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Previous approaches to pre-split blaating have tended 

to concentrate on the mathematical theorY of dynamic 

atresa wave interaction, whilst recognising some 

interaction with quaai-atatic atresses induced bV 

expandfng gal.1 in the bortholt. However the decoup11ng 

introduced durin~ pre-splitt1ng is specifically designed 

to reduce dynamic effects and to emphasize qua8~-static· 

effects, and it can be argued that the process has more in 

common with hydrofracture than with conventional use of 

explolives. 

Investigation of the mechanica involved during the 

fracturing process around both single and multiple line -
chargel in model telting in polve.ter resin proved the 

quast-static gas co.mponent of energy relea.e to be the 

predominant mechanism controlling fracture growth around 

bla.t holel and in the formation ~f pre-,plit fracturea. 

80th field and te.t ob.ervationl indicate that the 

predominant geotechnical factor affecting the relative 

.ucce., of pr.·splitting is the orientation of major 
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discontinuities and or set. in relation to the pre-8Plit 

line. Oecreasing discontinuity intersection angle is 

shown to progressively ;ncre.se overbreak from ninety 

degree, to twenty degrees, below which a dramatic increase 

in overbreak fa observed with. failure of the pre-split 

in the fin.l face. Discontinuity freQuency il shown to 

have no major discernable affect on the succe.s of 

pre-sp11tting. 

The effects of further varying geotechn;cal factor. on 

the suec ••• of ore-split blesting are discussed, including 

anilotrOpy, grainsire, texture, w.atherin~, grOund water, 

stability end geoatatic .tr •• s field •• 
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Pre-split blasting may be briefly defined 8S a 

tec~nique used to reduce disturbance to excavetion 

profiles dur;ng blasting by pre-forming a continuous 

fraeture between parallel boreholes lightly charged 

wit~ decouPled •• plosives along t~e line of t~e 

required surface, (~orsey et. 81., 19d1). 

FollowinQ difficulty with pre-split blasting on 

various highway contracts in Scotland, a study was 

initiated into, the effectiveness of controlled blelt 

techniques in discontinuous rock. 

part of the above study. 

This ~ork formed 

The work undertaken by the author was funded 

Jointly by the Transport and Road Rese.rch Laboratory 

and the Science Research Council through a t.A.S.E. 

(Co-oper.tive Aw.rd in Science and Engin.ering) .w.rd. 

Out of ~wo .nd a h.,f year. r •••• rch, the author 

was employed (Scottish branch) at 

~fvingston for a tot.l of If x months during which he 

was involved in: 

1. Ex.mination .nd analysis of previoul pre-IPlft 



blastin~ case histories and visits for on-site 

observation of the effect of pre-split blasting, 

2. Appraisal of site investigation and pre-split 

bleating with the obJect·ive of formulating designs 

for contract work. 

3. Monitorfn~ of ore-split blesting contracts. 

All l.borat~ry _ork ~ •• performed at the Rock 

Mechanics Laboratories of tne Mining Engineering 

Department at the University of Newcastle-uoon-Tyne. 

Due to the conflicting views (~hfch are still held 

and voiced) o.ver the varying importance of the roles 

played by the dynamic and gas components of explosive 

energy in the mechanics of pre-split blasting, it was 

found necessary to in;t1ally research into the actusl 

mechanics of ore-splitting. ConseQuently the 

following three chapter. are nece.lartly concerned 

with the solution of this contr~versy. 

AlthOUgh many people have touched on the field of 

pre-splitting and heve written papers on the topic in 

the pe't, no-one (to the author·, knowledge) ha, 

./ 
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researched in the laooratory on tne geotechnical 

factors which may affect pre-sp11ttfng and only 

Trudinger (1973) h,s published on-site observations of 

the effect of varying major di.continu;ty orientation 

on pre-splitting in the field. 

It ts not po.sible to refer to ;ndtvidual site. by 

their name. or to give locations, chainage. etc. a. 

many of the pr~jeet' are .till active. 

The view. end opinions expre,.ed in thi, the.i. are 

tho •• of the autnor and are not nece.sarily those of 

the Transport and Road Reaearch ~aboratory or the 

Department of Transport. 
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The techniQue of pre-forming final excavation 

lfmits by pre-solft olaating was fir.t· used at the 

rH aora Power Project (Paine et.el., 1961).' The 

project consisted of an intake .ection, two parallel 

conduitl about four milel long, an open canal 4,000 

feet long, a main generating plant and a ~ump 

generating plant and wa. excavated in rouohly 

horizontal m.s.fve dolomite and lfmeltone grouPI. 

Several million square feet of rock face had to be 

orepared to within a. tolerance of If x inches, over 

five million square feet on the conduita (avereging 

110 feet in height) alone. The contracts Itipulated 

tnat rock pro.trudino more than .fx inches into the 

final excavation from the deaton face line had to be 

trimmed back by the contractor and if any overbreak 
. . 

from the deaign line occurred in exce •• of atx inchea 

due to bla.ting fnaccuracie., the contractor wa. to 

foot the bill for the exces. concrete uled in l;nino. 

Due to the hfoh cost of line drilling, the tot.l 

fnadequacy of bulk bl •• ting and the failure of smooth 
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wall blastfnQ to suff;e;ently reduce overbreak;n the 

eerly sections of t~e contracts, a new perimeter 

blasting tee~n;Que was required. 

Of the techniques used, pre·splitting gave bv far 

the beat results, the ma_imum drill depth of pre-split 

staving ~ithin the st. inch tolerance being 64 feet. 

The pre·split technique wa. developed by De' K. 

Holme,' es 8 modification of smoothwall blasting, , 

differing from the latter in the respect that the 

pre·splttttng was accompliahed prior to the drilling 

end bleating of the bulk pattern rather than after. 

Pre·splitting conSisted of half eight ounce ,ticks 

of 40% geletine extre taped to a length of Primacord 

eQuel to that ~f the hole at one foot IPacing" plecad 

in 2.5 to 3 inch holes at two foot spacinge, each hole 

being stemmed completely with minus 3/8 inch cleen 

.tone chip •• Detonation wes by Primacord trunk linea 

or individual Ihort' delav detonators in each hole • 

•••••••••••••••••• 
1 D. K. Holmes was blasting engineer for Merritt·Chapman 
and Scott Corporation of New York who were responsible for 
work .ections one end five of contracts N·S and N-3 
re.oectivelv. 



Since the first extremely succeaaful use of 

pre-splitting et the Nieore Power Project, the 
• 

succe.sful· aDPlication of the technique in both Civil 

Engineering and Mining ha, been reported by many 

authors and h •• been u.ed in virtually every 

conceivable aDPlication. 

On the surtace it ia now widely incorporated into 

highway rock excavation IPecificationl in both the 

U~tted States and Europe, for botn stabtlfsation of 

rock slopes for safety, aa re~orted by Hoover (1972), 

ralbot (1977) and Jonea (1978) etc. and economy, 

according to Teller (197Zb) and Baker (1972). The 

aoplicatton of, the technique in open east quarrying ia 

reported by Stennouae (1973) and Forsthoff (1973) for 

the atabilization 01 haul roeda, and for economically 

producing aafe stable final and production facea 

without the necesattv of acaling, in papers auch I" 

Unknown Author (1964), Brown and Btgando (1972), 

Stennouse (1973) and Johnston (1913). 

Articlea havI blen publiahed on the aucce,sful 

adOPtion of Dre-,plitting in' 'hlft ,inking (Unknown 

Author, 1977) in order to reduce overbr.lk, tunnel. 
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CPlewman end Starfield, 1965 end Holman,1967) in order 

to reduce overbreak, boring down times and tunnel 

resi.tance to air flow, underground to deliniate 

molyodenum ore from walte (Smith and Barnett, 1965) 

and in underaro,und room and pi l1ar 1 i meltone 'mf nes 

CBJorn; 1969) for increaaing extraction ratio and 

pillar atrength by decrea.1ng blaat damage, 

1he technique has also been used in 

applications a. the da.truction of 

(Mellor, 19(6 and Mellor et,al" 1977), 

.uCh 

ice 

diverse 

islands 

Th. various us.s of pre·,pl1tting, pre·spl;t 

blalting patterns and lugge.ted Charge ,pecifications 

are also given in a number of blasting handbook. and 

rock slope manual. such as 'Rock Slope Engin.ering' by 

Hoek and Bray (1977), Calder's 'Pit.lop. ~.nu.l' 

(1977), and ~angafor. and Kthlstrom (1978). Th ••• 

publication. 81.0 quote the advantage. and DO.lible 

disadvantaga. ~f uling the techniqu., 

It il universallv agreed that the utilization of 

pre-Iolttttng producel cleaner, le •• damagad fle.s 
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than with bulk blasting and that pre-splitting 

significantly reduces the damage from neighbouring 

bulk blasts. 

Sergel (1976) argue. that the pre-spltt reduce. the 

damaging effect of the bulk 'hock wave by reflection 

end he' shown that the presence of a pre-spl1t 

fracture significantly reduces blasting vibrations. 

However, in total contradiction both Oevine (1965) and 

L,roque and Coate. (1972) have shown that the converse 

il the cale, and ascribe the effect to venting of 

explolive gases. 

The first published theoretical work and practical 

research involving mOdelling end underground work on 

pre-split blest;ng we, by Fennel, Ptewman and Brown in 

1966. Their theory we' ba,ed on rock oreekaQe by the 

dynamic component of energy relea.e (tht. being the 

main theoretical mode of explosive fracture at the 

time). Pre-spl1tting wal .hown to be po.stble 

underground in adver.e stre" condition, and that with 

care, net 'aving, Ultng the technique could be made. 
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In the Same year, AIO (1966) put forward a 

comprehensive hyoothe.is on the 'Phenomena Involved in 

Pre-splitt;ng oy Blasting'. Hie theory and highly 

complex mathematical analy.t, was ba.ed primarily on 

the initiation of the pre-.plit mid-dtstanee between 

blalt holes by the superposition and addition of their 

shock wave.. However no actual value. were given and 

the results of limited experiment~tton involving 

ore-splitting in mortar failed to SUbstantiate hi' 

hypotheses. 

Nichol,. end Duvel (1966a) performed a seri •• of 

surface field trial. in the preaence 01 ,a high static 

stress field. From their re.ults they concluded that 

ore-IPlft fracturing il not initiated centrally 

between adjacent hole8 but.s separate fracture. at 

individual borehole walls which are propagated in a 

wedge like manner by explosion g •••• to ·conn.ction, 

ooth exp.nding g •••• and interaction of .tr... w.ve' 

playing import.nt roles. 

In 1967, Kutt.r submitted a Ph.d. th.sfs entitled 

, Th. Int e rac t i o.n S.t ween St re •• Wave and Ga. P re •• u re 

in the Fracture·Proce •• on an Underground Exolosion in 

Rock, with Particular Applicetion to Pre-splitttng' 

which UP to the oreeent time f. coneidered to be the 
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major contribution to the mecnanics of pre·sp11tting. 

He concluded thet a pre-.plit 1. for~ed by the 

connection of fracturing from adjacent hole., 

initiated by the dynamic 'h?Ck wave and extended bv 

the Quasi-static gal prea.ure r.~a1n1ng within the 

Shot holes. Hi. opinion of the procelsel involved 

however, .eem to.nave radically Changed near the end 

of hil research, •• the maJoritv of hi, initial work 

was concerned with the effect of dynamic shock wave. 

in iaolation,- the Quasi·static eomponent only being 

simulated by hvdrofracture near the end in relatively 

few t e. t I. 2 F 0.11 0 win g h f • the. 1 • , K ut t e r pub 11 I h e d 

several paper. on and around tha subject with 

Fatrhur.t (Kutter and Feirhur.t, 1968 and 1911), 

verifying his initial conclusions on the meehanilml 

involved fn pre-.plfttfng. 

Kutter'. theories are further verified by Br08t 

(1970) and Sehultz (197Z), who claim to heve ob,erved 

e)Cololfve gase, entering dynamicallv initiated 

fracture" and causing their exteniive propagation in 

both ,fngle and multiple hole te,ting. 

In contradiction to the trend of 

•••••••••••••••••• 
2 No actual modal ling with explosive. wa. undertaken and 
therefore no direct relationship with the uaa of explosive 
blastino was formed. 
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publications,' Griffin (1973) produced a paper entitled 

'Mathematical Theory to Pre-splittfng Blasting', a 

hllf theory and half empirical approaeh to previous 

dynamic theories, Ho~ever, rather than oasing the 

m.Chantam. on the interaction of dynamic tenstle 

tangential sho~k wave components, he .tate. that the 

complete shock wave ie comore.live in nature, 

,pre-,plitting being initiated mid-dietanee between 

boreholes by the refleetion in ten.ion of shock waves 

from one anothar. 

In 1973, Kateuyama publiehed work on 'Computer 

Caleulations of the Effeeta of Pre-split on Blaating 

in Close Pro~imity to It', e •• tng the main mechanic. 

of e~plosive fracturing on the dynamie .hock wave, he 

calculated for norm~l bla'ting wavelength" that if 

the ore-split aperture is greater than 1 mm, wave 

motion will not propagate acro.e the pre-sp1tt. For 

multiple fracture" he calculated that an aperture of 

0.25 to 0.5 mm would be ,ufftcfent. 

More recent work bv Da1ley and Fournev (1977) adda 

further confulion to the mechant.ma re.pon.ible for 

the creation of a pra-IPlit plane. They atate that in 

blaating, fractura. may be e.tended to over fifty 

time. the borehole diameter if the gal produced by 



- 12 -

detonation flo~s into the cracks and that premature 

crack arrest can be avoided bv using long stemming 

columns to prevent the escape of borehole pressure. 

The y the n i n C O.n t r ad i et ion a tat e t hat pr e. 81;) 1 i t t t n g i a 

caused bv the dynamic interaction of stre •• wave •• 

work involvin~ the surface morphology of pre-split 

fracture. from explosive model testing in Plexiglal by 

Carrasco and Seperatein has ahown that pre-split 

fractures may be formed by both dynamic and 

predominantly Queai-atatic means. However for 

economic pre-split borehole separations 1n the field, 

the quasi-.tatic gas component il predominantly 

responsible for the pre-split, with fracture 

initiation at ~r near the borehole wall. and growth to 

interception rather than initiation in the middle. 

The moat racent work on pre-,plitting haa been 

undertaken bv Jones (1978), He stipulate. that the 

dynamic component of anergy rel.a.. 1. of minimum 

importanc. in tha mechanics of pre-splitting as it ts 

reduced to an insignificant 'evel bv the combination 

of the low charge weighta and decoupling. He has 

shown from mod.l experimentation in gypsum thet a 

ore-IPlit mav be obtained by hvdrofracture elone. 
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2 .. 5 A~!LllltA~_!a~E~a~~~l~E-l~EQlt~~~l'l~_El~lUa~ 

EEE~~IL~~_eaE:afLllIlU'-l~-1~~_Elt~~ 

Althougn the mechanica of pre-splitting nave 

attracted so~e attention in the palt and present, 

relatively few people nave worked on the varying 

geotechnical factor. affecting the succeS8 of 

pre-splitting, the maJortty of authors working on th. 

effect of geostatic stret. field. (Nich011. and Ouva1, 

1966a and Fennel, Pl.wman and Brown, 1966). More 

recently McCormick (1972) defined tne geotechnical 

factors that ne considered may effect blalting in 

general. However no practical work Wit inclUded in 

t h i a pub 1 i cat 1 O.n • 

Field Observations of the effeet of weathering on 

the success ~f pre-split blasting have been reported 

by Hoover (1972) and Talbot (1977). They both 

conclude that the presence of highly weathered 

material lead' to poor relulta and overbreak. 

The mOlt importent publication up to the end of the 

seventies tl by Trudinger (1973), entitled 'An 

Approach to the Practice of Pra-splitting in 

Anisotropic Ro~k ~o.te.'. During pre-IPlitting in the 

construction of dam spillway. in South AUltralia, 
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Trudtnger observed that the ma'n geological feature 

affecting the Qualitv of the pre-,plit, wa. the 

relative orientation of the predominant regional 

foliation, From recorded measurement a and further 

observations he concluded that where the anglel 

between the reQuired batters and foliation were le'l 

than twenty five degree., pre-,plit relulta were 

unsatisfactorY, between twenty five and forty degrees 

the pre-split planes followed paths partly alono the 

foliation and partly across the fabric of tne rock end 

where greater than forty degree., the resulting 

pre·.plit plane. occurred almost entirely across the 

fabric, 

In addition, further work on the ~ech.n1cI of 

pre-,plitting ha. been pUblished by the author (~or.ey 

et.al, 1981), 
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It is logical that a reversal to besic orinciples 

bo made by considering the mechanisms involved in 
. . 

explo.ive fracturing around .1nole shot hole. before 

dealing with the complication of 1nteracttn~ multiple 

shot holes. 

According to Johan.,on and Per.lon (1970) the 

proc.ss of detonation of an explo,ive charg. ia 

extremely involving both steady and 

non-ateadY .tate reactiona. Tha proeesa consist. 

beaically of a ehock wave which travele throuQh the 

exololive charge at elet,.eme'y htgh .velocity, producing 

en extremelv htgh pre.aure and temper.tu,.. reaction 

zone ;n tt. imm.diate vicinity end a radiating et.ep 

fronted (Ihort rfae time) shock wave into the 

eurroundfng media. Following tnfa reaction front, 

oreelure deer..... aa the further ch.mical reaction 

and the expanaion of gal.OUs exp'osive products into 

the ho 1 e p rO.ceede. This process 1. univer.ally 

accepted by the exolostve and chemical industries. 
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The velocity of the detonation wave throuoh the 

explosive or as a shock wave through rock is dependent 

on the confining ShOCk velocity of that medium. As a 

shock wave travels fester than the seilmic velocitv of 

the medium, shock and detonation wave velociti •• can 

be expected in excess of Z.5 to 7.0 km per second. 

The build uo of gas preslure within the borehole, 

produced by further Chemical reaction and expansion of 

the gaseou, produets of detonation takes place within 

a period of milliseconds, the rate being dependent on 

such factors a. borehole or charge size and the 

Chemical compolition of the explosive. However in one 

millisecond the detonation and resultant .hock wave 

will have travelled in exces' of 2.5 to 7.0 metree 

from any reference point along the explosive column. 

Therefore it can be unequivocally stated that the 

dynamic end qua.i-static ga. component, of energy 

relea.a mav be treated a. totally separate events, 

being 'eparated both by type and in time. 

3,'2 a~~_Ea!CIUal~&_al_1~E-D~~1C-tQ~Q~1_Q~t~~i! 

aE~El~~ 
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3.2.1 EA~Q~a_l11l~Ling_1A4-~XOAm~~~mQQn~nt 

da~nit~Ql 

Before examinin~ the procetsea of rock fracturi~g 

by the dynamic component, it is important to firstly 

consider the factors which may affect the size of the 

dynamic pulse from the moment it reache. t~e borehole 

~all to its dissipation at infinity, 

The first fector which ultimately decides the 

initial peak magnitude of the detonation wave and 

u1timately that of the shock wave is the charge weight 

of the explosive •. The total dynamic eneroY (Ed) 

released on detonation will be proportional to. the . 
charge weight (N). 

i.e. Ed • k.~ 

where I k ,. a constent of the explosive 

(per unit weight of explosive) 

If we contider a .pherical charge, then the peak 

value of the dynamic component will be proportional to 

the cube root of the charge weight or volume. A 

series of comparative ttudi.s Of explotive. in a range 

of rock typet by the U.S. Bur.au of Min.s (Atchison 

end Roth, 1961, Nicholl. end Hooker, 1962, Atchilon 

and Puglie.e, 19668, Atchison and Pugl;e.e, 1964b, 
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Nichol1s and Duval, 1966 and Bur .et.al., 1967) he. 

resulted in equations for peak strain caused by a 

dynamic .hock wave at any point in that roekmals, of 

the forml 

wherea e = peak strain 

R = the distance to the shot 

K= strain intercept et a scaled distance 

of O,ne un it 

n = weighted everage slope (log-log axes) 

and is I function of the rock 

AI stress (cr) can be related to strain Ce) by the 

following simple formula: 

0' = Ee 

where: E 11 the Young, MOdulus of the material 

Then stressa 
. 1A n er • E.Kc(R/W 3) 

However •• Ict formulationa for the Itrength of • 

dynamic shocl( pulse do not exilt to the best' of the 

author's knowledge at the time of writing, elthough 

the &eothermal Energy Project at the Cambourne School 

of "'i nes is knO,wn to be wo rid no on t'" e p rob lem. 

As the dynamic wave moves away from the e_plosive 
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charge it il subject to large pre"ure droOl due to 

dynamic impedance mismatch at the explosive-air and 

air-rock interfaces. When a shock wave meets the 

boundary between two layers of d;fferinQ acou.tic, 

velocity, then only e portion of the energy ie 

tranlmitted, the remainder being reflected 1n the 

opposite comp~nent, i.e. compression.s tension and 

vice-versa. The equations for transmission and 

reflection for anv point on an incident wave form ere 

aa followaz 

crt : 0", (Z/ltR) (1) 

ar : -«1-R)/(1+R»o; (2) 

where, (T, ie tne i'ncfdent pul'e 

at il the transmitted pulle 

and (Tr is the reflected pul,e 

(]) 

wherez ~ == dena1ty of first medium 

Us, == sho.ck velocitY of first medium 

Pt: densitv of aecondery medium 

U't== aho.ck velocity of aecondarv medium 

The explosive-air impedance mism.ten may be 

eliminated bv the ua. of slurry charge es • 

replacement for cartridged charoea, whe,., complete 
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coupling ~ is i~pOlsible to achieve due to sticking 

problems with individual cartridges in the borehole on 

loading if the cartrid~e diameter ia not Significantly 

smaller than that of the hole. However, pre·splitting 

as alreadv stated in the introduction utilises light 

decoupled charges, therefore a highly .significant drop 

in dynamic pulae strength is to be expected (Atchison 

et,al., 1964) due to the extremelv low densitv and 

acoustic velocity of air in relationlh;p t~ the 

explosive. 

On rele •• e from the explosive charge the dynamic 

component is a pure compr.sstve pul.e in form. This 

is e.sily indirectlv verified a. the air surrounding 

the explosive charga cannot susta;n substantial 

tensfon or shear and therafore cannot allOW the 

transmi8sion of sueh components.' 

As the dynamic component spreads away from the 

detonated charge and borehol. it decaVI, firstly due 

to cylindrical expansion of the wave front subJ.ct to 

simple 'Quare law dacay and secondly by attenuation 

(Austin et.al.~· 1966, Asklof and Nylender, 1968 etc.) 

caused by the rock which doe' not act in a parfectly 

•••••••••••••••••• 
3 Couplino .i the measure of how well, the explosive cherge 
fills the blasthole and fs mealured either by a straight 
v~lumetrfc percentage (0-1001) or by the ratio of the 
charge to borehola diameter. 
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(1968)4 that tensile tangentia' stresses will develop 

at a distance of three to four hole radii from the 

centre of the bor.hole. In contradiction Selberg 

(1951) states that significant tangential tensile 

strain t. developed at the hole boundary. However . 
although Johansson and Persson credit the dis~repancy 

bet~een their analysis and that of Selbero to. the 

oversimplifying assumptions of the Selberg treatment, 

the author fee18 that Selbero-s initial aSlumptions 

are fundament.llY wrong and that sionificant tens;)e 

strain at a hole boundary cen only be created by the 

following Quast·static 0.' component and not by the 

dynamiC co~pon8nt. 

According to Kissl1ng.r (1963) and Pearson (1980) 

it ts po.,ible to distinguish three zones of 

deformation and fracturing around a detonated charged 

hole'· 

1. A atrong Shock (hydrodynamiC) zone immediately 

surrounding the hole • 

•••••••••••••••••• 
4 The numerical model wa. developed for calculating high 
amplitude shock wave proc •••• s in liQuids • 
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2, An intermediate (non-linear) zone with fracturing 

varying from severe crushing, through plastic 

deformation to partial fracturing, 

3, An outer (elastic) zone exh;bft1ng predominantly 

radial fracturing, 

However tnis model allo incorporates the quasi-atatic 

component which il disregarded by these authorl so the 

author therefore proPolea the following mechanisms,· 

In rock it 11 obviou. that if the charge weight and 

coupling are •• ce •• tvely high then the dynamic pulse 

compre •• ive peak may exceed the dynamic compret.ive 

strength of the rock and cru.htnQ (i.e. 

di •• egregation) of the rock will occur around the 

borehole wall. Due to the amount of energy exp.nded 

in thf. proce.s, the compres.fve p'ak will rapidly 

drop to below the dynamic compre.aive rock atrength 

and the cru.hing proce.a will cea.e. Such zon •• have 

been reported by Kutter and Fairhurat (1971) etc,' An 

interesting phenomenon which hal been obaerved in aome 

bla.ted perlpex model. (depending on the explotive 

loading geometry edopted) i8 the existence ot a clear 

lone immediately turroundfng the hole, of 

approximately one hole radius in extent (Johan.son end 
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PerSlon, 1970, Schutz, 1972 and Peerlon, 1980). 1hts 

effect i. attributed to plastic flo~ by Pearlon (1980) 

and is alleged to occur when the ma~imum induced 

strels in the rock mals exceed. its e1astic limit 

(Hugonfot Elastic Limit) for which pressure the 

relationship between ma~1mum and minimum compress1ve 

Itresses, and iSI 

Above thil limit the Mohr circle fall' below the Mohr 

failure envelope and fracturing may not occur. 

For granite' with a unilxtal compr •• s;ve strength of 

135 Mpa, Pearson gives a maximum dynamic principle 

stress of 3.57 GPa above which a Hugonia (annular 

clear zone) will ex;st. 5 

If the tenstle component of the dynamic wave 

exceeds the dynamic tensile strengt~ of the rock then 

tensile fracturing will occur. Carra.co and 

Seperatetn (1977) have shown that foro model 

pre-,plitting in Plexigl.s, fracture initiation does 

not occur at the borthole wall but at a short distance 

•••••••••••••••••• 
5 The author refratn. from discussing this particular 
t~pic further a. lueh high charge denlities end coupling 
are purposely avoided in pre.aplittino practice' where low 
cnlrge densitie. and decoupling ere used to reduce damaga 
t~ the final face. Further ditcu.sion is therefore deemed 
irrelevant·to this thelia. 
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away from the borenole wall and tnen proOagate8 

outwards. Th;, ~ork agre.s with the previQu, 

postulations end in addition model testing solelv 

utilising the dynamic component (Chapter Four) has 

shown that many of these fractures extend back to the 

borehole well. 

The maximu~ velocity of stable crick propagation fs 

of the order ~f one third of the acoustic velocity of 

the medium CFourney et.al., 1974 and Barker et.al., 

1979). Hence the frecturing created by the outward 

radiating dynamic shock wave will be predominantly 

fresh fracturing and not produced by •• tension of the 

existing fracture., although fracturing will continue 
. . 

preferentially along the path of exi'ting fractures, 

Therefore, the instant the tensile component of the 

dynamic pul.e falls below the dynamic tenstle strength 

of the medium, fracturing bv this means will cease. 

From this point onward. the med;u~ will act in an 

el •• tic manner .nd sufficient eneroy will have been 

dis.ipated fro~ the dynamic pul.e for it now to exist 

as an acoustic rather tnan •• hock wave, 

Th1. wave will continue to decay to theoretical 

zero at infinity unle •• it confront. an abrupt change 

in medium or e free fece where part or the whole of 
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the pulae respectively will be reflected in the 

opposite compo.nent (as previously discussed),' The 

passage of the tensile tail of the radial component, 

according to Kutter (1967), if sufficient may cause 

minor deflectional growth of the fractures 

perpendicular to their original paths. The effect of 

the following sheer wave is minimal due to its lower 

strength in comparilon with the pre,sure pulse and 

occurrence of anv fracturing will be in the form of 

fracture extension _hich will rAPidly ceale due to the 

ratfo of maximum fracture propagation velocity end 

she a r w a v eve 1 O.C i t y • 

Thts extension' CL) may be given bV the following 

aquationl 

L = :\~:[ 1 :=~[ ~n] 
where, As= sheer wave length 

X = fraction of ,hear wave length 

above critical shear value 

e, • maximum fracture propagation velocity 

Cs· ehear wave velocity 

Kutter (1967) divided the dynamic zone of 

fracturing ito s zone of den'e radial fracturing and 8 

lone of le'l de",e fracturing which were well defined 

. 
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in laboratory model. ;n Plex;glas. 6 He .tat •• that 

the fractures ~f the dense zone are caused by tensile 

hoop stresses associated with the compressional wave 

exceeding the d~namic tensile strength of the 

material, and that many small fraetures are initiated 

by the passage of this wave. Thele, however do not 

nave sufficient time for growth before the wave palse' 

on, for the reasons already given. These facture. 

eventually Join because of residual stres.es at their 

tips, which form rough surfaced fractures. This;1 in 

agreement with ooservation of fracturinQ by Cerralco 

end Saperstein (1977) and the author, 

Kutter ascribel the fractures of thelecond zone 

which are continuoul fractures rather than a series of 

smaller ones j~;ned together and are extensions of 

individual fecture. from the first zone, to varioul 

residual hoop and tengential atre.lel. However it ia 
. 

obvioUI to the author that these are in part produced 

by quasi-,tetic .ffect,7 which the author admits 1s 

virtual'y impossible to eradicate totally, even uling 

vented half borehole •• 

..... --...... --.. . 
5 This is in agr.ement with the author'. re.ult. and 
obervations (Chapter Four), 
, The electro-hydraulic; effect uled by Kutte~ conliltl of 
the dynamic component being created by electric discharge 
fn ~.ter whicn however vapouria •• aome of the water, 
prodUCing prel.uri.ed .team and thus a quasi-Itatic 
component. 
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The fraction of strain energy dissipated by the 

snack wave during the fracturing process is estimated 

to be approximately 1U% (Fogelaon et.al" 1959, 

Lengefors end Kthlatrom, 1978, Pearlon, 1980), 

3 .. 3 aU~ERAtIUal~a_a1_1bf-iUAa~1111t_~_~~~eQ&~~I_ot 

f.~t:tUi.x._B.u.~ 

After the p.ssage of the dynamiC component into the 

rock, the pro,ducts of detonation It1ll remain i.e. 

both gaseous and solid (small particles of explosive). 

Due to the high temperature produced during 

detonation, reaction continues until a stable ga.eous 

mixture il re.ched. The explol;ve gases rapidly fill 

the borahole, applying increasing preSlure to the 

borehole wall.' aecauI. of the relatively small time 

period in whiCh peak pressure i, obtained, the proces, 

Can be assumed to be adiabatic in nature, Therefore 

the pe.k qu •• i-.t.tic ge. pre.sure may b, simply 

obteined if one knowl the gal volume .tter i~ring in 

l/kg, the density of the explosive, the decoupling and 
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the. temperature of explosion, by the following 

equation: B . 

PE = Va.~(TEtZ13)/(Z93.D2) 
where: PE - peak gal pressure • 

Va - resultant ges volume at S.T.P. .. 
meesured in l/kg 

p = densitY of explosive 

lE - explosion temperature (degreea Centigrade) .. 
0 = decouoling retio 

Peak gas preSlure, along with datonation velocity 

and explosive temperature may also be calculated 

directly from the ratios of chemical components using 

the Pecus·Yev;ck equation of state, An excellent 

mathematically worked description of this ;s Qiven by 

Edwards end Chaiken (1974) which haa proved to give 

acceptably accurate results, 

The e.se with which the peak pressure of the 

quesi·static gas component may be obtained is in stark 

contrast with the problems involved in the direct 

calculation of the dynamic component, which to the 

beat of the author's knowledge fs s t·t 11 under 

inv.'tigetion, 

•••••••••••••••••• 
8 Th1. equation is a modified form of the equation found 
in Section 5,1,3 and incorporates decoupling. 
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Once peaK preslure il attained, the e.plosion gases 

begin to escape from the borehole, relultinQ in a f.l1 

in pressure within t~e hole. This escape mey be 

-effected in tw~ separate ways, firstly by the direct 

escape of these gases by venting from the borehole 

collar after displacing any top stemming that may be 

present and secondly by eleape of the gasea into the 

explosively produced end natural fractures lurrounding 

the borehole. Due to the relatively long length of 

time in whiCh the Quaa;-stetic gas component of energy 

release ts'active on the rock immediately surrounding 

the borehole compared with that of the dynamic 

component, due to the latter's rapid radiation from 

the hole (tens of milliseconds compared with 

microseconds), the Quasi-static component of energy 

release is belteved to be the dominant flctor 

controlling the breakage of rock in bla.tin~. 

