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ABSTRACT

A method f o r  de te rmining  the optimum cond i t ion s  f o r  

p r e s p l i t  b l a s t i n g  has been developed and e x p e r i m e n t a l l y  

v e r i f i e d .  The method is s imp le ,  inexpensive  and not t ime  

consumi ng.

The p r e s p l i t  b l a s t i n g  design method is based on the  

concept  t h a t  the c o n t r o l l a b l e  v a r i a b l e s ,  decoupl ing r a t i o  

and ho le  spac ing ,  have to  be t a i l o r e d  to  f i t  the u n c o n t r o l l ­

a b l e  envi ronmenta l  v a r i a b l e s ,  such as the envi ronmental  

s t r e s s  and the rock p r o p e r t i e s .  The method is e m p i r i c a l ,  

in t h a t  the optimum combinat ion of ho le  spacing and 

decoupl ing r a t i o  is e s t a b l i s h e d  through f i e l d  te s t s  under  

the  co nd i t io n s  th a t  e x i s t  l o c a l l y .

The exper imenta l  work shows t h a t ,  f o r  a given  

e x p l o s i v e ,  the method is capable  of  de te rmining  the des i r ed  

optimum se t  of  c o n d i t i o n s .  I t  a l so  suggests th a t  th e r e  may 

be c e r t a i n  co nd i t i on s  f o r  which p r e s p l i t t i n g  is economica l l y  

unfeas i b 1e.

i i i
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INTRODUCTION

Recent research concerning p r e s p l i t  b l a s t i n g  has been 

aimed a t  de te rmin ing  the v a r ia b le s  involved in a p r e s p l i t  

b l a s t  and a t  f o r m u la t in g  th eo r i es  to ex p la in  the phenomena.

Very few,  i f  any,  of  the recent  research programs have been 

aimed a t  de te rmin ing  a method wi th  which to  design a p r e s p l i t  

b l a s t  round.

Al though b l a s t i n g  engineers have designed very success­

f u l  p r e s p l i t  b l a s t s ,  the methods they have used a r e  not w ide ly  

known. There is an immediate need f o r  a v e r s a t i l e  method of  

design which requ i res  very l i t t l e  previous b l a s t i n g  exper ience  

and which is a p p l i c a b l e  to  any set  of  envi ronmental  c o n d i t io n s .  

At the present  t im e ,  the r e l a t i o n s h i p s  between the v a r i a b l e s  

invo lved in a p r e s p l i t  a r e  not d e f i n e d ,  and as a consequence 

a mathemat ical  s o l u t i o n  to  the problem of design is not  

ava i 1a b 1e.

The goal of  t h i s  study was to fo rm ul a te  a simple method 

of  de te rmin ing  p r e s p l i t  design parameters.  The method was 

fo rm ula ted  by examining q u a l i t a t i v e  p r e s p l i t  b l a s t i n g  theory  

to  e s t a b l i s h  which of  those v a r ia b le s  involved in p r e s p l i t t i n g  

could be c o n t r o l l e d  to determine the successful  fo rmat ion  of  

a f r a c t u r e .  Tests were then performed to  de termine  a means 

by which to choose and co nt ro l  the s u i t a b l e  values of  these  

v a r i a b l e s  f o r  any set  of  envi ronmental  c o n d i t i o n s .
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PRESPLIT BLASTING MECHANICS

A s imple  ex p la n a t io n  of p r e s p l i t  b l a s t i n g  mechanics 

o f f e r e d  by Wi lbur  I .  D u v a l l ,  U. S. Bureau of  Mines,  as 

quoted by Paine (1965)  is as f o l l o w s :

According to D u v a l l ,  the almost  s imul taneous  
d e to n a t i o n  of  two charges of exp los ives  in ad jac en t  
holes r e s u l t s  in two r a d i a l  compression s t r a i n  
pu ls e s ,  one r a d i a t i n g  from each ho le  as shown a t  
A, in F i g u r e  1. The length of the arrows in d ic a t es  
the  r e l a t i v e  magnitude and t im ing  of  the p a r t i c l e  
v e l o c i t y  in accordance w i th  t y p i c a l  s t r a i n - t i m e  
curves obta ined in rocks surrounding b l a s ts  in 
var ious  rock types .

P a r t i c l e  motion generated in the rock is r a d ia l  
and outward.  This outward motion r e s u l t s  in a t a n ­
g e n t i a l  t e n s i 1e s t r e s s , commonly c a l l e d  hoop s t r e s s .  
The t e n s i l e  s t res s  does not appear u n t i l  t h e r e  is 
outward mot ion.  As i t  takes t ime f o r  the rock to  
a c c e l e r a t e  and move, the f i r s t  t a n g e n t i a l  s t res s  to  
appear  is a compression.  This t a n g e n t i a l  compress­
ion is produced by the l a t e r a l  expansion th a t  
r e s u l t s  from the l a r ge  r a d ia l  compression.

