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CHAPTER 1

HISTORY AND INTRODUCTION 

Rock B o ltin g  H is to r y .

S ince th e  days o f the  caveman, tim b e rin g  has been 

th e  c o n v e n tio n a l means- o f su p p o rt f o r  underground o p en in g s . 

O ther su p p o rts  such  as a r t i f i c i a l  p i l l a r s ,  m asonry a rc h e s , 

s t e e l  and c o n c re te  s t r u c tu r e s  have a ls o  been u sed , b u t the  

d i f f e r e n c e s  between them were o n ly  in  the  m a te r ia l  th e y  were 

made o f  s in c e  a l l  worked under th e  same p r i n c i p l e : th e  use  

o f  the  com pressive and sometimes bending s t r e n g th  o f th e  

m a te r ia l  to  r e s i s t  th e  lo ad  e x e r te d  by the  ro c k .

Rock b o l t in g  in tro d u c e d  a new th e o ry  in  th e  f i e l d  

o f  underground su p p o rt: su p p o rt by su sp en s io n  and r e in f o r c e ­

ment o f  th e  ro ck  around the  open ing .

The o r ig in  o f  ro ck  b o l t in g  i s  obscure and , as  most 

in n o v a tio n s , had a p e r io d  of developm ent b e fo re  f u l l - s c a l e  

usage was a t t a i n e d .  The p r in c ip le  o f  r e in f o r c in g  th e  m ate­

r i a l  w ith  th e  purpose o f  g iv in g  i t  a g r e a t e r  s t r e n g th  has- 

been p r a c t ic e d  f o r  many c e n tu r ie s ,  b u t th e  use o f ro ck  b o l t s  

as w i l l  be d e f in e d  in  t h i s  th e s i s  i s  n o t o ld e r  th an  f i f t y  

y e a r s . N e v e r th e le s s , m ost o f th e  a p p l ic a t io n s  b e fo re  1935 

were o c c a s io n a l and m o stly  u n s u c c e s s fu l  e f f o r t s  to  su p p o rt 

th e  ro o f  o f underground openings by su sp e n s io n .
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Some o f the  e a r ly  experim en ts in  ro ck  b o l t in g  d a te  

back to  World War I .  In  O b e r-S ch le s ie n , P ru s s ia  (now Po­

lan d ) ro ck  b o l t s  were used  in  c o l l i e r i e s .  In  1917 the  Po­

cah o n tas  F u e l Company i n s t a l l e d  rock b o l t s  in  i t s  Sagamore 

mine in  V ir g in ia ,  USA. v :y: ' ^

I t  i s  g e n e ra l ly  ag reed  th a t  in  th e  l a t e  n in e te e n -  

t h i r t i e s  th e  S t .  Joseph  Lead Company, a t  i t s  m ines in  South­

e a s te rn  M is so u ri, USA, i n i t i a t e d  the  use o f ro ck  b o l t s  in  

a sy s te m a tic  way. The Anaconda Copper Mining Company used  

ro ck  b o l t s  as e a r ly  as 1939 in  i t s  Belmont Mine in  B u tte , 

M ontana, USA. Aunor Gold Mines (Canada) re p o r te d  h av in g

used  ro ck  b o l t s  s in c e  19^0. , .....  ...... . ■

In  g e n e ra l  i t  can be s a id  t h a t , t h e  sy s te m a tic  use 

o f  ro ck  b o l t s ,  as a means o f  underground su p p o rt, s t a r t e d  

w ith  World War I I .  D uring th e  war and the  fo llo w in g  y ea rs  

th e  s c a r c i t y  of s t e e l  h in d e re d  f u r th e r  developm ent.. I t  was 

n o t u n t i l  191̂ 7. th a t  the. U n ited  S ta te s  Bureau, o f  Mines be­

came in te r e s t e d  in  ro ck  b o l t in g  as a s a f e ty  m easure f o r . 

c o a l m ining and i n i t i a t e d  a m ethodic, s tu d y  o f th e  s u b je c t .  

T his e f f o r t  of. th e^U n ited  S ta te s  Bureau o f  Mines p lu s  th e  

a v a i l a b i l i t y  o f  s t e e l  s t im u la te d  th e  accep tan ce  o f ,rock 

b o l t in g  in  in d u s t r i e s  .d e a lin g  w ith  the  su p p o rt o f  su b su rface

openings...... ' .c;.--'.'.: v . ; e x  :
A lthough m e ta l m ining  gave b i r t h  to  ro ck  b o l t in g ,

i t  w as, how ever, in  c o a l m ines, due to  th e  s t r u c t u r a l  geo­

lo g y  o f t h e i r  d e p o s i t s ,  t h a t  th e  te ch n iq u e  f i r s t  found b road



r e c e p t io n .  I t  was on ly  in  the e a r ly  n i n e t e e n - f i f t i e s  when 

m e ta l m ines s t a r t e d  to  use  ro ck  b o l t s  e x te n s iv e ly .  O r ig i­

n a l ly  ro ck  b o l t in g  was u sed  e n t i r e l y  in  developm ent h ead ­

in g s  and hau lag e  w ays» b u t now i t  i s  u sed  in  a lm ost ev e ry  

p la c e  where tim b er i s  s u i t a b l e . F u rth e rm o re , i t  may be em­

p loyed  where o th e r  su p p o rts  a re  im p r a c t ic a l .

I t  can  be s a id  t h a t  a f t e r  m ech an iza tio n  and b e t t e r  

d r i l l i n g ,  ro ck  b o l t in g  i s  th e  t h i r d  g r e a t  change in  p o s t ­

war underground m in in g .

D e f in i t io n .

S ince th e  developm ent o f ro ck  b o l t s  to o k  p la c e  s i ­

m u ltan eo u sly  in  d i f f e r e n t  lo c a t io n s ,  d i f f e r e n t  names have 

been  used  to  d e f in e  th e  same d e v ic e , such as  "rock  b o l t , "  

" ro o f  b o l t , " "sky  h o o k ," " ro o f  p in ,"  " su sp en s io n  t im b e r ," 

and "anchor r o d ."  The te rm  " ro o f  b o l t "  has been  in  more 

common use and i s  w id e ly  ac ce p ted  because th e  f i r s t  a p p l i ­

c a t io n s  were in  c o a l  mine r o o f s .  But w ith  th e  in c re a s in g  

use o f  t h i s  type o f  su p p o rt in  o th e r  underground m ines and 

even in  su rfa c e  w o rk in g s, th e  word " ro o f"  has become in -  

a p p ro p ia te .  . -

Of a l l  th e  p re v io u s ly  m entioned te rm in o lo g y  "ro ck  

b o l t"  i s  th e  one w hich g iv e s  a c lo s e r  id e a  o f th e  n a tu re  

o f  the  su p p o rt and t h i s  te rm  w i l l  be employed th ro u g h o u t 

t h i s  t h e s i s .  F o r b r ie f n e s s  i t  w i l l  sometimes be r e f e r r e d  

to  as th e  " b o l t . "

3
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A ro ck  b o l t  i s  a b a r ,  g e n e ra l ly  made o f s t e e l ,  th a t  

has an ancho ring  u n i t  a t  one end and a b e a rin g  and t i g h t ­

en in g  dev ice  a t  th e  o th e r .  I t  i s  anchored  in  a d r i l l  h o le  

of th e  same k in d  used  in  b l a s t i n g .

The ro ck  b o l t  i s  p la c e d  in  th e  d r i l l  h o le  and th e  

ancho ring  u n i t  i s  expanded a g a in s t  th e  w a lls  o f  th e  h o le  

w ith  the  purpose o f f ix in g  one end o f th e  b o l t  to  the  ro c k . 

The o th e r  end p r o je c ts  o u ts id e  th e  h o le .  With th e  t i g h t ­

en in g  dev ice  t h i s  end o f the  b o l t  i s  f ix e d  a g a in s t  th e  s u r ­

face  o f th e  ro c k .

The t ig h te n in g  d e v ic e , b e s id e s  f ix in g  one end o f 

th e  b o l t ,  p ro v id e s  th e  means to  ap p ly  te n s io n  to  th e  b o l t  

b a r  which l i e s  betw een th e  two f ix e d  en d s . The p re -a p p l ie d  

te n s io n  in  th e  ro ck  b o l t s  mekes them unique among ro ck  sup­

p o r t s .  While c o n v e n tio n a l su p p o rts  u se  com pressive and 

sometimes bending s t r e n g th  to  su p p o rt ro c k , ro ck  b o l t s  em­

p lo y  t e n s i l e  s t r e n g th .

Rock b o l t s  in  a c tu a l  p r a c t ic e  can  be c l a s s i f i e d  in -
' • 

to  two m ajor c a te g o r ie s ^  One, th e  s l o t  and wedge ty p e ; and

the  o th e r ,  the  e x p a n s io n -sh e11 ty p e . These two ty p es  ac ­

count f o r  over 95 p e r  c e n t o f  th e  ro ck  b o l t s  u sed  to d a y .

The rem ain in g  5 p e r  c e n t i s  a com bination  o f  b o ld  inn o v a­

t io n s  n o t y e t in  common u s e , and of s p e c ia l  b o l t s  d es ig n ed  

f o r  s p e c i f ic  u sa g e . Eventhough th e s e  l a s t  named b o l t s  v a ry  

b ro a d ly  in  n a tu re  and u sa g e , in  th e  p r e s e n t  t h e s i s  th e y  

w i l l  be grouped to g e th e r  under "M isce llaneous Rock B o l t s . "



CHAPTER 2

THE SLOT Aim WEDGE TYPE OF ROCK BOLT

D e s c r ip t io n *

The s l o t  and wedge type  o f ro ck  b o l t  i s  a s t e e l  b a r  

o f c i r c u l a r  c ro s s  s e c t io n  s lo t t e d  a t  one end and th rea d ed  

a t  the  o th e r .  On th e  s lo t t e d  end i t  c a r r i e s  a wedge and on 

the  th rea d ed  end a n u t and a b ea rin g  p l a t e (-:$•). (P le a se  no te  

f ig u re  1 ) .

The ro ck  b o l t  i s  p la c e d  in  a d r i l l  h o le ,  w ith  the  

wedge p a r t i a l l y  in s e r te d  in  th e  s l o t ,  u n t i l  i t  re a c h e s  the  

bottom  o f  the  h o le .  W ith a ro ck  d r i l l  o r o th e r  p e rc u s s io n  

machine the  b o l t  i s  hammered from  the  th rea d ed  end w hich 

p r o je c t s  ou t o f  the  d r i l l  h o le ,  fo rc in g  th e  wedge in to  th e  

s l o t .  S ince the  wedge i s  o f  g r e a te r  th ic k n e s s  th a n  th e  

s l o t ,  on i t s  way in  i t  sp read s th e  prongs o f  the  b o l t  a g a in s t  

th e  w a lls  o f  th e  d r i l l  h o le .  As th e  hammering c o n t in u e s , 

th e  p rongs a t  each  s id e  o f the  s l o t  p lough  a groove in  th e  

ro c k . (P le a se  n o te  f ig u re  2 ) .  In  t h i s  manner the  in n e r  

end o f the  b o l t  i s  f ix e d  in to  th e  ro c k . On th e  th rea d ed

(-::-) I t  w i l l  be n o ted  h e re  t h a t  th e se  a re  the  e s s e n t i a l  
p a r t s  o f  th e  ro ck  b o l t .  V arious o th e r  d ev ice s  a re  used  f o r  
p a r t i c u l a r  a p p l ic a t io n s  and w i l l  be d e s c r ib e d  l a t e r  on in  
th e  c h a p te r  " P a t te r n ,  A p p lic a tio n  and A c c e s s o r ie s ."

$ '
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SLOT a  WEDGE ROCK B O L T

FIGURE I
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INSTA LLED  S L O T  8  WEDGE B O L T

FIGURE 2
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end th e  b e a rin g  p la te  i s  in s e r te d  and the  n u t i s  t ig h te n e d .  

With a to rq u in g  m achine th e  n u t i s  t ig h te n e d  to  a p re s c r ib e d  

to rq u e . W ith th e  t ig h te n in g  o f  the  n u t two aims a re  a t ­

ta in e d  s im u lta n e o u s ly . F i r s t ,  f ix in g  th e  o th e r  end o f th e  

b o l t  to  the  ro c k ; second , te n s io n in g  th e  shank o f the  b o l t  

betw een th e  n u t and th e  anchored  p ro n g s . The te n s io n  in  th e  

b o l t  cau ses com pression  in  th e  ro ck  and th i s  i s  one o f th e  

s e l f - s u p p o r t in g  e f f e c t s  w hich ro ck  b o l t in g  in d u ces in  th e  

ro ck  m ass.

K inds.

The d i f f e r e n c e s  in  d e s ig n  in  th e  s l o t  and wedge type 

o f ro ck  b o l t  a re  l im i te d  to  the  type o f th re a d  and th e  m eth­

od o f making th e  s l o t .

The th re a d  can  be c u t  o r  r o l l e d .  (P le a se  n o te  f i g ­

u re  3 ) .  When the th re a d  i s  c u t ,  m a te r ia l  i s  removed g iv in g  

g iv in g  the  th rea d ed  p a r t  o f  th e  b o l t  a sm a lle r  e f f e c t iv e  

a r e a .  F or a 1M ro d  w ith  c l a s s  2 NC (N a tio n a l C o a rse ) th re a d  

w ith  8 th r e a d s  p e r  in c h  the  r e d u c t io n  in  t e n s i l e  s t r e n g th  

due to  th e  th re a d  c u t  i s  23 p e r  c e n t .  R o ll th r e a d in g , th e  

fo rm a tio n  o f  a th re a d  by r o l l i n g  th e  s t e e l  th rough  grooved 

d ie s  t h a t  im p r in t th e  th re a d  form  in  th e  s t e e l ,  in c re a s e s  

th e  p h y s ic a l  p r o p e r t i e s  o f  th e  s t e e l  by co ld -w ork ing  th e  

m e ta l .  The r o l l e d  th re a d s  shou ld  have a s t r e s s  a re a  eq u a l 

to  th e  c ro s s  s e c t io n a l  a re a  o f  th e  shank; th u s ,  th e  t e n s i l e
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s t r e n g th  in  the  th re a d s  w i l l  be the  same as in  th e  sh a n k .(-"•) 

I t  i s  concluded  th e n  th a t  f o r  e q u a l nom inal d iam e te rs  a 

ro ck  b o l t  w ith  c u t th re a d s  has 77 p e r  c e n t o f  the  t e n s i l e  

s t r e n g th  o f one w ith  r o l l e d .  Improved p h y s ic a l  p r o p e r t ie s  

in  th e  r o l l e d  th re a d s  may low er th e  above f i g u r e .

The s l o t t e d  end o f the  b o l t  can  be f la m e -c u t ,  sh eared  

or fo rg e d . (P le a se  no te  f ig u re  3 ) .  The f la m e -c u t s l o t  i s  

t h e o r e t i c a l l y  th e  w eakest s in c e  m a te r ia l  i s  removed d u rin g  

i t s  f a b r i c a t io n ,  le a v in g  th e  s lo t t e d  p o r t io n  o f the  b o l t  

w ith  a sm a lle r  e f f e c t iv e  a r e a .  The fo llo w in g  i s  a summary 

o f th e  r e s u l t s  o b ta in ed  in d e p en d en tly  by th e  Anaconda Copper 

M ining Company ( l ) (#*) and the  V irg in ia  P o ly tec h n ic  I n s t i t u t e  

(Ij.1 ) ,  a f t e r  e x te n s iv e  t e s t i n g  w ith  s l o t  and wedge b o l t s .  

Q u a n ti ta t iv e  r e s u l t s  o f th e se  t e s t s  a re  n o t shown because 

th e  broad  v a ria n v e  among them d id  no t p e rm it an  in d ic a t iv e  

a v e ra g e . The o rd e r  in  which th e y  ap p ear below i s  th e  o rd e r  

o f  p e rfo rm an ce , i . e . :  th e  f i r s t  has th e  h ig h e s t  s t r e n g th .

(-»-) S tre s s  a re a  i s  th e  a re a  o f  an im ag inary  c i r c l e  whose 
d iam ete r D i s  g iv en  by:

_ d 1 + 3d" d * : o u ts id e  d iam e te r o f  th e  th re a d s
D “  ” d " : in s id e  d iam e te r o f the  th re a d s

The s t r e s s  a re a  i s  used  fo r  com puting th e  t e n s i l e  s t r e n g th  
o f th rea d ed  b a r s .

Numbers in  p a r e n th e s is  r e f e r  to  the  b ib l io g r a p h ic a l  
l i s t  a t  th e  end o f  th e  t h e s i s .
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CUT THREADS

ROLLED THREADS

FLAME-CUT SLOT

SHEARED SLOT

C

FORGED SLOT

FIGURE 3
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T e n s ile  S tre n g th

1 .  -  Sheared S lo t

2 .  -  F lam e-cu t S lo t

3 .  -  Forged S lo t

A nchorage»

In  p r a c t i c e  a ro ck  b o l t  f a i l s  when the  anchor can­

n o t be k e p t f ix e d  in  p la c e  and s l i p s  o r when the  y ie ld  

p o in t  o f  th e  s t e e l  i s  re ac h ed . G en e ra lly  the  form er occurs 

f i r s t  so th e  s tu d y  o f  th e  anchorage b eh av io u r o f  a ro ck  

b o l t  i s  param oun t.

When a s l o t  and wedge type o f ro ck  b o l t  i s  in s e r te d  

in  th e  d r i l l  h o le ,  b e fo re  th e  hammering ta k e s  p la c e  the  p i c ­

tu re  i s  as shown in  f ig u re  I4.. When th e  hammering s t a r t s  

and th e  b o l t  i s  b e in g  d r iv e n  home two movements occur s im u l­

ta n e o u s ly . One i s  a lo n g i tu d in a l  movement o f  the  prongs
f ! .

tow ards th e  bottom  o f  the  h o le ; the  o th e r  i s  a d ia m e tra l ly  

sp rea d in g  o f  th e  prongs a g a in s t  th e  w a lls  o f  th e  h o le  b e­

cause o f th e  wedge a c t io n .  I f  th e se  movements a re  to  tak e  

p la c e ,  a groove must be ploughed in  th e  ro ck  o r th e  ro ck  ' 

and th e  b o l t  s t e e l  m ust be deformed o r b o th . When e i t h e r  

o r  b o th  o f th e se  r e s u l t s  o ccu r, the  b o l t  i s  anchored  when ■ 

i t  canno t be d r iv e n  f u r th e r  because th e  sum o f the  fo llo w ­

ing  fo rc e s  exceeds th e  d r iv in g  force.: (P lease  n o te  f ig u re  5)

a) The f r i c t i o n a l  fo rc e  betw een th e  p rongs and th e  

w a lls  o f  the  h o l e .

A nchoring S tre n g th

1 .  -  Forged S lo t

2 .  -  Sheared S lo t

3 .  -  F lam e-cu t S lo t
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W ED GE IN S L O T  BEFORE DRIVING

FIGURE 4
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WEDGE DRIVEN INTO SLOT

FIGURE 5



lit-

b) The f r i c t i o n a l  fo rc e  betw een th e  wedge and th e

s l o t .

c ) The r e a c t io n  caused  by the  b e a r in g  of th e  b o l t  

on the  ro ck  a t  th e  top  o f th e  g ro o v e .

Of th e se  f o r c e s ,  (a ) and (b) oppose movement e i t h e r  

f o r  w ith d raw al o r in s e r t i o n  o f th e  anchor p a r t  o f  th e  b o l t .

A sm oothening o f  th e  s u r fa c e s  concerned  would d ec rease  th e  

f r i c t i o n a l  r e s i s ta n c e  opposing in s e r t i o n ,  b u t would a ls o  

ease w ith d raw a l o f  the  b o l t  when under lo a d . A ttem pts have 

been  made to  in c re a s e  th e  f r i c t i o n  fo rc e  (a ) a t  w ith d raw al 

w ith  a s m a lle r  in c re a s e  a t  i n s e r t io n  by s e r r a t in g  th e  o u te r  

s id e s  of th e  p rongs b u t w ith o u t s u c c e s s . (P le a se  n o te  f i g ­

u re  6 - a ) .  However, s e r r a t i o n  o f  the  s l o t  and wedge s u r ­

fa c e s  do in c re a s e  th e  f r i c t i o n a l  r e s i s ta n c e  a t  w ith d raw al 

w ith  s l i g h t  in c re a s e  a t  i n s e r t i o n .  (P le a se  n o te  f ig u re  6- b ) .

