drifts  
are driven nn the grizzly leve l .  These are driven across the  orebody 
on 290-ft centers to serve pairs of pane l s .  Thes<'· have an  al'.ch-shaped 
cross-sec tion , about lO f t  by 10  ft in siz e .  uverbl'.eak amou n t s  to 
about l ft  &t the crown and ribs.  

s�condary deve lopmen t ,  or block pl:apara tion. stares as 
.suf f icient amount of primary development 1�. accomplished 
access to tht mining area . 

:,oon a s  a 
to a llow 

At t h e  haulage level ,  secondary d!!velopment starts af ter the  
excavation of  raise s ta tion s ,  which .ire spaced every JS ft  Along the 
haulage panel drifts .  Tran s t e r  raises are driven from each side o f  
the raise s t a t ion a t  an ang l e  of 6 3 ° . They are normally 4-ft  square 
and are driven b l ind with a bell  at the top,  

After  the transfer rais�  reaches the griztly leve l ,  the grizzly 
d r i f t s  are driven . These are nn 35-ft centers,  �t r i ght angles to the 
panel drifts . over the tcps ol the rai:.;P s .  The griz, ·ly drifti; a 're 
driven 9 f t  high by 8 ft w1 de.  

When several grir."L-ly lines are  comple t e ,  an  access  d r i f t  is 
driven paralle1 to the panel drift at the far  end of tl ie block CCI 
provide ventilat i.on connections aud eruergcncy access.  
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Nex t ,  finger raises are driven fr('IITI the grizzly drifts to the 
undercut elevation. These nre Tou�hly circular in cross-section with 
5 f t  minimum diameter .  

5 . 1 . 2 . 3  tlndercutt ing and  Caving 

The undercut drifts  are driven 5 f t  wide by 7 ft high on 1 7 . 5- f t  
centers over the tops o f  the draw r.;.1ses, 1. 5  f t  above the grizzly 
drift floor, and at  righ t anr. les to the gri..: z ly dri f t s .  Caving is 
initiated by drilling and blasting the pillar be tween drifts or at a 
boundary o f  the block. Before each p i l lar  i s  blas ted,  the drift  i s  
widened on one si_de about 4 f t .  '1'he remaining pillar,  about B f t  
thick, i s  shot t o  a height of 1 3  f t  above the floor of the undercut by 
means of ring drilling , Generally, a 1 5  ft  section along the drift 
length i s  taken with each blast and the swell muck is drawn off 
immediately thereafter. 

The mining sequence has gone through a number of change s ,  finally 
envo lving into diagona: retreat panel caving by blocks. With this 
system, undercutting is usual ly started agai nst a caved b.l  ock, re­
treat ing diagonally to�ard solid corner� . 

5 . 1 . 3  Ground Support Systems 

5 . L . 3 . 1  Fringe Drifts  

Support practices in the fringe drifts  vary depending on the 
natu re of ground encountered and the span to be supported. In areas 
of relat ively s t t:onger ground,  support is afforded by 12 i n .  by 1 2  in.  
t imber sets  on about 5-ft centers , with 4 in . by 6 in .  spreaders near 
the crown ahd the floor. 

In areas of anticipated heavy grnund and sections close to active 
mining blocks, 4 in. or 6 in. wide-flange arch steel secs are in­
stalled for initial ground support. There are usually 3 b locking 
points on the ribs and 4 at the crown . Poured monolithic concrete i s  
then applied for permanent support u p  to a thickness of 1 8  to 24 i n .  

Variants o f  this support practice exist in some areas where s teel 
sets may be  used for permanent suppo r t ,  or concrete may be applied 
over timber s e t s .  

5 . l . 3 . 2  Grizzly Panel D r i f t s  

Pre-concrete support in gri2:.:ly panel drifts  genera lly  consists 
of 5/8 in.  diameter ungrouted mechanical bolts  with steel straps. 
Concrete is  applied to a nominal thickness o E  1 8  in. for permanent 
support , On deeper levels, however,  most panel drifts are supported 
with 1 2  in . by 12 in. timber sets  or 4 in. to 6 in, wide t lange s teel 
sets and concre te.  
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The average life o1 grizzly panel drifts is about J to 4 years. 

5 . L.3.3 Haulage Panel Drifts 

Haul age drifts are supported �imi larly to the fringe drifts �1th 
either timher or steel secs for initial support. However , since these 
are wholly beneath the orebody limits,  they are usually fully con­
creted� 

5 . L . 3 . 4  G rizzly Drifts 

Unless the g round dictates otherwisP. , all grizzly drifts are 
d riven using 6 ft rock bolts and wire mesh for pre-concrete support. 
If necessary, 6 in. x 8 in. timber sets are used to supplemenl rock 
bolt support. Grizzly drifts are concreted with in a few weeks of 
being driven, with a minimum of 18 in . of concrete on the side and � 
f t  in the back. Finger rais� windows ar0 formed, and an 8 in. wide 
f lange wea r cap is placed across the top of the windows to protect the 
brow. In areas where heavy ground weight is anticipated, 5/8  in. 
reinforcing bars are placed on 6 in. by l2 in . centers at ch� finger 
raise openings. The reinforcing also tends to reduce the damage 
created by secondary blasting during draw operations. Griz1.ly dri f t  
life averages about 1 �  years. 

5 . 1 . 1 . 5  Undercut Drifts 

Undercut drifts are timbered with 6 in. round posts and 6 in.  by 
8 in. caps. The timber is drilled with wood augers and shot with the 
undercut round. Due tu the shore life of these dri.fts and their 
position relative to the mining block, undercut d rifts rarely exper­
ience ground control problems.  

� . 1 . 4  Scope of Field Data 

The rock masses at Mine A were divided into thre� structural 
domains ( intrusive porphyry, host granite, and faulted area) as  
mentioned c1bove. Geotechnical information for e11ch domain was assem­
bled so that classifications, according to the Q ,  RMR, and RSR sys­
tems , could be made. Additional geotechnical information in the 
mine ' s  f i les,  pertaining to strPss fiel d ,  f racture strength, and 
support design, was a lso considered. 

Joint orientation anc spacing data were assembled from publica·· 
�i ons �nd were spot-checked in the field. Joint conditions and 
groundwater were determined undeq;round. RQD, core recovery, and 
intact  ro�k strength were obtained from core logs in the mine ' s  fi les 
and :rom published data . 

The general structural setting was derived Erom mine map s, 
ince�views with geological staff ,  and first-hand observations. 
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Together with this , the excava t i on and support practices, includ­
ing blclsting. were observed, ;1nd historical informar -Lon on this 
subject was obtained through interviews with knowledgeable mine 
personne l .  Support performance was evaluated through firs t-hand 
observations in the area selected for stud y .  

5.1.S Rock Mass Conditions 

Representat ive basic �eot�chnic,'11. data for  Mine A are sumn,arized 
in Table 6 .  Q ,  RMR, and RSR ratings for Mine A are given in Table 7 .  
Data for che acid dikes were coll1=cted but  were not used in MBR 
co111puta cions. Acid dikes are the most compecen.t rocks in the on• 
zone , but are irregular in occurrence. Their competence is due to a 
comb ination of  high compressive stren g t h ,  weak or no alteration, and 
widely-spaced, rough fractures. 

Due to pervasive alteratjon and fracturing . the host granite and 
intrusive porphyry have simiJ ar rating s .  The d ifference in Q value 
for host granite in Table 7 arises from a s l ight di fference in j o in t  
roughness (J ) and a difference i n  compressive s t rength , which affects 
SRF . The in1ru�jve , possibly becau�e of  its greater strength , exhib­
i t s  sharper, more angular fracturing than does the host granite. The 
two rock types respond similarly t o  mining s t resse s ,  al though some 
feel that the j ntrusive porphyry is s l ightly more competen t .  

I t  is  clear from Table l that a l l  three RQI systems are sensitive 
to faulting. 

5. 1 . 6  Encountered Support Performance 

Fringe drifts on the grizzly level evidence ground movement and 
excessive weigh t .  La rge-i;:cale spalls  in concrete at the crown and 
ribs are seen within about 70 ft  of  nearly a l l  panel drift turnou t s .  
Similarly , daruage extends down panel drifts f o r  about the same db,­
tance from the fringe drift  junction,  indicating that the wedge o f  
rock between i s  highly stressed . Elsewhere, cracks and spa l l s  d o  
occur, but are not a s  severe or systema t i c .  Timber supports are 
exposed near some turnouts and , al though noc failed , generally exhibit 
ground problems in the fot1n of crushed wedges aod blocking, split cap� 
and post s ,  and de formed or  broken lagging. Th.e distance from the 
grizzly fringe drift to active production areas varies from 100 f c  co 
over 300 f t ,  and damage, a lthough presen t ,  does appear to be less 
severe at the greater d i s tance . 'I'he roost severe damage was found 
within 100 ft of the faulted zone . 

Grizzly panel drifts a l l  show darnag...: due to ground movemen t ,  
$pal ling of the crown and sht:ar at the back are widespread. This i s  
ordinarily arrested through the application of  jump sets and shot­
crete.  
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TABLE  n - G o l og i c a l Da t u  f o e  Mine  A 

T n t a c t  R o c k  
S t reng t h. , p s i

1 1 ) 

RQD / Re c n v � r y , % ( � 

'1 ) 
Joint S p � c ing , f l  

J o in t  Con d i t ion (•, ) 
Roughnes s 
S epa ra t ion , in . 
F i l ling; 
Wea the r i n g 

J 0int O r i en t a t ion s (s) 
Se t l 
S e t  2 
S e t  J 
S e t  4 

I NTRUS 1 V E  
P RPHYRY  

1 9 , 300  

J0 / 5 0-80  

0 .  40  

rough 
. 0 1 - . 0 5 
c lays , ch lor i t e  
s o t t en e d  

N 6 0 E , 80NW  
N30W , 7 :i Sh' 
N l O E ,  ! S S E 

Groun dwa t e r  ) d r y 

Ro c k  Ma ss Ca t ego ry 

f-lO S't' 
GRA I T E  

l 3 , ) 0 0  

4 0 / b0- 1 00 

0 .  4 'i  

s l igh t ly rou gh 
• 0 1-0 .  l 
c lay s , ch lo r i t e  
s o f t en ed 

N 7 5 E ,  8 0 NW 
N4 0W , 8 0N E  
N 40 1iJ , 7 0 SI.J 
N20 E , L 5 S E  

d ry 

S t r e s s F ie l d : 0 1 v er t ica l , 200 ps i , men · u red 1 v  o t he rs 

FAUl .TED 

8 , 000  

1 5 / J IJ-80 

0 . 2  

s l i cke nsid e d  
O . 1 
c lay , gouge 
ve ry so f t  

N JOW , BONE  
N30W , 8 0 SW 
E-W , v e r t ica l 
N-S . l 5E 

we t 

0 3 hori zon t a l  NE / SW , 1 , 6 00 µ si , me a su r e d  by o t lw r s  

S truc t u ra l S e t t ing : Ma j o r  fa u l t  z o n e  ) OW , 3 0 - SOW , wid th  a v erage s  
7 5  f t , su b s id ia ry E-W near-ve r t i c a l  fau l t s  on  
han g ingwa l l. 

0 )  From  xis t i n  m i ne  d a t a  on  u ncon f ' n • rl compre q s i n tes L s. 
(:!) From o r e  l o g s .  
( )  ram p rio r  p ub lis h ed R t ud ie s � n d  u n d  rtroun 
(4) ram u n d  r rou n d  o b s e rv� t t o n s  me .. su red d ur i  
( )  Pru 1 1 1  l rlo r p u b l l s l i t:!J s tod l e s  us [ nf•. £ 1 > t a i l ed 
(6) From  und e r�ruu n d u b s erva t lo n s . 

o h s  rva t i on :.;. 
g t l  i �  tudy. 
f n .1 c u re d a  a . 
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TABLE 7 - RQI R0 tings  for  Mine A 

g_ RMR RSR 

Fau l ted , ( a l l )  0 . 008 20  27  

Intrusive  Porphy ry 
Area 1 1 .  25  5 1  5 7  

Area 2 2 . '.l  5 2  59  

Hos t  Grani t e  
Area 3 Ci • () 5 3  5 4  

Area 4 0 . 8 3 4 4  4 9  
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Failure sufficient co  prohibit passage is  confined to thl' faulted 
area , where larg� slabs of concrete have separated from the back and 
r i b s .  ln this area. mining could not be c�rried to completion. 
(�reduction records indicate fairly uniform dr�w throughout this area , 
although somewhat less from the interior of the block . Packing of 
draw ruises became a problem within a month af ter production , pre sum­
ably due to high clay content; the notes also me ntion at; abundance of 
water.) 

Problems with grizzly drifts that were available for inspection 
dppear mainly to be related to secondary blasting. The sheer bulk of 
the concrete used apparently prevPnts r.losure in all but the• most 
severe cases. Cracking and spalling are widespread; however, it 
should be appreciated that a con:;tderable amount of damage can h e  
tolerated i n  these dri f t s .  

Unfortunately,  the deteriorated conditions prevailing i n  the 
panel drifts in the faulted area precluded access to examine the 
grizzly drifts that were affected. Reportedly, most remained open. 

Haulage panel drifts beneath production areas show crack� in the 
concrete ,  as evidence of ground weight, but nowhere was damage seen 
chat approache� that of the production level. Apparently,  the verti­
cal separation of 6 0  ft is responsible for this. Some at the mine 
feel that nearly all cracking wnuld be eliminated if thi � separation 
were increased to 100 ft, but the lack of many se rious ground control 
prublems at the haulage level suggests that this may not be pecessary. 

Haulage fringe drifts appear to b� largely unaffected . 

.'..i.1./  Summary 

This investigation reeched the following conclusions at Hine A. 

t .  ror classification purposes, the i ntrusive porphyry and hose 
granite behave simila1 ly und e r  mining stresses. 

2 .  All three classi f ication systems greatly overestimate the 
competence of the rock for block caving and drift support. 

3 .  A patteTn of lining d amage was seen t hat corresponds to the 
mining seque nce. Firs t .  springline crac-king occurs during 
undercutting. Second , diagonal crAcking, inclined away from 
the caving area, occurs in response to deformations towards 
the cave. Third , rib spall s may be dev�loped in response to 
abutment p�essures. Fourth, continued ground weight results 
in strong lateral pressure s ,  producing crown spalls and 
shearing of the back. 
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4 .  Mine A provides an excellent illustration of the effects o f  
level separation �nd lateral isolation o f  the most critical 
drifts. 

5 .  The lining behaviur iP responsive to rock mass conditions as 
indicated by RQI. Planned development in the area of a 
second major iault is being critically reviewed in light of 
the experience in the fault zone area described above. 

6. Extensive weight problems on the grizzly level are seen on 
che haulage, but it is unclear if this is due co the trans­
mission of stress o r  the presence of common geologic influ­
ences. Limited (50 ft by 50 ft) weight problems on the 
grizzly level are ordinarily not reflected on the haulag e .  

Other points o f  interest include : 

7 .  Experience has suggested that weight factors of two are 
found immediately beneath the undercu t ,  and increase to 
three, parallel and within 3S ft  oi the undercut abutment. 

8. Rock mass movements have been detected as far as 400 ft from 
the cave boundary. 

9. Caving is certain in undercut widths of 70 ft or more , 
except in acid dikes, which ore very difficult to cave. 

5.2 Mine B 

5.2 . 1  Geologic Overview 

Mine B is in an extensive Hequence of intrusive porphyries that 
invaded earlier granites. A characteristic feature of this orebody is 
a high degree of structural control. in the form of shattered zones 
and breccias, as well as a number of maj or f aults that displ ace or 
truncate portions of the oreboay. Rock strength and alteration 
patterns are such that this orE: would be difficult to cave, were it 
not for this structural control. 

This large ore body was s t 11died in a general way. Because of the 
wide variation in rock competence that commonly occurs over limited 
distances, no single area or group of areas \.las selt:cted for study. 
Rather, sever.al levf'.ls of rock competence thnt are typical of the 
range of condit1ons were analyzed individually, arid related to the 
support practice. At  Mine R ,  support practice is nece�sarily respon­
sive to these geologic conditions. 
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The weakest rock consid�rcJ \n this study correspond!: to faul t  
zone material,  and the s cronr,c:;;t type i s  cx.ceed'ingJ y competent and 
difficu lt  to cave, being essen tial ly free  of fractures. 

5 . 2 . 2  Mining Pra c t i ce 

S.2. 2 . l General 

Mine B is a mass (as dei ineJ in Section 3 . 1 )  caving mine , loca l ly 
-referred to as continuous retreat panel c.:wing.  Draw is from d raw­
points using slushers.  Muck i� slushed directly into muck crnins in 
the haulag e .  Haulageways are on 200-ft centers and are driven sucli 
that the back of  the haulage d 1 1ft is at  the !::;ame elevation :1s the  
floor of  the slusher d r it t .  An exnausc ventilation drift  li.es halfw.,�· 
be tween and pc1ral lel to each l,aulage drift and i s  connected to the end  
of  the slusher drift  by a small raise.  Each successive slushet d r i f t  
is driven in a n  opposite direction from th� last , and tbe spacing 
between loading poi n ts along the haulage i s  34  f t .  

Mine P. uses multiple levt:ls 300 ft  apa r t .  Present rn1.ning depth 
is variable due to irregular surface topography , but may be taken as  
700  Et on the  average. 

5 . 2.2 . 2  Deve lopmen t  

Initial level development conr,ist;s of fringe dril t s ,  whlch are 
driven peripheral to the orebody, about JOO f t  from the actual caving 
area , to isola t �  them from caving stresses.  Fringe drifts are driven 
1 4  ft wide b} l �  ft high. 

Haulageways and v�nt drifts are turned off  the fringe drifts and 
alternate a t  100-ft center-to-center spacings, as indicated above. 
Haulageways are driven 14 ft  wide and 1 2  (c high . Vent drifts are 
smaller than l,aulage drif t s ,  8 ft  wide by 8� ft  higl l .  

Slusher lanes are driven directly over the haulageways nnd a t  
right angles to them, with the drop points over the haulagE: center­
line.  Successive slusher drifts  are driven in opposite directions , 
such that the center-to-center spacing of s imilnrly-or1ented slushcr 
drifts is  68 f t .  Slusher d r i f t s  are 1 2  ft high by 9 ft wide and are 
driven on a +5 percent grade .  The�c drifts  are �ider ( 1 1  f t )  near the 
loading points ond sl usher cutou t s .  To al low for the slushers, the 
e.nd of each slusher dr:i ft  opposite the haulage is extended pas t  the 
haulage drift r i b .  This c>: t ension is known as the h:JuJap.e cut-ou t .  
Slusher drifts are norro8lly  1 1 2  ft long,  including the haul�ge. 

In developing �= lusher d ri f t t , acceS5 j s gained from the haula�e 
either through the drnwhole ur up i:I ramp to a cross-cue d r i f t  (8� by 

81.,i ft)  that  'ls parallel to  the haulage and above i t .  This cross-cut 
drift is driven such that it intersects every other slusher dri f t  a l  
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the first set of finger raises. The slusher d ri t ts driven the other 
di�eccion are therefore intercepted at the end of their haulage 
cut-outs (HCOs) . There is one cross-cut drift per hau l age drift, 
alc ernatf�ly intercepting finger raise line, haulage cut-out, f inger 
raise line, haulage cue-out, and so on. 

As slusher drifts are driven, LHDs tram the muck to tht! drop 
point for haulage. Ramps are driven ftom selected slusher drifts to 
provide access and muck removal during ventilation drift development. 

The cross-cut drift , when• used , is backfilled with muck and 
bulkheaded with concrete where it �ntercepts either finger raises or 
HCOs. This is done after the last two sets of finger raises have been 
driven. 

Three pairs of finger raises are driven a t  right angles to the 
slusher drif t ,  at an upwards angle of 45 °. The f irst pair of f inger� 
is 2 !  f c  center-to-center from the drop point; the second pair is 11 
ft center-co-center from the first; and the third pair is 32 ft 
center-to-center from the s�cond. Finger raises are 9 ft high by  11 
f t  wide in c ross-section , and are 21 ft long. 

The 9� ft by 9 ft undercut drifts are driven over the top of the 
fingers, parallel to the s lusher drifts. The undercut. drifts are 
connected by similar crosscut drifts driven parallel to and over the 
haulage. 

5 .2.2.3 Undercutting and Caving 

The first step in undercutting is fan drilling f rom the undercut 
drifts. The lowermost holes are inclined upwards at 45° and are of 
sufficient: lc:ngth to overlap with holes drilled from the adjacent 
und.::rcut drift. After blasting, this forms an apex of rock over the 
crown of the tilusher drift.  

The 3-inch fan drill holes are pneumatical1y-loaded with ANFO and 
are b lasted 3 co 6 at a time. 

After blasting, swell muck is drawn through the fingers to be 
sure no stubs are left. 

Caving can proceed in any direction; since there are no de�ig­
nated blocks for undercutting. At Hine B, b lock concepts are used 
only to keep track of reserves and grade; b locks measure 97 . 5  ft by 
100 ft .  The wid ch of the cave is approximately 300 ft, and it ad­
vances uniformly across the level. 

Boundary cut- off  work may be used along the hanging wa 11 and 
footwall of the ore. A raise and sublevel system develops a fracture 
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called a "presplit" with 3-in. holes drtllC"d between sublevels. 
Sublevel interval and other d imensions vary , depending on the height 
of the preBp lic  required . 

5 .2.3 Ground Support Systems 

!line B uses a variety of  ground support system!:: for each type o f  
drift , depending on rock conditions. 

fringe drifts are supported with rockbolts, shotcret e ,  timbe r,  
concrete, or combinations as dictated b y  rock conditions. 

Haulage drifts are initially supported with rockbolts, or rock·· 
bolts and mesh , in better:- ground. Rigid steel secs o r  t2 in . b y  
L 2  in. timber may be used when required in poorer ground . Haulageways 
a re normally concreted prior to  caving , except in the best ground. 
lnten,ections and loading (drop point) sections are concreted , with 
rigid steel sets and/or rebar reinforcement in poorer ground. 1f  
haulageways are t o  b e  concreted , thi� is done concurrently with drop­
point lining . 

Ventilation laterals are supported in a similar way, except that 
Bernold linings may be used with or without concrete in poor ground . 

Initial slusher drift  section support is most commonly rockbol ts,  
mesh, o r  shotcrete, depending on  ground cundicions. Combinations may 
be employed , as required , and steel sets are used in poorer ground. 

Over t h e  hc1u.lage cut-out$ and drop points ,  steel sets are placed 
during development, in poor to average ground. Where rock conditions 
are more. favorable, bolts, mesh, and possibly shotcrete are used for 
init 18l  support .  

P,.• rmanent t>lusher drift support is  affo rd ed by massive formed 
concrete, with o r  with out rebar reinforcement , placed over the initial 
support . Concrete provides a wear surface in addition to suppor t .  
for a time , shotcret<' peru,anent support was tried , but was not wholly 
s ,, t i�factory. The finished diniensiun of the concreted sl usher drifts 
is 9 ft high bv 7 rt wid e .  The f inished linings have flat backs with 
angled corners. 

Finge r raises are concret�d for the first 1 5  ft to a 4� ft high 
by 8 ft wide C'ross-section. To combat the typically extensivt- brow 
wear, finger raise liningA are reinforced at the cutout in the slusher 
drift. 

Undercut d rifts are supported with bolts and mesh, and shotcrete 
or timber t ay be used in the poorest ground. Steel sets are avoided 
1 ecau : ,e  of the problems they create in ore drawing. 
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5 . 2 . 4  S cope o f  Field Data 

Mine B employs a full-time geological engineering staff with 
respo nsibility for evaluation of  ground conditions. Because of this 
avail able expertise and highly variable rocl< conditions, o.1 general 
approach was preferred to the detailed scudy of a few specific areas. 
This approach incorporated first-hand inspectio ns o f  typical ground 
conditio ns and support perfonnance, extensive interviews with the 
engineering sta ff ,  and review of published, unpublished, and mine file 
geotechnical information. A characterization of ground support 
procedure, based on RQI, was then developed , and the results used in 
the support prediction model for the MBR. 

5 . 2 . 5  Rock Mass Conditions 

Rock mass conditions wete generalized into categories of very 
weak rock, weak rock, competent rock, and highly competent rock, for 
the purposes of this analysis. The various geotechnical properties 
and parameters applied to these categories are given in Table 8 .  

Rock conditions i n  Table 8 are generalized and simplified some­
what to provide a spectrum of  RQ!s. The different types of rock 
r.lteration (which range at Mine B from strong argillization, to strong 
silicification and healing of fractures with quartz) are represented 
in Table 8 by variations due to weathering o f  a fresh granite . Joint 
f illings are assumed to be varying proportions of clay and c'r"ushed 
rock, the effect o f  which is modified by the separation and by intact 
rock strength. 

The resulting classifications are given in Table 9 .  

5 . 2.6 Support Performance 

Cracking of the concrete li nings in the haulage cut-out and drop 
point sections of the slusher drifts is common and is severe in very 
wenk and weak ground. Where this occurs, damage is ordinarily re­
f Jected in the haulage as well. Norm�lly these problems are remedied 
with repair shotcrete or jump sets. 

In genera 1 ,  support performance is satisfactory (mining opera­
tions are not signif lcantly disTupted) except i n  very weak ground , 
where repair is common. Ho wever, severe problems and even drift 
closun'. extending t:o- haulage drifts can occur if stubs a-re left. 
Although great care is taken to be sure that coMplete undercutting has 
occurre d ,  problems still arise. During the field visit,  one area of 
near-total closure o f  a haul age drift was observed. Caving all around 
tl,is area had lcfc a large stub and resulted in excessive stress on 
the haulage suppo rt. 
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In tac t Rock  
S t r  n g t h , ps i ( i )  

RQD /Re cov ry , z ( � 
Jo i n t  Sp a c in g , � t G) 

T o in t Cond i t ion  ( ) 
Ro ughness 
Sepa r a t ion , n . 
Fi l l in g 

ea th 'C i ng  
o i n t  Or i en t a t  ion  ( s )  

Favora b i  l i  ty  
umbe r of  se ts 
o . er c ica l s e t s  

Groundwa ter (G) 

S t ress  f i e ld : 

TAB E 8 - ,:e o l q; ica l Da t a  for Hine B 

V e ry Weak 

1 , 000  
0-20 /<80 
<0 . 2 
poo r 
s l. rough 
> O . 1 
gouge > c lay 
s t r l y .  al t ered 

poor-f ai r 
4 
l 
wet 

Ro c k  Mass  Ca t e gory 

5 , 000  
3 5-5 0 / < 90 
0 . 2 -0 . 5  
f ir-poor 
sl . ro u gh 
o .  1 
c l ay , c r ushed  rock  
mod . al t e r  d 

f a i r  
3+ 
1 
c a.mp 

Co::ip e t e n t  

1 6 , 000  
50- 70 /80- 1 00 
0. 5- l.  0 
fair  
s l .  rough 
. 0 5-0 . 1 
c lay , c ru s hed rock 
wk . a l tered 

f ,1 i r  
3+ 
1 
damp /d ry 

As sumed l i t hos t a t ic s t re s s  f ield , no excess  hor i z on t a l  s t r e s s . 
o 1 ver t ica l , 800 p s i ;  0 3  ho r i z onta l ,  350  p s i .  

r; Comp e t n t  

25 , 000  
80- 1 00 / 1 00 
> l . O  
good 
rough 
<0 . 0 5 
min r c lay  
v. v.ik . a l t ered 

fa ir-good 
3 
1 
dr  

S t r uc t ur a l  s e t t in g : ·� r i ab l e . As sum d s t ructur a l  s e t t ing  is  equi\ alen t t o a s t  e p ly  
d i p ping 2- f t  wid e faul t every 40 f t  wi th  no  o t he r  s igni f ican t 
s t ruc tures . See  Se c t ion 6. 3 . 2 a nd 5.2 . 7 .  

( 1 ) (;ene ra l i z ed f rom pub li shed a n d  u n o ub l is h ed mine <la t a .  
(� U p ub l i sh mine da t a . 
( ) Un o u  i s h  d m i ne  da t a . 
(0 Pub l i shed  and  unpuh l i sh e d  da ta and  m ine  bs erva t ion s . 
(�  r.e e ra l i zed f ro ou  l i s hed and  unp li shed renort s .  
( )  Gen e a l ' zed f ro ub l i shed  re ar t s  and mi  e observa t i ons . 
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TABLE 9 

Very Weak Ro ck 

Weak Rock 

Compe tent Rock 

Very Competent Rock 

- �g r Ra t ings  for  Mine  B 

g_ RMR RSR 

0 . 0 2 3  2 1  24 

0 . 2 1 34  39  

l .  1 4  4 9  5 6  

5 . 0  7 0  8 4  
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5 .  2 .  7 S u mma r y 

A c o n t i n u in g e f f o r t  a t  H i n e  B is t h e  p r o j e c t i on o f  z o n e s  o f  we a k  
roc k . The d i s t r ibu t i on o f  t h e s e  z o nes i s  h i g h l y c o mpl e x  a n d  d o e s n o t  
lend i t s e l f  t o  � imp l e  cha r a c t e r i z a t i on . 

A fur t h e r  comp li c a t ion i s  t h e  in t e ra c t i on n E  w ea k  a nd c ompe t en t  
r o c k . C o mp e t en t  rock , t h a t wou l d  p o s e  n o  p a r t i cu l a r s u p po r t p rob lem 
b y i t s e l f , may d e f o rm  e x c e s s ive l y u n d e r  c a v i n g s t r e s s es if  1 t  i s  
su r r o u n d e d  by v e ry weak o r  weak ro c k . This i s  a p reva l e n t  c o n d i t io n  
a t  Mine B ,  and t o  in c o rp o ra t e  i t  in t o  t h e  M BR su p p o r t  s c h e me , i t  w a s 
n e c e s s a ry t o  deve lop a means t o  a c coun t t o r t h i s  i n t e ra c t ion . Th i s  
w a s  d o n e  by e q u a t ing t h is e f f e c t  o f  ve ry w ea k  r o c k  z o n es wi th  t h a t  o f  
r egu l a r ly d i s t r i b u ted ( 4 0- f t  s p a c i n g ) , u n f av o ra b ly o r ien t ed 2 - f t -w id e  
f au l t  zon e s  t h a t  b ound and i so l a t e  a re a s  o f  u n i f orm ly c o mp e t e n t  ro c k . 
The a gg r e g a t e e f f e c t  o f  su ch hy p o t h e t i c n l  t a u l t s  on a n  a r ea o f  mo r e  
c o mp e t e n t  g round i s  t houg h t  t o  b e  s im i lar t o  g e n e r a l  m i n e  co n d i t i o n s . 
Wh e re t h e  i n t e r a c t iv e  e f f e c t  is e s pe c i a l ly seve r e , the w i d t h  o f  t h e s e 
hy po t h e t i c a l  f au l t s c o u ld b e  in c r e a s e d  a nd c h e i r  s p a c i ng d e c r e a s e d ; 
t h e  a b ov e sp a c i n g a n d  w i d t h  a pprox ima t e s  t y p ica l m i n e  ge o lo g i c  co n d i­
t i ons . 

5 . 3  M i ne C 

The s t u d y  o f  M i n e  C w a s  u n d e r t aken  in t h i s  inv e s t i g a t ion  b e ca u s e  
t h e  dep t h , geolo g i c a l  en v i ro nme n t , a n d  s l u s h e r- g rav i t y  la y ou t ma k e  i t  
d i s t in c t  f r om t h e  o t h e r  f ie l d  s i t e s . C a v ing a t  M in e  C d u r ing t h e  
s t u d y  p e r i o d  wa s t o  ha ve b e e n  a n  ex pe r i me n t t o  d e t er m ine t h e f e a s ib i l ­
i ty o f  t h e me t h o d , a nd t he s ing l e  p l ann ed lev e l  wa s t h e re f o r e  o f  
1 1o: 1 t e d ex t e n t . 

C o n s i d e rab l e  d e t a i l ed d a t a  ha d b e en ob t a i n e d  on ro c k  co n d i t i o n s  
f r om c h e  u n d e r g r o u nd wor k i n g s ,  i n  a su c r e s s i on o f  m i n e  v i s i t s , wh en a 
d e c i s ion wa s ma d e  by  t h e  m l. n e  op e r a t o r t o  ind e f i n i t e ly su s p end t h e  
t r i a l  c a v i ng p ro j e c t . C o n s e quen t ly , p r o d u c t i on  w a s  nev e r  a t t a in ed a n d 
s u ppor t p e r forma n c e  c o u l d  n o t  b e  ev a lua t ed .  None t h e l e s s , t h e  ca s e  
h i s t o ry h a s  � om� a s p e c t s  o f  i n t e re s t  t h a t wi ll  b e  d i s c u s s e d  he c e . 

5 . ) . 1 G e ol o g i c  Ov e rv iew 

Mine C is in a l a r ge min ing d i s t r i c t t ha t  h a s  se en con t i. n u ou s  
p ro d u c t io n  f o r  man y deca d e s . O r e  min e ral i z a t io n  i s  known t o  e x t euu t o  
a t  l e a s t  l m i le i n  d e p t h .  The p r e s e n t c a v ing p roj e c t  was d i r e c t e d  
t ow a r d s  ma s s  min i n g  o f  v e i n s , s t r- in ge r s ,  a o d  o l d  s t o p e s b a c k f i l ]. p d  
w i t h  low- g ra d e  o r e . T he c. A v i ng b l o c ks were cen t e red ab o u t o n e  m a j o r ,  
s t ee p l y  d i p p i ng , mi n e d - o u t ve in , an d s e v e r a l  sma l le r ,  p a r t i a l l y -m i n e d 
v e i n s . 
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The mineralization occurs in filtered quartz monzonite .  The type 
and intensity of alteration a t  any given point has to do with proxim­
ity to one o f  the many mineralized zones. A t  Mine C, argillization 
and sericitization bracket the important veins. These zones are over­
printed on one another, presenting a complex geologlcaJ picture . 

Major prevailing structural and mineral trends in the district 
are ease-we s t ,  east-northeast , northwe s t ,  and northea � t .  occurring in 
that approxima ce sequence . Dips range from moderate to vertical; 
most are steep. 