Kutter (1967) showed in model blasting in Plexfglas 

that by statical1y pressurizing a dynamically 

fractured hole, that existing electro-hYdrolical1y 

induced oynamic fractures could be extenoed by a 

factor in excess of ten. O.llyet.al. (1975) found 

from exploding charges in thin perlPex sheets that 
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containing the Charges produced cracks which were 

larger by a factor of seven than those produced with 

the charge vented, i.e. the Quasi-atatic component of 

energy releale was responsible for fracture extension 

six times the length of dynamic fracture initiation. 

Further it has been ahown that by notching borehol •• 

and maximising the effect of the Quasi-static gas 

component, fracture planes could be extended over a 

considerable distance (fifty times the borehole 

diameter - Dalley and Fourney, 1977). 

It f. obvious therefore that the Quasi-static 

component of ener~y releale i. the most important 

factor controlling fracture extension. However the 

dynamic component of energy release is responsible for 

fracture initiation. 

In model testing performed by Brost (1970) and 

Schultz (1972), after detonation of the charge t~e 

expanding ga,ea were ob.erved to entar the zone of 

dynamic fracturing almoat instantaneously. These 

fractures were tnen leen to •• tend, the ga.e. 

following but drooping further and further behind the 

propagating fracture tip.. Further evidence of the 

penetration of the Quelt-static component into the 

f raC t u res suro,undi no the bo reho 1. i. given inCh .ote,. 
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Eleven by the author. 

It has been suggested by Russian investigators 

(Barenblatt, 1962 etc.) that during the Drocell of 

nydrofracture, fluid do.a not extend eom~letely to the 

end of the crack, Clee Chepter Eleven). It fs 

therefore obvt~usly valid to eSlume that the extension 

of dynamic fracturing by the gal 

component is by • mechanism exceedinqly similar to 

hydrofracture. 

The processes involved in this can be best 

explained by the use of the Energy S.lance Concept 

(Perkin. and Krech, 1965). Original theory on 

hvdrofracture was based upon elestic behaviour et the 

fracture tip. However aCcording to the 

lolution (Sneddon,1940). 

~ = -Z,arc.in(rf/r) • 1 

p Jt 
r======= 

/Cr/rf)2 -1 

elestic 

if a uniform prellure p t. applied within e fracture, 

then tensile stre •••• approaching infinity would be 

created at tt. tip, Such a solution is of c~urse 

invalid e. n~ known meteri.l Qould .u.t.tn Iuch 

.trela.. and remain relatively intact. It i. obvioul 

therefore thet an 8lastic solution il invalid. The 

oartial elastic energy balance solution given by 
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Perk;ns ~nd Kretch is as follows. 

Increasing the pressure within 8 fracture will 

result in an increase in the extent of the atress 

altered region around the fracture (Figure 3.1), 

maintaining the crack in a state of elastic stability 

UP to a certain point. However if this point il 

fractionally exceeded then the .ystem will become 

unstable ~nd the crack will extend slightly ;n radius, 

the stress altered region extending in unison to 

effect 8 return to stability and thus curtailing 

fracture extension. The 'differential work done in 

extending the fracture i. the product of the volume of 

the fracture and the preslure increment. The change 

in the system's energy ia accounted for by two 

different means. Firstly, due to the pseudo-el.,tic 

nature of the SYltem, som. of the energy will be 

stored reversibly •• elastic strain energy. Secondly, 

energy is required to create extra fracture surface 

orea, and ia thu. 1rreverl1bly absorbed during the 

change. 

With this apgroach, the work done by the increase 

in fluid pressure is equal to the tot~l energy 

accounted for by incre ••• in reversible elastic strain 

energy and irreversible new fracture surfece energy. 
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deflection including 
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deflection assuming 
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- after Perkins and Krech I 1968. 
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The energy balance equat;on (Perkin. and Kretch, 1968) 

is g;ven below: 

p _ s ] 2 

fp-s),. (s+fTJ 

]

2 
D - S 

P + f T 
x 

TTa£ 
= Z (1- v9 r, 

wherel E = Young'. modulUI 

f = Fraction of tensil. strength that can be 

su'tetned across the damaged ~egion 

p = pre.,ure applied within e crack 

r = radius under consideration 

~ = fracture radius 

s = total earth .tres. perpendicular to 

the fracture plane 

T = tensile strength of the rock 

•• specific aurf,cI energy 

y = Poisson's ratio 

~ = atre •• in the plane of tha crack 

If p remains constant ~owever the fracture can 

theoretically extend to infinity. This enomaly is 

accounted for by the drop in gas preSlure within the 

hole due to the escape of gasea-into the dens. zone of 

fracturing around the borthole wall, 10 •• into 
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pre-existing dfscontinuities cutting or running clo.e 

to the hole ana by venting through the colle~ of the 

hole by displacement of any top stemming .s alreedy 

described. There will therefore exist e critice' 

pressure be 1 o.w fracturing will cease to 

propaQate. 

If dynamic fracturing does not extend back to the 

borehole wa" and a 'clear zone- extsts, then. 

selection of tne.e fracture. will be induced to extend 

Dack to the borehole wall by tensile tangenti., hoop 

stresses created during the pre.surization of the 

borehole by the riS8 of the QUasi-static g •• 

component. 

The eQuation. for both induced redial, t.ngenti., 

and longitudinal .tre •• around a ore •• urized 

cylindrical opening (se. Figure 3.2) with interna' 

presaure Pare: 

er
R
= + P r2/R2 

(J ;:'- P r2/R2 
T 

CTL = 0 

(assuming plane .train) 
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3 .'4 lt1fJJRl._~E_t:1,"~tilttl.S.ti~_LlE_WCILHiE ... aEI~f.f.~tiU.L.IIE!L.E. 

t1Cl.L.E5. 

As explained in the previous chapter, there are two 

extreme views on the mechanisms oi pre-splitting which 

are totallv opposed. These are the dynamic and 

hydrofracture approachel, the two polarizations of 

thought both Itill being supported by various 

researchers and practising engineers. Sefore the 

actual mechanisms proposed bv the author are given, 

these extremes will ba discussed. 

Various authors (AIO, 1966, laroque and Coatet, 

1972, Griffin, 1973, Ratan and Dhar, 1976, Frie., 

19 ) argue that ore-split fractures are eauted solelY 

bv the interaction of the dynamic components of energy 

reloase from neighbouring boreholes. 

Griffin 

fracture 

borehole. 

(1973), atipuletes 

is initiated at 

bv the 'bouncing 

that the pre·split 

the midpoint between 

back' of the dynamic 

compres.ive shock pulses in tension from one another. 

aV this theory the ore-split initiated at the cental 
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point between holes i, extended back to tne holas by 

the reflected tensile waves. 1hi8 theory is obviously 

based on totally invalid assumptions and is impossible 

to lusta;n by using simple physical wave theory in 

which the addition of interfering waves occurs not 

reflection1 

An alternative theory (Aso, 1966) is that 

tangential tensile hoop atresSes are created (section 

3.2.2) a8 a direct result of the radial compresaive 

strain induced by the radial compre8sive stress 

component of the dynamic wave and that the interaction 

of these from neighbouring boreholes is respons1ble 

for the cre8t1~n of the pre-,plit. 

Aso considers three separate cases (lee Figure 3.3) 
• 

in whicha 

1. The rock strength ;, too great for the pre-spltt 

hole separation, • . 

2. Optimum rock Itrength for pre-splitt1ng exists. 

3. The rock .trength ia far lower than the maximum 

for pre-splitting. 
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In the f;rst case, radial fracturing is created by 

the tangential tensile (hoop strees) component of the 

dynamic .hock wave around the borehole but the 

borehole separation is too great for the rock strength 

to be overcome for fracture connection between holes. 

As soon as the m8~imum tangential tensile Itrel. drops 

below the dynamic tensile strength of the rock, 

fractu~ing aro~nd the borehole ee.lel. At the 

midpoint • between the holes the two dynamic waves meet 

and interfere, resulting in the addition of their 

tensile components at that point. However their sum 

is considerably lesl than the dynamic ten.ile strength 

of the rock and no further fracturing occur., 

In case two however, the rock strength fl Just lea. 

than the addition of the tensile components of the two 

waves and fracturing;. initiated midway between the 

hole., This fracture then extends back to the larger 

radial fracture zone. around the borehole. and a 

pre-spltt t. f~rmed between the two hol ••• 

In the third cale, the rock Itrength fs 10 low 

compared with the charging and borehole .eparation 

that the ten.fle tangential component of the dynamic 

waye from each borehole exceed the dynamic tensile 
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strength of the rock for a distance of over half the 

borehole separation. The in~tial radial fracture 

zones around boreholes now interlock and excessive 

damage to the rock around the boreholes is incurred. 

This hypothesis totally rules out the possibility 

of any contribution by the Quasi-static gas component 

of energy release and relies on the assumption that 

gal pressura build UP ~ithin the hole is purpoaely 

reduced to • non-active level by 

decouolino. 

the use of 

However this cen be proved not to be the cale, as 

the effect of decoupling (especially that of air - see 

.ection 3.2.1) on explosive charges is to 

.fgnificantly reduce the peak dynamic component more 

than that 01 the quasi-static gas component. 

In addition, for maximum or field ore-split 

borehole aecarations, fracturing is not initiated at 

the m;dpoint between boreholes (Nichol', and Duval, 

1966, Cerr.sco and Saperatein, 1977) but at or near 

the borehole surtace in agreament with the author's 

obaervations (ae, Chapt,r Four)." 
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3.4., 

It ia suggested by such authors as Porter and 

Fa1rhurst (1971) end Jones (1978), that the role of 

the dynamic sho~k wave is minimal in the pre-splitting 
\ 

process, as the charges are specifically designed to 

incorporate the use of decoupling which minimises the 

dynamic component. 

SUCh theories are based on the super-position of· 

static stress fields induced by the pressurization of 

adjacent boreholes, resultinQ in more favourable 

fracture initiation conditions at the borehole wall in 

8 d ire c t ; Q n a 1 O,n q the p re - 8 P lit 1 i ne. 

The mathematical argument by Jones (1978) (emmended 

by the author) 1a al follows: 

Ignoring the internal, pre.sure of a borehole, the 

stresses at the surface of the borehole (assuming 

plain .train .long the ax1. of the borehole) will bel 

err = tr, t 0"2 t 2 (er, • 0"2 ) Cos 2 9 

erR 11: 0 

where:,crr = tangential stress 

O"R= radia' streas 

e • radial angle m.asured clockwise fromU2 

axis 
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Therefore maximum tangential stress: 

when e = 0 and Jt 

end minimum tangential ,tress: 
MIN 

O"T = 3(12"0'1 when 8;: TIll and 311/2 

If the pressure P within the hole is 81o~ly increased 

then the conditions at fracture will be: 

where: T i, the tensile strength of the rock 

If a neighbouring pressurised hole, also of internal 

ore,sure P is the aol. contributor of the external 

stress f;ela at the first hole then the e~u8tion for' 

an internally oressur;zed thick-walled cylinder is: 

-and 

01-= 
Pa ro2 - Py fI2 

r2 _ r 2 
o t 

+ 

where: ~ ;: the external Itrel' 

ro = the external radius of the cyl fnder 

~ = the internal pressure 

r
1 

;: the internal radiua of the borehole 

r = the radius of the point at which 

the atress ;a to be found 

aR • the resultant radius stress at a point 

crT ;: the resultant tangential stress at a point 

As the external rediua of the thick cvltnder 18 



• 45 -

;nf;n;ty and the external stress ~ero then thts 

resolves to: 
2 

(IR :; + PI!I 

2 
r 

(TT= • PI r I
2 

2 
r 

The n a S PI i S po 8i t i ve 0" R ; spa s ; t ; ve and (J T ne gat i ve : 

(TR is 0"1 end O"T 1 S 0"2 

Thus preferential splitting occurs;n the direction 

directly between holes. 

Theoretically the proce., 18 identical to 

hvdrofracture with a single pair of diametrically 

opposed fractures baing prOduced. Jon.s (1978) shows 

illustrations of this in the field. However it il 

extremely difficult to observe fr.ctures that ar. not 

open in rock without the use ~f specialised technfques 

such •• the use of, fluorescent dyee. However 1n model 

t.sting (Carrasco and Sap.rlt.in, 1977 and Worl.V 

et.al., 1981) thfs hes been shown not to be the case 

and in addition it ts possible to find highly 

fractur.d pre-splft bor.holes in the ffald. 

Th. hypothesis'. main downfall, are: firltly there 

il no room available for inclusion of the prec.ding 

.ffect of the dynamic component of .nergy r.l.... and 
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secondly its mechanics dictete that the presence of 

ore-existing fractures within the borenole surface 

would induce the boreholes to open along these 

features prematurely, excluding the Dossibility of a 

pre-split fracture. Thts;s leen not to be the case 

in the field where fractures intersecting boreholes at 

between sixty to ninety degrees to the ore-solit line 

have not induced failure to lol;t. 

~mQiQAti~n_l~~~~A~h-1~ha ~&~hAU~a_~i 

e~a:&al1tt1ng 

A combination of both the dynamic and Qualt-static 

components in the mechanics of pre-splitting waS first 

suggested by Kutter (1967) and other authors linea 

have a180 lugge.ted this. However apart from work bv 

Carra8CO and Saperstein, littl. actual direct proof 

hes been given .. It ;s however the author'. deep 

conviction that both components of explosive energy 

ralease play important roles in the formation of a 

ore-split. The oroees. may be briefly described ea 

follows: 

Fracturing around each borehole in the Dre·split 
. 

l;ne ts initiated oy the tangenti., comoonent of the 
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aynemic wave of e8ch shot hol. Droduced on their 

detonation. Short circular dense radial fracture 

zones are created as these waves radiate away from the 

holes of their origin (88 already described in single 

holes • see Section 3.2). 

Outside this radial fracture zone the tensile 

dynamic wave oeak drops below the dynamic tensile 

strength of the medfum and therefore is unable to 

continue to create fractures although it may cause the 

extension of .uitably orientated pre-existing 

fractures. Such fractures are encountered as the 

radially decayin~ wavea from adjacent nolel traverse 

their neighbourin~ hole., resulting in extension of 

the fractures parallel to the compres.iva radial 

component of the dynamic pul.e and perpendicular to 

itl tensile tangential component t.e extension occur. 

parallel to the line of pre-split. However maximum 

extension of these frectures will be a fraction of the 

wave.' half wavelength and will be given by: 

'A c [ n = "\ r [ 1 n] 
1 = )( 2" c~ 1 - ( [ c: J 

for fracture propagation ege;n.t the direction 

of dynamic wave travel and 

1 = x;- ~~[1 + n."}[~J] 
for frecture propagation with the direction 

of dynamic wave travel. 
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~here: 1 = maKimu~ length of fracture extension 

x = fraeti~n of tangential comPonent above 

critical tensile fracture extension stress 

\= wavelength of dynamic pul.e 

ef = m a )( i mu", f r act u revel 0 c i t y i n me diu m 

Cp = acoustic velo~ity of medium 

thus resulting in fracture zones around each borehole 

of slightly ellipsoid form with longest axes perellel 

to the line of ore-split. 

As the quasi-static gal component of enerQY release 

bu;ldl up, the exololion gases penetrate the fractures 

surrounding the borehole, extending them and the 

longest fractures becoming dominant at the expense of 

the shorter ones. The super-position of strell fields 

from neighbouring boreholes create, conditione more 

favourable for crack 

pre-split line and 

perpendicular to it. 

propagation 

conditions 

1he direct 

oarallel to the 

lesl fevourable 

result of this 

oh.nomenon is to favour growth of the radial fracture 

zones around .ach succe •• ive borehole in en 

intensifying elliptical shaoe, with the longelt 

fracturea prooaoating at the greateat rates. 

When extending radial fractures from nefghbouring 

boreholes interaect, a throuoh fracture between 
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boreholes is created. On formation, tne pre-IP'it 

plane opens, resulting in the venting of explolion 

gases ~hich reduces boreho'. pressure and creates a 

redistribution of· the stress field around the 

pre-IP11t plane, such that fracturing perpendicular to 

the pre-split plane fs curtailed. 

3.'5 l~~&~Q~_l~E_ea~:aeL1I_eL~-1~a~aI-~!~A~~ 

eaE~(~ll~ 

Seismic refraction studies (Swindell" 1981, and 
, 

Matheson and Swindel', 1981) on road contracts and 

quarry face, in Scotland ha, shown that ordinary bulk 

bl.sting using high explo.ive, creates detectable 

disturbed zon.. of up to eight metre. into the final 

face (see Figure 3.4) wherea' pre-split face. show 8n 

equivalent disturbance depth of le.. than twenty 

centimetre,. 

There are two main theories of how a pre-.plit 

plane curtafl, or eliminate. the damaging effect of 

neighbouring bulk blasting from the final face, these 

being; firstly reflection of the dynamic· component 

(Katsuyama et.al., 1973 and Ratan and Dhar, 1976) and 

secondly by venting of bulk gale' into the pre-,plit 



Fig. 3 . 4 . 

Results of a bulk blast 

at location 9. 

Illustrating bulk blast 

damage - C. Swindle 

standing at the furthest 

extent of open surface 

fracturin g some 4m + 

from the face in the 

fore ground. (Pre - split 

pannel along line of 

stakes . ) 

Ul 
~ , 
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plane (Oev;ne et,.l" 1965, ~eraque and Coate •• 197Z, 

~utton, 1977>, 

Katluyame et,al, 

computer finite element 

(1973) have 

techniClues, 

separation of a pre-,plit fracture 

dynamic reflection·of a bulk blast to 

calculated by 

the minimum 

for complete 

be 0,05 cm. 

They a18oCluote that if multiple fractures rather then 

a .tngle pre-split fracture are present then they need 

only have a minimum separat;on of 0.025 cm each, To 

the best of the author's knowled~e no actual 

mealurementa ~f the openness of ore-split planes have 

been recorded and therefore tt i. not possible to 

verify that such openings exist although their 

presence under normal conditions is most likelv. 

However Devin. et.al. (1965), ~aroQue and Coate. 

(1972) and ~utton (1~7/) have conclulive'y ahown that 

the presence of 8 pre-8plit plane between a 

mea8urement point end a bulk charge does not 

significantly reduce the magnitude of the bulk charge 

dynamic wave, 
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3.5.2 

The venting of bulk gaeee into the pre-split plane 

is postulated to be the key to the effectivene •• of' 

pre-splftting (Oevine et.al., 1965, Jones, 1980). 

Th1- view f. partly eupported by the euthor.' At 

pre-split location number nine during bulk bl.sting 

after a previously fired pre-aplit trial panel (.hown 

tn Figure 3.5), bulk gel.a or a displacement of atr 

and dust were seen to be emitted from the pre-.plit 

panel Inortly after detonation of the bulk charge. 

Thi. event was fortunately re~orded on video, the 

seQu.n~e beinQ shown in figure 3.6, where by clo.e 

scanning down the I.rte. of photograph. the.e gaSe' 

Cen be seen to be exhumed from the bottom portion of 

the pre-,p11t plane nearelt the bulk bl.at. 

However the author f.", that th;, alone 18 not the 

simple solution of the argument.' Firatly witn the ue. 

of pre·splitt1ng the laet row of bulk eharged holes 

are at "aat e minimum of two to three metre. and 

normally up to four metres sway from the final fece 

compared to normal bulk blaating without 

pre-splitting. The lest row of bulk hol,s ere used to 

on I y b re. k I" o,c k tot h' pl"'''. pIt t f • c • i f d •• 1 g n e d 

properly. It is therefore obvious thet the pr.·split 
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Video recording of pre-sp1it panel at 

Location 9 showing sequence of detonation of 

4 adjacent panels of 6 holes each (1-2-4-3). 
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Fig. 3 . 6. Video recording sequence of bulk blast firing 

adjacent to pre-split panel in Fig. 3.5 showing 

gases venting from pre-split fracture. (mid

right around line of pegs). 
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plane has only 8Pproximately the last 50X of the depth 

of bulk blast disturbance (the we~ke.t zone of damage) 

to contend with and contain. This fracturing ~ould 

have been created by qu.si-stetic fr.cture extension, 

which supports the above view. However the effect of 

the pre-spl;t plane at this depth of bulk fracturing 

is thought by the author to allow opening of fractures 

;ntersectinQ the pre-split plane by the nature of tts 

low shear resistance (being frectfonally open). Thus 

the stressas et the blast frecture's previou8 tip are 

not trensmitted to the opposing face and fracturing 

therefore terminates. 
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4,'1 A.l~ 

In order to. t.st the validation of individual 

the mechanismeinvolved in previous the~ries on 

pre-,plitting and to verifv the author-, pOltulated 

theorie., a series of model teats incorporating the 

use of explosives were devised, The Ultimate aim was 

which pre.splitting to derive the mechanism by 

functions and to evaluate the relationship between, 

and comparative importances of gal pressure and 

detonation waves in pre-sp11tting, 

In order' 

importanc.s of 

components in 

to study the effect or reletive 

either the dvnamic or Qua.i-static 

blast fracturing it is important to 

f1r.tly eliminate the other component. 

Kutter (1967) claims to have "Plrated the dvnamic 

comPonent by using spark discharga apparatuI in watar. 
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However, inducing such high energy effect. in water is 

bound to caule quasf-static pressure to build UP by , 

the vapouri,ation of some of the water to steam, which 

i. en h an c e d by the. e f f e c t 0 f wa t er be i n g re 1 at i va 1 y 

incompressible.' 

Apart from the complex apparatus and reserves 

needed to produce such effects on the Icale used in 

this experiment programme and also other practical 

problems, there il no physical meant of metChing the 

dynamic effect of electric discharge to that of a 

detonated elCplo,live wit"in the lame physical confines, 

;.e. boreholes of between 5/16the and 1/10th of en 

inch width and three inchee in length. 

It 1s therefore felt that Kutter'. experimenta are 

unrepre'entative of normal model bla.ting. 

At the other extreme Jon.. (1978) attempted to 

i.olate the que,t-Itatic component by replacing it 

with hydraulic fracturing uling pre •• urised oil. 

Un for tun ate I y t h i lis a tot all y • t 8 tic t y pe 0 f 1 O.a d t n g 

and the fracturing which would normally be initiated 

by the dynamic component in explosive fracturing i. 

not present. Sub.equently hfs te.te showad that 

fracturing occurred .'ong the easiest path, whtch wa' 
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usually pa ... l'el ,to the g .. ain of the material he uaed 

. rather than along the p .. e-split line. 

It therefore can be concluded from the choice of 

available alternative techniQues that: the only method 

of comparing the dynamic and quasi-static components 

in their independent roles of fracture initiation and 

extension and to Quantitatively compare their effecta, 

is to isolate each effect in testing incorpol"ating the 

use of high explosive material. 

As the dynamic effect ia the first in order of 

occurrence, it wa. decided that this should be the. 

effect to be initially studied. As the dynamic 

component 1s cau.ed by the rapid detonation of the 

explosive, it is therefore dependent on the detonation 

wave which travel. through the explosive. It;8 a180 

dependent on the velocity of detonation of the 

explotive compared with the lei.mic velocity of the 

surl"ounding medium i.e. the' relative accoustic 

impedances for its shape (maximum peak and duration 

which ere inversely related). (See Pl.wman end 

Ste .. f1eld (1965) and "iebol. and Cook (1965).) The 

dynamic compO.nent is wholly independent of the 

Q u a I i • a t 8 tic C o.m P 0 n. n t • 
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The quasi-static component i8 dependent on the 

confinement of the explosive, thus eliminating 

confinement will reduce the Qas pressure to a minimal 

amount if not negAting it completely. 

The material cholen for use in testing we. 

Poly.'ter resin, a transparent ·pla.tic·, Thi. 

matarial wat chosen .1 it afforded flexibility tn 

block .tze and good optical clarity at an economic 

price. The material wa. purcha.ed from Strand Gl ••• 

Pl.sties Ltd, and wes of reltn Type C. The method_ 

and matertala us.d in the catting of the restn into 

blocks, the curing and the a,sociated problems 

encountered are given in Appendix A. 

After cutting to ail' before explo.ive te.ting, 

each block wa. subject to both top and bottom surf.ces 

bling machined flat, Al.o any other fece. which were 

found to be .ubstandard ware machined by lathe. 



- 60 -

Turning bv lathe was found to give both a good flat 

finish and reasonable oPtical clarity. However, if 

the latter was not up to acceptable standard, a 

further polishing with perspex poliah was undertakan. 

The main type of explolive used was PETN detonating 

cord (Cordtex). Unfortunately ordinary commercially 

available Cordtex has a charge weight of fifty grains 

per foot, so therefore a lel' powerful cord wa' 

needed, 

Initiallv an eleven grain per foot PETN cord wal 

experimented with, but again this wa. considered too 

powerful. EventuallY four grain per foot PETN Low 

Energy Oetonating Cord (LEOC) waS obtained through ICI 

from Canada. 

PETN Detonating Cord was used becau.e PETN .a an 

explosive has the relatively unique property of ita 

detonation velocity being independent of charge 

diameter, ita detonation velocity being approximately 

.even thousand metre. per 'econd. 
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Unfortunately one disadvantage of uaing such. thin 

explosive cord is that it is prone to misfire due to 

tts low mass. Usually in normal blasting practice if 

this type of CO,rd is ~o be used boosters of higher 

weight cord are strapped on at approxirnatelv h al f 

metre intervals_ Durinc; thia ,::>hase of blaating two 

holea m1.fir.d out of ninety one using four grain par 

foot cord. In both ce ••• tn1. was attributed to 

non-initiation at the detonator.' 

The initiation of the LEOC wa. by electric 

detonators numbers six and eight, the forme~ being 

used in the majority of teats, the latter having been 

purcha.ed with the eleven grain cord and were only 

used with the four grain LEDC when there were no 

number six'. available. 

Single strand four grain per foot PETN detonating 

cord was used in all aerf •• (a),(b),(c),(d) and (e) 

experiment •• 

4 _ '6 I:lUWlD. 

Initial experimentation wa. undertaken to determine 

the optimum charge weights and dimenstons of te.ting 
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and to obtain 8 'feel' for the materials used and 

experiments to be undertaken. 

It was decided that 

the made to unravel 

pre·sPlitt1n~, the bal;Cs 

single 

relation 

extension around 

investigated in 

coupling. 

before an attempt should be 

mechanisms involved in 

of fracture formation and 

blast holes should be 

to the degree of explosive 

These first .eriel of telts compr11.d ofl 

1. A aerte. of ten lingle hole experiment. using 

Ifngle atrand cord, varying the borehole width 

from 2.5 mm (0. 25 mm) to 1 in (1 in) to determine 

the blalt damage for a rano' of d,coupling ratiol 

(1 • 10l in 150 mm x 150 mm x 75 mm (6 x 6 x 3 1nl 

reain blockl. 

2. A similar aeries of five single hol. test. but 

using half, vented holes formed by •• wing the 

blocks in two, Theae teats were deatoned to 

eliminate the qua.t-atatic ga. component, thus 

allowing inve.tigation of the relation between the 

dynamic damage and decouplino ratio. 
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The series (b) half vented holes were constructed 

by drilling the requ;red holes mid-distance between 

endl, near to. the edges of helf blocks end then 

machining tho'e edge. down until only half of each 

borehole remained in that face, the boreh01es in each 

series of tests being vertical. 

The second series of exper;ments were pre-splitting 

tests rather than l;n;le borhole teats and comprised 

of: 

1. A sertes of twenty testl to determine the effect 

of decoupling on the maximum borehole separation 

for succe •• fu1 pre-,plittinQ. 

z. An ettempt to pre-spl1t using the technique in (b) 

with single cord teped to 1/8th';nch helf holes 

(a, th1. theoretically gave maximum dynamic pulse, 

being the minimum aize of borehole used in aeries 

(c) testing and afforded .aay emplacement of the 

detonating cord), in order to examine the effect 

of the dynamic component in iaoletion, (foul" 

test.). 
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For the' ,consruction of aerie. Cd) experimentsl 

pairs of holes of the specified diameter were drilled 

at 8pecified spacing, in block' of resin. These were 

then machined do~n perpendicular to the line of the 

holes, from each end until two half holes remained. 

The .ize ~f resin blocks generally used in 

experimentation were approximately three inches deep 

by Ilx inches wide., The block lengths varied on the 

individual test requirements, varying from a minimum 

of three centimetres (series Cd» to a maximum of 

forty six centimetres Cserfe. (c». 

,A f1nal experiment Ce) was performed to ascertain 

the role of the interaction of stre.. waves, by 

purposely excluding their interaction by del.yed 

detonation of successive boreholes, the full theory 

and calculations of which ere dilPlayed in Appendix C. 

The test composed of three x ,9.)Z5 mm holes spaced et 

3~.1 mm centre with 27 micro-seconds delay increment 

per hole which were made by adding incrementa of 19 

cms of detoneting cord to succes.ive holel, 

A full list of test numbers for e.ch leri.s may be 

found in Appendix 0 end test epecificeations and 

complete blesting recorda in Appendix E. 



• 65 • 

Waye trapS were used in all telts to significantly 

reduce the tensile reflection of the dynemic 

compressiYe pul.e back into the block and thus reduce 

the effect of extra fracturing and f~8ctur8 extension 

due to the ;m~.d1ate proximity of the fr •• surface. of 

the resfn block. A full description of the waye traps 

and the associated theory behind them is g;yen in 

Appendix S. The blocks with wave traps were placed in 

constraints for blasting, 

Constraints were necessary for three reasonll 

1. To hold the wayetraps in pOliton, 

Z, To etop the rocks disintegrating and scattering 

oyer a wide area, 

3. To simulate normal ground conditions in 

pre·splitting, 1.e •• emi-infinite g~ound extent. 

The constra;nta were manufactured of barl of mild 

Iteel, there being two differenttvpel,· 
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The first constraints to be made were 10r six inch 

cubel. However, t~e size of block ~a' reduced to a 

depth of three inche. due to: . 

1. ~ack of availability of long series small diameter 

drills of appropriate length. 

Z. Economic factors (;ncreasing no. of blocks by a 

fector of two). 

3. Availability of blocks due to casting time. 

end therefore only one constraint we. used per block. 

The design of the constreint for serie. (a), Cb) and 

Cd) fa shown in FiQure 4.1. 

Due to the inflexibility of the first constraints a 

further constraint waS needed when it became obvious 

that larger blocks for aeries (c) experiments were 

required. This constra;nt wa. fabricated of heavier 

mild eteel bar and bolt holes were drilled to order 

for different size blocks, (see Fig. 4.Z). The t~rque 

on the bolts wa. measured and was found to be 

conSiderably leaa than ten ft lbe, the minimum 

calibration on the torque wrenches ava11able. 
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~ .. Bolt. 

FIG. 4.2. 
Medium scale constraints. 

I 
I 
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The wave traDS and restraints were assembled as 

shown in Figs, 4,3, 4.4 and 4.5 for test series 

(a)t(c)t(e), Cb) and (d) respectively, The block, 

~ere transported to the departmental ~arage where the 

explosive. testing was undertaken. The garage 

possessed the facility of 8 five foot deep concrete 

lined pit which could be co~ered with purpose cut 

raflwav aleepers. The explosive cord was then placed 

1n the hole.. To prevent the cord from moving either 

through or out of the latter two precautions were 

taken' 

1. A piece ~f insulating tape was used to s.al the 

bottoms of the holes to prevent the cord from 

protruding," 

2, The cord was secured at the top of each hole by 

tw;sting insulating tape around the cord end then 

securing the latter onto the top surface of the 

block. 

Theae two precautions were found to work exceedingly 

well. 
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Fig.4.3. 
Assembly for series (a). (c) and (e) (2xperiments. 
X -section of charged block in restraints set 
up for blasting. 

, . 
, 
, 
, \ . 

Fig. 4.4. 

LEDC-----

Block 

tape 

Protective plate 

, / 

" - Restraint 
-Hole , \ 

Wave Trap 

Assembly for series (b) experiments -minus 
protective plate and detonator. 

Centralising Tape 
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restraint bolt 

. . 
. .' 