Force (c ) on the  o th e r  hand, opposes movement o n ly  

a t  i n s e r t i o n .  I f  th e  top  o f  the  b o l t  were cham fered to  a 

sem i-cone p o in t ,  th e  d r iv in g  r e s i s ta n c e  r e s i s ta n c e  would 

be le s se n e d  le a v in g  more o f  th e  d r iv in g  fo rc e  to  be used  1 

in  com pressing  th e  ro ck  l a t e r a l l y .  T his e x t r a  com pression  

in c re a s e s  th e  f r i c t i o n  fo rc e  (b) and p ro v id e s  f o r  a b e t t e r

an ch o rag e . :
i ; : ;

When th e  an ch o rin g  o f  th e  b o l t  does n o t p lough  a 

groove in  th e  ro c k , th e  expanding p rongs com press th e  ro ck  

in  the  w a lls  o f  the  d r i l l  h o le .  In  t h i s  case  th e  r e l a t i v e
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dim ensions o f  the  d r i l l  h o le  and o f the  anchorage assem bly 

must have c e r t a in  p ro p o r tio n s  as  g iv e n  by the  fo rm u la :

E =
w + d -  t  

D
D

• ■ I-*--

• E: d ia m e tra l  s t r a i n  o r expansion  o f th e  anchorage a s ­
sem bly.

D: d iam e te r  o f  th e  d r i l l  h o le ,  in  in c h e s , 

d : d iam ete r o f th e  b o l t , i n  in c h e s , 

t :  span  o f th e  s l o t ,  in  in c h e s .

w: th ic k n e s s  o f the th ic k  end o f th e  wedge, in  in c h e s .

I f  E i s  0 .1 5  or g r e a t e r ,  lo ad s  in  te n s io n  up to  

20;000  lb s  can be su p p o rted  in  95 p e r  c e n t o f the  c a s e s ; 

and up to  30 ,000 lb s  in  80 p e r  c e n t o f  the  c a s e s . T his 

means t h a t  i f  th e  above d im ensions a re  s e le c te d  in  o rd e r  

to  g iv e  an E value  o f  0 .1 5 , a s a t i s f a c t o r y  anchorage w i l l  

be o b ta in e d . T h is fo rm ula  h o ld s  t ru e  f o r  h a rd  and f a i r l y  

i n t a c t  ro ck  such as g r a n i te  o r  q u a r t z i t e . F or s o f t e r  o r 

b ad ly  a l t e r e d  ro c k s , such as sh a le  o r o re , th e  form ula does 

no t a p p ly .

In  ro ck s  w ith  poor com pressive s t r e n g th ,  s l o t  and 

wedge b o l t s  canno t be anchored  because th e  top  o f  the  wedge 

com presses th e  ro ck  a t  th e  bo ttom  of th e  d r i l l  h o le .  When > 

t h i s  h appens, p a r t  o f  th e  d r iv in g  fo rc e  i s  used  in  s in k in g  

th e  wedge in  th e  ro ck  le a v in g  l i t t l e  fo rc e  to  sp read  th e  

p ro n g s . With p a r t i a l  exp an sio n  o f the  prongs a s a t i s f a c t o r y



anchorage I s  im p o s s ib le . When such ro ck s a re  en co u n te red , 

s l o t  and wedge b o l t s  canno t be em ployed. Some o f th e  Euro­

pean m an u fac tu re rs  o f  rock  b o l t s  d e s ig n  t h e i r  wedges w ith  

a w id e r and rounded head in  o rd e r  to  low er th e  u n i t  p re s s u re  

and sp read  th e  fo rc e  over a la r g e r  a r e a .  (P le a se  no te  f i g ­

u re  6- c ) .

When te n s io n  i s  a p p lie d  to  the  ro ck  b o l t  by t i g h t ­

en ing  th e  n u t ,  anchorage movements tak e  p la c e .  The f i r s t  

r e s u l t  of te n s io n in g  i s  to  r e l i e f  fo rc e  (c ) in  f ig u re  5 , 

t h a t  i s ,  th e  fo rc e  e x e r te d  by th e  top  o f th e  prongs on th e  

s e a t  o f  th e  g ro o v e . As te n s io n  in c r e a s e s ,  th e  com pressive 

fo rc e  betw een th e  prongs and th e  grooves a ls o  in c r e a s e s .

T his r e s u l t s  in  an  e l a s t i c  en largem ent o f th e  grooves which 

cau ses  a m inute outw ard movement o f  th e  b o l t .  I t  shou ld  be 

n o ted  th a t  t h i s  movement i s  due to  the  e l a s t i c  com pression  

o f th e  ro ck  a t  th e  grooves and n o t to  a s l i p  betw een the  

p rongs and th e  g ro o v es .

I f  th e  ro ck  a t  th e  ancho r i s  weak under com pression  

and s h e a r , i t  w i l l  n o t s ta n d  th e  fo rc e  e x e r te d  by th e  p ro n g s . 

In  t h i s  c a s e , in s te a d  o f an  e l a s t i c  en largem en t o f  th e  ro ck  

a t  the g ro o v es , th e re  w i l l  be a p l a s t i c  d e fo rm atio n  o f  th e  

ro c k . A s l i p  w i l l  be s t a r t e d  betw een p ro n g s and ro c k . The 

dynamic c o e f f i c i e n t  o f  f r i c t i o n  i s  sm a lle r  th an  the  s t a t i c  

one, so sm a lle r  r e s i s ta n c e  w i l l  be o f fe re d  to  th e  s l i p .

The s l i d in g  c o n tin u e s  u n t i l  te n s io n  i s  l o s t  and by t h i s  tim e

17



th e  d r i l l  h o le  i s  b ad ly  deformed and anchorage i s  im p o ssi­

b le .  When such c o n d it io n s  a re  en c o u n te red , th e  s l o t  and 

wedge ty p e  o f ro ck  b o l t  i s  in a p p l ic a b le .

I t  i s  i n t e r e s t i n g  to  no te  t h a t  th e  p rece d in g  f a i l u r e  

p ro ce ss  fo llo w s  th e  same p a t t e r n  when a p ro p e r ly  anchored  

b o l t  i s  s u b je c t  to  e x c e ss iv e  lo a d in g . As lo ad  b u i ld s  up 

on an  i n s t a l l e d  ro ck  b o l t ,  the  e f f e c t  i s  the  same as i f  th e  

n u t was being  t ig h te n e d .  I f  th e  ro d  i s  s tro n g  enough to  

t r a n s m it  th e  lo a d , th e  anchor w i l l  s t a r t  to  f a i l  in  the  same 

way as ex p la in e d  above.

H old ing  C a p a c ity .

The c a p a c ity  o f a ro ck  b o l t  to  s ta y  in  p la c e  and 

w ith s ta n d  lo a d s  e x e r te d  on i t  depends on s e v e ra l  f a c t o r s .

In  th e  ca se  o f  s l o t  and wedge b o l t s  th e se  f a c to r s  a r e :

a) D iam eter o f  the  b o l t .

b) The ty p e  o f  s l o t  and th r e a d .

c) R e la t io n  o f  th e  d r i l l  h o le  d iam ete r to  th e  wedge 

th ic k n e s s .

d) E x ce llen ce  o f  the  i n s t a l l a t i o n .  ;

e ) Kind and c o n d it io n  o f the  ro ck  a t  th e  an c h o r,

a) I t  h as  been custom ary  p r a c t ic e  to  use a rod  1" in

d iam e te r f o r  the  s l o t  and wedge b o l t .  T h is d iam ete r h as  

proved  to  be th e  most s a t i s f a c t o r y  one. I t  s ta n d s  lo ad s  in  

te n s io n ,  w ith in  th e  e l a s t i c  p o r t io n  o f th e  s t e e l ,  up to  

29 ,000 l b s .  S m alle r d iam ete rs  a re  n o t recommended s in ce

18



the  f a b r i c a t io n  o f the  s l o t  would s e r io u s ly  weaken a sm al­

l e r  b o l t .  A lso , a rod  o f sm a lle r  a re a  would n o t be r i g i d  

enough to  t r a n s m it ,  w ith o u t b u c k lin g , the  p e rc u s s io n  used  

in  d r iv in g . B o lts  w ith  a b ig g e r  d iam ete r a re  u n n ecessa ry  

s in c e  f a i l u r e  a t  th e  anchor g e n e ra l ly  o ccu rs  a t  lo ad s under 

th e  y ie ld  p o in t  o f a 1” b o l t .  F o r a l l  ro ck  b o l t s ,  the  id e a l  

d iam e te r  i s  one w hich g iv e s  th e  b o l t  a t e n s i l e  s t r e n g th  

eq u a l to  th e  an ch o rin g  s t r e n g th .

b) The advan tages and d isa d v an ta g es  o f  ro ck  b o l t s  

w ith  d i f f e r e n t  ty p es  o f  s l o t s  and th re a d s  were g iv en  on 

page 8 .

c ) The r e l a t i o n  o f the  d r i l l  h o le  d iam ete r to  the  

th ic k n e s s  o f  th e  th ic k  end o f  th e  wedge i s  i n f l u e n t i a l  in  

anchorage p erfo rm an ce . In  th e  s o f t e r  ro ck s the  b e s t  an­

chorage i s  o b ta in ed  w ith  maximum exp an sio n  o f th e  prongs 

in  o rd e r  to  p lough  d eep er g rooves in  th e  ro c k . The h a rd e r  

ro ck s  a re  n o t p loughed bu t com pressed and expansion  over a 

c e r t a in  l im i t  w i l l  n o t com press the  ro ck  and th e  prongs 

f u r t h e r .  D r i l l  h o le s  1^" in  d iam ete r and wedges 7 /6 "  th ic k  

a re  th e  m ost common d im ensions used  in  ev e ry  type o f ro ck  

where th e  s l o t  and wedge b o l t s  a re  a p p l ic a b le .  N o n e th e le ss , 

when s e g re g a tio n  i s  d e s ire d  f o r  d i f f e r e n t  ground c o n d itio n s  

th e  fo llo w in g  ta b le  may be h e lp f u l :

19
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Kind o f  Ground Wedge Thickness Hole D iam eter

s o f t 5 /8 "  -  7 / 8 ” 1 1 / 8 ” -  1 iA "

medium 7 /8"  -  1" 1 3 /8 "

h a rd 1" 1 1 /2"

The above ta b le  i s  in te n d ed  to  g iv e  on ly  an approx­

im a tio n , f o r  the  e x a c t d im ensions can  on ly  be d e f in e d  by 

p u l l - t e s t s  f o r  each  ground c o n d i t io n .

d) The p ro c e ss  o f i n s t a l l a t i o n  i s  o f s p e c ia l  s ig ­

n i f ic a n c e .  In  th e  l a s t  p a r t  o f th e  c h a p te r  a recommended 

i n s t a l l a t i o n  p roced u re  w i l l  be d e s c r ib e d .

e ) The d e c is s iv e  f a c t o r  in  the  anchorage c a p a c i ty  

o f a ro ck  b o l t  i s  th e  k in d  and c o n d it io n  o f the  ro ck  a t  th e  

an ch o r. Rocks v a ry  g r e a t ly  in  co m p o sitio n  and p r o p e r t ie s  

and even the  same ro ck  can  have th e  same p r o p e r t ie s  in  d i f ­

f e r e n t  lo c a t io n s .  For t h i s  re a so n  i t  i s  im p o ssib le  to  c l a s ­

s i f y  ro ck s  ac co rd in g  to  t h e i r  an ch o rin g  s t r e n g th .  Up to  now, 

th e  o n ly  d e f in i t e  way to  determ ine the  an cho ring  s t r e n g th

of a ro ck  i s  by e x p e r im e n ta tio n . O rganized t e s t s  must be 

done b e fo re  a b o l t in g  program  i s  u n d e rta k en  and the  f i r s t  

i n s t a l l a t i o n s  shou ld  be done on a t r i a l  and e r r o r  b a s i s .

As a r u l e ,  s l o t  and wedge b o l t s  anchor b e s t  in  h a rd  

ro ck s such a s  g r a n i t e ,  b a s a l t  o r  g n e is s .  In  ro ck s  o f  medi­

um h ard n ess  such as lim esto n e  o r sa n d s to n e , anchorage i s  

s t i l l  s a t i s f a c t o r y .  I t  i s  in  th e  s o f t  ro ck s  such  a s  weak 

s h a le s ,  wet su lp h id e  o re ,  b re c c ia  o r c o a l  th a t  a good an­
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chorage i s  d o u b tfu l .  I t  i s  w orth  n o tin g  th a t  a hard  ro ck  

when b ad ly  w eathered  a n d /o r  f r a c tu r e d  can behave as a s o f t  

s h a le .  A lso , in  a sandy compact sh a le  an anchorage as s tro n g  

as one in  sandstone  can be p o s s ib le .

I n s t a l l a t i o n  P ro c e d u re .

I n s t a l l a t i o n  o f the  s l o t  and wedge type o f ro ck  b o l t  

r e q u ir e s  th re e  d i s t i n c t  o p e ra t io n s :  1 ) d r i l l i n g  th e  h o le ,

2 ) d r iv in g  th e  b o l t ,  and 3 ) t ig h te n in g  th e  n u t .

1) The d r i l l i n g  o f th e  h o le  i s  th e  same o p e ra t io n  

as t h a t  done in  d r i l l i n g  h o le s  f o r  b l a s t i n g ,  w ith  e x t r a  

c a re  g iv en  to  th e  d iam ete r and le n g th  o f  th e  h o le .

I t  was p re v io u s ly  m entioned t h a t  f o r  a 1” b o l t  th e  

m ost d e s ire d  h o le  d iam ete r i s  1%-". T h is should  be th e  d i ­

am eter o f  th e  l a s t  8" o f th e  h o le  s in c e  the  b o l t  w i l l  be 

anchored t h e r e . On acco u n t o f  the  a b ra s iv e n e s s  o f  th e  ro ck  

th e  b i t  lo s e s  gauge d u rin g  th e  d r i l l i n g .  For d e ta c h a b le  

s t e e l  b i t s  d r i l l i n g  in  h a rd  o r medium h a rd  ro c k s , a new b i t  

lo s e s  1 /8 ” gauge p e r  12" o f  h o le  l e n g th . In  d r i l l i n g  h o le s  

f o r  ro ck  b o l t s  th e  d r i l l i n g  o f a l l  th e  h o le ,  ex c ep t the  l a s t  

8” o r p r e f e r a b ly  f o o t ,  should  be done in  the  c o n v e n tio n a l 

way of s t a r t i n g  w ith  la r g e r  b i t s  and ending  w ith  sm a lle r  

o n es . The gauge o f th e  b i t s  used  f o r  d r i l l i n g  t h i s  l a s t  

p a r t  shou ld  be such  th a t  th e  b eg in n in g  o f th e  l a s t  fo o t  o f 

h o le  w i l l  have th e  d e s ire d  d iam ete r ( 1^ ” in  m ost c a s e s ) .

The l a s t  fo o t  shou ld  be s t a r t e d  w ith  a new 1^ ” b i t  so a t
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th e  bo ttom  o f th e  h o le  th e  gauge w i l l  be 1/ 8" s m a lle r ,  t h a t  

i s  1 1 /8 "  in  d ia m e te r . T his un ifo rm  narrow ing  w i l l  n o t h in ­

d e r the  i n s e r t io n  o f a 1" b o l t ,  m oreover, i t  w i l l  p ro v id e  

f o r  a b e t t e r  an ch o rag e . An example can b e s t  i l l u s t r a t e  t h i s  

d r i l l i n g :

Supposing a J?1 ho le  i s  to  be d r i l l e d  i n  h a rd  ro ck  

in  w hich a s l o t  and wedge b o l t  i s  to  be p la c e d . At the 

b eg in n in g  of th e  f i f t h  fo o t  th e  gauge shou ld  be l i p .  B its  

a re  g e n e ra l ly  changed a t  2 * i n t e r v a l s ,  th e r e f o r e ,  th e  th i r d  

fo o t  shou ld  be s t a r t e d  w ith  a I p  b i t  (1/ 8 " narrow ing p e r  

fo o t  i s  ip  ev e ry  2 ' ;  1^ + ^  = 1&). The f i r s t  fo o t  should  

be s t a r t e d  w ith  a 1 3 /k n b i t  f o r  the  same re a s o n .

T u n g sten -ca rb id e  i n s e r t  b i t s  do no t lo s e  gauge as 

f a s t  a s  s t e e l  b i t s ,  so th e  h o le s  d r i l l e d  w ith  them a re  o f 

c o n s ta n t d ia m e te r , w ith o u t t a p e r .  W ith a I p '  c a rb id e  i n s e r t  

b i t  a 6 ' h o le  can  be s t a r t e d  and f in is h e d  w ith  I p '  g au g e .

For t h i s  re a so n  th e y  a re  recommended, when a v a i la b le ,  f o r  

d r i l l i n g  ro ck  b o l t  h o l e s .

Im proper d r i l l i n g  h a b i t s  and changes in  th e  ro ck  

fo rm a tio n  w i l l  cause v a r ia t io n s  in  the h o le  d ia m e te r , gen­

e r a l l y  making o v e rs iz e  h o le s .  U su a lly  th e se  v a r ia t io n s  go 

u n n o ticed  u n t i l  th e y  b eg in  to  h in d e r  b o l t in g  p r o g re s s . Thus, 

on ly  extrem e v a r ia t io n s  from  p ro p e r  h o le  s iz e  a re  n o t ic e d .  

When th e  cau ses o f  im proper h o le  d iam ete r a re  known to  e x i s t .
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o r  when an e x te n s iv e  b o l t in g  program  i s  to  be i n i t i a t e d ,  

th e  use o f  a h o le  gauge i s  recommended.

The h o le  gauge i s  a f a i r l y  sim ple in s tru m e n t as can
. .. - I

be seen  in  f ig u re  ?• The u p p er end o f th e  gauge c o n s is ts  

o f  th re e  b a l l s  su p p o rted  by e q u a lly  spaced w ire  sp r in g s  from  

a f e r r u l e  on th e  end o f  a tu b e . These b a l l s  su rro u n d  a con­

i c a l  p lu n g e r . The p lu n g e r  i s  a t ta c h e d  to  one end o f a rod  

w hich p a s se s  th ro u g h  th e  tu b e . Upward m otion  o f the  ro d  

cau ses  th e  p lu n g e r  to  b ea r  a g a in s t  th e  b a l l s ,  fo rc in g  them 

outw ards a g a in s t  th e  s id e s  o f  th e  h o le .  The low er end o f 

th e  ro d  i s  c a l ib r a te d  to  re a d  h o le  d ia m e te rs  in  1 /16" in ­

c rem en ts .

The le n g th  o f the  d r i l l  h o le  i s  o f  s p e c ia l  s i g n i f i ­

cance when u s in g  th e  s l o t  and wedge type o f ro ck  b o l t s .

S ince t h i s  b o l t  i s  anchored  when i t  re a c h e s  th e  bo ttom  of 

th e  h o le ,  th e  le n g th  of th e  h o le  shou ld  be a t  l e a s t  3 " 

s h o r te r  th a n  th e  b o l t  le n g th  in  o rd e r th a t  a p o r t io n  o f th e  

th re a d e d  end w i l l  rem ain  ou t o f th e  h o le  f o r  t ig h te n in g  th e  

n u t .  H oles shou ld  n o t be too  s h o r t  s in c e  p a r t  o f the  un­

th re a d e d  p o r t io n  o f th e  b o l t  may rem ain  o u ts id e  o f  th e  h o le  

and t ig h te n in g  can n o t be done. The s a f e s t  d ep th  o f h o le  

i s  one w hich le a v e s  h a l f  o f  th e  the  th read ed  p a r t  o u ts id e  

th e  h o le  and h a l f  in s id e .  T his can be m easured by p la c in g  

a b o l t  w ith o u t wedge in to  th e  h o le .