The orebodics of pr�sent interest at  Mine C have moderate t o  
steep dips and a r e  bracketed b y  intense quartz-sericite-pyrite altera­
tion, grading to argilliza tion with increasing distance away . This 
imparts a marked contrast in rock strength and overa l l  competence. 
Th� weakest materia l ,  however,  is the backfill from early stoping 
opera t ions . Much of thj s contains sufficient mineralization to be 
regarded as ore under present economic conditions. The backfill is 
consolidated but s t i l l  weak. aod inc.luder; old t imber, junk iron, and 
lagging. 

These various alteration and structural zones provide a clear 
basis for  grouping the ground conditions into structural domains, 
reflecting the rela tionship uf these domains to the nIBin mineral zone 
to be recovered by the t r ia l  caving projec t .  These domains are the 
Argillized Quartz Monzonite (AQM) . Quartz-Sericite Footwall (QSF) , 
strongly altered Haogingwal l  (1-TW) , and Backfill (B) . 

5 . 3 . 2  Mining Practice 

5 . 3 . 2 . l General 

Block caving had be<.:n successfully carried ouc at shallower 
levels (600 f t  depth) some three decades before this investigation . 
At that time, full-gravity and slusher gravity systems were in use. 
The ore caved well but had a tendency to  stick ,  resulting in frequent 
packing of draw raises. 

At the time of the field work, the mine operator was evaluating 
the feasibility of caving at greater (2 ,000 f t )  dep t h .  Key concerns 
were for cavability.  run-of-mine ore grade (conventional sampling 
methods were not wholly reliable in this het erogeneous ore) , drift  
support in the argillace.ous and backfill material, and the identifi­
cation of operational problems. Both gravity-slusher and UIO blocks 
were planned, beginning with the former. At the time of cancellation, 
development was almost complet� on the slusher and haulage levels and 
was under way on the grizzly level. No dev�lopment was ever begun on 
the LHD b locks. 
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There were to  be three blocks at the outset; this was subsequent­
Jy  rPdured to two. Llncks are 70 f t  wide and l50 ft  long. 

Each block is served by one slusher drlft and two griz�ly drift�. 
One block is located so that the slusher drift would be driven almost 
entirely in backfill, to a�sess its  behavior. 

5.J.2 . 2  Development 

Initial development consists of a single haulage cross-cut, 13 f t  
b� l 3  ft, o f  horseshoe cross-section. This drift trends N34"W and was 
driven u sing conventional drill and blast methods. 

Some 200 f t  outside the block area the slusher level access drift 
departs from the haulage cross-cue and ramps up to the slusher level, 
just above the haulage crown turning back parallel to 1 and about l75 
ft center-to-center from the hauJ age in thf' block area. Several 
hundred feet downdrift, the access turns back towards the haulage and 
is connected to it at the far end by a vertical raise. 

Slusher drifts,  driven off the access drif t ,  are 165 ·ft long on 
70-ft centers and are opened to an 11-ft wide by 13-ft high horseshoe 
cross-section. At transfer raise windows the design width is 12 ft. 
Slusher d ri f t s  are laid out perpendicular to the haulage drift and the 
slusher level is immediately above the haula�e back. 

T ransfer raises are anglerl upwarrls from the slusher drifts at 60° 

from the horizontal and a.re• about JO ft lon g ,  intersecting the floor 
of the grizzly drifts. They are 5 ft square in cross-section and are 
on 17 .5 ft spacings; there arc.: 8 pairs o.;. transfer raises, directly 
acros:. from each other , in r.ach slusher drif t. Transfc-r raises are 
perpendicular to slusher drift axes. 

The grizzly J evel floor is 29 ft abov1: the elevation ot the 
slusher drift inverts. Grizzly drif t s  are parallel to slusher drifts 
and are spaced uniformly 35 f t  apart . 

There are two grizzly drifts tor each sl usher drift. They are 
driven 9 ft widP by 1 0  ft 9 in. high with a horsc.:shoe cross-section. 
Near each transfer raise col 1 n r  location, finger mises are drivl.!n 
vertically upwards co the undercut J evel (planned 19.5 ft above). The 
finger raises are f.. f t  square at the m� dpoinr- but flare s lir,htly 
towards the top. 

Access to the grizzly level i s  via a trac�less ramp that leaves 
the No. 1 haulage cross-cut .,bout 300 f t  nor thwes t of the slusher 
acce�� drift intersection , or about 500 E L  from the edge of the tirst 
block. The access drift has a 12 it by 1 2  ft horseshoe cross-section, 
and is quite sinuous in plan. 
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All  d eve lopment was by convention a l  d r i l l-b last  method s , u s ing  
j acklegs . 

In the haulage , each  1 -3 /R in . b y  6 f t  hole  wa s loaded with I re c o  
slu rry and a n  a dvance ra te o f  6 -1 / 2  to  7 f t  p e r  round was a ch ieved . 
The powd e r  factors and b lasthole  pat t erns were  flexible . Overb reak 
reached 1 - 1 / 2  f t  on s idewa lls  and 2 to 3 f t or more at the crown . 
This  high level of  overb reak may be a t t r ib u ted  to a comb ina t ion o f  
un favorable  fla t f rac turing , and poor control  o f  perimeter holes , 
which were  dri l le d  with a j a ckleg and commonly dive rged f rom paralle l­
i sm with  t he driveage .  Ex tensive scal ing was commonly requ ired , 
e specially  w i th in the Argilli z ed Quar t z  Monz on i t e  (AQM) domain ( S e c­
t ion 5 . 3 . 4 ) , whe re loose  rocks due to  b la s t ing  damage were a subj ect  
o f  conce rn .  In this  doma in , rib s  are  drurnmy through about hal f  the  
d r i f t  leng th , wherever  j oint spacings a re c l os e .  More  widely spaced 
j oints  and le ss  int ense mineral iza t ion re sult  in  markedly less drum.my 
rock .  

Bla s t i n g  and  excava t io n  pra c t ice  in  the  s lusher  access  drif t wa s 
ob served a t  a point  1 00 f t  o r  so  past  the  b lo ck area . Excav a tion 
p ra c t ice wa s essen t ia lly the  same as for  t h e  two slusher d r i f t s  in 
AQM . Ove rall ,  overb reak is somewha t  less than in the slusher d rif t s , 
ave rag ing a foot  in rib s  and b ack and 1 to 2 f t  in the area where the  
back f i ll is  crosse d .  Most  of  t he r ib rock seemed t igh t ,  except  whe re 
the HW d omain  is cros sed , where the r ib s  are drummy throughou t .  

As ind i cated  above , t he three  s lusher d r i f ts were excavated  by 
drill-and-b last  me thod s .  A l though b lasthole  p a t tern and load ing were 
f lexible , e a ch shot  was in general composed o f  20 ( twenty) 1 -3 / 8  in . 
by 6 f t  holes  plus  a 6-hole burn cu t .  Powd e r  fac t ors are  said  to have 
b een 1 50 lb s per  sho t ,  and used wa t e r  g e l  in 1 x 1 6  s t icks packed 6 f t  
in each  hole  f o r  the  lif ters , and bulk AN FO packed 5 f t  for  the  res t 
o f  the  sho t . Mo st  f rngments  were f ine t o  0 . 5  ft  or s o ;  abou t 20% were 
l f t  or more . Overb reak wa s u p  to  l f t  or so on the rib s  bu t up t o  3 
or  4 f t  in t he back in t he AQM domain . �o ho le casts  were noted . The 
adverse over-break is du£• to d i":e rgen t p erime t er holes  and is o f  
par t icu lar  concern i n  areas o f  f l a t  j o in t ing . Ba rring requirements  
we re minima l to  modera te  and  d rum.my areas are  limi ted to 30%  or les s  
o f  t he d r i f t  length . The re is  a s tr ong t endency f o r  t he b last  b re ak­
age to occur  along j c in t s  ra ther  than th rough  intact  rock blocks . 

The s lusher  d ri f t  in back f i ll posed special  prob lems . Init ia lly , 
the same blas thole pa t t ern and l oading pra c t ice  was u sed in backfill  
as  t h e  o t h e r  s lusher d r i f ts , with s imi lar resu l t s  in  a 30-f t sec t ion 
o f  t he QSF doma in .  C ond i t ionb began t o  wo rsen a s  the backf i l l  b ound­
a ry was approached . At a bou t 80 ft downd rif t ,  wi th b ad ove rb reak in 
the backf i l l  a chronic p roblem , blas t ing p ra ct ice was changed to a 
drastica lly reduc ed p owd e r  f ac tor . Al though prac t i ce was very e rra tic  
( some rounds  con sisted o f  on ly a few holes  and  a few  s t ic ks of  I remi te  
4 0 ) , resu l ts we re  ma rke d lv imp roved . 
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The ba ckl i l l  wa s fo u n d  t o  be  a h e t eroge neo u s  mix t u re o f  o l d  
t imb e r  squa re se ts , rock  f i l l  t h a t h s s  ha rde ned  and pa cked o • e r  t h e  
year s , and  f i n e  mu ck . I n t a c t c h u t e s  and  l agging  we t"e foun d . Th e 
b a c k f i ll i $  d ry a n d  mo s t  o f  t he t imb er  is  in t a c t  b u t  g re a t ly wc9 k�ned 
by  a g e. 

Overb reak  range d f rom  t h e  u s u a l l E t  o r  so  on  t h e  r i b s  arid 2 to  J 
f t  1 n  t h e  ba ck f or t he f i rst  JS  f t ,  to  4 or  5 f t  in t he b a ck in  the  
backf i l l  port ion . A f t e r chRnging t h e  b las t ing p rac t i c e ,  o ver h re a k  wa s 
reduced  to  1 t o  2 f t , on the  r ib s  and crown . 

H a r r i ng down re q u i cemen t s  were  ex t ens ive . In  many in s tanc e s , 
ove r size  excava t ion th a t  might be  a t t ribu t ed t o  o v e rb reak  was  a c tua lly  
p rodu c e d  by  seve rt ra v e l l t ng a f t e r  the  sho t . I n  the la t e r  ex cav a t io n  
pra c t ice . t hr d ri f t  w a s  enla rged to  i t s f in i shed  dimens ion s  by  b a rr i n g  
a n d  sca ling . 

The  und e rcu t leve l .  
t o  cons i s t  o f  .'l f t  by  
p a r a llel to  the  g r i z z l y 
S imi lar c ross-cu t s  we re  
lev � l  wa s not  developed . 

1 7 . S  f t  abo ve th e g r it z ly l eve l , wa s p l ann e d  
7 i t  s ubd r i f t s  on  1 7 . 5-f t -c en te r s , d tiven  

and  slusher d r i fts , over  t h e  fing e r  ra i s e s .  
la id ou t on  1 7  . 5 - f  t-c e n  tl'  rs.  The unde r c u t  

The  g r i z z ly leve l wa s b egun prio r t o  su spen s i on o f  t h e  p roj ec t ,  
b u t  t h e s e  workings we re  n o t  ava i l ab le for  o u r  in spec t ion . 

5 . 3 . 3  G r ound Su p p o r t  S y s tem s  

5. 3 . J . l I n i t ial  Suppo r t  

A t  t h e  t ime o J  t h e  f ie l d  v i si t s , o n ly in i t i a l  su ppo r t  wa s i n  u s e. 
A l l  d r i f t s  u n d e r  developme n t  were e i t h e r  u n suppor t ed or  u sed  5 -f t 
Sp lit S e t  b o l t s  wi th  w i re me sh fo r the  mo re  comp e t e n t  AQM a n d  Q S F  
domains . T h e  bo l t  spa c i ng va r i ed f rom a 3 - ft c i r cumferen t ia l  spa cing , 
d u e  t o  ad d i t iona l spo t bo l t ing and req u i reme n t �  fo r ho l ding  t h e  mesh  
in  c l o se con t a c t  w i th t he ir regu l « r  rock  su r fa ce. 

The le t;s  comp e ten t HW doma in  is  in t e r ce p t e d  by  the  ::, lus h e r  leve l 
a cc e s s  a nd hau l a ge d r i f t s .  S t e e l  s t rapping  s u p p le1uen ts  bol t s  in  t h is  
w e a ker  roc k .  

I n i t i a l su p po r t  wh e re t h e  haulage  d r i f t  in t ercep t s  b ack f i l l ,  a n d  
f o r  t h e  t irs t J C!  f t  o f  t h e  s lu s h e r  d rif t in  ba ckf i l l , i s  a t f o rded  by 
8 - in . wid e- f lange  s t e e l  se t s . These  se t s , on 5 - f t  sp a c ings , we r e  n o t  
b lo cked  i l l cl t  t he t ime o f  t h e  f i e ld v is i t s . E l s ewhe re in t he b a c k f ill 
· l u sh e r  d ri f t ,  S p li t  Se t s  on 2 - f t s p a c in g s  a n d  m e s h  a r e  u sed. 

P e rm:...n e 11 t  s uppor t  throughou t t he a r ea w'as p lanned to  b e  ma s s ive , 
f ormed c o n c re t � . Th is  suppo r t  was  nev er  comp le t e d .  T h e  p l anned  f i na l 
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siz e  for the g r iz z ly d r i f t s  wa s S f t  by 7 f t , f o r  t h e  s l u s he r  d r i f tb , 
7 f t  wi de  by  9 f t  high , a nd for t h e  hau la ge , 1 1  f c  by 1 1  f t . 1n  
add i t ion  t o  t he  conc re t e , i t  wa s plann e d  t o  ex- tend the  u s e  o f  s t e e l  
se t s  p r i or to concre t ing ov er them , t o  a leng th o f  2 7 0  f t , c e n t ered 
a round t h e  90 -f t -wide bac k f i ll a rea . 

S i n ce the  dev e lopmen t a n d  cav ing  were  not comp le ted , fina l 
suppo r t  deta i l s  and pe r f o rman c e  cou l d  not be  add ressed . 

5 . 3 . 4  S c ope  o f  Fi eld Da ta  

The  h igh ly de t a i l ed geologic map s  kept  by t he opera t or provided  
an  e x c e l lent  b a s e line  o f  inf o rma tion , as  we l l  as  nume rou s d e ta i l s . 
S t ru c tu r a l  o r ie n ta t ions were sca led o f f  t h e se map s  and we re compu t er 
ana lyze d for t h e  gen era t ion of  f r a c ture s ta t i s t ics.  RQD da ta  we r e  
ob ca in � d  f rom core logs . 

De t a i l ed f r a c t ure  i n fo rma t ion . re la ting  to  spacing and  condi t ion , 
we re col lec t ed in  the f i e ld . Samp l es we re t aken f o r  poin t load  
compress ive  s t reng t h  de termina t ions . Excava t io n  and  su ppo r t  p r act i ce  
w e re observed du ring the f ie ld v i s it s .  Dur ing la ter vis i t s  wh en 
frac t u re o r i en ta t i on da ta  for t h e  iden t i f ie d  domains were known , 
clas s i f i ca t ions were perfonned wh i l e  und e r ground . 

5 . 3 . 5  Rock Ma s s  Cond i t ions  

The  rela tive rock ma s s  cood i t ions for  the  na tu ra lly occu rrin g 
rock types  a t  the  s i t e  are  ty pified  in Tables  1 0  and 1 1 .  The back­
f ill , not  a na tura l ly  occu r r ing ma teria l , is n o t  amenab le to c las s i f i­
c a t ion . 

5.4  Mi ne D 

Mine D ,  a sma l l er b loc�  caving  ope ra tion , wa s in t en sive ly s t udied  
becau se  t h e  d e velopmen t and  p roduc t ion  schedu ling a l lowed f i rs t-hand 
o b s erv a t io n s  of geologi c a l condi t ion s  and mining  prog res s ,  from a very 
ea rly s t age  in b loc k developmen t. B e cause  o f  th is , accu ra t e  kn owled ge  
was  possib le o f  var iabl e s  in f luentia l to  t h e  analy s i s .  In  add i t ion i 

g round cond i t ions  va ry f rom good to ve ry poor  ov er  a few hu ndred fe e t ,  
e x t e n s i v e  pa s t  p roduction expe r i en c e  ex is t s  und e r  s imi l ar g eologica l 
cond j t ions , an d  s t rong s t ru c t u ra l  inf luences  a re p r e sen t . Th e s e  
fac t o rs comb i ne to  ex t end t h e  d a ta ba se. 

T h e  min e  wa s v i si ted rep ea t ed ly , 
in i t ia t ion , and  produ c t i on exp e r i en c e , 
re f inemen t s  o f  geolog ic� l p r oj e c t ions . 

to  mon i t or deve lo pmen t ,  cave 
as  �e ll as  to  enab le f u r ther 

D e sp i t �  being a sma l l  mine  and thus  not  emp loying  a f u l l - t ime 
rock me chanics s t a f f ,  M ine D does  in c lude  rock ma s s  c l a ssi f ica t ion a s  
pa rt o f  new d eve lopment  and  exp lo ra t i on . Th i s  wo rk is han d l ed by the  
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TABLE lO - Geo l o r. i r a l  D a t a  f rn M i. ne  C 

Rock Ma��  C a t ego ry 

I n ta c t  Roc k  
S t r en g th , ps i ( ! ) 

., ( i) RQD /Recovery , ,. 

J o in t  S pa c ing , f t .  ( 3) 

J o in t Cond i t ion ( , ,) 
Rou gh n e ss 
S ep a ra t i o n , in . 
F i l l ing 
Wea ther i ng 

J o in t  O r i � n ta t io n s 0 ) 

S e t  1 
S e t  2 
S e t  3 
S e t  4 

Groundwa t e. r C )  

1 , 4 00 

5 9 / 8 0 - l OO 

0 . 1 5 - 1 . 5 , 
avg. 0 . 8  

rou gh 
0 . 1  
minor  c lay 
s l .  to  mo d .  

d r y 

1 6 , 500  

6 1 / 6 0 - 8U 

0.4  

v e ry rou gr. 
0 . 2 
q C :.: . , se r:. 
s l igh t  

d r y 

ENE  s te p S E  
N N\J s t e ep SW 

NE s t ee p NW 
WNW s t eep SW 

S t re s s  F i e l d :  0 1 v e r t i ca l  = 2 , 2 00  ps i ,  as : ; u med 
0 3 h o r izon t a l  700  p ::.o l , a s : ; ume d  

HW 

7 0 0  

1 5 / 2 0-50  

0 . 2 

rou gh 
0 .  l 
c lay 
v .  s t  r .  a l t.  

d a mp / d rip p ' n g 

S t ru c t ur  1 S e t t i ng : E-W t re n d ing ma j o r  t ruc t u r es d i p ping s e eply 
s ou t h , o n e  wi t h i n b l o k ( h a ck f i l l ) a nd on e 
ove r 300  f t  t o  t h e  no r the a t. 

(� F rom o i n t - load  t e s t s . 
( �  caled f rom  mine  g ra ph i c  c o c e  l o �s. 
( �  Me s u r e d  u n d  r� round , t h i s  t ud y . 
(�) U n derg ro u n d  ob se rva tion " , t i s  s t u d v . 
(0  S caled f rom d e t a i l e d  m i n e  eo l R i m� r s 
(� Obs erva r ions  und� r grou nd , t h i s  s t u d v. 

, i- 1 :  I 20 .  

B 

J , OOO ( e s t . )  

N"o  J o in t o  
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TABLE 1 1  - RQI Ratin�s for Mine C 

RMR RSR 

AQM 
2000 access 3 _ q  7 1  7 1  

2000 haulage 3 .9  66 76 
slusher drift s 3 . 9  7 1  5 9  
slusher drift 4 3 . 9  73 62 

QSF 
2000 access 22 .6  76 7 l 

2000 haulage 76 

HW 
2000 access 0 . 02 3 1  29 
2000 haulage 0 .02 31 29 

B N O T C L A S S I F I E D 
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geo log ical s t a f t .  ln  t h e  p a s t ,  d if t i cu l t  ground  cond i t ions hav e 
d isrup t ed ope r a t ion s , a n d  Mine D is  t a ki ng  s t e ps t o  p l an  f o r  a n d  c o p e  
w i t h  th ese  prob lems . 

Hine  D is t h e  ex amp le  mine i n  S e c t ion 5 . 0 o f  t h e  Ma n ua l , ap p e n d e d  
to  th i s  repor t . 

5 . 4 . 1  Ge olog i c  O v e rv i ew 

' i ne D is in t h e.  we s t ern Uni t e d  S t a te s . P r ior  t u  i ts d j s cov e r y , 
the  su r ro u n d i n g  d i s t r i c t  wa s re la t ive ly ob s cu re by  na t io n a l  o r  wo r l d  
s tand a rd s . The ma in o r e  zones  a t  Mine D ,  o f  wh i c h  t h e re a re seve r a l , 
we re d i scovered  re cen t ly in comp a r ition t o  t h e  m in e s  d i s c u s sed  ea rl i e r . 
O re g rade s a r e  s light ly  high er than  t he avera ge f o r  p o rphy ry o re­
b o d ie s . 

The ore  occu r r e n ce is  be lieved  re la t e d  t o  the  in t ru s ion 0£  a 
g ran0 d i o r i te  po rphyry , wh i c h  inva d ed a t h i c k  s e q u e n c e  o f  ea r l i er 
vo l c a n i c  and  s e d imen tary roc k s . S t ock  empla c eme n t  occu rred along wi t h  
s t rong  fnult ing and  f o ldin g ,  a nd w a s  f o l lowed b y d ep o s i t ion o f  g re a t  
th i c kne s s e s  of  volc a n i c  a n d  se d imen t a ry ro c k s . Fau l t ing con t i nu e d , 
t ru 0 c a t in g  and  b u ry i n g  s ome po r t i o n s  o f  t he o re.body , whi le exp o s ing  
o th e r  po r t i o n s  t o  e rosion . Th is faul t ing , and  t h e  supergene  p roces�e s 
resu l t ing f rom  i t , a c t ed to  f o nn  t h e  o re zone  t h a t  is  p r e s e n t l y  be ing 
m i n e d . I t  a l so p re s e n t s  a comp lex f ra c t u r e  p a t te rn . Deep e r  o r P  i s  
s la t ed f or f u t u re p rodu c t ion . 

Mine D refers  to  it s l e ve ls w i t h  respe c t  t o  sea l ev e l , so tha t 
h ighe r -numb e red leve ls  a re h i g h er in t he m i ne . At  t h e  t ime t he study  
was  b egun , m i n ing  wa s in  progre s s  on the 1 , 1 00  level , w i t h  e x t ensiv e  
p a s t  p rodu c t j on ;  s lu s h e r  d a she s* we re  b e i ng dev e lo p ed o n  t he 9 0 0  lev e l  
be low i t , a f f o rding  exce l l e n t  rock ex p o s u r e H . Fo r th is reason , 
a t ten t i on wa i:; focu s e d  on the  900 leve l , w h e re t he who l e  deve l opme n t  
cy c le c o u l d  b e  ob served . 

The  o re � o n e  dips  mo d e ra t e ly , so  t h a t  the  900  l e v e l , being  down 
t he d ip of t h e  o r e  f rom the l ,  1 0 0  leve l ,  is  o f f s e t  f r om t h e  1 ,  L OO 
lev e l  i n  p l an . 

Th re t· b a s ic ro c k  t y p e s  a r e  found  in th i s  pa r t  o f  t h f'  min e , 
inc l u d j ng in t r u s iv e  ( gran od i o r i t e )  p o rphyry , f ine- g r a in ed vo l c an i c  
f low r o c k s  (mos t ly a n d e s i t e } , a n d  a fa n g lo m e ra t e  t h a t c a p s  the  o r e  
z one a n d  wa s fau l t e d  d ownwa r d s  a lo ng w j  th  i t .  The in t: ru s:!.ve  p o r p h y ry  
wa s in i t ia l ly a l  t e  ted  hy d r o therma l ly ,  a n d  wa s la t e r  we a the red . Th e 
vo l c a n i c s  we re s imilar ly a l te red a nd wea t h e red , b u t  owi n g  to  t h e i r  
fi 1 1 €, r  g r a i n  s i z e , do  no t exh i b i t  t h e  d j  s a g g rega l lon  t h a t  can  b e  q u i t e  
s t rong in  t h e  p o rphy ry . 

* 1 1 d a s h "  i s  a loca J t e m  f or " d r i f t . "  
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The lower fnnglomerate surface dips moderately away from the 
accive mining area, striking roughly parallel ta the long axis of the 
level. Although the fanglomerate does contain scattered mineralized 
fragments. it is not nre, and its presence above limits the ore column 
height. On the QQO level ,  as one move/': away from the lower contact 
down the slusher dasheP , weathering decreases in intensity, supergene 
enrichment increases in intensity, and a highly argillized zone is 
reached. Varying proportions of porphyry and volcanics in complex 
association, are found in this interval in the slusher dashes. 

This ore z one i s  truncated at tbe far end of th� slusher dashes 
on the 900 level b y  a highly ergillized, damp, strongly slickensided , 
incompetent zone corresponding to a ma.1 or fault. This fault, kno\.ln af': 
the '' footwall crud" because it defines the footwall of the ore zone. 
strikes generally parallel to the fanglomerat� contact, dips moderate­
ly to steeply towards the mining blocks, and may reach 50 ft or more 
in thickness. The horizontal distance at the 900 level between the 
fanglomerace contact and the edge of  the "crud11 is of the order of  200 
ft,  so that the mining layout is basically a chain of single blocks, 
each about 200 ft on a sid e ,  that follow.;; the trend of the "crud." 
Subsidiary faults, not separately cl�ssifiable, cross the blocks at 
shallow angles to the "crud. "  

Three basic structural domains were recognized , corresponding to 
the weathered porphyry, a structural transition between the fanglo­
merate and the "cru d , "  and the "crud" itself. 

Despite the intense weathering and alteration present, it was 
felt that fracturing plays a significant role in rock mass behavior at 
Mine D. 

5 .4.2 Mining Practice 

5.4 . 2 . 1  General 

Overall, Nine D uses a blockwise panel cave method with diagonal 
retreat undercutting. Slushers are used to move ore from the lingers 
to the drop points, with the haulage directly beneath. The blocks o f  
each production level,  the 1 , 100 and the 9 0 0 ,  are arranged such that 
each level is  essentially a single panel. On the 1 , 100 level, nine 
blocks had been mined with one in production and one at an advanced 
stage o f  development at the time of this study. On the 900 level, the 
first block, sl usher level only, wa� nearing completion. Production 
from the 1 , 100 level had been intermittent, having just resumed afcer 
several idle years. 

Mining levels consist o f  undercut, slusher, and haulage levels, 
in much the same fashion as Mine B. The chief difference is chat at 
Mine D, slusher lanes are long�r and all run the same di rection. 
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Past experi,:nce had been to lay the panel out using a fringe 
d r i f t  driven in fanglomer a t e ,  with crosscuts into the blocks consti­
tuting , alternately, haulage and v�nt drif t s .  This meant that sl usher 
dashes were sub-parallel to the J ong axi� of the ore zone , and there­
fore sub-parallel a l so to the " footwall rru d .  11 Severe ground condi­
tions were experienced in the two or three slusher dashes nearest the 
"crud'' which had a r.endency r.o roll over in response to caving pres­
sure. Nor.icing thvt fewer problems were experienced in the haulage 
and vent access drifts  (although some total  failures did occur a t  the 
end s ,  near the "crud" zone) , the mtne decided to change the layout so 
that on the 900 level, the slusher dashes are perpendicular to the 
struct.ure. The original layout, on the- l , 100 leve l ,  was to enable 
dash-by-dash draw control 1 seen as advantageous because of  the moder­
a ce dip of the ore zone . There were sever£il instances where entire 
s l uF.her dashes on the 1 , 1 00 level were in severe distresi; due to 
ground weight from the "c'rud" ,  so ic. was decided on the 900 level to  
turn them by  90 ° so thac the  "crud" would be  in a mote  favorable 
orient�tion with respect to the slusher d r i f t s .  This would also 
confine most d i s t ress to areas near the ends of the d r i f t s .  

With thP. 900 level layou t ,  however, i t  "1as necessary co put  the 
ventilation drift  almost ent irely w i t h in the "crud" zone. Recot?nizing 
the experience on the 1 , 1 00 level with rigid (massive concrete) 
supp or� in slusher dashes o f  similar orientation , it was decided to  
support the vent  drlft with steei  sets  and considerable blocking that 
could be removed in response to  ground pressure . 

With these general commen t s  mad e ,  the following sections address 
in  greater detail the development and support practice at  Mine D .  

5 . 4 .2 . l  Development 

On the l ,  100 l evel,  the L ?  f t  wide by 10 f t  high frinp, e drtf  t 
parallels che ore zone, wi th  vent access and haulage drifts  turned o f f  
at  9 0 "  angles t o  i t ,  alternacing on 200-f t-centers.  The horseshoe­
sha�ed ven t access drj f t s  are driven 1 0  ft wide by 9 ft high , and ramp 
up from the fringe d?:i f t  to reach the level of the � l usher dashes. 
Each vent dri t t  ser\'eS two blocks , and vent drifts  are the only 
openings a t  the 1 , 100 level slusher eleva t ion that arf:'. perpendicu l a r  
t ,.) the trend of the ore zone . Haulage or  "panel " d i:i f c s  art kept a t  
the elevation o f  the fringe d r i f t  and extend directly benearh che line 
of  drop points in che slusher dashe s .  Each drop point serves two 
blocks in succession . When one block is mined ou t ,  the s lusher d rums 
a re tr.oved to the other side of the drop points and turned around. lhe 
sheave blocks are moved to the opposite end o f  the slushe¥ dash under 
the uncaved block, the cables and scrapers are insta l led , anrl the new 
block is then ready co be pulled .  

Slusher dashes were driven 1 l f t  wide by  10  ft  high on J.i-ft  
centers , and continue from one block to the nex t .  They are  sub-
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parallel to the overall trend of the ore zone on the 1 , 1 00 level. 
Access to the slushers thenselves are through manway raises from the 
haulage. 

On che 900 level, an access drift ramps up from the fringe drift 
to the slusher elevation and intersects the slusher lev el access drift 
at App roximately a right angle. The access drift essentially paral­
lels the ore zone, th£' Vt:!nt drift , and the "footwall crud." The 
access drift is 1 2  ft  wide by 1 1  ft  high and is extended che length of 
the level, with slight bend� to better follow the ore zone. 

At right angles to the access drift are the slusher lanes , which 
are nominally 200 ft in length but in practice vary, according to 
encountered ground conditions in the v icinity of the "footwall cru d . "  
Slusher lanes are driven lO ft  b y  10 ft,  on 35-ft-centers. 

Turning off the fringe drift, and remaining at the same eleva­
tion, is the haulage, which is pa r.allel to the slush er access drift. 
to the block side and beneath it. The haulage , of approximately the 
same dimensions as the fringe drift and access drift, is centered 
beneath the line of drop points. 

Opposite from the access drift and at the same elevation is the 
vent drift. The vent drift j oins up with the far ends of the slusher 
lanes. To maximize slusher lane length , yet avoid irregular zones o f  
incompetent ground associated with the "crud, 11 the vent drift direc­
tion is  irregular. It is designed 10 ft by 10 f t  and was driven 
meticulously. keeping steel sets as close to the face as possib le. 
This made for slow development in this ravelling and squeezing ground. 

All development is by conventional drill and blast methods using 
j8cklegs . Present practice in average ground is to pull 6 to 8 f t  per 
round, usine a 5-hole burn cut and 30 to 60 holes packed with water 
gel explosive.  On the 1 , 100 level, overbreak of 20% was not uncommon, 
and was somewh1:tt worse in blocky. weathered intrusive porphyry. 
Overbreak on the 900 level averages 10% in average ground, with some 
areas s lightly higher ,  and blasting practice continues to improve. In 
strongly altered or ravelli.ng ground, 5 f t  of overbreak, even with 
very light charges, is not uncommon. Overbreak is generally greatest 
in the crown . Powder factors of 0 . 8  lb/ton of 45% gelatine dynamite 
in the slusher drifts yield fine f ragmentation. 

5.4 .2.3 Undercutllng and Caving 

Finger raises have a 5-ft-square cross-section and are driven 
vertically from the slusher drifts in pairs, with 1 7 .  5-ft center­
to-center spacings down the drift. 

The undercut level is driven 1 5  ft above the sl11sher level, using 
7 ft wide by S f t  high drifts driven on J 7.5-ft-centers over the tops 
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of  th� f l nger raiSL s. Undercutting i s  accomplished by drift widPning 
and rirr, <�rilling anrl bJ asting of pJllars. Pillar blasr i..ng is ad­
vanced in sections, maintaining a di ngonal cave line. Swell muck is 
drawn o t l:  imme:di;itely , rhrough tlie fingers. 

Caving proceeds block-by-block across che lPvel, with each bloc k 
completed before caving i s  begun in the next. Blocks are about 200 ft 
011 c.1 side. 

5 .4.3 Ground Support 

Temporary support on the older 1 , 100 level consisted of t/? -in.­
diamctet' , 6-ft-long point-nnchor mechanical bolts , on 3- tu 4 - f t­
centers, ord1n1 rily w:ith l�-gauge sc.e, ·l  utr.apping. Where necessary, 
steel surport was installed. In the access drifts, the bolts seem to 
be accepting load effectively. The access drifts and haulagi= drifts 
are unlined except within the bled' , 

Slusher drifts in an abandoned block were obst:rved. 
�ractices in othec blocks ar� expected to be similar. 

Support 

1'emporary support consisted of mechanical expansion-shel 1. type 
rock bolts, 1 / 2  in. d iameter by 6 ft long , spaced 2 to 3 ft apart at 
the crown. Both steel matt:i.ng and 12 in. wide 12 gage steel straps 
were installed to avuid fall!: of loose rock. A clos� inspectioh of 
some bolts from an incomplet.e finger raise revealed tli,'l t about SOi; 
bad little or no anchoY-age. 

Monol i thic concrete is used tor permanent support throughout the 
bl ock, to a uniform design thickness of 3 ft over the ribs and crown . 
The floor was concreted to a design depth of 1 0- to 12-in. The 
concrete used an average aggregate size ot 3 / 4  i11. and a 4 in. slump. 
Although the design strength of the concrete mix was 4 , 000 psi, a 
number of Schmidt hammer tests on the linings durinL this investiga­
tion yielded an avera�e value of l , 600 psi .  

Considerable segregation of �ggregate w�s obse�ed i n  many areas, 
indic�ting fiel<l difficultjes in concreting practi�es. Also 1 to 1 . 5 
ft voids were observed between the rock surface and the conc.rete layer 
at the back o f  some of the d'rii t'.; . At one loc£Jlity, concre r e  thick­
ness in the crown was less than � i n .  

The haulagewoys are supported with LO-in. wide-flnnge steel sets 
with cast concrete to cover. Set �pacing is in general about S ft. 