Qxplosive cord 

restraint-' --:Z~ 

wave frap--z...--1--A-

Fig. 4.5. 
Assembly for series (d) experiments with 
constraints and wave traps, ready for 
blasting. 
Top view. 
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No attempt was made to centralize the 

detonating cord in the hole except with the vented 

single hole experiments a, it was not considered 

important. The results as discussed later appear to 

support this assumption. In series (b) and (d) the 

explosive cord was taped to the hole. centrally with 

insulating tepe as shown ;n Figure 4.4. 

Equal lengths of detonating cord were used for 

ordinary multiple hole experiments (except in serfe. 

(e) experimental to ensure that detonation occured 

simultaneously and congruently for each hole, the 

lengths of cord varying from six to fifteen inches 

dependent on the separation of the borehol ••• 

The bottom three inchee of the four grain LEDC 

remained reatrained within each hole, the exce., being 

fed through the appropriate drilled hole in 11/16th 

inch mild ateal plate which was separated from the 

• resin block by small wooden block,. This plate wa. 

designed to protect the block from the electric 

detonator which waS taped to the free end 01 the LEOC 

(N.a. an earlier 1/32nd inch ,teel plata had to be 

replaced very early on due to substantial detonator 

.hrapnel damage). 
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The block was then placed on wooden chocks end the 

rail~ay sleepers reolaced over the pit. At tht. stage 

the detonation wires were attached to the detonator 

le~ds extruding from the pit and 8 9v battery waa 

brought to the site. The blast was subsequently 

initiated from outside, with the garage doors closed. 

A cons;derable amount of work has been undertaken 

in the past on the proce.s of cracking in various 

material. around a borehole due to the detonation of 

an explosive charge. Research has been carried out'on 

the relationahip between the rad;al length of crack. 

and their frequency bv Fennel, Plewman and Brown 

(1967), Caee F;g.4.6). However, although their 

results show a good hyperbolic relat;onship between 

crack frequency and crack length, the preliminary 

teats by the author in polyester re.in displayed very 

concentrated high blast damge zone. which were 

visually d1atinct. The damage cauaed by the explosive 
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N=Number of cracks. 
a =Boreho(e radius. 
r =Distance from borehole. 
Curve drawn for 0 % decoupling 

and K=2 . 
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Distance rla . 

Relationship between the number of cracks and 
the radial distance from the borehole. After
Fennel

l 
Plewman and Brown (1967) . 
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was found possible to be categorised into two readily 

differentiable zonesl 

1. A dense zone of closely spaced fractures. 

2. A zone around the firet ;n which individual 

fractures from the forme~ a~e preferentially 

elongated, Csee Fig. 4.7). 

~d-iQ~_~&Aa~~&m'Qt_aQg_L~_~~Ali~1Qn_Q1_LA& 

Ua&_Q1_tAI_~l.I~_~m.gl_~Qna 

To e.sess the damage cau,ed around each hole in 

explolive te.ting lome phy,;cal quantity which 

afforded easy me •• urement wa. required. Sever.l of 

the perametere which were con,idered ere dt,cu.,ed in 

the followingl 

The firet obvious perameter to be considered we. 

the maximum creck length generated by the blest. Th1. 

could be easily meesured from its tip to the centre or 

edge of the oorenole. However, being a single crack 

from 8 tingle borenol, this euffere from relatiye 

etati'tic,' inyalidity if it is to represent aye rage 
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Fig.4 .7. 
Photograph of fracturing around a detonated shot hole 1n 

polyester resin, illustrating two distinct zones: 

1. A circular dense zone of closely spaced fractures 

2. A zone of less frequent extended fractures. 
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or even opti~um creck length (due to imperfections ;n 

loeding of the e~plo'ive cord and casting 

imperfections within the block etc.). To approach 

this would necessitate the reproduction of each teat 

until 8 mean with an accepteble standard deviation was 

obtained. The .econd failing with this approaCh is 

that for low decoupling values (usually below 2.5) 

cracking on testing frequently reached the edge of the 

block, rendering the maximum crack length 

unobtainable. 

The second par.~eter to be considered wat the 

length of the nth longest crack. The matn problem 

with this parameter i. the aelection of the value of 

n. If n was too small then it would suffer from the 

two above failing., but if n was too large, it would 

become too difficult and painstaking to locate the 

8P~roprt.t. crack, Taking test l1 8S an example, 

fifteen of the cracks propogated to the edge of the 

block in tome form or other. Thu. the correct value 

of n to be used Ihould be greater or e~ual to lixteen. 

The third parameter to be con.id.red and ultimately 

cholen was the bleat damege zone. The reasons for its 

choice were .1 follows: 
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1. So~eth1ng that could be easily visually seen.' 

2. Because of the above, can be easily determined 

(measured) t' 

not unidirectional (aa a sing1a creek) 

therefore is more representative. 

4. One cen take more than one reed1ng on the radiua 

of the r~ughly circular zone compared with a 

Gin;l. crack and it i. therefore more 

statistically valtd. (E,g. if there i •• weak 

stress field aet UP by the restraint. this might 

cauae elongation of cracke in a certain direction 

and restrain other cracking perpendicular to it. 

(An ellipsoid zone can be regarded a. Po ••••• ing 

the same area as a circular zone wfth~n certain 

limits.» 

The matn objection 

that a visual concept 

to this method of me.aurement fe 

t. not ealfly mathematically 

defined and may therefore vary from one obaerver to 

another. However, this 8hould not increase the 

scatter of result. if the meaaurements are taken by 

the 8ame.observer. 



- 78 • 

It thus oeceme necessary to create a mathematical 

definition for the blast damage zone. A final 

solution to the problem was found by taking the ~.d;us 

in which a minimum of x fractures were present in an 

arc of anyone y degrees. ex and y were taken as 3 

and 4~ respectively.) Thus: 

lAa ~1~& ~1 tAA bl&&~ dAmAgl. ~& ~ AQ~ 

QI.I.ct.d.UJl.t. sU. "So Q&Qc.au. J.A aaiiJlad Aa. t.ha laa.~ Q.1 tb.& 

~~a lQCaaat. ~&C..t.1~Al 1c.IC1YC& 144L 1& Qt&&&C.t. 1a. ~& 

U.U g"".g~4a..t.. 

M.asurement, of the longest and lecondlongelt 

crack lengths were also taken. 

The relults from normal Ifng', hole t •• t. 

strikingly d;IPlayed the dependency of blast damage 

extent on bor.hol. diameter, (see Figure 4.8). Blaat 

damage we. measured from both centre .nd edge of the 
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Fig.4.8. 

Series (a) test results for single varying hole diameters, 

clearly illustrating the dependence of damage extent on 

decoupling. Hole sizes increasing from 2.5rnrn (decoup1ing 

factor 1) - top left to 25rnrn (decoupling factor 10) - bottom 

right. 
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Dorehole, but it was found that when measured from the 

centre, initially blast damage rapidly dropped w;th 

increasing borthole diameter al should be expected, 

but then levelled off and began to rile, Clee F;gure 

4.9). Initially these results caused aome 

consternation but this was soon explainad by the 

following: 

As borthole diameter increases, the cracks 

emanating from the borthol. become Ihort,r. Above. 

certe;n diameter the rate of decrea.e in crack length 

becomes less than the rate of increase in borehole 

diameter end thus the ble.t damage zone radius 

increases. 

However, when blast damage 18 measured from the 

edge of the borthole then it ffts a hyperbolic 

relationship w;th bor.hole diameter extremely well. 

Thi. il shown in figure' 4,1U end 4.11. In Figure 

4.11 the values of both damage and borthole diameter 

were plotted on log-log axes and a straight line fft 

was found to be highly I.tilfactory with a very low 

scetter of points. However this wes found only to be 

the lecond belt statistical fit with. goodn ••• ~f fft 

of 94~. The b.st relationlhip only gave a ZX better 

fit, the remaining alight (hyperbolic) curve of the 
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points in F;gure 4.11 giving rise to the small 

deviation. Thu. it seems that another fector is 

affecting the relationship. From careful observations 

it ;s concluded that this is due to the variation in 

borenole size rather thon having a standard sized 

borehole and altering the decoupling by using 

different charge weights, thus this is entirely a 

geometric effect. However from the results i t can be 

seen that it i. fairly insignificant within the 

exper;mental limits and as the effect on the points 

obtained i. O,n 1 y of . the order of e)(perimental 

varietion ; t can therefore be ignored. Onthout 

specialist e)(plosive loading feci 1 itie. 

experimentation cennot be undertaken on the latter 
• 

effect for the lower range of borahole sizes, but i. 

theorecticelly pOlsible with bortholes of a lerger 

diameter.) 

Column 1 = Telt Number 

Column 2 = Boreh01e Oiameter 1~ mm 

Column 3 = Dec~upling 
Column 4 • Av. Bl.st Damage Zone Radius (from centre) 

Column 5 = Av. Blelt Damage Zone Radius (from edge) 
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7 4.76 1.9" 19.75 17.74 

8 6.35 2.63 18.60 15.70 

9 7.9" 3.29 16.30 12.32 

10 8.73 3.62 14.75 10.40 

11 3.16 1.32 26.00 24.40 

21 2.54 1.05 32.20 30.90 

22 3.97 1.65 21.10 19.10 

,3 12.70 5.26 17,10 10.75 

24 1 1 .11 4.60 17.60 12.00 

25 1~.88 6.58 17.45 9.51 

26 19.05 7.90 17.40 7.90 

27 25.40 10.52 20.40 '1.70 

Table 4.1.' 

A full lilt of blaat damage value. ia given in 

Table 4.1 and the graph of ma~imum crack length for 

.ach individual test against borehole diameter is 

given in figure 4.12, showing a similar relationsh;p, 

Vented series Cb) testing in which the quasi-'tatic 

component was removed, provided 8 very small amount of 

fracturing/damage around the boreholes compared with 

normsl confined tests. E.g. for 3.175 mm hol ••• 
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Fig .4.24 and 12 . 
Comparisons of maximum fracture length and damage 
zone extent befv.leen series ra} (complete boreholel and 
series (b) (half boreho/e) tests. 
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Oameoe Extent Volume 

Vented 12.25 mm 151.) sqmm 

Also, virtually no elongation of cracks from the 

damage zone were ,observed. Those whiCh were present 

only measured UP to approximately fifteen millimetre. 

in length, whereas elongated crack. in normal confined 

seri.s (a) teate of the seme borthole dfamater (3.175 

mm) normal,y exceeded 110 mm in length with e few 

exceed;ng 130 mm in length. 

In these experim.nt. the Object wa' to eliminate a. 

far a. pos.ible the ga. pre.sure produced bV 

detonation of an explo.ive in a confined IPac., thus 

leaving only ~he detonation wave from the explosive 

;tself. Central;z;ng of the explosive in tht helf 

bortholes bV taping was found to give conststent 

results, altho.ugh the de",age tended to be cumulative 

from the direction of explosive cord detonation, (see 

Figure 4.13).' Aga;n, an excellent nvperbol ic 

relationship was found between borehole diameter and 

blast damage, (s.e Figur. 4.14, valu.s given in Tabl. 

4.Z). The most striking feature of tne •• experiments, 

aa already d •• crfbed, wa. that the blaat da",.ge extent 
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Fig .4.13. 
Single vented hole series (b) test illustrating the cumulative 

effect of the dynamic component of a line charge (initiation 

from right to left) resulting in the extension of fracturing 

created by prev10us element s of explosive (fracture extension 

requiring less energy input than fracture creation). 
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was vastly reduced, showing that although the 

detonation wave causes the initial cracking the 

majority of the fracturing ie cau,ad by the ga' 

pressure. 

Column 1 = Borehole Diameter 

Column ~ = Test Number 

Column 3 = Av. Blast Damage Zone Radius (from centre) 

Column 4 = Av. Blast Damage Zone Radius (from edge) 

3.18 33 13.84 1Z.Z5 

4.76 36 11,01 8,63 

7.94 37 10,00 6.UO 

9.63 46 10,53 5.75 

12.70 47 10,85 4.50 

Table 4.2. 

The results of series (b) testing are al.o 

displayed, on log-log axes, in Figure 4.15. The .lope 

of the log-log relationship' is similar' to that for 

normal .ingle boronoles and thus the'e results are 

considered to be valid, showing the same 

relationship. 

scale 



0-"'''''''' OO~ 
.., Q.::, 
Cb -. ° 10 ::,-C:::"'I o VI ~ - -. 
tl) :3 n 
~ et) 
QQ~ 
=:::VlO 
• VI n 

c: ...... 
~ .., c:: 
;::] It)'" 5 
3 Q. (t) 

~"" .., 0 
o ::J 
:3 Cb 

3 4 5 6 7 8 9 10 15 
Borehole diameter mm. 

Fig. 4.15. 
Graph iUustrafing straight line relationship between dynamic fracture zone 
radius and borehole diameter when plotted on log-log axes. 

\.0 
~ 



- 92 -

4.'8.3 

In series (c) testing the borehole dia~eter wa. 

found to be tne primarY factor controlling tne maximum 

successful pre-so11t separation. Thts feature is 

exhibited quite markedly in Figure 4.16 where the 

results show a distinct hyperbolic trend. When the 

results are plotted on log-log axes a straight 

regret.ion line may be fitted, (see Figure 4.17). 

AlthOUgh this regression is not perfect and a similar 

trend of results (in re.pect of borehole size 

variation) ia obtained to series (a) results, 

comparative accuracy is well within the limits of 

experimental variation. The relationship derived wat 

found to be of the form: 

Y :: A t CSftX) 

where: y ~ log borehol. diameter log(mm.) 

X = log maximum .eparation 10gCmm.) 

A • Y intercept - 2.~7 log(mm,) 

8 = elope of regr ••• ion (V/X) • -0.9 

A higher amount of blast damage (although roughly 

the same degrae .s in series Ca) testing) compared 

with the maximum 8ucc •• sful pre-split borehole 

separation was found in the court. of series (c) 

experimentation than wa. originally expected. On 
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reflection this is only to be expected as any minute 

fracturing tnat is preaent around a borehole in ~~~ 

~ill be' invisible. Ho~ever when dealing with a 

transparent medium only a few molecules thicknea' of 

air is needed inside a crack to produce an optical 

reflective and refractive phenomenon which is 

distinctly obvious. 

One pos.ibl. explanation of thi. phenomenon 1. that 

the material fs highly conducive to brittle 

fracturing, except that the material on inspection 

tendl to remain fairly intact, as with similar blast 

holea in rock, and poaaesl a residual strength. 

Therefore the original expectation, may heve been 

wrong and resulta obtained fair.' 

Approximately circular blalt damage lonel tending 

to a alight elliptical ahape with the longelt axit 

parallel to the pre·,pltt were Observed around •• ch 

hole in each teat, auggesting an apparent effect of 

interaction between succea.ive boreholes in each 

pra·split test.' These were slightly lesa circular 

tnan tho.e ootainad in lingle hole testing eserie. 

(a». 

Multiple splitting we •• een between neighbouring 
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boreholes, especially where tne borenole. were in 

closer For eacn bore~ole diameter, 

individual fractures from adjacent boreholes were 

observed to have met and coalesced approximately 

midway between borehole. for separations UP to and 

;nclud;ng the maximum successful pre-split separation, 

(see Figure 4.18), Allo fe;lures to split IhOW no 

fracturing to have been initiated midway between 

borenol •• but show all fracturinQ to originate from 

each borehole, (see Figure 4.19), 

Exam~nat;on8 of the aetual pre-split 8urfaces using 

fracture morph~logical techniques show tnat ;n every 

cale fractur;ng wal initiated at or near tne 8urface 

of each borthol8, propogated-outwards and met at a 

point approximately mid-d1It~nce between pairs of 
• neighbouring b~reholes. Thil feature i8 clearly ,hown 

in Figure 4.20,' 

Only tnree teats were carried out, a lumm4ry of the 

re.ults being included below;-

reat 34; Borehole Separltion 5 cm - shattering 
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Fig.4.18. 

Multiple hole simultaneous initiation ser1es (c) splitting test 

(near maximum successful pre-split borehole separation) clearly 

illustrating that no fracturing is initiated middistancc between 

holes and that the origin of all fracturing is from the vicinity 

of individual boreholes. 
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Fig. 4 .19. 

Multiple hole simultaneous initiation series (c) test with 

failure to split. Illustrating that there is no initiation 

of fracturing midway between holes due to the interaction of 

their dynamic components of energy release. 
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Fig.4.20 . 

Photograph of pre-split produced in test 41 (series (c)) 

illustrating the direction of fracture propagation. 

Note that fractures originating from adjacent boreholes 

intersect and coalesce midway between holes, fracturing 

1S not seen to be initiated at this point. 
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around ~01e9, some resemblance of a pre-split, i.e. 

fractures alon~ pre-sp11t line in middle, but are not 

inter-connected or not of any significant area. blocK 

fairly intact therefore no definite pre-spI1t. 

Test 38: Sorenole separation 4 cm - apparent 

crecking between boreholes but not completely through 

block, Block remains intact therefore no pre-split 

prelent. 

rest 44: ~orehole Separation 3 cm - high shattering 

and .'abbing around holes, block not in two pieces, 

but crackl .een in packs of boreholes. Ulock flexes 

around middle and will only teke moderate pressure to 

break. Therefore only JUlt not split, (see Figure 

4.21). 

AS a successful pre-spl1t was only Just not 

obtained in rest 44 the maximum successful pre-split 

was deemed lust below a borehole .eparation of three 

centimetres. The photographic results of each series 

Cd) test are t~ be found in Figure 4.21. It can be 

leen in this pre-sp11t telting with the dynamic 

component isolated thet some fracturing il initiated 

mid-distance oetween borehole. and extends outwards 

along the line of pre-spl1t towards the holes. This 



Fig. 4 ~ 21. 

Series Cd) experiments. 

3, 4 and 5 cm. 

Illustrating dynamic 

fracturing between vented 

pre-split holes. 

..... 
o ..... 
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1eature was most prolific in 

e~tend throughout the block. 

Test 34 but did not 

However this feature is 

no greater in length than the fracturing around each 

half borehole. 

4.8.5 

A 100% successful pre-split was obtained with very 

good breakage along the pr.·spl it 1 in., (se. Fig. 4.22 

end identical non-delay Fig, 4.Z3.) 

The max;mu~ 1001 successful pre-solit separation 

experimentally obtained was at a borehole s.paration 

of 50,8 mm, 

~~t1a~_Q1_i&iwltl_:'aa.i&Ai&&-ia14_ibl_.QG 

L,l. 

For the •• tent of blast damage around a s;ngl. 

borahol. - •• rt •• (a>· the hyperbolic relationship 

obtained was of the form ofl 

where. 

Y :I A + (B*x) 

Y :I log blaat damage zone extent logemm) 

X :I log borehole diameter leg(mm) 
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Fig. 4 .22 . 

Photograph of delay experiment - Test 15. 

Fig.4 .23. 

Photograph of identical configuration simultaneous 

initiation experiment - Test 13. 
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A = Y intercept = 1.66 10gCmm) 

B = slope of regres.ion - V/X = -0.589 

The smaller zone of blaat damage obtained from 

single vented hole testing - leries Cb) • was found to 

give a similar relationship, being described by the 

equation: 

and 

where: 

Y = A t (B*X) 

Y = log blast zone extent 

X = log borehole diameter 

log(mm) 

log(mm) 

A = Y intercept = 1.43 log(mm) 

B •• 'ope of regression. V/X = +0.102 

As .eriel Ca) experiment. contained both dynamic 

quasi-static components whereas lerie' Cb) 

experiments contained only the dynamic component, then 

the extent of the damage zone created solely by 

quasi-static gas phase is thus, 

where: 

. y • log -1 (A 1 + ( 81 • X » • 1 0 q -1 C A 2 + ( b 2. X ) ) 

A1 • 1.66 

61 • ·O.~89 

A2 = 1.43 

82·= -0.702 

X a log borenole diameter 



- 105 • 

Y i. in all cases greater than the extent of the 

dynamic blest damage component. Thus the area ratio 

i. greater than three to one for blast damage caused 

by the Quasi-static effect compared to that caused by 

the dynamic effect. A, the blast damage creeted bY 

the detonation wave is amall compared ~;th the total 

blaat damage, the detonation wave i. therefore not 

considered to be the major factor in the fracturing 

process around blast hole •• 

A comparilQn of maximum creck length and damage 

zone extent for both series (a) and serfes (b) 

experiments is given in Figure 4.24 where it can be 

.ean that the effect of the dynamic component 1. far 

lower than tha combined effect. end th.t the greeter 

extent of fracture propagation i. caused by tha 

qua.t-atatic co~ponent. 

The blast de~ag. lone. and maximum crack lengths 

for series (c) experiments were generally seen to 

.lightly decr.a.e for closer pre-split borehole 

specing •• nd were et a maximum for individual hole. -

.erie, (a) • or where multiple hol •• - 'erie. (c) -

were above the maximum .ucce •• ful pre-.plit .pacing. 

This effect is postul.ted to be cau.ed by premature 

venting of g •••• into and redi.trfbutfon of the .tre •• 
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field around the ore-split fracture for close borehole 

separations, 

~hen the two· ~aximvm 

borenole - series (a) -

crack lengths 

were plotted 

per single 

a~8in.t the 

maximum successful 

ser1es (c) - a good 

pre-split 

straight 

borehole separation-

11ne relationsh1p was 

obta1ned, the regression passing through the origin, 

(see figure 4.25). The slop~ of this line was 

approximately 0.5. This infers that maximum length 

cracks are lust able to Join to form the pre-sp11t at 

the maxfmum ,uccessful pr.-split borthole separat10n. 

Thus intuitively this would leem to infer that there 

is no or little quasi-static stress field interaction, 

However th~ points on the graph (Figure 4.25) 

rep relent the length of the longelt and lecond longest 

fracture. for each borehole diameter - .eries Ca). 

Thele fractures have a random angular orientation from 

the borehole. and therefore there mUlt be quasi-static 

interaction between borehole. which align. the longest 

fractures with the pre-split axis or induces the 

further propogation of fractures orientated in thiS 

direction. 

The plotting of· blast damage zone extents. s.ri., 

Ca) - against maximum luccesaful pre-IP11t borehole 

( 
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Fig.4.25. 
A comparison of maximum fracture 
lengths -series (a) and maximum 
successful presplit borehole separation 
-series (c). 
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'IParations on log-log axes gives a straight line 

relationship through the origin which is illustrated 

in Figure 4.26. However, as this obtained 

relationship is well below that for overlapping blest 

damage zones (a straight line with a gradi~nt of O.~), 

then it can be stated that the fracture damage zone 

has no 'direct' influence on the maximum luccessful 

pre-split borthole leperetion. 

The Pre·spl1ttin~ effect il predominantly produced 

by the quasi-static gas pressure component, but not 

wholly for ths previous reasons (interactive 

qu.,i-,tetic strel' fielda), as the maximum crack 

lengtha obtained for .ingle hole. are usually not 

significantly le'l than half the maximum pre-split 

separation for identical borehole diameters. 
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The extent ~f the damage caused around Q borehole 

for a specified charge type and weight is dependent on 

the borehole diameter and thus the decoupling, 

Th. 8ize ~f initial damage zone caused by the 

detonation wave is also dependent on borehole diameter 

and thus decouplinQ. 

Aa the maximum 'eperation in 

experimentation for normal 3.175 mm holel il in the 

order of over fifteen cm and the dynamic ma.imum only 

lell than three cm, then the dynamic component ts 

defi n t t.1 y not the matn contributing factor in the 

normal pre·lolitt;ng process, Alao a. the extent of 

damage zone caused by the detonation "ave i I Imall 

compared with that of the total damage zone (eauled by 

the combination of both componentl) and the Icalt 

factor between them i • a great deal larger than root 
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two,' it can be concluded that pre-splitting between 

blast holes in normal field geometry f. definitely not 

produced by the interaction or superposition of 

detonation waves. 

The absence 01 the interaction of detonation weves 

mid-way between boreholes does not have a significant 

effect on the maximum lueeeBafyl pre-aplit borehole 

.eperation. 

Examinetion of pre-.plit planes using fracture 

morphology analyst. showed no indication that 

fracturing ia initiated mid-distence between 

boreholes, but proved conclusively that fracturing ia 

initiated at each. borehole and that independent 

fractures from neighbouring borehole. extend outward. 

and generally coalesce at irregular interval. between 

the holes. 

The process of Dre-splitting may then be described ,. 

follow.: 
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EQ~mA~i~_~i_a_ee&:&Qli1 

On detonation of the explosive the detonation weve 

t r a vel 1 i n 9 t h r o,u g h the e )( plo 8 i ve col u,.,. n a 1 sot r a vel s 

outwardl and on transmi •• fon into the rock become. the 

dvnamic component. As the tangential component of 

this aynamic wave il usuallY of greater magnitude than 

the ten.i1e strength of the medium, it produce. a 

radial fracture lone around the borehole. However, 

the proce.' of fractur;ng the rock remove I 

considerable energy from the dynamic pulse end it 

rapidly decaYI until it il of a magnitude le •• than 

that of the tensile ,.trength of the medium. Therefore 

aa a result, the extent of tht. radial fracture zone 

ta .mal1 with relatively few fracture. e.tending out 

from this zone and none further than. few mm, due to 

the consistencY of the dynamic pul.e. 

At the same ti~e the ga. prelsure in the borehole 

is building UP by the adiabatic e~pan.ion of the 

ga,eou, product. of detonation, The radial cracks 

already present are elongated until certain cracks 

which ere longer start to propagete at a much higher 

rate and other cracking terminates. At th;. etag. it 

i. pOI.ible that wedging act;on in the cracks by the 

detonation gaees predominate.. At the same time the 
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.trea. fields from neighbourin~ borenotes overlap and 

eau.e a preferential line of split betweenborehole •• 

Thte hal two effecta. 

1. Thoae elongating fractures orientated;n suitable 

directions are encouraged/assisted by this 

pressure o~erl.p to the detriment of those 

orientated aga;nst the field, and the former 

creek. then become dominant,' 

2, Exi.t1ng fracture., not aligned with the etrel' 

field have their direction of propogation altered 

by the composite stresl field and tend to bend 
, 

towards the direction of pre-splft. 

Once the pr.·.plit t, complete, gal pres.ure is 

raduced and thus further fracture elongation 

terminate •• 
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s ~~~~~~~l~'~_El~LUaa-'ff~~ll~~l~~-aU~~~aA-QE 

e.iie;.:s.a~llllWl 

defore 

affecting 

describing the 

the application 

geotechnical factors 

of pre-split blasting to 

rock slopes it is considered important that the major 

non-geotechn;cal factors affecting the suecesl of 

pre.splitting be stated end their effects described. 

~ithout proper understanding of the 

non-geotechnicll factors that may influence the 

success of a pre-IPlit olnel, it is inadvtlable to 

infer that the occurrence of any failure il due solely 

to advera. 

loading, 

three to 

inadequate 

perlonnel. 

geo,technical factors. For example the 

drilling end bleating at pre-IP1lt locations 

eight inclusive were carried out under 

supervision and by unsuitably Qualifiad 

Tha low Quality of work undertaken il 
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olainlv visible within the relulting faces ana ha. in 

certain case. played a major role in the failure. of 

ore-split facea, althougn there are gene~ally adverse 

geotec~nical conditions prevailing, It 1, therefore 

important to ga;n an understanding of the basic 

non-geotechnteal errors that may be made and thus gain 

the ab;lity to. identify end correct these before 

serious permanent damage 1. initiated. 

Aa shown in the previou, chapter, if the ~.x;mum 

,ucce'sful ore-solit borehole separation is exceeded 

then a fa;lure to pre-spl1t will occur, resulting in 

either underbreak or overbreek and exce •• ive demage to 

the final face, dependent on the relative po,itioning 

of the bulk charge 1n relation to the pre-split 11ne., 

For maximum .ucce •• ful pre·.plit borehole .eparation a 

maximum depth of blast frecture damage from the 

pre·lol1t holes is incurred in the pre·split surface, 

For succe.sive reduction' of borehole ,eparation both 

a smeller depth of dameg, end a .traignter frecture 

between hole. i, induced, giving cleener, htghe~ 

integrity f1nal face., Thi, effect 1. primarilv due 

to the ealiar connection of fracturing between the 
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pre-split boreholel, resulting in the venting. of 

detonation gases which cause. premature retardation of 

fracture propag.tion. 

5.1.3 
• 

Smaller sized bareholes for a standard decouplfng 

PO ••••• a 'more r.atrtcted borehol. leparation range 

tnan larger diameter boreholes. In Europe small 

diameter boreh~le. of 100 mm down to 50 mm are used at 

.eparations of UP to ten times the borenole diameter 

whereas the trend in America is to use large diameter 

hole. at larger borehole separations (Jo~nlton, 1913), 

boreh~lel for the aame decoupl1ng ratio 

generally imply a greater amount of b.ck damage, thus 

loosened rock and larger borehole separations, which 

.llow larger amplitude, of irregulerity in the final 

face from the intended line, althouoh the ovarall 

,hape of the face. may be the same, Therefore the 

degree' of underbreak and oVerbreak in the final fac. 

will increase with the u.e of larger boreholes with 

their as.ociated larger ,eparation •• However due to 

the incre.sed ,eparatton., larger borthole. may bt 

drill.d to greater depths due to the scale tactor • 

• 
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There are two ~ain clasaea of explosive. high and 

low • which refers to their detonation velocities 

(Dick, 1968). 

High explostve. are classed 

detonation velo~1ty ia greater 

velocity. On initiation the 

as explo.ives who.e 

than their seismic 

explosive material 

decomposes at a very h;gh rate and emits a high degree 

of seismic energy in the form of a shock wave. 

Typical commonly u •• d high explosives are blasting 

gelatin •• and dynamit •• which are now virtually phe.ed 

out. 

In low explo,lfve. the rete of decompolition il 

alower than the .ei.mic velocity and the explo.ive 

tend' to burn, all be it at a high rate, rather than 

datonate. Thi, low rate of decomposition ia 

technically termed deflagratfon. 

High explolive. tend to give high s,i,mic impul.ea 

to the rock on detonation whereal low explo.1v,. 

impart low .eismic impul.e. when they deflagrate. Due 

to the higher energy contained within the chemical 

matrix, hioh exolOlive, .1so give h;gher ga. 
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preSlurel, Low explosives were superceeded early in 

this century by nitroglycerine, the base constituent 

of all gelitinel and dynamites, The replacement of 

low explosives was mainly due to the higher break.ge 

power end fer luperior water and damp reeiltance of 

high explo.ives. ~ow e.plosives are now no longer 

used in commercial operations and their u.e 18 mainly 

confined to the ~.nuf.ctur. of firework •• 

The present concensu. of opinion i. that within the 

high explosives group there are two e~treme. of 

explosive properties. firstly it i$ argued that there 

are high dynamic - low quas;·static (Qas pressure) 

explosives and secondly at the other extreme low 

dynemic • high que,i-static explosives. This view is 

partly supported within the explosive industry. 

Nowever, inform.tion on gaS pressures and dynamic 

value. for individual explo.ive brands ts not readily 

available and that that ;., t. arrived at by obtuse 

methods. 

The technic.l inform.tion available from which the 

dynam;c and quaai·lt.ticcomponent. can be correctly 

formul.ted ia - the volume of explosive g •••• et 

S.T.P., the explosion temperature, the velocity of 

detonation and the d.n.fty. 
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The explosi~n ges prelsure for a confined eharge is 

as follo~s: 

Taking: 

Va = gal volume efter firing at 20 C and 

760 ~m Hg pressure, water a. vapour 

(i •• , at normal temperatures and 

preslurea) measured in litres/kg, 

Te = expl08ion temperature calculated in 

C (uncorrected for 10IS), 

p = the densi~y of the explolive, 

As density = Mass 

volume 

i • e. p = ,"'E 

then the volume of an explosive 

taking a unit mas. of explosive then: 

VE = p-1 (1) where V i, m •• sured in litrel. 

Va as stated above is the volume of explosive gase. 

at atmospheric oressure et room temperature, Thus by 

using tne combined gas eQUation' 

Pi Vi • Pr Vr ~here i • initial 

T1 Tr r 8 resultant 

we can reconstitute the gases to the volume and 
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temoe~ature just afte~ detonation and thus calculate 

tne confined preslura of the Qales after detonation of 

the e.plosive. 