Any machine cap ab le  o f  d r i l l i n g  a h o le  in  ro ck  can



be u sed  f o r  ro ck  b o l t i n g .  S ince most b o l t in g  i s  done o ver­

h ead , o r a t  a n g le s  app roach ing  th e  v e r t i c a l ,  s to p e r  d r i l l s  

a re  most commonly u se d . S in k er type d r i l l s  w ith  pneum atic 

le g s  g iv e  b e s t  d r i l l i n g  f l e x i b i l i t y .  F or d r i l l i n g  th e  sm a ll 

d iam e te r  h o le s  u sed  in  ro ck  b o l t in g  a s m a ll-b o re , l i g h t ­

w eigh t d r i l l  i s  recommended. S ince th e  c le a ra n c e  o f  mine 

openings in  th e  m a jo r i ty  o f  ro ck  b o l t in g  a p p l ic a t io n s  i s  

l im i te d ,  s h o r t - le g  d r i l l s  a re  h e l p f u l .  For d r iv in g  th e  

b o l t  b e s t  r e s u s l t s  a re  o b ta in ed  i f  th e  a i r  p re s s u re  a t  th e  

d r i l l  i s  n o t l e s s  th a n  75 p s i  ( p re fe ra b ly  85 -  100 p s i ) ,  

and when th e  hammer s tro k e s  a re  betw een 2 -  3 ,000  p e r  m in.

2) A f te r  the  h o le  i s  d r i l l e d  th e  wedge i s  in s e r te d  

in  th e  s l o t  ju s t  f a r  enough to  h o ld  i t  in  p la c e .  The ro ck  

b o l t  i s  th e n  p la c e d  in  the  h o le .  The same ro ck  d r i l l  used  

in  d r i l l i n g  th e  h o le  i s  u sed  to  d r iv e  the  b o l t .  To con­

n e c t th e  end o f  th e  b o l t  w ith  th e  ro ck  d r i l l  d i f f e r e n t  d r iv ­

in g  to o l s  may be u se d . A ll  o f  them c o n s is t  e s s e n t i a l l y  o f 

a p ie c e  o f s t e e l  s to c k , c a l le d  a " d r iv in g  d o l ly " ,  t h a t  i s  

re c e s se d  a t  one end to  f i t  th e  b o l t  and re c e s s e d  a t  th e  

o th e r  end to  re c e iv e  a p ie c e  o f d r i l l  s t e e l  w hich f i t 's  th e  

chuck o f th e  d r i l l .  The most common ty p es  o f  d r iv in g  to o ls  

a re  shown in  f ig u re  8 . Type a) r e c e iv e s  th e  b o l t  w ith  th e  

n u t p a r t i a l l y  ru n  in to  th e  th r e a d s .  I t  does n o t use  a p ie c e  

o f d r i l l  s t e e l  b u t a s h o r t  and th ic k  stem  w hich f i t s  in to  

the  d r i l l ’ s f r o n t  end in  p la c e  of th e  chuck . W ithout the  

chuck the  r o t a t i o n  o f  th e  d r i l l  s t e e l  i s  e l im in a te d . This

25
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type o f d o l ly  has two draw backs. One i s  the rem oval and', 

rep lacem en t o f  the  chuck f o r  each  b o l t  which i s  an obvious 

in co n v en ien ce . The o th e r  i s  th e  d r iv in g  w ith  th e  n u t on 

because th e  hammering w i l l  sometimes deform  th e  n u t and 1 : 

th r e a d s .  Type (b) h as  th e  p ie c e  o f s t e e l  w elded to  th e  d o l ly .  

At th e  o th e r  end o f the  d o l ly  a c y l in d r i c a l  h o le  accom odates 

th e  th rea d ed  end o f th e  b o l t .  When m achines w ith o u t a mech­

anism  to  s to p  r o t a t i o n  a re  u se d , s lip p ag e  i s  a llow ed  between 

th e  d o l ly  and th e  b o l t .  T his type  o f d r iv in g  to o l  has i n ­

conven iences to o .  The r o t a t i o n  o f the  d o l ly  on the  th re a d s  

o f the  b o l t  may damage th e  th re a d s  and make i t  im p o ssib le  

to  t ig h te n  th e  n u t .  A lso , th e  welded bond w i l l  e v e n tu a l ly  

b reak  because th e  hammering o f th e  d r i l l .  Type (c ) has g iv en  

th e  most s a t i s f a c t o r y  r e s u l t s .  At one end, the  d o l ly  i s  

th rea d ed  to  f i t  th e  b o l t .  At th e  o th e r  end , a c y l in d r i c a l  

h o le  accom odates a p ie ce  o f d r i l l  s t e e l  which i s  rounded 

a t  th e  t i p  to  p e rm it s l ip p a g e . N o n e th e le ss , some o f  the  :• 

r o t a t i o n  may be t r a n s m it te d  to  the  d o l ly .  S ince th e  r o t a ­

t io n  o f th e  d r i l l  i s  c o u n te rc lo c k w ise , th e  b o l t  may be p a r ­

t i a l l y  unscrew ed from  th e  d o l ly .  To p re v e n t t h i s ,  d o l l i e s  

a re  made o f hex ag o n al s t e e l  s to c k  so th ey  can  e a s i l y  be h e ld  

f a s t  w ith  a w rench . A l i t t l e  g re a se  betw een th e  d r i l l  s t e e l  

and th e  d o l ly  w i l l  a s su re  a good s l ip p a g e .

The d r i l l  s t e e l  in  ty p es  (b) and (c ) and th e  stem  in  

type (a) may have any le n g th  to  s u i t  l o c a l  c o n d i t io n s ,  b u t 

u s u a l ly  a re  10" to  20" lo n g .
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D riv in g  i s  done w ith  d r i l l  t h r o t t l e  f u l l y  open u n t i l  

movement o f th e  b o l t  s to p s ,  u s u a l ly  a f t e r  ab o u t 30 seconds 

o f d r iv in g .

3) A f te r  d r iv in g  h as been  com pleted  th e  d r iv in g  to o ls  

a re  rem oved. A b e a r in g  p la t e  i s  th e n  p la c e d  over th e  b o l t  

and a g a in s t  th e  ro c k . A n u t i s  th en  screw ed by hand u n t i l  

i t  to u ch es  th e  p l a t e .  Care shou ld  be ta k en  to  p ro v id e  a 

good b e a r in g  betw een th e  p la te  and th e  ro c k .

The n u t can  be square  o r  h ex ag o n a l. H exagonal n u ts  

a re  s t ro n g e r  th a n  square  o n es , b u t s in c e  b o th  a re  s tro n g  

enough to  b reak  th e  1" b o l t ,  e i t h e r  one may be u se d . B ear­

in g  p la t e s  g e n e ra l ly  a re  square s t e e l  p l a t e s  6 " x  6 " x 3/ 8u . 

The p r in c ip a l  fu n c t io n  o f  th e  p la te  i s  to  p ro v id e  a f l a t  

and even s u rfa c e  a g a in s t  th e  n u t .  The a re a  o f  th e  p la te  i s  

o f no im portance ex cep t when th e  ground i s  so  weak th a t  a 

sm a ll p l a t e  m ight squeeze th e  ro c k , b u t i f  such i s  th e  case  

i t  i s  p ro b ab le  t h a t  t h a t  ground cannot be su p p o rted  w ith  

ro ck  b o l t s .

When ap p ly in g  te n s io n  to  ro ck  b o l t s  i t  shou ld  be 

k e p t in  mind th a t  th e  i n i t i a l  te n s io n  p lu s  any lo ad  th a t  

w i l l  b u i ld  t h e r e a f t e r  shou ld  n o t re a c h  th e  y ie ld  p o in t  o f  

th e  s t e e l .  I f  th e  y ie ld  p o in t  i s  reach ed  d u rin g  i n s t a l l a ­

t i o n  o r w ith  a sm a ll subsequen t lo a d , th e  b o l t  w i l l  e lo n ­

g a te  and deform  p e rm a n en tly . T his e lo n g a tio n  w i l l  a llo w  

th e  ro ck  to  move w ith  l i t t l e  h in d e ran ce  making p o s s ib le  an
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e v e n tu a l f a l l  o f  ro c k . The y ie ld  lo ad  f o r  a 1” b o l t  i s  gen­

e r a l l y  over 28,000  l b s ,  b u t because o f v a ry in g  s t e e l  q u a l i ­

ty  and u n d er-n o m in al d ia m e te rs  i t  co u ld  be as low as 20,000  

l b s .  I f  b o l t s  a re  p r e - s t r e s s e d  to  10,000  lb s  t h i s  w i l l  

le av e  a n o th e r  10,000  lb s  o f m arg in  f o r  any lo ad  to  b u ild  

up . ,• In  p r a c t i c e  s l o t  and wedge b o l t s  a re  te n s io n e d  from  

8,000  lb s  up to  llj. , 000 l b s .

The te n s io n  to  be a p p l ie d  to  a rock  b o l t  o f the  s l o t  

and wedge type can  be c a lc u la te d  ap p ro x im a te ly  from  th e  

to rq u e  t h a t  i s  a p p lie d  to  th e  n u t .  The to rq u e - te n s io n  r e ­

l a t i o n  i s  ex p ressed  in  the  fo rm u la :

^  - tHHt
Tn: b o l t  te n s io n ,  in  pounds.

T r : to rq u e  a p p lie d  to  th e  n u t ,  in  fo o t-p o u n d s . 

D: d iam ete r  o f  th e  b o l t , ' . i n  in c h e s .

K: f r i c t i o n  f a c t o r .

The f r i c t i o n  f a c to r  depends on th e  c o n d i t io n  o f th e  

th re a d s  and m ain ly  on th e  f r i c t i o n  betw een th e  n u t and th e  

b e a rin g  p l a t e .  I t  g e n e ra l ly  v a r ie s  from  0 .3  to  0 . 6 . W ith 

damaged th re a d s  i t  can  be a s  h ig h  a s  1 .0 .  A common value  

i s  0 .3 ^ . To a t t a i n  a te n s io n  o f 10,000 l b s ,  acco rd in g  to  

t h i s  fo rm u la , a to rq u e  o f  310 f t - l b s  i s  r e q u ir e d .

Eventhough th e  above form ula i s  t h e o r e t i c a l l y  c o r ­

r e c t ,  in  p r a c t i c e  th e  v a lu e  o f K v a r ie s  so w id e ly  t h a t  i t
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makes th e  form ula im p r a c t ic a l .  The U nited  S ta te s  Bureau 

of Mines (3 7 -a ) h a s  developed  an e m p ir ic a l  fo rm ula w hich 

e x p re s se s  more r e a l i s t i c a l l y  th e  to rq u e - te n s io n  r e l a t i o n :

Tn =  (!|2 .5  x Tr) -  1000 

Tn: b o l t  t e n s io n ,  in  pounds.

T r: to rq u e  a p p l ie d  to  th e  n u t ,  in  fo o t-p o u n d s .

The te n s io n  w i l l  be w ith in  ± 2 ,700 lb s  in  90 p e r  

c e n t o f th e  c a s e s .  I f  a te n s io n  o f 10,000 lb s  i s  d e s ire d  

th e  r e q u ir e d  to rq u e  t i s ,  a c c o rd in g  to  t h i s  fo rm u la , 260 

f t - l b s .

F or q u ick  ap p ro x im atio n  th e  fo llo w in g  fo rm ula i s

u s e f u l :

Tn = Tr x  1|0

The f r i c t i o n  f a c to r  b e in g  th e  d e c is iv e  elem ent in  

th e  to rq u e - te n s io n  r e l a t i o n ,  ro ck  b o l t  m a n u fa c tu re rs  have 

developed  a h a rd e n e d -s te e l  w asher to  be p la c e d  betw een th e  

n u t and th e  b e a r in g  p la te  f o r  th e  purpose o f re d u c in g  th e  

f r i c t i o n .  T es ts  made by th e  Bethlehem  S te e l  Co. (2) have 

shown t h a t  h a rd e n e d - s te e l  w ashers have two u s e fu l  p u rp o s e s :

a )  With th e  same to rq u e  a h ig h e r  te n s io n  i s  o b ta in e d , 

g e n e ra l ly  ab o u t tw ice  th e  te n s io n  o b ta in ed  when th e  n u t 

b e a rs  a g a in s t  th e  p l a t e .

b) When th e  same to rq u e  i s  a p p lie d  to  s e v e ra l  b o l t s ,  

a more u n ifo rm  te n s io n  i s  d ev e lo p ed .
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To t ig h te n  th e  n u t to  th e  d e s ire d  to rq u e , th re e  

t ig h te n in g  m achines may be u sed : 1 ) hand w rench, 2 ) im pact 

w rench, o r  3 ) ro ck  d r i l l .

1 ) Any hand wrench can  be used  to  t ig h t e n  ro ck  b o l t s ,  

b u t c e r t a i n  f e a tu r e s  a re  d e s i r a b le  in  a w rench used  f o r  t h i s  

p u rp o se . These f e a tu r e s  a r e :

a) S u f f ic i e n t  c le a ra n c e  betw een th e  h and le  and th e  

ro ck  f a c e .  T his c le a ra n c e  sh ou ld  be a minimum o f  2" and 

can  be g a in ed  w ith  e i t h e r  an o f f s e t  o r a deep s o c k e t.

b) S u f f ic i e n t  h an d le  le n g th  to  develop  a to rq u e  o f 

25>0 f t - l b s .  A lj.8 " hand le  i s  recommended.

c ) A b o x -ty p e  so c k e t to  p re v e n t s lip p a g e  w h ile  work­

in g  from  a s ta g in g  o r  in  h ig h  p la c e s .

d) A r a t c h e t  mechanism to  f a c i l i t a t e  o p e ra t io n  in  

co n fin ed  p la c e s  and f o r  speed o f  i n s t a l l a t i o n .

2) Pneum atic im pact w renches a re  com m ercia lly  man­

u fa c tu re d  f o r  ro ck  b o l t in g  p u rp o s e s . Two s p e c ia l  f e a tu r e s  

a re  d e s i r a b l e :

a) A to r q u e - in d ic a t in g  s c a le  o r  a c a l i b r a t i n g  de­

v ic e ,  so th a t  to rq u e  can be m easured .

b) A deep so c k e t to  accommodate th e  p r o je c t in g  end 

o f  th e  b o l t .  This so c k e t may be p u rch ased  o r fo rg ed  in  th e  

shop from  th ic k  w a lled  s t e e l  tu b in g . F ig u re  9 shows a recom­

mended so c k e t f o r  hex ag o n al n u ts .

E le c t r i c  to rq u e  w renches a v a i la b le  com m ercia lly  a re
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g e n e ra l ly  of i n s u f f i c i e n t  c a p a c i ty  f o r  ro ck  b o l t i n g .

When hand w renches a re  u se d , i t  shou ld  be k e p t in  

mind th a t  th e  dynamic c o e f f i c i e n t  o f  f r i c t i o n  i s  l e s s  th a n  

th e  s t a t i c  o n e . Thus, a n u t t ig h te n e d  to  th e  s p e c if ie d  

to rq u e  by a s e r i e s  o f  sm all a n g u la r  movements w i l l  produce 

a much low er te n s io n  in  th e  b o l t  th a n  t h a t  r e s u l t in g  from  

a co n tin u o u s r o t a t i o n .  Im pact w renches g iv e  co n tin u o u s r o ­

t a t i o n ,  hand w renches do n o t .

3 ) A lthough  m ost a t te m p ts  to  t ig h te n  n u ts  w ith  ro ck  

d r i l l s  have been  u n s u c c e s s fu l ,  a few s u c c e s s fu l  c a se s  prove 

th e  f e a s i b i l i t y  o f  t h i s  m ethod. I t  i s  b e le iv e d  t h a t  f a i l ­

u re s  were due to  low a i r  p r e s s u r e ,  the  use o f  lo w -to rq u e  

d r i l l s  a n d /o r  d e fe c t iv e  t ig h te n in g  t o o l s .

The I n te r n a t io n a l  N ic k e l Company o f Canada L td . (7) 

h as  had e x c e l le n t  r e s u l t s  u s in g  a 3 l / 8 " s to p e r  d r i l l .  An 

average o f  300 f t - l b s  o f  to rq u e  can  be ex p ec ted  from  th e  

r o t a t i o n  o f t h i s  machine when w orking a t  80 p s i  o r  o v e r .

T his average can be in c re a se d  a t  l e a s t  a n o th e r  100 f t - l b s  

by  u s in g  a 3 1 h an d le  a t ta c h e d  to  th e  d r i l l .  T h is h an d le  

a ls o  se rv e s  to  r e s i s t  th e  to rq u e  o f  th e  d r i l l .  When b o l t ­

in g  h o r i z o n ta l ly ,  the  s m a ll- s iz e d  a i r l e g  d r i l l  u sed  does 

n o t g ive  s u f f i c i e n t  to rq u e  f o r  t ig h te n in g  th e  n u t .

S ince a l l  ro ck  d r i l l s  have co u n te rc lo ck w ise  r o t a t i o n ,  

b o l t s  t ig h te n e d  w ith  d r i l l s  m ust have le f t - h a n d  th r e a d s .

The to o l  o r  d o l ly  used  f o r  t ig h te n in g  w ith  a ro ck
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d r i l l  can  be any dev ice  t h a t  co n n ec ts  th e  chtick o f  the  d r i l l  

w ith  th e  n u t .  The one shown in  f ig u re  10 p roved s a t i s f a c t o ­

ry  a t  th e  I n te r n a t io n a l  N ick e l Company o f  Canada L td . Three 

f e a tu r e s  should  be remembered in  the  d e s ig n  o f t h i s  to o l :

1 ) R ecessed  stem  to  keep the  p is to n  from  s t r ik in g  

th e  to o l  and a llo w  r o t a t i o n a l  movement o n ly .

2) The d ep th  o f th e  cup to  re c e iv e  th e  n u t shou ld  

be a t  l e a s t  s h o r te r  th a n  th e  n u t th ic k n e s s  to  av o id  any 

r o t a t i o n a l  f r i c t i o n  between th e  d o l ly  and the  b e a rin g  p l a t e .

3) The bo re  o f th e  d o l ly  shou ld  be deep enough to  

re c e iv e  the  p ro tru d in g  end o f  the  b o l t .

F or t ig h te n in g ,  one end o f  th e  d o lly  i s  p la c e d  in  

the  d r i l l  chuck and the  o th e r  end f i t s  th e  n u t . The s to p e r  

i s  c a r e f u l ly  a l l ig n e d  w ith  the  ro c k  b o l t  and th e  n u t i s  th e n  

t ig h te n e d , a t  f u l l  t h r o t t l e ,  u n t i l  r o t a t i o n  c e a s e s .  To speed 

the  o p e ra t io n , th e  e x te n s io n  h an d le  on th e  d r i l l  i s  o p e ra ted  

as a r a t c h e t  w rench when th e  d r i l l  r o t a t i o n  b eg in s to  h e s ­

i t a t e .  The to rq u e  power o f  th e  d r i l l  a t  th e  p o in t  where 

the  r o t a t i o n  b eg in s  to  h e s i t a t e  should  be m easured . T his 

should  be done b e fo re  the  machine i s  u sed  to  t ig h te n  n u ts .

In  ro ck  b o l t in g  i t  h as  been custom ary  p r a c t ic e  to  

use h ead e r boards betw een th e  b e a rin g  p l a t e  and th e  ro ck  

s u r fa c e . The purpose i s  to  d i s t r i b u t e  the  b o l t  lo ad  over 

a la r g e r  a re a  where s lo u g h in g  o f th e  ro ck  face  i s  a p rob lem . 

The h ead er bo ard s used  a re  g e n e ra l ly  12"x30,,x3n oak p la n k s .



The r e l a t i v e  advan tage o f th e  h ead er boards i s  g r e a t ly  o f f ­

s e t  by s e v e ra l  and more im p o rtan t d isa d v a n ta g e s  th a t  a re  

l i s t e d  below :

1) I f  th e  wood i s  n o t d ry  and c re o s o te d  i t  may 

s h r in k  w ith  a co n secu en t lo s s  o f  te n s io n  in  th e  b o l t .

2) C rush ing  o f th e  wood around the  b o l t  h o le  a ls o  

cau ses  lo s s  o f  te n s io n .  This can  be p a r t i a l l y  improved by 

u s in g  w ider b e a r in g  p la te s  to  d i s t r i b u t e  the  lo ad  over a 

g r e a te r  a re a  o f th e  h ead e r b o a rd .

3) I f  th e  board  i s  loaded  in  bending because o f un­

even b e a rin g  w ith  th e  ro ck , i t  may bow and a ls o  cause a
.

r e la x a t io n  o f b o l t  te n s io n .