Undercut drifts on the l , lOG level had bePn supported with timber 
posts, caps, and girts, ] ;:,.r,ged as necessary. Lately , Split Sets have 
found increasing use. 
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On the 900 level,  support practiceb and workmanship were found to 
be much improved .  Support systems were found to be b e t t er adapt�d co 
ground conditions. 

In the acct!l$ dri f t ,  1 - 1 /2-in . -diameter, 6-f t-long stee,. S p l i t  
Sets  with 12-gage steel s t raps comprise the only support outside the 
block area.  Mose of this is in fanglornera t e ,  which is essentially 
unfractured and stands wel l .  Within the block area, LO-in. wide­
flange s teel  secs are s e t  on 5-ft centers, \Ii.th lagging of the crown 
and of the lower part of the ribs . 

In all slusher clrif t s ,  1-1/ 2-in. -diameter 6-fc-long steel Split 
Sets a re used for temporary support . They are installed soon a f ter 
the previous round is mucked. Steel strapping i s  placed during 
bolting to provide safety from falls of loose rock. A detailed survey 
of Split Sec  spacings indicated that the average longitudinal spacing 
is about 4 ft while the circumf�rencial spacing varied between 3 to 
5-l/�  f t .  Although the spacings of the bolts are fairly consistent in 
all the slusher drift s ,  the percentage of the area bolted varies at 
different sections o f  the drifts depending on the nature of the 
exposed ground. Three bolts are used to hold up each steel strap and 
the long dimension of the s traps are parallel to the drive.. In the 
fairly competent intrusive porphyry, five such straps are used s ta r t­
ing from about three quarters of  the way up the ribs and over the 
crown. I n  the intermediate zone , about six or seven scraps span the 
crown and the upper two-thirds of  the rib s .  In the "crud" zone , some 
8 to LO straps are installed covering the entire d r i f t , floor to 
floor. 

In general the Split Sets appeared to have been installed pro­
perly b u t  due  to the nature of their design it is d i fficult to deter­
mine how well they are taking loa d .  They appear to  be effective, 
a l though evidence of corrosion was found. There is considerable 
ravelling of loose rock from the ribs and crown , in the "crud" zone 
and t ransition zone. Close to the vent/access drif t ,  where the rock 
is intrusive porphyry these e f f e c ts are  greetly diminished or absent . 

r�rmanent support in 900 level slusher drifts  incorporates rigid 
square steel  se ts  of W6::20 sections. These are installed at several 
areao within the slusher d r i f t !>  soon after excavation. Their purpose 
ii; tu provide some additional support at the intersections of the 
slusher d r i f ts with the access and ven tilation d ri f t ,  and are used in 
dri ft section!· in weaker ground. Blocking and lagging consists of 4 
in.  by 6 in . and J in.  by 1 2  in .  Limber. Usunlly there are two 
blocking points al  the crown and two in each rib . 

Haphazard b locking and lagging practices were found in some 
areas, especially in one slusher d r i f t ,  having about 60 Et o f  s t eel  
�et  support . No  appreciable deformation o f  timber wedges was noted a t  
this location showing l i t tle indication of ground movemen t .  Else­
where , such as in the vent drift where steel support may be regaTded 
as more critical,  blocking practice is improved . 
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The slusher dri(ts are ordinarily fuJ ly concreted a few weeks c o  
a month afte:r  they are Jriven. Mnnolithic. concrete of very high 9-in. 
slump containing 3/4-in. rock aggregate , and having a 28-day design 
strength of 4 , 000 psi, is poured uniformly to a thickness of 3 ft. 
Collapsible steel arch forms are used for placing concrete. A wheel­
mounted, hydraulicol.ly-powered j umbo is l1Sed to collapse and expand 
th� forms into position. The. forms are h inged and are col]:1psed by 
j a c k -screws connecting the side� of the fonn to the j umbo. During 
concreting, st yrofoam blocks are placed at the intended location� of 
the finger raise portals, tC' avoid blasting through concrete when 
starting the finger raise. A 5-in. metal ansJ e and a 10-ft-long 90-lb 
rail n re p laced over the Styrofoam ;:ind embE'dded in the concrete to 
reinforce the f.L11ger raist: brow. 

A few weeks afte.r concreting, circumferential cracks were noteJ 
which typically originate from the downslope side oi th\! Styrofoam 
blocks in the inclined (4 ° ) slusher drifts. The displacement 01 the 
cracks is very small and the reason for cracking has not been conclu­
sively determined, but may well bF du� to shrinkage upon curino. 

:;. t  was realized from the outset that the vent drift would be 
driven in troublesome ground. ,\ccordingly, permanent square steel set 
support is installed as soon as possible after mucking. Heavy duty 
i;teel of Wl0x45 section make up the sets. Usually , a 3-ft spacing is 
maintained betr,.:een adjacent sets with smaller spacings near inter­
sections and areas of extt"emely poor g round. Two 4 in. by 6 in. 
timber blocks are used as spreaders between adj acent posts alone with 
1/:!-in.-diameter tie rods. Blocking on the crown of the sets is 
Renerally at two points at end of th� cap, to retard bending . Block­
ing at the �ibs is irregular, owing to the use of consider&ble timber 
which was to be removable if substantial ground movement occurred. 

le should be noted that the vent drift was necessad 1.y driven 
with several re-entrants and shnrp corners, to  avoid the worst ground. 
Throughout devel opment. the "crud" zone in the vent drift and a t  the 
nearby ends 0f some �lusher dashes could be heard "working" and 
ravelling was almost cont{nuous. 

Undercut drifts on the 900 level were supported with Split Set$ 
and, wher� n0cessary , steel straps. No timber was in use at the tirrr. 
of the study. 

5 . 4.4 Scope o! Field Data 

Repeated visits were made tt· observe. the developlT'ent of che first 
block on the 900 level snd later the initiation of caving in a new 
block on the l , 100 level. In the latter instance , however, detailed 
geo1 ogic data cou1 d not be obta1 nP.d because of lack of rock exposures ; 
early geologic maps and some observations in the undercut lPvel were 
relied upon for geol ogic control. 
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At Minr D ,  l L  was necessary to develop a data base for fracturing 
�nd proj ection o( structurnl domainP . Core from the area of the first 
block on the 900 level was thoroughly logged for geotechnical infonna­
tion. FivC' detail line surveys on the 900 level yield infon:1n cion on 
the nature and distribution of  fracturing . The lines had various 
orientations, to remove directional b i n s .  These data were analyzed 
statistically and Schmidt plots of fracturing were computer-generated. 
Rock classifications were carried out underground throughout the 
then-exist ing workings on the 900 level, and at several locations on 
the l ,  100 level where rock was exposed. Information in the mine' s 
files, including field stress measurements and point-load compressive 
strength of core, was intensively reviewed and analyzed.  Detailed and 
reconnaissanCL. geotechnicaJ maps and cross-sections were prepared. 

In addition to the geological data, information on the develop­
ment layout, blasting procedure, support prac:cice, and draw control 
history was collected, through first-hand observations (900 level) and 
review of company maps and files ( 1 ,  100 level) . Support performance 
was assessed by examining present caviug experience on both levels, as 
well as through visits t o  worked-out areas on the 1 � 100 level .  
Support effectiveness and p lacement was documented through Schmidt 
hammer (concrete test hammer) tests, torque tests on mechanical bolts, 
and measurement of set spacings and blocking practice. The foregoin� 
discussion is a summary of this detailed data. 

5 .4 . 5  Rock Mass Conditions 

Basic geologic conditions at Mine D were found co fall into a 
spectrum, from the weathered but hard intrusive porphyry to the 
strongly altered and shear�d '' footwall crud . "  The transition zone is  
of  intermediate but variable rock class. The basic geological data 
are summarized in Table 1 2 .  RDnges of data arc given where descrip­
tive of the variation within a single structut:al domain. The given 
intact rock strength is biased on the high side in the " crud'' zone, 
due to sampling effects, and on the low side in the transition and 
altered porphyry zones, due to the role of hairline fractures in 
control ling breakage during point load test s. The values used in 
obtaining the RQI ratings were adjusted somewhat accorc!:ing to the 
range given in the table . 

Similarly , the other measured variables were soruewhat different 
from level to level and within a levf'.l .  This is to be expected in 
this complex geological environment, so RQI values from various areas 
are reported. 

The "altered porphyry" group occurs near the fanglomeratc contact 
and consists of highly to moderately weathered, altered granodiorite 
porphyry. Fracturing tends to be moderate in spacing, and the ground 
is commonly blocky . On the l , J OO level, weathering is more severe and 
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TABLF.  1 �  - Geo l o� i c a l  Da ta fo r ! i n  D 

I n t a c t Ror k 
S t r e np, t h , p s i  ( l) 

RQD Kecov e r y , I ( 2) 

( \ J o i n t  Spa c ing , f t  

.l o in t  C on d i t ion (. ) 

Roughne i· s  
Sepu ra t ion , in . 
Fi l l ing 
Wea ther ing 

J o in t  Orien t a t ion (• \ 
Se t I 
Se t 2 
Se t J 
S t 4 
S e t 5 

C roundwri t e r  (r.) 

ALTERED 
PORPHY RY 

6 , 9 0 0 - 1 5 , 000 

39 / 8 3  

0 . 6  

rough  
0 . 05  
c: lay , FeOx 
s l igh t  

N 4 0 E , 8 5 S E  
N7 7 \.J , 6 3 N E  
N 3 l E ,  3 S E  
N S8W , 7 4  S \� 

d ry 

Rock Ha s s  Ca t ego ry 

TRAN S I T ION 

J , 7 0 0 -5 , 9 00 

4 1 / 8 0  

0.4 

s l .  r ough 
t o  smo o t h  
0 . 0 5 
P eOx  
s trong 

N84 E , 8 J S E  
N0 7 E , t l NW 
N 2 9W , 4 2N E  
N 52\.J , 7 2 5\J 

dry 

da t a --poi n c  load  � n d  u ncon [ i n e d  c mpress io n 
f rom mine  c o re l o P,S . 

E'OOT\�ALL 
CRU D  

6 , 1 0 0 -9 , 900  

l 7 / 4  3 

0 . 2 -0 . '..>  

smoo t h  o r  
s l i ckensid e d  
0 .  l -0 .  O '.i  
c l ;=1 y , gouge 
v e ry s t ro ng 

N 5 2 E , 7 5NW 
N65 W , 7 8 SW 
N4 JW ,  2 0 SW 
N 2 JW ,  68N J' .  
N L 7W , 7 5 5W 

damp 

tes t s  on  co re.  

u n d e r g round  d u r i n . ' t h i s s t u d y  bv  d • t a i l e d F ra c t u re S lf fVPys . 
f rom  d e t a i l ed f rJ r t u r e  u r v • vs a n d  co re . 

a na l v s s o f  de t a i led f r A c r u rP u rv y s .  
n d e r rou n d .  
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joint surfaces arc �lickenojded and coated �1th iron oxides. The ro�k 
commonly hat t h(. appearance of a leac-heJ capping. Sma 11 faul t.s occur,  
chiefly as single shears , but are fpw. 

the trant;Ltion zone shows the inl.'loence of the nearhy 11 c.. ru d11 zone 
faulting. The transttioo zone contain�. vc.. lcanics c:1nd altered pC1r­
phyry. The a l ter�d porphyry is ordinarily not as  weathered as ic  i�  
bleached, and  fracture spa<'ings in the  cn1nsil ion are sollle\..'hnt low�r 
than in the 1'altered porphyry" group. The volcanics are sh.-, ttered,  
with chin coatings of carbonates or sulfates on the  fracture surfaces, 
and the groundm:,i ss is moderately altC't'P<l. Areas of  b locky ground 
extend for only 20 f t  or s o .  and arc  bounded by sheeted or shattered 
zones. The transition zone i s  comsnonly bounded by  fau l t s .  

The "crud" zone may ccr,tain either ur b o t h  rock types; they a re 
di.£ficu l t  to distinguish due to  intense shearing and b leacliing. The 
material is damp 1 with many gouge and clay seams up to several inches 
in thicknes s .  Fractures commonly are noticeably open. Blocks o f  
intc1ct rock d o  exist b u t  are i:carce and of limited exten t ,  anu are 
a lways bounded by sl ickensided zones with central gouge. 

The RQI ratings for each of  these groups ,  at various places in 
Mine D, sre given in Table 1 3 .  A 1.1 the ratings are sensitive to the 
faulting , and the contra SL between zones, while not of large ma�ni­
tud e ,  is d i s tinct and consi s t en t .  

5.4.6  Encountered Support Performance 

As ment ioned earlier , some �lusher drifts on the 1 , 1 00 level near 
(or in) the "crud" zone a r e  in severe distress;  a few hnd to b e  aban­
doned. 1 t is difficuJ t to pulJ  swell muck from the "crud 1

' zone due to 
packing in the fingers; if this situation ls not alleviat�d within � 
few day s ,  spall).ng and crocking (with offsets up to l i n . )  begin in 
the concrete lining. In one casE",  an attempt hAd been made co keep 
the d r i f t  open by installing W6x20 steel sets spaced J f t  apart nnd 
spraying l to 3 in.  thick shotcrete near the damriged area . Several of 
these s t e e l  secs had bent over and buckled and the drift was auc:1n-
cloned . Ground support probleriS in chis areu a t e  thought 
re1:1:;01L why numerous finger raises were never completed 
production was never ob tained . 

to be  one 
and full 

The haulageways and acce�s drifts in thi s type of  ground ate also 
distresse d .  In the above instanc e ,  concrete in ch� haulage had 
spallcd badly from the ribs and crown, e�posing damp , gnugy , squeezing 
rock. The steel supporc pr�vented i,everf' closure, however, and the 
drift remained in service. A neat·hy vent acc�ss drift had almost 
closed c:.ompletely,  dcspite e><tensive terr.cdial timbering. 

Far b e t ter  results were i;eC'n on the 1 , 100 
compet�nt transition and a l tered porphyr) doma ins.  

level in the rr.ore 
A half-cav�d block 
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TAB L E  l 3  - RQ I Ra t lngs  fo r Mine  0 

RMR RSR  

A l tered  Porphy r y  

900  leve l .  4 8  s . o .  0 . 8  68  6 8  
900  lev e l , 5 1  S .  D .  0 . 6  6 3  5 3  
' 00 lev e l , ') / 6  V . A .  t . 3 0 2  4 7  

Tr. i n s :  t ion  

900  leve l ;  4 8  S . D .  1 0 . 3  5 7  4 7  
900  lev el ; 5 1  s . n .

2 0 . 0 9 5 2  36  
900  lev e l , 5 1  � 0 . 4  5 4  4 7  S . D .  1 

l ,  1 0 0  leve l . 1 6  s .  o .  0 .  2 s s  5 2  

Fuo r.wa ll C r u d  0 . 03 3 7  4 1  

1 M i xed por p hyry  a n d  vo l canics  
2 Al t ered  porphy ry , s t rongly  b l e ac he d , weak , b u t  no t fau l t ed .  
lMos tdy� volcanics  

S. O .  · ·  s lu sh e r  d r if t  
V. A .  · ·  v e n t  a c c ess  
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on thC' I . 100 lev'-1 showed moderate  spa) ling of the ribs 1n the c.on­
c.reted slusher dashe s ,  immed1Ett�ly beneath the cave line. Crown 
spalling was limited to the area in production at  the time. Diagonal 
cracks with apertures of 0 . 2  in. and displacements of up to 0 . 3  in.  
wete found in advance of the cnve line in this block . The surrounding 
rock, although not directly visible,  was projected to belong to 
transition �nd altered porphyry groups. 

On the. 900 leve l ,  the slusher dashes and access drift were 
reportedly functioning wel l  (the area was not caved unt i l  after the 
field investigations had been completed ) .  However , seven problems 
were experienced in the vent crosscu t .  The removable wood bloc.king 
was quickly smashed flat soon a f ter cavi.ng was begun, and severe 
distortion of the sceel supports ensued. Despite continuous ruain­
tenance, the drift closed such as to severely restrict airflow. 
Several remedies were considered, such as remitting , stress relief 1 
shotcrete, and otht:rs. These deformations affected only the ends of 
the concreted slusher drifts and their intersections with the vent 
drift .  As would be expected, i;evere problems developed at sharp 
corners and in re-entrants. 

5 , 4 .7 Summary 

Mine O is an excellent example of control and localization o f  
caving stresses b y  major s t ructurul zones. I n  addition t o  being �eak 
in themselve s ,  such zones can cause very high deformations nearby. 
Although the variation in rock class is somewhat more subtle than 
might be  expected,  the d if ference in behavior is grea t .  

Mine O also affords examples o f  reliance on permanent concrete 
support to help stabilize the ground prior to caving. At  the Mine o .  
1 , 100 level f a r  better  results  would have been obtained i f  the ground 
has been stabilized prior to concreting . 

5 . 5  Conclusions of the Field Work 

In formulating a classification system that would be suitable for 
drift support recommendations in block caving mines. it was thought 
that the best  procedure would be to adapt an existing, proven RQI 
scheme. This could be done through aJj ustrnent ( change of rating 
structure for existing parameters) or modifications (addition of new 
parameters) or a comb ination of adjustments and modifications. It was 
decided to selec t ,  as the st�rc1ng poin t .  t h e  most suitable RQt system 
from among Q ,  RMR . and R S R .  These systems were evaluated from the 
standpoints of agreement with successful mining prac tice , adaptability 
to b l ock caving, and general utility.  

The range of  ground competence round a t  the four field sites 
covers a spectrum from very weak, swelling, ravelling , and gougy 
ground , to hard , strong rock with moderately spaced , tight fractures. 
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Typical rating::; and assot' ia ted  suppon recommenrlat ions for various 
Lypes o.f ground .. re giveu in  the follo1dng subsection s .  These are 
supporc recommendations de rived directly from the clasDification 
systems, for t.�mporary orenings with 10 to  15 ft span s .  They are 
highly generalized and are meant to prov1.c.le broad comparisons between 
the ''basic" ( Q ,  RMR, and RSR) i ,1stems. Laubsche r '  s adjustments were 
aJ.so appli,:d, and surnmc1ry s t atements regarding the outcomt: of that 
work are given . 

5 . 5 . l  Findings at  Min� A 

Table 14 compares predicted and encountered support from Kine A.  
The supports are generalized sligh tly t o  permit ready comparison 
bet.ween sy!':tems . 

None of the basic systems predicts the heavy timber/steel and 
massive cone1:ete support actually installed in the production open­
ing s .  Laubscher ' s  classification system gives varying results depend­
ing ou the typt:! o f  drif t ,  t h e  orient.at i o n ,  ond other details.  In 
genera l ,  Laubscher' s predictions do rec:011.r:iend heavier &up port th;in Q ,  
RM�, o r  R S R ,  in many instances extending to  massive concrete. None o f  
the systems recommends an  approach that might have prevented the 
fa1lurPS that occurred in the faulted areas. 

5 . 5 . 2  Fj nd i ngs at Mine B 

At Mine B ,  none of the basic classifi cation sy�tems predicts the 
heavy types of concrete support that are a ctually used (Table 1 5 ) .  In 
many instances, the systems are insensitive to fectors that have 
precipiced total failures a t  Mine B .  The information in Table 1 5  is  
genf:!ralized over the  mine area and there ,, re numerous excep tions. 
Laubsche:r'  s system recommends v,:nious thicknesses ot massive cone re te 
for all but "very competent' '  rock. 

5 . 5 . 3  Findings a t  Mine C 

Predicted and encountered support a t  Mine C i s  shown in Table l 6 .  
I n  genera l ,  encountered support 1� initial support, (except where 
steel ribs had been installed early , near backfill areas) and perma­
n�nt support was onl y planned. No support perfotmance history wns 
developed , but it can be seen that the RQI··r.ecornmend,,d supports 
probably would not h;::ove been adequate, had mining occurred. 

5 . 5 . 4  Findings a t  Nine D 

Predicted and encountered supports a t  Mine D are comp::red 1n 
Table 1 7 .  The information contained in Table 1 7  is q11.ite gene ralized , 
since Mine D has changed its overall support practice , and has also 
varied the support depending on type of  d r i f t .  Massive concrete 
support, for example , was foregone in the 900 level vent drift  in 

98 ENGINEERS INTERNATIONAL, INC. 



TABLE 14 - Predicted and Encvunttred Support for Mine A 

!l II ln. "nh·r11l11f. Jh->rt­
r-rucn � aroutcd 1/4 in, 
7•ft-long bolu,. canalon(!d , 
o \ . s. J Ct • •res 

� )/4 fo bolu,, 15-ft-loni; 
l' l-5 re. s11cg ... •••h 

or 
6 In. ahoccrct o 

or 
l'IOd, ribs @ 3-4 re.  spcg 

RSR l/4 ln, bolt� � 2 ft.  •PCJ 
or 

t:osovo,creil 

l In. ,.l,,,ccrccc 
ur 

4Hll ribs @ l , j  fr.  •vci 

18-24 In.  lnc•l ly 
reln(orccJ concroto 

pluo 
4-ln. co 6-in. Wf •ate e 
S r t .  spcg 

or 
6 by 8 in. co 12 , , 12 1n. 
t wher • .,.� 

nuorort Perforaanc� 

In L ru,. Ive 
Porphyry 

1-2 in. pl.In ahoccrot.i 
1/4 lu. bulta , ,rouc•d, 

J 3 (�. apcK, 7-ft•lon& 

1/4 In. bolu, 12-fl-
lnnR � 4-6 re. •PCI ... 11e�h 

or 
I In. •llolCret� 

no rib ou�port 

1/4 ln. bol�• Q 4.S fc. 
.1pc11 

or 
lli in. st,o�tLdl' 

or 
4 ( 7 , 7  rib• P 5 . 5  ft. apca 

l&-24 ln ,...,.,,lve concret, 
11lu1 

5/8-in . -dta . •  6 ft- Iona 
bolt• p\ua ecrapG or •ow� 

or 
(dccpar llvila only) 
12 Jn. by 1, ln. tuobtr u,cs 

or 
4 tn. , �  6 in. �p aet1 

Prob. 1-2 ln. rluln 
ahoccrcce ! grout•d 
l/4 In , ,  7-it-lonv. 
bolt• @ J re. ,peg 
(Q vnr(o4 widely) 

12-ft-lan, e 4-6 (l. 
11pc1 + ao,h 

Ot 
l in. ,t,otcrt1tn 
no rib uupport 

3/4 ln. boJ•• I 4 Ct.  ,pc1 
or 

2 In, ohotqcr" 
or 

4L7.7 ribt � £ re. apes 

18·24 ln ,.,..••Iva conrrcLG 
plu� 

$/8-1n/-d L. . ,  b ft-long 
bolls plu• aLr•r• • or 11cah 

or 
(deeper leveh only) 
12 ln. bv 12 In t lnbcr aeta 

Ol 
1, jn, en 6 In. l'T uu 

Crtuly frlni;e drlft cr.,...os •nd rSba apall >1lthln 70 ft ot r•no,I drlft• turnout• . 
Crluly pend drHe crowns And rlba aµ,1111 .. d •n4 cnskqd n4'Ar turnout,. 
Timber aupporta ,cro••�d--cucl.ed pou,, �ruol11d cap• , do(oned tn1,11'lnr., uhcr,• 

exposed on erliz\y Jav•l. 
Scvorc dlstrc,u on r,rh:ly hvd In C.ulcl\J oriu1. Hlnln� coaud . r.,ony roncl 

drifts MbondonoJ. 
Da ... ,e on h4ulaa• lovul �en•r•lly rcstrlrt&d to cr3c�ln1.1, K•n•rnlly no� 1crlou1, 
Grl12ly drlrta tolerate txcenatve do""'&�· 
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TABLE 1 5  P re d ic t ed and En coun t e rRd  S uppo r t  E n r Mine B 

I, I n  •) •'l t C r e l  
p 1 11 � 

• n re tt 1 t 1,; n·c. l " l!t  

llo t c . ,  6 to 7 f l  
long 2 . 5  f t ,  •peg , 
+- m 11, h  

e r  
ln  sho c cre:t ,  

or  
ni,.J . r lb · 

prg 
l f c .  

) / 1, l ll bo l t  
C t , • PCR 

or 
) J n .  s1'o tcra t c  

o r  

2 . 5 

4 � 1 3 " •• � 2 r e . 

7- 1 , � 1 t,n � bo l • •  
p l u� 

muh a n d  •h,, lc c u t 
r l u � 

rc 1 n to r.;  d emu: n H  
� r l • ld  � c c  I &� L � 

Suppo r t  P r (crn.,nc 

1 I n , ahot c r o t c 
r 1 i. •  

meoh c o i n (or c tns 
plua 

)/�  I n , ,  9- f c-lcn 11 , 
p,rcu t od be l t &  e 3 Ct . 
�pcj\ 

�Cll t e , 6 t u  7 f c  lvn •  
� f t , JPC & , + rnc �h  

or  
4 J n  uhoc c r e c  

o r  
l i p.ht r i b @ 5 f t . ape 

J / �  ( n .  bo l t • t' l I t .  
PCB  

or  
2 l n  tho t c r� , ., 

O r'  
4 1H ) •.c.1 • .  

7- f t- l onM b l e u 
p l u� 

� th and 1ho t c r C ft  
p l u  

m.t !1 :1 lve c 1.1nc r � · e:  

Cumpe u,n c  

1 - 2 Jn , �ho t c r c t c  

U \ r: s ,  L tc  c; f t. .  l c,ng, 
3 co 5 tc b rc s , + me•h  

or  
l In li ho t c r e t o 

l/4  1n . bo l e •. � 4 f t. . 
peg 

o r  
2 1 n ,  •ho t c r q c o  

o r  
� [ 7 . 7  � c t •  f 4 ( c . 
�P' II 

1'14 ,: tv cun c < N  
bo l l a  

a � h  
11 n d  

:ShO C C. T" iU t U  

J n lpp, e r  c k l nfl <01-TI n o v e r  h a u l ns<> cut-out • ; • �ve r o  .in weake r r, rnund . 
tlt1rn.a � • 1 1 1 \J(',a�  g T"uund 1! 11. t un d u  lo h 11. o  R • 
M o pa l r  """"""" i ll "'CO � t r 11 round . 

Ve r y  
Cbll!po t "n t  

) / 4  I n ,  bo l t s , 7 - l < - l or• , • 
grout "d , � ) I c .  to L I , ,  
upcg  

Uo l t u .  <. t.o  S � t lo 1 1:;  
6 f t .  spc s  

o r  
1 i n  e, h u t c rct. 1 -

no "', Uppo r r.  

H s a  l I.Te  �one. r o t  
a p o <  bo l t  I n g  
1oc..n l :..ho t c r ete 

r r ob l em ,  c A n be  sava r .,. 1 n  i •o l .o t od c mp c. c on t r c .u �  and  v ,y e v e r  bmtd ft t h u t ul � ,  
(;o ne u l l y  11nod • u r po r t pe r fo rmanc e i n  1>vo, u� a t a  r.<) .. re c en t ground . 
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,... 
0 

RMR 

kSR 

En c oun tered 

TAB LE 1 6  - Predicted  Encountered r anc;! P J  ,inned Suppor t  for  Min e C .  
Al t erc:d  
Porphyry 

Bo l t s , 3 / 4  in . , 7- f t­
l ong , grou t ed , € J f t . 
spcg 

p lus  
2 in  sho t c re te ,  
mesh- r e in f .  

Bo l t s , 3 / 4  in . ,  1 0- f t­
long,  5 f t . to  7 f t .  
s pcg  

plus  
2. in . sho t c re t e  
a s  req ' d .  

Bo l t s , 3 / 4  in. 
4 f t . s p cg  

or  
4 I  7 .  7 s e t s  @ 4 
spc g  

o r  
2 in . sho tcre te  

@ 

f t . 

(varie s )  

3 f t .  ma s s ive  concrete  
p l u s  

bo l t s  @ 3 f t  to 5 f t .  
wi t h  s t rap s 

p l u s  
w6 X �o s e t s  @ 5 f t  
spc g  ( in ter sec t i ons , 
a. ccess)  

Transit ion 

Bo l t s ,  3 / 4  in . ,  9 - f t­
ong , grou ted , t ension� d ,  

@ 3 f t .  spcg  
plus 

2 in . sho t cr e t e  

Bo l t s ,  3 / 4  in . ,  1 2- f t ­
l ong , 4 f t . t o  5 f t . 
s p c g  with mesh 

plus  
2 in .  to 4 in  sho t c re t e  

Bol t s , 3 / 4  in . @ 4 f t . 
s p cg  

or 
417 . 7  s e t s  1a 3 . 5 f t . 
spcg 

o r  
2 in shotcrete  

3 f t .  mas s ive concre t e  
p l us 

bo l e s  @ 3 to  5 f t . spc �  
wi th s t ra p s  

p lus 
W6 X 20  se t s in  
weake r  ground 

Footwall  
Crud 

Bol t s , 3 / 4  in . 1 7- f t - l ong , 
�ro  1 t e d , t ens io • @ J f t . 
s p cr  

p lus  
c o nc r ete::  a r c h e s  

Bo l t s , 3 / '1  in . ,  1 4 - f t ­
lon g ,  3 f t .  s p c g . , wit h 
me:sh  

p J  us  
6 in . sho tcre te 

plus 
ligh t-med r ibs @ 4 f t . 
s p cg . , as req ' d . 

B o lt s ,  3 / 4  in . · 2 . 5 f c . 
s n c g  

o r  
4 1 ! 1 3 s e c s @ 4 f t  spcg  

o t  
2 . 5  i n . s h o t crete  

3 f t .  mas s iv e  concr e t e.  
p ) us 

t imb er o r  s t ee l  se t s  
(heavy s teel  s e t s in v en t  
d r i f t )  
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TABLE 1 7  - Predict�d and Encountered S upport ac Mine D 

•tncounter�d 
( C'IIIIJ>Orary) 

•P!annod 
(p4nl.Ofl�nt) 

$hotcrccu, I to 2 1n. 

Oo\tc:i l/A tn .. lQ-ft-.lC.•u•�• 
@ 7 !t,  epci; 

plu• 
ncco. wire '"''"h 

plua 
occo. �hotCUtC, 2 1n. 

S/8-in.-dio. bolt� 
(.I 5 ft. Gf>CI\ 

flOsnive 
eoncrete 

Holt", )//, !.n. ,  tO• ft­
)ong, q 7 ft.  up�& 
n•; r•g'd. 

plu• 
occ .. . <!Shotcro�" 

,,k-an.-dic. halt• 
S (t.  �j)Ci; 

Ill,' 

Shotcr<!te, 11t•t1h- ru{nf . .  
4 '"" co 10 in. 

)1u 1ta, )/4 .II\,, \ 1-rc.- lou1\, 
3 to � r e .  spc1,: Ylth m�ah 

oc 
4 to 6 In. ohor�rerr. 

or 
ll�hc ,t�cl ��t� P � t , .  

•1•cl( 

1-in-dln. bnlt-, V 
3 ft 1pcg 

or 
.J in. shotc rct c 

or 
41lll  eets @ J re. Qpc;·, 

Split &et bulL• + mc•h, rlus steel strops 
2 ft�Hc srcg 

maa•tvc 
cnnct:otr 

ffl;J!'l• lvo COl\C(ctC 
pluu etet:l auca 

•s-tnch vldc -flsnge steel •iH< ln (vnclor.s1C1cd) b�ckf ill. 

Hu•l, er drlftn parallel to "crud" and doi;n to Jluahor drl!t• 'P"rpcndkulnr to 
"crud" affected by 11que�2c at el\d�. 

Y�n� drlft on 900 level parnllc\ to "crud" al\d ponly '-'ithln it nearly c\r,uc<I 
during pruduction. 

C-.:nuratly Gdt:!quotQ ptrfonr.oncc elttcwh<!rc, "'here c.1m•�Tt1G t lo11 µr."H:t..ive !M gccorcl J n 1· 
to design. 
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favor of  stcc] sets. Also there are rock competence va riations 
wj thin th� three broad groupings given a nd the in!t� lled support has, 
in many cases, been sensitive to these. Support recommendations by 
L:1Ubschet ' s  scheme vary from concrete in tlv· "crud'' zone to bolt$ and 
2 in. of  shotcrett:  in the tn1nsition, to no support in altered por­
phyry. 

5.5 . 5  Selection of  RMR 

Since none of the three basic RQI systems cried could recommencl 
adequate support for block caving drifts, it was necessary to select a 
system that could be made effective through modification or adjust­

ment .  

From Table i 4  through 17,  it  ca n be readily seen that the RSR has 
limited usefulness for predicting rock bolt and ahotcrete temporary 
support for block caving mining. The RSR does oat extend recommenda­
tio ns to heavily reinforced concrete support . By design, the RSR is 
general in its approach. I n  the complex geological setting of most 
caving orebodi e&, the ratings tend to be too subj ective . Final ly, the 
i nitial ratings are not independent of type and orientation of drift .  
Independence of orientation was a prime considera tion,  because i n  wost 
caving mine layouts . there are numerous orientations that will occur 
within a given geologica l regime , a nd it would be better t:o race t:he 
geology, in such cases, 01:ly once. than to have to do it for each 
orientation of interest . 

The Q-system, while giving excellent recommendations for initial 
support in many instances , is too complex to be applied to the widely­
ra nging geologic conditions within most caving orebodies. The basic 
ratings are highly sensitive to the most difficult parameters to 
evaluate (Section 2 . 2. 8 )  and i t  was thought th�t to do an adequate j ob 
of thit::, more time would be required than would be available at many 
mining operations. Furthermore , the data base from which the Q-system 
is drawn makes it better suited to large-sca l e  u nderground structures 
that are ame nable to more detailed study. Openings of the size and 
purpose of caving mine production drifts are not well-represented 1n 
the da ta base. Finally, the highly detailed and meticulous £up port 
recomme ndations depend greatly on such concepts as squeezing or  
swelling potential ,  rock reinforcement potential, and excavatio n 
support ratio, which are not defined by thQ basic input data . While 
the application of these concepts is certainly valid and useful,  their 
misinterpretation within th� mining community is a distinct possibil­
ity with significa nt consequences. 