Taking: 

normal temperatures and pressures to be initial 

and explosion temperatures to be relultant then 

P; Va = PE VE 

Tt lE (2) 

taking the unit measure of pressure as 1 atmosPhere 

tnen Ve 11 PE VE 

TilE 

PE = Ve le 

VE Ti (3) 

Subst1tutin~ f~r VE from (1) into (3) 

PE =Va lE 

p-1 T 1 

11 VG p TE 

Tt 

Ho~ever the unit of temperature uled in the 

combined gas e~uat1on ta tne Kelvin and both lE and Ti 

(room temperature 20 C) are usually quoted in C. 

PE 11 V,.p.(TE~Z73) 

(20~273) where rE ia in C 

PE 11 V,.p.(TE~273) 

293 (4) 
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N.B. Zero degrees Centigrade is 273.15 degrees 

~elvin but the co~mon ap~roximat10n of 273 is used 

here. 

A table of the confined explosive oa8 pressures of 

some E.C.P. explosives along with their velocities of 

detonation may be found in FiQure 5.1. 

Explosive Explosive Pressure V.O.O.' 

Blast;ng Gelatine 17,634 A 6,000 

Fortex 19,505 A 6,000 

Plaster Gelatine 15,143 A 6,300 

Gelamex No. 1 14,639 A 3,000 .. 5,000 

Gelamex 11,602 A 2,500 • 5,000 

Quarrex ~A' 11,625 A 2,800 • 4,500 

Quarrex 8,174 A 2,500 - 4,400 

ArnmolPex 8,247 A 2,000 • 3,000 

Fioure 5.1 

Table of Explosive Gal Preslure. end Velocitiea 

of Detonation for Various E.C.P. Explosivea" 

To obtain the gas pre.aur, for any hole size the , 

following equation may be used: 
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PEs :: PE d2 

D2 

wherel PS is the borehole gas pressure 

PE i. the confined explosive gal presaure 

d ; s the diameter of the charge 

0 i. the diameter of the borehol. 

A relative me8n~ of ~.asurement oj the confined 

explosive gal prelaure t. the ballistic mortar test, 

In thi8 teat the explosiv. r • Qua.i-static component's 

ability to deflect a heavy ateel morter ia measured, 

the dynemic component giving no discernable impetus to 

the mortar, Th. baltstic mortar test is basically an 

empirical test for comparing different explosiv.s, 

The ability of standard w.ights of different 

explosive. to d.flect the mortar is compared with that 

of T.N.T. and the strength of the explosiv. ta 

.)Cpr •••• d as a p.rcentage of the ,trength of T.N.T •• 

In the past thia strength measurem.nt of explo,ives 

h.s be.n widely cr1ttltz.d by Dick (1968) and others, , 

How.v.r as the gas component of an explosive creat.s a 

greater volume of fracturing "than the dynamic 

component (in the absenc. of a fr.e face in tne 

immediate proximity) then both Itrength 

(strength X ~.r unit weight) and cartrfdQe or bulk 

strength (strength X per unit volume) .re .xtremelY 
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important expl~sive properties to be considered in the 

c h 0 ice 0 f e )( P 1 0.1 i ve. 

The dynamic pul.e, due to its nature, i, difficult 

to meaaure both directly or indirectly at a distance 

due to ita rapid decay in amplitude around the 

borehole due t~ the leaching effect of rock breekage. 

However severel approximate eQuations of detonation 

pressure 9 exist, the best of which is given by Dick 

(1968), 1.e. 
-7 2 

P = 4.18 x 10 pC 1(1 + u.80p) 

where, P • det~nat1on pressure in khar 

p = spacific gravity 

C • de t o.n a t ion vel 0 c t t y i n f p s 

From the calculations given it is obvious that the 

IUPDosft10n of converse extremes of dynamic end 

Quas;·static component, within the range of 

commerciallY avaflable explosfvel is unfounded end 

tnu8 contrary to certafn belief within this country, 

the energy ~ontafned within the gaB component 

increalea with fncrealing value. of the dynamic 

component • 

•••••••••••••••••• 
9 Detonation prellure, which fl a function of the 
detonation velocity and denllty of the exolo,ive, il • 
me.lure of tne pressure in the detonation wave. 
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Thus it may be concluded that when utilising 

decoupling, approximately similar conditions may be 

obtained by both using a standard c~qrge of a lower 

ranQe strength h;gh explosive or an accordinQly 

reduced charge of a high strength high explosive.' 

~e can define charge denlity as the amount or 

weight of explosive per unit volume or unit length of 

borehole. Aa can be leen from Section 5.1.3, 

explosive type il an important factor in the selection 

of cherge density and dictates the relative amount of 

explosive used, dependent on the explo,ive's 

',trangth'. Tne level of Cherge density w;ll (for a 

.ingle hole) dictate the degree of demaQe incurred 

around that hole and for e line of hol •• , dictate the 

reletive maxtmum borehole seDaration for 8 succ.ssful 

ore-split (i.olating and keeping constant other 

variables). 

An excesa1vely high charQe denaity will cau.e 

cruah;ng 01 the rock within the borehole wall. and en 

exce.. of damaging fracturing around the borehole. 

Tht, will leed to a le.s intact final face with. zone 
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of dramatically weakened rock apparent, especially 

around the b~raholel. For maximum charQe dene1tv 

(i.e. for bulk charge conditions) a disturbance zone 

may result of UP to eight metres depth Cdependent on 

rock conditions), with the opening UP of new end 

e.ieting fracture.. Thu8 if Itability is marginal, 

i.e. the factor of safety ;s say between 1 and 1.2, a 

weakening of the rock fabric may occur auch that 

failure in the finel face will result by either plane, 

wedge or toppling fe;lure. The amount of failure 

produced both initially and over a period of time may 

be enormous, e.g. the Forth Road Bridge cuts, 

(Swtndelle and Mathe.on, 1981). 

On the other extreme, too low a charge denltty will 

cause a failure to split between neighbouring 

pre-split boreholel. Thfs is evident on the w.et face 

of pre·eplit roaa cut number three where a relatively 

low charging of only s;ngle strand superflex C40o/m) 

in 75 mm boreh~le. w •• u.ed, C ••• Figure 5.2). 

Oecouplina is the rel.tive mealure of the diameter 

of the borehole to that of the charge. It can eithar 



Fig. 5.2. 

Photograph illustrating 

line of pre - split 

holes having failed 

t o produce a split 

at Location 3 due to 

ridiculously low 

charg ing in stron~ 

metamorphic rocks. 
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be gtven al a dire~t ratio for line charges or as a 

percentage measuring relative volume. for spaced 

charges. The decouplinq ratio for a line charge ia: 

Dc = DId 

and the decouPlin~ percentage ia: 

and 

for linear c~arge. 

Dc : (D2x(~ts)/(d2XL» x 10~ X 

for spaced charges 

wherel Dc : decouolinQ 

o = diameter of bor.hole 

d = d;ameter of exploaive 

L = length of cartridge 

•• soacing betwe.n cartridgea 

Oecoupling 1a the inverse measure of coupl;ng which 

can be calculated from the following formulal 

e = d2X~x100/(D2(~+.» 
where: C. couoling measured in % 

AccordtnQ t~ the conclusions of work by Foge110n, 

O'Andre •• nd Fiaher (1965) "80th the amolitude and 

duration of the dynamic pulae are aianifieantly 

decre.aed by increasing the decoupl;ng". In Chapter 

Four the effect of decoupling wa. conclulively ahown 

to decrease the magnitude of both dynamic and 
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Quasi-static components, thus reducing the amount of 

damage to the rock around eacn borenole. By using 

boreholes larger than the chosen charga, the dynamic 

component fs cushionea by the hi~h impedance mismatch 

of e~plolive to air ana air to rock and the 

Quasi-static gae pressure i8 lowered by the lar~er 

volume of hole than explosive. 

Out to both components being affected to the lame 

eKtent by the inverse SQuare law in respect of their 

magnitude at any particular distance from the charge, 

and with the .daitional excels reduction of the 

dynamic component related to fmpedance mismatch.s, the 

degree of decouoling present hal a greater reducing 

effect on the dynamic component than the Quasi-static 

,omponent. Decoupltng maY therefore be con.idered to 

be a means of preferentially reducing the maQn1tude of 

the dynamic component with rel~ect to the gal 

component. 
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There are two types of explosive train tnat may be 

e~ployed in pre-splitting which arel firstly a 

continuous uniform explosive column and secondly 

spaced fndtvidual ch8r~e8 withfn th.'borehole. 

Continuous charge is availale from several 

different explosive manufacturers. These charge. 

u.ually consiat of either caraboard or plastic thin 

cylindrical cont.iners f111.d with explosive powd.r 

usually of a nitroglYcerine base. Successive 

containers or 'sticks' may be J~ined by either screw 

thr.ads or clip. built into the ends of e.ch charge. 

Th •• e are u.u.lly taped to .'cordtex' down1in. which 

t. incrementally lowered down the bor.hole after each 

at;ck ha. been attached (upendtng an •••• mbl.d t.n 

metre plus explosive column and placing it down a 

bor.hol. b.ing impractical), 

The reason for using continuOU8 explosive column. 

is that the explosive charge is uniformlv soread 

throuOhout the hole and th.refore th.re is no 

concentration of explosive. Th. Scandinavians have 

gone on. st.e futh.r by centralizing the column by the 

u.e of plastic 'fe.th.r.' to ensure tnet the charge 
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does not contact the borehole surface and thus 

theoretically caule extra damage at the contact. 

Spaced 

individual 

indiviaual charges usually consist of 

pierced chargel of UP to eight ounces tied 

to e lingle strana of 'cordtex' at regular fntervels. 

Alternativelv the charges cen be taped to the 

'cordtex' downl;ne. This techniQue of spreading the 

charge weight throughout the borehole was the firlt 

loading techniQue to be adopted in Dre-splitting as 

continuous ch~rges were not oriQfnally available.' The 

ad~antagel of sDaced charging are twofold, firstly it 

is less expensive, more commonl~ used and more readily 

available (eight ounce sticks of explosive may be 

used) and secondly the charge density mav be easily 

altered by changing the charge separation without 

having to change the type or diameter of the explosive 

charge used. 

However 80~e would argue that the irregularity of 

charge densitv throughout the borehole mav eau •• 

individual areas of exce.1 damage corresponding to the 

positions of the individual cherge., but thi. ie not 

verified from observation. made by the author. Al.o, 

there being no prectic.l mean. of centralizing the 

charge. within each borehol., the fracturing from each 
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charge would tend to be unidirectional rather than 

uniform if that charge was in contact with the rock of 

the borehole wall. 

In contradiction, the result. of field oblervations 

indicate that this is not the case and no visible 

areas of excessive or preferential fracturing were 

aiseovered in final pre-.pl;t faces produced using the 

latter technique except the individual zones of 

excessive closely spaced fracturing associated with 

the use and positioning of base charges. Fennel 

et.el. (196b) also found "No difference' between 

stringing cartridges and having a continuous charge" 

from observations of experimental work underground in 

South Africa. 

Apart from the need for proper assembly, the only 

detrimente1 factor which w.s discovered from field 

obsarvations when using spaced charging was that it is 

possible for the bottom charge to lodge felt in the 

hole prematurely above the bottom, on 

causing' the base charge to create an exc ••• of damage 

fn the ftnal face (location. one and five>, Tht, 

error is not .asflv noticeable due to tha weight of 

the tratn when lowering it down 8 hole. It t. 

therefore rec~mmended that with non rigid axplosive, 
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single or multicord charging, care must be tak@n that 

the correct length of cord is measured and ~arked 

before charginQ the hole rather tnan just lowering the 

explosive train into the hole until the wei~ht of the 

bale charge 1, releaeed. Incomplete full depth 

loading of bareholes was obvious at 

localities one to eight inclusive, 

prevalent et cutting number one. F;gure 

Inow' the exce.aive damage (crushed) 

pre-aplit 

being most 

5.3 clearly 

zone 

positioning of the bale cherge fer above the 

the hole. 

at the 

ba.a of 

There are two typea of detonation commercially 

available. Theee are by detonator or by 'cordtex' 

trunkl;ne. For a column pre-eplit charge, 8S the 

V.O.D. of 'cordtex' is normally far in axces. of that 

of the pre-split charga than the detonation can ba 

thought of aa axial. Wilbur et.al. (1965) have shown 

that axial detonation produces a slightly higher 

~aonitude but a shorter duration dynamic pulse for a 

single column charge, i.e. the lame enerQY ts rel.ased 

in a shorter time by axial detonation. However due to 

the relativaly low importance of the dynamic component 
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Fig.5.3. 

Photograph displaying crushed zone of rock (around 7 x 8 cm compas ) 

in pre-split face at location I created by incorre ctly located 

base charge. This ha s been attributed to incompl e t e f ull depth 

loading of pre-split holes resulting f rom poor cha r ging 

practice. 
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compared to'the gas co~ponant (in the absence of a 

free face) there is no significant difference in the 

end results obtained from the two methods. 

For absolute accuraCY in the simultaneous 

detonation of a line of charges in Dr.·splitting the 

proper use of 'coratex' trunklin1nQ ;s far superior in 

accuracy than that which can be obtained using 

commercial dete.nators (0.8 to 2 milliseconds spread 

according to Seramann et.al. (1977» for the firing 

of each hole. However the successful use of single 

z e rod e 1 ay de t o.n a tor s for the de ton a t f 0 n 0 f f n d i v i d u a 1 

holes in pre-splittinq has been reported by Paine 

et.al. (1961), Lutton (1977) and LanQefors end 

Kihlatrom (1978) and wae also observed by the author 

at location nine •. This fa not a surprising result as 

it ha. already been conclusively proven in Chapter 

Four that the absence of the superpoeition of the 

dynamic components from neighbouring borehol.. in a 

pre-,plit penel ha' no significant effect on either 

the integrity, smoothness or maximum borehole 

separation for a successful split. 

The adVantage, of ueing 'cordtex' trunkl1ning 

rather than zero 

Fir. t 1 y as 1 O.n g 

delay detonators are as follows. 

al proper attention is paid to the 
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linkage of ;ndividual downtreins to the trunkline and 

it is performed in an approved manner then the 

likelihood of ind;vidual hole misfire is greatly 

reduced. If. misfire occurs it will most probably be 

located et the trunk1;ne', initial detonator which 

will only cause detrimental effects if the pre-split 

and bulk charges are fired in the lame blast. 

Secondly the chance of accidental detonation of any 

remaining misfired charges during mucking out will be 

dramatically reduced due to the ebsence of intact 

detonators within the charge. 

However the mafn disedvantage of usi~Q 'cordtex· 

trunklining is fts associated high a;rblast, making 

tt. use inadvisable in or near 'built up· areas on 

environmental grounds. 

The pre-splft eharge should be fired at a minimum 

of fifty mfllileconds before any metn bulk charge· 

within ten t~ fifteen metrea of tha pre-split. 

According to ~atheson and Swindells (1981), from 

seismic refraction survey resulta, the zone of 

.xplosive fracturing around a standard 100 mm bulk 

hole may •• tend for UP to eight metres depending on 

the rock conditions. Firing 0+ the pr.-split ·at or 

after the initiation of the bulk blast mav result in 
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t~e damage creat~d by'the latter extendina across the 

line of pre-aDlit and thus lowering the integrity of 

the final face and thereby negating the reason for 

using pre-splitting in the first place. This is 

suspected to have occurred 

localities one to eight 

on some sections within 

(Jonea, 1980), the proof 

however we' never lubstantiated. 

The recommended method of firing ;s well in advance 

(time wise)· UP to a coupl. of daya or more prior to 

the initiat;on of the bulk blaat • to avoid any 

problems aS80ci&ted with. misfire. 

It, hal become standard practice to us. base charges 

to en.ure that no toe il left on the final face (Peine 

et •• ,., 1961, Jon,s, 1980 etc.).' 88ae charge. of 0.5 

to 1.0 kilo are normal,y ua~d in holes UP to 100 mm in 

diemeter. 

Their effect i. to fracture the ground surrounding 

the;r placement at the ba.e of the borehole in .xce.s 

of that normally produced by' the pre-split charge 

denafty. 
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However if it fa necessary to produce the final 

face by more than one lift without extenaive benching 

then the presence of shettered zones in the final fece 

i. not desired and therefore the use of base chargeS 

should be exclUded in pre-split design • 

The alternative is to 

approximately 0.5 to 

• ubdri 11 bel o~ 

1.5 .t1mes the 

Qrade by 

borehole 

separation. The standard pre-IPlit charge denlity 1. 

used throughout (except for the collar of the hole) •. 

This techniQue may be extended if a rock trap is 

reQuired at the bottom of the face, as a clean 

fracture ia pro,v;ded to break to using IPtrenchingIP 

charges ~hich again reduce' the risk of unneceasar11y 

undercutting the toe of the face and the a.aociated 

extra initial coat would reduce the total cost. in the 

long run. 

The main disadvantage of using subdrillinq however 

il ita higher initial cost compared with be.e 

cheroing, in that the drilling is normally much more 

expensive than the e.plolive to be Contained within 

the hole. 
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5.~.4 

Stemming cen be used in two ways, fistlv to help 

couple the charge better in the hole and secondly to 

cap the hole in order to help contain the cnarge and 

thus brina about a more efficient use of the 

explosive. Stemming can be of three types • aand, 

aggregate (e.g. hydrostone) or drilling cnippings and 

duet. 

For full length stemming Fog,'eon, D'Andrea and 

Filcher (1965) have conclusively proved that the 

amplitude and duration of the dynamic p~lse are little 

affected by the presence or type of stemming, Thus 

the only major effect stemming ha. i,' to effectively 

decreeee the volume of the hole end thus more greatly 

confine end sUDleQuently increase the magnitud. ~f the 

que.i-static co~pon.nt.'O 

It can therefore be concluded that stemming may be 

used combined with reduced charge density in ereas 

where a reduced vibration level is required or to 

increase borenole diameter and thus borehole spacing 

without altering the Quaet-static component and thus 

.......•..... -.... 
10 ~aximum coupling bv the use of the listed typee of 

stemming cannot be acnieved in prectice due to tne air 
voids between particles within the stemming even if it ie 
compacted. 
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orovide greater economy. There is no major 

discernable difference in result from the use of 

d;fferent types of stemming. However for hole 

capping, fine material should be used to reduce the 

hazard from the projection of coarse part;cles. 

Orillino ·chipping.' ,re ideal for this purpose and 

also do not add e~tra cost to the work. A capping of 

twice the borehole .eparation is generally accepted in 

standard practice (Tel'.r,1972c). 

To ensure optimum accuracy in the potition of a 

b 0 r e h 0 let h r o.u g ~ 0 uti t s I en 9 t h and t h 0 m 0 ~ i In U m 

accuracy of face oostttoning, e~tr8 cara should be 

taken during the marking out of the borohol. lin., 

.,pecially in the markfng out of each individual 

borehole. 

For uniform fac. alignment, the r1,. and fall of 

the surface st'lo.ula be tak.n into consideration and tt'l. 
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surface ~osit;oning of each hole 9~ould be back 

calculated fr~m' the specified pOSitioning of the toe 

of the face or bench, the intended face/bench. 

inclination plus orientation and the specified 

borehole separation. 

As can be aeen in Figure S.4a the line of the holel 

has to be brougnt back for an increase in surface 

elevation. 

final, face 

If this is not done then a 'bulge- in the 

will result and the pre-split may even 

crosS the first row of bulk holes, causing damage to 

tne face. 

To minimise borenole wander during dri11ing it i. 

important that the drill ri~ remains stationary and 

doel not move position or orientation. For tni. to be 

feasible the drilling rig must be aeated on aolid 

ground. It is therefore recommended that all 

superficial material is removed down to solid bedrock 

before marking out. The removal of luperficial 

material al.o greatly reduces the risk of losing an 

;ndividual hole due to collapse and blockaoe. 

Insufficient removal of thil type of material was 
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observed bv the author at site nine where nymerous 

holes had to be redrilled dYe to poor aliQ~ment caused 

bv drilling ",o.v.",.nt. Similar observations were made 

bv Jon,. (1978) at site. tnree end four. 

Position;ng on a flat surface also reduces drilling 

lateral movement and drilling from a flat, solid bench 

allows an increale in acccuracv of the alignment ot 

the drt 11 rigs; 

Accurate drill alignment is e.sential for the belt 

pre-split results. Aecurate hole poaitioning enaurea 

constant boreh~le ,eparation at any height along the 

lengths of parallel neighbouring hole. and thus good 

results should normallv be obtained. If however hol •• 

diverge, then a failure to produce a clean ,Plit will 

occur below where the .eparation exceed. the maximum 

succelstu1 pre-.plit borehole separation. 

Inaccuracie, in drill alignme~t mav occur in two 

waY"~ firstly by error in drill rod dip and lecondly 

bv error in azimuth (i.e. lining yp). Several methodl 

of aligning and checking the"alignment of drill bit. 
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pr; 0 r tot h e c O,lrlln e n c e men t 0 f d r; 1 I i n g a r a a v ail ab 1 • 

and include • set squares, T bar plus inclinometer and 

the Drill Orientation Device (D.O.D.) (Math.son, 

1979b), of which the latter is the most accurate. The 

dip accuracy of the borehole after drilling may be 

ascertained bv 'torchin~' the hole by lowering an 

electric torch attached to a lfne down the hole and 

then 'sighting' it with an OPtical inclinometer. 

However the only method of accuratelv measurino both 

its azimuth and dfo is by using the 0.0.0. axternally 

on a straight two metra plus lenqt~ of aluminium 

scaffolding tuoe. 

The effect 01 decreasing accuracy in borehole dip 

is given ;n Figure 5.5, However borehole deviation i. 

not the only factor that influences the distance of 

deviation of the borehole toe away from the feee in 

the hor1zontel plane, The actual intended borehole 

inclination also has en increasing effect away from 

the vertical 8S is shown in Figure 5.6 for a practical 

borehole inclination range of 90 down to 50 deoreel. 

Inaccuracies ;n azimuth have two similar effects to 

inaccuracies in dip, in that firstly and more 

importantly azimuth deviation may increase or deereas. 

bor_hole leparation between pairl of neighbouring 
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0·2 04 0·6 Of] 1'0 
Owiafion of I:xJrQho[g toe as Q % frcriion of borehde length. 

Fig. 5. 5. 
Graph of relationsh bQtweQn boreholf2 tOf2 
inacc uracy and angle of deviation. 
(for vertical boreholes. 
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boreholes and aecondly it will cause irreQular;ty in 

the line of borehole toes. However experience ~as 

shown that it is much more difficult to obtain a 

certain azimuth accuracy than for the corre8Ponding 

<lip accuracy. 

Field observations made by the aut~or conclusively 

prove that borehole accuracy n8s a pronounced effect 

on t~e f;nal face profile. For example at site ten 

ace u rat e and C O,n 8 1 8 tan t d r 1 1 1 ; n gas can be see n fro m 

Figure 5.7 was noted with onlY azi~uth deviation 

between penel. with correspondingly qood relults. 

However at the right hand end of the second benCh 

(from frontal view • see Append;x F) an extremely bad 

sectlon of face occurs. Here the drilling wa, 

observed to be highly erratic in nature for e couple 

of panel lengths 'approximately ten holes per pannel) 

aa 11 illultrated in Figure 5.8. There was no reason 

to believe that it was due to any other reason other 

than inaccurate drilling al the pre-splft was located 

in rock which occurred in bot~ the bench below and 

othe panels in the same benc~. 
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The occurrence of borehole wander as shown in 

Figure 5.9 was oresent at many of the sites visited, 

being mainly c~nfined to high faces, Borehole wander 

causes the misplacement of the borehole bottom and 

thus hal the same effects a8 drillinq inaccuracies. 

There are thought to be four me;n contributing factore 

to the degree ~f borehole wander which are listed in 

the author's order of importance. These are, 

1. Face height 

2. Drill bit thrust 

3. Orill rig type 

4. Geological factors 

1. Face height was deemed the most important because 

al loon a. a borehole wal seen to start to deviate 

along its trace a rapid increa •• in 'bending' was 

always Observed. It i8 therefore possible to 

minimise borehole wander bv chool1ng the minimum 

optimum face height for which the effect i8 

non-detrimental. Borehole devietion wa. eeen to 

'. 
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Fig.S.9. 
Excessiv e bor e hol e curvature resulting from excessive drilling 

thrust with drift e r ri g . (7Smm hol e ) 
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be acceptable for faces not 

fifteen metre. in height for all 

rio, 

exceeding ten to 

tvpes of drill 

2. Drilling thrust is deemed the secondmost important 

fector in borehole wander as excessive thrust 

leads to bo~ing of the drilling steel (Teller, 

1972c). B~rehole deviation (curved boreholea) due 

to excessive drilling thrust loeding 18 easily 

identified in the field by the rendom nature of 

deviation direction. It i. ea'ily differentiated 

from bore~~le deviation due to geological factors 

es 8UCn deviationl tend to 'bend' in the .ame 

direction. Deviations exceeding ten degree. are 

common at locetion. three. four, five end 'even 

where blunt drill steel. end excessive pressure. 

were allegedlv u8ed (Jone8, 1980). 

3. The normal type drifter rotary action rig8 are 

commonlv 8usceptible to drill steel flexure e. the 

diameter ~f the drillino steel is normallv far 

le •• than borehole diameter," Without the use of 

stabilisers exco.sive drill1 bit wander mav occur. 

Down the h~le hammer rig. pOise •• larger diemeter 

(in re,poct to hole dtameter), hollow drill .teel 

which t. le'8 flexible than used bv drifter rig. 
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and due to the nammer action at the bale of the 

hole the average compressive force on the drill 

steel is less. 

4. If the drill bit is incident against resistant 

lamination of bedding dipping steeply across t~e 

path of the drill bit or if the drill bit 

encounters a plene of weaker re.1stance such as a 

"ightly ~pen and weathered major Joint then 

deflection may occur, resulting in deviation along 

this feature. Examples of this were observed at 

sites three, four and seven. Further pivotal 

changes in direction of the drilling bit may be 

induced by the penetration Qf alternating hard and 

soft layers (Trudinger, 1973 and Pritchard-Oavies, 

1970). As the drill bit penetrates obliquely 

through a band of loft roek to a band of hard 

rock, pivoting of the drill bit occurs in the weak 

roek, (see Fi~ure 5.10.). However the opposite 

effect (lee Figure 5.10b) occurs when drilling 

through hard rock into soft, roek an~ il of • 

Imallar ~aQnitude due to the drill bit being 

partially restrained by the harder roek. ThuI the 

deviations do not cancel out and hence the overall 

deviation ;n a foliated rock with numerouS 

alternating bandl of hard and 80tt rock tends 
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holes - after Trudinger(1973}. 
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towaras the normal to the foliation. This latter 

effect was observed in the high portion of the 

successful pre-split face at location nine. 

Sorenole deviation produced by geological rock 

foliation can be easily identified and separated 

from bad drilling practice as the d.viation. tend 

to be uniform and the borehole. rematn roughly 

parallel whereas for the latter random deviations 

are the rule. 

~A&u~mA~t_Qt_1ha_f11e~~~~ling-1~a~~~ea~i&& 

gU_A_~~a:aQli1 

To Quant;fv the effect of drilling inaccuracies on 

tne resulting slope profile it ;s .s.ential that the 

face cho.en po •• e.... a good .plitting inde. 

(Methe.on, 1979a) end thus treces of boreholes 

(helf-berrels) in order to obtain the reQuired 

re.ulta. In addition a spread in borehol. bottom 

po.itioning accuracv it reQuired. For the •• two 

realonl a relatively succes.ful pre-solit with a high 

face ia reQuired end accordingly the or •• split fece at 

location nine wes ehoaen. 
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~ith the use of scaffolding bars erected against 

the face and with the aid of measuring tapes, prottles 

of the rock face between neighbouring hole trac.s in 

the face were recorded and are displayed in Appendix 

G. 

The area. of overbreak and underbreak from adjacent 

pairs of holes were then measured in the horizontal 

plane from the reconstuctionl. The reSUlting value. 

. of underbreak and overbreak measured f n square 

cent;metrea were then plotted against their d.limit;ng 

borehole separations ;n metres (Figure 5.11a and 

S.11b) and their summation can oe leen in FiQure 5.12. 

Although there is a fairly wide .preed of pofnts on 

ooth Figures 5.11. and 5.11b, the overall trend for 

greater overbreak and underbreak for increasing 

borehole separations is apparent. These results al.o 

show Quite markedly that there il no damaging effect 

caused by boreholes wandering too close together.' On 

the contrary (and contrary to popular belief) 

overbreak and underbreak rapidly deereaae below the 

standard boreh~le leparation (for location nine 100 mm 

hole. cherged with Trimobel 4 were spaced et 1 m 

centres). In addition no evidenee 01 exce •• damage 

due to the hi~her charge concentratfon ts aD~erent1n 
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OVER89ESK BETWEEN ROJ. aOREHCLES 

:c 

Fig. 5.11 a. - Plot of overbrQak component against 
borehole separation. 
Field measurements from pre-split location no. 9. 
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Fig. 5.11 b. - Plot of underbreak compongnt against 
borehole separation. 
Field measurements from pre-split location nO.9. 
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fOT'1L 8RERK FOR ROJ. BCREHOLtS 
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Fig. 5.12 . 
Plot of Net. breakage between individual borehofes 
against borehole separation. 
Illustrating fairly clean profiles for up fo a 
borehole separation of,.; 1-2 m. above which major 
irregularities may occur. Underbreak being more 
predominant than over break. 

Field measurements from pre-splif location no.9 
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any of the locations examined and these reduced 

borehole separations in fact give the impression of 

reduced damage; Tnis observation may ba explained a. 

follo"'5: 

Due to their reduced separation the boreholea may 

be linked earlier by the pre-split fracture and thus 

the stress situation will be altered in their 

im~ead;ate vicinity earlier, t~is causing the 

premature termination of propagation of radial 

fractures perpendicular to the ore-split line, thus 

reducing damage to tne ;ntended face and producing a 

strafghter IPlft bet"'een borenoles. 

From Ffgure 5.12 

borthole saoaration) 

(the total 

it can ba 

breakage against' 

' •• n that although 

overbreak is predominant below. borehole 

1.4 m, above this value underbreak is 

aoacinQ of 

prevalent 

generallv • re.ultin~ in large toea. 

value. of breakage can be, seen to 

increasing borehol. separation in the 

The spread of 

fan out w;th 

Shape of a 

wedge. 

The soread of results in e.ch of the tnree graona 

represent. the geotechnical influence. et location 

n;ne which ",ere oredominantlv the oresence of minor 
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Jo;nting sub-paral'el to the face, whic" in certain 

eases tne breakage to which has reduced botn 

underbreak and overbreak and fn other caseS hat 

marginally increased overbreek by the fracturing to 

jointing Just behind the line of the final face, 

The separation of the pre-split panal from the bulk 

charge at ell points is essential for a luecessful 

final face to be aChieved on co~pletion of mucking out 

after bleating. The bulk charge should be cloa. 

enough to t", pre-split line to oroduce adequate 

breakage of the intermediate ground but should be 

s,parated from that line to give aufficient protection 

to the final fece from the power of the bulk blast. 

If en inclined pre-split penel is used then eere 

should be taken to ensure that the toe of the 1elt 

line of bulk holes doea not infringe within the 

minimum acceptable limitl of separation, Caee Figure 

5.13a), If neceasary the.e bulk hole. Ihould be 

inclined at tne same inclinetion and azimuth a8 the 

pre-split borehole. (Figure 5.13b) or snort bulk holel 

should be drilled in between the bulk and pr.·,olit 
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(a) 

(b) 

(c) 

Fig. 5.13 a,b & C. 
Diagram of different bulk blasting techniques 
and borehole configurations for use with 
pre·splitting. 

p = pre-splif line I 
b = bulk holes, 
t ='pop' holes. 



- 161 -

holes in order to ensure breakage of the intermediate 

tOD wedge of ro~k (Figure ~.13c). 

For surface ooeratione the minimum distance between 

Dre-split and bulk blast hole. recommended by the 

author is t~~ metres or t~ice the p~e-split bo~ehole 

separation (which eve~ ;s the greatest) and the 

maximum distance i. half the optimum bulk hole 

separation. If the bulk charge is larae then the 

maximum .eparation should be used and also a reduction 

in charge den.ity (kg per m or lb per ft) of the la.t 

row should be conaidered in order to protect the final 

face. 