A f t e r  s u f f i c i e n t  t im e ,  the two r a d i a l  pulses  
i n t e r f e r e  w i th  each o t her  as shown a t  B. in F ig ur e  1. 
The l i g h t  arrows in back of the wave f r o n t s  i n d i c a t e  
the  r e l a t i v e  s i z e  of  the p a r t i c l e  v e l o c i t i e s .  In 
t h a t  se c t i o n  of the medium where the  two wave f r o n t s  
ov er lap ped ,  the r e s u l t i n g  p a r t i c l e  v e l o c i t i e s ,  
respresented  by dark  ar rows,  a re  ma in ly  normal and 
outward from the p lane of  the two charged ho les .
As the  rock on one s i de  of the plane ( l i n e  of  ce n t e rs )  
is moving in one d i r e c t i o n  and the rock on the o ther  
s id e  is moving in the opposi te  d i r e c t i o n ,  a p lane of  
t ens io n  is generated along the p lane  of  b l a s t  ho le  
c e n t e r s .

Of major  importance is th a t  the present  th e o r ie s  of  

p r e s p l i t t i n g  a l l  r ecognize  the presence and the ne ce s s i ty  

of  the  t e n s i l e  s t resses  proposed by D u v a l l .  Each theory  

a t t r i b u t e s  the c r e a t i o n  of  the p r e s p l i t  f r a c t u r e  to the
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e f f e c t s  of  t h i s  t e n s i l e  s t r e s s .  The th e o r ie s  d i f f e r  only  

in th a t  the t e n s i l e  s t re ss  is be l i e v ed  to o r i g i n a t e  from 

d i f f e r e n t  mechanisms, i . e .  the e x p lo s i ve  generated s t r a i n  

pulses (Aso,  1966) or the  combinat ion of  s t resses  c r ea ted  

by the  e x p lo s iv e  gas pressure w i t h i n  the b l a s t  ho le  ( K u t t e r ,  

1967) .

This t e n s i l e  s t re ss  is s c h e m a t ic a l l y  represented in 

F i g u r e  2.  This r e p r e s e n t a t i o n  d i sp la ys  the decrease of  

s t re ss  magnitude as a f u n c t io n  of d i s ta n c e  and the super ­

p o s i t i o n  of  the s t resses  f rom a d j o i n i n g  b l a s t  holes as 

descr ibed by D u v a l l .

This f i g u r e  is a q u a l i t a t i v e  r e p r e s e n t a t i o n  of  a l l  

of  the present  t h e o r i e s ,  and i t  serves to  i l l u s t r a t e  the  

v a r i a b l e s  involved in a p r e s p l i t  and o f f e r s  a basis upon 

which to  l o g i c a l l y  determine  the f e a t u r e s  e s s e n t i a l  to  a 

sound design method.
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VARIABLES INHERENT TO 

A PRESPLIT BLAST

The procedure f o r  o b t a i n i ng  a design method of  t h i s  

type must begin w i t h  an a n a l y s i s  of  the  v a r i a b l e s  involved  

in the process ,  so t h a t  the important  v a r i a b l e s  may be 

d i s t i n g u i s h e d .  I t  is then po ss i b le  to  determine  which 

values must be d e f in ed  by the design method so th a t  the  

r e s u l t i n g  design parameters w i l l  account  f o r  the e f f e c t s  

of  a l l  major  v a r i a b l e s .

This s e c t i o n ,  then ,  deals w i t h  a q u a l i t a t i v e  an a l y s is  

of  the  v a r i a b l e s  involved in p r e s p l i t  b l a s t i n g .  F ig ur e  2a 

is used to  de sc r i b e  these e f f e c t s ,  because the e f f e c t s  a re  

made ma n i f es t  by changes in the s lo p e ,  shape,  and p o s i t i o n  

of  the s t re ss  curves shown here .

The E n v i ro n m e n ta l  V a r i a b l e s .

The envi ronmenta l  v a r i a b l e s  a r e  those which a re  

u n c o n t r o l l a b l e  by man. These v a r i a b l e s  a r e  rock t y pe ,  rock  

s t r e n g t h ,  rock s t r u c t u r e ,  and the envi ronmenta l  s t re ss  

f i e l d s  w i t h i n  the rock mass.