Thf! RMR system. while requiring some j udgement,  ir. neither as 
subjective as the RSR nor as detailed as Q .  The support recommenda­
tions, although alone not adequate to predict drift support require­
ments, a re not so rigorous that they exceed the precision of th� input 
data. The RMR is uniformly sensitive to all input parameters, and the 
rating is fully defined by the input data. Thus the data are amenable 
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c,,i routine collection by geologic. technicians who may be employed by a 
rninin� company ( o r  such a purpos e .  The prob lems with che support 
recomr:iendations c.an be traced to conditions external to the c.lo.1,::ifi­
cation process, such as geometric and engineering variables. The RMR 
can also readily be made independent of  drift azimuth, since fracture 
orientation is an adjus tment rather t han an initiaJ input tac.tor .  
Finally, an adj ustment scheme (Laubscher ' s )  has been devis�d rhat 
yields results in conformance with U.  S.  mining practic e .  Although 
this adj ustment scheme also could be improved in some wayi; , it is a 
valuable starting poin t .  

For these reasons , i t  was d�cided to  base the 
adjusted classifica t ion scheme on an RMR-type approach. 
tion of the adjustments is surrunarized in Section 6 .0 ,  

modified and 
The deriva-
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6 .  0 CLASSIFICATION ADJUSTMENTS 

This section describes the process used in arriving at the 
ad_iustments and modificat ions to the RHR system, and how these were 
applied to the fiel d s1 tes.  

As  was indicated early in this report, (Section l .  l )  the rock 
mass/support system in tunneling d i fferf widely from that in mining, 
esper.ially in caving production blocks. In formulating the adjust­
ment s t ru c tu re ,  the mo�t important factor� giving rise to  this 
difference �ere identified. Preliminary ratings were assigned t o  
these factors,  based initially on j udgement and theory . The rating 
structure was critically reviewed to  ensure that ,  to the greatest 
extent possible , the ratings values would be explicitly defined by 
readily measurable , objective data.  The ratings were then appl ied to 
the field data and varied as  necessary to fit  the observations of 
support performance . Wheneve'r installed support appeared to be 
inadequate or overdesigned, the system was adjusted accordingly. 

The result io a system that will generate support recommenda­
tions tha t agree with adequate support pre ct ices in the data base. 
and offer improvements on inadequate or overconservative support 
prac t ices.  Such improvements allow f o r  what a re the most probable 
causes o f  the problem. S ince the data base covers a wide range o f  
geological s e t t ings and con d i t ions , t h e  developed classification 
system should be useful to many �ine planoe�s. 

Sec t ion 6 deals with the development 0f the MBR classification 
parameters.  Sections 6 . 1  and 6 . 2  develop important background 
concepts;  Section 6 .  3 describes the adjustments in more detAil.  
Section 6 . 4  shows how the studied mines f i t  into the MBR system. It 
will be helpful in understanding Section 6 . 4 ,  i f  the reader i s  
familiar with the NBR procedure as illust t"a ted in Volume I I  (Maoual) 
of this report . In Section 6 . 5 ,  the adjustment process is critically 
reviewed . 

6 . 1  Support Failure 

There are as many views of what constitutes unacceptable support 
performance as there are philosophies of mine operation. Most would 
agree that the limit is reached when one is "run out" because the 

drift presents safety hazards, is impassable,  or restricts ventila­
tion. Howeve r ,  the decision to repait ,  re-min e ,  or abandon , ordinar­
ily takes place before this limit occurs. The oeed to repair ot  a l l  
io1pedes production, an event that i s  co be avoided whenever possible. 

Mose block caving supports can tolerate considerabl� d i s tress;  
so long os the failure stops withouc impeding ore  extraction, no  real 
problem is experienced. However, once damaged , monolithic concrete 
as well as  steel sett. a re far less effective in supporc'.lng the 
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gn,und, and the failure is not l i k� l y  to stop un] c$S the iniciuting 
mechanism is rcmove<.l or repair me��u1:cs a n:: int;Citute d .  Con:.c­
quen tly,  even n 1 1derat� cracking or concrete .linings is c1 c:iuee fur 
concern in production d ri ( t s ,  as it; visible deformation of :=.teel  
sets .  

Concrete linings in product ion drifts are designed to  resist che 
very high c\butment stresses that resul t  f rom cave initiation .  They 
are r,0t 1 however, as effec.t1ve At resi:..,ting the large rock mass 
strains that occur a t  other t imes in thL. cavinr, procP,S S .  Tensile 
strains v e cy rea d i l y  crack unreinforced, mono Lithic concrete lin;tn)?S.  
Compres�lve s t rains caus� stress concentrat ions in the comparatively 
unyielding linings and produce spa l l l ng at the ribs or back. Defor­
mac1or,s tending to shear or rolJ. the lining c.in be extremely d..im­
aging. 

Caving is by nature a mining method chat ind11r.e.s large rock mass 
:..:train s .  Large-scale rock mass movements are encouraRed in s,ome 
areas anrl resisted in others. It  it. the resistance to st rain that  
sets  up  high d r i f t  suppnrc 1./)ad s .  For this reoson, the st rain 
behavior of the rock mas s ,  and the r�spontie of various support 
systems to this behavior, con s r itute the framework of the following 
discussion. 

6 .2  Progression of Rock Mass S t rains 

b . 2 . 1  Generalized St rain-Time/Distanc� Rela tion 

In genera l ,  there are severa1 sequential steps in the dri ft/rock 
mass d�formation history, each with characteristic magnitudes , 
duration s ,  and areal extents depending on ore body competence: 

l .  Prior to initiat i ng caving, b u t  subsequent t0 drilt devel­
opmen t ,  th1..: tock mass and d r i f t  an: in a state of near­
equilib rium. Zones of stress concentration have stabil­
ized, as £or a tunne l .  

2 .  For il newly undercut panel , th� rock mass and drifts 
direc t J y  btmeath the undercut respond by diluting towards 
the void cre:i teci ,  and undergo a release 0f compres::i1ve 
s t ra i n  chat  manife�ts itself as tensile failures. 

J .  For adjacent areas,  the rock mass is compress�d � s  the load 
is shed from the undercut level .  

4 .  As undercuttjng proceeds and the mined c.Jrea advance::, 
formerly compre::ised areas are relieved. The extending 
caving masf. causes further d i ) ;:i Lion 1nto  the caving act>:i o f  
the surrounding rock mass and d r i f t s .  

t o6 ENGINEERS INTERNATIONAL, INC. 



5 .  �Jhen the mining area is in f u ll production, high and 
e rratic compressive defama tions are oncf' more mani-
fested, owing to the manner of drawing of ('Ire and the 
conseq uent dynamic behavior of the caved rock mass. 

Panek ( 1982) has developed j synthesis of caving (undercutting) 
effects (Figure 5) chat is boch elegant and simple .  Prom this 
diagram one can see the var;ous strain zones referred to above. 

These strain zones can also be seen in the fiel d .  Figure 6 
illustrates the location of these zones and their manifestations for 
one instance studied during the field work,  in this  case .  at Mine D. 
figure 6 shows the tendency for thin, hairline cracks, commonly at 
springline , to form directly beneath the undercut . The location of 
the abutment zone (Zone B) is marked by  widespread. shallow spalling 
of ribs and springline. Further away (Zone A ) , near-vertical cracks 
form diagonally across the slusher drifts , sub-parallel to the cave 
line trend. 

Similar observations at other minef: lead to the description of a 
generalized st rain-distance (or st rain-time, if the cave f ront 
a dvances uniformly) relationship. This is shown on Figure 7 .  The 
steps previously listed as 2 through 5 above are recognizable in 
Figure 7 as zones B th rough D, respectively. 

The several zones delineated in Figure 7 1 s strain history have 
all been reported by most, if not all,  prior workers. However, some 
zones are less well developed or apparently absent in some cases. 
The presence and size of strain zones are related to the properties 
of the rock mass. 

6 . 2.2 Dependence of St rain Zones on RMR 

We have selected the Geomechanics System of Bieniawsld as the 
basic system co be adjusted and modified. The next step is cu 
characterize the rock mass conditions in various caving environments 
by assigning a representative value of R.MR . and then relating peak 
strain values for each zone to the RMR for the involved rock mass. 

Since complete observations of the mining cycle and resultant 
drift deformations were not possible at Mines A, B, C ,  and D, such 
data were sought in the literature for mines of a similar nature.  
Tables 1 8  and 19  present published data on the deformation histories 
of drifts in several mines , using che sc rain zones of Figure 7 and 
the basic RMR ratjngs as keys. 

These dc:1c:a in Tables I 8 and 1 9  are approximatt and somewhat 
generalized. In order to reduce all data to a common basis, it was 
assumed that drift convergence measurements may be converted to 

i07 ENGINEERS INTERNATIONAL, INC. 



t · · - - R - - - - - - - . . . _ _ _ _  _ 
I u 

.,, ., ./ , , , , , ., . ,  C ,I , , , I , '  , '  t � � R "  , ., ,, , � ... - � , ., ., ., , ., , , 
� ,, .,, ; ., � - -.r ,; , I' , � ., ., a::::;;:::i:i;;.;i 

- J _ _  .,,_ - .L - ,. - - ; ,, , , , ., ., , , ., i , 

o��

A

' 

Figure  S - Ma in E f f ec ts  o f  Undercu t t ing  (Ve r t ical  Sec t io n )  
(a f te r  Panek , 1 g s 2 , p .  1 4 5 7 ) . U i s  un de rcu t s lo t ; 
R i s  zon  o f  r e l ieved v r t ic a l  comp r e s s ive  s t r es s  
(con t a ins  ens i le s t resses i f  ra t io of  hor i zonta l 
t o  V < ' t: t ica l l i t ho s l a t ic s t re s is l e s s  t ha n  one­
ha lf ) ; C i s  2one  of  i nc rea sed ver t ica l comp res s ive 
s t re ss ; A is  po t en t i a l  acces s op en i n gs com i n g  wi t hin  
t he zone uf  i n f luence  o f  � he adv anc ing  und ercu t ;  
s is ve r t i c a l  c omp r ssive  s t re s s  ( a s  mu l t ip le o [  
vv r t  i c a l  l i t ho s t a t ic s t res s Sv J a t  po in t s  i n  ha t c hed 
zone ; v is up l if t o f  po in t s  in  hs t c hed zon�  ( a s  
mult i p le o t  SvL/ 2 G ) , G i s  mod u lus  o f  r id i t y  
[ b a s ed on  p lane- s t ra in e la s t ic i t y s o l u t ion (ml ' thod  
o f  Muskh l i s hv i l ' )  fo r a n  ov a l o id al slo L , w id t h  
2 L / h eigh t ; 1 6 ] . The gra p hs a r e  r e p res en t a t i v e  o f  
a l l  po in ts  i n  t he ha t h d zone , t he he i�h t  o f  
wh i c h  i s  ne -e i ghth t h ' w id t h  o [  t h �  und e r cu t , t he 
zo n whe re acc es s op en in g� a r e  t y p i c a lly loc a t ed .  
Used wi t h  p e rmiss ion o f  t he Soc ie t y  o f  Min ing 
En � i n  t'� A IME . 
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UNOCR CUT A R E. A  

Fi gure  6 - Field Obse rva t ions  in a Pa r t ia l ly Und e r c u t  Bloc k . 
Shad i n g  s hows exten t o f  und e rc u t t ing  a t  t tme o f  
obs erva t ion s . The t hree  zones  shown a r e  gene ra l i z e d  
d escri p t i o ns  0 £  concr e t �  l in i n g  behavio r  as  s e e n  in 
t he s lushe r d r i f t s . 
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TABLE 1 8  S t ra in Da ta 

Mine  RMR 

Hender son 60+  

San Manuel 35  

San  Manuel 3 5  

S an Manu e l  3 5  

S a n  Manue l 3 5  

S an Manue l 3 5  

S a n  Manue l 3 5  

C limax 5 5  

Climax 55  

C l imax 5 5  

Climax 55  

C l imax 5 5  

f o r  Cav ing Mine D r i f t  S tra in Zone 

S t rain  Zone  
o f  F igu re  7 

in . / i n . R e fe rence 

ZONE A 

0 (  ? )  Brumleve  & Ma ier  ( 1 98 1 )  

-0 . 008  Panek ( 1 9 8 1 )  and 
Panek and Te sch ( 1 9 8 1 )  

-0 . 0 1  P an ek ( 1 98 1 )  and 
Panek and Te sch ( 1 98 1 )  

-0 . 0 1 2  Panek ( 1 98 1 )  and 
Panek and Te sch ( 1 98 1 )  

-0 . 0 1 8 Panek ( 1 98 1 )  and 
Panek and T e s ch ( 1 9 8 1 ) 

-0 . 008 Panek ( 1 98 1 )  and 
Panek and Te sch ( 1 98 1 )  

-0 . 00 8  P anek ( 1 98 1 )  and 
Panek and Tesch ( 1 98 1 )  

-0 . 000 1 Bo lmer ( 1 9 65 ) 

-0 . 000 1 Ba lmer ( 1 9 6 5 )  

-0 . 000 1 B a lmer  ( 1 9 6 5 )  

-0 . 000 1 Ba lmer ( 1 96 5 ) 

-0 . 00 0 4  Ba lmer ( 1 9 6 5 )  
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M ine 

H end erson 

H�n d e r s o n  

H e n d e r son 

San Manue l 

San Ma nu e l 

San  Manu e 

S d n  Ma 1 1u e l 

S an  Ma nue l 

San  M i.mu e l  

C l imax 

Climax 

C l imax 

C l ima x 

C li 1; a x 

Climax 

TA 8LE 18  ( c o n t j n u ed )  

RM R  

6 0 +  

6 0 +  

6 0 +  

3 5  

3 5  

3 5  

35  

3 5  

3 5  

55  

5 5  

5 5  

5 5  

5 5  

5 5  

S t rain  Zone  
o f  f.' tgu r-e  7 

in . / i n .  R e [e r e n c e  

7.0NE B 

+0 . 0 3 3  B r umlev e  & Ma i e r  ( 1 9 8 1 )  

+O . 0 7 7  B ruml eve  & Ma ie r  ( 1 9 8 1 )  

+0 . 004  B r u m l eve & Ma i P r  ( 1 9 8 1 )  

+0 . 0 1 8  Pa nek ( 1 98 1 )  and  
Panek  and  T e s ch ( 1 9 8 t )  

+ 0 . 0 04  Panek  ( 1 9 8  l )  and  
Panek  and  T e s ch ( 1 98 1 )  

+0 . 00 6  Pan e k  ( 1 98 1 )  and 
Panek  and  Te sch  ( 1 98 1 )  

+0 . 0 1 2  P an ek ( 1 98 1 )  a n d  
Panek an d Te sch ( 1 9 8 1 )  

+0 . 0 1 8 P a n ek ( l  98 1 )  an d 
Panek  and  Te s c h  ( 1 98 1 ) 

-tO . O l  Panek  ( 1 98 l )  a n d  
P a n e k  a n d  Te sch  ( 1 9 8  I )  

+0 . 00 2 8  Ju lin ( 1 9 6 4 )  

+ 0 . 00 1 9  Ju l i n  ( l  9 6 4 ) 

+ 0 . 0002  B o lmer  ( 1 9 65 ) 

+0 . 00 0 5  bo lnw r ( 1 9 6 5 ) 

+0 . 00 1  Ba lme r ( 1 Q 65 ) 

+0 . 0004  Ba lme r ( 1 9 6 5 )  
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Mine  

Hend e r son 

Henderson 

Hende rson 

San Manuel  

San Manue l 

San  Manuel  

San  Manuel  

San  Manuel  

C l imax 

C l imax 

C limax 

Cl imax 

Cl imax 

C limax 

San Manuel 

San Manuel  

San  Manue l 

RMR 

60+  

6 0+ 

60+ 

35  

3 5  

35 

35 

35 

5 5  

55 

5 5  

5 5  

5 5  

5 5  

3 5  

3 5  

3 5  

TABLE 1 8  (cont inued )  

S t rain Zone 
of  Figu re 7 

:tn . / in . 

ZONE C 

-0 . 003 

+0 . 0 1 4  

+0 . 0058 

-0 . 008 

-0 . 006  

-0 . 00 4  

-0 . 0 2 

-0 . 0 1 6  

-0 . 00 2 2  

-0 . 00 2 2  

-0 . 0006 

-0 . 0006  

0 

-0 . 00 1 2  

ZONE D 

+0 . 0 1 2  

+0 . 00 8  

+0 . 00 1 2  

Re ferenc e  

Brumleve & Maier ( 1 98 1 )  

B rumleve & Maier ( 1 98 1 )  

Brum leve & Ma ier ( 1 98 1 )  

Panek ( 1 9 8 1 )  and 
Panek & Tesch ( 1 98 1 )  

P anek ( 1 98 1 )  and 
Panek & Tesch ( 1 98 1 )  

Panek ( 1 98 1 )  and 
Panek & Te sch ( 1 98 1 )  
Panek ( 1 9 8 1 )  and 
Panek & Tesch ( 1 98 1 )  

Panek ( 1 9 8 1 )  and 
P anek  & Tesch ( 1 98 1 )  

J u l in ( 1 9 6 4 )  

Ju l in ( 1 96 4 )  

Ba lmer { 1 96 5 )  

Ba lme r ( 1 9 65 )  

Balmer ( 1 9 65 )  

Bo lmer  ( 1 9 6 5 )  

Panek ( 1 98 1 )  and 
Panek & Tesch ( 1 98 1 )  

Panek ( 1 98 1 )  and 
Panek & Tesch ( 1 98 1 )  

Panek ( 1 98 1 )  and 
Panek & Tesch ( 1 98 1 )  
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'1ABLE 19 - St�ain Zone Lenjitth Data [or Cav ing Mtne Drifts 

Strain Zune 
Mine lu'-1 R T.ength, f t  Reference. 

ZONE A 

Henderson 60+ 0 Brumleve & Maier ( l 98 l )  

Sc1n Manue l  35  200 Panek (198 1 )  and 
Panek & Tesch ( l  981) 

San Manuel 35 l'iO Panek ( l  981) and 
Panek & Tesch ( 1 9 8 1 )  

San Manuel ) 5  120 Panek (1981) and 
Panek & Tesch ( 198 1 )  

San Manuel 35  200 P:inek ( 198 1 )  and 
Panek & Tesch ( 1 9 8 1 )  

San Manuel 35  300 Panek ( 1 98 1 )  and 
Panek & Tesch (1981 )  

San Manuel 3 5  450 Thomas ( 1 97 1 )  

CJ i.max 55  7 ") Bolmer (1965) 

Cli.max 65 60  Balmer ( 1 9 65 )  

ZONE 'B 

Henderson 60+ 130 Brumleve & Maier 

Henderson 60+ 22S  Brumleve & Maier 

San Manuel 35  300 Thomas (1911) 

San M,rnuel 35 300 Thomas ( 1 97 1 )  

C limax 55 JOO J u lin ( 1 964 ) 

Climax 55 1 00-300 J u lin ( 1 96 4 )  

Clima)( 55  2 4 5  Julin ( L 96 4 )  

1 1 4 
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TABLE 

Mine RMR 

Henderson 60+ 

San Man uf> l 35  

Climax 55 

Climax 55  

1 9, Con tinued  

S t rain  Zone 
Length , f t  Re fe rence 

ZONE C 
1 9 0  Brumleve & Maier  

0- 1 5  ( ? )  Thomas ( 1 9 7 1 )  

2 80-400 Julin  ( 1 9 6 4 )  

2 1 0-300 Julin  ( 1 9 6 4 )  
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strain b y  dividing che closure or dila t ion by the drift  dj ameter-. 
Also , directions are not necessil rily normal to the cave line fr:on c .  
The possible errors in such t�chniques are fully recognized,  but 
nonetheless, the data  are the only dat�  available.  Also, it is noteo 
tha t ,  as  reporLed by Panek ( 1 98 1 ) , for at least one instance,  the 
d rift  lining:.. and drifts are moving along with the deforming rock 
mas s .  so t h a t  d.ift deformations approximate rock mass deforma t ions , 
and vice-versa. 

The data from Tables l8 and L9 can be combined into s t rain  
curve::; based on  the  general case (Figure: 7 ) ,  to show the  effect  of  
rock ma:ss  quality (Figure 8 ) .  Also , from these data ,  the  curves i n  
figure 8 and the tabulated s t r a in data can b e  p lo t ted for  each zone.  
Figure 9 shows the resulting n:lat ionship b e tween RMR and rock mas:: 
strain , for each major recognized s t rain zone . Also shown on Figure 
9 ate the strain limi ts that may be used for various types of common­
ly used d r i f t  l inings (Neville , 1 9 '/ 4 ;  Watstein and Bresler, 1 9 i' 4 ;  
Cue\ as,  Robles , and d e  r:ossio, l974) . Flgun • 10  was c-ompiled from 
Figurf' 8 data and shows how the l ength oi s train zones A, B ,  and C 
varies with RMR . 

Throughout this discussi o n ,  there has been no mention of  t h e  
role of d raw control and production b lasting . Considerntions have 
been limited to control (1f pre-production strain::; , as has been a 
basic assumption throughout this report . I t  should be r ernember:ed, 
however, that draw control and blasting can be overrid ing factorh in 
determining d r i f t  performan c e .  

6 . 2 . 3  Effect of  S trains o n  Lining Integt"ity 

Replotting the now-generalized s t rain curves f o r  measured field 
geotechnical du ta and incorporating the st  rain limits for installed 
suppo r t s ,  Figure L l shows the predicted behavior of several field 
area s .  Detailed observa tions a t  these various mines agree remarkably 
well with the predicted drift.  behavio r ,  and also show chat some 
instances exhibit overde::.ig n ,  while others predict troub l e ,  which 
d i d ,  in fact , occur.  

In order to i1 lustrate the effect of panel size , the curves o f  
F'igure l O  were re-plotted (Figure 1 2 )  at  50i. o f  their rr.;ignitudes to 
a l low for the peaks of detormations to be outsidE! che mined zone. 
The heavy lines in Figure l2 are the result ing smaller strains,  that 
would b e  experienced within pant:'!ls of the indicated sizes. 

The curves in Figure 13  summarj zc the e f fe c t  of  panel size on 
geologic envi ronments of vary ing RMR .  This graph shows that onJy RMR 
is  important i n  determining support requirements f o r  panel!; wider 
than about 200 f t .  Howev e r ,  lighter support is possible fot· smaller 
blocks . Another aspect of Figure 1 3  is that  workings nearest the 
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point oE cave initiation in a block may experience less abutment 
stress, simply because less ground has l een opened up, than will 
workings at greater distances of cnv� advance. 

The derivation of Figure 13 provides the basis f or one of the 
key g�ometric factors. The impl ir.ations of Figure 1 3  are drawn upon 
in the following section. 

6.3 Ratings and Adjustment Factors 

This section d iscusse� the adj ustment terms in detail, as wel l 
as gives the rationale fur the overall approach to the MBR System. 
This 1ection 1s a complement to ,  and not a replacement for,  Volume I I  
(Manual) o f  this Report . Information on the us� and application of 
the ratings and adjustments is fully presented in the Manual and is 
not repeated here. Although figures from the Manual are reproduced 
in this section f or completeness, the reader will find it helpful to 
become famil.iar with the Manual atter completing this section and 
before beRinning Section 6 . 4 .  

It was recognized thut caving mine drift development is a 

sequential process that can take considerable time. Thus the pro­
duction openings serve different functlons during development, until 
caving begins, and consequently, different support requirements 
exist. 

Production panel development involves creation of openings that 
must stand for long periods, in some cases even years, before csving 
begins. I f  there is doubt about the stability of the drift over this 
peri od ,  it is common practice to install the final concrete lining at 
an early stage, especially in cases where clear evidence exists that 
the drift is moving. Unfot:tunately, this has the effect of pre­
loading the concrete . probably before it has reached its full 
strength, and leaves less strength t o  buttress against the caving 
loads when production is begun. L ining fai lures are the all-too­
common result , and effective repair is less likely since t:he reduced 
sizf' of the drift limits the size o f  steel support that can b e  
practically installed. 

To prevent this type of problem, i t  is preferable to stabilize 
the dritt prior to lining, so that the final support strength incre­
ment is fully available c o  resist caving and production loads. 

Accordingly, the adjustments are o 1pplied in two stages after the 
initial, purely geologic, rating is determined , to keep development 
suppc,rt criteria distinct from £f oal support criteria. 

The i nitial rating is very simiJ ar to the more generally-usPd 
RMR, and is likewise applicable to support recommendations for 
workings �nalogous to single tunnels--fringe drifts away from the 
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production area . for example. When multiple openings are created . as 
for the active production area ,  adjustments pertinent to this step 
are appl ied. Since support requirements are greater, the a djustments 
tend to decrease the rating. Next, the second adjustment is applied, 
to yield f i.nal support recommendations. Th is accounts for loads 
or�ginating from production initiation. Production caving loads ond 
other effects of routine production such as blasting in the draw 
raises, are assumed, with good mining pra ctice, to be less than the 
abutment loadi:; .  

This process is followed in Figure 14,  which is the flow chart 
for the MBR System. The basic input parameters are along the left 
and top of the chart, and include: 

l .  MBR inputs 

• intact rock strength 
• RQD 
• discontinuity spacing 
• discontinuity condition 
• groundwater condition 

2. Development Adjustment I nputs 

• blasting damage 
• depth 
• stress field 
• extraction ratio 
• fracture orientation 

3. Production Adjustments 

• width, location, and atticude of maj or 
structural discontinuities 

• distance to cave line 
• block or panel size 
• acceptable level of repair 

6 .3. I First Step--MBR Rating 

The initial rock mass rating (MBR) is a modification of the 
Geomechanics System in that it a djusts the values of the ratings 
slightly through combination of terms, and restructures the ra ting 
procedure co enable it to be applied on the basis of drill core data 
alone. Also, changes were made to make the geological ratings more 
responsive to characteristics typical of caving orebodies; intense 
and variable alteration, dense fracturing , and weak rock masses. I n  
order c o  obtain a purely geological parameter, the geometric rela­
tionship o f  fracturing pa ttern to drift orientation is left to the 
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firnc adj us tment step. Thus the initial rating is called the Hodi­
f ied Basic RMR , or M.BR, and is an expression of the geological 
condition, independent of the type of opening excavated in i t .  

The Intact Rock Strength rating ( Figure 15) is reorganized to 
allow for different sources of compressive strength data. Many mines 
rout inely collect compressive strength data on new drill core by 
point load test s ,  whereas some other mines may prefer the use of 
laboratory compressive test data. Since these two methods are 
subject to different sourr.es of bias , and to allow the geologist t o  
select a rating that is defensible and reasonable even with widely 
variable test data ( typical for caving orebodies) ,  the rating is  
formulated so that the geologist has cl�ar guidelines within a range 
of possible ratings. 

The Geomechanics System calls for both RQD and fracture spacings 
to be known. Hovever, in many instances at operating caving mines, 
the user will know one or the other, but not both. Also, RQD i s  
ordinarily measured during exploration, but absolute fracture spac­
ings are not known unless orebody exposures are available. Thu s ,  a 
relationship from Bieniawski (1979 (b ) )  (Figure 16) allows the user to 
estimate either RQO or spacing from a knowledge of the other. Then, 
each can be rated (Figure 1 7 )  and the ratings summed to yield the 
Discontinuity Density. Such a unified term is intended to be a 
better concept if single-source data are used. 

During the field work it became evident that prospective users 
of the Geomechanics System in the mining community  would have the 
greatest difficulty in assessing the alteration and weathering 
conditions of the fractures .  Typically, j oint conditions in caving 
orebodies are variable in response to contrasting zones of altera­
tion, weathering, and mineralization. Since ratings of such condi­
tions are always at least somewhat subjective and inevitably general­
ized ,  the MBR System attempts t o  develop concepts of j oint weakness 
as�ociated with weathering and alteration through the assembly of 
genera] descriptive terms . I t  was thought that this would be prefer­
able to a more rigorous approach in which a correlation with j oint 
mechanical properties is  at tempted through numerous refinements of 
j oint description� .  which may be useful for tunnels in better,  less 
variable g round. The descriptive terns a re associated into five 
highly simplified categories (Table 20) thc1t will permit a rating 
suitable for  mining situations. 

The Ceomechanics System ' s  rating systems for groundwater condi­
tions is straightfon.,ard and appropriate for mining situations (Tablt: 
2 1 ) .  

These four geological parameters are summed to obtain the MBR. 
As with the RMR,  a geological rating is obtained that varies from O 
(worst) to 100 (best) . A fundamental conviction of  the RMR, that 
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TABLE 20  - Di scont inu i t y  Cond i t ion Ra t ings  

Descr ipt i on o r  D i s cont i nu i ty 
-W a l l  Rough n e s s  VR  R - S R  SR  SM-SK  SK  

Wa l l  Sepa ra t ion N one H a i r l ine  Ha irline  < � I !  >!,; ' '  

J o int  F i l l ing None None M inor  C lay  S t i f f S o f t 
C l ay . Go uge  Clay , Gouge  

Wa  11  Wea thering F SL so so v s  
Ra t ing 30 25 20 1 0  0 

VR =- Ve ry  rough ( coarse  sandpape r )  F = Ha rd , unwea the re d ,  fresh  = Rough ( med ium or  fine sand pap e r )  SL = Rard , s ligh t ly we a thered  
SR  = Smoo th  to  s ligh t ly rough so So f t ened , s t ron gly wea t hered 
SM = Smoo th bu t no t po lished vs Ve ry sof t o r  de compos ed  
SK S l ickens i d ed , sh iny 

Tab l e  2 1  - G r oundwa t e r  Cond i t ion Ra t ing 

Wa t e r  
Condi t ion 

Rat. ing 

Comp l e t ely 
D ry 

1 5  

Damp 

1 0  

We e D r ipping Flowing 

7 4 0 
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f r, ! c t u r i n g  i s  t h e  d o m i u a n t f a c t o t"  g ov e r n ing r o c k  ma s s  b e h a v i o r 
a p p l i e s  e s p e c i a l ly t o  c .1 v i ng  o r e b o d i e s . I n  t h e.  MB R , t h i s fea t u r e  i s  
re t a in ed . 

T h e.  M B R  v a lu e  i s  f o u nd o n � c h a r t  ( F ig u r e.  1 8 ) , t o  ob t a i n  s u p p o r t  
r e c omme n d a t io n s f o r  s i ng l e  t u nne l s  a n d  s e rv i c e a r e a s .  S u p p o r t  
re c o mme n d a t ions  f o r  v e ry larg e o p e n i n g  , su c h  a s  und e r g r ou nd c r u s h e r 
h a l l s  o r  h o i s t  h o u s e s , m a y  d ep e n d  o n  m a ny f a c t o r �  a n d  s e p a r a t e  d e s i gn 
m e t h o d s  � h o u l d  b e  us ed fo r t h e s e . 

6 . 3 . 2  S e r o n d S c e p - -D e v � lo pmen t Ad j u s t men t s  

T h e  d e v e lopmen t a d j u s t men t s  re co g n i z e  t h a t  mu l t ip le wo r k ings  i n  
comµ l e x  a r ra ngemen t s ,  � u c h o s  a re f o u n d  i n  c a v i n g  m i n e s , i n t e r a c t  A O  

t h a t t h e  s u r ro u n d i ng nea r - f i e l d  s t res s s t a te i s  chang e d . Th e clo s e r  
t h e  o p e nin g s , t h e  g r e a t e r  t h e  d e g r ee o f  s t r e ss ov e r l a p .  Th i s  c a n  b e  
re. l a t e d  t o  ex t ra c t ion ra t 1 o ( the  f ra c t ion  o f  ro c k  removed f r o m  a 
g iv e n  a re a , u su a l l y  t aken a s  r h o r i zon t a l  p l ane a t  s p r 1 n g l i n e ) . 

Th e a b i l i t y  o f  t h ,: r:- o c k  ma s s  t o  r e s i s t  s t r e s s  i n t e ra c t i o n  
e f f e c t s  i s  i n f l u e n c e d  b y  t h e  d ama g e  t o  t h e i n t e rven ing p i l l a r d u e  to 
b l a s t ing . S i nce b l a s t i ng  d a m a ize red u c e o  the .a r ea o f  in t c:1 c t t"o c k  
h e  tween  o p enin g s  t h a t  i f::· c a p a b le o f  b e a r i n g  lo a d , t h e  i n f luence  o f  
t h e  d a m a g e  a l s o  d e p end !'- o n  t h e  p i l la r  w i d t h . I n  a d d i t lo n , t h e 
l o c a t io n  a nd ma gn i t u d e  o f  s t re s s  co n c e n t r a t i o ns a r o u n d  mu l t i p le 
o p en in g s  d e p e n d s  o n  t h e  o r i e n t a t i o n s  o f  t h e  p r i n c i p a l  s t re s s e s . I n  
h ig h  hu r i z on t a J. s t re s !;  f i e l d s ,  t h e  i n t e r ior open in g s  a re shi e l d e d  
f rom s t r e s s  b y  t h o s e  a t  t h e  ma r g in s . l ' l na l ly , th e a p p l i c a t i o n  o f  th e 
r e su l t a n t  s t r e s s f i e l d  c a n  a f f e c t t h e o p e n i n g s  i n  d i f f e re n t  ways 
d e p e nd i n g  on  h ow free  rock b l o c  It s  � re t o  mov e . Th u s , f ra c t u r e  
o r ien t a t i on s  a re impo r t a n t . 

I t  i s  t h e r e f o r e  s e e n  c h a t  t h i s s t e p  1n  t h e  r a c in g  p r o c e s s  
i n c o rpo r a t e s t h e  b a s i c  g e ome t r i c  c h a r a c tl:! r i s t i cs o f  c: he p ro du c t i on 
� r ea- -s i z e , o r i en t a t i o n , s p a c i n g , and lo c a t io n  o f  d r i f t s . 