Another imD~rtant consideration fs the accuracy in 

the drilling of the bulk charge hole. and particular 

care .hould be taken in the drilling of the '.at row 

before the ~re-.plit panel and nole. should not be 

charoed if they co~e within two metres of the final 

face. 

Bulk holes heve been observed to cross the 

ore-split panel. at location two to eioht inclu.i¥e by 

Talbot (1977), Jone. (1978) end Matheson (1980) ~here 

the aCCuracy of bulk hole alignment ~a8 low, creating 

•• ten.ive zones of damage wfthin the final facea and 
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negat;ng the effect of the pre-splitt;ng. Mi.fired 

bulk holes were discovered in the final lace .till 

full of pink ANFO prill by Jone' (1978) at locations 

three end four and intact bulk hole. which pre8umably 

h~d misfired ~ere also discovered by the author. 

The objective of using the pre-splitting technique 

i. to create a relatively undi.turbed stable clean 

face of plenar nature rather than a highly disturbed 

uneven unstable bulk face, therefore any pre-splitting 

should be clrefuly designed with that of the bulk 

bleating and n~t a. tot.lly a'Plrate issue •• 
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, 
6 r~~_EEEEt1-UE_al~~~~_~~~lll~iElf~al~E~lA~l 

The most .trfkinQ result obtained from the work 

underteken fn understandfng t~e mechanisme involved in 

pre-splitting i. the amount of fracturing and its 

e~tent around the borehole compered with the maxfmum 

pre-split se~aratfon. This effect is not expected or 

explained by trying to descrfbe the mechanfsm involved 

bv either dvnamic .tresl wave interaction or by 

hydrofracture alone. 

The resolution in two'dimensions of the resultant 

pattern of fracturing that fs obtained by splitting ;n 

polyester resin, ia that of marginally overlapping 

approximately elliptica' zonel of fracturtnQ, with the 

largest axis of fracturing parallel to and in line 

with the axis ~f the pre-split, (lee Fiaure 6.1).' 

If one were to assume the mechenism' which .re 

involved in pre-splittina as those which have been 

previously given .s correct, then the zone of 

fracturing around each borehol. in a stmu'taneou.'y 
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Pre-splif line 

\~ 

FIG. 6.1. . ... 
Inter-fingering of elliptical fracture 
zones. 

/ 

borehole I 
fJacture 

/zone 

FIG.6.2. 

- - -;- -
.-. : 0{ 
~ 

Expanding fracture zone around 
borehole with first fracture to 
breach discontinuity opening. 
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detonated pre-split line will originate as 8 circle, 

and then gradually assume an elliptical form aa it 

.xpanas, the rate of change in ratio of the lengths of 

the axes of the ellipse increasing slowly with the 

area of the zone. 

Now consider the presence of a single discontinuity 

at en angle alpha to the ~re-.plit line, and a 

dietance of • from the borehol. concerned, (see Figure 

6.2). The first fracture within the expanding 

elliptical zona to breach the discontinuity will cause 

slight shearing motion along the discontinuity, 

. a.suming that it ha. no considerable shear ttrength, 

which may be caused by high cohetion or high shear 

strength, For shearing, 

~>~ 

where Ow ;, the normal force acrosl the o~enfng 

fracture cau,ad bv the wedging action of the gas,' 

~t • cr~ t.n~ t C 

where: at. ,hear strength of the discontinuity 

ON • normal force acting on discontinuity 

, = angle of friction of the discontinuity 

interface, 

C = coh •• ion along the discontinuity 
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Also aN may be reduced by these gases of detonation 

migrating into. the discontinuity, depending on it. 

openness. 

Th;. shear;ng along the discontinuity fs due to an 

opening of the fracture w~ich il in turn caused by the 

wedging action of the explolive gases against the 

fracture walls. Opening of the fracture will allow 

extra explosive ga.es to flow into the fracture, 

further pressurising the fracture walla (up to the 

pressure within the borehole itself), causing a 

redistribution of the stress field around it, and will 

result in ;t becoming the dominant fracture, 

suppressing the growth of other fractures, (see Figure 

6.3). 

If a pressure P is exerted on the walls of the 

dominent fracture then the force exerted on 8 

neighbouring fracture will be Op, where ~p is • 

function of the d1.tence from the dominant fracture, 

If Op x sin w > -(at • T ) propagation will eeese 

where at 11 the tensile stresl at the frecture tip, 

normal to the fracture, and T t. the tensile Itrength 

of the rock, 
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I 
I 

Discontinuity 

Extending fracture 
I , 

Effect of open pressurised fracture- on an 
adjcent extendit:'Jg fracture. 

, 
• • I 

:~ - - - - d - - - -+: 
• • • • , 
• ---------- S --------~: • 

FIG.6.4. 

bo.!~hojeJa.1 _ 

Simplified pre-split with discontinuity and 
dominant fractures. 
Diagram of the geometry involved in the 
formulation of theoretical overbreak e.t.c. 
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The shearing action along the discontinuity will 

also theoretically create tene;le forces in the rock 

opposite the dominant fracture, a tensile 'stress 

bulb' being created. Th;s May influence the exten';o~ 

or, direction o.f growth of fractures under propagation 

from a nefghbo.uring simultaneously detonated blast 

hole located on thfs side of the discontinuity, or may 

even induce failure in the discontinuity wall if the 

tensile stresses created exceed its tensile strength. 

Due to the 

fracture will be 

geometry involved, this dominant 

orientated perpendicular· to the 

discontinuity, or aub-perpend;cu)ar by a few degrees 

towards the pr.-8Dlft line, say y degrees where y ie 

dependent on the geometry of the ellips. of fracturing 

around the borehole involved. 

It is ~ostulated that the fracture zone will be 

more elliptical for borthole aeparations near the 

limit. of a successful pre-split, and conversely more 

circular in shaDe for closer borehole separations. 

However, the degree of dev;ation of the dominant 

fracture from the perpendicular to the discontinuity 

is mainly dependent on the positioning of the 

discontinuity in relation to the borehole, and thu. 

the state of ~rowth of the fracture zone when it 
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reaches the discontinu;ty, 

Thus the first, and 8ubeSeQuently dominant breakage 

between adjacent borehole" bisect.d by a 

discontinuity, w;ll be directly perpendicular to that' 

discontinuity fro~ the hole, then travell;nQ along the 

discontinuity's length to where the next borthol. has 

fractured to it. From this atatement it is obvious 

that the orientation of the dilcont;nufty to the 

pr.-split line and the positioning of the 

discontinuity in respect to individual boreholes will 

greatly affect the degree of underbreak and overbreak 

obtained, and allo determine the Imoothne.s/reQularity 

of the final face, 

~y simplifying the fracture ellipsoid to a circle 

the maximum irregularity and overbreak may be readily 

calculated, (.ee Figure 6.4)1 

Leta x be the shortest distance from hole to Joint, 

the angle of incidence of JOint to line of ore-split 

be ~ and the distance from intersection to hole be d. 

Thena x = d since. ..... (1) 

ThuS the measurement of maximum departure h of the 

resultant face from the desired face ill 

h :. )( cos cc. 
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subst;tuting for x from (1) 

h = d s;noc. cOSc£ 

As the area of a triangle ;s given bv half its base x 

height, then the area of maximum overbreak between 

h 0 1 e and t n e J o. i n t w ill bel 

d/2 x d tinoccosoc. 

therefore: 

Area = (d2.s;n~ cos~)/2 ••••• (Z) 

This function gives a Inax1mum for 8 value of ex:. of 

fort V five de~ree. for a constant d, equal to or , ••• 

tnen half the borthole separation. Examoles of thts 

geometric effect on irregularity and 

overbreak/underbreak are given in Figure 6.5 

Still considering a circular fracture zone, the 

approximate maximum distance that the zone may reach I 

discontinuity away from a borehole will be eQual to 

half the borehol. separation (providing re.lonabl. 

borehole separations are used). Therefore overbreak 

may only occur for values of x eQual to or le.. then 

half the boreh~le separation. 

i.e. for x < 8/2 

where 8 ta the borehole leperation. For maximum 

poa.ible overbreak h must allo be at 8 maximum value. 

t.e. h = x = s/2 

but 
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FIG. 6.5. 
Geometry of fracturing between 
boreholes with vairying bisecting 
discontinuity orientation s. 
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h = )( COSCX: 

therefore 

cosoc = 1 

and therefore 

but 

11ncx:.=- x/d 

therefore 

d = co 

Thus maximum overbreak ~il1 occur with parall.l 

d;scontfnuiti •• to tne pre-split line which are 

located at half the borehole separation away from the 

pre-split line.' Therefore, the ov.rbr.a~ caused by • 

lingle discontinuity within the confines of. 

)( < ,/2 

will give the asymptotic.l function: 

Overbreak area = d 2/2 .in~08OC 

and 

Mal( overbreak 2 = • 18t.no<: (aee FiQure 6.6) 

N a T h 1. sol uti o,n f. for an. 1 y • i. i n 2 d f men 81 0 n a 0 n 1 y • 
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FIG. 6.6. 
Graph of the maximum possible overbreak 

measured in square optimum borehole 
separations for a single discontinuity 
intersecting the presplit line at 0( degrees. 
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For maximum overbreak, frecturing from eech 

behind the 

a pre-spl1t 

borehole will join with the discontinuity 

line of the ;ntended fece. Alt~ough 

fracture may be formed, the rock will be loole and the 

integrity of the face low. On excavation this rock 

will be removed to the discontinuity. The 

di.continuity it.elf may take over the role of the 

pre-split behind the intended face, Drotectin~ tha 

rock behind. Thus 811 traces of the pre-splft half· 

barrels and thus intended pre·,plit face will be lOlt, 

It is therefore es.ential to find out at what engla 

of discontinuity to borehole line the effect of 

looling half barrel. due to overb,..ak ;. completely 

eradicated. 

Using the constraints d < sand. ( ./2 

As 81no(II xld 

then oc. lin~(x/d). 

Substituting for maximum value. of d and x 

0<:. III I i n -1 s/2. 

III • f n -1 1/2 

therefore c<.. 300 
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A complete graph of discontinuity intersection 

angle against maximum number of half barrel. 10lt by 

one discontinuity (in two dimensions) i8 given in 

Figure 6.7. 

It can b. se.n from Figur. 6.7 that the curve of 

this function become. a8ymptotic exceedingly quiCkly 

b.low fifteen deQre •• , and that .xtensive fractures 

within ten degrees of the pre-spl1t line will caUle I 

virtual extinction of the proposed final face and the 

half barrels within it. 

It was decided to initiallY continue .xplosive 

model testing using Polyester re.in blocks, due to the 

fact that there were a amall number of blocka end a 

Quantity of resin which had remained unused from the 

first phase of model blasting. The transpar.nt 

Qualitie. of the medium also made it highly euttabl. 

for examination of the fracturing and breakege 

proce.see in detail. 
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A borehole diameter of 3/16 inch and loparation of 

three inches were chosen as tuftable dimenl1on. from 

the results obtained during previous model blasting 

tests. It wes decided to us. three notes of the 

stated diameter and 8pacing, with • lingle machine 

sawn discontinuity positioned midway between each pair 

of adjacent holes, the width of the law cuts being 

taken into account when marking out the hole 

positions. Accordingly a block length of ten inche. 

waa choaen, block dimensions being 10 x 6 x 3 inche., 

The saw cuts were left, al fairly good matching of 

surface. wel achieved and machining of the.e face. wal 

deemed an unnece •• ary e~penl'. 

A aerie. ~f • even experimental test • were 

constructed in this manner, incorporating successive 

increment. of fifteen degree. to the di.continuity to 

pre-.plit line intersection angle from zero to ninetv 

degrees. In all .even te.t. the bloCk., including 

wave traPI, were re.trained identically to first pha •• 

model te.ts, and were similarly lOlded with four grain 

per foot PETN detonating cord and initiated for 

.imultaneou. datonation from a single electric 

detonator. The usual precaution. aoain.t detonator 
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s~rapnel damage were taken. Full blasting records are 

given in Append;x 0 and E. 

All tests provided breaKage between each three 

holes. The results of blasting are s~own in Ffgu~.s 

6.8 to 6.14. The results of each model blast backed 

UP theoretical postulation of dominant open fractures 

being formed ro~ghly perpendicular to, and vented into 

the discontinuity present. The fracture zones ere 

a180 Shown to be circular/ellipsoidal in shape, except 

et their contact with discontinuities where the 

fracturing is curtailed. 

Few fractures were ectually seen to crols the 

dilcontinuity concerned and these were extensions of 

the dominant fracture or fractures acrol' the 

dilcontinuity, Cse. Figures 6.1l end 6.13). Notaolv 

tht, effect was only encountered in tests where the 

discontinuity to pre-split line engle wa. equal to or 

le •• than thirty degrees. In co~tradict1on however, 

in test 57, (Figure 6.14), which incorporates two 

discontinuttie, parallel to the pra-,pllt line (ona on 

either lide) no fracturing was sean to propagata 
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Fig, 6,8 , 
Test 57 - pre-split test ~n res~n with single discontinuities . 

Discontinuity intersection an gle = 0°, 
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Fig.6 .9. 

T'~st 54 - pre-split test 1n reS1n with sing l e diilcontinuities. 

Discontinuit y intersection a n g l e = 150. 
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Fig. 6.10 . 

Test 48 - pre-split test 1n reS1n with sin g le discontinuitie s . 

Discontinuity inters e ction an g le = 30°. 
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Fig .6 .11 a 

Tes t 43 - pre-split t es t 1n resin with single discontinuities. 

Discontinuity int e rs ec tion ang l e = 45 0 
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Fig. 6 .12 . 

Test 49 - pre-split test 1n reS1n with sing le discontinuiti e s. 

Discontinuity intersection an g le = 60°. 
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Fig .6 .13 . 

Test 55 - pre-split test in reS1n with single discontinuiti es . 

Discontinuity intersection angle = 75°. 
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Fig.6 .14 . 

Test 56 - pre-split t es t in r eS 1n with single discontinuities. 

Discontinuity intersection an g l e = 900
• 
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further than the dilcontinuit;e., which ected a' 

perfect pre-solits them.elve. in a senae, confining 

fracture damage to the anothole side. Thi, 

contradiction ~ay tentatively be explained by the fact 

that in tests 48 and 54· (thirty end fifteen degree 

discontinuities respectively) the d1acontinuities are 

separated by le's than half of the borehole specing, 

Teat No, Angle Separation/Borehole Spacing 

. 
48 30 0.49 

54 15 0.26 

. 

The fracturing within these slabs hes poeeib'y been 

initiated by . the high teneile strea •• s in the 

discontinuity .urface, built UP at tha intersection of 

I dominant frecture and the d1acontinuity by the 

ah.er;ng of the discontinuity walls, which in turn ia 

produced by the opening of the dominant fracture or 

fractures under the force of the explosive Qalea, (, •• 

Figure 6.2) • Thia, coupled with the lower tensile 

• trength of the thinner alabs of Polyester reain 

located between the Joints and the close proximity of 

the holes to the discontinuitial induces failure, 

wherees in the remainder of the teat. wtth 
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interdiscontinuitv tt,;ckneas in excess of half 

borthole spacing, the strength;s too high and the 

blast holea due to the geometrical factor are located 

further away from the di.continuity, resulting in 

lower tensile force. being created at the 

discontinuity, This explanation 18 backed UP by 

examinatfon of fractures by fracture 

morphological techniques, ~nich ahow the fractures to 

heve been initiated at or near the 

discontinuity/dominantfracture interface, and to have 

propogated in a direction away from the borthole 

concerned, Fracture. were not found to pes' over 

.ingle discontinuities, 

In reain testing with dtsconttnuities, the dominant 

fractures were observed to only have minimal effect on 

the suppressio.n of the connection of, other extending 

fracture. with the discontinuity concerned. However, 

suppression of the 'opening· of other fractureS was 

achieved. The former effect become. increa'ingly 

aoparent with decreasing discontinuity orientation 

angle and resulting reduction of the separation of tha 

discontinuity and hole. Thi, t. attributed to the 

greater driving force behind the extending fractures, 

due to their proximity to the bOrthole and the 

corresponding shorter time interval after detonation • 
• 
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Thi. gives a higher driv1Mg pressure within the 

borahole .Md thus the ooening of the dominant fracture 

will have less of an effect. Also the length of the 

dominant frecture ~ill be shorter and thus have a 

smaller effective erea of influence. 

Overbreak we. defined e. any ground in the testa 

within the pre-solit line that is surrounded, i.a. 

seoarated fron intact ground by the connection of a 

diacontinuity end blast fracture, the ground in tn1a 

case being resin. The amount of ovarbreak waa 

measured orthoganally between the two end holes in 

s~uare millimetres. 

Table 6.1 

Angle (degrees) Overbreak (aq mm) 

Q 5,904 

15 3,042 

30 2,591 

45 2,360 

60 1,491 

75 1,385 

90 998 

Pre-solitting with Otscontinu1tf.s in Re.fn.' 
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Total area of overbreak obtained per ore-split side 

for discontinuity borehole line angle from zero 

to ninety degrees. 

~aximum overbreak w.. found to occur for acute 

angles of discontinvity to and . 
conversely mimimum overbreak was concurred when the 

dtscontinuities were orientated perpendicular to the 

pre-split line. Th;S conforms well with the theory 

for maximum possible overbreak postulated previously, 

but clashes to some e_tent with theory for the 

geometric constraints of the tests. The results of 

overbreaK are given in Table 6.1, and displayed in 

figure 6.15. 

The values ~f overbreak obtained were significantly 

higher than tho.e geometrically calculated on the 

basil of theory, Clee Figure 6.22) and allo no 

underbreak was obtainea contrary to the postulated 

theory based on dominant fracturing, Th;. exce.. of 

ovarbreak and ab.ence of underbreak ia generated by a 

combination of three factor •• 

Firstly, .s he. been already stated, tha dominant 

fracture. failed to IUDpre.1 other neighbouring bla.t 
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fractures sufficiently to inhibit 

with the discontinuftv. The result 

their connectfon 

is 'that a fan 

shaped zone of straight fracturfng from the borehole 

to the discontinufty ia formed, with the dominant' 

fracture positioned approximately central. The effect 

of the fractures within this fan on either side of the 

dominant fracture are to 

side furthest away from the 

fncrease overbreak on the 

pre-IPlit line, and to 

decrease unaerbreek on the lide neereat. 

Secondly, fracturing across dflcontinuities ~hfch 

were at or under a separation of helf the borehole 

spacing, (t.lta 48 and 54), alao cauled an excess of 

overbreak than was predicted • 

. Th; rdl v, as shown mOlt markedl V bv teat· 43, Clee 

Figure 6.11), certain fractures are seen to suddenly 

change d;recti~n and deflect towards the intersection 

of a dominant fracture from an adJecent borehole ~ith 

the discontinuftv. Thfl 'secondary' effect, .lthough 

not totally unexpected, was of a far greater magnftude 

than wa. originally conceived, Thtl feature .lone 

almolt totally eliminated the po.sibilitv of 

underbreak end greatlv incr ••••• overbr.ak, 

The comDinatfon of the above three eff.ct. result, 
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in a zone of fracturing between each borthole 

dictating the degree of overbreek, which will eQual 

approximately half the area of this zone, over dOUble 

that predicted by theory. The width and thus the erea 

of this zone (refer to Figure 6.15) increases with 

decreasing values of discontinuity intersection .ngl. 

down to appro~imately thirty degr ••• , wh.re the 

integrity of the Dr.-IPlit begins to dimintsh. At an 

angle of fifte.n degree. the pre-.plit become. a wide 

zone of fracturing and no evidence of half barrel. 

w;ll remain. At this .tage and below the pre-spltt 

may be termed as a feilure on the degree of overbr.ak 

alone. 

N.~. The .etting of the .pacinQ of the 

discontinuitie. a. bisecting adjacent boreholes he. 

most certainly changed the condition. for maximum 

overbreak, most ~idely in the tests incorporating 

d;scontfnuity int.r •• ction angle. , ••• than forty five 

d.gr.... How.v.r, it ia obviou. that the trend of the 

degree of ~y.rbr •• k produc.d for decre •• ing 

dilcontinuity inter.ection angl •• t. Qu.,it.tively 

valid for any ftx.d "paration of dtscontinuity 

plan •• , and thuI ov.r I size.bl. l.ngth of actual 

pre-,plit faee is valid for even a distributton of 

discontinuity spacing" 
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Due to the relatively hig~ milfire rate that had 

been obtained uling four grain cord, and the 'drying 

up' of its supply source, it was replaced by larger 

and more consist8~t eleven grain PETN detonating cord, 

which was more readily available. Thil change 

warranted an increase in the size of individual model 

tests, and due to the size of teat now involved, the 

use of Polyester reafn became economically prohibitive 

and a new test material we. needed. 

A dectaion to· continue model testing in rock wal 

mad. in order, firstly, to verify the relultl obtained 

in resin testing and lecondly, and more importantly, 

to us. a material which wa. 'granular' in nature with 

flaws, and ~~re typical of the material pre-IPlitted 

in the field than the isotropic, homOQeneOUI, 

artificial medium of Polyester reline 

After a wide learCh for a suitable rock type, 

Springwel1 Sandstone, which 11 a carbon1feroul 

sandatona from the Springwell Quarrtes was enolen for 

the following realons, 

1. It was a readily available material from a nearby 
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source. 

l. Offcut slabs of suitable thickness ~ere available 

at a relativelY low eost. 

3. It is a 'granular- homogeneous rock with extremely 

consistant strengths and moduli. 

4. The rock is of medium strengtn and other 

properties, and therefore was not an atYPical rock 

to us •• 

5. Springwell Sandstone ha. been regularly u.ed in 

the department and there we, a large amount of 

data on the engineering characteristic' of the 

rock readily available. 

Tnt rock cutting equipment at Newca.tl. wa. limited 

to a .lice of eleven inches depth whiCh re.tricted the 

thickn.s. of sandstone .lab to be acquired. The .tone 

eventually purcha.ed wa. rough 5.5 to 9.5 inch thick 

s'abs which were cut down at tht department to 

rectangular bl~ckl of an approximate .tze of 24 x 9 x 

6 ;nch.. e.ch. The exact indiviaual liz •• for each 

test are given .'ong with the bl •• ting data in 



- 195 -

Apoendix E. 

6.4.1 

Init;al1y, a series of testa were carried out to 

determine a suitable borehole IPac;ng and eharge 

denaity, (tests 50 - 52). A borehole diameter of 

0.375 inches was chosen from a selection of sizes. 

This choice wa. mainly governed by the availability of 

lonQ series ma.onary dril,. of sufficient lenQth.' 

From the results of thts initial testing, a 

,borehole seoaration of four inches and a charge 

denaity of twenty four grain. oer foot were adopted 

for each of the five vertical boreholel used. 

Single j~ints/di.conttnuttiel bisecting .ach 

the luccealive pair of hol •• were 

main a. orev;oully 

re.in. 

incoroorated 

u,.d with 

into, 

te.ting in 

To avoid needl ••• repetition ot re.ults and to fill 

;n .ome of the geps in the data from testing with 

dfscontinuitiea in resin, the angle d"continuity to 

ore-,olft lin. w •• d.cr •••• d fn increment. of t.n 

• 
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degrees from ninety to ten degrees (with the exception 

of seventy degrees, which was accidentally misled 

out). 

Tne discont1nu;ties were aQain machine lawn with 

the w;dth of cut of the rock sawn taken 

when marking out the hole pOlitiona, 

dri11ed prior to the dtscontinuttt ••• 

into account 

which were 

The blocks were restrained for blasting in a 

specially constructed conatraint of two feet aQuare 

internal dimensions, which consisted of welded lix 

inch '1' section steel girder and tension1ng bolts. 

The comp1ete let UP can be aeen in position within the 

pit in Figure 6.16. 

Equal lengths of single strand eleven grain PETN 

detonating cord, doubled over and taped, were uaed for 

simultaneoul d.tonation produced by a afngl, 

electrical detonator in each test. Due to the 

incre.sed amount of explolive used and rasultant eir 

blast, dampened lacking wal laid over each test. This 

precaution proved quite statisfactory. 
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Fig .6 .16 . 
Heavy steel restraint used for simulation of ' nea r in f init e 

ground ' during model blasting in rock. Illustrating t es t 53 

in position shortl y af t er blasting . 
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B.~a.ul.tJL 

A full ph o.t 0 ~,. 8 phi c ,. e cor d of t he reI u It. are 

displayed in Figures 6.17 to 6.21, and the full record 

of each test can be found in Appendi~ 0 and E. 

As in resin, ·all tests provided breakage between 

all noles. Testing in sandstone gave relults similar 

in nature to thoae achieved in rea1n except in some 

instances, which ~il1 be ditcu,sed later. 

The main moat immediately noticeable difference wa' 

that the degree of visible fracturing wa. fa,. le •• 

than that encountered in previous r,.in testing. This 

effect wa. mo.t marked in te.ts with discontinuity 

inter.ecton angle. above fifty degree., in which a 

general maximum of only three fracture. were ob.erved 

per borehole attempting to cro.. between bor,holes. 

The dominant perpendicular (to Jointing) fracture. and 

their ••• ociated deflected counterpart, were the mo.t 

distinct. It tt thut suppo.ed that the more brittle 

nature of the Polvester re.in is more conducive to 

extensive fracturing and multiple fracture 

propogation, whereas the .andltone, due to the 

pre.ence of va.t number, of m;crofracture. and flaw., 

is more conducive to the Singular propagation of 
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Fig. 6.17. 
Pre-split tests ~n rock with sin g l e di scontinuities. 

Test 65 di scontinuity intersection angle 75° . 

Test 66 discontinuity intersection a ng l e 
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Fig.6.18 

Pre-split tests 1n rock witll sin g le discontinuities. 

Test 59 - discontinuity intersection an g le 60°. 

Test 60 - discontinuity intersection an g le = 50°. 
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Fig .6 .19. 
Pre-split tests 1n rock with single di scontinu i ties. 

Test 61 - discontinuity int e rsection a ng l e 40° 
Cl 

Test 62 discontinuity inte r section angle la 
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Fig. 6.20 . 

Test 53 pre-split test in rock with sing le discontinuities. 

Discontinuity intersection angle = 30
0 
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Fig. 6 .21 . 

, 

I. 
\ 

\ 

\ 
\ 

\ 

\ 
\ 
\ 

Test 58 - pre-split test 1n rock with sing l e di s continuitie s. 

Discontinu ity i n ters e ction a n g le = 20
0 
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dominant fracturin~ and the associated suppression of 

other aub-parallel fracturing. In addition, the 

transparent nature and optical clarity of the 

Polyester resin blocks allow every fracture 'open'or 

'cloted' to be aeen, even if they .re not linked to 

the surface. Only a fracture .all .eperation of e few 

molecule diameters of air are required for sufficient 

optical refraction. 

from comparison of .Ind.tone and relin testing 

results, these fracturel although present in ,and,tone 

are not of maJ~r importance and therefore in the resin 

testing results only diltract from the dominant open 

fracturing of lero .trength. ' 

On the di.~antling of the blocka for storage the 

top 8urfaces of the blocks were leen to be wholly 

representative of the fracturing at different l.vell 

througnout the blocks, the blelt fractures present 

being vertical in nature, although in lome ce.el a 

certain amount of undulation in their turfac. weS 

ob.ar~ed. The fracture wella however, were of a 

notably lower strength than the intact rock, piece. 

frequently Icabbing off from their surface., revealing 

closed fractures benina. Tht. would tend to support 

tne finding. in re.in te.ting of other fracture. being 
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produced around the borehole, but not being as 

extensive and not connecting witn all 'free surfaces r 

as seen with the dominant open fractu~es. 

~e8S suppression of othe~ fracturing was .een in 

tests with discontinuity englea le •• than fifty 

degrees, but these were never •• en to be as extenl1ve 

as in resin testing, 

Secondary 'deflected' fracturing connecting with 

the intersection of dominent fractures and Joints wa. 

far more evident, and the •• fractures were present for 

discontinuity angle. from ten UP to end including 

eighty degrees, Csee Figure 6.17). 

Direct breakage acroas .ingle disconttnuitie. w •• 

not present in testing in .endston.. This may be 

attributed to two factors. Firstly the ,.ndatone t, 

lesa brittle than the Polyester re.in, in that· 

fracturing onee initiated i. likely to travel with a 

lower (scaled) velocfty than fn re.tn. Secondly, the 

numbar of df.continuities per te.t were reduced from 

one per .pair ~f boreholel down to one every two peirl 

of boreholes below twenty degree., due to the problem, 

of accurately sawing and drilling at the tolerence. 

involved, tht. hIving the effect of more widely 
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spacing the discontinu1tie •• 

Maximum overbre.k 8gain oecured at the minimum 

discontinuity intersection angle of ten degree. end 

was at a mini~um when the discontinuity and hole line 

were mutually perpendicular. T~e result. obtained are 

given in Table 6.2 and are graphically represented in 

Figure 6.22. (The valuo of overbr •• k for ten degree. 

wae douoled sinee the number of df.continuitfel wet 

halved in this te.t • 62.) 

Tabl. 6.2 

Discontinuity 

Intersection Angle Overbreak 

90 1,848 mm 

80 3,184 mm 

60 8,451 mm 

50 15,104 mm 

40 11,426 mm 

30 6,022 mm 

20 6,438 mm 

10 16,870 mitt 
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FIG. 6.22. 
ValuQs of oVQrbr~ak obtained in sandstone 
tQsting with single discontinuiti~ • for 
various intersection angles. 



• 206 • 

Table of tne total overbreak per aide of pre-split 

line obtaine~ for changing discontinuity intersection 

angle whilst testing ~ith single d;8continuities per 

pair of boreholes in Springwell Sandstone. 

However, the type of overbreak distribution for 

resin testing was not incurred. Due to the fect thet 

no fracturing trangres.ed dilcont1nu;tiea, an 

overbreak peak for a test velue of discontinuity 

intersection angle of fifty degrees was obtained.' For 

the joint pOSitioning constraint used this is only to 

be e.pected, due to the geometric constraint impoled, 

(see Figure 6.5) and e theoretical peak of overbreak 

snould occur et a discontinuity intersection angle of 

forty five degrees. A Icaled comparison of the 

amounts of overbraak produced by testing in both resin 

and sandstone, with the theoretical predicted 

overbreaK curve (incorporating the given constraints) 

given for different values of discontinuity 

intereection angle is displayed in Figure 6.23. 

The graph clearly illustrate. the importance of the 

lecondary (deflected) fracturing in incraasing the 

overbreak from that theoretically predicted. The 

higher overbreak which is ahown by the resin end its 

exponential diatribution, ts due to fracturing 
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o Resin 
o Sandstone 

o 

0 

0 

0 

0 

0 
o 

o 

o o 

0 

Discontinuity intersection angle. 

FIG. 6.23. 
Single Discontinuities. 
Graph of scaled overbreak per hole for 
resin and sandstone tests including 
the theoreticaly predicted overbreak 
curve based on dominant fracture and 
discontinuity geometry. 
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occurring across successive Joint., due to their close 

proximity for acute angles of discontinuity 

intersection, coupled with the more extensive 

fracturing to discontinuities, Because of these 

effects the result. can be likened to values and 

trends of the maximum poa'ible overbreak graph given 

So far, only the effect of vertical discontinuities 

on vertical pr.-split lines ~ad been experimentally 

deduced. However, in field lituations the prelence of 

Jointing which is perfectly vertical, or whose 

orientation ;, suen that the line of intersection 

between Joint and proposed excavation limit is 

parall.l to the boreholes within the pre-split panel, 

are isolated. Therafore, it was decided that a 

limited number of experiments to discover the effect 

of diiconttnuitYI vertical deviation (dip), and 

orientation on a pre-split should be' undertaken for 

comc:>letenes •• 

Due to the size of test required and the technical 

problems involved with the sawing of di.continuities 

i: , , 

j t 

. \ 
; 1 

! 
, i 

i; 
, \ 

;: 
I 
i 
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at widely varv;n~ orientation" coupled wit~ tne 

associated size of" cutting disc required (iar in 

excels of wnet was available), it was decided to 

change from using ,endatone to uling concrete,' The 

rea Ions for cno.si ng concrete were '8 follo\liSI 

1. Jointtng can be ea,tly placed in t~e blocks et any 

orientation reQuired, by calting the blocks in 

leyerl. 

Z. The eradication of having to trim the blocks to 

size and anape. 

