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IHTRODUCTION ' 

P r e - s p l i t b l a s t i n g i s a t e c h n i q u e used t o reduce 
damage t o e x c a v a t i o n p r o f i l e s , d u r i n g b l a s t i n g by 
p r e - f o r m i n g a con t inuous f r a c t u r e between p a r a 11 e'l 
b o r e h o l e s ' l i g h t l y charged w i t h decoup led e x p l o s i v e ' s 
a long t h e l i n e of the r e q u i r e d s u r f a c e . V a r i o u s 
t i i e o r i e s and hypo these s have been p r e s e n t e d t o e x p l a i n 
the {jbenomenom of p r e - s p l i t B l a s t i n g : ( s e e f o r i n s t a n c e 
Aso, 1966; Ca r r a sco and S a p e r s t e i n , '197'7; G r i f f i n , 
1973. and K u t t e r , 1967) b u t no t o t a l l y s a t i s f a c t o r y 
e x p l a n a t i o n of the mechanics of f r a c t u r e ' f o rma t ion 
arid e x t e n s i o n has be'en p r o v i d e d . 

Most p r e v i o u s approaches (Asp., 1966; G r i f f i n , 1973 
and P 'a ine , 1961) have t ended co c o n c e n t r a t e , on t he 
ma thema t i c s of i n t e r a c t i o n between s t r e s s wavesi from 
a d j a c e n t s o u r c e s . I n t e r a c t i o n of s t r e s s e s induced by 
expand ing g a s e s fo l lowing , d e t o n a t i o n has been 
c o n s i d e r e d . o f minor i m p a r t a n c e . However, d e c o u p l i n g 
i n t r o d u c e d , d u r i n g p r e - s p l i t t i n g i s s p e c i f i c a U y 
d e s i g n e d t o reduce dynamic e f f e c t s and td emphasize 
rock s t r e s s e s f e s u l ' t i n g , from expans ion of d e t o n a t i o n 
p r o d u c t s . I t could indeed be, a rgued t h a t t h e 
phenomenom lias more i n common -with hydro f r a c t u r e than 
wit'h t he c o n v e n t i o n a l use of h i g h explos i - t fes . 

MECHAHICS OF PRE-SPLITTIMG 

•Energy r e l e a s e arid t r a n s f e r t o t he rock body from 
an e x p l o s i v e d e t o n a t i n g in a b o r e h o l e in rock i s a 
complex p r o c e s s , be ing a f f e c t e d p a r t l y by t h e r e l a t i v e 
impedances of t he e x p l o s i v e and r o c k . a n d the, 
e f f i c i e n c y of t he c o u p l i n g s and p a r t l y by t h e p r e s s u r e s 
e x e r t e d by expanding g a s e s i n t he b o r e h o l e . I t i s 
u s e f u l t o d i f f e r e n t i a t e be tween t h e s e two a s p e c t s of 
t he p r o c e s s by d e s c r i b i n g them as t he dynamic and 
q u a s i - s t a t i c components q f ene rgy r e l e a s e . 

t h e dynamic component compr i se s i n i t i a l l y a- p l a s t i c 
headwave,, decay ing r a p i d l y to form a r a d i a l l y expanding 
compres'sion wave. The e n e r g y i n t he wave , i t s shape 
and v e l o c i t y a r e r e l a t e d t o t h e "explos ive energy and 
the d e g r e e 6f -coupl ing of t he e x p l o s i v e and rock and 
t h e i r r e l a t i - v e impedances . T^e i n i t i a l h i g h energy 
in the wave i s ; d i s E i p a t e d by l o c a l c r u s h i n g a t t h e 
b o r e h o l e p e r i p h e r y a n d / o r l i m i t e d r a d i a l e rack i r ig 
p a r a l l e l to t he d i r e c t i o n of maximum c o m p r e s s i o n . 
Accord ing to Ca r r a sco and S a p e r s t e i n (19i77) t:Viese 
c r a c k s a r e i n i t i a t e d n e a r t o bu t n o t a t t h e h o l e 
s u r f a c e , Sirice t he wave v e l o c i t y i s a p p r o x i m a t e l y 
t h r e e t i m e s the maximum c r a c k p r o p a g a t i o n v e l o c i t y 
(Edges ton arid Bars tow, 1 9 4 1 ) , . e x t e n s i o n o f " c r acks by 
wave a c t i o n i s minimal and i n t a c t r o c k s g e n e r a l l y have 
a h igh r e s i s t a n c e to t r a n s i e n t c o m p r e s s i o n . ;ihe main 
e f f e c t of t he wave i s in l o o s e n i n g , d i s c o n t i n u i t i e s in 
t he rock through- t e n s i l e r e f l e c t i o n a t i n t e r f a c e s which 
c r o s s t he wave p a t h . 