I n  d eve l o p i n g  c r i t e r ia f o r  a p p l y ing e x t ra c t i o n  r a t io  con c e p t s . 
i t  Wd S n e c e s s a ry t o  l i M 1 t t he l a t e ra l ex t e n t  o f  t h e  c o m pu t a t i on s  s o  
c h a t  f r i n ge d r i f t s  a n d  v e n t i l a t io n  l a t e r a ls w i t h  i n t e r s e c t i n g  d r i f t s 
� o u ] d  b e  re g a r d e d  a s  mu l t i p l e o p e n i n g . : , ev e n  i f  t h e y  b o u n d  t h e  m i n in g  
a r ea . I t  i s  a � s u aH:' d  t h a t  n on - p a ra l l e l  o p e n i n g s  o c c u r r i n g f u r t h e r  
t h a n  l !� d i n me t e 1· s  i n to t h e  -r ib wou l d  h a v e  l i t t l e  ad d i t iona l e f f e c t . 
a n  t h i s  w a s  c h o s e n  a ti  t h e li�1 t f o r comp u t i n g  ex t ra c t i o n  ra t i o s  a t  
i n t e r s e c t io n s  a n d  t u r n o u t s . T h e  e x t r a c t ion r a t io f o r  mu l t ip l e 
p a ral l e l o p e n in g s  c A n  b e  re a d i l y  c om p u t ed w i t h o u t  su c h  a s sum p t i o n s . 
A J  l iH r a c t i o n  r a t ios  a r e  c ompu t e d  p e r p e nd i cu l .1 r  t o  t h e  a n t ic i p a t e d 
p r i n c i p a l  c omp r e s s iv e  s t r A in ,  t h a t  i s , " h o r i z on t a l  p l a n e . S ome 
o p e n i n g s , su c h  as v e n t i l a t io n  la t e r a l s o r  a c c e s s  d r i f t s ,  ma y b e  
view e d  a s  mu l c i p l e  p a r a l l e l o p e n i n g s  w i c: h s p a c i n gs i n  t he hun d r e d s  o f  
f e e t ,  o r  a s  s i ng le d r i f t s  wi t h  mu l t i p l e  in t e r s e c t io n s . U s in g  t h e  
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extrnction ratio conce p t ,  it wiJ l be readj ly seen that the b e s t  
-desct·ip tion of  these d ri f t s '  behavior i;-: as  a single opening with 
multiple intersect ion s ,  and de;,ign can be ca r.ried out accordingly.  

Being a high-product lon operation , r, 1 ine drift  Jeveloproent 
frequently experienres excessive blasting,  which damages the roc k .  
1'he't'e are two principal effec t s .  Firs t ,  overblasting enhances the 
development o f  u l o osened zone, which must be taken into account i n  
assessing the ef feet� o f  applied loads . Second, p i l lars between 
o�enjngs are ef[ectively reduced in width, fractures are opened , and 
overbreak occurti.  i. t  therefore is recogn1 zed that additional loose 
rock must be suppor ted , and th�t the e f fective width of the opening 
is increased , which changes the extraction ratio.  

Thus the MBR provides graphs (Figures 1 9 ,  20,  and 2 1 )  for 
finding the effective extraction ratio based on blasting practice.  
In viewing these graphs,. it  wil!  be seen that  one must first  have 
assessed the extent of b J a s t  damage . 

The appropriate terms are found from Table 22. T n  computing 
blast damage adjus tments it was assumed that the loosened zone from 
blasting extends 2 ft into the.: rock for " l ight" damage, 5 ft for 
"moderate" damag e ,  and 8 ft  for "severe 11 damage .  I t  was assumed that 
this b roken rock contribures insigni ficant l y  towards resisting 
stress , so the measured extract ion ratio is adjusted (increased) 
accordingly co yield  the effective extraction ratio.  

Since the loosened zone extend!, ; n to the crown as  well as  rib , 
development support of  this loosened, non-load-bearing rock must also  
be increased. This results in o i  direct adjustment A8 for b l a s ting 
damage (Table 22) .  

The adjuste<l extcaction ratio , eff e , is not used directly a s  
an adjus tment to MBR b u t  operate� i n  conjJnction with th� prc.:vail ing 
state ot stre!"s on the level to determine the stress s t a te in the 
pillars of intact rock be tween production openings. The result i s  an 
adjustment AS ( Figure 22)  Eur Induced S t re�ses . This approach 
recogni zes tlie relationship o( the applied �tresses in the future 
product ion acea to the resj s t i ng capacity of  the rock, which is ir: 
turn reJ a ted to th, ·  competence of the rock mass (MBR) and the amount 
of rock of chis comp,:tence that remains a f ter  deve lopme:nt (eff e ) . 

t 

,\t this point in  tht• procedure , the �eomctrical char<1cteristics 
of  the pl;rnned leve l a re applie d ,  including azimu t h ,  dir.iensions ,  
inclina tion,  and location o f  each ke.y production drift . Heretofore, 
it has not been possible to address th/'> favorability or unfavor­
ability of the � t r.uc.tur; •1,  fabric s1ncc the re1ationship of structural 
orientation to d r i l t  orientatjon could not be incorporated into a 
purely geologicRl ratlng. However, in t he [irst  sequence o f  adjust­
ments i t  is possible to recognize thac tile orientation of fractures 
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TABLE 22 - !Hasting Damage ,\d�ustment � 

Condit ions/Method 

1 .  Controlled Blasting 
a .  Practically alJ hole tr�ces preserved 
b .  No loosened block� or opened j oints 
c .  Overbreak: always less than l ft 
d. Minor to no new inter- j oint cracking 

2. Good conventional blasting 
a .  Some perimeter hole traces preserved. 
:,. . Some loosened blocks and slab s ,  some 

':>arring down necessary but not exten­
�ive. Some j oints opened. 

c .  Overbreak: 1 ft ,  Jocally higher . 
d .  Tendency for cracks to develop within 

rock blocks, between j oints ,  even in  
harder areas. 

Poor conventional blasting 
a. Few to no hole t races preserved. 
b .  Many loosene<i b l ocks in crown and ribs. 

Modernte to extensive barring down 
requirc� may impede rroduction. 

c .  Overbreak : almost always greater than 
l f t ,  locally 3 ft or more. 

4 .  No experi�nce whatsoever in this rock 

Applicable Term 

Slight Damage 

Moderate Damage 

S evere Damage 

Moderate Damage 

Adjustment A
..-��� 

0 . 94 
to 

0.97 

Ci . 90 

to 

u . 94 

0.90 (best) 

to 
0 . 80 (worst) 

0 .90 (nominal) 
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ln  t h e  r o c k  ma i:: s  w i )  l d e c e r m i n e , L o r vc1 r 1 o u s d r i f t  o r i e n t a t i o n s , 
wh  t h e r  r o c k  b l o c k � : w i l J  t e nd t o  k ey t o g e t h e r , e n h a n c i n g  s t a b i l i t y , 
o r  s e p a r a t e  th rou g h  s h e a r  o r  t e n s i o n , c r e a t i n g  a n  i n c i p ie n t  fa i lu , e  
t h a t mu s t  b e  p r e v e n t e d  t h roug h i n c r e a s ed s u p p o r t . The b a s i c  c o n c e p t  
wa s b o r rowed f rom t h e  C e ome c h a n it · s S y s t em t h a t f r a c t u r e s  p a r a lle l t o  
t h e  lo n g  ax i s  o f  a n  o p e n i n g  a re inc l t n ed t o  b e  p u l l e d  a p a r t  i n  t h l'  
d e s t re s s e d  region  ov e r  t h e  r.rown an d a r e.  t hu s  mo r e  un f a vo rab l y  
o r ien t e d  t h a n  a r e  p e r p e n d i c u l a r  f r a c t u r e s . ( I n  t h e  M BR S y s t em ,  i t  i s  
a s su me d  t h a t  a n  e x c e ed i n g l y  h i g h  h o r i z on t ..i l s t r e s s  f i e l d  wo u l d  b e  
r e q u i red t o  p u t  su c h  f ra c t u r e s  in s u f f i c i e n t  compre s s ion t o  ov e r r id e  
t h i s  e f f e c t . Th is i s  why t h e  f r.a c t u r e o r i e n t a t i o n  a d j u s tm e n t j c; no t 
somehow t ied t o  t h e  s t r e s s  f ie l d  or  t he I n d u c e d  S t r e s s e s  Adj u s tme n t  
A 5 ) .  A s  wi t h  t h e  Ge omech ,m i c. s  S y s t em ,  i t  i s  a l s o  as. su me d t h a c b o t h  
d ev e l o pme n t  a n d  s u p p o r t  a r c f a c i l l t a t e d  b y  f :ra c t u r e s  t h a c <l i p  aw � y  
f r om t h e  h e a d i n g  ra t h e r  t h a n  t owa r d s i t , a nd t h a t  s t e ep d i p s  a r e  
p re f e rab le t o  s h a l low d i p s . 

To p u t t h e s e  con c e p t s  i n t o  p ra c t ic e , i t  wa s rec o � n i z e d  t h a t 
t h � i: e a re seve r a l typ e s  o f  d a t a  tha t t h e u s e r may h a ve av� i lab le , 
A c c o rd ing ly , th ree p o s s ib l e  p ro c e d u r e s  a r e  ou t l i n ed in t h e  MB R S y s t em 
f o r  a r r i v i ng n t  t h e  Fra c t u r e O r i e n t ; 1 t i o n  a d j u s t men t A

0
• 

For  � i t ua t io n s  wh e r e  d r i f t ex p o s u res a re ava i la b l e , b u t no 
d e t a i l e d , s t a t i s t i c a l ly v a l i d  d e t e r mi n a t i o n of f r a c t u r e  t e n d e n cy ha s 
b e e n  mad e , t he u s e r  c a n  ma ke t h e  r d t ings  adj u � tme n t  by  ob s e rv i ng t h e  
d e g r e e  o f  f r eed om o f  ro c k  b l oc k s  t o  move a t  s e v e r a l l o c a l i t ie s . 
T ab l e  2 3  h a s  b e en p r ov i d ed f o r  t h i s , b a s ed on t h e  one propo s e d  b y  
La u b s c h e r  ( 1 9 7 5 ,  1 9 7 6 ) . 

! f  s t a t i s t i c a l  d a t a  o n  j o i n t  o r i e n t a t ion s a re a v a i l ab l e ,  su c h  a s  
comp u t e r-ge n e ra t ed a n a l y s e s  o r  d e t a i l e d  f r a c t u re s u rv e y  d a t a , t h e n  
t h e  se t s  c a n  b e  ra n ked a n d  t r e a t ed in d i v i d u a l l y , con s i d e r i n g  t h e  
o r ien t a t i on o f  e a c h . A weig h t ed a v e ra r.e a d j u s t me n t , b a s e d  on t h e  
r e l a t i v e  s t reng t h s  ( n umbe r o f  pn i n .t s  rue a s u r e: d ) o f  t h e  j o i n t  se t s  i s  
c om p u t ed b a s ed o n  g u i d e l in e s  ( T a � l e  24 ) re l..i t e d t o  j o i n t  o r i e n t a t ion 
f a  a r ab i l i t y . 

I n  mo s t  in s t a n c e s , t h e  d e t a i led f r a c t u r e s t a t i s t i c s  a re f o u n d  
f r om a n  u n d e r grou n d  s u rvey . Howe v e r , a t  p r e l im in a ry d e ve l o p o1en t 
s t ag e s , t h e r e  ma y b e  no u n d e r g r o u n d  expo s u r e s  in  t h e  p r o d u c t ion a r e a , 
a nd d r i l l c o r e  mu s t  b t '  r e l i e d  u p on . I n  1: 1 in i n� ex p l o ra t io n . t \  i r, c o r e  
is a lmo s t  n e v e r o ri en t ed . I n  o r <l e r  t o  a r r i\' e a t  a ra t in g , in t a c t  
in t. e rv a ls o f  c o r e  a r e  a s s e mb l e d  .a n d t h e n u mb e r  o i  d i s t i n c t  s t r L ke s  
a n d  d i p s  a r e n o t e d . The p r o c e d u r e  s u g ge s t ed i n  t h e  M a n u a l re c o g n i z e s  
t h e  r e l a t i ve ly l ower l i ke l i h o od o f  i n t er c e p l i ng s t e e p e r  f ra c t u r e s  i n  
v e r t i r: a l  c o r e . U s i n g  j u d geme n t . n g e o l o g i s t s h o u l d  b e  a b  1 e t o  
compa r e  t h e o r i en t a t i o n s  o f  f r a c t u r e s  h e  s e e R  i n  t h e  c o r e  a n d  P s t i ­
ma t e t h e tend e n c y  o f  t h e  r C'l c k  ma s s  t o  d e ve l op f t" a c t u r i n g  se t s  w i t h  
v a r i o u s  r e l ::i t ive ( to e a c h  o t h e r )  o r i e n t a t io n s . S i n c e  t h e  a b s o l u t e  
o r i e n t a t i on s  a r e no t known , a s t e e p  s e c i s  a r b i t r � r i l y  d e s i gn � t e d a s  
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TABLE 2 3  

Numb er o f  
Frac tures 
D e f in i ng Block 

3 

4 

5 

6 

- Frac ture  O rien tation Ra t ing A0 Based  on Direc t 
Ob servat ion in D ri f t 

Number of Non-Vertical  Face s 
l 2 3 4 5 6 

0 . 95 0 . 8 0 

0 . 9 5 0 . 8 5 0 . 8 0 

1 . 0 0 . 95 0 . 90 0 . 85 0 . 80 

1 . 0 1 . 0  0 . 9 5 0 . 9 0 0 . 8 5 0 . 80 

TABLE 24  - Frac ture Orien t a t ion Ra t ing A0 B a sed on Indirec t 
Ob s ervat ion of  Frac ture S t a t i s ti cs 

S t rike P e rpend icula r Parallel  

With d ip Agains t 

F la t  dip  

Heading D i re c t io n  

D i p  Amount ,  deg rees  

Frac ture O r ientation 

4 5 -90  20-45  4; -90 r�o�-li-5--4-5---9-0-� 1, _2_0 ___ 4_5-+--

1 l 

0 - 2 0  

Ra t in g . A , 
Adj us tmen� 1 . 0 0 . 95 0 . 90 ! 0 . 85 0 . 80 l 0 . 9 0 0 . 8 5  
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un f a • · o rab l e  ( p a ra l l e l  t o , S ol ) , t h e  h au l ag e.  d r i f t a x e s )  w h i c h  d l' f i n e s  
t h e  o r i e n t a c j o ns u f  t h e  o t h e r  h y p o t h e t i c a l  s e c s . Aga i n , j u d gemen t i s  
c a l le  u p o n  t o  r D n k  t h e  s e t s  a c co rd i n g  t o  i n t en s i t y , a n d  t h �  ra t in g  
p r oc e s s  proce e d s  a R  1 c w i t h  me a s u r e d f ra c t u re s t a t i s t i c s . 

l l a v i n g  conc l u d e d  t h i :,  p l:"nc:e s s , the  u s er  h a s  app l ied  ad j u s tml! n t s 
1 o r B la s t in g  D n m a g e  ( A 8 ) ,  I n d u c e d  S t r e s s e s  ( A 5 ) ,  and  Frac tu re  O r i e n ­
t a t i o n (A0 ) .  Th e M r. R  r a t i n� i .c; f i rs t mul l i.p l i e d  b y  "-n ,  t h en t. h i s 
r e su l t  i s  mu l t i p l ied  b y  A . ; t h i s  r e s u l t  is  t h e n  mu l t ip l 1e d  b y  A0 , t o  
y ie ld t h e  Adj u s t e d M B R  tAMB P. } . T h e  u s e r  is  t h en r ead v to  a g a i n  
c o n s u l t  t h e  s u p p o r t  cha r t  ( F igu r e  1 8 )  fo r s u p p o r t  r c c omrn� n d a t ions  e n  
s u p p o r t  t h t..: d r i f t s for  t h e  en t i rr p re-produ c t ion p e r i o d. !l e ca u s e 
t h i s  i s  a s e p a r n t e.  s u p p o r t  d e t e. r min� t i 0n . t h e  t emporury , pr e p r o d u c ­
t i on s u p p o r t  se le c t e d  w i ll b �  u u f f l c i e n �  E u r  s t a b i l i r � . 

6 . 3 . 3  T h i r d  S t ep - - Pe nnanen t  Suppo r t  

The t h i rd s t ep is  t o  a p p ly a dj u s t men t s  t h a t  accou n t  f o t  t h o s e 
f a c t or s  t h a t mos t  in f lu en c e  d rif t behavio r d u r i n g  ca v i n g . Du ring c h e  
f ie l d v i s i t s ,  i t  b e c ame c l e a r t h a t t h e g r e a t e s t  d r i f t  d ama g e  wa s 
a s s o c i a t e d  i..• i th th e f i: on t a b u tmen t z o n e . Maj o r  d i scon t inu i t ie s  in  
t he rock  ma s s  c a n  a c t  a s  b ounding  i n t l u e n c e s . con e e n  t r a t i n g  t h e  
a b u t me n t  lo a ds i n  some p l ac e s  wh i l e  p r even t i ng  i t s  app l ica t. ion i n  
o t h e r s . T h e s e  e f fe c t s  a r e p r o n o u n ced a t  M. i ne s  ;,,; a n d  D .  The t o t a l 
load  c o  b e  t r a ns f e rred i s  de penden t o n  t h e  amoun t of  gr o u n d  o p e n e d 
up , �o  the  u ndercu t a ren  o f  t h e  b lock o r  p a n e l  i s  i n f l u en t ia l .  A l s o , 
d r i f t s  � r e  at  va ry ing d i s t an c e �  f ro m  t h �  produc t i on a r e a  a n d , de pend ­
i ng on lo c a t i on , w i l l  " s e e ' "  c1 va ry i n� pe rcen tage o f  the abu t me n t  
s e re s . T h e  s h o r t es t  d i s t an c e  t o  t h e  c a v e  li ne  i s  a me a s u re o f  th i s  
� f fec c .  

l t \vo 5  a s s u m e d  t h a t t h e  a d d i t :l.o na l s t r e s s  in c r e tne n t  d u e  to  
abu tme n t  p re s su re is so mu ch mo n· d e pe nd e n t  on u n d e r c u t  .a rea  t h a n  
d e p t h  th  t d � p t h n e e d  no t b e  co nsld e red se p a r a t e ly , f o r  pur poses  o f  
c la s s i f i ca t ion . The r e. l e  o f  d e p t h h .:i s  a l re a d y  h e e n  con s i ci e r e d  
(Adjus tmen c A ) . Th is  a s s u m p t i on a p p ea red  to b e  va l i d a t  t h e  ra n g e  
o f  d e p t h s  in �e da t a  b a s e . Fu r t h e r  e x pe rie nce  a t  g r e � t e r  d e p t h �  m a y  
r e q u i r  c h i �  assump l ion t o  b e  rrnd i f ied . 

I n deve lo p i n g  th e adj u s t mc n r  o r  maj o r  d i s c o n t i n u i t i e s  ( S ) , a 
v a r i e ty o f  s c e n a r i o · was f o r mu L i t e d , u s i ng d i f f e r e n t  s t r ike s , d i p  
magn i t u d e s , d i p  d i r e c t i on s , a n d  t h i c kn e s s e s  o f  po s t u l a ted weakne ss  
zone s . W e a k n e s E" zones we r e  r l! e a rd ed a £  fa u l t s f i l l ed w i t h  gouge t h a t  
a r e  on l y � p a r i ng l y  cap ab le  o r  inc a p a b le o f  t rans fer r ing  s hea r 
s t re s se s . A r e d u c t j  Gn o i  a t  le a s t  o n e  MBR c l ;:i s s  i s  requi red t o  
q l 1 � J i f y  a we a kness z o n e . A u n i form  ve r t ica l s t r e s s  w a s  t he n  a p µ l ;!. e d , 
c o r re pond i n g  r o  a n  a b u tme n c  G t re s s  t h n t  j :� a p p r o a c h i n g  t he wea k n e s s 
z o n e . Us ing  we l l- known  p rinc i p J e s  o f  l o a d  d is t r ib u t icn  a ro u n d  
f a u l t £. , a like lv s t r e s s  d i s t ribu t i on wa s a r r i v e d  a t  a lo ng t h e  i n ­
v o l v e d  d ri f t s  in  e a r l i  s r. e n a r i o . I t  wa s a s s u me d  t h a t :  
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l .  Faults dipping towards the observer will cause a concentra­
tion o f  compressive stra in at the toe of the faul t ;  

2 .  Faults dipping away from the observer will tend t o  disperse 
compressive strains benea th ; 

J .  Moderate dips affect the greatest  area and produce the 
greatest effect ; 

4 .  Shallow dips permit the transmittal of a s ignificant 
fraction of the applied stress, normal to the dip ;  

5 ,  Near-vertical to sc:eep dips have t:h" least ef feet i 

6 .  Zones striking parallel to the drift in quest ion produce a 
greater ef fect than zones striking perpendicular t o  it , 
especially when the at titude is such that the drif t t ends 
to be rolled over; 

7 .  The wider the faul t ,  the greater the effect; 

8 .  A s  the distance t o  the disturbed zone increases, the effect 
diminishes rapidly for faults dipping towards the observer 
and some.what less rapidly for faults  dipping away. 

The adjustment framework (Table 25) was based on these assump­
tions. Other guidelines were formulated to enhance the practicality 
and simplicity of the adjustmen t .  To recognize that a weakness zone 
need not be a fault to require classification, but should be a 
significant feature, the adjustment is termed Major Structures (S) . 

The adjustment for distance to cave line DC assumes that abut­
ment loadings dissipate more rapidly below the production area than 
laterally away from it. Also stres!"e:-. will be felt further away in 
weaker rock than in sl:ro nger rock; thus, MBR was incorporated into 
the rating structure (Figure 23). The adjustment framework was 
developed on the basis of prevniling mining p ractices , fi�ld observa­
tions , and published data on abutment loads and stress distributions 
around large openings .  

The adjustment for the panel size permits the user t o  gain a 
more favorable rating by limiting the amount of ground opened up in 
the caving proces s .  In smaller blocks, the peak abutment zon.; may 
actually occur outside the block boundary, which greatly benefits the 
drift support system. The rating structure was arrived at after 
considering che rock mass strain hist ory, as discussed fr Section 
6.2 . 3. The Panel Size adjus tment PS (Figure 24) used for computing 
FMJ3R is a rearrangement of Figure 1 3  of that Section . 
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...... 

t -3 U l t  s tr i ke vs . 
h e a d i ng d i re c t ion 

Fau l t  d i p  d i r e c t ion 
w i th r e spe c t  t o  works  

Amou n t  of  D i p  

D i s t an c e  t o  ne a r e s t  
f a u l t  zon e , f t  ( '.? = 
lone Wid h )  

<O . 1 w 

C .  1 IJ t o  1 .  0 "  

I .  w t o  1 0 . 0 '  

1 0 . Ot.i to  so . 01� 

>5 •. w 

i t h i n  Zone 

TABLE 2 5  - Maj or  S tructur e s  Adj u s tment  s 
Adj u s tme n t s  a r e  > l  i f  abu t:::-.en t s t r esses tend to  b e  ca r r i e d  
away from t h e  excava t ion ; < !  i f  ;:; c r e s s e s  a r e  conc e n t ra t e d. 

M o s t  nea r ly perpe nd icula r  Mo s t  ne a r ly pa ral l e l *  

Towa r d s  Away Towa rd s Avay 

Sh  M S t  Sh  M S t  Sh  M S t  Sh  M S t  

0 . 8  Q .  7 5 0 .  7 5  0 . 9 0 . 9 5 o .  7 5  0 . 7 0 .  7 0 . 9  0 . 9 5 

0 . 8 5 0 . 8  0 . 8  C . 9 0  (; .  9 . 0  0.8 0 . 7 5  0 . 9  0 . 8 5 l .  0 0 . 9 5  

0 . 9 5 0 . 8 5  0 . 9 C . 9 5 1 . 0 5 1 .  (;j  0 . 9  0 . 9 0 . 9 5  0 . 90  1 .  05  l .  l 0 

1 .  0 0 . 9 5 1 . 0 1 .  05  1 .  5 1 .  0 1 . 0 l .  0 1 . 0 1 . 0 1 .  1 0  1 . C 

1 . 0 1 . 0 1 . 0 1 . 0 1 .  0 l .  0 1 .  0 1 . 0 l .  0 1 .  OS  1 . 0  1 . 0 

1., . 85 0 . 80 0 .  9 0  0 . 85  0 . 80 0 . 90 0 . 8 0 O .  7 5  0 . 8 5  0 . 80 0 .  7 5  0 . 8 5  

Sh = Sha l low  ( < 3 0 ° ) 
:;: Mod e ra t e  ( 3 0 0 t o  60 ° ) 

S t  :; S t e ep C- > 6 0 ° ) 

<O . L w f a c t o r  no t to  be  a p p l ied  f o r  W< l O  f t  
> SOW f a c t o r  n o t  t o  b e  app lied  f o r  \J > l 0 f t  

* F0 r  t ho s e  ,1ork in g s  no t " s c re ened"  f rom fau l t  e f f ect  by caved volume . I f  " s cree n in g "  ex i s t s , use  1 . 0 . 
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01Sl ANCE <VERTICAL> ft 

Figure 23 - Adjustment, DC,  for Distance to Cave Line. For 
drift� beneath the caving area, the vertical distance 
is projected up co the single Vertical Distanc� 
Adjus tment Curve; the rating is read by interpolating 
between the multiple curves . For workings horizontal ly 
removed from the caving area, the horizontal dist .. rncE· 
j s  projected up to  the KB R  value and the racing is 
interpolated at that point from the multiple curves. 
For workings both beneath and to the side, ratings 
are computed both ways, and the lowest value is taken. 

14 7 ENGINEERS INTERNATIONAL, INC. 



0...(/) 
I-z w � 
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1 . 0 L----5.J..0-----,---'-o-o-----;--I 5-;-0�----;-:.2 o o  

B L OCK O IM t. N S ION , f t  

l ' igu r e  24  - Bloc k/Pan e l  S ize  Adj us tm n t  P
5

. 

1 4 8  ENGINEERS INTERNATIONAL,  I NC .  



The se produ c t ion  a dj us tmen t s , Maj o r  S t ru c t ures  ( S ) , D i s tance  to  
Cave  Line  (DC ) , a nd Panel  Siz_e  ( PS ) , a re a pp l i e d  a s  s�qu en t ia l  
mu l t i p l iers  t o  t h e  AMBR.  Th e resu l t  i s  the  Fi na l M.B R  ( F�IB R ) , wh ic h 
i s  re la t ed t o  suppo r t  re commenda t ions  by mea ns o f  a support  c ha r t  
( F igu re 2 5 ) . The cha r t  i s  di f h, re n t  f rom tha t  f o r  t h e  M B R  and  AMBR , 
t o  a llow a more r igorous  su ppor t  to  bl' spe c i f ied . T h e  Permanen t 
Suppo r t  Ch a r t  in Figu re 2 5  is  se c u p so c h a t  a gen e ra l  inc r e a s e  in  
sup po r t  p res su re i s  foll owed f rom t op t owa rds bo t tom .  The sup por t 
recommenda t ions  are s l igh t ly conserva t ive , to a l low fo r na t u r a l  
va r i a t ion wi thin ra t ed d r i f t i n t e rv a ls. 

6 . 4  Suppo r t  Reconrroenda t ions  at S t ud ied  Field S i te s  

I n  c h i s  s ec t ion , t h e  re la t i o n s h i p o f  t he da ta ba se to  t h e  MBR 
Sy s t em i s  i l lu s t ra ted b y ap p lying t h e  r a t ings and adj us tmen t s  to  da ta  
f rom Mines  A ,  B ,  and  C .  Ca lcu la t ions  for  Mine D are carri ed ou t in  
d e t a i l in the  Manual , Vo lume II  o f  t h is  Repo r t , as  an  examp le of  the  
u se o f  the  M 8R Sy s t em , snd are n o t  repe a t ed here . 

6 . 4 . 1  Hine A 

A t  Mine A ,  we con sid er four  types of  d r i f t s : pane l ,  gr i z z ly , 
f r inge ,  and  hau lage ,  ana t he i r  b ehavio r in th ree geo l og ic environ­
ment s :  fau l t e d , in t ru siv e p orphyry , and  h o s t  g r ani te . 

Essen t i a l  g eo log ica l  d a t a  fo r t h e  fau l ted  area  a re given in 
Figu re 2 6 . Da ta  sh eet s f or t he Hos t  Gran i t e  and I n t r u s ive  Porphyry 
a re g iven as Figu r e s  2 7  and  28  respec t iv e ly . I n  co llec t ing t h e s e  
da ta , s ome pa rame t e r s  h a d  t o  be  a ssessed  u s i ng j ud geme n t .  I n  p rac­
t ice , s ta t i s t ic a l  summaries  wou l d  b e  u sed as da t a  b ecame  avai lab le . 

F rom Figu re 1 5 , t h e  ro ck  s treng ths  ra te a s  f o l l ows : 

Va lue  
Ratin g 

Fau l ted  

8 , 000 p s i  
5 

H o s t  G rani t e  

1 3 , 5 00  psi  
8 

I n trus ive Porphyry 

1 9 , 300  p s i  
8 

The  ra t ings f o r  G ra n i te a n d  Po rphy ry  a re adj u s t ed wi t h in the  shaded  
a rea , to  accou n t  for  su spec t ed b ia s  in  samp l i ng .  

T h e  D i s c o n t inu i ty D ensi ty  ra t ings  a re d e r iv ed f rom Figu re  1 7  a s  
fol l ows : 

Fau l ted  H o s t Gran i t e  I n t ru s ive Po rEhy ry 

RQD  1 5% 4 0! 30% 
Ra t in g  5 8 7 
Spac i n g  0.2  f t  0 . 4 5 f t  0. 4 ! t  
Ra t ing  5 7 7 
To t a l  Rating  1 0  1 5  1 4  
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F M B R  1 0  

FMBR  1 0  

2 0  3 0  

2 0  

4 
I N T E R S E C T I ON�. 

5 0  6 0  1 0  e o  

C LOS( P4l T E/lN 90L T INC,  
Sill A PS 0A MrSH ,  SHOl Cfl E T (  

· LICH TL Y RE INFORC E D  CONCA E T  

H( A\I IL'I' RE ll< � OACI ) CONCR E T E  

MEOIU>.1 S 1 E £ L  S E T S  

MED IUM S T E E L  S £ l 5  PLUS 
CONCR(T( TO COi/EA 

H( A\IY 5 f E E L  SETS PLUS 
H(AVIL  f fl ( INFQFICEO CO/\ C R E T( 

JO 40 so 
D RI F T  S E C T IONS 

60 70 8 0  

F i gur  2 5  - Pe rmenen t S u p po r t  C h ar t .  Gives  re comme nd 8 t i o n s  for  
pe rma nen t Ll up p o r t  o f  p roduc t ion  a rea  d r i f t s . Fur t he r  
e xp la �a t ion s o f  t he s up p o r t  t y p  • s ar e give n i n  the 
Man u a l ,  Volume 1 1 .  

90 

1 so ENGINEERS I NTERNATIONAL ,  INC . 



P roj e c t  Name ---�£1-� __ ZU--,.. ________ S i te of  Survey  --�----/_'"n_c' __ /1 ____ By  £& Da t e  Z/'irZ 

1 .  Geolog ic  Region : 

2 .  

3 .  

4 .  

Comp ressiv e S t rength : Av erage 

Co re Recovery : I n t e rJal -6.�'C-Q/' 
RQD : I n t erva l -&ye

/et)/ 
' 

Loca t ion Qee/ Zb 

UCS CotlilXlen t Ggcbl'C- Z"Yl/lveat::7d 

Avera ge -----�koc....=cJ_
:?�ae...,__ __ � Ra nge -------"3'---c>�,,:2

,...__-�cl,-c::i___._j!{�a'-------

Ave rage ------· ·�'.5' __ 9?--=----� Range �----c>�,���--9�0�6=f' ____ _ 

5 ,  D i s con t inui ty Sp a c ing : Ave ra ge ---=0_,_z __ /_t ____ Range < CJ.//r-/.a/( Commen t  5l�He;��-e�cY 
6.  D i scon t inu ity Cond i t ion 

Mo s t  Common 
ln t e nned ia t e  
Lea s t  Common 

Consen s u s  

Wa ll  Roughne s s  
5/;c 
SIC 
R 

7 .  �ater  Condi t ion D ry  s 
8 .  Frac t u r e  Orien t a t ions 

S t rike  
Dip / D i r  

Ran k 

9. Maj or  S t ructures  
Name : .fltae/ 2 6  bne 
Name : - e- W T?s?rut'. 
Name : 

S e t  l 
43CW 
Bofae 

( 

S t rike 
$�_W' 
e:-w 

Wa ll  S epara t ion 
.::._ /4 '' 
;,, Y4 1, 

/-/ 
L.. �  

1, 

J o in t  F i lling  \.Ja 1 1  We a t her ing 
Cldt:._ 50 

t'rt.!>hd// SL 
l2/ �� 

olt, ;,��q_� SC 

8 D ripp i n g  Flowing 

S e t 2 
Al&::wt' 
8()/sn' 

z_ 

Dip  
30 -50 

V.ect 

S e t  3 
e-U/ 

_ye,d, s 
D i p  DiT . W id th 

r.58 
aolf 

S vV  

S e t  4 

!5jc: 
b 

S e t  5 

Loca t ion / Collllllen t 

��%:}p�;;;�, ::!:o r;: 

1 0 . S t r e ss Fie l d  0 1 :  D i rec t ion  �--,---:L�e=-/b---'-, --,--- Ma gn i t u d e  
0 3 : D i rec t ion  J.bci0 kEis:'ef Magnitude  

2 ,(Xla p;si Measu red ?  __ _,v�e_s�-----
.(, 600,1?

1 
si Measu red ? �/ e,S' 

1 1 . 

F igure 26  - Geologica l  Da t a , Mine A .  Fa ulted  Arc2 . 
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P roj e c t  Name ---�tfi_QT:_lj_. ________ Si t e  of  Survey /-'1/y/e d -ay __ R.�. �--- D a t e  z.../8L 

3 .  

4 .  

5 .  

6 .  

7 .  

Geolog ic  Reg;i.on : Loca t ion �ne/s /8-2 3 
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Flow ing 
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S e t 1 
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� 
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L 
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9 .  Maj or  S t r u c tures  
Na  me : z0 ,7 e / 2 (, 6:::::r:>? e 
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Name : 

S t rike Dip 
/¥30 W' .&::>-::x:> 

D ip D i r . W id th 
� -lf' 

Lo ca t ion / Comment 
,t/41 iv ,r00 /2-z! r.::'COt:/ , 

1 0. S t re s s  Fie l d  o l : D i rect ion �rl. . Magnitude � C)�Cjes/ Mea su r ed ?  __ __.Yi;'----'e'--s: _____ _ 
0 3 : D i rec t ion M?c;ffe?n;fq,(Z.Yc:-S-w Magn i tud e lj 0 0,q,.esi Mea su r ed ?  --�6_e_S' _____ _ 

1 1 . S ource  of  Ge ologica l . Da �a tio!t--sl�d' «�· az&e 51eo/@/CQ/ ,n� m[ae &-/es, Do;///n!] 
da fa es&malee <2dc:c «ar/e,qco0:?d c«<?zu1t/1$S(Uree. 

r i � µre 2 7  - Geo log i c a l  Da t a . Mine  , Hos t Gran · t e . 
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P r oj e c t  Name /?t;!r S i t e  o f  Surv ey �;, e /1 ------------- By -�£�-�� .... C __ D a t e  Z/'82 

1 .  