Ij.) Wood r o t s  w ith  tim e and lo o se s  i t s  com pressive 

s t r e n g th  cau s in g  a com plete lo s s  o f  te n s io n  in  th e  b o l t .  

Once th e  h ea d e r  board  has f a i l e d  a l l  th e  b o l t  assem bly 

w i l l  f a i l  s in c e  i t  canno t be r e p la c e d .

F or th e  p re v io u s  r e a s o n s , wooden h ead e rs  sh ou ld  n o t 

be u se d , ex cep t when openings have an ex p ec ted  s h o r t  l i f e  

such as i n  c u t and f i l l  s to p e s  in  m in es.
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THE EXPANSION-SHELL TYPE OF ROCK BOLT

CHAPTER 3

D e s c r ip t io n .

The e x p a n s io n -s h e l l  type o f rock  b o l t  i s  a s t e e l ,  

b a r  o f c i r c u l a r  c ro s s  s e c t io n ,  th rea d ed  a t  one end and 

headed on the  o th e r  end. An e x p a n s io n -s h e l l  f i t s  on the 

th re a d e d  end and a b ea rin g  p la te  i s  p la c e d  a t  th e  headed 

end. (P le a se  n o te  f ig u re  1 1 ) . The expansion  s h e l l  con­

s i s t s  o f a le a f - ty p e  s h e l l  and a p lu g  th rea d ed  on the  in s id e .

The b o l t  i s  p la c e d  in  the  d r i l l  h o le  u n t i l  o n ly  the  

head w ith  the  b e a rin g  p la te  rem ains ou t o f the  h o le . W ith 

a t ig h te n in g  m achine, th e  b o l t  i s  t ig h te n e d  from  the  h ead . 

With the  r o t a t i o n  o f th e  shank , the  th read ed  p lu g  moves t o ­

w ards th e  narrow  p a r t  o f th e  s h e l l .  (P le a se  no te  f ig u re  1 2 ). 

S ince the  p lu g  and th e  i n t e r i o r  o f  the  s h e l l  a re  ta p e re d , 

th e  w ed g e -e ffec t cau ses  the  le a v e s  o f th e  s h e l l  to  expand, 

a g a in s t  th e  w a lls  o f the d r i l l  h o l e . As th e  r o t a t i o n  con­

t in u e s  and the  p lu g  canno t be drawn f u r th e r ,  th e  b o l t  i s  

te n s io n e d  betw een th e  anchored s h e l l  and th e  b e a rin g  p l a t e .

In  European m ines, a v a r i a t io n  of th e  c o n v e n tio n a l 

e x p a n s io n -s h e ll  b o l t  i s  u se d . I t s  d i s t i n c t i v e  f e a tu r e  i s  

i s  th e  rep lacem en t o f  th e  headed end w ith  an o th e r  th re a d e d  

end, n u t and b e a rin g  p l a t e ;  the  same as in  th e  s l o t  and wedge 

b o l t .
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In  th e  p r e s e n t  th e s i s  when ro ck  b o l t s  a re  r e f e r r e d  to  as 

th e  e x p a n s io n -s h e l l  ty p e , i t  i s  in te n d ed  to  mean th e  con­

v e n t io n a l  ty p e , ex cep t where in d ic a te d .

K in d s .

E x p a n s io n -sh e ll  type o f ro ck  b o l ts  a re  m anufactu red  

in  a v a r ie ty  o f  d e s ig n s , w ith  s e v e ra l  d e t a i l s  and improvements 

th a t  makes i t  d i f f i c u l t  to  c l a s s i f y  them c l e a r l y .  The d i f ­

f e re n c e s  among them a re  in  the  rod  d iam ete r and in  th e  de­

s ig n  o f the  exp an sio n  s h e l l .

Almost a l l  o f  the  e x p a n s io n -s h e l l  b o l t s  a re  made in  

one o f the  fo llo w in g  d ia m e te rs : 5 /8 ” , 3/k" o r  7 /8 " .  The

3/ij." b o l t  was the  f i r s t  one used  w ith  an expansion  s h e l l .

I t  was made o f t h i s  d iam e te r  because  the  expansion  s h e l l  

f i r s t  used  had an average an ch o rin g  s t r e n g th  c lo se  to  the  

y ie ld  lo ad  o f th e  3/J4." b o l t .  A g r e a te r  d iam ete r would have 

been u s e le s s  s in c e  f a i l u r e  would s t i l l  have been a t  th e  a n c h o r. 

A sm a lle r  d iam e te r  would have low ered the  s t r e n g th  o f  th e  

b o l t .  L a te r  on, a 5 /8 "  b o l t  made o f  h ig h - s t r e n g th  s t e e l  

was dev e lo p ed . The h ig h - s t r e n g th  s t e e l  gave th e  5 /8 "  b o l t  

th e  same t e n s i l e  s t r e n g th  a s  th e  3/V ‘ b o l t  made o f  r e g u la r  

s t r e n g th  s t e e l .

The h ig h - s t r e n g th  5 /8 "  b o l t ,  f o r  eq u a l t e n s i l e  s t r e n g th  

has th re e  main advan tages over the  r e g u la r - s t r e n g th  3/V' 
b o l t :

1 ) Lower c o s t  p e r  u n i t ,  abou t 95 p e r  c e n t o f  the



h i

c o s t  o f th e  3/ V  b o l t ,

2} Lower w eigh t p e r  u n i t ,  abou t 70 p e r  c e n t o f the 

w eigh t o f  th e  3 /V  b o l t .  L ig h te r  m a te r ia ls  r e s u l t  i n  low er 

c o s ts  o f  t r a n s p o r ta t io n  and h a n d l in g .

3 ) l|-2 p e r  c e n t g r e a te r  l i n e a r  d efo rm atio n  th a n  th e  

3/k" b o l t .

T his l a s t  advan tage can b e s t  be i l l u s t r a t e d  w ith  

the  r e s u l t s  o b ta in ed  by th e  Ohio B rass Company’s la b o ra to ry  

t e s t s  (2 1 ) . The r e s u l t s  have been p lo t t e d  as g rap h s and 

a re  shown in  f ig u re  13* Assume th a t  one lj.8" - lo n g  b o l t  o f 

each s iz e  ( h ig h -s tr e n g th  5 /8 "  and r e g u la r - s t r e n g th  3 /V ')  

i s  t ig h te n e d  to  an  i n s t a l l e d  te n s io n  o f 10,000 l b s .  Both 

b o l t s ,  o f  c o u rs e , show c e r t a in  amount o f e lo n g a tio n  under 

t h i s  te n s io n .  Suppose t h a t  due to  an e x te r n a l  cause ( p la s ­

t i c  flow  o f the  ro ck  a t  th e  anchor or sh rin k ag e  o f board  

h e a d e rs , i f  u s e d ) , movement o ccu rs  l a t e r  w hich red u ces  th e  

amount o f  e lo n g a tio n  in  b o th  b o l t s  by 0 .0 3 ” , The r e s u l t i n g  

te n s io n  in  the  5/ 8 n b o l t  w i l l  be 5>300 lb s ;  in  th e  3 /V ' b o l t  

on ly  3 ,600  l b s .  The m ain tenance o f b o l t  te n s io n  b e ing  a 

b a s ic  elem ent f o r  good ro c k  b o l t  perfo rm ance , th e  advan tage 

o f th e  5 / 8 ” b o l t  i s  e v id e n t .

W ith th e  improvement o f  exp an sio n  s h e l l s ,  h ig h e r  

an ch o rin g  s t r e n g th s  were ac h iev e d , th u s  ju s t i f y i n g  th e  use 

o f  b o l t  shanks w ith  h ig h e r  t e n s i l e  s t r e n g th .  B o lts  7/ 8 " 

in  d iam e te r  w ith  e x t r a  s tro n g  s h e l l s  began to  be used  to
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su p p o rt heavy g round . A lso , h ig h - s t r e n g th  s t e e l  3/V * h o l t s  

and l a t e r  h ig h - s t r e n g th  7 /8 "  b o l t s  were d ev e lo p ed . Today, 

b o l t s  o f th e  th re e  d ia m e te rs  and o f b o th  ty p es o f  s t e e l  a re  

u se d . F or th e  same d ia m e te r , the  h ig h - s t r e n g th  s t e e l  g iv e s  

abou t 2% p e r  c e n t h ig h e r  t e n s i l e  s t r e n g th .  The 5 /8 "  b o l t  

made o f r e g u la r - s t r e n g th  s t e e l  and w ith  sm all s h e l l s  should  

be used  in  ro ck  where the  lo a d s  a re  khown to  be v e ry  sm all 

and th e  l i f e  o f  th e  opening i s  s h o r t .  7 /8 "  b o l t s ,  e s p e c ia l ­

ly  th o se  made o f h ig h - s t r e n g th  s t e e l ,  g e n e ra l ly  have a te n ­

s i l e  s t r e n g th  much h ig h e r  th a n  th e  an ch o rin g  s t r e n g th  o f 

t h e i r  s h e l l s ,  so t h e i r  use i s  seldom  j u s t i f i e d .  The d is a d ­

v an tag es o f  the  r e g u la r - s t r e n g th  3/It." b o l t  h as  been d is c u s ­

sed b e fo re ,  so t h i s  le a v e s  th e  h ig h - s t r e n g th  5 /8 "  and 3 /k n 

b o l t s  as th e  most u s e fu l  f o r  th e  m a jo r i ty  o f  a p p l ic a t io n s .

The th re a d  in  th e  b o l t  can  be c u t o r  r o l l e d .  Advan­

ta g e s  o f the  r o l l e d  th re a d s  were d is c u s se d  on page 6 .

There i s  a g r e a t  v a r i e ty  o f expansion  s h e l l s  in  a c t ­

u a l  u s e , b u t acco rd in g  to  th e  p r in c ip le  by w hich th e y  p ro ­

v id e  an ch o rag e , th e y  can be c l a s s i f i e d  in to  th re e  c a te g o r ie s :

1) S ta n d a rd , 2) B a i l ,  3 ) W edge-nut.

1) The s ta n d a rd  type o f exp an sio n  s h e l l  i s  shown in  

f ig u re s  12 and ll^ -a . I t s  p a r t s  a re  a f o u r - l e a f  s h e l l  and a 

p lu g  th rea d ed  in  the  i n t e r i o r .  A ll  s h e l l s  o f  t h i s  type a re  

s im i la r  and v ary  on ly  in  the  k in d  of s e r r a t io n s  on th e  o u t­

s id e  o f th e  s h e l l  and th e  shape o f  th e  le a v e s .
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The p lu g  i s  a sem i-cone w hich has e i t h e r  f l a t t e n e d  s id e s  to  

b ea r  a g a in s t  th e  in s id e  o f  the le a v e s  o r  sm a ll r i b s  th a t  

f i t  in to  the  sp aces betw een the  le a v e s .

In  th e  base  o f  th e  s h e l l  th e re  i s  a h o le  th ro u g h  

w hich the  th rea d ed  p a r t  o f  th e  b o l t  p a s s e s .  S ince the  s h e l l  

i s  n o t th re a d e d , i t  i s  h e ld  in  p la c e  u n t i l  s e t  in  th e  d r i l l  

h o le  by one o f two means. One type  has two p re s se d  e a rs  in  

th e  b o l t  j u s t  below th e  th re a d s  th a t  h o ld s  th e  s h e l l  in  p la c e  

and th e  o th e r  h as  a p a ln u t screw ed under th e  s h e l l  b a s e .

Both g iv e  s a t i s f a c t o r y  r e s u l t s .

The common f e a tu r e  o f a l l  s ta n d a rd  ty p e s  o f  expan­

s io n  s h e l l s  i s  th e  c o n ic a l  ex p an sio n  o f the  le a v e s .  When ; 

th e  p lu g  i s  drawn tow ards th e  base o f th e  s h e l l  th e  le a v e s  

open in  the  shape o f an  in v e r te d  cone whose v e r te x  i s  below 

th e  s h e l l ’ s b a s e . (P le a se  no te  f ig u re  1 5 -a ) .

2) The b a i l  type o f expansion  s h e l l  i s  shown in  f i g ­

u re  llp -b . I t s  e s s e n t i a l  p a r t s  a re  a tw o-p iece  s h e l l ,  a b a i l  

and a p lu g . The s e r r a t io n s  on the  o u ts id e  o f  th e  s h e l l  gen­

e r a l l y  ex ten d  th e  f u l l  le n g th  o f  th e  s h e l l .  Some m anufac­

tu r e r s  c u t  a s l o t  a t  th e  c e n te r  o f  each  s h e l l - h a l f  th u s  d iv ­

id in g  each  h a l f  in to  le a v e s .  The b a i l  p a s se s  o v er the  two 

r e c e s s e s  on th e  p lu g  and i s  secu red  e i t h e r  to  th e  top  o f th e  

s h e l l  o r ,  when s l o t t e d  s h e l l s  a re  u se d , to  th e  bo ttom  o f th e  

s h e l l .  S h e l l  and b a i l  a re  a ls o  made in  one p ie c e .  The b a i l  

p ro v id e s  tem porary  su p p o rt to  h o ld  th e  s h e l l  b e fo re  s e t  in
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th e  h o le ,  th u s  n o t r e q u i r in g  th e  use o f  p re s se d  e a rs  o r p a l -  

n u t .  The p lu g  can  be a sem i-cone , as th e  one used  w ith  s ta n d ­

a rd  s h e l l s ,  o r  a com plete cone .

The b a i l  s h e l l  a ls o  has a c o n ic a l  ex p an sio n , b u t 

in  th e  shape o f  a cone whose v e r te x  i s  over th e  s h e l l .

(P le a se  n o te  f ig u r e  l £ - b ) . A s p e c ia l  type o f  b a i l  s h e l l  

has a c y l in d r i c a l  expansion  due to  a s p l i t e d  b a i l ,  (p le a se  

no te  f ig u re  l £ - c ) .  U n ti l  s e t  in  th e  d r i l l  h o le ,  t h i s  sp e­

c i a l  type  o f b a i l  s h e l l  i s  h e ld  in  p la c e  w ith  a t h in  w ire  

r in g  w hich b reak s  d u rin g  ex p an s io n .

3) The wedge n u t type  o f  expansion  s h e l l  i s  shown 

in  f ig u re  llp -c . I t  i s  made o f a c y l in d r i c a l  s h e l l  c u t in  

h a lv e s  t h a t  a re  a rran g ed  d ia g o n a lly .  One o f th e  h a lv e s  i s  

th re a d e d  in  the  in s id e  and the  o th e r  i s  n o t .  The u n th read ed  

h a l f  i s  l a r g e r  and has a c i r c u l a r  base  on the  to p . T his 

' type o f s h e l l  has a c y l in d r i c a l  ex p an sio n  a s  i l l u s t r a t e d  in  

f ig u re  15 -d .

Anchorage S tu d y .

When the  ro c k  b o l t  i s  p la c e d  in  th e  d r i l l  h o le  and 

i s  r o ta te d  from  th e  h ead , th e  whole b o l t  te n d s  to  r o t a t e .  

However, c o n ta c t  betw een th e  exp an sio n  s h e l l  and th e  w a ll  

o f  the  d r i l l  h o le  p re v e n ts  the  s h e l l  from  tu r n in g . The 

p lu g  canno t r o t a t e  in s id e  th e  s h e l l ,  th e re fo r e  i t  i s  drawn 

onto  th e  th r e a d s . B oth , th e  p lu g  and th e  i n t e r i o r  o f  the  

s h e l l ,  a re  ta p e re d  b u t i n  o p p o s ite  d i r e c t i o n s ,  th u s  th e  wedge



a c t io n  causes t h e . s h e l l  to  expand. The ex p an sio n  o f th e  

s h e l l  cau se s .a■ d e fo rm a tio n  in  the  ro ck  which r e s u l t s  i n  an 

en largem ent o f  th e  d r i l l  h o le  a t  th e : an c h o r. The b o l t  i s  

anchored  when th e  v e c to r i a l  sum o f : the  fo llo w in g ' fo rc e s  eq u a ls  

the  te n s io n  te n s io n  caused  by th e  to rq u e  a t  th e  head : (P lease

n o te  f ig u re  1 2 )

> a ) Com pressive fo rc e  betw een th e  e x t e r io r  o f  the  . 

s h e l l  and th e  w a lls  o f  th e  d r i l l  h o le .  -

V b) F r i c t i o n a l  fo rc e  betw een th e  i n t e r i o r  o f th e  

s h e l l  and th e  e x t e r io r  o f  th e  p lu g . ■

c ) F r i c t i o n a l  fo rc e  betw een the  th re a d s  o f th e  p lu g  

and: th e  th re a d s  o f  th e  ro d .

d) F r i c t i o n a l  fo rc e  betw een the  head  o f  th e  ro d  and

th e  b e a r in g  p l a t e .  • . - v

iv ’ The r a t e  of in c re a s e  o f  fo rc e  (a ) depends on the

com pressive s t r e n g th  o f  th e  ro c k . Hard ro ck s  w i l l  s ta n d  a 

la rg e  fo rc e  (a ) w ith  l e s s  d e fo rm atio n  th an  th e  s o f t e r  ro c k s . 

I f  a : l a r g e  fo rc e  (a) i s  a t t a in e d  w ith  l i t t l e  d e fo rm a tio n  o f , 

th e  d r i l l  h o le ,  anchorage w i l l  be weak. I f  fo rc e  ( a ) ; i s  ex­

trem e ly  sm a ll, the  s h e l l  w i l l  expand w ith  l i t t l e  r e s i s ta n c e  

u n t i l  th e  p lu g  reac h es  the  base  o f  th e  s h e l l .  ;

 ̂ ■- Force (b) h as  a v e ry .s m a ll  va lue  compare w ith  fo rc e

(a) and v a r ia t io n s  in  i t  have no in f lu e n c e  in  anchorage p e r ­

form ance. The f r i c t i o n a l  fo rc e  ( c )’ in  th e  th re a d s  p roduces 

a r e s i s t i n g  to rq u e  in  o p p o site  d i r e c t io n  to  the  to rq u e  ap ­



p l i e d  on the  h e a d . When th e  th re a d s  o f  th e  p lu g  o r /a n d  th e  

rod  a re  damaged, fo rc e  (c ) can  be s in g u la r ly  l a r g e .  For 

t h i s  re a so n  th e  re u se  o f ro ck  b o l t s  i s  n o t a d v is a b le ,  b e­

cause most o f  th e  to rq u e  a p p lie d  a t  th e  head w i l l  be used  

to  overcome f r i c t i o n  a t  th e  damaged th r e a d s .

F o rce (d ) i s  by f a r  th e  g r e a t e s t  r e s i s ta n c e  o f fe re d  

to  r o t a t i o n .  I t s  m agnitude depends on th e  b e a r in g  betw een 

th e  head  and th e  p la te  and on th e  n a tu re  o f  th e  s u r f a c e s .

When the  b o l t  i s  n o t p e rp e n d ic u la r  to  the  b e a r in g  p l a t e ,  

fo rc e  (d) i s  g r e a t e r .  The use  o f  a hardened  s t e e l  w asher 

betw een th e  head and th e  b e a rin g  p la te  red u ces  c o n s id e ra b ly  

fo rc e  ( d ) .

A f te r  th e  downward m otion  o f th e  p lu g  i s  s topped  

by  the  r e s i s t i n g  f o r c e s ,  c o n tin u in g  r o t a t i o n  s t r e s s e s  th e  

b o l t  in  te n s io n .  S t r i c t l y  sp eak in g , te n s io n  s t a r t s  b e fo re  

th e  p lu g  i s  a r r e s t e d ,  b u t m ost o f t h i s  te n s io n  i s  used  in  

p ro d u cin g  movement. I t  i s  a f t e r  the  p lu g  m otion s to p s  t h a t  

th e  f i n a l  b o l t  te n s io n  i s  a c h ie v e d . When te n s io n  i s  a p p l ie d ,  

th e  s h e l l  ten d s  to  be p u l le d  downward b u t i s  h e ld  in  p la c e  

because o f  th re e  re a s o n s :  th e  f r i c t i o n  betw een th e  s h e l l  and 

th e  ro c k , the  b ig g e r  d iam ete r o f  th e  s h e l l  due to  ex p an sio n , 

and the  g r ip  o f  th e  s e r r a t i o n s .