The s lope  of  the curves rep re s en t i ng  the s t resses in 

F i g u r e  2a is p a r t l y  de f in ed  by equat ions d e s c r ib in g  the decay 

of  a s t re ss  as a fu n c t io n  of  d i s ta nc e  from the source of  tha t  

s t r e s s  (Ko lsky ,  1963) .  These curves a re  a l s o  a l t e r e d  by the  

rock type and the s t r u c t u r e  of the rock mass through which 

a p r e s p l i t  must pass.
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D i f f e r e n t  rock types d i s p la y  d i f f e r e n t  energy  

abs or p t io n  c h a r a c t e r i s t i c s ,  and t h e r e f o r e ,  d i f f e r e n t  s t ress  

a t t e n u a t i o n  c h a r a c t e r i s t i c s  ( D u v a l l ,  1959) .  The r e l a t i o n ­

sh ip  of  a rock type to  i t s  absorpt ion c h a r a c t e r i s t i c s  is 

undef ined .  Thus i t  is not po ss ib le  to p r e d i c t  the slope of  

the s t res s  curves in F ig ur e  2a.

A f e a t u r e  which may d r a s t i c a l l y  change the shape of  

the  s t re ss  curves is rock s t r u c t u r e ,  i . e .  the degree to  

which a rock mass is bedded or j o i n t e d .  The e f f e c t  of  j o i n t s  

or beds is to  o f f e r  i n t e r f a c e s  which may r e f l e c t  pa r t  of  the  

s t r e s s ,  as shown in F i g u r e  3.  This in tu rn  decreases the  

d i s t a n c e  over which the s t resses  w i l l  cause a p r e s p l i t  

f r a c t u r e  to  form.

A p r e s p l i t  f r a c t u r e  w i l l  form i f  the net  t ens ion  a t  

the  t i p  of  the p r e s p l i t  f r a c t u r e  is equal to or g r e a t e r  than 

the  apparent  net t e n s i l e  s t r e ng th  of  the rock.  The two 

f e a t u r e s  which e s t a b l i s h  the va lue of  the apparent  net  t e n s i l e  

s t r e n g t h  a r e  the ac tu a l  t e n s i l e  s t r e ng th  of  the rock and the  

envi ronmenta l  s t re ss  f i e l d s .  For example,  the h igher  the  

t e n s i l e  s t r e n g t h  of  the rock and the h igher  the e n v i r o n ­

mental  compressive s t re ss  o r ie n te d  p e r p e n d i c u l a r l y  to  the  

p r e s p l i t  p l a n e ,  the h igher  the t e n s i l e  s t resses re qu i red  to  

form a p r e s p l i t  f r a c t u r e .

The conclusions which may be drawn h e re ,  a r e  t h a t  

d i f f e r e n t  envi ronmenta l  v a r i a b l e s  o f f e r  w id e ly  va ry ing



T - 1 1 5 7 9

CL.

Cl

v_
Q_

TJ

Q.

CL.

4->
CO

(/)

I n t e r f a c e

D i s tance

B1 as t
Hoi e

F i g u r e  3 .  A Schematic Representat ion  of  the E f f e c t  of  
I n t e r f a c e s  on the Transmission of  S t ress  
Magn i tude



T - 1 1 5 7 10

e f f e c t s  on the t e n s i l e  s t resses  requ i red  to c r e a t e  a p r e ­

s p l i t  and th a t  these e f f e c t s  are  u n p r e d i c t a b l e .  I t  is 

t h e r e f o r e  not po ss ib le  to  p r e d i c t  a n a l y t i c a l l y  the d i s t an ce  

over  which these s t resses w i l l  cause a p r e s p l i t .

The P h y s i c a l  V a r i a b l e s

The phys ica l  v a r i a b l e s ,  i . e . ,  those v a r i a b l e s  which 

man may c o n t r o l ,  form the axes upon which the decay of  the  

t e n s i l e  s t resses  is p l o t t e d  in Figures 2 a and b. These 

v a r i a b l e s  a re  due to  the c h a r a c t e r i s t i c s  of  the  ex p lo s iv e  

and the method of  i t s  a p p l i c a t i o n .

Included in the c h a r a c t e r i s t i c s  of  the e x p lo s iv e  a re  

the  s t r e n g t h ,  d e n s i t y ,  and v e l o c i t y  of  d e t o n a t i o n ,  f e a tu r e s  

which combine to de termine  the magnitude and r a t e  of re lea se  

of  the energy conta ined in the e x p lo s i ve .  S ince the t e n s i l e  

s t r e s s  t r a n s m i t t e d  in to  the rock is a . f u n c t i o n  of  the  

i n i t i a l  e x p lo s iv e  energy ( R i n e h a r t ,  I 9 6 0 ) ,  the c h a r a c t e r i s t i c s  

of  the e x p lo s iv e  present  one means of  de te rmin ing  the i n i t i a l  

magnitude of  t h i s  s t r e s s .