2 .  

Geo l o g i c  Reg ion : ,_;;;r,fctJs/ v,:: l£;�ph_l(/Y'. Rock Type ..Z:::,-6-v.5-; ve f6'rp.hytyLo ca tion /l;.#d /El -23 
Spe.:::.,m e.1,-, sd �o.i.,'2,n 

Comp r e s s ive S t rength : Ave rage  /i �es/ Range _4,�esc· M e thod  t'iz>?r/· fest Com.me at  rr::t7tJrl.. ec/(y (Z{/&cc.H't 

3 .  Core Rec ove ry : I n te rv al /;tf?lC!.l/ Ave ra g e  ' '/ow /i .?04:="Range ----------------

C. .  RQD : I n terv a l  / y,Pt'Ct?I Av erage �--=:3_0__,..._ ';6....._ ____ Range  ________ ,/._O_��---�-t:')--�_o _____ _ 

s .  D i s c o n t inu ity  Sp a c in g : Av erage ___ o=--'-4;;... . ..... A __ 0;;..._ ___ Range C. 0. 2 16 -2. oll Comme n t 51'-mi/q.,-k tJ/1 3 S<-i,:5 

6 .  Di scont inui ty Condi t i on Wa l l  Roughn e s s  Wa ll  S epara tion J o in t  filling Wa l l  Wea ther ing  
Mo s t  Common 

In t e rme d ia t e  
Lea s t  Commo n 

Con s en s u s  

7 .  Wa t e r  Cond i t ion 

8 .  Fra c t u r e  O r ienta t i o n s  
S t r ike  

Dip / Di r  
Ran k 

S e t l 
/Vb OE 
80,11u.r· 

Darop 

S e t 2 
A(30 W 
r5 SW 

j 

We t Ddpping 

S e t  3 
;<L_/c; E 
1s sc 

9 .  Maj o r  
Name : 

S�ctures  
�/? e/ Z6 �e 

S tr ike 
/V3? vV 

Dip  Dip Dir . 
30 -.x> 6 W  

Wid th 
rSLt 

Name : 
Name : 

10 . S t re s s  Field  0 l :  Direct ion 
0 3 : D i  rec.don 

50 

Flowing 

S e t  4 S e t  5 

Loe a t  ion / c o·mmen t 
L-(.o &:, �c, H d&d4 V 

Fi gur e 2 8  - Ge o l o g ic a l  Da ta , Mine A .  In t r u s ive  Po rphyry . 

ENGINEERS INTERNATIONAL , INC . 



The Oiscont inuity Conditions an• r:-an�d as follow1; , from Tab 1.e 
2 0 :  

Condition 

Rating 

Faulted 

SK, <!i;", 
gouge , SO 

1 0  

Hose Granite 

SK-SR , H-<1.:;1 1 , 

c· lay, SO 
1 5  

Intru�Lve Porphyry 

R ,  H ,  clay, SO 

17 

The Groundwater Condition rating is straight forward, from Table 
:1 1 :  

Condition 
Rating 

Faulted 

Wet 
7 

Host Gran:!te 

Ory/Damp 
13 

Intrusive Porphyry 

Dry/Damp 
13 

These ratings are ::;urnmed to yield the M.BR, which is compared 
with RMR in Table 2 6 :  

MBR 
RMR 

TABLE 26. HBR and RMR Ratings for Mine A 

Faulted 

32 
20 

!lost Granite 

5 1  
':d & 52 

I ntrusive Prophyry 

52 
53 l 44 

Engineering data sheets for the four types of drifts considered 
at Mine A are given in Figures 29 , 30 , 3 1 ,  and 3 2 ,  for Grizzly Panel . 
Griz -ly , Grizzly Fringe, and Haulage drtftP, respectively. 

'l'he adj u s t me.nts for these data were derive...: using the procedures 
outlined in the Manual. Using the figures and tables in the previous 
section, the reader can verity the adj ustments a nd resulting AMBR .1nd 
FMRR ratings , given in Table 2 1 .  

Coosulti�g Figure 1 8 ,  we find that steel sets or timber w�uld b e  
required for a 11 worl<.ings in the fault zone area , whereas close 
b olting and shotcrett: or medium bolting and shotcrpte (depending on 
rt:!liability desired) would be required to tempor.;, r lly supp.ort the 
multiple driftR. The single drifts would requirf! only bolts and 
mesh. This, in gt:!neral agrees 1.Jell with mini:• prai:: t i ce ,  a lthough it 
is slightly more conservat ive since che mine. does not h;;ve a stated 
obj ective of stabilizing its Jrifts during development . 

The P ermanent Support Chart (Figure 25)  at Mine I\ shows tha t ,  tn 
the faulted area, constant repa i r  would be requircu for griz�ly and 
p�nel drifts supported with heavily-reinforced concrete. Recall that 
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P roj ec·t 1ame _____....._lt ..... -7-:;ora..=.. ___________ S i t e  o f  Survey Hl,z� rf By /(4-C Da t e  2 #?Bz. > 

1 .  

4 .  

Ty pe of  Dr i f t ( s )  --�f-8::�-"l�C:-:,/�---� 2 .  Or ienta t ion ( s ) 
.,Y/VW, P. 26 

D e s ign Li fe  i?- 4' vr -�--''----7',.__ ___ _ 

De s i gn D ime n sion s 

#�/$ /8-23 3 .  

W id t h  /0 1 \:id  th  va r ia t ion a -�--- --�.......,..��---------------------
H. e igh t /0 ' Heigh t  va r:ia t i on -�$�'1?.c..t7.....a,,ecc..--____________________ _ 

5 .  Dri f t  S pacing  ( H o r i z on t al )  150 1 c -c 
Othe r Openings  Ty pe /1 / 

I // _;:�=--.:�C--<-/=c�i!=/ ...... IV'------ Size  8 tu .  I( 9 n. 
I 

Spacing  _ _,,3'-=!S°'--
1
�C:'----c;, _________ _ 

6 .  Ex t ract ion Ra t io 
Mu l t ip l e  Op enings : Excava ted  Area Unexcava ted  e ---------- ------ r -----------

S ing l e  Open ing ; 1 . 5 (width )  __ _..('""5""'--_1 ___ Exe av a ted  _ _.5"'--'-9.=��A:L...C..�'2.-U n excava ted 8/ 0;4!- �er 

7 .  D i stance  b e l ow un dercu t  - d ri f t  f loor to  undercu t f loor ---�15"=-_1 
__ _ 

d r i f t  crown to  und ercu t f loor  S- '  ---�----
8 .  Me t hod of  Excava t ion : Machine bored 

9 .  E¥cavat i o n  cond i t ions : 

Con t rolled n· & B {conven t ion a l  D & }) 

0 . 4-2 

Perime t e r  Ho le Traces  ____ __._;::;___...=u.J=-...�4�c�c::-----v"-'-'/s.........._1_'6�le...__,Ltto.__... ...... 5'fc.___---,-c;!/�""�d ........ C::::--'------�--���---------
R ib or  Cr  own Loosene s s  ___ __,,G.""---"-<::: .. H:u�..-... .......... hj...,"""v_,_6z.......,,;g�h"""--"t--<Zc..<�__._'.f ...... e ....... r__..,<:. .... :C...,.'<2 ....... & ....... '2t ... fjl--'--M...,'-'-... ,::_s; .... -,;,___ ..... u"'"s: ..... e ......... <L--'--C__.<2"-'V ....... -f: .... l.,._n .... e-6..., ..... v< _____ _ 
New or  Ex is t ing C racks S.a.. � 
Ove rb rea k & B a r  r ing-Down-========-17.-.... -(s::·===L= ..... fi-......... """.....,. .:....•-_-_-.... &-...__.=o.::,:c=/=,,:'9:=-=0:e,:w::n===ot=::oa1::e:.c...m-=-.... -t:e:============================== 
O ther  C r i t eria  B4ls67!ff ,R .r4'C'6-/ce .9e.,ev::n1c<,v ,oret6

>(...,
<l'20cl 

10 . l o t erse c t ions , t u rnou t s :  Ty pe Gocc/y: F !huge. Locat i on ��'10:��� Max. S p an _ ___._f...::5':=..-_
1

---=.Z:;;..:o::Sa.._/ __ _ 

1 1  B l  k D d / A/� / �=- /<"W End /A,.... / ,1/ . / e . oc  imens ions : S i  e -�1'"_'-" __ O rien t ation  LY._<- L_i...> '-'CJ Orienta t ion -----'-"
..:.......:Y ��/��;s-=-=-----

1 2 .  Cave L i n e  D i re c t ion �---.,,__,__c.d;,�;'.;-"-5'---� Dire c t ion of  Progress -----=��L:=--_:::.::�_- �/1/c...a...�//[/--=--------� 

1 3 . D r if t Loc a t ion ( in b lock , wi th re sp e c t  to  maj or  s t ructures  and the i r  d ips , w i t h  respect  t o  cave ) 

�=fl� /oo /"!;;Oo /
;:

,u1/� :',�/�� fev� O,�a. , .P2s/z6 �qr/ra(r,/!IZde/oz/// 
·----- Pu - _u/f ?:h2_e,, . _p /O@ __ o:'J,���-" 0 

_(..i.JO Y. 

F i gure 2 9  - Engineer ing  Da ta , : . :ine A ,  Panel D r i f t s . 
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P roj e ct Name _ ___....c ..... � ... �---------- S i te o f  Su rvey --�--/_/'l_t::_/l _____ By _f(;;..u."/TC,.;..._ ___ Da r e  2 · &z 

1 .  

4 .  

Ty pe o f  Drif t ( s )  __ 1/' .... 2_,.._,�·a-e:......_,,',v,.__ ___ 2 . O r i e n t ation ( s )  Al£/sty PsJ 8-23 3 .  D e s i gn Li fe  --'J_-.... .2__,.y; .... C-'-·----
c/Vc/wsw P.2 6 

D e s ign D imen s i o n s  \.l i. d th --�8_" __ W id th var ia t ion  'G,5" r 4£ <2C4:ev,PO/� 
Heigh t 9 / He ight: varia t ion ----""'�=�==-----------------------

5 .  D r i f t  Spa c ing  (Ho r i zon t a l )  3S:n c - C  

6 .  

O t h e r  Op ening s  T y p e  

Ex t ra c t ion Ra t io 
Hul t i p  l e  Op en ings : Ex cava t .:: d  Area 2.ZO /i z. Un exc a v a t ed 3 9/ /zL '  e C- ,  3 C r ------�---- � r ---'---=-------

S i n g l e  Open ing : : . s (width )  Ex cava t ed Un e x c ava t ed ---- r -----

7 .  D is t an c e  b e low und e r cu t  - d r i f t  f lo o r  t o  unde r cu t f lo o r --��-��
-
------

d ri f t  c rown to  und e r cu t f l o o r  C / ----"=------

8 .  Me thoc  of  Ex c ava t ion : M a chine  b o r e d  

9 .  Excav a t ion cond i t ions : 

Con t r ol l ed  D & B 

Pe r ime t e r  Ho l e  T r a c e s  5 �:s_ ;,,6/c ,/V/as:c._ � e 
Rib or  C r o\.lT\ Loo sen e s s-_-_-_

-
_
-_-_-_-_�{�=�-����::;.:��/�//-;Y.:/c-::�6��:',g.;:,d:;{��=:;;;:::;2,:,:z!c(:ce::-�:a:· o::c:�=1:-n:o:::::-:r0:0:�:=��·-Z=· =/'-/'e.===e;=�=4'==C:d==5=c=o=�==================-

New o r  Ex i s t ing Cracks  5
0�. _ J 

Ove rb t: ea  k & Bar r i  n g-0  own-=======-=??::.:s:::=/=-=/==h=z==/;=�==· ===!k==,"=<?=dr=f'?==/c='i::J=6=c===/,,q==/.=-,,-.=1=n='§.:•=-==@===W==,,.,=========================== 
O t h e r  C r i t e ri a  Jot?Vf:r ae,e,:zdaif/c ceuro/71 -£A7nc --------�-"':..:;..c........,c....-;,�""->'r"'""-..>,::;,,a.,.......,,"'--c......e::;.c;c.L.W;.�--'""-"....,c.;u:.C......:...._ __________________ _ 

l O . I n t er s e c t ion s . t u rnou t s : t2f enc:/s Nax . S p an ____ /S=-_' ____ _ 

1 1 .  B l o ck D i mensions : S i de  End  /0C: - ·  O r i ent a t ion  --'-'_, t::...y....;;.(Al....:;....,./;_S____;;ce_-__ _ 

1 2 .  Cave L i n e D i r e c t i o n  ---"L-��
......,.-

�
_S _____ D i re c t i on o f  Progress  ______ :5' ___ �--��/(/��fV'----�--------

1 3 .  D r i f t  Lo ca t io n  ( i n b lock , wi th  re spec t to maj or s t ru ctures  and their dips , w i th r e s p e c t  t o  � ave )  
114 />7<(;,tOr: sfrvctvce� el(c�d (7? Bvre/ Zb Wht:'r e ;fJv/,,;/>c9 /5'/Z&;R�c:f<cuAzr 

Figure 30  - Engineering Da t a , Mine A .  Gr i z z l y Dr i f t s . 
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P roj e c t  Name ___ '6_Q_>r_. _______ _ S i t e  o f  Su rvey _ _,_M�Lc..;;'77..;...=e.'---.... cf'------ By  ---';B"--/-1'c ___ Da t e  __ Z_b __ :9_2 __ 

l .  

4 .  

5 .  

,, A!E/sw /%. ,· B <Z3  
Type o f  D r if t ( s )  Gri c?l.'L FrinJt:(6CJ:>)2 .  Or ienta t: ion ( s ) c-.,Ve/WSW- P. ;? 6  3 .  De s ign L i f e  ____ >_./_S_�v/"_. __ 

De s i gn D imen sions  Wid th /2- /· Wid th va ria t i o n  -----��.;:;cJ�·n.;...._�-------------------
He;!.ght  /2 � Heigh t  v a r i a t ion ;? �  

Dri f t  Spacin g ( H o r i zon tal)  �'77.g_/e .Vr//.t 

fb/?e/ p/",,-,h /C) "X/ 0 / 3.6>.a Other O p e n i n g s  Ty pe S i z e  Spa c i ng 

6 .  Ex tract i on Ra t i o  

7 .  

Mu l t i p l e  Opening s : Ex c ava ted Area .--- Unexcava ted  e .----------- ------ r -----------

Unexcava t ed -------S i ngle Openi'ng : 1 . 5 (w id t h )  Excav a t e d  

D is t a n c e  b e low u n d e r cu t  - d rif t f loor  to  unde r cu t  f loor --------
d ri f t  crown to und e r cu t  f lo o r  --------

8 .  Me th od o f  Excava t ion : Machine  b o red  Con trolled D & B �al D & B=> 

9 .  Excav a t ion cond i tions : 
Perime t e r  H o le  Traces  �n� �� 
R ib or  C rown Loo  sen  e s  s-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-.... AM

-<-

.... -'o� 26-::�:s:/�� ... · �::;�-;?��·e.='O??
-
-.... -.... -r============================================== 

New or:  Ex i s t ing  C racks  _________ __..5...__a .... >21""""""'e ............... , To ......... tY�T--S -='",;..,..f;..,...'LZ'-'J:'!'""4,,_,_r-'-�.....,.-q-=-47!._."'....._. ----------------Overb rea  k & Ban in g-D o\m / f:t? /,5 z4:: 02:2 ,,-/6S f C//<Juhz. /Wo/e;a?f'e 6:zro?::(7-(foq;,.1?. 
0 the  r C r i t eria ________ __.,

G
_

e
_.'h_,""",:-,�,...""'"i2"""

ll
'-� ... '<-:.;,C1'--a .... \;2"""

(L
..__

b
""-'-/"=-

x 
........ �J--"-.-p"'"r.=?2a.a

ef 
.... _ ..;._:/l'.; ... Ca.,,;..a.�-'-------'=""""""' ......... .,._ ........ ....,_.="-__ 

1 0 .  I n t er s e c t ion s , t u rnou c s : Ty pe  !Urn!)tds(g) fine:/ /1,,/fs Loc a t i on Uiz/;pci, blocJ:. Max . Span 2 6"  zk 
1 1 .  Block  Dimen s i on s : S ide /4o ' O r ient ation #E ls' W End /a;) ' Orien t a tion 

1 2 .  Cav e L i n e  

--����---

D i re c t ion ,.,__. ;V � D i re c t ion o f  P ro g re s s  Sc� /.VW ----'-'-'-'._..;;.______ ------'=----.a.:'-'--'--------------

1 3 .  D r i f t Lo cat ion ( in b l oc k. ,  w i th respect  t o  maj or s tru c ture s  and the i r  d ips , with  resp e c t  to  cav e )  £>vts1de 
/?a:1Ze{ a,ea. &ax/n,z iTY :6o cave ()/�a. @ :i"lrtl'! o,1 J./oe,4 v4...-1ey ,rool1f 6? soql2c:. 

?i gure 3 1  - En gine erin g  Da ra , Mine A �  Gr izz ly Level  Fr inge D r i f t s . 
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-------------------

project Name __ ........... A..,___..:;;Q.!c..::;...1 _______ Site of Survey _ _.,M........,_...;../_7/_e __ ,4-____ By ___,R'->--:..J<4<::....-= __ Date 2,/cz z

1. 

4. 

Type of Drift(s) ...... Mc...:....:a;.:,._ .;..v:.L.1?2.:r..,.:;;'9;.....=e'------ 2 • Orientation ( s) --=-/V
_.;,,_,.;w;..:;..._..c<-=s--'E=-----3 • �es i t;O Life _ ___,_,3'_,__-_;··S=-_.,1 ...... ::-Lc........:...- --

Design Dimensions W id c. h _ __._(."--/........._ �--· _ t:id th var i.:1 tion ----�n--=c:?::..:�:..:.......::e:::....._ __________________ _ 
Height , 'r 2'I: Height variation -----=��t)�,,,,�e�---------------------

5. Drift Spacing (Horizontal)
� , 

70 ft C-C 

Other Openings Type

6. Extraction Ratio I 7_,. r ,r 

7. 

Multiple Openings: Excavated Area ___ _......,___ _____ Unexcavated __ TL..-' ____ er ___ _,.C,:;;;__··..;./_o ____ _ 

Single Opening: 1.5 (width) -------- Excavated _______ Unexcavated ___ _ 
� ,r-- r 

Distance below undercut - drift floor to undercut floor r� 
--------

drift crown to undercut floor 6¢ ., 
-----'----'-----

e C-�25 r 
(/t,/r/?otds 

8. H�c.hoJ of Excavation: Machine bored Controlled D 6 3 ('co�ventional D & B-=:> 

9. Excavation conditions: 
Periweter Hole Traces ----------'���Z>�n....:.....::c:;......;�=..::e:...;c:.�/t�7-----------�----------------------�-­
Rib or Crown Looseness -------=c),��::;...>::41�S:�/'P>.::=..�'tZ�//J.�y:;......��-==-�«�n.�'<l".._�---�------�---���--------� 

���:;:�;;:::�:!_r_�_�_:_�-�-�vn_-_
-_�-=��=��=��=��=���::�.::����:.::::�-=;�z=:::,������:::.��::�·=�.::=�::�::����e=::�·�.6=ii:::�

c:,

;;���::���u:;;�;�=
7
��:�::��������:��-=::���=i=::::��=::�-=��

.s.

��
o

:_,,..,..,,:��c=��-�
a

�e:��
e

���
o

:_10:-���-=��e�-c(:��·::�=��=::�=�-
10. Intersections, turnouts:

11. Block Dimensions: Side

Type 7v,,-4t::Jvts @£o21j'e Location
./4-b I 

Orientation ,1/C/S'W

tJvz!s,,-k ._"(Ive Max. Span __ _,3Sw::=--<-A-�--­

End _,_/�t9;__o_
1
� Orientation ��,(f(<.....;......;k:Y'. ............ ��-�--·-�-

12. Cave Line Direction ____ ""--_/V. .......... ,�i 5'.=
1 

____ Direction of Progress ____ ...;;;.5i_c-__ 'Y_/V..;._.;...//?' __________ _ 

13. Drift

Figure 32 - Engineering Dae.a, Mine A, Haul�ge Drift�. 
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T \RLE 2 7  - Ra tings and Adj us tmen t s  a t  �in e  A 

Pa nel  26  
fa u l ted QM 

p I Ci I Fl I 1'2 I I'll ' ll 2 p l c; I F' l 1 F 2 I H l 

l� Wi,� t�oc k  B O O O  p s- i 5 l ) ,  5 0 0  p s i  

RQD/ Spcq . 1 5 1 / J . 2 '  4 0 \ / 0 . 4 5 '  

Di!lcon t i nu l ty s + 5 1 0  B + 7 
De n s i t �  

D iscon inu i t y  
cond i t ion 

S K ;:>J: • , gouge , SO 1 0  S K - SR , H � " , c l ay , SO 

Ground.ta t.C We t 7 D ry /Oa mp 

MBR 3 2  

>-s . 9 2 . 8 9 . 9 0  . 9 0  . 90 . 9 0  . 9 2 . 8 8  . 9 0  . !il O  . 9 0  

e f f  e r / As . 56 / . 6 / 1 . 0 . 3 4 /  • 2 /  . 3 5 / ,  . 56 /  . 6 / J . O . ) 4 /  . 2 / 
. 9 1 . 9  . 9 7  L O  . 9 7  . 9 1  • .  9 . 9 7 1 . 0 

. 8 2 . 9 2  . 9 2 . 9 2 . 8 2 , 8 2 . 8 6  . 8 9 . B B  . 8 8 . 9 6  

AKBR 22 2 3  26 2 s 2 4  2 3  3 7  ) 6  4 0  3 9  3 9  

s . 7 5  • B . 9 • 9 . 7 5 . 7 5 I . 0 1 . 0 I . 0  1. 0 l .  0 

DC . a . 8 . 9 0 - 0 l . 1 5 l .  1 5  . B O . B O J . 1 ;  l . 1 5 I .  1 5 

P S  I .  O J  l .  O J  I .  O l  I .  O J  l . O J  l .  0 3  1 . 0 3 1 . 0 3 l . O l  l .  0 3  l . O l  

fMSR  1 )  l s 2 2  2 2  2 1  2 0  3 0  ) 0  4 7  4 6  4 6  

P Gc i z z l )· P.t r, 1 or 1 f t / r 1 .. c c i 1. 1. l y f r i nge Dr 1 ! t  Sec t i on/ H 1 � Ho lll •q& D r i f t  
G 3 Cr 1 2 r l y D c i f t  / r 2 •Gc i z z ly Fr i nge 1 n e r sec c lon / Hi •H age I n te r s� c t ion 

Pa nel 20  
KP 

i B 2 ,., I G I r 1 I f2 I R l I H 2 

e 1 9 , J O O  p s i.  8 

301 / 0 . 4 '  

1 5  7 + 7 1 4  

1 5  R , H , c la y, so 1 1  

1 3  O r y  /Dato, l J  

S l  5 2  

. 90 • 9 2 . 8 8 . 9 0 . � o  . 9 0  . 90 

. J S/  . 5 6 /  . 6 / J . 0 . J4 / • 2 / . ) 5 /  

. 9 7  . 9 1  . 9  . 9 7  1 . 0 . 9 7  , 

. 8 6  . 9 6  . 8 8  . 88 . Il a . 8 . 6 

3 8  3 7  ) 6  u 4 0  4 0  3 9  

1 . 0 J . 0  1 . 0 1 . 0  1 . 0 L O 1 . 0 

l .  1 5  . B C>  . 9 0 1 . 1  1 .  1 5  1 . 1 5 1 . 1 5 

l .  0 )  1 . 0 )  l . 0 3 l .  0 1 . 0 3 l .  O J  I .  O J 

4 5  3 0  3 0  4 9  4 7  4 7  4 6  
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the plain concrete support use d ,  i ailed . Fringe and haulage dri  r ts  
are to  be  supported with  steel sets  and  concrete , or reinforced 
concrete if some repair can be  coJerated.  Presen tly , the mine US(•S 

the more conservative suppo r t .  Tn the other rock type s ,  rciniorced 
concrete is su f fj cient for permanent support of g1· Lzzly and pnnel 
drifts ,  with plain concrete s u f f icient tor f r inge and haulage drifts .  
This compares well  with  mine pract ice (Sections 5 . 1 . J ,  5 .  l . 6 ,  and  
5. 1.7) while reflecting a somewhat more conservative approach. 

6 . 4 .2 Mine B 

A t  �1ine B ,  geological conditions were grouped into "ver� weak, 1 ' 

"compe ten t , '' and "very compe tent" categories (see Table 8) . Data and 
ratings for these. r1re shown in Figures 3 3 ,  34 , and 35 , respective 1:., . 

The rest1lting MBR 

Table 2 8 .  

Very \./e;i k 

MBR 24 

RMR 2 1  

Engin�ering data  
given i11 Figures 3 6 ,  
considered for drift 

ratings Br£' given in Table 2 8 :  

MBR and RMR Rat ings for Hine B 

Competent  Very Competent 

52  8 1  
49 70 

for Slusher , Fringe. and Haulage drifts are 
1 7 .  and 38 , respectively. Slusher lanes were 
sect ions and the sections over the haulage. 

Haulage intersections were also considered . 

The· adjustments and resulring AMER values and FMBR values are 
shown on Table 2 ';1 ,  l n  this general approach a t  Mine B ,  the classifi­
cation numbers are �eneralized �omewha t .  The adju stment S is not  as 
specific as :it might be it actual locations were to be considered , 
and PS asFumes a unifol."ti l y  advancing cave f ron t .  Nonethe les s ,  Table 
29 shows the Fensitiv i ty of the MBR System to workings having differ­
ent purposes. ln part i cu l a r ,  the benefit of having the fringe d r i f t s  
300 E t  from t h e  mining area , i s  readily seen . I t  is  apparent that 
the slusher J anes and fringe drifts comprise the end point s  of  a 
spectrum o f  ra tings . 

ln the  weal:. rock, the recommended temporary support ( from Figure 
18) tor production openings is light to medium steel sets or  heavy 
timber, with  the heavier support in tlH· slusher lanes over the 
haulage. Temporary support in th� intermedia te  ("competent")  rock 
varies fror:. medium p a t tern bolting and sho tcrete  in the slusher lanes 
to c l os@ pattern bol ting with  slrn tcrett! and me.c;h in fringe d r 1. f t s .  
The more conservatjve  support i s  preferred in the fringe d r i f t s .  In 
ch� competent  rock , slusher l�nes over the haulage receive only 
mecliuni pattern bolting with me�h , and fringe drifts receive wide 
pat tern bolting or spot bolts only, dS temporary suppor t .  
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71 

c/d v SD 

� W e t  D r ip p ing F lowin g 

S et l S e t 2 S e t  3 S e t  4 S e t  S 
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Fi gure  33  - Geo logical  Da ta . Mine B ,  Ve ry Weak Rock. 
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9 .  

,�ML5i:. 

� 
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Ma j o r S t ru c t u r e s  
N a me : _........,S=.::...o.::..v....::H,c....:....:..--L..A..::-a:....:"'::....-'/f::::....._ __ 
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1 1 .  

F i gu r  J eo log· ca l Da ta , . i ne B ,  Cornpe e n t  Ro c k . 
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Figu r e  3 5  - Geo lo g ic a l  Da ta , Kine B ,  Ve ry Comp e t en t  Rock . 
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F i gure  36  - En gineerio g Da ta , Mine .B ,  S lu sher  Dr i: t -. .  
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6 .  

7 • 
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Figure  3 7  - En gineering  Da ta , Mine  B ,  F r i n ge D r i f t $ , 
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0 ther  C r i t e r i a  

----------6......,,...A-�--�----
q

-
/,
-1,,--G"""o_a_

d'. 
__ _ D_·_
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F i gure  3 8  - En gineer ing Da t a , i ne B ,  Hau lage Dr i f ts . 
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In 4 t 'loci: 
St r enc:, t h 

ROD/Speq . 

Discon t . nu i ty 
Oe s i t y 

o �seon t i nu i t.y 
C n d l t 1on 

Groun \. 

MB R 

s 

DC 

PS 

FMBR 

TABLE 2 9  - Ra t ings and Ad j us tmen ts  a t  Mi ne B 

Ve ry Wea k  Rock Compe t e n t.  

H D  H I  S H  S D  F HD rn SH 

l ,  000 p s i  2 1 6 , 0 0 0  p s i 

1 0 1 / < 2  : -. .  6 0 % / S i n . 

3 + 3 6 1 2  .. 1 

SM - S K / Ii  n . /c l ay/ SO 7 SM ·SK/<!f in . / m . c l  

loa m 9 .,amp 

24 

O . B B 0 . 8 8  0 . 8  0 . 8 8 0 . 88 lo . 9 2 

0 . 1 9 /  0 . 1 8 /  0 . 6 8 / 0 . )  I o .  3 3 1  IQ . l C /  
. 9 7 . a e . 7 5  . 92 . 9 4  . 9 8 

lo . 8 4 0 . 8 4  0 . 9 l 0 . 9  0 . 85  . 8 4  

1 7  1 6 1 4  l e  1 7  3 9 

. 9 8 0 . 9  . 9 5  . 9 5  . 9 8 . 9 8 

. 9 8 0 . 9 8  . 8 8 . 8 8 1 - 2  . 9 8  

11 . 0 l . O l . 0  J .  0 1 . 0 p . o 
1 6  1 5  1 2  I S  2 0  37  

HO- Ha u l ag@ , Dr i f t  Sect ion 
H I• Ha u l �g e , I n t er sec t ion ( t u rnou t ) 

l'•Fr i nce Dr H t  

0 . 9 2 0 . 9 2 

0 .  3 9 1 0 . 5 7 /  
. 9 2 . 8 )  

0 . 8 4  . 9 1 

) 7  3 6  

0 . 9 8 . 95 

0 . 9 8 . e s 
1 .  0 1 . 0 

3 6  3 0  

Rock. 

SD r 
1 0  

1 9  

y / S L  1 2  

1 1 

5 2  

0 . 9 2 0 . 9 2 

0 . 3 0 / 0 . 2 7 1  
. 9 5  . 96 

. 9 1  . 90 

H H 

. 9 5 . 9 8 

. 8 8 l .  2 

1 . 0 1 . 0  

) 4  4 8  

Very Compet en t  Roc le.  

HD H I I SH I S D  F' 

2 7 , 00 0  psi  1 4  

8 0 \ / 1 f t  

1 6  +- l l  2 7  

ls R / H /Non e / S l,  2 �, 

:Ory 1 5  

B l  

lo . 9 0 0 . 9 0 0 . 9 0 0 . 9 0  0 . 9 0  

lo . 1 6 / 0 .  H /  0 . 6 0 /  O . J 2  0 . 2 9  
. 9 8  . 9 1  . 8 2  . 9 4 5 

. 8 4 0 . 8 4 . 9 1 . 9 1  . 9 0  

6 0  5 6  5 4  6 2  6 4  

. 98 0 . 9 8 . 9 5 . 95 . 9 8 

. 9 8  0 . 9 8  . 8 8  . 8 8 l .  2 

n . o  l .  0 1 .  0 1 . 0 1 . 0 

5 9  5 4  4 5  5 2  7 5  

S�• S ) u s he r  lane ,  ove r hau l 3ge 
SD• S l u she r lan , d r i f t  sec t ion 
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F in a l , p rodu c t ion sup po r t  recomme n d a t ion s  ( F igu re  2 5 )  sh ow a n  
ev e n  w i d e r  ran g e  of  suppo r t  r e q u i reme n t s . S lusher  lan ei::  in  ,p oo r  r o ck  
wuu l d  r ec � ive  me d ium s t e e l  se t s  a n d  c o n c re t e  ov e r  t h e  h a u l ar 1.: , a n d  
s te e l  se t s  o r  he a v ily re i n forced  c o n c r e t e  a l o n g  the d r i f t  s e c t ion s . 
(Th e . -1 re a s  o f  the  s lu s h e r l ane s ov e r  t h e  hauslsge  a r e  commo n p rob le a: 
a r e a s  a l  }l i nl ·  B . ) H a u l a g e  in t e rs e c t ions  in v e ry  wea k  ro ck  wou l d  a l s o 
r uc e iv e  s t e e l  se c s  and c o n c r e t e , p o s s lb l y re in fu r ce d , p r ima r t l y  
b e c a use  o f  t he u se o f  t h e  o p en ing  a nd t h e  s p a n . Hau l a g e  cl r i f t  
se c t i o n t  cou l d  b e  su ppo r t ed w i th me d i um s t ee l  s e t s  ( p o s s ib ly co n c re t P  
near  d rop-po in t s ) , and s imi l a r su ppo r t  wou ld  b e  u s ed i n  f r i n g e  
d r i f t s .  

Permanent  su p p o r t  in  in t e rme r Ha t e  ( ' ' c..omp e t en t " ) roc k  wou l d  mo s t  
l i ke l v  b e  p l a i n  rr:as s ive c o n r r e t e  i n  s l u sh c•. r l a n es o v e r  t h e  hau l ·a g e  
w i t h  o c c a s i on a l  ligh t re in f o r c e me n t , a n d  p l a i n  conc r e t e  along  th e 
s lu s h e r  d r i f t  s e c t ion s , R P i n f o r c ed con cre te  suppo rt  is  re-.ommended  
a t  hau l a g e  t u rnou t s . Ha u l age  d r i f t  se c t ions wou l d  receiv e p l a i n  
con cre te  s u p po r t . Fringe  dr i f t s  wou ld  be  b o l t ed  on  a c lose pa t t e rn , 
w i t h  sh o t c re t e  and  me s h . 

I n  "v ery  comp e ten t "  ro e \� , s lushe r l a n e s  ov er t h e  hau lago::  wou l d  
be  s u p p o r t ed wi t h  c lo s e  pa t t e rn b o l t s , mesh , and  sho t c re t e , a n d  d r i f t  
sec t ion s s imi l n r 1y w i t h  somewha t b e t t e t:  pe r f o rmance . Fo r h i gh 
re l iab i l i t y , the  d ri f t �  cou ld b e  c on c T e t e d . Hau lage t u rn o u t s  wo u ld 
s t il l  b e  con c rP t e d , bu t p a t t e r n  b o l t i n g  w i t h  me sh woul 'd s u f f i ce i n  
d r i f t  s e c t ions . F r i n ge d r i f t s wou ] �  b e  s p o t  bo l t e d  on ly . 