I f  th e  ro ck  a t  the  anchor i s  weak under com pression  

and sh e a r , i t  w i l l  n o t s tan d  th e  fo rc e  caused  by th e  down­

ward p u l l  o f  th e  s h e l l .  The ro ck  w i l l  be p l a s t i c a l l y  de-
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formed and sh eared  and a s l i p  w i l l  s t a r t  betw een s h e l l  and 

ro c k . The dynamic c o e f f i c i e n t  o f  f r i c t i o n  i s  sm a lle r  th a n  

th e  s t a t i c  one, so sm a lle r  r e s i s ta n c e  w i l l  be o f fe re d  to  

th e  s l i p .  The s l i d in g  c o n tin u e s  u n t i l  te n s io n  i s  l o s t  and by 

t h i s  tim e th e  d r i l l  h o le  i s  b ad ly  deformed and anchorage i s  

im p o ss ib le . I f  a ro ck  o f such weakness i s  en co u n te red  i t  

can be s a id  t h a t  ro ck  b o l t s  canno t su p p o rt i t .  The p re c e ­

d ing  d e s c r ip t io n  o f anchorage f a i l u r e  fo llo w s  th e  same p a t ­

t e r n  when a p ro p e r ly  anchored  b o l t  i s  s u b je c t  to  e x c e ss iv e  

lo a d in g . As the lo a d  b u ild s  upon an i n s t a l l e d  ro ck  b o l t ,  

th e  e f f e c t  on th e  anchorage i s  th e  same as i f  the  head  was 

be in g  t ig h te n e d .

H olding C a p a c ity .

S e v e ra l f a c to r s  de term ine  the  c a p a c i ty  o f  a ro ck  

b o l t  to  s ta y  in  p la c e  and w ith s ta n d  lo ad s  e x e r te d  upon i t .

For th e  e x p a n s io n -s h e ll  ty p e  o f ro ck  b o l t s  th e  f a c to r s  a re  

the  fo llo w in g :

a) Kind o f  s t e e l  and d iam ete r of th e  ro d .

b) T ig h ten in g  dev ice  o f  th e  b o l t .

c) Type o f  expansion  s h e l l .

d) D r i l l  h o le  d ia m e te r .

e) E x ce llen ce  o f  i n s t a l l a t i o n .

f ) Kind and c o n d i t io n  o f  th e  ro ck  a t  th e  a n c h o r,

a) The t e n s i l e  s t r e n g th  o f a s t e e l  ro d  depends on the

d iam e te r o f  th e  ro d  and the  k in d  o f s t e e l  o f  w hich i t  i s



made. 'When made o f r e g u la r  s t r e n g th  s t e e l ,  t y p ic a l  lo a d s  

th a t  ro d s o f v a r io u s  d iam e te rs  can  su p p o rt w ith in  th e  p ro p o r­

t i o n a l  s t r e t c h  o f  th e  s t e e l  a r e :

5 /8 " 1 2 ,2 0 0 lb s

3 A " 1 6 ,8 0 0 lb s

7 /8 " 23,000 lb s

When h ig h - s t r e n g th  s t e e l  i s  used  the  v a lu e s  a re  ab o u t 25 

p e r  c e n t h ig h e r .

b) When the  ro ck  b o l t  i s  b e ing  t ig h te n e d ,  to rq u e  

i s  r e q u ir e d  to  overcome f r i c t i o n  betw een th e  head and th e  

b e a rin g  p l a t e ,  and in  the th r e a d s .  The r e s i s t i n g  to rq u e  

in  the  th re a d s  p roduces an e q u a l an  o p p o s ite  to rq u e  in  the  

ro d . The com bination  o f t e n s i l e  s t r e s s  and sh e a rin g  s t r e s s  

(caused  by the  to rq u e )  makes th e  b o l t  y ie ld  a t  a low er te n ­

s i l e  lo ad  th a n  when in  pure te n s io n .  The g r e a te r  th e  to rq u e  

the  low er th e  t e n s i l e  lo ad  a t  y ie ld .  For t h i s  re a s o n  a sp e ­

c i a l  e x p a n s io n -s h e l l  type o f  ro ck  b o l t  i s  p ro v id ed  w ith  a 

n o n -to rq u e  t ig h te n in g  d e v ic e . In s te a d  o f a head  t h i s  b o l t  

has a th re a d e d  end . The b o l t  i s  p la c e d  in  th e  d r i l l  h o le  

le a v in g  p a r t  o f th e  th re a d s  ou t o f  th e  h o le .  A sm all square  

h ead , w ith  g-" o f  th re a d s  in  the  in s id e ,  i s  screwed on th e  

end o f the  b o l t  and used  f o r  r o t a t i n g  th e  b o l t  to  expand th e  

s h e l l .  A f te r  th e  b o l t  i s  ancho red , th e  head  i s  removed and 

a b e a rin g  p l a t e  i s  p la c e d  over th e  b o l t ;  a n u t i s  th en
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t ig h te n e d  to  th e  d e s ire d  to rq u e . The advantage o f t h i s  b o l t  

i s  t h a t  te n s io n  i s  a t t a i n e d  w ith o u t tw is t in g  th e .s h a n k , so 

f o r  eq u a l c o n d i tio n s  t h i s  b o l t  can  su p p o rt h ig h e r  lo a d s  : 

th a n  the  r e g u la r  headed one.

A b o l t  t ig h te n e d  by to rq u e  can  y ie ld  a t  loads

as low as  10,300  lb s ;  w h ile  th e  same b o l t  t ig h te n e d  in  te n ­

s io n  on ly  w i l l  r a r e l y  y ie ld  below 1^,000 lb s .  Rock b o l t s  

t h a t  a r e : t ig h te n e d .w ith o u t  to rq u e  a re  u s u a l ly  p r e f e r a b le .

c ) The type o f ex p an sio n  s h e l l  used  w i l l  in f lu e n c e  

anchorage p erfo rm an ce . I t  was m entioned b e fo re  t h a t  when 

a b o l t  i s  te n s io n e d , the  s h e l l  i s  k e p t in  p la c e  by : th e  

f r i c t i o n  betw een s h e l l  and ro c k , the  b ig g e r  d ia m e te r  o f th e  

s h e l l  due to  ex p an sio n , and th e  g r ip  o f th e  s e r r a t i o n s .

The f r i c t i o n  depends on the  n a tu re  o f  the  ro c k  and the  a re a  

o f c o n ta c t .  The lo n g e r th e  s h e l l  th e  b ig g e r  th e  c o n ta c t  

a r e a ,  b u t a ls o  th e  b ig g e r  th e  te n s io n  needed to  expand the 

s h e l l ; ,  t h i s  i s  why e x t ra  long  s h e l l s  a re  n o t ad v an tag eo u s.

The w edge-nut and the  s p l i t - b a i l ( - * )  ty p e s  o f  s h e l l s  have 

the  g r e a t e s t  a re a  o f  c o n ta c t  p e r  u n i t  le n g th ,  th e  b a i l  type 

has the  n e x t g r e a t e s t  a re a  and th e  s ta n d a rd  type has the  l e a s t  

a r e a .  The te n s io n  re q u ire d  to  expand th e  s h e l l  v a r ie s  d i - .  

r e c t l y  as the  a re a  o f  c o n ta c t .  The amount o f  f r e e  expansion

The s p l i t - b a i l  s h e l l  i s  the  v a r i a t io n  o f the  reg u ­
l a r  b a i l  type which has a s p l i t e d  b a i l .  I t  i s  shown in  
f ig u re  15- c .



(ex p an sio n  o u ts id e  the  d r i l l  h o le )  in  the  s h e l l  depends on 

the  ang le  o f ta p e r  and th e  th ic k n e s s  o f  the  p lu g . The b e s t  

ang le  h as  been found to  be 6 d e g re e s . The th ic k n e s s  o f  the 

th ic k  end o f th e  p lu g  depends on the  r e l a t i v e  d im ensions o f 

each  s h e l l ,  b u t i t  shou ld  be such th a t  w ith  maximum expansion  

the s h e l l  w i l l  be 3/ l 6 n w id er th a n  th e  d r i l l  h o le  d ia m e te r . 

This i s  n o t a b s o lu te  and in  some ro ck s th ic k e r  p lu g s  may 

g ive  b e t t e r  an ch o rag e , t h i s  can  on ly  be determ ined  by ex­

p e r im e n ta t io n .

When th e  same te n s io n  i s  a p p lie d  to  th e  d i f f e r e n t  

ty p es  o f  s h e l l s ,  th e  b a i l  type h as the  h ig h e s t  expansion  

fo rc e  because th e  moment arm in c re a s e s  as th e  p lu g  i s  drawn 

onto  the  th r e a d s . In  the  s ta n d a rd  type th e  moment arm de­

c re a s e s  w ith  th e  ru n  o f th e  p lu g . T his c h a r a c t e r i s t i c  of 

th e  b a i l  type i s  advantageous because th e  r e s i s ta n c e  o f the 

ro ck  to  ex pansion  in c re a s e s  a s  th e  p lu g  i s  drawn onto  th e  t ' ■ 

th r e a d s . I t  i s  in  th e  l a s t  in s ta n c e s  o f the  ex p an sio n  p ro ­

ce ss  t h a t  most expanding fo rc e  i s  needed . The s p l i t - b a i l  

and w edge-nut ty p e s  do n o t have a moment arm, th e re fo r e  the 

expanding fo rc e  i s  u n ifo rm  th ro u g h o u t the  ex p an sio n  p ro c e s s .

d) The d iam ete r o f  th e  d r i l l  h o le  i s  g r e a t ly  i n f l u ­

enced by th e  d e s ig n  o f th e  s h e l l ;  d i f f e r e n t  m a n u fa c tu re rs  

recommend d i f f e r e n t  h o le  d ia m e te rs . I t  i s  d i f f i c u l t  to  r e ­

l a t e  h o le  d ia m e te rs  w ith  ty p e s  o f s h e l l s  m ile s  s h e l l s  a re  

c a ta lo g u e d  ac co rd in g  to  th e  m a n u fa c tu re rs . The fo llo w in g
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ta b le  g iv e s  th e  most common d iam e te rs  used  acco rd in g  to  th e  

b o l t  d iam ete r  and th e  type  o f s h e l l :

B o lt D iam eter 5 /8 " 3/it"  7 /8"

Type o f S h e ll D r i l l  Hole d ia m e te r , in  in ch es

S tandard i  i A 1 3 /8

1 5 A 6 1 1 /2

1 3 /8 1 5 /8

B a il 1 3 /8 1 3 /8

1 1 /2 1 1 /2

S p l i t - b a i l 1 1 /2 1 5 /8  1 5 /8

1 5 /8

Wedge-nut 1 9 /16

Of a l l  th e  above f ig u r e s  th e  m ost used  in  s ta n d a rd  

and b a i l  ty p e s  i s  1 3 /8"  and in  s p l i t - b a i l  type 1 For

the s o f t e r  ro c k s , b e t t e r  anchorage i s  o b ta in ed  w ith  sm a lle r  

h o le s  and f o r  h a rd  ro ck s  b e t t e r  anchorage i s  o b ta in e d  w ith  

l a r g e r  h o l e s •

I t  i s  s a id  t h a t  v a r ia t io n s  in  h o le  d ia m e te r  o f  l / l 6 "  

can have d e tr im e n ta l  e f f e c t s  on an ch o rin g  s t r e n g th ,  i f  such 

i s  th e  case  the  o n ly  su re  way o f d e te rm in in g  th e  b e s t  h o le  

d iam e te r  i s  by t e s t i n g .

e) In  th e  l a s t  p a r t  o f th e  c h a p te r ,  a recommended 

i n s t a l l a t i o n  p ro ced u re  w i l l  be d e s c r ib e d .

f )  Anchorage s t r e n g th  i s  u l t im a te ly  d eterm ined  by 

th e  k in d  and c o n d i t io n  o f  th e  ro c k  a t  th e  a n c h o r . Rocks



vary  b ro a d ly  In  co m p o sitio n  and p r o p e r t ie s  and even the  

same ro ck  can have d i f f e r e n t  p r o p e r t ie s  in  d i f f e r e n t  lo c a ­

tio n s#  Hence, a c l a s s i f i c a t i o n  o f ro ck s  acco rd in g  to  t h e i r  

ancho ring  s t r e n g th  i s  u s e le s s .  The on ly  p o s i t iv e  way o f  

d e te rm in in g  th e  an ch o rin g  s t r e n g th  o f  a ro c k  i s  by t e s t i n g .  

O rganized t e s t s  must be done b e fo re  a b o l t in g  program  i s  

u n d ertak en  and th e  f i r s t  i n s t a l l a t i o n s  should  be done on 

a t r i a l  and e r r o r  b a s i s .

In  a g e n e r ic  se n se , i t  can  be s a id  t h a t  th e  ex p an sio n - 

s h e l l  type o f ro ck  b o l t  ancho rs b e s t  in  s o f t  and medium h a rd  

ro c k s . By s o f t  i t  i s  meant s h a le s  o r  c o a l and n o t unconso­

l id a te d  m a te r ia l .

I n s t a l l a t i o n  P ro c ed u re .

I n s t a l l a t i o n  of the  e x p a n s io n -s h e l l  type o f  ro ck  

b o l t  r e q u ir e s  two d i s t i n c t  o p e ra t io n s :  d r i l l i n g  the  h o le

and t ig h te n in g  th e  b o l t .

The d r i l l i n g  o f th e  h o le  i s  done in  the  same way 

as ex p la in e d  f o r  th e  s l o t  and wedge b o l t s .  The o n ly  d i f ­

fe re n c e  i s  in  th e  d iam ete r o f  the  h o le  t h a t  i s  g e n e ra l ly  

b ig g e r  and depends on the  type o f  s h e l l  u se d . The le n g th  

o f  th e  ho le  i s  o f  no im portance s in c e  anchorage i s  n o t ob­

ta in e d  by s t r i k in g  a g a in s t  th e  bo ttom  of th e  h o le .  The 

on ly  p re c a u t io n  i s  to  make th e  h o le  a t  l e a s t  3 " lo n g e r  

th a n  th e  b o l t  le n g th .  Longer h o le s  a re  a w aste o f  d r i l ­

l in g  tim e b u t w i l l  n o t h in d e r  an ch o rag e .
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B efore p la c in g  th e  b o l t  in  th e  d r i l l  h o le ,  a b e a rin g  

p la te  i s  p assed  over the  th re a d e d  end o f th e  b o l t  and th e n  

th e  s h e l l  and p lu g  a re  i n s t a l l e d .  When u sin g  s ta n d a rd  ex ­

p an s io n  s h e l l s ,  th e  le a v e s  shou ld  o v e rla p  th e  p lu g  by be­

fo re  in s e r t io n  o f  th e  b o l t .  On th e  o th e r  ty p e s , the  p lu g  

o r wedge shou ld  be th rea d ed  on to  the  b o l t  th re e  or fo u r  

t u r n s . To save h a n d lin g  and i n s t a l l a t i o n  tim e , s h e l l s  and 

p lu g s  can be p u rch ased  assem bled on th e  b o l t s . In  th e se  

c a s e s ,  b e a rin g  p l a t e s  w ith  a T -hole a re  s l ip p e d  over th e  

head  o f the  b o l t  a f t e r  th e  s h e l l  has been in s e r t e d  in  th e  

d r i l l  h o le .

Once th e  b o l t  i s  in s e r t e d  in  th e  d r i l l  h o le  and th e  

p la te  i s  b e a r in g  f lu s h  a g a in s t  the  ro ck  s u r f a c e ,  a few tu rn s  

o f  th e  head  w i l l  expand th e  s h e l l  ehough to  keep th e  b o l t  

in  p la c e .  This i s  p a r t i c u l a r l y  u se fu l-  when ro ck  b o l t s  a re  

b e ing  i n s t a l l e d  overhead , because the  b o l t  need n o t be sup­

p o r te d  w h ile  a t ta c h in g  th e  t ig h te n in g  m achine.

When ap p ly in g  te n s io n  to  ro ck  b o l t s  i t  sh o u ld  be 

remembered th a t  th e  i n i t i a l  te n s io n  p lu s  any lo a d  th a t  w i l l  

b u i ld  up t h e r e a f t e r  sh o u ld  n o t re a c h  th e  y ie ld  p o in t  o f  th e  

s t e e l .  V arious a d v isa b le  te n s io n s  to  be a p p lie d  to  the  d i f ­

f e r e n t  s iz e s  o f  ro ck  b o l t s  a re  shown in  th e  ta b le  below :
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Average Y ie ld I n s t a l l e d R equ ired
Load in  lb s T ension  in  lb s T orque, f t - l b :

5 / 8" (a ) 11,000 5 ,000  -  7,000 105 -  150

(b) 15,000 6,000  -  8,000 125 -  170

3A "  (a) 15,000 6,000  -  8,000 150 -  200

(b) 22,000 6 ,000  -  8 ,000 150 -  200

7/ 8" (a) 22,000 11,000 300 (c)

(b) 30,000 15,000 400 (c)

(a) R e g u la r - s tr e n g th  s t e e l .

(b) H ig h -s tre n g th  s t e e l .

(c) These to rq u e s  shou ld  be o b ta in e d  w ith n o n -to rq u e  t i g h t

en ing  d ev ices  and u s in g  h a rd e n e d -s te e l  w ash e rs .

The U n ited  S ta te s  Bureau o f Mines (37 -b ) d term ined  

the  te n s  io n - to rq u e  r e l a t i o n  f o r  3 A-” "bo lts . I t  i s  th e  em­

p i r i c a l  fo rm ula shown below :

Tn = 39 .8  x Tr

Tn: te n s io n  in  the  shank , in  pounds.

T r: to rq u e  a p p lie d  to  th e  h ead , in  fo o t-p o u n d s .

The te n s io n  w i l l  be w ith in  + 2 ,880  lb s  in  90 p e r  c e n t o f 

the  c a se s  w ith  to rq u e s  up to  200 f t - l b s .  When to rq u e s  over 

200 f t - l b s  a re  d e s i r e d ,  t ig h te n in g  shou ld  be done w ith  non­

to rq u e  t ig h te n in g  d e v ic e s .

T ig h ten in g  can  be done w ith : hand w rench, im pact



w rench o r ro ck  d r i l l .  The p ro ce ss  and to o l s  used  a re  id en ­

t i c a l  to  th o se  d e s c r ib e d  fo r  s l o t  and wedge b o l t s .
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CHAPTER

SPECIFICATIONS FOR ROCK BOLTING

The com m ittee on Roof A ctio n  o f th e  American M ining 

C ongress, Coal D iv is io n , has recommended d im ensions and sp e­

c i f i c a t i o n s  f o r  ro ck  b o l t in g  m a te r ia l s .  The fo llo w in g  i s  

a summary o f th e  recom m endations su b m itted  to  th e  in d u s try  

as m ining s ta n d a rd s  ( -:t-) .

S te e l  S p e c i f i c a t io n : A ll  mine ro ck  b o l t s  s h a l l  be made o f 

o p en -h ea rth  o r e l e c t r i c  fu rn a c e  s t e e l s  acco rd in g  to  T en ta ­

t iv e  S p e c i f ic a t io n  f o r  C a rb o n -S tee l Bars s u b je c t  to  Mechan­

i c a l  P ro p e r ty  R equ irem en ts, American S o c ie ty  o f T e s tin g  Mat­

e r i a l s  (ASTM), D e s ig n a tio n  A-306 , l a t e s t  i s s u e .

Bars from  w hich ro ck  b o l t s  a re  made s h a l l  have the  

fo llo w in g  t e n s i l e  p r o p e r t i e s :

R e g u la r - s tr e n g th

T e n s ile  S tre n g th , p s i  60 ,000  m in.'

Y ie ld  P o in t ,  p s i  30,000 m in.

H ig h -s tre n g th  

80,000  m in. 

lj.0,000  m in.

E lo n g a tio n , m in. 
in  8" le n g th 1? p e t 12 p e t

T h read s: A ll  th re a d s  s h a l l  a c c e p t a C lass  2 "go" r in g  gauge.

The recom m endations do n o t in c lu d e  7 /8" b o l t s .

29



B o lt d iam e te r 1"
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5 /8 "3 /4 "

L ength o f th r e a d s ,  m in. 5" 3 3 /4 ” 3 3 /4 ”

T hreads p e r  in c h  8 10 11

B o lt Head M ark ings: The le n g th  in  in c h es  s h a l l  be marked on 

each b o l t  head . A ll 5 /8"  h ig h - s t r e n g th  b o l t s  s h a l l  be mark­

ed w ith  a  f iv e  p o in t  s t a r  o f  ap p ro x im a te ly  ir" in  s i z e .  A ll 

5/ 4" h ig h  s t r e n g th  b o l t s  s h a l l  be marked w ith  a  t r i a n g l e  o f 

ap p ro x im a te ly  £•" i n  s i z e .  Each b o l t  head s h a l l  be marked to  

i d e n t i f y  th e  m a n u fa c tu re r .