3. Comparatively low COlt of concrete, 

4. Concrete can be conaid,red al a fairly homogeneoul 

artificial ledimentary rock. 

6,'5.1 

Two wooden casting mould. were constructed to 

produce concrete block. twenty four inche. long, nine 

inches wide and .i~ inches high, to fit the 

constraint. used for ble.ting previouI landstone 

• I 



• 212 -

tests. From consultation of the Concrete Design Manual 

a concrete mix of four parts building sand to one part 

cement by we;~ht was used. All blocks were 11ft for 

at least twenty eight days before blasting, for curing 

purposes. 

An initial series of four trial tests using 3/8 

inch vertical boreholes and single eleven ara;n cord 

were performed to find the optimum luccessful borehol. 

separation. The result ~f the.e tests showed the 

pre-splitting effect to start to fade at a borehole 

spacing of 4.5 inches. A borthole separation of four 

inches we', accordingly chosen for the main testing. 

Two values of discontinuity dip, forty five and 

tnirty degrees, and orientationa of zero, forty five 

and ninety degrees, to the pre-PIPlft line were picked 

to give a representative lelection of ,ut'continuity 

orientationa, thirty degreea dip being aelected to 

as,e8. the effect of lower angle diacontinuiti.a,' Th. 

combinations of these values gave lix seperate teatl 

in .11. 

Succealive layera of concrete were ca.t at a 

thickneas of 2,~ inches, with the exception of initial 

and finiShing ca.ts. Immediatelv after pouring, each 
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layer of liQuid concrete was vibrated using a 

vibrating probe in order to settle the concrete and to 

release any remaining trapped air. The moulds ~ere 

then left for twenty four hour. and thin sheets of 

paper were laid down to form a Joint between the ca.t 

~nd its successor. The different orientation angle. 

of the ai.continuities for each test were achieved by 

orientating the cesting box et the appropriate engle 

before casting co~menced. 

Six 3/8 inch borenoles per test were drilled 

vertically at four inch centres, ~ith the blocks 

restreined in testing position using a portable drill. 

Each hole was loeded witn eQual lengths of single 

strand eleven grain cord, and detonated simultaneously 

by • lingle electric detonator. Aa with the sand.tone 

tests, damp lacking ~al placed over the IPecimen 

before firing to redUce the airblelt. 

A full photographic record of the results is given 

in Figure. 6.24, 6.Z5 and O.Z6, and the IPecif;cationl 

of each test are giVen in Appendix E. 
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Fig.6.24. 
Pre-split tests in concrete with regularity (2~") spaced 

discontinuities. 

Test 77 

Test 78 

discontinuity strike intersection angle = 90°, dip=30o 

discontinuity strike intersection angle = 90°, dip=4So 



- 215 -

Fig.6.25. 

Pre-split tests 1n concrete with regularity (2 \ ") spaced 

discontinuities. 

Test 75 - discontinuity strike intersection angle = 45°, dip=300 

Test 76 - discontinuity strike intersection angle = 45°, dip=45° 
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Pre-split tests :U1 concrete wi t h r egularity ( 2 ~ " ) spa ced 

discontin ll ities . 

Test 81 - discontinuity strike i n tersection nn gle 

Te st 82 discontinuity strike intersection nngle 

dip=4S0 

d ' 3 () 1P= () 
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The first, most noticeable result was that there 

was a failure to split between certain holes in tests 

77 and 75, with other examples of weak spl;tting 

present. In both cases one or both of the holea were 

positioned relatively clole to the too emeraence of a 

discontinuity, and both were in test. with 

dfscontinuities dipping at thirty degree. to the 

vertical. Th;. s1gnifie. that there wa, some vertical 

heave ;n the soeefmen eaused by exploaion ga.e. 

venting into the le •• well constrained thirty degree 

diseontinuftfel. Thfs .argument i. backed UP by a 

small amount of noticeable movement along Jointa in 

teat 75. 

In te.t. 77 and 78, (Figure 6.24), incorporating 

thirty and forty five degree di.continuittel dipping 

parallel to the pre-sp11t line, no undue effect was 

observed, other than a slight undulation on the 

pre-splft line causing fracturing from neighbouring 

b 0 re h 0 1 e. no. t t 0 1t ne' UP e)( act 1 vac r 0 •• 

di.contfnu1ties. Also amall amounts of overbreak were 

aeen at the surface of the block where the upper Joint 

walla were fractured neer holea. The'e fracturea 

however, terminated et the Joint and were abaent in 

the layera beneath. 



- 218 • 

Unfortunately, one leyer in both tests 77<and 78 

failed to set properly, due to prior hydration of some 

of the cement used and re.ulted in very low strength. 

This can be seen clearly in Figure 6.Z4. 

In teats 75 and 76, (Figure 6.25), incorporating 

thirty and forty five degree di'continuities striking 

at forty five degrees to the pre-split lines, two 

predominant effects were leen, Firstly, an irregular 

direct split was formed between holes. This feature 

extended throu;hout the deptn of tne te'ting block. of 

concrete and was by far tne mOlt dominant feature of 

the test. Secondly, fracturing from individual 

borenoles ran directly towards the dilcontinuiti •• , 

and was perpendfcular or 8ub-perpendicular to the 

latter by UP t~ fifteen degree, in the direction of 

tne pre-,plit axil. Th1. 1. be.t illustrated by test 

76. 

Te.ts 81 and 82, (Figure 6,26), .how e Itrong but 

.lightly irregular/uneven pre-,plit with no aign of 

direct fracturing to dilcontinuities, although from 

the ,;ze of the fly rock proauced in .ach teat there 

are indications that thi, ha, occured within the 

removed material only, However, no evidence of this 

w •• found 1n the corresponding bottom layer, therefore 



- 219 -

overbreak is only present at the surface on the updfp 

side of the Dre-IDlft line in botn cases. In the 

field this effect would only cause ,light overbreak et 

the top of the fece for outward dipping 

discontinuities, and no overbreak would occur for 

in~ard dippin~ di.continuities. On the dtsmantlirig of 

the blocks the individual layers were found to be 

highly unstable, especfallv in t~e forty five degree 

d;p test, e. was only to be expected, 

Fracturing around a pre-split borehole extendS 

outwards in an elliptical shaped zone, In the 

presence of a vertical discontinuity the first 

fracture within that zone to reach the discontinuity 

~ill become the dominant fracture. Due to the 

~.ometry involved this fracture is perpendicular to 

the discontinuity or. sub-perpendicular by • few 

degrees towards the pre-split axi8, 

The high degree of 

lign1f;el a zone of 

immediately vtsible in 

fracturing in re.fn te.ting 

weekened material which is not 

rock te.ting, although the 

fracturing is present but not open. 
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The Quantity of overbreak, although primarily 

produced by dominant (perpendicular) fracturing to 

Joint;n;, f. higher than theoretically predicted. 

Th;s e~ce.s i. caused by secondary fracturing linking 

UP with dominant fracturing from adjacent boreholes. 

This secondary fracturing a'lo eliminates the bulk of 

any underbreak.' 

For .'ngle Jointing the maximum overbreak po •• ibl. 

i. highelt fo.r 10'"' discontinuity intersection engte. 

and is at a minimum for Jointing orientated 

oerpendicular to the 11ne of pre-.plit • 

. Overbreak 

barrels being 

discontinuity 

become. noticeeble, with .individuel half 

lOlt from the final face, for 

inters.ction englel below thirty 

degreel. A comolete failure to ore-solit will occur 

for values at or belo,", fifteen degreel where two or 

more helf barrel. per continuou. di.continuity will be 

lost. Thi. effect i. rapidly accentuated below en 

intersection engle of ten degreel. 

The pre.ence of dt.continuitie. 

degree. to the i ntanded -tace wi 11 

below ninety 

cau.e a .light 

reduction in the ma~imum po •• ible .ucc ••• tul or.-.plit 

borehole •• oaration. 
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Oiscontinuit;es that are 1... tn~n forty five 

degrees to tne vertical will cause le •• overbreak than 

tneir vertical counterpart., overbrea~ occurring 

primarily at or near the .urf~ce. 

Oiscontinuitie. at le.s than thirty degrees to the 

horizontal may allow explol;on gates to vent into 

their lengths, thus causing .1iQht ground he~ve in the 

upoer strata. Flyrock from the surface may also be 
, 

produced if no too stemming it used. 

~ow angle ditcontinuities have no effect on the 

path of the pre-solit fracture. However, if they are 

intrinsically unltable in the final face orientation, 

stabl;lity problemt may affect the outcome of the 

ore-split. 

The type of fracturing to look for in lite 

investigation for pre-splitting is larg. Icale planar 

dtscont;nu;tie. of similar angle of dip to the 

proposed pre-split and which po •••• intersection 

angles at around or under fift.en degree'" If 

fractures of these ,pecificatione are pr.sent in 

lufficient number., tne pre-IPlit will fa;l and a htgh 

degree of overbreaK will b. incurrea. Also a 
... 

stability analVlil for the ffnal faee Ihould be 

undertaKen at tnis .tage. 
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The major measurementa taken were the inclination 

and azimuth ofl 

(a) The ~re-s~lit face 

(b) ~la.t fracture to joint (the break) 

(c) The discontinuity See Figure 7.1 

The length ~f break to the discontinuity and the 

discontinuity o~tcrop extent out of the face were 8110 

measured. 

A total of 453 .ets of mealurements were taken, 

2,265 in all (including minor measurements), random 

'samples being taken from all pre-split locations one 

to eleven inclusive. 

These parameters were chosen in order to verify the 
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. 
b. (]) Q. ---0 ..c 

Q) 
L-a 

..0 

Fig. 7.1. 
Diagram of orientation measurements take In the 
field of: 

(a) break to joint. 

(b) discontinuity (joint). 

(c) line of pre-split. 
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results of model testing and to examine in detail tne 

processes involved when pre-splitting in the presence 

of discont;nuities in tne field. The processed data 

required for each set of measurements as illustrated 

in Figure 7.1 werel 

(i) Angle of breakege to Jointing 

(i,) Angle of inter.ection of the 

discontinuity with the final face 

where both (t) and (it) are the acute angles maasured. 

These results were obtained by using 8 computer 

program devised by the author working on the principle 

of vector analysis. 

The raw data results/output from the computer 

progrem' break to Joint angle end joint-feee 

intersection angle are plotted in Figure 7.2. To give 

a better visual essessment of the data the points are 

rougnly contoured as percentage occurrence from the 

base of the graph from ten to fifty percent as 

displayed in Figure 7.3 (the Question marks reflect 

insufficient date for contour calculatfon). 
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QD 30 60 90 
JOINT TO FACE ANGLE 

Fig.7.3. 
Contoured break to joint data plot 
(fig. 7.2.1 
Percentage occurrence measured from 
joint to facQ angle axis. 

? .:. denotes absence of data points 
due to pre-split failure for low joint 
to face angles. 
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From Figures 7.2 and 7.3 there are three distinct 

observations and deductions which may be medel 

Firstly the majority of data points lie at or near 

the ninety 

that the 

boreholes 

degree break to Joint angle, Thfs infer' 

predominant fracturing from Dre·splft 

t~ neighbouring di.continuities i. 

approximately perpendicular to the discontinuity. 

Alao these fractures (breaks) become increasingly 

8ub-perpendicular,. tending to the direction of the 

l;ne of pre·solit with decreasing Joint-face 

intersection angle, 

Secondly there il a greater spread of ooints for 

the lower values of Joint-face inter.ection angle. 

This may be attriouted to .econdary fracturing a. 

observed and described in the previouI chapter 

(Chapter S1x) which is non-exietant for Joint-fece 

intersection angles of eround ninety degrees but i, 

more prevalent between thirty end sixty degree' from 

the results of model t.'ting. 

Thirdly and finally the ralative thinning out of 

resulta i.e. their lower occurrence for low Joint-faee 
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intersection angles, elPecially below a value of 

fifteen degrees reflects an absence of half barrel. in 

the final face at the.e value. and thus the 

progressive failure of the Dre-split down to a value 

of fifteen degrees where total failure of the 

pre-split occurs. 

The intersection of pre-split boreholes alono th.ir 

trace lengths by individual Joint;ng whether closed, 

tight or cemented was conclusively demonstrat.d to 

have no major Observable detrimental effect on the 

pre~.plitting procels in the field. This il most 

apparent and belt displayed at pre·,plit location 

number nine, where clos.ly IPace 'foliation Joint;ng' 

is orientated at approximately ninety deQree. to the 

lin. of pre·split (el displayed in Figure 7.4, • 

computer stereographic plot (~ath.son, 19~1) of Joint 

densiti.s) and was obs.rved often cutting pre-,Plit 

boreholes along their length but with no ob.ervable 

effect. At this location excellent pre.split results 

were obtained with a pre.split index 11 

•••••••••••••••••• 
l' The pre-split ind.x (aft.r Math.,on, 1980) i. the 
p.rcentage length ~f borehole half barrel. vi.ibla_in the 
finel fece and thus can oe u.ed e. an •••••• m.nt of the 
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Fig. 7.1. 0 

StQrQographic plot of discontinuity field 
mQaSUrr2ments -Loc ation 9 - illustrating 
fol/ation perpendicular to pre .. spfit. 
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of over 95%. 

It was immediately noticed that Imall Icele 

d;scontfnuftiel f.e. thole lel. then lO em in extent 

heve little effect on the outcome of the fi nal feee, 

although their presence may eaule a slight weakening 

of the face. However, the effect of medium (above 20 

cm) and large (above 5 m) Icale dfseontinuit1.s on 

pre·split succe" may very according to the 

intersection angle from minor to major importane •• 

A comparison of'their reletive effects may be mede 

from Figure 7.5 end 7.6 ~her. the effeeta of medium 

and lerge acele d1acontinuitie, are shown 

respectively. Both photogreph, were taken of s,perate 

portions of the .ame face at pr.·,plit location numb.r 

two. Here the discontinuity ,et in Question strike. 

to within fifteen degr.es of the fece line. 

The medium Icale di.continuit1e. ahown in Figure 

7.5 in conjunction with the other dtleontinuitie. 

prelent have ceused a totel feilure of the pre·apl1t 

•••••••••••••••••• 
11 (cont'd)relative lucce.a of a pre-.plit. 



Fig.7.S. 

Photograph illustrating 

the effect on the 

integrity of the final 

face of interconnected 

medium scale discon

tinuities a t location 

2 which intersect the 

pre-s pli t line at less 

than 15°, 
N 
LN 
I-' 



Fig.7.6 . 

Large scale planar 

discontinuity (location 

2 ) striking within ISo 

o f the face line 

resulting in failure to 

~re-split with the fina l 

f a ce break ing ba ck to 

the d i :;continuity for 

ove r Srn nf its length. 
1'0 
Vl 
1'0 
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face with virtually no half barrels left visible in 

the resultant face. The final face is blocky in 

nature, refecting the extent of continuity of the 

discontinuities and sfts at a slightly lower angle'of 

repose than designed. 

In contrelt the preaence of the large Icale 

continuous discontinuity shown in Figure 7.6 (of the 

same set) hal caused the individual pre-.plit hole. to 

break back to ft, resulting in the f;na1 face 

following thil feature cleanly for tome 5 m with a 

complfmentary splitting index of zero. Here the 

resultant face has more inteority than in r1gure 7.5 

and is more stabla. This effect is further di,cu.,ed 

in Chapter Seven. 

At the other end of the d;.continuity inter'ection 

angl. scale both large end medium Icale Joints which 

;ntersect the final feee et an angle of ninety degree' 

have no effect on the f1nel pre.,plit face, e' can be 

leen from Figures 7.7. Here et pre-spl1t locetion 

number nine a splitting index of Ovar 95~ wa. recorded 

with minimal overbre.k end underbreak, whic" generelly 

only occurred in the toe of the feee. 



Fig.7.7. 
Suc cessful pre-split 

witi l minimal over-

breBk ~ t location 9. 

Domina nt jo inting/ 

foliation is orientated 

perpendicu13r to the 

final face. 

N 
lrI 
.p. 
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If large sCIle fractures are prelent in the 

immediate proxi~ity of a design face theh w~en either 

bulk or pre-split blesting ia sufficiently clole, 

breakage will occur back to these .urfacel, r.aulting 

in them becoming the final face on completion of 

excavation. 

Many examole. of thtl feature were observed by the 

author in the field, these large Icale di'continuitiel 

acting al "ore·lolfts· in their .own right, 8. for 

example .hown in Figure 7.6. In order to ascertain 

their actual effect on the fracture disturbance 

proce,' Swindel18 (Swindel18,1981) carried out a 

seismic refraction bl.at damage survey on a 

part1culary d~minant fe.ture at pre-split location 

number nine which 11 shown on the left hand aide of 

Figure 7.8. At the time of photogrlPhy a or.viously 
, 

fired pre-split trial Plnel in the·blckground wa. in 

the proce.1 ~f being excavated after a bulk blalt 

which had also broken back to the m ••• ive 

discontinuity in question (on the left of the 

oicture). The results of his sei'mic survey 'howed 

thlt the degree of mea8ureabla damage due to the bulk 

blaat behind thil olane wal comparable to that of the 



Fig.7.8 . 
Lar ge scale discon

tinuity (left) at 

l oca tion 9 h a ving 

r ea cted in a similar 

manner to a pre-split 

trial pane l (centre

right) during bulk 

blasting opera tions. 
N 
IN 
Q\ 
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pre-split plane, i.e. '.s, then 20 cm. Therefore this 

discontinuity plane, although closed had effectively 

acted in the lame manner as the pre-split plane. 

It is therefore obv;ous that if luch features exist 

at a favourable orientation within rock to b. 

excavated, then these large scale features should be 

mapped and utilised _henever Possible ftl ready made 

pre-split planes during blaating operations. 

Field observation primarily confirm. the relultl 

Obtained in laboratory model testing and the 

hypotheses made based on those relults. In addition. 

better understanding of the proc..... involv.d has 

b.en acquired. From the observations mad. within tni. 

chapt.r and in consort with the ~,evioul chapter it 

may be concluded that the mo.t important geotechnic.' 

factor. aff.cting the .uce.s. of the application of 

pr.-split bl •• t;ng to rock alope. are discontinuitte. 

and th.ir g.o~etrie •• 
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8 1~~_~~t1_UE_~~~ILa~~_Ul~'abIl~Ull1ta-A~~I~Ela 

E.a~aU;'~t.1 

8 • '1 l~fJlaX 

Tne results of the previous experimental chapter 

nave shown tnat although fracture. from a pre-,plit 

borenole cannot cross 8ingl. dtscontinuit;.s, thev mav 

in the presence of two sufficiently closely IPaced 

dfscontinuitiel, cross at le.st the first. From these 

res u 1 t lit ill o.u 1 d see m t hat the pr e d 0 m 1 n ant f • et 0 r 

determining fracture extension across multiple 

dfscontinuities is their seperation. 

From the results of resin testing, the fractures 

oblerved to cross diseonttnuitfe. were orientated 

perpendicular to • discontinuity end originated at its 

edge. These fractures were leen to be in line ~ith 

dominant fracture. and can thus be presumed to be 

tneir extension. 

The mechanism for failure acrOl1 the Jo;nt has be.n 

described earlier, (le. Section 6.1), the opening of 

the dominant fracture causino ahearing of the 

• 
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discontinuity, thus forming a tensile stress bulb in 

the faee opp~sit. to the dominant fracture, (see 

Figure 6.3). For a tensile strength of the 

inter-discontinuity slab lower than the tensile 

stresses produced, failure will occur normal to tne 

direction of maximum tenSile stresl. Thus fracturing 

will be formed perpendicular to the Joint surface and 

will propagate in a direction normally away from the 

Joint. This feature becomes the extensfon of the 

dom;nant fracture and so long 8S the previously stated 

conditions hold, this fracturing will continue to 

propagate thro,ugh oUler dtlcontinufties of the same 

aet. Aa the only fracturing to eros. discontinuities 

is dominant fracturing then the snape of any overbreak 

will be dependent on the combined geometry of these 

fractures and the positioning plus intersection angle 

of the discontinuities. The amount of overbreak 

obtained will depend allo on how far the dominant 

fracture. can be pro;aoated. 

The meximum length of dominant fracture propagation 

will be dependent on two factorl' ~ir.tlY, it will 

depend on the maximum radiuI of the fractura zone for 

a .inole boreh~le in non·Jointed limflar meterial, and 

.econdly, it will be affectea by the fracture 

freQuency and the actu.' fracture Dosftioning.' The 
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thinner each individual layer of rock is Det~een 

successive discontinuities, the lower their tensile 

stren~th and thus the further the fracture will be 

able to propaQste. 

The testtn~ using multiple discontinuittes per pa;r 

of boreholes, wae a eontinuation of testing with 

single diseontinuiti.1 in Sandstone. Therefore the 

.ame bor.hole specifications were used, which ~.r.: 

Borehole dia~eter = 0.375 inch 

Borehole inclination - verticel 

Borehole spactng = 4 inches 

Charge density = 2 x 11 grain cord 

Identicel sized blocks of sandstone were uled, along 

with the same marking out and cutting techniaues. A 

standard discontinuity intersection angle of lixty 

degrees was used throughout telting (with the 

exception of test 70). All Jointing was vertical. 

The teating undertaken followed two overlaoofng 

oath., firstly, with testing designed to determine the 

effect of discontinuity freQuenCY/IPacing, and 

secondly, teat;ng destgned to determine the effect of 



• 241 • 

multiple d;scontinuity positioning. In the first line 

of testing, individual tests were undertaken with two, 

three and four Joints per pair of boreholes (tests 63, 

68 and 69) at Joint spacing' of 2.00, 1.33 and 1.00 

incnes respectively. 

The second line of testing compoled of three testl 

incorporating twin dilcontinuities per peir of 

borehol.s, Tnel. were separated as fol10.s, 

equidistantly (test 63), equidistantly between 

boreholes (test 64), and 1.33 inc~es from each 

borehole. 

A further test W8S designed to explore the effect 

of multiple dfscontinuitie. at varying angles, 

including d;scontinuities bisecting individual 

bortholes. 

with the 

In this 

block 

discont1nuitias. 

test the bareholes were drilled 

restrained after sawing the 

All tests were loaded and fired in an identical 

manner to previous testing in landltone, Clee Section 

6.4.1). The e.aet specifieations for eeeh test, along 

with their bl.sting records are given in Append;. E. 
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8 • ',s aE.a..w.,U 

A photograonic record of t~e result. obtained t. 

given in Figures 8.1, 8.2 and 8.3. 

Takfng the results obtained from the fracture 

positoning exoerimenta, dominant fracturing wa. seen 

to cros. the df.continuitie. nea~e.t the borehole 

concerned but was observed to terminate at the 

discontinuity located immediately before the next 

borehole. Thil occurred in every test, and waS even 

the case in test 67, where the dJ.continufty .labs 

containing the ~oles were half the width of the 

fractured ,1aol. 

A pos.ible exolanation that the fracturing should 

cease there, ;a that the alabs eontain;ng each 

borahole ara under ax;al comores.ion caused by the ga. 

pre.sure within the borehole and open dominent 

fracturing, which i. parpendicular to the Jointin;. 

The result, from increa.ing JOint frequency were 

similar, in that for all fracture fr'Qu.nc;e. used, 

the dominant fracturing from each hole extended in all 

c •••• up to the discontinuity prior to t~e next 

All fracturing acro •• Jointin; was seen 

hole. 

to be 



Fig. 8.1. 

Tes t s 64 and 63. 

Effec t of multiple 

disconti nu i tie s on 

pre -split s u cces s a nd 

ove rbreak . 

Disconti nuit y inter -

sec tion ang l e 60°. 

No t e : dominant 

fractures crossing 

discontinuiti es a t 

r igh t a n g les. 

N 
.p> 
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Fig.8.3 
Te1't 69. 

Ef fe c t of multiple 

discnntinuities on pre-

sp lit success and over-

break. 

Test 70 . 

Effec t of mu ltiple 

discontinuities with 

varying orientations 

a nd of discontinuities 

intersecting boreholes 

on pre - spli t succes s. 

,~>;~/" . ~ , 
t,.:-; 

~ 

N 
+:> 
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oeroendicular 88 ;n previoul tests. 

Secondary fracturing wa. seen in most caseI to link 

UP with dominant fracturing. However, the higher the , 

fracture frequency, the lower the volume of rOck 

enclosed by the secondary fracture and conversely the 

higher the v~lume of rock ene1o.ed by the dominant 

fracturing. 

In all tests the majority of overbreak w •• caU'ed 

by the dominent fracturing, which was leen to e~tend 

for a length nearly al far a. the pre-split borehole 

.eparation in te.t 69. Overbreak volume increas •• 

from single to mUltiple dilcontinuities, for 

increasing discontinuity frequency but this increase 

rapidly tail. off for values at and above four 

diacontinuities per borehole .oacing. 

In te.t 70 fracturing between boreholes wa. 

achieved for J~inting bisecting borehol •• , although 

the IPlitting power from that borahol. fl noticeably 

reduced (aee middle borehol., Figure 8.3). However, 

for Jointing with similsr intersection anglel but 

opposing directions, a failure to Split between ~ole. 

was produced. 
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To ascertain the effect (if any) of discontinuity 

fraquency on ore-solitting in the field, it we. 

decided to take lean line. at individual pr.·IPltt 

localities where 

instability were 

other geotechnical factors such •• 

not dominant and compare the.e 

results with the actual succesl of the pre-split. 

This however presented somewhat of. problem ;n 

that there is no exact method of measuring the .ucce •• 

of a pre-split directly, as it t. difficult (if not 

impossible) to distinguish between the pre-split path 

and other fracturing, (predominantly cau.ed by the 

bulk charge) and natural di.continuity surface. 

present within the rock. Tht, problem il created by 

the ore-8plit not only inducing new fracturing along 

its path but al.o utili.ing the pre.exi.ting Joint 

network within the rock m •••• 

A final .olution to tnt, prOblem wa. achieved by 

u.ing an indirect method • the splittinQ inde. 
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(Matheson, 1980) where the splitting index i- the 

measure of the percentage length of pre-aplit half 

barrel' left visible in the final face. 

The scan lines taken varied from 4 m to 30 m in 

length dependent on the continuity of the splitting 

index 

at a 

w;thin each location, the latter being measured 

later date from pnotogrlPha of the eXBct 

localities inv~lv.d. These measurements are displayed 

in-Figure 8.4 in w~iCh pre-split suec ••• ('r:>litting 

index) 18 pl~tted ageinst fracture frequency (or 

intensity). 

The first ~bv10us end main observation that may be 

made from Figure 8.4 is that there;1 no discernable 

statistically valid rel.tionship between splitting 

index and fracture intensity, the .'moat random spread 

of points confirming this. However a slight decrease 

in splitting index for the higher values of fracture 

intensity is Just discernable. This f. thought not to 

reflect a reduction in pre-split success but has bean 

logically concluded by the author to reflect a weaker 

face (1.e. a ;reater number of ·discontinuiti •• will 
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result in a reduction of overall strength in 8. rock 

mass) which result. in tne traces of half barrel. 

becoming more prone to removal on excavation, This 

was observed to be tne~ case during excavation at 

pre-spltt location number nine where an over 

enthusiastic Priestman 150 Mustang operator attempted 

to remove parts of the face of a pre-split trial 

panel, scabbing matertal from the pre·split plane and 

thus reducing the splitting index. 

It ts allo a possibilitv that instability wa. 

reflected in the wide spread ,of point. 1n Figure 8 •• , 

However extreme care wa' taken in the choice of 

me". u rem e n t 1 O.C a 1 t tie I and 0 n 1 V the re 1 at i vel V m o. t 

,table locationl (f.e. location number. one, eight, 

nine and eleven) were inclUded in the survey, (lee 

Chapter Thirteen). 

Pre-.pl1ts mav be produced in ground with. high 

do,"inant discontinuity frequency, provided that the 

intersection of the discontinuity set with the 

pre-.plit axis 1. not below the Quide given in the 

previous chapter. 
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The amount of overbreak obtained is highly 

dependent on the orientation of the discontfnuitv .et 

involved. Maximu~ overbreak will occur for low 

intersection angles and minimum overbreak for sets of 

d;scontinuities perpendicular to the pre-split. The 
• 

degree and snape of the overbreak due, is almoat 

entirely a geometric effect, No underbreak witl 

occur. 

The Quantity of overbr.ak cauteo will increaee for 

increasing values of joint freQuency, but will level 

off rapidly at and .bove four discontinuitfel per 

borenole separation. 

Pre-splitt;na ~ay be achieved even if hole. are 

int~rlected bY a discontinuity, a' 10nQ aa it 1. 

closed. However, a reduction in tne' splitting ability 

of that 1'101. in tncurred. 

from field evidence tt may be concluded that 

increasing fractura intensity does not have eny 

serioU8 effect on pre-.pltt IUCC"S and that there ta 

no diecernabl. relationship between the.e two factors, 
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Considering a blast ie something of a 'dynamic' 

event in respect of its time ICa'e, the relevant 

parameters f~r the deduction ~f optimum charge 

densttie, for blaat boreholes in homogeneous rock are 

the dynamic comore,sive and tenlile Itrengths, the 

dynamiC atrengtha of rock being higher thin their 

static strengths. 

The dynamiC comorea.ive strength tl only relevant 

to the crushing of rock in the borehole wall which 1. 

indicative of over charging and under decoupling. 

However .uch high enough cherging and coupling to 

produce cru.hing is purposely avotded in pre-IPlft 

prectice in order to keep the degree of blast damage 

to a minimum and thus protect the final pre-IPlit face 

and therefore the dynamic eomprellive strength of rock 

ts irrelevant within the pre-.plittfno proeesa. 

Although reaeareh has been undertaken in the field 

of dynamic compres.ive strength te.ting e lack of 
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information ex;sts on dynamic tensile strength 

testing. This can mOlt probably be attributed to both 

the difficulty in acquiring the tensile dynamic 

strength compared witn the comoreslive dynamic 

strength and the associated hfgn cost due to the 

sophisticated e~uipment which ~ould be reqUired,' Due 

to tnese factors the dynamic tensile Itrength il allo 

of little use to the prectical blaating engineer.' 

The normal strength parameterl which can be easily 

and relativelY inexpensively obtained are the 'atatic' 

tensile and le.s importantly in thta ca.e the 'Itatic' 

compreasive strengtha. 

~ith these con,iderations in mind it was obvious 

that testing should be undertaken to determine the 

effect of stetic rock strength on the maximum 

aucc.asful pre-IPlft borehole aeparation for , 

standard charge density and borehole diameter. 
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9.2.1 

It was 

reesonable 

considered important 

understanding of the 

that to 

effect 

obtain I 

of rock 

strength in the pre-splitting procce.1 it wa. 

essential to perform tests in tne maximum number of 

varying rock type. and stren~tns. Alao tne 

avatla~;lity of stone in suitable dimensions wal an 

important factor in this choice. However, due to the 

number of testa required in each rock type and the 

corresponding ti~e Iveilable, the minimum number of 

rock types in o.rder to produce a valid representation 

of results wa. used. The following lix mater;ala were 

chosenl 

Springwel1 Sandstone (as used in Phase 2 Telting) 

411 mix Concrete (as uaed in Ph ••• 2 telting) 

Dolerite (Whin stll) 

Cre.town Granite 

Dolomitic ~tmestone (Permian) 

She"y Limestone (Perm;an) 

A brief description of thele matertal. may ba found in 

Appendix N along witn soyrce location. and both 

tenSile and compre.live Itrength •• 
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Single strand Z.31 gmlm (11 grain per foot) 

P.E.T.N. cord wes loaded in open ended 3/8 inch hemmer 

drilled holes positioned in line et eonstant specing 

in rough blocks of approximately six inches thickne ••• 

In eech test explosive cord per hole was of equal 

length and the free ends were detonated by • single 

detonator to ensure instentaneous detonation of the 

charge. in eaeh hole. 

Split blasting wes continued in eech rock type 

unt i 1 both a fa; lure to 8pl it and a success had' been 

reeorded for Buccessive decreases of borehol. 

leparation. 

Cores of intact rock were then taken from the test 

IPecimens andlor unbleated blocks (depending on the 

availability after testing) in order to fabricate 

compre.siYe (84 x 42 mm diameter) and tensile 

drazilian Dice (42 mm diemeter x 21 mm thickne.s) 

strength test specimen.. The result. of the 

subsequent strength testing for each matertal are 

given in Appendix H. 
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A complete list of· tests and rock descriptiont with 

eompres.fve and tensile test results can be found in 

Appendices 0 and H. 