The f i n a l  con t ro l  of  the t r a n s m i t t e d  s t res s  l ev e l  is 

ob ta ined  through the a p p l i c a t i o n  of the p r i n c i p l e  of  de­

c o u p l i n g .  Decoupl ing as used here r e fe rs  to  the co nt ro l  of  

e x p l o s i v e  energy t ransmiss ion  by o f f e r i n g  an a t t e n u a t i o n  

mechanism between the ex p lo s iv e  and the rock.  The a t t e n u ­

a t i o n  is ob ta ined by l eav ing an a i r  space between the

e x p l o s i v e  and the rock,  an a i r  space which absorbs energy
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as i t  is compressed. A measure of  the degree to  which an 

e x p lo s iv e  is decoupled is termed the decoupl ing r a t i o ,  

de f i n ed  as the r a t i o  of  the diameter  of  the ex p l o s iv e  to  the  

d iamete r  of  the b l a s t  h o le .^

The c h a r a c t e r i s t i c s  and use of  the ex p l o s iv e  determine  

the  i n i t i a l  t e n s i l e  s t re ss  magnitude t r a n s m i t t e d  in to  the  

rock.  The envi ronmenta l  v a r i a b l e s  a l t e r  these s t resses  and 

dete rmine the d i s ta n c e  over which they a re  e f f e c t i v e .  I t  

is necessary to  be a b le  to e s t a b l i s h  the spacing a t  which the  

b l a s t  holes may be d r i l l e d .  The spacing of  the b l a s t  holes  

is the f i n a l  phys ica l  v a r i a b l e ,  and i t s  e f f e c t  is shown in 

F i g u r e  2b,  where a l l  v a r i a b l e s  but ho le  spacing a re  cons tan t .  

Case 1 represents  the t e n s i l e  s t resses c r ea te d  when the  

b l a s t  holes a r e  spaced too c l o s e l y  t o g e t h e r .  This s i t u a t i o n  

r e s u l t s  in excess ive  r a d i a l  f r a c t u r i n g .  Case 3 represents  

the  t e n s i l e  s t resses  c rea ted  when the  b l a s t  holes a r e  spaced 

a t  too g r ea t  a d i s ta n c e  and no p r e s p l i t  is formed.  Case 2 

represents  the  optimum ho le  spacing where a p r e s p l i t  is 

formed w i t h  a minimum amount of r a d i a l  f r a c t u r i n g .

S umma ry

I t  was shown t h a t  F igu re  2 s c h e m a t i c a l l y  represents  

the  r e s u l t a n t  t e n s i l e  s t re ss  crea ted  by the de ton a t i on  of  a 

p r e s p l i t  e r r a y .  Examinat ion of F ig ur e  2 a l s o  a ids in 

d e f i n i n g  the requirements a design method must f u l f i l l .

A given set  of  envi ronmental  v a r i a b l e s  determines the
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s lope  and shape of the s t re s s  curves and the va lue  of  the  

apparent  net  t e n s i 1e s t re n g t h  of the rock.

The phys ica l  v a r i a b l e s  may be used to s h i f t  the  

p o s i t i o n  of  these cu rves ,  as shown by Cases 1 through 3 

in F ig ur e  2.

A p r e s p l i t  b l a s t  design method must e s t a b l i s h  the  

values of  the phys ica l  v a r i a b l e s  which would r e s u l t  in 

Case 2 ,  the most e f f i c i e n t  p r e s p l i t  b l a s t .  The method must 

determine  the maximum amount of i n i t i a l  energy the rock type  

may be sub jected  t o ,  and the d i s t an ce  over which the r e s u l t ­

ing t e n s i l e  s t re ss  w i l l  be s u f f i c i e n t  to  cause a p r e s p l i t  

to  form,  i . e .  the maximum spacing a t  which b l a s t  holes may 

be p laced .

Basic  q u a l i t a t i v e  theory  has served to  de termine  the  

requi rements of  a design method. A p p l i c a t i o n  of bas ic  

b l a s t i n g  p r i n c i p l e s  and em pi r i c a l  procedures were used to  

e s t a b l i s h  the design method.
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PRELIMINARY TESTING

P r e l i m i n a r y  te s t s  were devised to determine:

1. I f  envi ronmenta l  s t ress  f i e l d s  could  
comple te ly  i n h i b i t  the c r e a t i o n  of a 
p r e s p l i t  f r a c t u r e .

2.  I f  decoupl ing could be used to e s t a b l i s h  
and co nt ro l  the s t ress  leve l  to  be t r a n s ­
m i t te d  in t o  the rock.