E xpansion  S h e l l s : M a te r ia l  f o r  expansion  s h e l l s  and p lu g s  s h a l l  

conform  to  th e  req u irem e n ts  o f  ASTM s p e c i f i c a t io n  f o r  M alleab le  

I ro n  C a s tin g s  A-47 l a t e s t  i s s u e ,  g rade  32510 , o r  s h a l l  be f o r ­

ged s t e e l  w ith  a maximum su lp h u r c o n te n t o f o . 23 p e r  c e n t .  

Wedges f o r  S lo t  and Wedge B o l ts : Wedges may be made o f  s t e e l  

o r  c a s t  m a lle ab le  i r o n  in  accordance w ith  th e  fo llo w in g :

S te e l  S p e c i f ic a t io n :  Same as f o r  r e g u la r - s t r e n g th  b o l t s ,  nam-

ly ;  o p e n -h e a rth  o r  e l e c t r i c  fu rn a ce  s t e e l s  i n  accordance w ith  

ASTM d e s ig n a tio n  A-306, l a t e s t  i s s u e .

C ast M a lleab le  I ro n  S p e c i f i c a t io n : M a te r ia l  f o r  m a lle a b le  i r o n  

wedges s h a l l  conform to  th e  req u irem e n ts  o f ASTM s p e c i f i c a t io n  

f o r  M a lleab le  I ro n  C a s tin g s  A-47, l a t e s t  i s s u e ,

G rad e:32510

L ength : 5&” M in ., 6 " max.

W idth: 3 /4 "
T h ick n ess : 3 /4 "  o r  7 /8 "  o r  1 " . Tapered to  c h is e l  p o in t  o f

1 /1 6 "  maximum th ic k n e s s .
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S lo t in  S lo t  and Wedge B o l t s :

W idth: 1/ 8 " max.

le n g th :  6 " m in.

H u ts : American s ta n d a rd  r e g u la r  square u n f in is h e d  n u t o r  Amer­

ic a n  S tandard  heavy hexagonal n u t w ith  fo llo w in g  d im en sio n s: 

H exagonal: 1 5 /8 "  x 1" tap p ed  1"

S q u are : 1 l / 2 "  x 7 /8 "  tap p ed  1"

B earing  P l a t e s : Any o p e n -h e a rth  o r  e l e c t r i c  fu rn ace  s t e e l s  

s u i t a b le  f o r  punching and sh e a r in g  may be u se d . I f  Bessem er 

s t e e l s  a re  used  th e  carbon  c o n te n t s h a l l  be 0.15  p e r  c e n t max­

imum and th e  manganese c o n te n t s h a l l  be 1 .0 0  p e r  ce n t maximum. 

T hickness i s  o p t io n a l ,  ex cep t th a t  p la te s  under 5 /16" b e a r in g  

d i r e c t l y  a g a in s t  th e  rock  s h a l l  be embossed.

Angle W ashers, T ies  and C h an n e ls : These p ro d u c ts  s h a l l  be made 

o f  o p e n -h e a rth  o r  e l e c t r i c  fu rn a ce  s t e e l s ,  i n  which th e  fo llo w ­

in g  s h a l l  n o t be exceeded:

Carbon: 0 .4 0  p e r  c e n t.

P hosphorus: 0 .0 4  p e r  c e n t .

S u lp h u r: 0 .05  p e r  c e n t.



CHAPTER 5

MISCELLANEOUS ROCK BOLTS

Under th e  name o f M isce llan eo u s a re  grouped a l l  th e  

ro ck  b o l t s  which do n o t f i t  in to  th e  two m ajor c l a s s i f i c a ­

t io n s  s tu d ie d  b e fo re .  Most o f  th e s e  b o l t s  a re  d esigned  f o r  

s p e c i f ic  u sag e . Even though th e  b o l t s  s tu d ie d  i n  t h i s  c h a p te r  

do n o t cover a l l  th e  b o l t s  u sed  today  f o r  su p p o rt p u rp o ses , 

each  one in tro d u c e s  a  new p r in c ip l e .

Wooden Rock B o l t s .

The use  o f  wooden ro ck  b o l t s  came in to  use d u rin g  th e  

Korean War when s t e e l  was s c a rc e . Very few a p p l ic a t io n s  o f 

wooden rock  b o l t s  a re  known and alm ost no re s e a rc h  has been done 

w ith  them . The sc a n ty  in fo rm a tio n  a v a i la b le  comes from  one 

o r  two fo rm er u s e rs  o f  which th e  Day Mine i n  Id ah o , USA, i s  th e  

most im p o r ta n t.

Wooden rock  b o l t s  u s u a l ly  v ary  from 1 5 /8"  to  2" in  

d ia m e te r  and have ap p ro x im a te ly  th e  same t e n s i l e  s t r e n g th  

as a 1" s t e e l  b o l t .  They a re  made from any s t r a ig h t - g r a in e d  

wood on a  dowel-m aking machine such  as th e  ty p e  used  in  m ines 

f o r  m ak in g ,lo ad in g  s t i c k s .  The wood i s  t r e a te d  to  r e s i s t  decay . 

The d r iv e n  end i s  l e f t  square f o r  6 " to  10" and each  end i s  

s l o t t e d  f o r  abou t 12" w ith  s l o t s  a t  r ig h t  an g le s  to  each  o th e r .  

Wedges o f wood, ab o u t 16" lo n g  by 1 5 /8"  wide w ith  a  b u t t  end 

1 " th ic k ,  a re  in s e r t e d  i n  th e  s l o t s .
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The h o le  f o r  a wooden ro ck  b o l t  i s  d r i l l e d  abou t 

1/ 8 " la r g e r  th a n  th e  b o l t  d iam ete r  and a few in ch es s h o r te r  

th a n  i t s  le n g th .  D riv in g  i s  done w ith  a d r i l l  and a d o l ly  

w hich f i t s  over th e  wooden b o l t  in  much th e  same way as  w ith  

a s t e e l  b o l t .  I f  a head board  i s  u se d , a h o le  i s  d r i l l e d  in  

i t  to  p ass  the  b o l t .  The head  board  o f any d e s ire d  le n g th  

and abou t 3 " th ic k  i s  pushed a g a in s t  th e  rock  and th e  o u te r  

wedge in  the  b o l t  i s  d r iv e n  w ith  a ja c k . E x cessiv e  le n g th  

i s  th e n  c u t o f f .

The m a te r ia l  c o s t  f o r  wood b o l t in g  i s  c o n s id e ra b ly  

l e s s  th a n  f o r  s t e e l  b o l t in g .  A wooden b o l t  c o s ts  a p p ro x i­

m ate ly  25> to  30 p e r  c e n t o f an  e q u iv a le n t  s t e e l  b o l t .  Wooden 

b o l t s  a re  more e a s i l y  damaged by b la s t in g  and th e y  a re  n o t 

as s u i t a b le  f o r  use  as a u x i l i a r y  h an g ers  o f p ip e  and c o n d u its  

as s t e e l  b o l t s .  T h e ir  l i f e  i s  u s u a l ly  le s s  th an  th a t  o f 

s t e e l  b o l t s .

The main a p p l ic a t io n  f o r  wooden b o l t s  i s  in  w et 

g round . The a b i l i t y  o f  th e  wood to  abso rb  m o is tu re  cau ­

ses i t  to  expand, making c o n ta c t  w ith  th e  s id e s  o f  the  h o le  

a lo n g  a l l  th e  le n g th  o f the  b o l t .  However, weakness in  

:sh e a r  and bend ing  l im i t s  th e  use of wooden ro ck  b o l t s .

P e rfo  B o l t .

i The P e rfo  b o l t  c o n s is t s  o f  p e r f o r a te d  s t e e l  h a l f ­

s le e v e s  t h a t  a re  f i l l e d  w ith  m o rta r , t i e d  to g e th e r ,  and in ­

s e r te d  in  a d r i l l  h o l e . A s t e e l  b a r  i s  th e n  pushed th ro u g h  

th e  s le ev e  fo rc in g  th e  m o rta r  th ro u g h  a l l  th e  p e r f o r a t io n s
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and f i l l i n g  th e  e n t i r e  h o le .  In  o rd e r  to  p r e s t r e s s  th e  b o l t  

i n  te n s io n  a  r e g u la r  ro ck  b o l t  may be used  in s te a d  o f th e  

s t e e l  b a r  and te n s io n  i s  a p p lie d  a f t e r  th e  m o rta r  has h a rd en ­

ed .

The d iam e te r o f  th e  d r i l l  h o le , o f  th e  b a r ,  and o f  

th e  P e rfo  s le e v e  a re  s e le c te d  so th a t  th e  m o rta r  volume w i l l  

f i l l  th e  h o le  s o l id ly  when th e  b a r  i s  d r iv e n  to  r e f u s a l .

S p e c ia l advan tages o f fe re d  by th e  P e rfo  B o lt a r e ;

a) D is t r ib u te d  ancho rage . The s t e e l  b a r  i s  f u l l y  em­

bedded a long  i t s  e n t i r e  le n g th .

b) High sh e a r  r e s i s t a n c e .  The s o l id  g ro u t p ro v id e s  

h ig h  r e s i s ta n c e  to  sh e a r  fo rc e s  and v ib r a t i o n s . I t  i s  v e ry  

e f f e c t iv e  in  a re a s  s u b je c t  to  secondary  b la s t in g .

c) Long l i f e ;  Ho s l ip p a g e , c o r ro s io n , o r  n e c e s s i ty  

f o r  m a in ta in in g  te n s io n .
d) Sim ple i n s t a l l a t i o n .  I n s t a l l a t i o n  does n o t r e q u ir e  

c lo s e  d r i l l i n g  to le ra n c e s  o r  co m p lica ted  equipm ent a s  'when 

r e g u la r  ro ck  b o l t s  a re  in je c te d  w ith  cement a f t e r  i n s t a l l a t i o n .

Rock b o l t s  a f fo rd  a  b e t t e r  support i f  i n s t a l l e d  im­

m e d ia te ly  a f t e r  b l a s t in g ,  th e r e f o r e  an a c c e le r a to r  shou ld  be 

added to  th e  m o rta r  to  cause q u ick  s e t t i n g .  A P e rfo  B o lt can 

su p p o rt a  lo a d  o f 12 to n s  one day a f t e r  i n s t a l l a t i o n .  To 

o f f s e t  th e  n a tu r a l  sh rin k ag e  o f  co n c re te  an expanding compound 

i s  added to  th e  m o r ta r .

The P e rfo  B o lt i s  th e  l a s t  a l t e r n a t i v e  to  be used  when 

th e  ground i s  to o  f r a c tu r e d  o r  to o  s o f t  to  anchor co n v e n tio n a l 

b o l t s .
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Foran B o l t .

The Foran  B o lt i s  anchored in  a  d r i l l  h o le  by th e  

expansion  o f a s h o r t  le n g th  o f  ru b b e r  hose s l ip p e d  over th e  

b o l t  end. E xpansion  i s  ach iev ed  by tu rn in g  a  com pression n u t 

a g a in s t  th e  end o f th e  h o se , th u s  sh o r te n in g  th e  le n g th  o f  th e  

h o se  and expanding i t  a g a in s t  th e  in s id e  w a ll o f  th e  h o le .

A s p e c ia l  tu b u la r  wrench i s  needed to  s l i p  ov er th e  p ro tru d ­

in g  end o f  th e  b o l t  and engage th e  com pression n u t n e a r  th e  

bottom  o f  th e  d r i l l  h o le .

Anchorage o b ta in ed  w ith  th e  Foran B o lt does n o t com­

p are  fa v o ra b ly  w ith  c o n v e n tio n a l rock  b o l t s .

Bowty B o l t .

The Bowty B o lt i s  a  re c o v e ra b le  rock  b o l t  used  where 

tem porary  su p p o rt o f  sm all lo a d s  i s  needed. I t  i s  e s p e c ia l ly  

u s e fu l  i n  c o a l m ines when re c o v e r in g  c o a l.

The Bowty B o lt c o n s is t s  o f a hollow  tube  th ro u g h  w hich 

a  s t e e l  rod p a s s e s .  At one end o f th e  rod  i s  a ru b b e r  head 

co n n ec tin g  th e  rod  w ith  th e  tu b e , lo n g i tu d in a l  movement o f  

th e  ro d , in s id e  th e  tu b e , p re s s e s  th e  ru b b er head and expands 

i t  l a t e r a l l y .  At th e  o th e r  end o f th e  b o l t  an e la b o ra te  d ev ice  

p ro v id es  th e  p u l l  o f  th e  rod  to  expand th e  head and anchor th e  

b o l t .  A n u t i s  used  to  te n s io n  th e  b o l t .  A cam h an d le , t h a t  

can be o p e ra te d  from  a d is ta n c e  w ith  a  ro p e , r e le a s e s  com pres­

s io n  in  ,th e  ru b b e r  head , th u s  re c o v e rin g  th e  b o l t .

The low anchorage o b ta in e d  w ith  th e  Bowty B o lt l i m i t s  

i t s  use to  s h o r t - l i f e  openings o r  where lo a d s  a re  sm a ll.



CHAPTER 6

THEORY OE ROCK SUPPORT WITH ROCK BOLTS

The e s s e n t i a l  f e a tu r e s  o f  rock  b o l t s  which d i s t i n ­

g u ish  them from c o n v e n tio n a l su p p o rts  a r e :  One, The employ­

ment o f  th e  t e n s i l e  s t r e n g th  o f  th e  m a te r ia l  in s te a d  o f  th e  

com pressive s t r e n g th ;  tw o, p r e s t r e s s e d  i n s t a l l a t i o n .

The p o r t io n  o f  th e  rock  which l i e s  betw een th e  ancho r 

and th e  b e a r in g  p la te  i s  com pressed by ap p ly in g  te n s io n  to  th e  

b o l t .  In  do ing  so , th e  b o l t  r e in f o r c e s  th e  rock  and d eve lopes 

a  s t r u c t u r a l  e n t i t y  in  much th e  same way as s t e e l  b a rs  do in  ; 

p r e s t r e s s e d  r e in fo rc e d  c o n c re te .

When s e t s  o f  c o n v e n tio n a l su p p o r ts , such a  t im b e r , 

s t e e l  r i b s  o r  c o n c re te  s t r u c t u r e s ,  a re  i n s t a l l e d  i n  an u n d er­

ground opening th e  su rro u n d in g  ro ck  has to  move outw ards an 

a p p re c ia b le  d is ta n c e  b e fo re  any lo a d  b u i ld s  up. T his movement, 

even in  sm a ll am ounts, weakens th e  o v e r ly in g  ro ck  and in c re a s e s  

th e  lo a d .  Rock b o l t s ,  b e in g  i n s t a l l e d  w ith  an i n i t i a l  te n s io n , 

p re v e n t any movement o f  th e  ro ck , th e r e fo r e  th e  lo a d  su p p o rted  

i s  c o n s id e ra b ly  l e s s .  This i s  why- i t  i s  o f  u tm ost im portance 

to  i n s t a l l  ro ck  b o l t s  as  soon a s  p o s s ib le  a f t e r  b l a s t in g .

S o le ly  f o r  th e  purpose o f  e x p la in in g  why ro ck  b o l t s  

do work, some e lem en ta ry  p r in c ip le s  o f  rock  m echanics w i l l  

be p re se n te d  in  th e  p re s e n t  t h e s i s .  Ho a ttem p t i s  made to  

prove o r  d is c u s s  th e s e  p r in c ip le s  t h a t  have been th o ro u g h ly

t r e a t e d  i n  geom echanics l i t e r a t u r e .
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The p r in c ip le s  w hich e x p la in  th e  s u c c e s fu l a p p l ic a -
. '  ■ ■ '

t i o n  o f  ro ck  "bolts as  means o f ground su p p o rt a r e :

1) S uspension .

2) Beam B u ild in g .

3) Arch R e in fo rcem en t.

4) F r i c t io n  In c re a s e  on Shear P la n e s .

5) E lim in a tio n  o f H o r iz o n ta l T e n s ile  F o rc e s .

6 ) S t a b i l i z a t i o n  o f F ra c tu re d  Rock.

When ro ck  i s  su p p o rted  w ith  rock  b o l t s  more th a n  one o f 

th e  above p r in c ip l e s  i s  p r e s e n t .  A ccording to  s t r e s s  a n a ly s ts  

o th e r  p r in c ip l e s ,  n o t f u l l y  in v e s t ig a te d ,  e n te r  in  th e  complex 

scheme o f ro ck  s u p p o r t . For th e  purpose o f th e  p re s e n t t h e s i s  

on ly  th e  above s ix  p r in c ip le s  w i l l  be d e sc r ib e d  b r i e f l y .  

S u sp en sio n .

Rock i s  su p p o rted  by su sp en sio n  when lo o se  p ie c e s  o f  

rock  a re  p inned  and secu red  to  s o l id  ground . T his i s  th e  poor­

e s t  way to  employ a  ro ck  b o l t  s in c e  i t s  e s s e n t i a l  f e a tu r e s  o f 

p r e s t r e s s e d  i n s t a l l a t i o n  and re in fo rc em e n t o f  th e  ro ck  mass 

a re  n o t u se d . H ere, th e  b o l t  a c ts  as. a hook on ly  which has 

to  su p p o rt th e  e n t i r e  w eight o f th e  l a r g e s t  p iece  t h a t  may 

become lo o s e .  (P le a se  n o te  f ig u re  1 6 - a ) . M oreover, a  b ig  

b o u ld e r  c u t th ro u g h  by a  d r i l l  h o le  w i l l  be weak enough to  s p l i t  

in  two and f a l l .  F o r lo o sen ed  p ie c e s  o f  ro ck  i t  i s  alw ays 

a d v is a b le  to  have them "b a rred  down," n ev e r  p inned .

There i s  a s p e c ia l  case  where ro ck  b o l t s  do g iv e  s a t ­

i s f a c to r y  r e s u l t s  when h o ld in g  ro ck  by su sp e n s io n .
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I t  i s  the  case  f r e q u e n t ly  found in  c o l l i e r i e s ,  where th e  

f l a t  ro o f  c o n s is t s  o f  a t h in  bed o f s o f t  lam in a ted  sh a le  

w hich u n d e r l ie s  a h a rd  bed o f sandstone o r o th e r  com petent 

ro c k . In  t h i s  c a s e ,  ro ck  b o l t s  suspend the  weak bed from  

the  h a rd  one. (P le a se  no te  f ig u re  1 6 -b ) . The re a so n  be­

h in d  the  su ccess  in  t h i s  p a r t i c u l a r  case  i s  th e  p resen ce  

o f  a n o th e r  p r in c ip l e :  t h a t  o f  beam b u ild in g  w hich w i l l  be 

ex p la in e d  below .

Beam B u ild in g .

The p r in c ip le  o f  beam b u ild in g  i s  p a r t i c u l a r l y  u s e fu l  

when m ining bedded fo rm a tio n s  such  a s  c o a l ,  p o ta sh  o r uranium  

d e p o s i t s .  The m ethods f o r  m ining th e se  d e p o s its  in c lu d e  ta b ­

u l a r  openings w ith  long-spanned  f l a t  r o o f s .  The la y e r s  o f 

sed im en tary  ro ck  o f which the  ro o f  i s  made a c t s  as a sim ple 

beam supported  a t  b o th  e n d s . Rock i s  p a r t i c u l a r l y  weak under 

bending  s t r e s s e s  and i f  i t  i s  jo in te d  t r a n s v e r s e ly ,  as i t  

g e n e ra l ly  o c c u rs , t h i s  weakness i s  a c c e n tu a te d .

Rock b o l t s  t i e  la y e r s  to g e th e r  and p re v e n t s lip p a g e  

betw een them w ith  a consequen t r e d u c t io n  in  beam d e f l e c t io n .  

In d iv id u a l  la y e r s  t i e d  up in  t h i s  manner form  a m o n o lith ic  

beam which i s  s e l f  su p p o rtin g  and does n o t depend on suspen­

s io n  from  a fo rm a tio n  above i t .  (P le a se  n o te  f ig u r e  16- c ) .  