Graphs of the combined results. of each test 

and indicatino rock ty~e are displayed in figures 9.1 

9.Z in which pre-split borehole seperations end 

succel. are plotted aga;nst tensile and compre,.ive 

strengths respectively. As would be expected, both 

figures show that the maximum tueces.tul ore-,plit 

borehole separation decrease. with increasing tensile 

and compressive strengths. Each figure show, • 

hyperbolic relationShip between maximum suce.,sful 

pre-split borehole separation and strength, .11 point, 

of the former except for the Whinttone testa fittino 

onto a sinole curve. SurpriSingly the compr •• sive 

.trength values give at good a tft as the ten.i'e 

strength values even though the tpread of strengths i. 

inferior. 

In an 

decided 

attempt to quantify the relationship it w •• 

that the two variables might be simply 

invertely proportional to each othar. 

the strengths were then plotted 

The invert •• of 

against maximum 
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successful pre-split borehole separation foreaen rock 

type and are displayed in Figures 9.3 and 9.4 with 

better results; In Figure 9.3 it can be seen that 

eaen rock type with the exception of the Whinstone 

fits closely t~ a straight line with: 

Y axil intercept CA) = 6.35 cm (2.45 inl) 

Slope (B) :; 8.01 cm MPa 

Giving the relationshiPI 

y - 6.35 t ts.01T -1 cm -
where: Y = maximum sucee.sful pre-,plit borehole 

s,paration 

T - tensne strength -

However tne ~hfnstone value of Y ia only 66% of the 

predicted value from the above relationship and 11., 

w.ll b.low the re~reslion line in Figure 

Initially .,a. thought that th.re hid b.en 

exceptional circumstances or lome mistake but on 

recheckfng the blasting data Ih.eta and the ectual 

apecimens it was shown that the Whinltone we' 

unusually resilient and resistant to blasting. 

Although it did not pOlles. the greatest 

compre.sive strength of the rock. tested, it po •••••• d 

by far the laro.st tensile .trength ( ••• figure 9.1). 

On visual ra-a •• eslment of the bla.t damage around 
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each borehole it was discovered that in both 

unsucce,sful and succeslful whinstone pre-solft teltl 

no damage other than a pre-solit fracture where 

pre.ent could be detected. 

It i. reasonable to aSlume that there comes 1 limit 

to the strength of a rock that can be pre-split, it 

being impossible for the straight line relattonlh;p to 

reaCh the Y ext. otherwise a ma~;mum successful 

ore-split borehole separation of 8.01 cm at a tensile 

strength of infinity could be obtained. The 

relationship ~ust therefore at lome point deflect from 

the etraignt line of figure 9.3 to the rectprical of 

the teneile strength axtl. However it cannot reach 

this a~i8 in practice aue to the finite diameter of 

the borehole.. It il 8uggeeted by the euthor that the 

path of the relationship for O.95Z5mm (0.375 inch) 

holes loaded with ,ingle eleven grein (2.31 om/m) 

P.EtTtN t cord defect •• harply downward. at • teneil, 

.trength of approximately 11 MPa and pa •••• through 

the whin.tone maximum successful or.-splft borehole 

separation point values. 

Figure 9.4 for compre •• fve .tr.ngth value •• how •• 

• imiler effect but a gre.t.r .pre.d of resulte. 

However tht, 11 only coinCidentel and due to e tenuous 
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link between tensile and compreasive strength. and 

therefore the comore8sive strength snould not be used 

in desi~n etc. esoecial'y when a netter relationlhip 

between maximum successful pre-split borenol. 

seperetion end tensile strength e~ist8. 

The effect ~f rock strength on pre-IPlitting naving 

elreadY been explored it was decided to find whet 

effect the pre-split ha. on the fnaitu rock strength. 

As any disruption to insttu rock will be affected by 

the disruptive presence of individual holel, three 

compressfve test and three tensile test specimens were 

taken from teat No 58 around the end borenole at the 

followfng centre spacings - 30 mm, 44 mm and 65 mm. 

Teat 58 was chosen es Springwell Sendstone il an 

extremely homogenaous rock and Itrength t.sting in the 

Department nal ahown it to have extremely cons •• tlnt 

strengths and moduli. In addition te.t 58 offered I 
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sufficiently large 'intact' pie~e of rock for the 

drilling of cores at suitable distances from a 

ore-split borenole. Tests were carried out uling 

standard sized cylindrical IPecimens (84 x 42 mm 

\ltameter 

tensile). 

- comoressive, 21 x 4~ mm diameter • 

The results of compressive and tensile testing are 

a. follows: 

Distance Co,mor ••• 1ve Tensile 

30 38.98 MPa 2.85 MPa 

44 4Z.S8 MPa 3.20 MP. 

65 44.75 MPa 3.20 MPa 

intact 48.82 MPa 3.80 MPa 

These resulta are graphically displaved in figure. 

9.5 and 9.6. 80th tensile and compre.sive strength. 

,how a deerea.e for decreaSing dietance from the 

ore.split hole. However et the dietanee of helf the 

borehole separatton there is only 8 reduction of If x 
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and eleven percent respectively, It can therefore be 

concluded that any sUbstantial lowering in rock 

strength alon~ the pre-aplit line will be confined to 

the immediate vicinity of the pre-split borenoles and 

the rest of the faee will remain relatively unaffected 

back from the pre-split line. 

9. '4. 1 t::lA1b.a.d 

Strength teltin~ waa carried out in the field using 

a portable potnt load telting rig on tach rock tYPe at 
• 

successive localities. The telting was carried out 

under the Guidelines Suggested by Reiehmuth (1967) and 

tensile .tren~th. were calculated from the eQuation: 

51 • Ks P/h
2 

t KbP 

.. here' 5t = tens. le st renoth (Pa) 

P • applied load at failure (N) 

h • height (distance between 

loading points, m) 

KI = s~epe fector 

Kb = relative brittleness index Cm ) 
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Ks was taken ~s 0.7 h/w (for Prilms) 

and Kb a8 1550 Cm ) 

wherel w ~ width of specimen (shortest) Cm) 

The number ~f testa teken, the mean point loed 

tensn e strengths and their population atendard 

deviations for each rock type and their loealitiea are 

given in figure 9.7. Due to the fact that ao~e 

specimens failed at very low loade along microfis,ur., 

and cemented Joints etc. the m.ans end standard 

deviations are shown for both with and without the,. 

result.. The loading denait.e. and charge layout, for 

each site are shown in Figure 9.~. 

As can b. ,.en from Figure 9.8, the lOlding 

deneit1e. vary enormously between aite., the loweat by 

far being for aitea one to eight inclusive. However 

It thes •• ttes the .tronge.t rocks ara found a. 

illustreted bv Figure 9.7 (these ,fte. were allo the 

le.lt .ueee •• ful). The be.t pre-Iolft re.ult. from 

thee •• ite. were cotatned at cutting number one which 
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Sf t e No. No X St. No X St. 

In Dev. Ex Dev. 

1 26 13.28 14.53 13 24.26 13.43 

2 21 29.80 20.41 19 32.67 19.34 

3 (Gne;s.) 20 24.00 13.76 20 24.00 13.76 

3 (Felsite) 5 41.32 13.55 5 41.052 13.55 

4 28 22.56 13.14 27 23.26 12.86 

5 26 24.52 18.42 20 31.01 16.08 

6 23 22.11 12.69 23 22.11 12.69 

7 21 25.69 19.78 18 29.37 19.02 

8 16 27.77 15.91 13 33.35 12.05 

10 (upper) 10 10.22 9.95 8 11.30 10.02 

10 ( lower) 11 9.09 5.17 10 9.82 4.85 

11 (upper lfme.tone) 21 14.13 8.57 15 18.83 5.04 

11 (middle limestone) 8 26.41 8.24 7 29.34 2.98 

11 (middle mudstone) 13 4.67 1.08 13 4.67 1.08 

11 (middle sandstone) 5 2.36 0.71 5 2.36 0.71 

11 Clower lime.tone) 19 16.94 5.00 19 16.94 5.00 

Figure 9.7 

Tabl. of Results from Point Load Te.ting in the Field 

In a including low failure value. 

Ex ; excluding low failure valu •• 
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nas the lowest rock strength of this group of 

pre-split locations. In contradiction, excluding low 

failure values there are three other sites which have 

lower tensile rock strengths, two of which, numbers 

three and four, the application of pre-splitting to 

the final feces he8 proved very unsuccessful. 

As shown in Chapter 5 (Figure S.2), at loction 

three pre-split boreholes in gne1s. were observed to 

have failed to connect, the results of pr.-splitting 

being on the whole very poor. However the be.t 

result. were observed to have been obtained in • 

felsite intrusion (sill) orienteted with the major 

discontinuity planes dipping at an angle into the lin. 

of tne carriageway. 

The.e contradiction. seemed initially to be 

insoluble, but on close examination it was decided 

that the Jointing structure within the rockma., was 

playing a decisive role. It we. dtscovered on 

revisiting location three that all of the acce •• ibl. 

felsite which was present in the rock trap or reposed 

against the face was hand sized in dimenaiona and 

bounded by three flat Joint ,et. which were roughly 

mutually perpendicular with no fre.n surface.. From 

the aize of fel.ite block encountered it would be very 
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difficult for 8 100 mm borenole not to cut at least 

one of these interconnected d;scontinuities at any 

point along tne borenole's length. In comparison, the 

gneis8 in which pre-split failure occurred;s malsive 
\ 

in nature with few discontinu1tfe. and boreholes were 

observed to be rarely cut by discontinuftiea except in 

the case of the main 'bedding' which cuts ecros.'the 

holes and not along their length (as illustrated in 

Figure 5.2). 

Examining the point loed tensile strength data 

obtained from gneiases et locetion number one it ia 

obvious that the small acal. clo.ed flawl, 'cleaYage' 

planes and cemented small d1.eontinu1tiel are widely 

disseminated throughout the rock~8a. in great numbera 

as 50% of the random .amples failed at extremely low 

loadings due t~ their preSence. 

Essentially 1 t is the author's opinion that 

generally the rock strength at location, one to eight 

due to the general failure of the pre-.plit and the 

high occurrence of intect borehole lengths in some of 

these faces, wal too high for the charge densities and 

borehole leparations u.ed. Infact the Ule of triple 

strand luperfle. give. 8 low charge density and 

resultant quasi-static ga' pre •• ure incurred compared 
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with those used at locations nine to 

the exact Charae densities ere 

location ten (see Figure 9.6). 

eleven elthough 

not available for 

At location eleven (Dunbar QUarries), t~cellent 

pre-splits were .obtained in the upper and lower 

'imestones, excessive back damage and a general 

loosening of the faee by opening UP of fi •• urea was 

observed in the middle bed. within the mudstone and 

.ilty sandstone horizon •• From consultation of figure 

9.7 this should not be totally unexpected 8S their 

tensile atrengtha are extremely low • 4.67 and 2.36 

MPa respectively compered with means of 10.22 and 

16.94 MPe for the upper and lower limeatonel. 

The tensile atrength of rock may affect the lucee •• 

of a pre-aplit panel if it is too high for the 

pre·split charge to totally overcome. 

From laboratory eXperimentation there il a definite 

inverse relationahip between 'Itatic' tenl;l. rock 

strength and the maximum aucce.aful pre-spl1t borehole 

.eparation. However this relationahip doea not hold 
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obove a critical tensile rOCk strength (which may be 

different for differing borehole diameters, charge 

densities and explosive types). where the dynamic 

component may be insufficient to fracture the borehole 

wall, tne effect being to rapidly reduce the meximum 

succe.sful pro-split borehol. separation above thta 

value. 

From field results it has been shown that the 

presence of abundant micro-fis.ures, flaws and small 
i 

scale interconnected Jo1nting dramatically increases 

the maximum luccessful pre-split borehole eeparation. 

In such conditionl the importance of the tntlct 

tensile strength of the rOCk in the determination of 

the suceels of a pre-split ;s dramatically reduced. 
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The effect ~f weathering (chemical) on insitu rock 

is to weeken the fabric through mineral decomposition 

and by the breaking UP of the matrix through minerel 

recrvstallization e.g. 

Sericite etc. 

Feldspar to Kaolinite end 

The Jointing within e rock masl play_ a major role 

in the weathering procel', .8 weatheriny generally 

permeate. .tr~ta through the system of 

dt.continuities, progres.ivelv attacking the rock of 

the joint walls until just cores of rock remein 

between Joint •• ' ~e.kening of Joints bv the associated 

reduction of their cohe.ion and a180 opening- may 

occur, thus en increase in permeability is common 

which in turn laeds to intensification of the 

weathering process. 

Eventually, through weathering the rock msv become 

completely altered so that it possesse. the strength 

of a soil but atill retains the texture and 'fabric' 
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of the original rock. The overall effect of 

weathering is thus a reduction in strength and 

stability of the strata inYolved. 

All weak weathered matertal which ta rippabl. 

should be rem~yed before drilling to prevent th. 10 •• 

of holes due t~ borehole collapse in the upper regions 

of the holea, whiCh may be located in 'looa.' 

weathered material. 

Normal practice in pr.·,plit blaating i. to u.e a 

con.tant charge den.ity throughout the borehole 

length, with the .xception of the top 1 to 1.5 mm of 

hole with, Cin some c •••• ), the provision of e ba., 

ch.rge. It il critical to .scertain the depth aa well 

as t~e degree of weathering a. borehol.s may 'bridge' 

both highly weathered ground and intact strata. 

Consider a borehole within • pre-spltt panel 

lurrounded by exten8ively weathered we.k material in 

ita upper half and tntact Itronger unweathered rock in 

ita lower half, Clee figure 10.1a). If a charge 

denafty for the hole i, calculated or ,e1ected on the 
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strength of the intact rock, then the upper portion of 

the hole within the weathered strata will be 

overloaded and excessive damage wi11 be likely to 

occur on detonation, especiallv in respect of opening 

the Joints, reducing cohesive strength and thus 
• 

corespondinglv that of the surrounding rock mal.. In 

•• treme caaea slight ground heave may be encountered 

and it mav become necessary to dispense with anv top 

stemming to negate this effect. A weakening of thts 

ground may result in e.tensive instaoflitv problems at 

the tOP,of the final face, 

Conversely if the charge density for the hole 11 

calculated or selected on the strength of the 

weathered portion of the strata, then the lower half 

of the borehol. will be undercharged. Here failure to 

pre-split may o~cur, relult1ng in either 8 toe or 

excessive damage from the accompanying bulk blast. 

If .uCh a contrast between weathered and 

unweathered zones exists then they mUlt be treated a. 
differing rock types or horizons and the charge 

densitv along the borahole 'engths should be varied 

accordfngly, with. reduction of charge density within 

the weathered ground. 
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in charge density at anyone point 

degree of dynamic damage to the 

borehole wall, producing smaller and shorter rediel 

fractures for quasi-statie extensio~ which in turn 

will be reduced. To diminish the influence of the ge. 

co~ponent fro~ the more highly eharged lowe.. portion 

of the pre-split holes a small amount of decking (say 

0.5 to 1 m of taMPed clay-sand mix) may be introduced 

at the approximate -interface- of the weathered end 

unweathered zones, (see Figure 10.1b). 

The effect ~f weathering and the ablence of reduced 

charging in the we.thered zones can ba clearly .een at 

roe k cut t 1 nga o.ne, t wo and fi ve.' He re wedge and plane 

failure has predominantly occurred in the upper 

regions of these pre-.plit face. where the opening of 

di.cont;nuitie. is the moat marked. Talbot (1977) 

ettribute. the failure to produce ,8 clean split in'the 

upper portion. of the.e feee. (locations one, two, 

five etc.) t~ the presence and degree of weathering, 

(along with other factor.). (See Figure 10.2.> 

It ;. however important to note thet the upper 
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areas of the pre-split plane should theoretically 

produce the best face. This is due to the fact that 

borehole deviat;on and drilling inaccuractes are 

minima1 compared to the foot of the pre-.plit. A 

major contributor to the failure to pre·spl1t in these 

arees cen be attributed to the degree of weathering 

present. 
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11 IU.lEfi 

11 • 1 It:1.UlRl 

The free water content within 8 rock maa. ahould be 

considered a8 an important constituent of the strata. 

It mav affect its strength and/or stability and even 

the aei.mic velocities of the medium. Leaving •• ide 

the matn steb;lity problems erising in certain 

Situations which may be accentuated by the pre.ence of 

e.cess water, by far the most important factors 

controlling the effect of water on the proce.s of 

pre-aplit blaating ere the actual level of the water 

table and the •••• with which the water it allowed to 
, P.s. through the rock m ••• , in relation to the 

pre·splft borehol ••• The important items whteh .hould 

be con.idered can be broken down to the following: 

1. Height of the water table in relation to the ba.e 

level of the boreholes. 

2. Rate of filling of the borehole •• 

l. Rate of fl~w of water through .ach borehole. 
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If there is the p08sibility of there being water 

present then care ~ust be taken' of at least iteme (1) 

and (2). If water ts preeent and drains into the 

boreholel, filling them, the explosive used muet be' 

water resistant and the charges fired on the same day 

as loading to avoid water eaturation of the explosive 

or deteriation due to leakage through eny protective 

eeel. 

Deterioration of the explosive Cherge will result 

in 8 reauction in strength, (both seismic end gae 

pressure) with the possibility of misfire in some 

water SUlceptible explosivea. Generally the lowest 

weter resiatent explosivee ere the low strength 

ammon-gelignitea and n.g. powders whereas the higher 

strength gel ignites have supertor water resistance, 

(Oick, 1968). If there is water flowinq through tha 

boraholes the pre-splft charge. should be fired 

without delay as the effect of flowing water is more 

detrimental than that of static water. 

with charges con.teting of individual sticks of 

hioh explosive attached to cordte. downline. or with 

charges of aing1e or multiple strenas of flexible high 

explosive cord, the Specific Gravity of the explosive 
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tra;n should exceed 1.0 CS.G. of ~8ter). If th11 

condition i8 nO.t met with;n top Itemmed holel slowlv 

f111;ng with percolating ground water the charge w11l 

tend to float UP the bor.hol. with the rising water, 

resulting in a charge concentration near the top and a 

pos.ible absence of explosive at the bottom, This 

will result in e_ces, damage at the top of the 

intended face and if a weathered zone il pr.,ent it 

mav be excessivelv loosened. Tht. portion of the face 

is the mOlt i~portant in 8 stebilitv lenle a. maximum 

damage mav occur due to the falling of rock from the 

.higher regions of the faee. Converselv the fracturing 

at the base of the hole wil' be dra,tical'v reduced 

and failure to pre-split at this point mav oecur 

resulting in an unbroken toe of rock at the bese of 

the pre-split. 

If a base ch8r~e i. incorporated in the explosive 

train then the point along tht borthole's length et 

which 1t rests will concede exce.stve damage on 

detonation resulting in a pocket of highly fractured 

r 0 c kat UI 1. P 0.1 n tin the f 1 n 81 pr e· s g 1 t t fa c e • 

Borehole. drilled in 'tmperviou.' Itreta mav become 

unexpectedly filled from lurfaca or sublurfaca water, 

a. was oblerved bv the author et site nine. Here 
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water was observed to heve drained into the pre-spltt 

borenoles over a period of one to two days from direct 

drainage from the laver of overlying Glacial T;ll 

and/or subsurface rivulets at the Quartlite/Gneiss and 

Glacial Till interface. Rapid filling w.s observed 

during wet period •• 

The lecond effect that a column of wat.r around an 

.xplosive charge 1n a borehole has ts to effectively 

increase the couplino end thus increa.e the 

'fracturing' p~wer of the explosive charge. Thi. i. 

effected in tw~ wav., 

1. ~.ter fa a fer more efficient medium than eir for 

the trans~i.sion of pre.sure pule.. and .onic 

wave. ea it ia· d.nser th.n air end thUI, •• it 

poss.e •• s a higher acoustic velocity it therefore 

produces le.. damping. Due to thi. higher Ionic 

velocity e better impedance match between the 

explosive and water end 81.0 betwe.n the water and 

rock ts achieved, allowing a substantfally higher 

proportion of the dynamic pul.e to be tran.mttted 

into the b~rehole wall and thus into the rockm •••• 

The combined effect will b. to incr •••• the 

amplitude ~f the dynamic pul •• , thus 

to a more extenlive zone of 

giving ri.a 

den.. radial 
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frecturin~ in the rock around the borehole before 

the quasi-static gas presaure component takes over 

in crack prooagat;on. 

2. ~ater unlike air (or any other gas for that 

matter);, relatively incompres'ible, therefore 

the decoupling of the explosive 11 dre~at1cally 

reduced and thuI 8 fer nigher 0.' prelsur. will b. 

achieved after detonation of the explosive column. 

Thts will induce the formation and e_tension of 

fracturing far beyond thet which could be expected 

for a water free case. However on the detrimental 

tide to fracture development water instead of g., 

would be .f~rc.d into the cecks around the bor.hole 

well, the water due to tta high surface tenston 

(molecular attraction) and higher molecular lize 

would infiltrate these fracture, et a reduced rste 

and thus maximum qua,i-statfc wedging .fficiency 

would be lo~t. 

In orOer to deduce which 

dominant in practice or whether 

cancel each oth.r out, 

incorporeting the u.e of water 

devised. 

theoretical factor il 

the opposed factor, 

exparimental te,ting 

filled borehol., wa, 
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for ease in measurement of fracturing a reversion 

to polyester re.in blocks was mad., for reasona ~ntch 

have been previously stated (Chaoter Four). Two tests 

were devised using 6.35 mm (0.25 ins) and 4.76 mm 

(3/16 ins) diameter holes (tests 84 and 85 

re.pectively). The •• hole diameters were cho.en •• 

previous relults from decoupled single borehole 

testing incorporating these borehole diameter. 

(Chapter four) gave good correlations to the overall 

trend (i.e. they did not give etypical result'). 

The holes were drilled centrally ;n individual 

polyester resin blocks of dimenstonsl 150 ~ 127 M 75 

mm (6 x 5 x 3 ins). The blocks were then •••• mbl.d 

with wave traps and con.trained e. specified 

previously in Chapter four. S1nole four grain PETN 

e_plosiv. cord was then positioned 1n eeeh hole with 

approximately o.ne centimetre Pl"otrud;ng through the 

bese of the blo~k.. The ba •• of the hole in each te.t 

was then .ealed with water re.iatent .ealant ( ••• 

Figure 11.1) end the end of the explosive cord waa 

likewi'e sealed to prevent moisture attacking the 

explosive within. The holes were then filled with 

water and left open at their tOPI, a protective plate 
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X-SECTION. 

Water filled hole 
u---4 grain cord 

-y---------
I 

Resin block 

Sealant 

FIG. 11.1.. 
X-Section of water coupled tests 
84 and 85. 
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was placed above each block to shield it from 

detonator fra~ments 8S in previous standard proce.dure 

and the tests were fired separately. 

11 • 3 aUJJJ.ll 

80th water coupled tests 84 (6.35 mm) end 85 (4.76 

mm) ahown in F;gure 11.2 produced nigher degr ••• of 

blast damage than their air coupled counterparts 

illustrated in Figure 11.3. The extent of the damage 

zone produced was also greater than that produced by 

test 21 (2.54 mm) also shown in Figure 11.3 • the 

smallest nole size air coupled te.t (2.54 mm being the 

minimum size of hole available into which the four 

grain cord cO.uld easily be inserted). The velue. of 

blast damage zone .xtent obtained in water coupled 

teats ,long with tho.e from the previously mentioned 

air coupled teata end the curve of the relationship 

between blast dam,ge zone extent and borehol. diameter 

are displaYed in Figure 11.4 • 
• 

The higher extent of blast damage zone in tests 84 

and 85 compared with test 21 would tend to suggest 

that there is a higher degree of coupling 01 the 

explosive to the re.in with the use of water, 
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Fig.11.2. 

Fr;-I c turin )~ produc e d 1n wa te r coupl e d t e sts 8 L~ (6.355111111 hol e ) 

a nd 8 5 (4. 76ml11 hol e ) jndjca tin p; r e d ll c e d e ffec t o f hol e 

diame t e r f or wat e r couplin g . Compa r e wit h fi gur e 11.3 . 

Block s iz e 150 x 125mm. 
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Fig. 11.3. 
Air-coupled counterparts of tests 84 a nd 85 - tests 7 :1lld 8 

respectively with maximum coupling test No. 21. 

Block size 150mm squnre. 
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10 15 20 
Borehole diameter I mm.} 

Results of water-coupled tests 8t. and 85 plotted 
with their air-coupled counterparts and related 
decoupling/damage zone extQnt curve. 

25 
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therefore it can be supposed that even a relati~ely 

thin layer of air around an explosive c~arge will 

reduce its rock breaking power, It;s thus suggested 

that the use of water in a borehole maximise. 

coupling, 

11 .4 E.U B I tlE.B_E.~e.E.lil~E.tU.AllQ!:l 

Although these experiments had conclusively proven 

water to be an efficient coupling agent, the ba.ic 

mech.nieme of fracture formation with watar coupling 

had not been established. from the relulting 

'marginally' higher magnitude. of a.plosive damage 

obtained during the weter testing compared with that 

of the previous 'full' coupling test (21), it is 

obvious that similar if not identical frscture 

~echanism. are prevalent. T~us this new line of model 

testing give. an ideal ~pportunity to discover the 

actual mechanism8 involved in explosive fracture 

propagation (Chaoter Three). 

In order to discover how far a fluid will 

effectively penetrate a relativelv 'conatricted' blest 

fracture inouced Qy the dynamic component of energy 

rele.se and pre.suri.e that fracture inducing further 
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fracture propagation, the following experiment WaS 

devised. 

Ident;cal specifications to test 85 were adopted in 

every respect except that ~ater was replaced by blue 

coloured cellulose based dye (Spectra colour layout 

and identification fluid) which had a measured .urface 

tension of O.~5 poi.. (the .urface tension of pure 

water being 1,0 poise), This dye was chosen a8 it we. 

readily available and al.o po •••••• d a .urface ten.ton 

appoxim.telv half ~ay between that of water and rg •• r, 

After detonation the block WaS photogrephed using en 

orange filter infront of the camere lens in order to 

accentuate the penetration of the blue dYe into the 

olast fractures surrounding the borehole, 

A. can be .een from Figure 11.5 (test 86) the dve 

menaged to penetrate .10ng only a fraction of the 

fracture lengths. However the surface. of one 

frecture, which spanned the Ihorteat width of the 

block (127 mm), can be seen to be coated with dye, 

This fracture o,n clo.e observation waS open wfth ita 

fracture .urface. lat.rallv parted, Tht •• ugge.t. 
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, f III,"ft,,'f"'" '" "fl' ,0 •• 0, .t,., ,t ,t •. ,.,t,. , •••.•.• •.. , •.• . ' 0 ' .. ... • 

Fig .11.5 . 
Dye coupled test no. 86. Illustrating the explosive 

penetration of fluid into the zone of blast fracturing 

during blasting. 
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that the dominant factor affecting the penetration of 

dye into· the blast induced fractures around the 

borehole is their aperture. 

The m8ximu~ depth of dye penetration into the block 

from the hole, excluding the previously diacu.aed open 

fracture was lO.4 mm end the average value 1Z.1 mm. 

The maximum crack length observed was 77 mm and the 

averege blast damage zone extent 55 mm, Therefore the 

dye hes penetrated UP to • depth of 37~ of the blaat 

damage zone extent. 

Another important factor to note .s that the dye 

showed no marked preferenti.l injection along the 

longeat fractures except where the.e had reached a 

free surface and thus been allowed to open. 

1. 

The introduction of water into a borehole ha, the 

effect of fully coupling the explosive to the 

rock. 

Z. The effective pres.uri.ed diameter of the borehole 
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is increased during the quast-statie phese by 

fluid injection into the fractures ~adiating out 

from the bo.rehole. Thi. haa the effect of further 

frecture extension. 

j. Fluid i. n01 injected into the full length of each 

fracture after detonation. From results of model 

telting an injected length of only 37~ of damage 

zone extent was found" the dominant fector 

controlling the penetration being fracture 

aperture. 

4. fluid injection is limited to the immediate 

vtcinity of the borehole where the highest el,.tic 

.train occurs during the quaei-static ph, •• of 

fracture propaget1on. 
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The texture of 8 rock ~as no reel effect on the 

pre-spl;t itself otner than would be cau.ed bv rock 

strength but may affect the general appearance of the 

final fracture surface a. follows. 

A glassy homogeneoua texture to the rock along a 

frelh fracture surfaee will highlight any 

morphological fracture features luch a. ribbinQ, 

stepmarks and hackle marks (Cerrasco and Saperate1n, 

1977), The les. ho~ogen,oul the taxture become. the 

more the emount of these features w~ich may be readily 

detected deer •• ses. For example schtsto.e or 

gneis.o •• materi.l due to tt. 'crystalline' nature 

with t~. majority of crystal. a'igned in one direction 

tends to destroy ell morphological fe.tures due to the 

roughn •• s of frecture. 
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The grain size of a rock again has no notieeable 

effect on the pre-split procel. itae1f except at 

extreme sizes such as a conglomerate where the aiz •• 

of the indtvidual claats approach the pre-IPlit 

borohole loperetion or if • high porosity 1a pr.lont 

due to poor 1nfil11nQ of voids in a very well sorted 

or poorly graded I.dfment of ~oar.e grain afze, 

For the former ease the relative strengtha of the 

matrix and clasts will be of importance and also their 

ratio of occurrence, In this caa. the peth of the 

spltt between holes will tend to eircumvent the 

individual clests if the Itrength of the metrf_ ia 

• u f fie t • n t 1 y 1 O,W and ani r re g u 1 a r f • c. w ill bee re. t • d 

with individual looae clesta protruding, 

For the latter cese exc •• ,ive damage (cru.hing 

etc,) mey occur in the immediate region arouna the 

borehole, but due to the excess void volume the 

maximum .ucceasful pre·aplit borehole leparetion will 

be reduced bv the rapid dramatic drop in borehole gea 

pre"ure .a the gel venta1nto the void •• 

However the main effect of grain afle noted from 
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ff el d observations wae again on the determination of 

the presence of fracture (morphological) patterns in 

the final pre-split face. For very fine grained rocks 

luch 8S quartzite (see Fioure 12.1) concho;dal 

fracture patterna and radiating ribs were eeen to 

eman.te from individu.l _ borehole., proving that 

fracture initiation is at or near the borehole wall. 

and that fracturing e~tend. radially outwards from the 

boreholes to interconnect. AI grain 'ize increa.es, 

the frequency ~f occurrence of the fe.ture.'d.cre •••• ' 

e.g. the fine grained upper lavas at location ten 

showed lome conchoidal fracturing eminating from 

individual borehole. (Figure 12.2) but the lower

coer.e amygdal~idal lava •• howed no indication of any 

such feature. b.ing present. A. the grain sfze 

approach.s the r.lief heioht of the.e 'delicat.' 

features then they b.come totelly obliterat.d, the 

fractures e~tend;ng along the coaree ;ntergranular 

boundari.s of the rock involved.' 

Any ani.otropy in roek wtll effect the strength, 

moJu11 and other properit;ea, giving differing value. 

in different directional 
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Fig.12.1. 
Fracture p a tterns on pre-sp lit pl a ne in fine g rnined 

metamorphosed quartzite at location 9. 
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Fig.12.2. 

Conchoidal blast fractures emanating from pre-split 

borehole in fine grained rhyolite at Location 10. 



For ir'lstance, 
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in stronaly bedded or foliated rock 

maximum tensile strenQth will be 

foliation o~ b.ddtn~ olana. and the 

minimum tensile strength perpendie~lar to the 

foliation o~ bedding, the eonve~se holding for 

comorealive strength. It;s therefore obvious that 

the maximum possible lueceslful pre-Iolft borthole 

seoaration, i.e. the 'ease' of or.-solit, and the 

degree of da~age around a ore-8Plit blast hole will 

also be dependent on the orientation of the ore-101ft 

line in resoect to the foliation. 

In an anisotrooic rock masa, the direction of 

maximum dynamic crack formation and lengtn due to the 

detonetion 

w f 11 be 

of 8 charged borehole around that borehole 

perpendicu~.r to the orientation of the 

minimum tensile atrength, i.e. alonQ the olane of 

natural 'cleavage' of the rock. Conversely the 

direction of minimum dynamic crack formation and 

length will be perpendicular to the maximum frlcture 

orientatfon and maximum tenail. strength. 