3.  I f  a t e s t  could be devised to  e s t a b l i s h  
the maximum spacing a t  which b l a s t  holes  
could be d r i 11ed.

Envi ronmental  S t ress  F i e l d s

N i c h o l l s  (1966)  s t ud i ed  the i n f l u e n c e  of  a s t a t i c  

compressive s t re ss  f i e l d  on the fo rmat ion  of  a p r e s p l i t  

f r a c t u r e  and concluded th a t  i t  was e a s i e s t  to c r e a t e  a p r e ­

s p l i t  a long a p lane  p a r a l l e l  to the d i r e c t i o n  of  maximum 

p r i n c i p a l  compressive s t r e s s .

In an e f f o r t  to  extend th is  work,  l a b o r a t o r y  te s t s  

were run to  de te rmine the e f f e c t  of  compressive s t resses  

o r i e n t e d  p e rp en d ic u1 a r 1y to the p r e s p l i t  p lane .  D i f f e r e n t  

l e v e l s  of  s t re ss  were a p p l i e d  to l a r ge  specimens of  Yule  

M a rb le ,  and the maximum ho le  spacing was e s t a b l i s h e d  f o r  

each s t re ss  l e v e l .  A l l  o t her  v a r i a b l e s ,  such as rock t y pe ,  

rock s t r u c t u r e ,  rock s t r e n g t h ,  and i n i t i a l  ex p l o s iv e  energy  

were held co ns ta n t .

The dimensions of  the specimens were ap prox imate ly  

2 by 1 by 1 f t .  The sides of  the specimens were prepared
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to  ob ta i n  f l a t ,  p a r a l l e l  sur faces ag a in s t  which to  apply  a 

compressive s t r e s s .

S tresses  were ap p l i e d  by a s p e c i a l l y  f a b r i c a t e d  

mechanical  p res s ,  as dep ic ted  in F ig ur e  4.  S t r a i n  l e v e ls  

were moni tored by s t r a i n  gages mounted on the  su r f ac e  of  the  

spec i.mens.

A t o t a l  of  14 t e s ts  r e s u l t e d  in the data shown in 

Table  1. The l a r g e s t  spacing a t  which a p r e s p l i t  was 

obta ined a t  each s t re ss  l eve l  is p l o t t e d  in F i g u r e  5. The 

p l o t  shows th a t  h igher  l e v e ls  of compressive s t re ss  perpen-  

d l c u l a r  to the  p r e s p l i t  p lane  r e q u i r e  sm a l l e r  ho le  spacings  

f o r  a p r e s p l i t  to be formed.  More impo r ta n t ,  the r e s u l t s  

i n d i c a t e  th a t  th e r e  may be a l i m i t i n g  c o n d i t io n  of  ground 

s t re ss  a t  which p r e s p l i t t i n g  w i l l  no longer  be economical l y  

feas i b 1 e„

Decoup 11ng

Atchison ( 1 9 6 * 0 ,  Smith (1965 )»  ana Dupont (1964 )  have 

e s t a b l i s h e d  th a t  decoupl ing is an important  f e a t u r e  o f  any 

b l a s t i n g  process.

Al though sand and gravel  have been used e f f e c t i v e l y  

as decoupl ing agents in down h o le s ,  t h e i r  use in h o r i z o n t a l  

holes m a y  be l i m i t e d  due to the d i f f i c u l t y  of  i n s t a l l i n g  them 

in the h o le .  A tes t  was t h e r e f o r e  devised to determine  i f  

a i r  would be a s u i t a b l e  decoupl ing agent  i f  used p r o p e r l y .

The t e s t  se r i e s  employed 7 / 8  in ,  diarn. 'TRSMTEX 

(Dupont)  as the e x p lo s iv e .  Two ar rays  of  f i v e  h o r i z o n t a l
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F i g u r e  k. Load in g  Press Used t o  A p p l y  Compress ive  S t r e s s  
t o  Specimens f o r  t h e  E f f e c t  o f  S t r e s s  F i e l d  
S t ud  i e s .
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App l ied  Compressive S t ress  ( P s i )

F i g u r e  5.  The E f f e c t  of  Compressive S t ress  App l ied
Per pe n d i c u l a r  to  the P r e s p l i t  Plane on the  
Maximum P r e s p l i t  B las t  Hole Spacing in sur ing  
P r e s p l i t  F r a c t u r e  Format ion.
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Table  #1 - Data ob ta ined from Tests to Determine
the E f f e c t  of Compressive S t ress  F i e ld s  
Or ien ted  P e r p e n d ic u la r ly  to the P re ­
s p l i t  P Iane,

Specimen # S t ress  (Ps i ) Hoie Spacing ( i n ) Resu11 i ng 
Presp1 i t

1 0 2 .25 Good

2 0 2 .50 Good

3 0 2 .7 5 None

4 45 2 .50 None

5 45 2.25 Good

6 90 2.25 None

1 90 2.00 Good

8 90 2,25 None

9 135 2.00 None

10 135 1.75 Good

11 180 1.75 None

12 180 1.50 None

13 180 1.25 Good

14 180 1.50 None
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holes each were d r i l l e d .