Arch R e in fo rcem en t.

R einforcem ent can be a p p lie d  to  an arched  underground 

opening such as tu n n e ls ,  c r o s s - c u t s ,  d r i f t s ,  e t c .  T his p r in ­

c ip le  i s  p a r t i c u l a r l y  a p p l ic a b le  in  igneous o r metam orphic
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rocks where the  back does n o t b reak  to  a n a tu r a l  smooth p lan e  

and must be c a r r ie d  in  an a rc h  f o r  maximum s t r e n g th .

With c o n v e n tio n a l tu n n e l-d r iv in g  m ethods, b la s t in g  

c ru sh es  the  ro ck  w ith in  a c e r t a i n  c ro s s  s e c t io n .  O utside o f 

t h i s  s e c t io n  th e  ro ck  i s  f r a c tu r e d  and s h a t te r e d  b u t h e ld  in  

p la c e  fo r  a tim e . F u r th e r  b l a s t i n g ,  exposure to  the  a i r  and 

o th e r  ag en ts  open f r a c tu r e s  c a u s in g  th e  ro ck  a t  the  exposed 

su rfa c e  to  cave in to  th e  o p en in g . I f  t h i s  p ro c e s s  i s  n o t a r ­

r e s te d  i t  c o n tin u e s  u n t i l  the  e n t i r e  opening i s  f i l l e d  w ith  

■ ro c k . By ro ck  b o l t in g  th e  upper p e r im e te r  o f a tu n n e l ,  the  

f r a c tu r e d  o r s lo u g h in g  zone i s  com pacted and made s e l f - s u p ­

p o r t in g .  (P le a se  n o te  f ig u re  1 6 -d ) .

F r i c t io n  In c re a s e  on Shear P la n e s .

V e r t ic a l  o r  s te e p ly  d ip p in g  w a lls  o f  s to p e s , s h a f ts  

and o th e r  la rg e  underground openings must o f te n  be r e in fo rc e d  

to  p re v e n t s p a l l in g .  When s to p in g  s te e p  ta b u la r  v e in s ,  m ain ly  

th o se  o f  h y d ro th e rm al o r ig in ,  i t  i s  common to  f in d  in  th e  w a lls  

n a tu r a l  sh ea r p la n e s  p a r a l l e l  to  th e  v e in . When the  su p p o rtin g  

ore i s  rem oved, th e  hanging w a l l ,  and sometimes th e  fo o tw a ll ,  

w i l l  s l i p  downwards. B o ltin g  th e s e  w a lls  in c re a s e s  th e  f r i c ­

t io n  in  the  sh ear p la n e s  and a ls o  g iv e s  th e  ro ck  a h ig h e r  

t e n s i l e  s t r e n g th .  (P le a se  n o te  f ig u re  1 6 -e ) .

E lim in a tio n  o f H o r iz o n ta l  T e n s ile  S t r e s s e s .

In  an underground opening o f tu b u la r  sh ap e , as a 

tu n n e l o r  d r i f t ,  th e  s t r e s s e s  around i t  v a ry  from  com pression  

: a t  th e  r i b s  to  te n s io n  a t  th e  ro o f  and f l o o r .
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( a )  SUSPENSION

J

( b )  STRATA SUSPENSION

FIGURE 16
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( ? )  BEAM BUILDING

( d )  ARCH REINFORCEMENT

FIGURE 16 (coni.)
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@  FRICTION INCREASE ON 
SHEAR PLANES

FIGURE 16 (cont.)
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Rock i s  weak in  te n s io n  and i f  jo in te d  can  be assumed to  

have no t e n s i l e  s t r e n g th .  Under th e se  c ircu m stan ces  th e  ro ck  

in  th e  ro o f  o f an  opening w i l l  n o t t r a n s m it  t e n s i l e  s t r e s s e s  

and c rac k s  w i l l  ap p ea r u n t i l  in d iv id u a l  b lo ck s cave in .

When ro ck  b o l te d ,  a zone of r a d i a l  com pression  i s  c re a te d  

around th e  opening by the  te n s io n  in  th e  b o l t s .  A P o is s o n 's  

r a t i o  e f f e c t  makes th e  com pressed m a te r ia l  to  ten d  to  expand 

l a t e r a l l y .  As t h i s  ten d en cy  i s  r e s t r a i n e d ,  com pression  i s  

induced  a t  r i g h t  an g le s  to  th e  d i r e c t i o n  o f the  b o l t ,  th u s  

e l im in a tin g  the  i n i t i a l  t e n s i l e  s t r e s s e s .  T e n s ile  s t r e s s e s  

in  th e  f l o o r  a re  u n im p o rtan t s in c e  lo o se  b lo ck s  w i l l  n o t f a l l .

I f  th e  ro c k  i s  b o lte d  b e fo re  th e  c rac k s  ap p e a r , i t  

can be made s e l f - s u p p o r t in g .  I f  b o l t in g  i s  d e la y e d , th e  ro ck  

w i l l  be su p p o rted  by sim ple su sp en s io n  and the  b o l t s  w i l l  

have to  r e s i s t  much h ig h e r  lo a d s .

S t a b i l i z a t i o n  o f  F ra c tu re d  Rock.

Rock may be broken in to  numerous s la b s ,  b lo ck s o r 

i r r e g u la r  in te r lo c k in g  f ra g m e n ts . Rock in  t h i s  c o n d i t io n  

may be a p ro d u c t o f  n a tu r a l  e f f e c t s  ( jo in te d  g r a n i t e ,  b r e c c ia ,  

sh e a r  zo n es , e t c . )  o r  i t  may be due to  b l a s t i n g .  When due 

to  n a tu r a l  e f f e c t s  th e  c ru sh ed  zone w i l l  n o rm ally  ex tend  f a r  

away from  th e  o p e n in g 's  p e r im e te r ;  i f  due to  b la s t in g ,  i t  

w i l l  n o t ex tend  f u r th e r  th a n  th e  tu n n e l r a d iu s .  In  th e  fo rm er 

c a s e , the  ro ck  can  be su p p o rted  e f f i c i e n t l y  i f  the  in te r lo c k ­

in g  frag m en ts  a re  b ig  enough to  p ro v id e  an anchorage f o r
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a  rock  b o l t .  In  th e  l a t t e r  c a se , i t  i s  on ly  n e c c e ssa ry  th a t  

th e  ro ck  b o l t  be anchored  in  th e  uncrushed  zone.

In  e i t h e r  o f  th e  above c a se s , rock  b o l t s  w i l l  com press 

th e  f r a c tu r e d  rock ' and make i t  s e l f - s u p p o r t in g  in  much th e  

same way a raansonry a rc h  can w ith s ta n d  v e r t i c a l  lo a d s .

When b o l t in g  any k ind  o f ro ck , a  lo w -te n s io n  zone de- 

v e lo p es  between ro ck  b o l t s .  I f  th e  ro ck  i s  n o t c ru sh ed , th e  

low m agnitude o f  th e  te n s io n  i s  h a rm le ss . When crushed  rock  

i s  b o l te d ,  a  f a l l - o u t  o f  a sm all amount o f m a te r ia l  betw een 

b o l t s  can e a s i ly  s t a r t  r a v e l l in g  th e  whole mass due to  th e  

movement o f  c e r t a in  key fragm en ts w hich, a lth o u g h  c a r ry in g  

l i t t l e  o r  no lo a d , may s t a r t  a  run  i f  removed. In  o rd e r  to  

p rev en t th e  f i r s t  f a l l - o u t s  a  f lim sy  su p p o rt i s  needed betw een 

b o l t s ,  such as t h i n  ch ick en  w ire .



CHAPTER 7

PATTERN, APPLICATION AND ACCESSORIES POR ROCK BOLTING-

Where la rg e  a re a s  a re  to  be su p p o rted  by rock  b o l t s ,  i t  

i s  n e c e s s a ry  to  d e s ig n  a  g e n e ra l p a t t e r n  o f  b o l t in g  r a th e r  

th a n  to  b o l t  on ly  where th e  e n g in e e r  o r  in s p e c to r  c o n s id e rs  

i t  m ight be needed . U p -to -d a te  g e o lo g ic a l  in fo rm a tio n  c o r r e ­

l a t e d  w ith  p u l l - t e s t  d a ta  re g a rd in g  th e  p r o p e r t ie s  i f  th e  

rock  w i l l  enab le  a sy s te m a tic  b o l t in g  program to  be d e s ig n ­

ed , in c lu d in g  le n g th  o f b o l t s ,  an g le  o f b o l t s  to  f r e e  s u r fa c e , 

sp ac in g  o f  b o l t s  and use o f  rock  b o l t in g  a c c e s s o r ie s .  The 

use o f  a p a t t e r n  i n  b o l t in g  en ab le s  th e  i n s t a l l a t i o n  crews 

to  work s y s te m a tic a l ly  and makes f o r  easy  and co n v en ien t check­

in g  o f  th e  b o l t s  a f t e r  i n s t a l l a t i o n .  These advan tages f a r  o u t­

weigh th e  c o s t o f  th e  few e x t r a  b o l t s  t h a t  m ight be i n s t a l l e d .

Rock b o l t s  a re  used  in  alm ost a l l  k in d s  o f  m ines and 

c o n s tru c t io n  work. Today rock  b o l t s  a re  employed in  u n d er­

ground m e ta l mines f o r  s i l l  developm ent, s to n in g , r a i s e s ,  and 

s h a f t s ;  in  co a l m ines and o th e r  ta b u la r  open ings; i n  c o n s t ru c t ­

io n  tu n n e ls  and in  su r fa c e  c o n s tru c t io n  p r o je c t s .  In  th e  p re ­

se n t c h a p te r  rock  b o l t  a p p l ic a t io n s  w i l l  be c l a s s i f i e d ,  acco rd ­

in g  to  th e  p a t te r n  and a c c e s s o r ie s  u sed , i n  f iv e  c a te g o r ie s ;  

h o r iz o n ta l  tu b u la r  o p en in g s , s to p e s , t a b u la r  o p en in g s, s h a f t s  

and su r fa c e  w ork ings.
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Horiz o n ta l  T ubular O pen ings, ,

By h o r iz o n ta l  tu b u la r  openings a re  meant th o se  u n d er­

ground w orkings o f ap p ro x im ate ly  c y l in d r i c a l  c r o s s - s e c t io n  

and whose lo n g  a x is  i s  h o r iz o n ta l  and much lo n g e r  th a n  th e  

o th e r  a x e s . In  t h i s  c a te g o ry  a re  in c lu d e d : d r i f t s ,  c r o s s ­

c u ts ,  tu n n e ls ,  h au lag e -w ay s, e t c .

When rock  b o l t s  a re  used  in  tu b u la r  h o r iz o n ta l  open­

in g s  th e y  g e n e ra l ly  su p p o rt rock  by two p r in c ip l e s ;  a rc h  

re in fo rc e m e n t and e l im in a t io n  o f  h o r iz o n ta l  t e n s i l e  f o r c e s .

In  v ery  p a r t i c u l a r  in s ta n c e s  th ey  can s t a b i l i z e  f r a c tu r e d  

rock  a n d /o r  suspend lo o s e  b o u ld e rs .

The v a r ia b le s  to  c o n s id e r  when d e s ig n in g  a  ro ck  b o l t ­

in g  p a t t e r n  f o r  h o r iz o n ta l  tu b u la r  openings a r e :  row p a t t e r n ,  

row sp a c in g , b o l t  le n g th  and ang le  o f b o l t  to  th e  ro ck  s u r fa c e .

Rock b o l t s  a re  i n s t a l l e d  in  p la n e s  p e rp e n d ic u la r  to  

th e  lo n g  a x is  o f  th e  open ing . Each p lan e  i s  named a  row and 

th e  sp ac in g  between rows i s  th e  row sp a c in g . For ro ck  b o l t in g  

p u rp o se s , th e  c r o s s - s e c t io n s  o f  th e  h o r iz o n ta l  tu b u la r  openings 

can be grouped i n  th r e e  c l a s s i f i c a t i o n s :  f l a t ,  a rch ed  and

c i r c u l a r .

W ith f l a t  c r o s s - s e c t io n s  th e  row p a t te r n  i s  shown in  

f ig u re  1 7 -a . The sp ac in g  o f  th e  b o l t s  depend on th e  lo a d  on 

th e  ro o f  and th e  t e n s i l e  s t r e n g th  o f th e  b o l t  u sed . F or 1 " 

s l o t  and wedge b o l t s ,  th e  b o l t  sp ac in g  v a r ie s  from 3f t .  to  

5f t . , f o r  3/ 4 " r e g u la r  e x p a n s io n -s h e ll  b o l t s  form 1-g-ft. to  

3 f t .  Where s lo u g h in g  o f th e  w a lls  i s  a  problem , one o r  more
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b o l t 3 may be p la c e d  in  th e  r i b s .  The row sp ac in g  v a r ie s  be­

tween 3 f t  and 6 f t .  I t  i s  n o t a d v isa b le  to  have a l l  rows w ith  

th e  same p a t te r n  s in c e  the  th r u s t  caused  by the  anchor in  the
- - . - ; i' I- . . / -

rock  can  c r e a te  a v e r t i c a l  p lan e  o f weakness a long  th e  le n g th  

o f th e  open ing . To p ro v id e  f o r  t h i s ,  i t  i s  recommended to  

have two p a t te r n s  and use them a l t e r n a t e l y ,  so t h a t  no two 

co n secu tiv e  b o l t s  w i l l  be in  the  same a l l ig n m e n t .

F or f l a t  tu n n e ls ,  th e  le n g th  o f th e  b o l t  should  be a t  

l e a s t  one h a l f  th e  w id th  o f th e  opening; making th o se  b o l t s  

c lo se  to  the  v e r t i c a l  one fo o t  lo n g e r th a n  the  o th e r s .  I f  

th e  r ib s  a re  b o l te d ,  b o l t s  l i f t  long  a re  s u f f i c i e n t .
....... ■ :. . ■ o •':*

G e n e ra lly  b o l t s  shou ld  be i n s t a l l e d  p e rp e n d ic u la r  

to  th e  ro ck  su rfa c e  s in ce  the  s t r e n g th  o f th e  b o l t  v a r ie s  i n ­

v e r s e ly  w ith  th e  an g le  to  th e  norm al. B o lts  a t  an  ang le  w ith  

th e  norm al shou ld  be used  on ly  when th e  g e o lo g ic a l  s t r u c tu r e  

of th e  ro o f  j u s t i f i e s  i t .  In c l in e d  bedding fo rm a tio n s  may 

be b e t t e r  su p p o rted  w ith  b o l t s  norm al to  th e  bedding p lan e  

th a n  to  th e  ro ck  s u r f a c e . . S p e c ia l  ang le  w ashers a re  used 

f o r  n o n -p e rp e n d ic u la r  b o l t s  so th e  n u t o r head w i l l  b ea r  

f lu s h  a g a in s t  th e  s u r f a c e .

When openings have an arched  c r o s s - s e c t io n ,  the  row 

p a t t e r n  i s  fa n -sh a p e d . (P le a se  no te  f ig u re  1 7 -b ) . The low­

e s t  b o l t  i s  i n s t a l l e d  a t  ab o u t h ip  h e ig h t .  B o lt sp ac in g  i s  

from  3 f t  to  5 f t .  The le n g th  o f the  b o l t s  shou ld  be a t  l e a s t  

as long  as th e  tu n n e l r a d iu s ,  w ith  lo n g e r  b o l t s  a t  th e  top  

and s h o r te r  a t  the  r i b s .  Here to o , th e  b o l t s  shou ld  be p e r ­
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p e n d ic u la r  to  the  ro ck  s u r f a c e .

When openings have a c i r c u l a r  c r o s s - s e c t io n ,  th e  row 

p a t t e r n  i s  a r in g  o f b o l t s  i n s t a l l e d  r a d i a l l y  around the  p e r ­

im e te r  w ith  the  low est b o l t s  a t  th e  h o r iz o n ta l .  (P lease  no te  

f ig u re  1 7 -c ) .  B o lt sp ac in g  i s  from  2 f t  to  £ f t  and row sp ac in g  

i s  from  3 f t  to  6f t .  A ll b o l t s  have the  same le n g th  w hich 

shou ld  be a t  l e a s t  as long  as the  tu n n e l r a d iu s .  B o lts  should  

be norm al to  th e  s u r fa c e .

When ro ck  te n d s  to  b reak  and cave betw een rows o f b o l t s ,  

s t e e l  r o c k - t i e s  a re  u s e f u l .  They a re  made o f s t e e l  t i e  s e c ­

t io n s  o f  any d e s ire d  le n g th . They a re  p re s se d  a g a in s t  th e  

ro ck  under th e  b e a rin g  p la te  by one b o l t  o f  two o r more con­

s e c u tiv e  row s. War su rp lu s  la n d in g  m ats were a ls o  used  in s ­

te a d  o f r o c k - t i e s . They a re  th in  p la te s  o f s t e e l  w ith  punched 

h o le s .  When ro ck  te n d s  to  cave in  sm all p ie c e s  betw een ev e ry  

b o l t ,  as when s t a b i l i z i n g  f r a c tu r e d  ro c k , w ire  mesh i s  used  

ju s t  to  h o ld  sm all p ie c e s  in  p la c e .  T his l a s t  p r a c t i c e  i s  

v e ry  common when tu n n e ls  a re  to  be co n c re ted  s in c e  th e  w ire 

mesh p ro v id e s  f o r  a b e t t e r  bond.

S to p e s .

S top ing  methods in  which ro ck  b o l t s  a re  used  a re  c u t 

and f i l l ,  square s e t s  and sh r in k a g e . With th e se  m ethods, th e  

openings w ith in  the  s to p e  have a r e l a t i v e l y  s h o r t  l i f e ,  th e r e ­

fo re  ro ck  b o l t s  su p p o rt th e  opening u n t i l  f i l l e d .  G e n e ra lly , 

on ly  the  hang ing  w a ll  needs to  be ro ck  b o l te d ,  b u t f o r  s te e p ly  

d ip p in g  v e in s  w ith  " f a l s e  w a lls "  fo o tw a lls  and the  ore i t s e l f  

a re  sometimes b o l te d .
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FI GURE 17
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In  s to p in g , ro ck  b o l t s  su p p o rt th e  ground by in c re a s in g  f r i c t ­

io n  on sh e a r  p la n e s .

The most common p a t te r n  used  to  su p p o rt th e  w a lls  i s  

a  r e c ta n g u la r  g r id  where th e  b o l t s  a re  spaced 5f t .  h o r iz o n t­

a l l y  and 4 f t .  v e r t i c a l l y .  T his sp ac in g  may vary  acco rd in g  to  

th e  com petence o f th e  ro ck . B o lts  shou ld  be lo n g  enough to  

anchor i n  n o n -sh ea red  ro ck , b o l t s  6f t .  to  8 f t .  g e n e ra l ly  

re a c h  s o l id  ground. In  th e  hanging  w a l l ,  b o l t s  shou ld  be i n ­

s t a l l e d  p e rp e n d ic u la r  to  th e  w a ll ,  b u t in  th e  fo o t w a ll  i t  i s  

b e t t e r  to  p la ce  them h o r iz o n ta l ly  to  p rev en t s l i d in g  o f  " f a ls e  

w a l l s ."  ' ' : "

Rock b o l t in g  th e  o re  in  th e  back o f s to r e s  makes p o s s i­

b le  th e  b reak in g  o f l a r g e r  rounds and p e rm its  b ig g e r  h e ig h ts  

betw een f i l l  and o re .  The p a t te r n  c o n s is ts  o f  i n s t a l l i n g  v e r ­

t i c a l  b o l t s  th ro u g h  th e  o re  and an ch o rin g  them in  th e  hanging 

w a l l .  I f  th e  v e in  i s  v e r t i c a l ,  th e  b o l t s  may be p laced  a t  an 

ang le  to  reach  th e  w a ll .  B o lts  a re  l o s t  a f t e r  b la s t in g  th e  

round .

Some s to p e s  t h a t  no rm ally  w o u ld  be mined by c u t and 

f i l l ,  when rock  b o l te d ,  can be mined by th e  more econom ical 

method o f sh rin k ag e  s to p in g . A lso , some v e in s  which no rm ally  

must be mined by sq u a re  s e t s ,  when ro ck  b o l te d , can be mined 

by c u t and f i l l .