As t he headwave lea-ves t h e ' zone of t h e , b o r e h o l e , 
t he b o r e h o l e i t s e l f i s p r e s s u r i s e H by the b u i l d up of 
the gases which a r e 'a b y p r o d u c t of the, r a p i d combustion 
c h a r a c t e r i s e d by d e t o n a t i o n . These e x e r t a h i g h q u a s i -
s t a t i c p r e s s u r e on the b o r e h o l e s i d e w a l l . The e f f e c t 
of t h i s p r e s s u r e i s t o i n d u c e cpmpres s iye r a d i a l and , 
raore i m p o r t a n t , t e n s i l e t a n g e n t i a l s t r e s s e s around 
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limited length cracks produced by the dynamic wave. 
This results in two effects: 

(a) The opening of the c r a c ' k surfaces a n / b r near 
the borehole circumference will induce tensile 
stresses at the tips of the cracks, creating 
conditions for. crack'extension . 

Cb) Gases of detona!:ion migrating into the opened 
cracks will cause further crack extension. 

Various explanations of Che processes involved in 
crack propagation are available in the literature on 
hydrofract:tiring-, (see for instance Perkins and Krech, 
1966; 1968; Sneddon-, 1946; Wong and Parmer, 1973). 
The principal conclusion is that- very high pressures 
are required to propagate cracks. In the case of 
-detonation gases however, these pressures exist. 
Initially, the increasing pressure within a crack will 
result in an increase in the extent of the stress 
altered region aro.und the crack, maintaining it in a 
state o f elastic stability. However, beyond a 
critical pressure the system will-become unstable and-
the crack will extend radially until further extension 
of the stress altered region leads to a retur-n to 
stability, tihus limiting further extension. The 
differential work in extending cracks is the pro'duct 
of the volume of, the cracks created and the pressure 
increment. This energy is partly stored as reversible 
strain energy aiid partly absorbed in creating new 
crack surfaces. 

The preferred direction of crack, propagation if a 
line of: boreholes exists will be Chat in-which 'cracks 
can be most easily opened and into which the high 
pressure detonation gases can most easily penetrate; 
It is evident that the greatest tendency for. crack 
opening will occur where tangential terisile s'tress 
zones overlap between neighbouring pressurised bore
holes. It is egually evident that less favourable 
conditions will exist for opening, of cracks normal to 
the bbrehole, line. Where, cracks from rielighbouring 
boreholes intersect, a continuous: fracture will be 
formed and subsequently opened, releasing pressure and 
inhibiting -furthet crack extension except at its 
extremities. 

The interaction of the individual stress fieldsi 
around boreholes within a pre-split pariel will cause 
the radial crack zones to expand in a slightly 
elliptical shape with the major axes orientated al,ong 
the pre-split line. If a discontinuity is present 
between the holes then-the first crack to reach the 
discontinuity will tend to create a path for. further 
reduction of gas pressure, inhibiting further crack 
extens'io"n. Due to the geometry involved the crack 
should intersect the discontinuity at approximately 
90 . If the discontinuity is closed a stress 'bulb' 
will be formed on the opposite si'de, cracks from the 
adjacent borehole will be. induced to cjtt:end and curve 
to that point. If the di's'continuity is open the crack 
will terminate. 
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where R = radial depth of crack zone 

d = borehole diameter 

For series (a) A = 45.7, B = -fO.SSg 

and for series (b) A = 26.9, B = •̂ 0.702 
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FIGURE 3. Graph^of the relationship obtained in 
series (c) testing between borehole 
diameter and maximum borehole separation 
for pre-split (p/s) success. 
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FIGURE 2. Graph of maximum crack length and 
damage zone extent for single normal 
series (a), and vented series (b), 
hole tests. 

Since the value of B for series (b) tests is of a 
greater magnitude than for series (a) tests it is 
evident that increasing decoupling has a greater 
reduction on the dynamic component than the quasi-
static component. Together the tests in series (a) 
and (b) demonstrate that for single holes, whilst the 
dynamic component may be responsible for crack 
initiation, the quasi-static gas component is the 
dominant mechanism in crack extension. 

The main results of series (c) testing are summa
rised in Figure 3, which illustrates the maximum 
successful pre-split borehole separation obtained for 
various degrees of decoupling, expressed as borehole 
diameter, for single explosive cord. The relationship 
obtained was again exponential and was calculated as: 

d = 372b 
-0.9 

where: 

and 

d = borehole diameter (mm) 

b = maximum borehole separation (mm) 

Generally the maximum successful pre-split borehole 
separation in series (c) was found to be approximately 
double the maximum crack length from series (a) tests 
on corresponding borehole diameters. 