Each a r r a y  conta ined holes of d i f f e r e n t  d i a m e te r ,  i . e . ,  

1 - 1 / 4 ,  1 - 3 / 8 ,  1 - 1 / 2 ,  1 - 5 / 8 ,  and 1 - 3 / 4  in .  Loading these holes  

w i t h  7 / 8 - i n . -diam.  TRIMTEX r es u l t ed  in decoupl ing r a t i o s  of

0 . 7 0 0 ,  O .6 3 6 , 0 . 5 8 2 ,  0 . 5 3 8 ,  and 0 . 50 0  r e s p e c t i v e l y .

The r e s u l t s  a f t e r  de tona t ion  of  the ex p lo s iv e  in 

these holes showed th a t  r a d i a l  f r a c t u r i n g  is g r e a t l y  reduced,  

proceeding from la r ge  to  smal l  decoupl ing r a t i o s .  I t  was 

concluded th a t  a i r  could be used as an e f f e c t i v e  decoupl ing  

a g e n t .

The r e s u l t s  f rom the t e s t  a re  represented in 

F i gure 6.

Hoie  Spac?nq

A f i e l d  t e s t  was examined to de termine  i f  the maximum 

spacing a t  which b l a s t  holes could be d r i l l e d  is p r e d i c t a b l e .

Two l in es  of  holes were d r i l l e d  a t  increas ing  hole  

spac ings ,  i . e . ,  1, 1 - 1 / 4 ,  1 - 1 / 2 ,  1 - 3 / 4 ,  and 2 f t . ,  and 

detonated  as a p r e s p l i t  a r r a y .

The d e to n a t io n  of  the explos ives r e s u l t e d  in a p r e ­

s p l i t  f r a c t u r e  between holes up to 1 - 1 / 2  f t .  ap ar t  as shown 

in F i g u r e  7.  I t  was decided to use t h is  t e s t  as p a r t  of  the  

method discussed in the next  sec t ion  and to  de termine i t s  

r e l i a b i l i t y  when ap p l i e d  to an ac tua l  at tempted p r e s p l i t .

These r e s u l t s  a r e  discussed in the next s e c t io n .
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/
/ D.R. 0 .538

I
D.R. 0 .582 D.R. 0.636

F i g u r e  6.  R es u l t in g  F r a c t u r e  Pa t terns  Around B las t  Ho les ,  
A i r  Decoupl ing Tes t .

1 .0  f t .  1 - 1 / 4  f t .  1 - 1 / 2  f t .
o--s==^-o------ — -o ------------

1 - 3 / 4  f t . . 0  f t ,

F i g u r e  7.  R es u l t in g  F ra c t ure s  From Hole Spacing Te s t .
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S urnma r y

The p r e l i m i n a r y  t e s t i n g  in d i c a te d  t h a t :

1. L i m i t i n g  co nd i t i on s  of  ground s t re ss  may e x i s t  
f o r  which p r e s p l i t  b l a s t i n g  may not be econom­
i c a l l y  feas i b l e .

2.  The p r i n c i p l e  of decoupl ing may be used to  
co nt r o l  the l ev e l  of  the s t resses  to be t r a n s ­
m i t t e d  to the rock.

3 .  The maximum spacing between p r e s p l i t  b l a s t  
holes may be e s t a b l i s h e d  f o r  any se t  of  
cond i t  i ons.
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THE METHOD

The design method uses the decoupl ing t e s t  and the  

ho le  spacing t e s t  to de termine  the combinat ion of the  

phys ica l  v a r i a b l e s  best  s u i t e d  to the envi ronmental  v a r i a b l e s .

V isua l  1n t e r p r e t a t i o n  C r i t e r i a

The decoupl ing t e s t  requ i res  i n t e r p r e t a t i o n  of  the  

v i s i b l e  r e s u l t s  of  the explos ion  in each ho le .  C r i t e r i a  f o r  

the  i n t e r p r e t a t i o n  is based upon p r e s p l i t  d e f i n i t i o n ,  which 

re qu i re s  t h a t  the de to n a t io n  of  a p r e s p l i t  a r r a y  y i e l d  the  

f o l 1owi ng r e s u 1t s :

1. S h a t t e r i n g  and overbreak must be minimal .
This insures g r e a t e r  inherent  s t a b i l i t y  of  
the  opening,  and consequent ly ,  less s c a l i n g  
t ime and increased s a f e t y  f e a t u r e s .