The se  r e c ommend a t ion s do  re f le c t  m i n i n g  p r a c t i ce  ( comp a r e d  wi t h  
T a b l�  1 5 ) bu t a re s l i g h t ly co n se rva t iv e  f o r  some a p p lica t ion s .  
Aga in , th i s  is  t o  a void  p r o b l ems  a t  lo c a l i z e d  z o n e s  o f  low e r  compe­
t e 1 1 c e  w i t h in  the ra ted  region . The s u p p o r t  f o r  " v e ry wea k 1

' rock i s  
q u i t l ' h e a v y , bu t wou ld  n o t  b e  ov e r 1 y  con s e rva t ive i f  the reg ion  
rec e i v ing t he se l ow ra t i n g s  we re  very  ex ten s iv e . I t  shou ld  be  
p o in t e d  ou t t h a t i t  i s  un li ke ly t h a t  f r i n g e  drif t s , a t  J OO f t  f r o m  
t h e  p T C1 d u c t ion a rea , wou ld o c cu py t he s a m e  reg ion o f  sub - 2 0  (MB R )  
ground t h a t a l R o wa s ex t e n s iv e  i n  t h e  p r od u c t ion  a r e a . 

6 . 4 .  1 M ine  C 

A l t h ou gh t h e re  w a s  n e v e r any p rod uc t i on  a t  M i n e  C ,  t h e  M B R  
r n t in r s  a re ca r ri e d  ou t f o r  comp le t e n e s s . 

M B R  ra t in g s  a re c a r r i e d  ou t f o r  t h r ee geo l o g i c  c a t eg o r ie s --AQM , 
HW , and  Q SF ( s ee  S e c t ion � . J . 5 )  a n d  t h e  b a s i c  in p u t  d a ta a re g iven  i n  
Figures  3 9 , 4 0 ,  a nd 4 L  f o r  AQM , HW , a n d  Q S F  a r e a s , re s p ec t ively . 

T h e  a d j u s t me n t s a nd s u p po r t  r e c omme n d a t i o n s  a re cA n ied  ou t f o r  
ea c h  s l u she r d r i f t , t h e  g riz z ly d r i f t s  and t h e  h a u lage  d r i f t .  T h e  
t ra c k l e s s  ra mp t o  t h e  g r i zz l y  l ev e l  a n d  t h e  s l u s he r  lev e l  acce ss / ve n t  
d r i f t  a r e  s im i l a r  a n d  no t �a t ed s e p a ra t e ly .  
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P roj e c t  Name ----'-£....1.-:?2"-='I::...._ ______ S i te of  Survey M/l"le C By  f?/Je Da t e  z /tJz 

1 .  Geo log ic  Reg ion : ___ ..c;./l:.._...Oa........'J=y/.._ ____ Rock Type _ ___.A'-"--=(2"-'M:...._:_ ___ Lo ca t i on -'..__-� ..... 8:.<...�=o=��:.....;:__L----'-. � 

2 . Comp re s s ive S t reng th : Average  0 4t:0,5 i Range /2Cb -/6tJO Method  PL T Comme n t  Sn?(?// ,Pr/3'MS , 
3 .  

4 .  

Core Re covery : 

RQD : 

I n t e rv a l  _4..__,,..,.sP"--'-'lC__..._tJ_/ ___ Average __ ..;::B .... o.__,,,."<!�--...-- ;- Range ------=2i�O,:..:,.q;f�·-.L.6..::;t.:?--'o=--,�'!;..__ __ _ 

I nterval  _....�
--J<

��IZ�t�t:!-�...,._/ ___ Ave rage __ ____.,:S-+L-l.9':.....,..:_ �"""'---- Range ---�/7:___.
1
?ti�--���'h°=-.<,fi'""'------

5 .  D isco n t inuity  Spacing : Ave ra ge ___ 0� ...... 6 ......... A_z: ____ Range . o. /Sk-.1. .5tl commen c !(J &t&@/05se.ssm e-/li. 

6 .  Di scon t inui t y  Condi t ion Wa ll  Ro ughness  Wa ll  S epa ra tion Jo in t F i lling Wa l l  Wea the rin g  
Mos t  Common 

In t e rmed ia t e  
Lea s e  Common 

Consensu s 

7 .  Wa t e r  Con d i t ion  

Set  l 
et11e 

Damp 

S e t  2 

We e D r ipping  

Set  3 
tfl'.E 

Flowin g  

S e t 4 
WNW 

SL 

S e t  5 8 .  Frac ture  Or ien ta t ions  
S t r ike  

D ip / Dir  
Rank 

� 
� . 

� �w st£�, s::w ' 

9 .  Maj or  S t ru c t ure s 

�::: � ��r«lt 
Name : __________ _ 

S trike  Dip 
"'--e/µ/ m:et? 
�ff/U/ -!IV4 

Dip Dir . 
� 

s 
Wid th L o ca t ion/ Commen t 

;�!ti _::;_�{J.J.;�'LLO.C!'.--'-"t=�:.,,,,_,,_};��=f.;c:....,j1.___Qds __ _ 
1 0 .  S t re s s  Fiel d 0 1 : D i rect ion ----'0

..,.
�.,."--'...,...·c ..... �::....:/'---- Magnitude  

e1 3 : Di rec t ion  h£Jci'2m17;-tl( Magni tu d e  
z lQOPS( Me a su r ed ?  __ __,LaM:.._=o _____ _ 

> �Si Mea sured ? -----'/f"o
"-"-' . .:......... _____ _ 

l l .  Sou rce  o f  Geological  Da t a  rctl@n; <2rienia'ffr'l/>?5 &am azt2te h7o/S t2ru/�crt c/,ee/s. /Vea,CS't 
CZri///efe @fa.. Z0<2 # L2Wt1V, &a dur� t'a-nd'i:&1!ns bv �/r:4'f r��KH&SSQACe .  ' ' 

Fi gur e 3 9  - Geo log ical Da t a , Mine C ,  AQM . 
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,) 
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1 .  G e o log i c eg i on : 

2 .  Corn� re s s ive  S t r eng h :  v e rag e 

s i re  O f  s urv ey -----L.At="-'-'o'-'--"'1ea... ...... C,::_ ___ By -----=-�.....:....<.-�..c....=;;...___ D a t e  __ 2--.,....h..,.8"-''2.;;....._ __ 

?OCJP5t' R ange  ' ----- l e t  hod ____ Comme n t  EdJ,nt1£etl 
3 .  C o r e  Re c overy : I n t e rv a l  T

y/?/c1.:J/ Av erage  ---�·-5J�0�--�5J�--- ange ---------------

.:. . RQD ; I n t e rv a l  Tr1?lc.t1 / I i  
Av e ra g e  ____ l�..:i"�-��--- Range ---------------• 

5 .  D is con e  i n u i  ty Spa c in g : Av e r age  -----=O'-""-, .::...2_H-': ___ Ra nge  (' 0, 2 /6 - 0. 4A'com.men t ------------

6 .  D i scon t inu i t y  Cond i t ion  Wa l l  Rough n e s s  Wa l l  S ep a ra t ion 
Mo s t  Couunon 

J o in t  F i l l ing � a l l  Wea thering 

7 .  

1 n t e noed ia t e 
L e a s t  Common 

C o n s ensu s 

W a t e r  cond i t ien D ry 

S e t  l 
ac=-

8 .  Frac t u r e  O r i e n t a t ions 
S r: r ik e  

D ip / D i r  
Ran k  

Si::c.ee/sc 
I 

9 .  Maj or  S t ru c t u r e s  
Name : MY&'/c_ 

1
,EqC/:11 

Name : � -�-'""""';::,J;....L.L.'-------
N am e :  -----------

S t rike  
,..,e"/w 
:1§/w 

o.( ['7. C-/a v vs 

We t � Flowin g 

S e t 2 
(1/,.Yt&' 

�fiW 
i. 

S e t  3 S e t  � S e t  5 
#£ Wtf?(/ 

5�/.ll 5�5'1,{) 
5 

D i p  Dir . 
� 

3 

Width  Loca t i on / C ommen t 
m/6 3CJo It A/e- a./6/oels 

� _.,_C .... r2=��=:c;...,..,.a=o=l)l,! .... te ........ Z"------------

1 0 .  S c r e s s  Fi e l d  o 1 :  D i re c t ion ::1.edr'-6:)/ Ma gn i tu d e  
0 3 : D i rec t ion -�-,6�.a

-=--

c-/-i;::t2Y1--'-�3i
...,_/-,-�- Magni tud e 

Z ,  Zov,qs,.' Mea sured ? 
> 

1 1 . 

� Mea sured ? 

Figure 40  - Geolog i c a l  Da ta , �l ine C , HW . 
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P ro j  e c  c Name __ ,__£�t2_,r ________ S i te of  Survey _,._d{,c........:./.....;.71-'-"'e=---C="--____ By RnC 

1 .  Geo l og i c  Reg ion : ----'��:5:;;...;...F _______ R o ck Type Sihc,lred, seri�i (;,1 � e"'i ,e.Pj. Loca t i on _,_& .. �'""�=· ... �.a...-_L _____ _ 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

Comp re s sive  S t reng th : Ave rag e /' @t::;esl Rangezz:,�<2 - /(.@ Me thod pt_ T Comment  5:a,4:/&r'iSMS 

Core Re covery : In t e rva l  

RQD :  In terval 

Discont inu i ty Sp acin g : 

D i s continu ity Condi t ion 
Mos t Common 

Intennedia t e  
Lea s t  Common 

Consensus  

:< 67 / � - ,I') .,_,__._......_ ___ Av e rage  _ ___.;z,'-""'<;,'-"""'�;,....----- Range ---t-�<-2�,�a+�--··_O�:&...._ _____ _ Ly,e/eal 

-.c--,,........,::...;_ ___ Average --�C.....,_/�,�t£'.,__ ____ Range ---4-1.....,;c..o_,
�
...,__-_8_'2-'fl..._ _____ _ 1)(/?lc:o / 

Avera ge ---=-CJ_ ...... �-
�
-'',!=---- Ran ge 

Wa ll  Rou ghne s s  Wa ll  S epa ra t ion Join t Filling Wa 1 1  Wea thering 

VK 
Wa ter  Cond i t ion @ Damp 

0./--0,2i>1, 

\�e t  D r ip p ing F l owin g 

8 .  Fr�c cu r e  O r i en t a t i ons  
S t r ik e  

D ip / D i r  
Rank 

S et 1 
eA/e 

�/SF 

S e t  2 
#'/VU/' 

S�1rej'S,V 

S e t  3 S e t  4 S e t  5 
It? WtVW 

5 6:::,-,.o,h w 5� 
3 5 

9 .  Maj or  S t r u c tur e s  
Name : M/'d@� 
Name : B;;t:.t,/!:,·/1., 
Name : 

l O . S t re s s  F i e l d  0 1 : 
0 3 :  

1 1 .  

Fou/t:. 

D i re c t ion 
D i rec t ion  

S t r ike  Dip 

""W ffe sl:-ee,t> 
'l.. EvU ,,_ V�d, 

Dip Dir. 
_s_ 

Wid th  
zo-1-f 

/0 -30z:£-

Loca t ion / Comment 
3oa l1t to A(e c:u:<Ut?els 

_ ___,.,V�:e�,,..t......::;..�ie�tJ"'-'-/--�- Magn itude  -�z�, =z�CJ_t::"J�tP�-5"�t� Measu red ? 
_ ... h ....... o .. c_.,,_.·.;:. .... <222 ......... £:.-'(2�/ ____ Ma gnitud e ?t?�es·/ Measured ? 

Figure  4 1  - Geo lo� ica l  Da ta , Mi n�  C ,  Q S F . 
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The  s 1 us h c r  d r i f t  ( S 4 )  se rv in g t h e  n o r t h we s t  b J ock  i s  who] ly  
w i th i n  AQM . a n d  the  s lush e r  d ri f t  ( $ 5 )  to  the  sou t h ea s t  i s  mos t l y  
wi t h i n  b a c k f i J  l ,  w i th re g ion s o f  o t h e 1:  w e a k  ro ck  t y p e l':  a t  p l  a c e s . 
Thu s , h y p o the t ical  S 5 s  a re r a t e d  ati  i f  t h ey were  wh o lly w i t hin  QSF o r  
HW  doma ins , a l t hou gh ne i t h e r  o f  th� s �  i s  ac tua l ly ex t e n s i v e  �nough t o  
con t a i n  a who le s lu s h e r  d r � f t . Engineer ing d a ta f o r  t h e  a c tu a l  a n d  
hypo t h e t ic a l  s l u � h e r  d ri f t s  a r e  given  in  F i g u re 4 2 .  

The  gr i z z ly d r i f t s  w e r e  never c omp le t ed a n d  the i r  �pec i f i c  
geolo gy i s  the re fore  no t known , s o  t h e s e  a r e  c la s s i f ied  t o g e th�r . 
Had  more spec i f ic g e o log ic  d a ta b e en known f o r  e a ch g r i z z ly d r i f t . 
ind ivid u a l  suppo rt  recommend a t ion � �  cou ld likew ise  b e  compu t e d . 
E n g i nee ring d a t a  a re g · v en in  Figu r e  4 3 .  

The h a u lage d r if t cr o s s e s  a l l  doma ins and i s  ra t e rl  f o r  each . 
F i g u r e  4 4  giv e s  t h e  enr, i n e e r ing  da ta . S in ce t h e re a re no  i n t e r se c t ­
ing  o r  mu l t ip le o p e n i ng s , e d o e s  no t a p p ly . Th is  i s  no t � n  i s ola ted 
d r i f t , howev e r ,  so  t h e  AM.BR a n d  l 'M BR are  compu t e d , using  an  A5 o {  
1 . 0 .  

the neare s t  t rue  ma j o r  s t ru c t ure i s  a f H u l t ,  cro s sed  �ome 3 0 0  f t  
to  t h e  no r t hwe s t  of  t he b lo c k  a n : 1 in the h a u l a g e  d r i f t . Th is  faul t 
ha s li t t le e f fe c t  on t h e  p roduc c: ion  a rea . Howeve r ,  the  b a c k f :i l l e d  
,:one is  expec t ed to  have a n  ef f � c t .  Thus i t.  l i .  o t:b i t ra r i ly d e s ig­
na t e d  a maj o r  s t ru c t u re w ith  a 2 0- f c  wid th , E-W s t r i ke ,  and  nea r ­
ve r t ic a l  d ip to  t h e  sout h . F o r  t he g r i z z ly d ri f t s ,  S iG  a s s ign ed � 
nom i n a l  va lu e o f  O .  90 . The  ra t in g s  f o r  S i n  th e h a u J  age d e p end  on  
the  loca t ion  of  t he d oma in  u n d er wh ich  the  c las s i f ica t ion 1 s  being  
car rie d ou t .  

M i n e  C i l lu s t ra te s  t h e  u s e  o f  an upwa rd s adj us t men t f o-c t he 
panel  s i z e . S ince  t h t.:  cave  d i ri: c t i on 1s  n o t  kn ovn , t hf' ove ra ll  
p r od u c c ion  area  d imen s i on o f  l �O f t  i s  u s e d  fo r the  ra t j og . 

Tab le  )0  compares t h e  M B R  a n<! R ,  m ra t in g s  f o r  M i n e  C .  As  wi t h  
t h e  o t h e r  mi n e s , t h e  MB R a nd RM R  v a lu e s  ag ree  q u i te we ll . 

Tab le  J O . M B R  a n d  RMR R a t ings fo r M i ne C 

AQM 

MBR 
RMR ( t yp . ) 

HW  QS F 

7 1  
7 1  

Tab le  3 l  g iv e s  t h e  ra c ings  and  a dj u s tmen t s  gene ra t ed b y t h e  MER 
sy s t em f o r  the  wo rkin g s  a t  Mine  C . Th e advan tage  of  ha v ing  th e 
s l u s h , · r  l a n e s  s e p a r a t e d  f rom  t h e  c a v e  by an a d d i t ion a l  leve l ,  ( d u e  to  
the  u s e  o f  tra n s fe r  r a i ses ) , can be  c l ea r ly seen . P r od u c t ior. c1 d j us t ­
men t s  f o r  s l u sher  lan e s  � rt q u i te smn l l .  The re is a n  a d d e d  be nefi t 
s i n c e  t h e  s lu s h e r  lanes c a n  be  spaced  fu r t he r  a p a r t , lowe r i n g  the  
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P roj e c t  Name __ _..K;-'-"'Q'"'--ir _______ s i te o f  Su rvey -�,,« __ //J�e_L-____ By __ R_n._t!. __ D a t e  zl& 

1 .  Type o f  D r if t ( s )  __ :::;,......._��u�,�5�h�e.�v=�:s-----� 2 .  Orientat ion ( s )  

4 .  D e s ign D imen s i on s  Wid th //  /Ji:- Wid th va r ia tion  / 2  / /' ----�-�--t.:-Z.�t:1-r.SL<:'L_ . .t:�tl..._;_S=C""S'-----------
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1 0 .  I n  t e r s e c: t ions , tu rnou t s ;  Ty p e peep. (q grr'c:?/V qa;:(."SS"Loca t i on  

� 1 1 .  B l ock  D i me n s i o n s : S i d e  /50 rr; O r i en t a t ton ,1/S&e 

S vV BPT(T Max . S p an ____ l-:.7___.,,&......;:;. __ _ 

End � /c- Or ien t a t i on _....;#.�'3=-=¢_W_-__ _ 

1 2 . Cave  L in e  D ir e c t ion D i re c t i on o f  P r og re s s  ----------
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extractio11 ratio and keeping the AffBR value relatively high. Also 
c.lear is that the haulage crosscut benefi cs from the small panel 
size, the great vertical distanre to the cave, and , in places, the 
shielding ef feet of the hackfill, which minimizes the loads due to 
caving on those portion� of the haulage that are in HW, 

Temporary support recommendations are as follows:  

Slusher drift 4 in  AQH - medium pattern bolts with shotcrete 
S lusher drift 5 in HW - light steel or medium timber 
Slusher drift 5 in QSf - close pattern bolts with mesh or straps 
Grizzly drifts in AQM � close pattern bolting ,  mesh-reinforced 

shotcrece 
Grizzly drifts in HW - light to medium steel or medium to heavy 

timber 
Grizzly drifts in QSF - medium pattern bolting with shotcrete. 
Haulage in AQM - medium pattern boltinp, with shotcrete 
Haulage in HW - light steel or medium timber 
Haulag e in QSF - medium pattern bolting, straps. 

These are about one category more conserva tive than the temporary 
support in use at the time of examination. There are th-ree possible 
explanations. First, as a trial caving proj ect, the natural tendency 
is to be as frugal as possible. Second,  the adjustments for A are 
quite severe , due to the observed adverse effect of blasting an§ the 
use of the rating scale for depths .in e)(cess oE 2,000  f t .  Thi-rd, i t  
may be that local experience i n  this ground is that the rock with­
stands blasting better than most,  so that the adj ustments A

o 
a-re 

overly severe. It is also likely that the compressive stren g th for 
AQM is low , and influenced by the small size of the specimens that 
had to be used. Size corrections to this extent are not proven for 
point load tests. 

Permanent support in AQM ranges from lightly reinforced concrete 
j n  grizzly drifts to close pattern bolting with straps for the 
haulage.  In HW, medium steel sets plus concrete are recommended i n  
t h e  grizzly drifts, heavily reinforced concrete in the haulag e .  I n  
�SF, the recommended pe't"manent support is plain concrete in grizzly 
drifts , close pattern bolts and shotc.rete in slushers , and wide 
pattern bolting in the haulag e .  (Obviously, this last recommendation 
is a paradox, since the process of caving cannot have a beneficial 
ef feet on the haulage in QSF. Clearly, the prescribed tempera ry 
support should be adequate.) 

This contrasts with the planned permanent support: plain, 
massive concrete two feet thick in the slushers and grizzly drifts 
and one foot thick in the haulage. It was also planned to extend the 
steel sets in the haulage. The most likely explanation fo:r this 
discrepancy is that the conservatism alre�dy reflected in the tem­
porary support recommendations was carried through to the permanent 
support. 
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6 . 5  Evaluation of the Adjustment Process 

6 . 5 . l  Scope 

The adjus tment process addresses the. major factors influenC'ing 
mine drift  behavior prior to routine production . Other f a c tors have 
some bearing as well ,  but a re of secondary significance for ca\'ing 
mines 1n  general .  E�ample� include the positiun of the dritt within 
the block and interaction of the finger or transfer raise cutou t s .  
Also , the support charts are based on prevailing industry support 
practices and do not directly address novel support techniques, such 
as ground consolidation by grouting, use of Split Set rockbolt� . 
Ri·rnold lining , or yieldable arches ( ;Jlthough thP last are commonly 
used as a repair technique) . StilJ  the scope is broad enough that  a 
competent engineer should find the process useful.  

6 . 5 . 2  Accuracy 

Clear l y , some parameters are more easily e s t imated than others.  
For example, the intact rock s trength can be  fairly accuratE·ly 
assessed , but the discontinuity condition remains a somewhat rou�h 
e s t imate o f  j o int shear resistance,  anci s t ress field assessments can 
very widely . Many oi  the adjustments made in this report are carried 
to two decimal p 1 aces , which is sufficient in view of  · the probable 
accuracy of the input pa rame ters .  

The system yields a range of  recommended suppo r t s .  I t  is 
. 1pparen t ,  w-hen considering the examples in this repor t ,  that the 
recommendat ions tend to  be  more conservative than those used a t  
operating properties.  The user should recognize that  miners' support 
philosophies are a f fected by numerous factors.  The supports in use 
at these properties huve been found through time to be the lightest 
tha t will provide support with an acceptably low overall incidence o f  
failure s .  The MBR , on t h e  other hand, yields support recommendations 
for planning purposes , which are b e t te r  if estimated conservatively 
than if underestima t e d .  Also , operating mines of ten experience a 
hi�h inC'idence of  l ailures a t  some places , whilP at  other places the 
sup putts are overde:; i.gne d .  Indeed , thi �, report contains some exam­
ples where heavier support is j n  use a t  operating mines than is  
recomm�nded by  the  MBR.  This is p a r t lv because mine workers are most 
e f ficient when using a single support procedure , and partly because 
engineering s t a f fs d on ' t  presently have a readily-applied, reliable 
means to redesign support as new ground conditions are encount ered--a 
situation the MBR is intended to ren,edy . Fina l ly ,  a lthough i:;upport 
failures in mining are an 1 nhPrent cost of doing busines s ,  there is 
s t i l l  a relucta11c.;� to accept them, bec�use they seriously threaten 
production and safety . 
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The MBR allows as specific a support d esign as the user wishes. 
It can be very responsive to localized changes in geology, and the 
response of the support system to these changes is limited prima rily 
by operational factors. Although it is an  improvement, the KBR still 
is not completely objective ( the ratings are not defined uniquely by 
the input information) . 

The conformance of the ratings to the rock conditions will 
depend on how represent�tive the data i�, and this can be difficult 
in operating situations. The user should b e  aware of the following 
problems and should anticipate their occurrence when applying the 
MBR: 

1.  Rock strength data are likely to be widely variable and not 
well correla t ed to g eologic circumstances,  unless special 
efforts are made. 

2 .  Fracture patterns in caving orebodies 
complex and spatially variable. There is 
de tailed fracture surveys from the area 
these are commonly not available. 

tend to be both 
no substitute for 
of interest. but 

3. The structural geology and alteration zoning are commonly 
not well enough u nderstood to permit projection of data 
f rom a well-studied area into a n  unstudied· area wh�re 
ratings are desired. 

4. M.BR system ratings ordinarily cannot be correlated with 
mineralization, a lteration zoning , or ore g�ade, and thes e 
should not be used as criteria for proj ecting ratings. 

5 .  Many reconnatssance-level or step-out drilling programs oo 
not collect the necessary geotechnical data, as these 
programs a re directed towards finding ore reserves rapidly 
a nd at minimum cost. The �ore is ordinarily logged i.n a 
core shack and not at the drill rig, and soon thereafter is 
split, with half sent to assay. The remaininr core is 
a lmost useless as a geotechnical information source. 
Without compromising production, it should be possib le c o  
a t  least log RQD, photograph the core before it is split, 
and run a representative number ot point load tests., as a 
part of the normal geologic loeging process. Underground 
exploration drll ling should considt:-!r ac11uisition of geo­
technical data as an obj ective as well as the d eterminAtion 
of ore values and general mining conditions, 

6. When experimenting with the effect of different mining 
layouts, approximate �x trnc t ion ratios could be used , but 
close attention should always be paid to areas of large 
spans. 
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�· . O t her  p o t e n t ia l  p rob lem s  a re re l a t e d  to  f r a c t u re  o r i en t a­
t ion , fra c t u r i n g  cond i t 10n s ,  s t r e s s  L le ld , and  maj o r  s tr u c ­
tu res . I n st ru c t. ions  f o r  a s s e s sing  the se  a t e  g iv e n  in  t h e  
M a nu a l ,  � n d  b a ckg r o u n d  may  b e  f ou nd i n  Se c t ion  6 . 3  o f  t h i s  
rep or t . 

From t h e  poin t s  r o i s e d  in th i s  sec t ion  t hu s  fa r ,  i t  s h o u ld  b e  
c le r t h a t  t h �  s u p po 't t  r ecommenda t i on :;  gene ra t ed b y  t h e  KBR Sy s t em 
w i l l  only  repr e se n t  the i n - si tu  ro ck  cond i t i ons  a s  we l l  as  pe rmi t t ed 
by t h e  inpu t d a ta . Thu s  t h e  u ser i s  j u s t i f ied in in t e r p e e t i n g  t h e  
ra t ing s  ba s e d  on  ex perience  a n d  j u d g emen t .  

Mu c h  a t t en t ion  h a s  b een devo t ed c o  t h e  imp o r t a n ce of  e l as t ic i ty 
o f  the  r, round  sup po rt  sy s t em . A s t if f su p po r t  sy s t em i n  y i e l d i ng 
g rou nd will  d e v e l o p  h igh  s t resses , r e q u i ring t h e  s uppor t in s u c h  
in s t an ces  c o  b e  d i s p ro p o r tiona t ely  s t rong . A d e s ign  tha t ma t ch e s  
p, r o u n d  d e forma t ion c h a ra c ce r i s t i c s  w i t h  su i t a b le su ppor t ela s t ici ty  
( the  conv �rge n c e - c o n f ineroe n t  me t h od ) s t i l l nee d s  con s id e rab le re f ine­
m�n t f u r  c: ivil  t u n ne l s , a rul t he u se of t he me t hod in  mine de i : 'l gn i s  
v i r tu a l ly nonexis t e n t . A cco rd ing l y ,  t h e  suppo r t  s y s t em s  in  the MB R  
sy s t em . wh ich  c'.l re b a �ed o n  p roven  m i n i n r,  p r ac t ice , do  n o t  di r e c tly 
in co rpo r a te  ela s t ic i ty cons i d e r a t ions . I n  f a c t , the re i s  dou b t  as  to  
whe t h er t he d e fo rma t ion chara c t e r i� t i cs o f  a g iv en rock mass c a n  be  
p red ic t e d  accu r a t e ly eno u g h  on t h  b a s i s  o f  g round  c l a s si f ica t io n  
a lone  t o  p e r m i t a conve r g enc e - c o n f ineruent  ap proa c h . None t h e less , i f  
suppn r c  sy s t ems  a re t o  be  op t imiz ed  bey ond  p rese n t  pra ct ice . t h is 
a p pea rs  to  b e  an  a v e n ue of  s i gn i f ic a n ce . 

It  1s  a p p a r en t  that  t h e  adj us tme n t  p r oc e s s  in  the M.IJ R  S y s t em  
tends  t o  p ena l ize  compe te n t  ro ck  masses  more  t h a n  incomp e t e n t  ones . 
Th i s  i s  because  t h e  a p p l i c a � ion  o f  fu rther , un favorab le  facto r s  t o  a n  
a l ready-weakened rock  ma s s  h a v e  propo rt inn a l ly l e s s  e f f e c t . The 
a r rang e men t of tht su p p o t: t  c h a r t s  re fle c t s  t h i i.; , in tha t  the J.owe r 
t h e  A.M BR  or FMB R va lu e ,  t htc mo re  sub s t a n t ial  t he in crea se  in  s u p p o r t  
r e q u ireme n t  f o r  a un i t  r e d u  c t io 1 1  in ra t ing . 

F i na lly ,  t he s u p p ort  c h a r  t r::  a s sume a c o n t inuou s ly i n c re a s i n g  
s u p po r t  p r e s sure f rom top  ( sp o t  bo l t i n g )  t o  b o t t om ( s tee l se t s  ;.m d  
r e in f or c ed c on c re te ) . Th is  i s  a maj or  s imp l i f i ca t i on .  Bol t s  p rov ide  
a c  iv e su p p o r t ;  s t ee l  s e t s  a n d  conc re te do  no t .  S t ee l  se t s  a n d  
t;.�mb �r in c lu de y i c ld ing su pport s ;  cone re  c e  s u ppo r t  d o e s  n o t  y i e l d . 
� se t s  a l o n e  ma y no t p rov ide  a s  mu6h s u p p o r t  a s  roc k b o lt s  an d 
sho t c re t e , f o r  some r o c k  ma s ses . W i t h  re f e re nce  to  t he above  com­
me n t s  rega r d i n g  c l a s t i  i ty , ob v i o u s ly some suppo r t �  wi l l  be  mo re  
s u i tab lE> t. han o t h e rs f o r  r e a s o n s  a p a r t  from supp o rt p re s s u r e  alone . 
Th e s e  e f f e c t s h a v e  be en  ign o re d  in  orde r t o  s imp li ty  t he s e l e c t  lon o f  
s u pp0 r t s ;  h o p e f u l ly , w i t h  con t inu i ng use , r-e f i n emen t s  c a n  be  in s t i­
t u t e d . 
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7 . 0  ROCK MASS CLAS S i f-ICAT JON FOR VEIN MINING 

Recovery of vein ores is  accomplished through a variety of 
scoping methods that ar 1 •  highly adapted to the orebodies of interest. 
Veins occur in a wide range of geometries, and the distribution of ore 
values a long vein Atructures dictates the scheme for extraction. 
Except for sublevel caving mines operat:!ng in unusually wide veins ,  
where multiple extraction headings transverse to strike may be used , 
the present MBR system probably could not b e  effectively applied to 
vein mining methods. 

This investigation has focused on block and panel caving methods, 
which ar� applied to large, rel3tively homogenous, low-grade deposits 
suitable for mass mining. A comp le le consideration of support pre­
d iction in smaller-scal e ,  :,elective mining methods such as cut-and­
fill, open and scull scoping , square-set scoping, and others , ha s not 
been undertaken herein. However, it  is hoped that the following 
discussion will aid others who may be interested in devel oping a 
system similar to  the HBR for use in che design of underground open­
ings for vein mining. 

7 . L  Nature of U.S .  Vein Mining 

Until compara tively recently, most of the world ' s  ore production 
came from veins of rela tively high-grade ore in intimate contact with 
relatively low-grade wall rock. Vein mining is characteristically 
selective, emphasizing the extraction of regions or shoots of higher 
grade ore along the vein structure. 

Many veins dip steeply , so that the areal extent of a producing 
vein mine in plan is typically small, compared to caving mines. 
Provided the vein system is extensive, the mine becomes essentially 
two-dirueosional--along s trike and down dip. Vein mines ·therefore 
increase in depth more rapidly than they increase in plan, so that 
depth quickly b ecomes a significant factor in rock mass b ehavior. 

Compared to block caving, vein mining is a low-tonnage, high 
grade operation. Major vein mines recover mort:! than one vein--the 
Star 11ine in Idaho, fo·r example , has over 20 veins--but widely sep­
arated shoots and veins or clus ters of Vt?ins are ordinarily scoped 
individua] ly,  depending on the grade, selectivicy required , and other 
factors. Thus ,  multipll� headings may b e  use d ,  but layouts incorporat­
ing a horizontally extensive system ot closely spaced extraction 
drifts are uncommon. 

Level separation in vein mining is most commonly a few hundred 
feet or les s ,  co keep the need for up-and-down movement of supplies , 
men, and ore to a mintmum. Levels in block caving are normally a t  
greater separations . 
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Wo r l dwide , v e i n  min i ng me thod s inc o rp n ra te v a ri ou s cav ing and /o r 
s to ping te chniques . l n  i: h e  maj or  U .  S .  d i. s t r ic t s .  p r e s e n t  ve in 
recove ry is  pT imu r i  1 . y by ov erhand  s t oping and backfil l i ng . M inin g  
p r o g re s s e �  upwa rd be t ween  lev e l s  � n d  l i t t le ground is  ope n e d  up a t  a ny 
on e t ime . A l though f o r e ign open- s t op ing mines in  d i pp i ng v e ins  ma y 
ex perience a pp re ciab le  a b u tme n t  pr e s s u res , t h e  backf i U ing me thods  
u se d  i n  t h i s  coun t ry t end tu  min im i z e  these  p ressu re s .  La rge-sc a l e  
ab u tmen t p ress u r e s  a f f e c t ing w i d e  a re a s , 1.•h lch a r e  t h e  maj o r  c on ce rn  
in  b i o ck  cav ing , do  no t no r-ma lly d ev e lop in  dome s t ic v e i n  mi n e s . 
A b u t r:i� n t  zones  d o  d e v e lop a ro u n d  s c op ing a r e a s , howev e r , a s  a r e sul r 
of  elas t i c  s t r e s s  red i s t rib u t ion . A common p rob lem in cu t -and - f i ll 
mining is  su p po r t  o f  t h e  min i ng a r ea a s  s top ing approa c h e s  t h e  s i l l  
pi l la r  b e tween  l e ve l s ;  the p rob l e m  is  agg rava t ed i f  h igh horizon ta l 
s t r e s s e s  a r e  p r e se n t . 

Prob a b ly t h e  mos t importa 1 1 t  ve in  mi n i ng d i s t r i c t  in th e U .  S . , ..1 t  
p resen t ,  i s  t h e  C o e u r  d '  Alene D i s t ri c t  in th e pa nhand le o f  Id a h o . lo  
this  d i � t ri c t ,  a typ i c a l  m ine  rec overs  mu l t iple , nea r-ve r t ica l ,  
na r row ,  s i l v e r -b e ar i ng me t a l life r o u s  v e i n s  by cu t -and - f i ll me th ods . 
Some  mines  a r e  q u i te d e ep (8 , 000 f t  o r  mo re ) and  roc k  s t r e s s  prob lems 
a rt? sign i f i c a n t . Wa ll  r o ck is comp e t ent  q ua r t zi te . The h u r i z o n t a i  
f ie l d  s t r e s s  ord i n a r i l y  e x ceed s the  v e r t i c a l  s t res s . Thu s  r i b  slab ­
b in g a n d  r o c k  b u r s ts a re p rob lems . 