FIGURE 4. A comparison of the maximum pre-split 
borehole separations for dynamic compo
nent (left) and dynamic plus gas 
pressure component of explosive energy 
(right) for 3.2 mra (0.125 in) holes. 
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The crack geometry dictates that during pre-split 
blasting the degree of irregularicy of the Einal fac'e 
is dependant on the discontinuity set orientation. 
The results show Chat ac a discontinuity intersection 
angle of less than 60 , irregularities in the pre-split 
line become marked and if decreased to 15 , a high 
degree of overbreak will be sustained behind the line 
of boreholes (see Figure !6). Similar results were 
obtained for the tests in sandstone but only open 
cracks were visible. 

From series (f) results it was found that dominant 
cracks arc able to cross successive parallel dis
continuities, as in Figure 7, biit were observed to 
terminate at the discontinuity located immediately 
before the next borehole (except for dis.cpntiriuity 
intersection angles below 20 ). With increasing 
crack frequency, secondary cracking became less 
pronounced. Overbreak volume increased with the 
change from single to multiple discontinuities and 
with increasing discontinuity frequency up to four 
discontinuities per borehole spacing where tailing 
off occurred. 

FIELD OBSERVATIONS 

Early field observations confirmed the trends from 
Phase I tests but the majority of field work was aimed 
at exatnining Che effect of geotechnical factors on 
pre-splitting. 

Pre-Bplitting at various highway construction sites 
in Scotland (both Successful and unsuccessful) in 
dolerites, basalts j gneisses and schists was visited 
over the co.mplete spectrum of coristructiorial stages. 
In addition, various quarries in limestone and sand
stone, utilising the technique for the stabilisation 
of production faices and protection of haul roads, were 
visited. 

Initial discontinuity surveys were made to assess 
the overall 'intrinsic' stability df the rock mass at 
the yarious' sites, particularly as affected by major 
faults and shears. This was followed by an assessment 
..of how indi-vidual jointing affected the pre-split face 
by recording orientations of natural and .imposed dis
continuities. 

:;f 

I . 

90 

FIGURE. 7. Pre-split in-sandstone with multiple 
parallel discontinuities. Illustrating 
the propagation of dominant fracturing 
across and perpendicular to successive 
discontinuities. 
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FIGURE 8. Graph of percentage occurrence of a 
total of 45-3 set's of fracturing to 
discontinuity field readings. 
IllusCrating that the majority of 
fracturing is (sub)peTpendicular to 
jointing. The fanning out of data fbr 
lower joint to "face angles is attributed 
to secondary fracturing, and the 
absence of data below 20 to failure 
of pre-split. 

From field observations it was concluded that if 
the face was intrinsically unstable either through a 
tendency to plane or wedge failure or toppling, 
pre-splitting did not lead to any improvement. Of 
more fundamental importance, it was shown Chat the 
tendency noted in the laboratory for fractures to 
spread in a direction normal to the direction of dis
continuities was repeated, this is illustrated in 
Figure 8, Curved secondary fractures were also found 
to be present. This dictated that where continuous 
discbntinuity planes and the pre-spiit line, met at an 
angle of less than 60 irregularities in the pre-split 
line became marked. When this angle was decreased to 
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15 , pre-split blasting was observed to have had no 
beneficial effect on the resulting slope profile. 
Field examples of a failure to pre-split due to the 
presence of medium and large scale near vertical 
discontinuities at less than 15 to the intended face 
and a particularly successful pre-split are 
illustrated in Figure 9. 

FIGURE 9. Top: successful pre-splitting with the 
predominant discontinuity set 
orientated perpendicular to the 
face. 

Bottom: unsuccessful pre-splitting and 
high overbreak due to the major 
joint set being within 15 of 
the face. 

CONCLUSIONS 

(a) Although the initiation of cracking around a 
borehole is generally caused by the dynamic 
headwave, the majority of cracking is caused 
exclusively by the quasi-static gas pressure 
component of explosive energy. 

(b) Pre-splitting is primarily caused by the 
interaction of the tangential tensile 
stresses induced in the rock by quasi-static 
gas pressure components from neighbouring 
boreholes. 

(d) Pre-split fractures intersect discontinuities 
in the rock at right angles. 

(e) The first crack to reach a discontinuity tends 
to become dominant, inhibiting further crack 
propagation. 

(f) Dominant cracks may cross successive dis
continuities at right angles forming irregular 
breaks between neighbouring boreholes. 

(g) The presence of discontinuities at less than 
60 to the proposed pre-split line tends to 
cause poor line definition. If the angle is 
less than 15 , pre-split blasting has no 
effect on slope profiles. 
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(c) A pre-split may be obtained by using the 
dynamic component only of explosive energy, 
but the maximum borehole separation for this 
is less than l/5th of maximum separation 
utilising gas pressures. 
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