2.  The p r e s p l i t  f r a c t u r e  must be formed con­
s i s t e n t l y  from round to round. This avoids  
secondary b l a s t i n g .

This in fo rmat ion  is c o n s i s te n t  w i th  F i gu re  2.  I t  is 

d e s i r a b l e  to avoid  cases 1 and 3.  T h e r e f o r e ,  the r e  must be 

an upper and a lower l i m i t  to  the amount of  energy to be 

t r a n s m i t t e d  to  the rock.

The v is ua l  c r i t e r i a  must be e s t a b l i s h e d  on the basis  

of  the amount of  r a d i a l  f r a c t u r i n g  and s h a t t e r i n g  around the  

holes in the  decoupl ing t e s t  a f t e r  the de ton a t i on  of  the  

e x p l o s i v e .  The v is ua l  examinat ion should y i e l d  an upper and 

a lower l i m i t  to the energy t ransmiss ion .
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• V e r i f i c a t i o n  o f  t h e  Method

In o r d e r  t o  v e r i f y  t h e  method,  t h e  d e c o u p l i n g  t e s t  

was pe r f o rm ed  un de r g round  a t  t he  C o l o r a d o  Schoo l  o f  Hines 

E x p e r i m e n ta l  Mine .  The p r o c e d u re  was t o  e s t a b l i s h  t h e  

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

t h a t  d e c o u p l i n g  r a t i o ,  and t o  then d r i l l  a p r e s p l i t  round 

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

spac  i n g .

The d e c o u p l i n g  t e s t  was a r r a n g e d  a g a i n  as d e s c r i b e d  

e a r l i e r .  The r e s u l t s  a r e  as shown in F i g u r e  8a.  The de ­

c o u p l i n g  r a t i o  o f  0 . 5 82  was i n d i c a t e d  t o  be t he  most  d e s i r ­

a b l e  in bo th  t e s t s ,  on t h e  b a s i s  o f  t o o  much r a d i a l  

s h a t t e r i n g  among t h e  l a r g e r  r a t i o s  and no e f f e c t  among 

t h e  sma11e r  r a t  i o s .

In order  to v e r i f y  the v a l i d i t y  of  t h i s  ch o ic e ,  the  

ho le  spacing t e s t  was performed f o r  the decoupl ing r a t i o s  of

O . 6 3 6 , 0 . 5 8 2 ,  and 0 . 5 3 8 ,  as shown in F ig ur e  8b.  This was 

done to insure  tha t  p r e s p l i t  geometry would not a l t e r  the  

decoupl ing e f f e c t s  of  the var ious r a t i o s ,  i . e . ,  to make sure  

th a t  the chosen decoupl ing r a t i o  was the best  when employed 

in a p r e s p l i t  geometry.  Both t e s t  s e r ie s  showed the i n i t i a l  

choice  to be the  most d e s i r a b l e  decoupl ing r a t i o .  In both 

t e s t  s e r i e s ,  the r a t i o s  0 . 63 6  and 0 .582  p r e s p l i t  the same 

d i s t a n c e ,  i . e . ,  1 - 1 /2  f t .  However,  the r a t i o  O.636  d i sp l ay ed  

obvious r a d i a l  f r a c t u r i n g .  The r a t i o  0 .5 38  p r e s p l i t  on ly
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F i g u r e  8a.  R es u l t in g  F rac tures  Around B la s t  Holes  
in the  V e r i f i c a t i o n  Decoupl ing Te s t .

Apparent  Maximum 
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F igure _8 b .  R es u l t in g  F rac ture s  between B la s t  Holes  
in the V e r i f i c a t i o n  Hole Spacing Te s t .
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1 - 1 / 4  f t .  Thus,  t h is  s e r i e s  e s ta b l i s h e d  t h a t  the proper  

decoupl ing r a t i o  could be chosen by a l i m i t i n g  process ,  in 

which decoupl ing r a t i o s  d i s p l a y i n g  ex te n s i v e  r a d i a l  f r a c t u r ­

ing and r a t i o s  showing no r a d i a l  f r a c t u r e s  could be 

e l i m i n a t e d  as u n d e s i r a b le .

The f i n a l  s tep in proving the v a l i d i t y  of  the method 

was to insure  th a t  the ho le  spacing t e s t  y i e ld s  a va lue  tha t  

is r e l i a b l e  and c o n s i s t e n t .