Sup po r t  in  the  la t era l s  and lev e l  deve lopm e n t  head i ng s range s  
f r om none  to  heavy t imb er , a l though mos t  working s a r e  bol t e d . D epen d ­
ing on  ro ck cond i t ions , S p li t S e t  b ol t s , Dywydag bo l t s , s t e e l  ma t s , 
ch a in l ink , or  t imb er  s e t s  may be  u sed . S t e el l s  n o t  favored b ecause  
o f  i t s  r ig id i ty , and concre t e  sees  o n l y lo cal  use , for  the  same  
r e a s on , nea r the  sha f t s .  Oywyd a g  b o l t s  a re u s ed in b a d  rock , so  lon.g  
a s  a l t e ra t ion and  clay  co n te n t  do  no t p r e c lude  good anc h o ra g e . 

T imb er  s e t s  a re commo n l y  ins t a l l ed w i t h  exten s ive  b J o cking t h a t  
c a n  be  re moved  f o r  r e p a i r  i n  s q u e e z ing gt"ou n. d . Ra is e-up  areas a t  
chu t e  l ip s  a re r o u t ine ly  t imbered . 

S p .l i t  S e t  b ol t s  hav been  found e f  fo ct iv e und e r  t h e  p r ev a i l  f o g  
s t r ess  c ond i t ions  b ecau se  rock mov emen t may o f f  s e c  t he holes d u r i n g  
t h e  l i fe o f  t h e  op enine  a n d  S p l i t.  S e. t  a n ch o r a g e  i s  en h a nc e d  when  t h i s  
o cc u r s . Conven t i o n a l . mechan i c a l -anc h or b o l t s a r e  d e c l ining  i n  
popul aTi ty , 

7 , ? V e in M i n ing C l a s s if i ca t ion R equi remen t s  

The s ti p po r t  me t h o d  . .-; p re s c r ib ed by  t h e  M B R  sy s tem i n c lu d e  s t ee. l 
s e t  a n d  concr e t e  wh i c h  h a ve n o t  b een  w i d e l y  u sed  in t h e  Coeu r 
d '  Ale n d i � t ri c t . Th i s  a nd o t h er  d i f ferences r e l a t ing  t o  r o c k  s t re ss 
env ironme n t  and  m i n e  geome t T y  ma ke t h e  MB R sy s t em i n a p p l ic�b l e  t o  v e i n  
m ining . Figu r e: 4 5  s hows whe re t hese  prob l ems  o c cu r ,  us ing a n  MBR 
s t anda rd da t a  torm . N o t e  tha t sh a i t s  a n d  ra i s e s  can no t b e  included  
in  t h e  MBR . 
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R oc k.  c l a ss i f i c a t ion. in  ve in  min i n g  would e mpha s i z e  ch arac t e r is­
t L es o f  vein  m i n i ng t h a t  p a r L i cu l a r ly in f luence  rock  ma s s  behavi or . 
T h u s , a c omple c e  c l a ssi f ica t i on  s cheme shou ld  i n c lu d e  ra t ings  f u r  t h e  
following . 

1 .  R ock  ma s s  s t ren� t h : com p re s s ive  s t reng t h , ex tent  �nd  na t ur e  
o f  f r a c tu ring f o r  e a c h  k ey geol og ic.  horiz on . The "V e i n  o re 
i t s el f shou l d  b e  cons i d e re d  se para t e ly. S i nce  con cep t s  o f  
f ra c tu r i n g  ma y n o t  a pp l y  we l l  t o  t he ve in o r e  i t s e L f ,  the  
ra t ing  may have  to  be  subj e c t ive , b a s ed on  ove ra l l  a p pa ren t 
compe t e n c e  of  t h e  o re. 

2 . Geolog ic  se t t ing : ex t e n t o f  faul t i ng and i t s re la t ion ship 
co  the wor kings , g r oundwn t e �  cond i t ion s .  ex t e n t  �nd  lo  a t i o n  
of  ho r i z on s  o f  va r iou s ra t i ng s . 

3 . Geom e t ri c  f a c to r s : ty pe  of  wo rking , l oca t i on o f  o t h e r  
wo rkings , prox imity  co  a c t iv e  m i ning  a rea , o r ie n t a t ion wi t h  
respec t t o  geo l o g i c  s t ru c t u re s , s i z e  o r  max imum spa n ,  
o p en i n g  s h a pe s , lo ca t ion a n d  s i z e  o f  s cope s . 

4 .  De p t h , r o ck  s t r e s s  c o nd i t io n s  { o f  k ey s i gn i f icance) . 

" .  Engineerin p, f a c to r s ; excav a t ion pra c t ice , ra te of  minin g 
progre s s , spe c if i c  min in g  m e t ho d , ex t en t  o f  excava t ion . 

Ou t pu t  .s h o u ld  enab le  va r i o u s  s toping  p lans  to  b e  comp a red  from 
the p o i n t  of view of  ground con t r o l . Thu s , na t u r a l  support  ( pil lar s )  
shou l d  i d ea l l y  be  r1 n  ou t pu t , a s  w e l l  a s  a r t i f ic ia l  sup po r t  ( r oc k  
r e in f o r c emen t ,  t imb er , a n d  so  on ) . T h e  op t imum s tope  length  i s  
l a rgely  a ma t ter  o f  econom i c s , bu t t h i s  leng th  is  limited  by  the  
max imum safe  s pan  t h e  o r e  �1 1 1  ho ld in t h e  s t opes.  S tope  leng th w ill 
govern  d i p  p i lla r spa c in� , if su ch  p i lla rs a r e  u sed.  T h e  n eed  f o r  d i p  
p i l la rs b e tween  s topes dev e l o p s  wh en  min ing  p rodu ces  h igh  face-end  
s t resses t h a t  can  r esul t i n  bu r s t s  or  se vere  s labb ing. Th e tendency 
f o r  this  1 s  s t rong ly d e p ende n t  on s t re s s  f i e ld ( and dep t h )  whi c h  for  
many ve in mines  c a nno t  be  accu r a t e ly p red i c ted  wi thou t m e asu reme n t s .  

The impor t ance  o f  a ccou n t ing f o r  the  f ield s t re s ses in v e in 
m i ning  mu s t  be  app r e cia ted . S to p e  c losure i s  alway s a con s id l:! r a t ion  
a nd high s t res s e s  n orma l to t he p l a ne o f  t h e  vein  may ev en d ie ta  te  
t h  t a mo r e  su ppo r t ed  mining n\e t hod b e  u s ed tha n  migh t o the rwis e be  
c hose n . Mine e c ono�ics  a re a f f e c t e d  becau s�  t h e  u s e  o f  s t r i k e  or  d ip 
p i l la r s  wi l l  in f lu ence  recovery ; i f  t h ese  p i l la rs a r e  high l�, s t r: e s s e d , 
i t  may b e  imp o s s ib le to  f u l ly re cov �r  t h em la t e r , ev en wi th bac kf il l­
ing  of  adj a ce n t  s t op e s . 

I n  b l o c k  caving , p i lla r s  a r e  norma l ly n o t  l e f t  b e tween  b lo�ks or  
pane l s  because  t hPy  in hib i t  ca v ing . The  i;;ize  o f  p i l l a rs be twe en 
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ext ract ion dr i f ts depends on d rawpoint spacing  and  d istance  to under­
cut . The s i z e  of ext rac t ion lev e l  p illars  in b lock cav ing is  the re­
fore  more  the  r e su l t  o f  ensurinr, e f f i cient  and smooth  ore  f ragmen ta­
t ion than o f  guaranteeing g round suppor t . 

Because vein mining me thods  are in gen e ra l  mo re flexible than i n  
b lock  cavin g , p illar s i z e  a n d  l oca t ion Ln ve in  mine layou t s  c a n  b e  
more  readily  v a r ie d . 

For v e in mining rlass i f i c a t ion s , supp o r t s  shou ld  encompass  t h e  
spec t rum o f  present  p ra c t ic e , empha s i z ing b o l t s  and t imbe r .  Haulage­
way s  and o th e r  imp o r t an t  openings  should  be considered  semi-permanen t 
b y  approa ching t he rock rein forcement des ign s o  as  t o  develop a 
res t ra in e d  a rc h  a round the  o pen ing . S topes  and  more temp ora ry la t e r­
a ls and  c ross-cu t s  can be approached from t he s tandpoint  of  r e s t ra in­
ing loose  s labs for sa fe ty  and smo o t h  pas sage . T i mb er wou ld  o rd inar­
i ly b e  res t ri c t ed to moving grou n d ; b o l t s  a rt:' p r e f e r r ed where r e in­

forcing p o t e n t ia l  exis ts . S tee l ma t s  wou l d  be fairly rou tine  t o  
p revent t h e  f a l l  o f  loose  s lab s b e tween bolt s ;  mesh o r  chai n  l ink 
wou ld b e  use d  in den sely f r a c tured  areas . 

Becau se ve in  mines a re e x t en s ive in an  up-a nd-down orien t a t ion , 
special a t t en t ion  should b e  g iven  to  support  o f  shaf t s , rai ses , 
inclin e s , a nd winze s . A s epara t e  d a ta base  ow sha f t s  a nd t he l ike , 
wou ld b e  ne ces sary to d eve lo p suppo r t  cri t e ri a  for  these  types  o f  
working s . 

For eign expe rience in  the  d e sign o f  underground openings  in  h igh  
and variab le s tr e s s  f ie l d s  has  considered  var ious open ing  geome tries , 
depending on s t r e s s  f ie l d  t raj e c t o rie s .  A rock c la s s i f ic a tion sys t em 
f o r  u se in d eep v e in mines  shou ld be  s en s i t ive  e no ugh  to  the  s ha p e  of  
the  opening  to  a llow one  t o  man i pula t e  th i s  p a rame t e r , in  op t imiz ing 
support . By o r ient ing , and shapin g , t he open ing favorab ly w i t h  
r espec t t o  t h e  s t re s s  f ie l d , i t  should  b e  possib l e  t o  reduce or  eve n  
e l imina t e  a r t i f i c i a l  suppo r t  i n  s ome working s . Certain ly t h e  a t t ra c­
t iven e s s  o f  such an  a pproach depends  on  e a s e  o f  ext ract i on and  exper­

ience  and  a t t i tu de o f  t he work  force , but  bene f i t s  wi l l  accrue f rom 
the car e f u l  d es ign  of long-l i f e  und erground excav a t ions s u ch a s  
crusher s t a t ion s and und erground ho i s troorns . Coeur d ' Alene exp e r i en ce 
has  shown a ma rked tendency f o r  squa re d r i f t s  t o  even tually assume a 
horseshoe s hape . In many cases  i t  may have  b e en b e t t er  t o  d r ive  a 
horseshoe  d ri f t  a t  the  ou t se t .  

7 . 3  Summary 

Tab l e s  32 and 33  show ra t in g s  a nd sup p o r t  recommenda tions  for  
typ ical  geological  con d i t ions  in deep  vein min es o f  the  C oeur  d ' Alene  
mining d i s t r ic t ,  us ing the  Geomechan i cs S y s t em and t h e  Q-Sy s t em .  
These g e o l og ical  cond i t ions  a re h ig h ly generalized and are int ended  
only  to  i l lu s t ra te the  range  o f  values t h a t  migh t be o b t a ined . 
Neither  s y s t em h a s  in  i t s  da t a  b a s e  of  sup p o r t  recommend a t ions a n  
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' ABLE 32  - Ge nme chan i c s  C la s s i f ica t ion in  Coeu r d ' A lene D i s t r i c t 

In t a c t  Rock 
S t reng th  

RQD 

Oiscon t inu i t y  
Spac ing  

D i s con t inu i t y  
Cond i t ion  

Groundwa t e r  

O r ie n ta t ions  

Ra t in g  

� t and -up  t iroe.a 

b S upport  

Typi ca l  
Cond it ion 

Reve c t  
Qua r t z i t e  
24 , 000 p s i 

8 0 7.  

0 . 8 f t.  

s l i gh t ly 
rough, mod . 
wea the r e d .  
d i s con t inuous  

damp a re a s  

p a ra l le l , 
s t eep  
u n � avo rab le 

Rock  
Rating 

J 4  

1 6  

9 

2 2  

l 3 

-9 

66  

y e a r s  

non e  o r  s p o t  bo l t ing  

Fau l t ;::i,nd S h ea r  Zone s 
Cond i t io n  

6 , 000 

4 0 %  

0 . 3  f t  

smoo th 
gou ge , 
c rushed  

we t to  
d ripp in g  

pa ra l le l , 
s t e e p  
un favo rab l e  

Ra t ing 

5 

8 

6 

9 

6 

-8  

26  

1 0  hou rs 

c l os e ly s p a c e d  b o le s ,  
s ho t c re t e  o r  med ium  
s t ee l r i b s. 

� 1 0  f t  by  1 0  f t  d ri f t s , unsuppo r ted.  
Supp o r t  i s  no t exp r e s s l y  sp e c i fied b y  RMR fo r  �ma ll  d r i f ts .  



TA BLE  3 J  - Q-Sys t e rn  C l a s s i f ica t ion in  Co eur d ' A lene  D i st r ic t  

RQD 

Join t S e t  
Number  J n 

Join t Rou ghn e s s  
Number  J 

J o in t  A l t e r a ­
t ion  Numbe r 
.) 

S t r e s s  
Re duc t ion  � a Fac to r  SRF 

J o int  Wa t e r  
Red u c t ion 
Fac tor  J w 

J Q :: RQD r 
J X J 

J w 
:< S RF n a 

Recommended 
Suppor tb 

a 

Typical  Rock 
Con d i t ion  Ra t i ng 

80%  

3 se t s  p l u s  
ran d om j oin t �  

ro ck  wa l l s  to  
con ta c t , rou gh , 
irregular  

s l igh t ly  
a l t e red 

= 2 to 5 

min or 
in f low 

80  

lO  

2 

2 . 0  

8 

1 .  (J 

1 . 0 ,  " poor ' '  r o ck  

No  'Supp or t 

Fau l t  and  S h e a r  Zone s 
Cond i t io n  Ra t ing 

4 0%  

h e av i ly 
j oin ted  

c l ay f i l l-
ing , cr:ushe d 
rock f i l ling 

c r u shed 
r ock , clay  

mu l t ip l e  
she a r  zones , 
mod e ra t e  
sque e z ing  
p re ssu re  

m in o r  to  
modera te 
in f low 

4 0  

L S  

1 . 0 

6 . 0  

7 

0 . 8 

0 . 05 ,  " ext reme l y  
poo r"  rock  

me s h - rein forced  
s ho tc re t e , 6 in . 

bDep t h  grea t e r  than  3 , 000 f t .  
Ex cava t ion  S uppo r t  Ra t io ( ESR)  
span = 3 me t ers  ( 10 f t ) .  

4 f o r  t empora ry  mine open ings ; 
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a d e q u a t e  r e p re s e n t a t i o n  o f  sm a l l . temp o ra r y  mine o p e n in g s . so t h e  
s u p po r t s  s u gges t e d  a re h y p o t he t ic a l .  N e i t h e r  sy s t em c o n s i d e r s  s t o p e  
s u p po r t . 

l n t � c e s t i n g ly ,  t h e  , · la s s i t i ca t iori s d o  comp a re i n  g en e ra l  wi t h  
p re v rd l i n g  D i s t r i c t  su p p o r t  pra c t i c e  i n  mo ce c o mp e t e n t  g r ou nd ( ma t s  
and r o c kb o l t s ) .  Th e Ge orne cha n i c s  Sy s t e m  r e c ommend s s t e e l  s e t s . o r  
b o l e s  a n d  s h o t c re t e ,  i n  f a u lt z o n e s , ma k i ng n o  spec i f ic a l l owan ce for 
s q ueez i n g r o c k  or  e x c e p t iona l l y  h i gh s t r e s s  c o n d i t io n s . In  p r a c t i c e , 
s t e e l  s e t s  a r e  n o r ma l l y  n o t  u s e d , a nd in ground  wh e re b o l t s  may n o t  
an c h o r  p r o pe r  y ,  t imb er s e t s  a r e  I n s t a l le d . Th e Q-Sy s t ero ,  hav ing n o  
i d e n t i c ;:i l  c a s e s  i n  i t s  d a t a  b a s e , neve r t h e le s s  s u g g e s t s  6 i n . o f  
me sh- r e in f o r c e d  s h o t c re t e , wi th  the o b s e rva t ion c h a t space  sho u ld b e  
J P. f t  b e h i n d  t h e  s u p p o r t  t o  a l l ow f u r d e forma t i o n . S h o t c re te wu u ld 
p robab ly no t b e  p r e f e r red in su c h  s i t ua t io n s  b y  o p e r a t o r s  in t h e  
d i s t r i c t .  H oweve r ,  t h t!  Q-Sy s t ern d o e s  cons i d e r  v:a r i o u s  s t re s s  f i e l d s  
a n d , t h e re f ore , t h e  to l e  o f  d e p t h c a n  b e  a l lowe d f o r .  

U npub l i sh e d  da ta f r om US BM I i l e s  g i ve va lu es f o r  R SR b e tween 4 4  
and 'i 7 . Th e s e  d a t a  we r e  dev e l o p e d  d u r in g  v i s i t s  t o  seve r a l C oeu r 
d ' Al e ne m i n e s  in 1 9 7 3 .  Th e s e  R S R  va l u e s  c o r r e s p ond to  a su p p n -c t  
r e q u i r e me n t con s i s t ing o i  ro c kb o l t s  a t  4 f t  t o  ,6 f t  ce n t e rs a n d  2 i n . 
o f  s h o t c re t e .  The s ho t c r e te  t h i. c k n e s s e s  ob s e rv ed du ring t h e s e  m i n e 
vis i t s  we r e  commo n ly ne a r  2 in . ( a l t h ou gL o f t en le s s )  an d bo l t s  a r e  
a t  4 f t  c e n t e rs o r  l e s s , w i c h  2 -3 f t  s p a c in g s  i n  p o o r  roc k .  

G round  su p p o r t  rema in s a p ro b l e m  i n  t h �  d i s t r ic t ,  h o weve r ,  
e s p e c i a J  ly a t  g r e a t er ( 7 , 00 0  f t )  d e p t h s , wh e re s ev e re squ e e z ing o f  
even h e av y  t imb e r  se t s  oc cu r s ,  and  i t  ap pea r s  t ha t  imp rovemen t s  i n  
e x i s t i ng c la s s i f i c a t i o n  sy s tems a r e  nece ssary t o  adequat e ly a llow f o r  
e f fe c t A  f r om s t r e s s f i e l d , m i n e  l a y ou t , a n d  d e p t h . 

Ce r t a i n  f e a t u r e s  o f  t h e  Q .  RM R ,  a n d  R SR sy s t ems a p p e a r  t o  h av e  
s. p e c i � i c  v a lu e  in v e i n  mi n i n g . T h e  c o n c:e p t  o f  t h e  S t r e s s  Redu c t io n  
Fa c t o r  ( q u o t i e n t  o f  s t r e s s  f i e ld and  in t a c t  comp r e s s iv e  s t reng t h  u s e d  
i n  t h e  Q- S y s t ero ) , i f  refin ed  b a s e d  on c a s e  h i s t o r i e s , c o u l d  b e  u s e d  
t o  a c c o u n t  f o r  inc r e a s i n g  d e p t h  a nd h igh f i e ld s t r e ·� s  c o n d i t i. o n s ,  
p rox im i t y  o f  n e a rb y o p e n i n g s , a n d  t h e  e l f e c t  o f  m i n i n r, - i nd u c e cl  
l oca l i z ed s t r e s s  c o n c e n t ra t i on � . s u ch a s  i n  s i l l  p i l l a r s . T h e  s im p le 
a d d i t i o n  o f  ra t i n g s  f o r  RQ D , f r a c t u r e  s p a c i n g , f r a c t u r e  con d i t i o n , 
a n d  wa t e r  c on d i t i on h a s  b e e n  f o u n d  u ::; e fu l  f o r  c h a r a c t e r i z ing r o c k  
ma ss  c on d i t ion s b y  u s e r s  o f  t h e  RM R , a n d  wou l d  a l so  b e  u s e f u l  f o r  
vein  min i ng . 

The g e o l og i c a l  ra t i n g  ob t a in e d  shou l d  b e  mo d i f  l e d  b )  a t e r m  
exp re s s i ng t h e  d e g r ee o f  f a u l t i n g . The t e rm i n o l o gy  u s e d  i n  t h e  
Q - S y s tern f o r  f a u l t i n g  ( s ing l e  o r  mu H t p le she a r s ; c l a y  o r  c ru s h e d  
r o c k  c:o n t en t , and s o  on ) b u t c o mb i n ed w i t h  t h e  g e o log i c a l  r a t i n g  by 
s im p l e  su b t r a c t ion . wou l d  s e em to be b e s t . 
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The basic  geologica l ra t ings could be  used  d i rec t ly to de termine 
support  requ irements  f o r  d evelopmen t working s not in  ore . For 
haulageway s d riven a long the  vein and fo r t empera ry s tope  support , 
t h e  vein ma t er ia l  and t h e  wa ll  rock  shou ld b e  rated separa t e ly , and 
the rela t ionship  o f  these  t h ree ra t ings u s ed to  de f ine the mos t 
suitable  support . Conc ep t s  of rela t ive comp e t ence o f  hang ingwa l l , 
footwall , and ore  a lready  form the b a s i s  fur s elec t ion o f  me thod a t  
many mines . 

For each  support  cha r t , separa t e  cu rves  could be  shown f o r  
horizontal  workings s u c h  a s  drif t s  o r  c ro s s cu t s , and inc lined o r  
vert ical workings s u c h  as  ra ises , winzes , o r  shaf t s .  Simi larly , 
d i fferent  u s es o r  c ri tica l i ty o f  openings cou ld be a llowed for . 

The support requiremen t s  w i l l  d epend on mining me thod , sin c e  
some me thods a r e  more suppor t iVt! t han others . The sp ecif ic way o f  
hand ling t h i s  migh t be t o  u s e  some express ion of  mined-out  vo lume t o  
total  o re volume i n  t h e  p lane of  t h e  v e in , re lated  t o  d if ferent  
support  requ irement s .  The MB R  has  done t h i s  for  the  ho rizonta l 
plane , t hrough t h e  u se of  the  ext r� c t ion ra t io e .  There a re d oubt­
less  many o ther p lausib l e  approaches  and t he sel.ec tion of the b e s t  
one shou l d  b e  on t h e  basis  o f  ca se h i s tory s tud ie s  and mine v i si t s .  

A s  a lway s ,  d evelopment o f  a rock  c la s s i f ic a t ion sy s t em f o r  v e in 
mining should only be  under taken a f t e r  an ex tensive base o f  case  
history data has  been  colle c t e d . This da ta  base  shou ld encompass  t he 
range of  mining me thods and rock condi t ions to wh ich the sy s t em i s  to  
be applied . 
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8 . 0 A R E A S  FOn F (  R T.H ER I N V E S T l A T I O N 

D u r i n p: t l t e  c o u r s e  o J  t h iF- i n v e s t igc:1 c ion , i t  b e c a me c l e a r  t h a t 
t h e r e a r:: e  s ev e r a l  a r e a s in wh i ..:. h  a g r o u nd c la s s i f i c a t i on a p p r o a c h  
s u ch a s  t h e  M B R  c o u l d  enh a n c e p r o d u c t i o n  a n d  s a f e t y i n  b l o c k  c a v in g 
m i n e !. . A l s o , c e r t a in a r e a s  r equ i re fur t h e r  b a s ic r e s e a r c h . Th e � e  
a re d i scu s s e d  i n  t h e  f o ) lo � in g s e c t io n . 

8 .  l Cavab i l i ty 

A ke y q u e s t i o n  p r io r  t o  mi n i n� i s  t o  d e t e rm i n e  u n d e r wh a t  
c i rcums t a n c e s  a n  o r e b o d y c a n  b e  in d u c e d  t o  c a v e . The c la s s i f i c a t ion 
d e s c r i b e d  b y M c Donou g h ( 1 9 7 6 ) , an d i n  use at C l i �a x , ha s been s u g ­
ges t e d  a s  an  ind ex o f  cavab i l i t y .  M c D onou g h '  s c l ;:i s s e s  h a ve b e "n 
r e l a t e d  to RMR fo r C l imax a n d  H end e r s o n  (Ma ie r , 1 9 8 0 , u n p u b l i s h e d  
d a t a ) . H owe v e r , McD o nou gh ' s  c l a s s e s  a re s ub j e c t i v e  and  requi re mu ch  
e xp e t:"ie n c e  w i t h  t h e  ro c k  i n  q u e s t io n . Du r i n g pr e l im i n a ry p l an n i ng , 
wh e n  c av a b i l i t y e s t ima t e t : a r e mo s t  nE:! eded , t h i � e x p e r ien c e  may n o t  
h a v e  ye t  b e en ga ined . 

M cMa hon and K e nd rick  ( L 9 6 9 ) p r o p o s e d  a r e l a t i o n s h i p o f  RQ D t o  
c a v s b i l i t y numb e r , t h e  c a v a b i l i t y n u mb e r  b e i n g a mea s u r e  o f  t h e  
c aving c h a ra c t e r i s t i c s  o f  th e o r e . R QD wa s s e l e c t e d  a s  a me a s u �  o f  
f a u l ting  a n d  shea ring , t h ou g h t  t o  b e  a key f a c t or d e t e rmi n i ng c a v a ­
b i li ty . T h e  d a t a  b a s e in s u p p o r t  o f  t h i s  r e la t ions h i p i s  l imi ted , 
however .  

Mo re  r e c e n t l y , N i ch o la s  ( l �8 1 )  mo d i f ie d  t h e  re l a t ion o f  M cMa ho n  
a n d  K e n d r ic k , a n d  s u g g e s t s  t h a t f ra c t u re s pa ci ng d a t a  c a n  b e  u s e d  to 
d et e no i n e  c a va b i l i t y . 

The las t t w o  a p p r o a che s s 1 �p l 1 s t i c a l ly mo d e l  t h e  ca v inr  me c h a n ­
j sm , wh ich i s  comp lex and  no t we l l-und ers tood . C a v i ng i s  f a ci l i t J t e d  
w h e n  t h e  ro ck  ma ss  c a n  n o  long e r  su ppor t i t s e l f  b y  t r a n s f e r r ing i t s 
w � i gh t  t o  t he s i d e s  o f  the s t 1·: p e . Th u s  a m o r e  g e n e r a l  c on c e p t  o f  
rock ma s s  comp e t e n c e  is  c a l l e d  f o r ,  r e c a l l i n g  t h e  i n f lu en c e  o f  
f ra c t u r e  c o n d i t i o n , s t r e s s  f i e l d , r o c k  s t re n g t h , a n d  s o  on , i n  
a dd i t i o n  t o  RQD a nd f r a c t u r e s p a c i n g . 

Wh a t  i s  n e e d e d  i s  a r e l i a b l e , p re d i c t i v e  r e l a t i o n s h i p b ; 1 sed o n  
mea : , u r a b le q ua n c i t i e s , t h a t w i l l  a p p ly t o  a r e p r e s e n t a t ive ran g e  o f  
rock t y p e s . F i rs t , h owev e r ,  a fu ll  d e s c r ip t ion o f  " c ava b i l i t y "  i s  
n e e d e d , s i n c e  t h e a c c e p t ab i l i ty o f  c a v i ng c h a r n c t e r i s t ics h a v e  b e e n  
found  t o  d e p e n d o n  t h e  min i ng me t h o d , a nd b e c a u s e  " c av a b i  l i c y "  j s 
i t s e l f  a lmo s t  a pure ly  su b j e c t i v 0 t � nn .  

S t i l l ,  c u r r e n t  b e lie f s  ar e c h a t  c a v ing c h a r a c t � r i s t i c s  a r e  
r e l a t e d  t o  me a s u rab l e  g e o lo g i c  p a rame t e r s . R o c k  c l a s s i fi c a t i�n 
app To,i ches  a r e i n h e r e n t ly su i t a b l e  f o r h a nd l i ng t he i n t e ra c t i o n  o f  
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the se pa r: ame t e r s  in  t h e  a s s e s smen t o f  ca vab i l i cy . T h e  es t ab lished  
c o r: rela t ion o f  rock c la ss wi th s p an cou ld be  u sed as  a hos i s  f o r  
p r ed ic ting  requ ired  und e rcu t a rea . 

8 . t  S e cond a ry B la s t ing 

The need  f o r  seconda ry b l a s t ing  is  germa ne not  on ly to  pTOdu c ­
t i on e f f ic iency bu t t o  sa f e t y  and d ri f t  suppo r t  as  we l l . S econdary  
b l a s t ing i s  re qu i r e d  wh en the  ore  pa c ks o r  han g s  up  i n  th e d rawpo in t .  
P a c king  is  experienced when  very s o f t , c layey ore con sol i d a t es un der  
t he  l o c a l  s t re s s  cond i ti ons  p reva i l ing in  the  d r awpoin t. H angups  
occur  when a ro ck f ragme n t  or  rock fragmen t s  become wed g ed i n  p la c e  
in  t h e  drawpo i n t  withou t  b r e aking up .  Packed or  hung-up  d rawpo in t s  
imp ede prod u c t ion , a t t r a c t s t r es s , sub j ect  t h e  produ c t ion p e r s onne l 
t o  t h e  ha zard o f  c l imb ing  in to  the  d rawpoin t t o  se t charges . and 
result  io a d d i t ional b la s t ing  shock to the  rock mass  and supp o r t  
sys t em wh en t h e  hang-u p or  p a c k  i s  s h o t .  

T h e  occu r ren ce  of  large  b lo cks  will  be  r e la t ed p r ima rily  co  t h e.  
spa cing of  weak fra c tu res an d se condarily to  the  c ru s h ing s t rength  of  
the  rock.  Caving s t resses  s e ldom a pproach the  comp ressive  s t reng th  
o f  mos t  in t a c t  rock b loc.ks , so  some so r t  o f  shear  fa i lu r e  a long 
weakness p lanes  mu st  be  re lied upon to  promo t e  the smooth  flow of  
ore . 

Rock  c l a ssi fica t ion  sy s t ems , inc luding the  MB R ,  a c cep t  frac ture  
spac ing , orien ta t ion , a nd cond i t ion d a ta and comb ine i t  to  form a 
p i c t ure  o f  rock mas s  compe tence . Th ese  same da t a  can b e  used t o  
pred i c t  fragmen t s  t i on ,  a n d , i f  c.o r rela  ted wi th  produ c t ion b la s t ing  
requireme n t s from opera ting mines , could  be  u sed  to  develop  p r edic­
t ive  c r i teria  f o r  second ary b l a s t ing as a na t u ra l  ou tgrow th o f  o t h er 
ground  c la s s i f i ca t ion  e f f o r t s , su ch a s  t h e  use  o f  the MBR. 

S imila r ly , the  t e nden cy to p a ck iLJ  re la t ed to  
s o f t , we t ,  de composed  roc k , whic h cou ld  readily  
comb ina t ions o f  inpu t te rms to  to  RMR or  MBR. 

8 . 3  D raw Con t ro l  

the  o ccu rrence o f  
b e  ind ica ted  b y  

Secondary  b la s t in g , cavab i l i t y , a n d  d ri f t  suppor tab i lity a l l  
d e t e rmin e the  l i ke l ihood f o r  goo d  d r aw con t rol . wh ich is  t he  e s s en c e  
o f  d r i f t  sup p o r t  d u ring the  pr odu c t ion pe r iod . Asses smen t s  o f  t h e s e  
and  o t h e r  i n f lu ential  pa rame t e r s  cou l d  be  comb ined in t o  a fa c to r  
re f le c t ing  t h e  ea s e  of  d raw co n t r o l. M ine s  wi t h  a high d raw con t rol  
d i f f i cu lty f ac to r wou l d  a n t i c ipa t e  p rob lems with  ma in taining eve n  
p rodu c t ion d u e  t o  d r i f t repa ir 1 h a ngu p s , s tub s ,  a nd t he like. 
Pa rame t ri c  s tud i e s  cou ld  t h en be  ini t ia t ed to  v a ry  drawp o i n t  a p er­
ture , l ev e l  sepa ra t i on ( o re  column heigh t ) . and  so on , to l ower  t his  
f a c t o r. 
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8 . 4  Drawpoint Spacing 

The selection of the· optimum drawpoint spacing is important to 
reduce the occurrence of hangups and promote smooth production. 
Current trends recognize that the necessary drawpoint spacing is 
related to fragmentation; the coarser the fragmentation, the wider 
the drawpoint spacing (White, 1 979) . As has been pointed out before 
in this section, ground classification can be an excellent ind icator 
uf fragmentation. 

8.J Basic Research 

Throughout this report, and in the Manual, it has been stres�ed 
thee the MBR System is no substitute for detalled debign. Al though 
this is tru e ,  the fact is that detailed design of mine drift supports 
is greatly hampered by lack of knowledge ot basic engineering data 
for the structural e lements involved.  

Ground classification .systems are one means of assessing the 
matetial properties of the rock mass. R�lationships are needed that 
will permit specific determinatinn of rock mass strength and, espe­
cially, deformation characteri�tics. This is complicated by the fact 
that properties in dynamic and tensile modes need to be known as 
well. 

The loads to be borne by th� key structural elements , which are 
compar�tively well-known for most engineered stnictures, also need to 
be quantifiable and predictable for caving mines ,  based on measurable 
characteristics . Thus, the abutment loads, undercut unloadings , and 
caving stresses must be relatable to depth, stress field, geologic 
setting , and mininR geometry . Although many measurements of abutment 
stresses have been made to date, there is still no useful relation 
for predicting these stresses in advance of mining . 

In S ection 6 . 2  of  this report, a generalized relationship 
between rock mass condition, as indicated by RMR , and rock mass 
strain tendency is derived.  This relationship assumes a single ,  
representative RMR v.:1lue for eal.!h mi.ne considered--obviously an 
overs implification. Reported stress and strain measureruents need to 
be tied to geologic characteristics , (or directly to RMR) &o that 
relationships such as chose in Sect ion 6 . 2  can be re(ined. 
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