T ab u la r  O penings.

By ta b u la r  openings i s  meant th o se  underground w orkings 

i n  which two d im ensions a re  much b ig g e r  th a n  th e  v e r t i c a l  dim­

e n s io n , as i s  th e  case  i n  co a l m ines and o th e r  bedded d e p o s i ts .
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Goal m ines a r e .c h a ra c te r iz e d  by wide f l a t  ro o fs  o f  sed im en t­

a ry  rock  in  la y e r s .

In  co a l m ines, ro ck  b o l t s  su p p o rt th e  ro o f  by th e  

p r in c ip le  o f beam b u ild in g  and by th e  p r in c ip le  o f su sp en sio n  

from a s tro n g e r  s tra tu m . The p a t te r n  used  i s  a  s e r i e s  o f p a r a l ­

l e l  rows p e rp e n d ic u la r  to  th e  m ining advance. A ll b o l t s  a re  

i n s t a l l e d  norm al to  th e  r o o f .

Where th e re  i s  a th ic k  com petent s tra tu m  in  th e  ro o f ,  

b o l t s  should  be lo n g  enough to  anchor in  such s tra tu m . When 

th e  ro o f  i s  made o f t h in  l a y e r s , th e  problem i s  more complex.

The U nited  S ta te s  Bureau o f Mines (24) has developed  a form ula 

to  compare th e  amount o f  su p p o rt p rov ided  by d i f f e r e n t  b o l t in g  

system s in  t h in  bedded ro o fs .  The form ula i s  based  on th e  p r in ­

c ip le  th a t  s t r a t i f i e d  ro o fs  f a i l  under bending  s t r e s s e s  and th e  

u l t im a te  purpose o f  any su p p o rt i s  to  d ec rease  th e  bending s t r a i n .  

The form ula i s  as  fo llo w s :

D = 0 .265 ( b l ) -̂ NP(h/t-l)
w •]

1 /5

D: d ec rease  i n  bend ing  s t r a i n  due to  rock  b o l t in g ,
as  a  decim al f r a c t io n  o f  th e  bending s t r a i n

in  th e  u n b o lted  ro o f .

N: number o f  b o l t s  p e r  row a c ro s s  th e  open ing .

(E q u id is ta n t  sp ac in g  o f th e  b o l t s  i s  most 
s a t i s f a c t o r y ) .

P: b o l t  te n s io n ,  l b s .

h : b o l t  le n g th ,  in c h e s .



T: bed th ic k n e s s  o f th e  ro o f  ro c k , in c h e s . (For a 

ro o f  composed o f beds o f d i f f e r e n t  th ic k n e s s ,  T 

i s  the  average th ic k n e s s ) ,  

w: u n i t  w eigh t o f th e  ro c k , Ib s /c u  i n .  

b : sp ac in g  between rows , in c h e s .

L: span or w id th  o f th e  open ing , in c h e s .

The l im i t s  beyond which th e  form ula i s  n o t a p p l ic a b le  a r e :  

Maximum L: 1066 i n .  (8 9 f t)

Minimum b: L/12

Maximum N: 12

Maximum P: 17 x 10”8 EL

(E: Young’ s modulus f o r  th e  ro c k . N orm ally = If. x 10& p s i )  

Maximum h :  3L/8  -

Minimum T: L /6!f.

I f  the  va lue  o f  D o b ta in ed  in  the  p rece d in g  form ula i s  subs­

t i t u t e d  in  th e  form ula below

th e  so c a l le d  re in fo rc e m e n t f a c t o r  (RF) i s  o b ta in e d . A b o l t ­

in g  system  w ith  a h ig h e r  RF g iv e s  b e t t e r  o v e r a l l  su p p o r t. ~ 

In  most c o a l  mines an RF betw een 2 and 3 i s  f a i r l y  easy  to  

o b ta in ,  h ig h e r  v a lu es  a re  d i f f i c u l t  to  o b ta in .

When changes in  lo c a l  c o n d i tio n s  demand a change in  

one o f the  v a r ia b le s ,  o th e r  v a r ia b le s  can  be changed and 

s t i l l  m a in ta in  a s a fe  re in fo rc em e n t f a c t o r .  A t y p i c a l  case  

i s  when ro ck  f a l l s  betw een b o l t s  due to  t r a n s v e rs e  f r a c tu r e s
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in  the  s t r a t a .  To a r r e s t  ro ck  f a l l s ,  th e  number o f b o l t s  

p e r  row, IT, can  be in c re a se d  and th e  b o l t  le n g th  d e c re a se d . 

S h a f t s .

Rock b o l ts  used  in  s h a f t s  have th e  purpose o f in ­

c re a s in g  f r i c t i o n  on sh e a r p la n e s  and o f suspend ing  lo o se  

s la b s .  S ince s h a f t s  need to  accom odate h o is t in g  f a c i l i t i e s ,  

th e y  a re  u s u a l ly  e i t h e r  tim bered  o r c o n c re te d .

With tim bered  s h a f t s , rock  b o l t s  a re  p la c e d  p erp en ­

d ic u la r  to  the  w a lls  in  th e  c e n te r  of th e  sq u a res  formed by 

the  tim b er s e t s .  The b o l t  le n g th  i s  n o rm ally  6 f t .  Sometimes 

s l o t  and wedge b o l t s  a re  used  l ik e  anchor b o l t s  from  which 

to  hang tim b er s e t s .

When s h a f ts  a re  to  be c o n c re te d , ro ck  b o l t s  a re  i n s ­

t a l l e d  in  p a r a l l e l  h o r iz o n ta l  r in g s  . H o riz o n ta l  and v e r ­

t i c a l  sp ac in g  i s  g e n e ra l ly  2 f t  to  3 f t .  B o lts  a re  alw ays 

p e rp e n d ic u la r  to  th e  su rfa c e  and a re  abou t 6 f t  lo n g . A l t e r ­

n a te  r in g s  should  o f f s e t  each  o th e r  a t  co n se c u tiv e  row s, so 

no two a d ja c e n t b o l t s  a re  in  th e  same v e r t i c a l  p la n e .

S u rface  A p p lic a t io n s .

Two main a p p l ic a t io n s  o f  ro ck  b o l t s  in  su rfa c e  work­

in g s a r e : to  improve ground c o n d itio n s  f o r  fo u n d a tio n s  and 

to  s to p  ro ck  s l i d e s  in  s lo p e s .

When im proving fo u n d a tio n s , ro ck  b o l t s  a re  o f  th e  

s l o t  and wedge type w ith  le n g th s  from 8 f t  to  2 0 f t .  They 

a re  g e n e ra l ly  cem ented.

In  r a i l r o a d  o r highway c u t s ,  b o l t s  a re  g e n e ra l ly  in -
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s t a l l e d  where needed . V isu a l in s p e c t io n  o f weak zones d e t ­

erm ines th e  p la c e s  where ro ck  b o l t s  a re  needed . The le n g th  

o f th e  b o l t  i s  d es ig n ed  acco rd in g  to  the  d ep th  to  s o l id  

g round . Where c u ts  a re  done in  r a v e l l in g  ro c k , w ire  mesh 

i s  used  to  p r o te c t  th e  p r o je c t  from  f a l l i n g  b o u ld e rs . - Rock 

b o lte d  s lo p e s  can  be made much s te e p e r ,  th u s  sav ing  ex c es­

s iv e  e x c a v a tio n .



CHAPTER 8

COST OF ROCK BOLTING

The u n i t  c o s t  o f rock  b o l t s  depends g r e a t ly  on the  

m a n u fa c tu re r . When s l o t  and wedge b o l t s  a re  made in  a mine 

shop t h e i r  c o s t  i s ,  o f  c o u rse , l e s s  than  when pu rch ased  

com m erc ia lly . This low er c o s t  u s u a l ly  o f f s e t s  th e  s h o r t ­

comings found in  shop-made b o l t s .

Rock b o l t  p r i c e s ,  f o r  th e  same m a n u fa c tu re r , v a ry  

acco rd in g  to  th e  type of b o l t  ( s l o t  and wedge o r ex p an sio n - 

s h e l l ) ,  th e  d iam ete r o f th e  b o l t ,  th e  le n g th  o f the  b o l t ,  

th e  type o f exp an sio n  s h e l l ,  th e  s t e e l  q u a l i ty  and th e  quan­

t i t y  of b o l t s  p u rch ased . In  th e  ta b le  below i s  shown an 

average p r ic e  r a t e  f o r  r e g u la r - s t r e n g th  b o l t s  bought in  

bund les o f over £00 p ie c e s .  The p r ic e s  a re  f . o . b .  f a c to r y ,  

USA, f o r  I960 in  US d o l l a r s .

S lo t  and Wedge E x p a n s io n -sh e ll

B o lt Length 1" 5 /8 " 3 A "  7 /8 "

5 ‘ 1.70 1 .00 1 .20  1 .30

8» 2.1^0 1 .50 1 .70  1 .90

The p r ic e s  in c lu d e  wedge, n u t and b e a r in g  p l a t e  f o r  th e  s l o t  

and wedge b o l t ;  th ey  in c lu d e  s h e l l ,  p lu g  and b e a rin g  p la te  

f o r  th e  e x p a n s io n -s h e l l  b o l t .

The le n g th  o f th e  b o l t s  u s u a l ly  augm ents in  6 " -  

in c rem en ts  and the  p r ic e s  v ary  more o r le s s  p r o p o r t io n a l ly
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w ith  th e  le n g th .  H ig h -s tre n g th  b o l t s  s e l l  a t  p r ic e s  about 

5 p e r  ce n t h ig h e r .

The c o s t  o f  rock  b o l t in g ,  when a p p l ic a b le ,  i s  gen­

e r a l l y  l e s s  th a n  any o th e r  k in d  o f su p p o r t . In  p a r t i c u l a r  

c a se s  o th e r  su p p o rts  may be ch eap e r. In  th e  n ex t two pages 

a re  shown th e  c o s t  o f  su p p o rtin g  a  ty p ic a l  tu n n e l s e c t io n  

w ith  s t e e l  r i b s  and la g g in g  and w ith  rock  b o l t s  and ch an n e ls . 

The d o l l a r  v a lu e s  a re  o f 1954, b u t th e  r e l a t i o n  betw een them 

can be co n s id e red  c o n s ta n t .  In  th e  fo llo w in g  page , th e re  

i s  a  ta b u la t io n  o f  th e  c o s t o f  ro o f  su p p o rt in  c o a l mines 

when u s in g  tim b e r and when u s in g  rock  b o l t s .  The d a ta  f o r  

t h i s  ta b u la t io n  was com piled by th e  U nited  S ta te s  Bureau o f 

Mines (3 7 -c )  in  1961.



D im ensions: 9* nom inal d iam ete r  (ex cav a ted  s e c t io n ) .

C r i t e r i a :  Ij.'1 > 13 lb s ,  H -s e c tio n  s e t s  a t  5?’ c e n te r s .

EXAMPLE OP THE COST OP TUMEEL SUPPORT WITH STEEL RIBS AMD LAGGING

M a te r ia ls Mo. D im ensions Q u a n tity
U n it
C ost C ost

S te e l  s e t 1 l^xV' 21 ' @ 13 lb s 273 lb s

S p lic e  & base 
p l a t e s k 6"x6"x3 /8" @ If. lb s 16 lb s

T ie ro d s  & n u ts 6 31 ' © 1 lb 31 lb s

T o ta l s t e e l 320 lb s #0 .22 #80.00

Lagging 2ux5* 60 fbm

C o l la r  b ra c e s 6 3"x4"x2' 30 ' © 1 fbm 30 fbm

B lock ing M isce llan eo u s 10 fbm
- T o ta l tim b er 100 fbm #0.32 #32.00

T o ta l C ost # n 2 .o o

o r #23 p e r l i n e a r fo o t



EXAMPLE OP THE COST OF TUNNEL SUPPORT WITH ROOK BOLTS AND CHANNELS

D im ensions: 9 ’ nom inal d iam ete r  (ex cav a ted  s e c t i o n ) .

C r i t e r i a : 5* b o l t s , s l o t  and wedge type , 5 b o l t s  p e r  row, 3 a ' row sp a c in g .

M a te r ia ls No. Dim ensions Q u an tity
U nit
C ost Cost

Channels 5 k" 1 7 s’ @ 5 . If- lb s 95 lb s

Rock b o l t s 5 i " x 5 ' @ lif. lb s 70 lb s

Washers 5 3 ,,x3 ',x3 /8 " @ 1 lb 5 lb s

T o ta l s t e e l 170 lb s $0 .25  & 2 .5 0

T o ta l  C ost $42.50

o r  $12.50  p g r l i e n e a r  fo o t

CO
CD



1

2

3

k

5

6

7
8

9

COMPARISON OP SUPPORT COSTS IN COAL MINES

Timber
Coat p e r  to n ,  d o l l a r s

Tons p e r  
m a n sh ift Labor

S u p p lie s  
f o r  ro o f  
su p p o rt T o ta l

42.3 0.602 0.347 0.949
32.9 0.725 0.238 0.963

21.5 1.128 0.222 1.350

i5 .o I.636 0.142 1.778
15*6 1.552 0.266 1.818
14.0 1.736 0.284 2.020

11.5 2.17 0.294 2.464

34.8 0.714 0.102 0.816

28.7 0.876 0.347 1.223

Rock B o lts
Cost p e r  to n , d o l la r s  

S u p p lie s
Tons p e r  
m a n sh if t Labor

f o r  ro o f  
su p p o rt T o ta l

5 1 .3 0 .491 0.293 0 .784

37 .3 0;667 0.197 0.864

27 .2 0.907 0 .231 1.138

17.3 1 .334 0.202 1.536

20 .8 1 .16 0.258 1.418

2 1 .0 1.158 0.247 1.405

13 .9 1.793 0 .260 2.053

3 5 .4 0.696 0 .300 0.996

2 9 .2 0 .865 0 .452 1.317

CO
s O



CHAPTER 9

COMPARISON OF TIMBER SUPPORT WITH ROCK BOLT SUPPORT

A dvantages o f  Rock B o lts  over T im ber.

1 .  -  Reduces th e  r e q u ire d  e x c a v a tio n  in  tu n n e ls  by a p p ro x i­

m a te ly  30 p e r  c e n t .

2 .  -  Timber su p p o rts  e f f i c i e n t l y  on ly  a t  th e  v e r t i c e s  o f  the  

s e t s .

3 .  -  Timber a v a i l a b i l i t y  i s  prone to  a b ig g e r  number of h az ­

a rd s :  f o r e s t a t i o n ,  p la g u e s , w e a th e r , e t c . ,  w hich makes i t s  

su pp ly  le s s  d ep en d ab le .

i | . -  Rock b o l t s  may be a p p lie d  to  any shape o f  e x c a v a tio n , 

w h ile  tim ber s e t s  have a d e f in i t e  p a t t e r n  and th e  shape o f 

the  opening must o f te n  be shaped to  conform  w ith  t h i s  p a t t e r n .

5 .  -  Rock b o l t s  can  be i n s t a l l e d  a few f e e t  from  th e  b r e a s t  

o f  a d r i f t ,  w hile  tim b e r , in  some c a s e s , has to  be k ep t sev­

e r a l  yards away to  p r o te c t  i t  from  b la s t i n g .  This i s  e sp e ­

c i a l l y  im p o rtan t in  heavy ground where im m ediate su p p o rt i s  

n e c e ss a ry .

6 .  -  In  la rg e  ex c av a tio n s  t h a t  a re  to  be c o n c re te d , the  p ro ­

tru d in g  end o f th e  b o l t s  p ro v id e  b e t t e r  bonding f a c i l i t i e s  

f o r  th e  c o n c re te .

7«- Less s to ra g e  req u irem en ts  and g r e a t e r  ease  in  h a n d lin g . 

8 . -  E lim in a tio n  of f i r e  h a z a rd s .

9«- Less m ain ta in an ee  and lo n g e r  l i f e .
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1 0 . -  Smoother su rfa c e  in  a irw ay s o f f e r s  l e s s  r e s is ta n c e  to  

v e n t i l a t i o n .

1 1 . -  Timber i s  r e l a t i v e l y  com pressib le  and i t s  fo u n d a tio n  

may su b s id e . T his p e rm its  movement o f th e  ro o f  w ith  a  con­

sequen t in c re a s e  in  th e  su p p o rted  lo a d .

1 2 . -  S h o r te r  i n s t a l l a t i o n  tim e .

1 3 .  -  B o ltin g  u s u a lly  does n o t i n t e r f e r e  w ith  th e  m ining 

c y c le .

1 4 .  -  Lower c o s t in  most c a s e s .  Even when tim b e r i s  ch e ap e r, 

th e  d i f f e r e n c e  i s  v e ry  s m a ll .

1 5 . -  Less la b o r  re q u ire d  f o r  i n s t a l l a t i o n .

1 6 .  -  Openings can be w idened e a s ie r .

1 7 .  -  L essens rock  b u r s t  p r o b a b i l i t i e s .

Advanta g e s  o f  Timber over Rock B o l ts .

1 .  -  Rock b o l t s  do n o t warn o f  in c re a s in g  lo a d s  on su p p o rted  

rock  and f a l l s  a re  g e n e ra l ly  sudden.

2 .  -  Some ro ck s w ith  u n s a t i s f a c to r y  anchorage cannot be sup­

p o rte d  w ith  rock  b o l t s .

3 .  -  Some ro ck s  have a  p l a s t i c  b eh av io r and when under p re s s u re  

squeeze s lo w ly  in to  th e  open ing . These ro ck s  cannot be sup­

p o rte d  w ith  rock  b o l t s .

4 .  -  I n  com petent ground where o c c a s io n a l su p p o rt i s  needed , 

tim b e r i s  much more econom ical th a n  ro ck  b o l t s .
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CONCLUSIONS

Rock b o l t in g  i s  a  new te ch n iq u e  f o r  th e  su p p o rt o f 

ro ck  in  underground open in g s. Most o f th e  a p p l ic a t io n s  have 

been developed e m p ir ic a l ly  and have fo llow ed  p rev io u s  tim ­

b e r in g  m ethods. Some t e s t i n g  h as been done, b u t most o f  i t  

h as  been d ir e c te d  to  s p e c i f ic  c o n d i t io n s .

F u tu re  r e s e a rc h  to  be done on rock  b o l t in g  i s  r e c ­

ommended to  be fo cu sed  on th e  fo llo w in g  a s p e c ts :

1) To d e term in e  th e  r e l a t i v e  ancho ring  s t r e n g th  o f 

th e  d i f f e r e n t  k in d s  o f expansion  s h e l l s  a v a i la b le  on th e  

m a rk e t.

2) To d e term in e  th e  r o le  t h a t  each d e t a i l  o f  d es ig n  

p la y s  in  th e  anchorage o f th e  expansion  s h e l l .  I t  i s  b e lie v ' 

ed t h a t  some d e t a i l s  in  th e  d e s ig n  of th e  ex pansion  s h e l l s  

c o n t r ib u te  l i t t l e ,  i f  any, to  th e  anchorage p ro c e s s . Exper­

im e n ta tio n  can p o in t ou t which f e a tu r e s  c o n tr ib u te  most to  

th e  an ch o rin g  s t r e n g th  o f  th e  b o l t  and how th e se  f e a tu r e s  

can be im proved.

3) To r e l a t e  th e  l a t e  developm ents made in  th e  

s tu d y  o f s t r e s s  d i s t r i b u t i o n  around mine openings w ith  th e  

p a t te r n s  used  in  ro ck  b o l t in g .  This w i l l  c o n tr ib u te  to  a 

more e f f i c i e n t  su p p o rt and to  a  sav in g  in  su p p o rt m a te r ia l s .

4) To develops a  s a fe  and p r a c t i c a l  in d ic a to r  to  

warn o f th e  p resen ce  o f  ex c e ss iv e  lo a d in g  on rock  b o lte d
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op en in g s. E l e c t r i c a l  s t r a i n  gauges can a c c u ra te ly  measure 

such changes, b u t th e  in s tru m e n ta t io n  needed is . too  expen­

s iv e  and th e  methods used  to o  complex f o r  ro u t in e  a p p l ic a t io n s .  

Rubber com pression  pads and h e l i c a l  sp r in g s  have c o n t r ib ­

u te d  to  th e  s o lu t io n  o f th e  problem , b u t a re  on ly  p a r t i a l ­

ly  s u c c e s s fu l .
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