N i c h o l l s  (1966)  f e l t  th a t  wider  hole  spacings could  

be ob ta ined by s t a r t i n g  the i n i t i a l  f r a c t u r e  a t  c lose  hole  

spac ings .  Because t h i s  is e x a c t l y  what the hole  spacing  

t e s t  does,  and in order  to  insure r e l i a b i l i t y ,  the design  

spacing was chosen as t h a t  spacing j u s t  less than the  

apparen t  maximum spacing,  as shown in F ig ur e  8b.

The p er im et e r  of  a round was d r i l l e d  using the de ­

coup l ing  r a t i o  of  0 .5 8 2 .  The holes along the r i g h t  s ide  and 

the  back were d r i l l e d  a t  a spacing of  1 - 1 / 4  f t .  w h i l e  the  

l e f t  s id e  of  the round was d r i l l e d  a t  1 - 1 / 2  f t .  spacing.

De tona t ion  of  the round r e s u l t e d  in a p r e s p l i t  a long  

the  r i g h t  s ide  and the back of  the heading w h i l e  the l e f t  

s i d e  showed no f r a c t u r e .  These r e s u l t s  i n d i c a t e  th a t  the  

cho ice  of  the design spacing is j u s t i f i e d  and th a t  the  

method y i e l d s  r e l i a b l e  r e s u l t s .
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CONCLUSIONS

At the present  t ime ,  no mathemat ical  formula f u l l y

descr ibes  the complex phenomena of  p r e s p l i t  b l a s t i n g .  Past

research in d i ca te s  t h a t  the v a r i a b l e s  involved in and 

e f f e c t i n g  a p r e s p l i t  b l a s t  a r e  complex and in fe r de p en de n t . 

These v a r i a b l e s  may be d i v id e d  in to  two groups,  i . e . ,  

envi ronmenta l  and p h y s i c a l .

The envi ronmental  v a r i a b l e s  a r e  inheren t  in a p r e -  

s p l i t  as a r e s u l t  of  the m a t e r i a l  through which the p r e s p l i t  

must propagate .  The m a t e r i a l ,  i . e . ,  rock ,  may o f f e r  wide 1y 

d i f f e r e n t  c h a r a c t e r i s t i c s  which a f f e c t  the fo rmat ion  of the  

p r e s p l i t  f r a c t u r e .  There is no means by which man may cont ro l  

these e f f e c t s .

The phys ica l  v a r i a b l e s  a re  those due to the c h a r a c t e r ­

i s t i c s  of  the e x p lo s i ve  used and the method of  i t s  a p p l i c a ­

t i o n .  These v a r i a b l e s  may t h e r e f o r e  be c o n t r o l l e d .

F i g u r e  2 ,  pages 5 end 6 ,  is presented as a schemat ic  

r e p r e s e n t a t »on of  the  r e ! a t i o n s h i p s  between the two types of  

v a r i a b l e s .  The v a r i a b l e s  a re  b r i e f l y  discussed to exempli  fy  

the mariner in which t h e i r  e f f e c t s  a l t e r  the curves dep ic ted  

in t h is  f i g u r e .

The most important  f e a t u r e  w i th  regard to t h i s  f i g u r e  

is th a t  i t  i n d i ca te s  tha t  f o r  s given rock typ e ,  s t re ss  

f 1e 1d , and exp 1 os i v e , a su cce ss fu1 p r e p I i  t  is dependent
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upon the proper  choice of the values of the decoupl ing r a t i o  

and ho le  spacing.  Thus,  i f  the proper v a l u e s , o f  the  

phys ica l  v a r i a b l e s  may be determined by some method so tha t  

the i n i t i a l  ex p lo s iv e  energy is most e f f e c t i v e l y  used and 

the maximum spacing between b l a s t  holes is known, the most 

e f f e c t i v e  p r e s p l i t  is insured.

Tes t ing  in d i ca te d  th a t

1. There a r e  l i m i t i n g  ground s t res s  con d i t i on s  
fo r  which p r e s p l i t t i n g  may not be economical l y  
feas i bl e.

2.  The p r i n c i p l e  of decoupl ing may be used to  
c o nt r o l  the l ev e l  of  the e x p lo s iv e  energy  
t r a n s m i t t e d  to  the rock.

3.  The maximum spacing between blast; holes may 
be e s t a b l i s h e d .

A method w i th  which to  e s t a b l i s h  and c o n t r o l  the  

I n i t i a l  e x p lo s iv e  energy and t h e  cor respond i ng h o l e  sp a c in g  

was proposed and ver  i f  ied.  The method is s imp 1e , 1nexpensi v e , 

and not t ime consuming. The r e s u l t s  i n d i c a t e  the s i z e  of  

d r i l l  h o l e  to be used,  the type and d iameter  of  e x p lo s iv e  

to  be used ,  and the maximum spacing a t  which the d r i l l  holes  

may be p laced.
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