Oue to the combined effect of the more extensive 

crack. produced by the dynamic component and lower 

tensile strength for fracture propagation parallel to 

the foliation, the quaai-atatic gas component of 
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.. . 
energy release will preferentially extend fracturing 

of this orientation. Thele combined factors will 

therefore precipitate the expansion of t~e zone of 

fracturing aro~nd t~e boreho1. in an elliptical form 

with the major axts parallel to the foliat;on or 

bedding etc. 

It is obvio,U8 from the above that the direction of 

maximum successful ore-split borehole separation will 

be parallel to the foliation or c'eavaQe of the rock. 

However, at location n;ne where both the folietion 

and dominant Jointing strikes perpendicular to the 

pre-split face, no detrimental effect to the latter 

was ob.erved, although results from seismic 

investigations give a peek particle velocity 

directiona1 rat;o of 3:1 (Swindel1., 1991) along and 

across the foliation respectively. A clean sound 

pre.,plit face was observed with concentrated fracture 

damage extend;nQ only a metter of centimetres back 

into tne face around the remaining half-barre',. ,The 

exact details and figure. may be obtained from 

$w;nda". (1981). 

It may therefore be concluded that any .nisotropy 

within the rock m ••• mav partially o~ wholly act with 
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close similarity to 'continuous' extent 

Jointing, and that a direct analogy ~~y be 

dominant 

Made with 

the mechamisms and results described in Chaoter Six. 
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1 3 S,Iltll.U.ll 

13.1 l~aunu'Ilu~ 

It is obvio.ul that if a de.ign face ~ill be 

intrinsically unstable due to the ai.contfnuitv 

geometry end c~nfiguration within the rock m... then 

on e~cavetion anv pre-8p11t that has been. formed 

wit h i nth e r o.c k m 8 S • a t t hat b 0 un d a r y w i 1 , be 

partially or whol,y destroyed. 

Due to the geometry involved and the statistic,' 

probability of the pOlition of occurrence of • 

davl1gnting discontinuity lurfece or intersection of 

discontinuity surfaces above the maximum anale of 

natural reno.e (i.e. friction anglel the top portion 

of the intended face will invariably f.ll on 

excavation. The tnten.tty of major +a1lure .urface. 

etc. will dictate how near to the ba •• of the fece i, 

the level to whicn collaPI. wt 11 occur. 
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There are three main modes of failure that require 

consfderat;on. These are: 

1. Plane failure 

2. Wedge failure 

3. Toppling 

The general conditions for failure in each of the 

above three modes are as followss 

1. Plane failure, CHoek and Bray, 1977) - see Figure 

13.1: 

a. The plane on which aliding occurs must strike 

parallel or nearly perallel (within 

8Ppro_;mately twenty degrees) to the alope 

feee. 

b. T~e failure plane must -daylight- in the slope 

fece. Thtl means that ita dip must be smaller 

than the dip of the alope faca. 
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Fig. 13.1. 
Plane failure. 

Fig. 13.2. 
Wgdge failure. 
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c. Tne dip of tne failure plane must be greater 

then the angle of friction of thil plene.' 

d. Release surfaces which provide nealigible 

resistence to sliding must be present in the 

rock maSI to define the lateral boundaries of 

the slide. Alternatively, failure can occur 

on a failure plane pa •• ing tnrough t~e conveM 

'nose' of a slope. 

2. Wedge failure • see figure 13.2: 

a. The dip of the line of intersection of two 

continuous Jo;nts or Joint lets must exceed 

the angle of friction of the wedge. 

b. The failure plane tides of the wedge end their 

line of intersection must davliQht 1n the 

alope fac •• 

3. Toppling failure - .ee Figure 13.31 

a. The centre of gravity of the block mutt be 

outside the base of the block. 

direction of topple must be within 
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Toppling failure. 
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I 

toe of b(ock 
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approximatelv twentv degrees of the dip 

azimuth of the face. 

c. The toppling block must have a free release 

surface into the excavtion. 

11 • 3 • 1 U.t&W.C.c.d. 

Stability analvses should be cerried out prior to 

or during the detign stage. However the author wes 

only involved in one such survey at pr.·sp'1t location 

number nine, there being no such surveys at location. 

on. to eight inclUSive. The bulk of this chapter is 

therefore I back analvsis of what should have been 

carried out before the commencement of excavation, 

The widespread occcurrence of inltlb1l1ty throughout 

pre-split location. one to eight he. further 

complicated the Ibatrect10n of field deta on the other 

geotechnical factors which affect the succes. of • 

pre-spl; t fac ... 
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Pre-sp11t locat;ons one to nine inclusive occur in 

metamorphic Qneisses of varying grades and intrusions. 

Due to the relative failure of the application of 

pre-spl;tting techniques to these facea at locations 

one to eight, the general feelinQ arose amongst senior 

engineers for both the client, conlultant and major 

contractors· that the pre-splitting technique did not 

work in metamorphic strata. 

In a majority of locations it will b. ahown that 

major instability was present which ~as infact the 

main caule of failure of the face profile" In 

addition the application of pre-splitting at location 

number nine on a 'relatively' .table face proved 

h;Qhly .ueeeslful compared ~;th. the results of bulk 

blasting in a neighbouring box cutting on the same 

contract. 

At locatin number one the di.continu;ty lurvey (.1 

.ho~n in figure 13.4) taken on the louth welt facing 

dea;gn .'ope (d ••• ) showl three distinct discontinuity 

concentretion. • A, Bend C, The friction circle 1a 

plotted with the de,;gn alope. 
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It may be seen that minor amounts of plane failure 

from 8 minor oo.rtion of concentration ~may· occur and 

that localised ~edge failure may occur along the 

intersection of two localised minor sublet 

concentrat;ons.' 

The pole to the design face Just lies within the 5% 

contour of Qroup B. 

likely to have 

However this set is 

any major effect al 

thouaht 

its 

not 

major 

concentration lies aoproMimetelv forty degree. away. 

From .ite eKamination there are no major stability 

problems, 'failure being 10cal;sed end of we~ge type a. 

described. This locelity gave soma of the best 

e~8mple. of pre-splitting from the first efQht 

loc.lities. 

At ore-split location number two the discontinuity 

survey taken from the south we.t f.cing face a. 'hown 

in figure 13.5 .nows the probebility of wedge f.ilure 

.long the intersection of discontinuity concentr.tion. 

A and C, the majority of .,ipp.ge occurinQ on 'et C 

with .et A .cting predomin.ntly a. rel •••• turface •• 
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S;te examination shows that there was lome such 

wedQe failure but the rock ha, a pr~dom;nantly very 

broken end neaved appearance. However the total 

absence of a pre-split end pre8umably the cause of it. 

failure is nO.t stability but close proximitY of a 

major JOint set to the design face, Thia 1. well 

identified from Figure 13.5 where the pole Of the 

des;gn face is Sho_n to be within fifteen degrees of 

discontinuity pole concentration B. 

There are two face. at locltion numoer three where 

pre-.plitting was used - a low east fecing teee end a 

high west facing face, each feee forming the lide of • 

cutting. 

A discontinuity stereographic projection for the 

low face ts given in Ftgure 13.6 which illustrates, 

a. Po •• ibl. minor plane failure from 

d18continuity concentration C end 

b. major wedge failure along the intersection of 

concentration. 0 and a. 

• 
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These failures were present in the face ~hich was 

poorly pre-splft, the pole of the design slop~ being 

within concentration C al shown by the stereoplot. 

A discontinuity 8tereo~r8phic projection for the 

h;gh face is given in F;gure 13.7 wh;ch illustrate. 

that major wedge failure will occur on the 

intersection of concentrations (Joint sets) A end B 

which are the prevalent set. for tht, face. 

Massive failure of this .pecified type occurred 

during excavation resulting in huge volume. of excess 

rock having to be e-cavated or removed at extra 

expense in order to stabilize th;, face. It is 

important to note that the pole of the d.sign slope 

also partially liel within discontinuity concentration 

d. 

lhe geometry of this lo.cation is lomewhat 11mnar 

to locetion number three in that it is a cutting with 

a west facing high face and an OPPosed low face. 

The stability of the low face is displayed by 
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Figure 13.8 which illustrates the possioi11ty of plane 

failure from part of discontinuity set A and no 

significant wed~e failure. 

Some plane failure was appar~nt in the face but a 

very rough finish wa' obtained with few pre.IPlit half 

barrels. {his ts thought to be due mainly to bad 

blasting. 

In contrast the stabilitv of the high welt facing 

pre-split slope is displayed bV FiQure 13.9 which 

illustrates the possibility of major plene failure 

along di.continuity set A dipping directly into the 

carrie~ewav at approximately forty five degrees and 

po.sible wedge failure along the intersection of aets 

A and B dependent on the angle of friction of the 

discontinuity aets. 

In the field plane failure 1. predominant et the 

south end of the fece and in the reat ia prelent in 

the top portion, ot the face. Thia we. one of the 

more succe.ltul ore-split facea a1though having an 

overall splitting index of under lOX. 
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3c..'LE = lC'j:n Fig. 13.8. 
location number 4. 
low facQ. 
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Fig. 13.9. 
location number 4. 
high face. 
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~~1iQ~_~ij~~&t_~i~-LE~t&_11.1Ul 

figure 13.10 illustrates the distribution of 

di.continuit1el at location number five. It cen be 

read;ly seen that there are no real major stability 

oroblems involved apart from minor instability from 

the intersection of two Joint sets Band D. Allo some 

ateep plane failure is possible.' 

Tht, wes the second best pre-sol1t face from 

locations one to eight, ~edQe and .ome plane failure 

mainly occurring in the top portion. of the fee •• 

Minor problem' were pretent within the face due to the 

close proximity of joint .et. E and C, but where major 

discontinuities hlv, occurred the devieting borehole. 

have tended to follow th •••• So~. area. of the face 

show few pre-solit ~alf barrel. end in the.e areas 

tht. Jointtng is ~ore predo~inant. 

The pre-.plitting at location number lix wa. not 

very lucce •• ful. The lack of succ ••• in obtaining the 

aesigned profile 11 attributeble firltly and 

predominantly to ,tabilitv problems and .econdly to 
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-::''.LE = IT}",:! Fig. 13.10. 
location number 5. 
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the presence of three closely grouped discontinuity 

sets within twenty degrees of the design face. 

Figure 13.11 clearly shows minor plane failure from 

discontinuity subset C and major wedge f8ilure on the 

intersection of discontinuity sets A and C. Thi. 

intersection is represented a. a zone 1n the diaaram 

due to the extent of the major dtscont;nuity let A. 

There was significant failure of. the pre-split face 

at location number seven due to instability of the 

roc~ mass, in fact 10 much 10 that the face wa. 

trimmed back t~ a more stable angle of 63.4 degrees 

(2:1). The reaSons for this failure are illustrated 

in Figure 13.12. 

It can be Saen that due to the spread of pol •• that 

lome plane failure, especia"y from 

discontinuity concentrations A and ~ 

the edge. of 

18 ~o";ble. 

Major wedge failure can occur along the inter.ection 

of discontinuity eets A and B ~ith futher wedge 

fat lure poss;ble along the intersection of sets A and 

c. 
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Fig. 13.12, 
location number 7. 
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It is obvio~s that the reduced slope angle by trim 

blast;ng negates the possibility of wedge failure 

between sets A and ~. However the latter failure 

between sets A and C is still visible throu~Mout the 

face, (the half barrels belonging to smooth wall 

blasts). 

The only real stability problem (from Fiqure 13.13) 

at pre-split location number eight is localised plane 

failure inclined at approximately forty degree. to the 

face. This plane failure t. encircled on the diagram. 

Relatively few readings were taken at tht. face due to 

its relatively low height and extent compared with 

localities one to seven. 

The author (al alreedY intimated) was clolelv 

involved with pre-splitting at 'ocetion number nine 

and wes allo involved in preliminary 
I . 

aite 

investigation. The stability 01 the final face i. 

illustrated by figure 13.14 which .hows three pos.ible 
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SC~LE = 100~1l1 Fig. 13.13. 
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Fig. 13.14. S::·.LS = 100rl 

S::ifuor location numb~r 9. 
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modes of failure. The first is by minor amounts of 

plane failure from disseminated JOint planes of sixty 

five degrees dip, these accounting for very minor 

amounts of rock failure. Secondly and more 

importantly by wed~e failure throuqh the combination 

of the fol;at;on (F) and discontinuity concentration 

c. However due to the geometry involved, slippage 

would predominantly occur along plane C, the foliation 

being orientated aoproximately perpendicular to the 
. 

face. Thirdly by wedge failure alono the intersection 

of the two small discontinuity concentrations Band C. 

Due to the extremely dominant foliation however, 

this ha. generally limited the size 01 unstahle blocks 

in the face and .lthough instability was present, the 

volumes of rock involved were extremely low. A highly 

.uceeslful pre-spl1t feee was obteined. 

It ia obvious from the major concentrationa of 

pol.1 dilPlaved in Fioure 13.15 that there ere no 

sizeable stability problems to be encountered.' The 

pre-aplitt;ng 1- highly lucc.ssful and failurea in the 

face are limited to the outcrop on bench •• of a coupl. 



- 331 -

Fig. 13.15. 
c .... r =,.~ .. -~" ) 

location number 10. 
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of shear planes passing throug~ the lava tomple~, with 

an extremely 10. relative volume of material absent 

mainly due to preventive measures, 

The high curvature of this face is represented by 

the line of the poles to the faee at diff.rent points, 

the majority of the· fate being within the bottom 

twenty degrees of this line, It is worthwhile to note 

in passing that the portion of the fate which failed 

to pre-split was the mOlt southerly facina 

pole lies within five degreea of 

discontinuity concentration, 

and whose 

the major 

~ocatton number eleven is the A.sociated Portlend 

Cement Quarry at Dunbar (Oldeat Production Quarry) 

which has two ~8;n facea both of which ere ore-IP1it, 

On. face fs a protected heul roed end the other the 

m 8 i n p r od u c t 1 o,n f ace, as. e e n f I" om F i Q u re 11. 1 6 the s e 

al"e roughly perpendicular to eech other, FiQure 13,16 

clearly illustrates that there are no serious 

8tability problems on either face and the face •• tend 

e~tremely well in the quarry, 
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It may apoear unusual to the reader but it ta fact 

that no stability survey ~nat.oever wa, made for t~e 

whole of locations one to eight inclusive, 

ore-excavation.' The 71,5 degree slope anQl. waS 

arbitrar;ly chosen as it 1, 3;1 which w~. the common 

design slope in rock for this area, and for no other 

logical reason,' 

From the orevious detailed analv, •• it 1s obvioul 

that aome of these pre-split feces were 

due to rock 

doomed to 

stability failure from the outlet 

problema. In most of thele ce.e, relatively expensive 

ore-splitting .hould not even have been considered. 

In other cesel, lowering the design .'ope angle would 

have remedied the majority or at least a large 

proportion of the instability in certain c.ses, A 

noteworthy example of such a case is location number 

s.ven ~here the face we. cut back to 63.4 degrees 

(Z:1) by .mo~thwal1 blasting whiCh eliminated the 

majority of wedge failure •• 

Although this chapter 

geotechnical engineers, 

mey state 

by the 

the obvious to 

author', field 

exoerience the majority of site engineers whether they 
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oe regional ~r consulting engineers, have little 

knowledge of slope stability analysis or blasting, the 

majority of the cuttings being de,igned by draughtsmen 

and surveyors without consulting reality in the field. 

It can be c~ncluded that stability is 0 decisive 

factor in the success of any design slope on its 

excavation, be it bulk blasted or pre-split. 

It is therefore imperative that a rigorous 

discontinuity aurvey and geotechnical aDPraiael be 

made by suitably Qualified per.onnel before the de.ion 

stage i, completed. 

The final tace angle thould be cho •• n a. that ~htch 

minimises instability within an ecnom1cally viable 

level. 

If inatability 1, .t1ll pre'ent in a major form in 

the final detign face then the propo.ed use of 

pre-tplit blasting should be reconsidered. 



• 336 • 

Due predominantly to the fact that in the Britilh 

I81e8 there have been no major geostatic stress fields 

recorded et the surface which ere of lufficient 

magnitude to effect surface pre-8plitting, this 

chapter is included for completene.. and acedemic 

intereat only.' However in .uch countries 8' the 

United States and Canada, .urface .tatic stre" field. 

of lizeabl. magnitude heve been reported, (Nichol11 

end Ouval', 1966a etc.) and al.o in deep hard rock 

mining operations auch e. in South Africa the 

aeoltatic stre'l fielda created by the greet depth, 

are consideraoly large, (Plewmen end Starfi.ld, 1965) 

end seriously effect lub-surfece pre-,plttting 

operations. 

work on the effect of static .tresl field. on the 

mecheniams of pr.-.plitttng he. been cerried out by 

• 
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Kutter (1967) and Nicho11s and Duval1 (1966.), 

Nicholls and Durrall concluded that "it ;8 much ea.ier 

to pre-split in the direction of the maximum fnsitu 

eompreasive strength than at any angle to this 

direction" and also "that the tensile stress generated 

(by the pre-solitting effect between the pre-split 

boreholes) must exceed, at every point between holea 

to be pre-spl1t, the sum of the fnlttu compres8ive 

stress at right .n~lel to thepre-,plit line and the 

dynamic tensile strength of the rock", 

The conclusions of other author.' work roughly 

coincide with those of Nich011s end Duva1l, Howevar 

the author disegree. on slight technicalfties with 

Nichol,. and Duve11, lueh that 1n the author'. view 

"the sum of the insitu eompres.ive stresl at right 

angle' to the pre-,plft line" should read "the lum of 

the in,ftu co~orel.iv. atre.s 1n the pro"aoating 

fracture tip at right angl •• to the pre-IPlit line" as 

the procel. i8 pr.dominantly caused by quasi-at.tic 

rather than dvnamic effecta and fl therefore related 

to fracture extension rather then the dynamic breakage 

of intact rock, ., il agreed within their work, 
• 
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1 4 • .s ItifJUU 

AS the initial zone of fracturing around a borehole 

is created by the tangential teneile hoop atrel.es of 

the dynamic co~pres';ve pulle, the effect of a 

qeostatic .tresl field on this will be dt.lt with 

first. 

Using the analoQY for 8 .ingl. halt of 8 hole in an 

infinite plate with an interna' prellure (Pi) of zero 

(the transit of the dynamic shock wave through the 

borehole wall preced. the prelsure build UP of the 

gales of det~nation) the tangentia' stre.s at the 

surface of the hole created by the geostatic strea' 

fie 1 d ~ i t h pr i n c. i 0 a 1 s t reI le. ( a, and cr 2 (0"1 > 0'2 » fro m 

Kirsch's solution 1s:-

see FiQure 14.1. 

where i, the angle between the point on the 

circumference of the hole at which the ttnQential 

stres. is meesured, the centre of the borehole end 

axis of the second principel stres •• 

From this equation it can be se.n that maximum 

tangential stral" 

,.,-MAX 30: IT 
\IT 11 1 -\12 

occur. when 9=0 and n. i.e. perellel to the fi rat 
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Fig. 14.1. 

Tangential stresses at the surface of a 
circular opening subject to a planar 
external stress field. 
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pr;nc;pal stress whereas minimum tan~enti81 stre •• ' 
MIN 

GT = 30'2 -0-, 
occurs when e : TI/2 and 311/2 i.e. parall.l to the 

second pr;ncipal stress. 

The radial stress, due to zero internal pressure is: 

O'R = 0 

The longitudinal stress. 

O"L: 0"3 t V (eT, - 0"3 ) 

where V is the Poisson's Ratio of the modium and 0"3 is 

parallel to the borehole. 

A. the minimum tengential stress occurs 

perpendicular to the first principal Itr.l. then 

fracturing is most likely to occur first at these two 

points, extending radiallv outwards from the borehole 

and P8ral1el to. • 

If the maximum peek tangential Itre.' component 

within the tensile tail of the dynamic compre •• ive 

wave = Pd (approximating the point of fracture 

initiation to the surfece of the borehole' and the 

dynamic tensile .trength of the medium • Td, thr.e 

.eparat. cas •• exist mathematical lv, (s.e Fiqure 

i.e. -Pd t. le •• than the sum of the minimum 
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Conditions for fracture initiation at the surface of a borehole in a biaxial 
stress field 
(a) no fracture initi afion. (b)no fracture initiation parallel to Oi. 
(c) fracturing throughout borehole circumference illustrating preferential fracture 
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tangential static streal end the dynamic tensile 

strength of the rock, and therefore no fracturing of 

the borehole well cen occur. 

(2) 30", -0"2 + r d > ·Pd > 3(T2 -(T, + T d 

as -Pd > 30"2 -~ + Td fracturing will occur perallel 

to the direction of 0", at ij = TTt2 and 3]"(/2 a. 3(1, -0"2 

+ Td > -Pd the pea~ tangential dynamic tensile .tress 

i, not sufficient to overcome the .u~ of the maximum 

tengential stetic strea. and tensile strength of the 

rock and therefore no radial fracturing will occur 

perpendicular to the direction of ~ at eaO and IT 

(Figure 14.2b).' 

(3) -Pd > 30", -0-2 + Td 

., the peak dynamic tangenti.l tenai'. radi.l .trea. 

exceed. the sum of both the maximum static tangential 

stress and the dynamic tensile .trength, the radial 

fracturing will occur throughout the circumference of 

the borehole but per.t.t longer tn the direetion 

parallel to 0", dua to the mar. favourable stre •• 

conditions, (Figure 14.2c). 

The worat orientation of the maximum principal 

atrel' to. pre·spltt line for the initiation of 

fr.cturing aro.und the pre-,pltt boreholes •• with the 

maximum principal stress aligned at right angl •• to 

the pre-split line. In c •••• (1) and (2) there would 
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be no initial fracturing around the borehol •• in the 

plane of pre-solit available for exte"sion by the 

explosion ~ase, to form the pre-split. 

If the ge~static stress field i. greater at eny 

point than the quasi-static stress field from 

neighbouring bo.renoles, all fracturing (case (2» will 

tend to deflect away from the pre-split line and no 

direct pre-split will be formed. For ca.e (3) the 

longest fractures will be preferentially elongated by 

the explosion gases at tne expen'e of the shortest 

fractures which are orientated along the pre-spltt 

line. Tht. proce.s will effectively incre.se damage 

zone extent into the rock and reduce the maximu~ 

auccessful pre-aolit borehole leparatton, 

Conversely the mOlt favourable atres. field 

orientation to. pre-splitting is with tne maximum 

principal stress aligned parellel to the pre-split 

line and with the minimum pr1nc1oal streaa (~3) 

parallel to the borehole., Due to the preferential 

formation of fractures by the dynamiC component 

parallel to the maximum principal stress in both ca •• 1 

(2) and (3), the extent of the damege zone into. the 

rock .urrounding th. pre-,p11t 

providing that the deviatoric 

line t. reduced and 

atre •• (a,-cr
2
)' ts 
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sufficiently hi~h, the maximum successful pre-split 

oorehole separation will increase. 

The effect of the geostatic stress field on the 

quasi-static propa~~tion of the initial fracturing is 

a8 10110wII 

• 
Assuming that explosion gaSe8 are driven fnto the 

fractures induced by the dynamic component around a 

blast hole and that they fill the fracture concerned 

(a8 ;na1cated by results in Chapter Eleven) then 

whilst the preslure within the borehole and thu' the 

crack remains sufficient, the propaQation of that 

fracture will continue. 

Using the original Gri ffith enery balance 

(Griffith, 19Z1) then during ateble fracture 

propagation, 

~iia = .<:Uia 
cJCo dCo 

whereS We fs tne elastic strain energy 

ws the surface enargy in the free faces 

of the pre-exfst;ng (Grffffth) crack 

Co the half langth of the pre.a,cistfng 

(Griff1th) creck 

i.e. the change in elastic energy 11 eQuel to th. 
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change in surface energy by tne creation of new 

crack~. However in tht. ease we are driving the 

fracture by internal pressure and not by external 

forces and the elastic strain energy at the tip of the 

crack wtll remain constant during propa~at;on a. the 

pressure remains constent (due to the large relervoir 

of the boreh~le, (see Chapter Three». Therefore 

neglecting the relatively small amount of rever.ible 

.train energy 'absorbed' by the increa.e 1n length of 

the crackc 

dwg = d~a 
where I Wg ta the energy of the explosion gases 

AI the crack 1a small 1n volume compared with the 

borehole then an extreme degree of propagation ia 

theoretically po.sible. Howev.r, in practic. due to 

the high nu~ber of fractures produced and their 

relatively nigh total volume, coupl.d with the rapid 

venting of explo.ive g.... through the borehole 

collar, the driving pres.ure within the bor.hole and 

thul the fractures concerned is quickly suffici.ntly 

reduced to inhibit fracture extension. A. loon as the 

force e.erted by the gas pre'lure drops below tnat of 

the glo.tatic .tr •• ses the fracture will elos., 

t.rminating pr~pag.tion. 
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Due to the complexity and 'atate 

present no futher reference will 

measurement of surface energy e. it 

field of research in itself' 

of the art' et 

be made to the 

i, con.idered a 

Hoek (1965) observeu that ;f en angled frecture i. 

submitted to an external strels field, (see Figure 

14.3), then the minimum tangential .trea. on the 

surface of the fracture occurs parallel to the 'ine of 

the frecture at a point approximately ninety degree. 

rad;aly away from the original crack tip toward, the 

direction of maximum principal .tre •• , (Figure 14.3). 

The new fracture formed extends in e direction 

aoproximately oerpendicular to the original fracture 

and .'owly aligns itaelf with the maximum principal 

stress. Although Hoek gave adequate proof and 

description of this phenomenon he wa. never able to 

mathematically explain the processes involved. 

In the pro~eS' of hydrofracture however the crack 

ia internally pr ••• urized which, with zero geo.t,tic 

stre.s field conditions produce. a tangenti.l .tre •• 

bulb extendin~ from the crack tip with maximum aurface 

tangential teneil •• tra •• at the ape. of the creek and 

orientated perpendicular to the crack. Providing that 

the fracture is not aligned with ~2 then the 
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Fig. 14.3. 
Propagation of a fracture in rock subject 
fo an external stress field after Hoek 
(1965) 
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adoitfonal atre.se. exerted on the fracture periphery 

by the geostatic stress field will move the point of 

maximum tangential tensi1e .tress by an increment' 

dependant on the relative sizes of the geostatic field 

end it. relative orientation and the internal pressure 

of the fracture towards the maximum principal strea •• 

If we take the propaoation of the fracture in 

increments of d~ (where L 1. th. length of the 

fracture) a chan~e of orientation towards the maximum 

principal strels of dB will occur, resulting in the 

-'constant' curving of the facture in that direction, 

the radius of curvature baing dependent on the retio 

of the resultant tangential .tres. component. and the 

orientation of the aeostatic stre.. field to the 

fracture. 

A, before, the mOlt detrimental g,oltatic .tre •• 

field orientation for qua.i-.tatic fracture exten.ion 

is with the maxi~um principal .tre.. orientated 

perpendicular to the pr.-IP1ft 11n. and the mOlt 

baneficfal with the maximum principal .tres. perallel 

to the pre-split line. 



- 349 -

The predominant mechanism in the formation of a 

pre-split fracture is the effect and interaction of 

the quasi-static components of energy release from 

neighbouring boreholel within e oro-split panel. 

However, the dynamic component of energy release is 

responsible f~r the initiation of fracturing around 

each borthole. 

In the pre-solitting proc'ss, fracturing t , 

initiated at ~r near the bore~ole wall by the dynamic 

comoonent in each individual pre-,plit hole. Thi, 

initial fracturing is then considerably extended by 

the quasi-static component. For normal field 

ore-split boreho'e separetions, no fracturing is 

initiated midway between borehale. by the 

luperpo.1tion ~f dynamic 'hock wavel. 

A pre-split fracture may be formed lolely by the 

dynamic component of energy re'e.le. However the 

maximum dynamic ore-IPlit borehole separation ;. ,.a. 

than one sixth of normal maximum pre-split borehole 

seoaration ;nc~roor.ting the qua,i-static component. 

The role ~f the superposit1on of quasi-It.tic 
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been over estimated in the paat, 

being primarily formed by the 

fractur. zonel from neighbouring 

From observations in the field, the most important 

non-gaotechnical factor affecting the lueceSI of 

pre-split blaatin~ i, drilling accuracy. For 

guaranteed successful pre~.plitting in non-adver •• 

conditions borehole wand.r .hould not e.c.ed 2SX of 

the delign borehole seperetion at any point, 

The orientat;on and g.om.try ( •• tent) of any major 

dilcontinuity or discontinuity .et have b.en found to 

be the mOlt important geotechnical factor! effecting 

the lucces. of pre-IPlit bl •• ting, both in the 

leboratory and in the field. 

Di,continuities or1entetaa perpendicul.r to the 

design line of a pre-.pltt have little effect on it • 

• ueee •• , However e' the ;nter,ection angle betw •• n 

the de.ion fece .nd the dilcontinuity d.cr ••••• ' 

overbreak of the face incre •••• with the a •• ocieted 

10.' of pre-,plit half berrel. end integrity, For 

inter.ection 

failure of 

angle. , ••• 

the ore-split 

then twenty degree., tote' 

occur. with exc ••• tve 
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overb .. eak. 

The wo .. st discontinuity condition. possible for the 

applic.tion of p .. e-IP1;t blasting ara where lerge 

I C al. con tin u o.U • , . 0 r 

dilcontinuitie. Itrtke 

final design fece. 

medium 

within 

Ic.'e inte .. connected 

twenty degrees to the 

The .ff.ct ~f disconttnuitiel on the succell of 

pr •• IPlitting decr.ese. with decrea.;nQ .ngle of dip. 

Th. oomtnant fracture. from bl.lt hole. are roughly 

perpendicular to the dilcont;nuity plenel involved, 

thts being a function of g.om.try alon •• 

The occurrence of 

single let betwe.n 

mUltiple dileontinuttiel 

pre·.plit borehol •• 

of 

ha. no 

dalet.rious effect on the.ucce.8 of the pr.·.plit in 

excess of that created by .1nol. oilcontinuiti.1 of 

the Same orientation other than •• light inerea •• in 

ov.rb .... k to the finel fece, 1.e. dtlcontinuity let 

orientation .nd .xtent i. fer more importent than 

discontinuity frequency. 

For fi •• d charging and 

maximum lueeellful p ... ·.plit 

inverlely .propo .. tional to 

barehole diameter, tne 

borlnol. lep.ration il 

tne 'Itatie' tenlile roek 
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strength. This relationehip holds true UP to a 

critical rock strength where the dynamic component of 

energy release ;a no longer sufficient to initiate a 

.ign;ficant radial fracture zone for e~tene;on by the 

quasi-static gas component and the ma~imum successful 

pr.-spl1t borehol. ..paration eccordinQlv droPI 

lignificantly. 

The effect of weathering's to weaken and loos.n 

the rock ma •• near to the turfaca and therefore the 

upper portiona of deaign fecee. If coneideration of 

this fect ts nO.t taken into account during the loading 

of pr.-,plit hole, and a reduction in charge aenatty 

not made for these horizon., than e~cea8ive damage 

~1ll occur, relulting in reduced auecesl and increaaed 

t n 8 tab i 1 i t y p r o.b 1 e m I • 

The effect of water in a borahola 1, primarily to 

effectively couple the e~plo.ive to tna rock, negating 

the effect of any d.coup11ng prelent. 

Correapondinglv, a larger zone of bl.,t damage will be 

created due to the e~ce •• ive confining of the charge. 

From e~perimentation with dve, it we. concluded 

that fluid doe. enter the radi.l fracture zone eround 

the borehole end thet the .ffact of tha quaei-aCetic 
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component of energy release can be therefore likened 

to hydrofracture. However a. the radial fractures 

propagate, the rate of injection of fluid fell. behind 

the rate of fracture extension. 

It can be concluded that stability is a decisive 

factor in the sUCCeSS of anv design slooe on fta 

excavation, irrespective of excavation technique. 

However any failure of • pre·.pltt face due ·to 

intrinsic instabilfty of the rock mass is a failure of 

the rock maas end not the pre-.plftl 

Sizeabla Qe~8tatic stre.s field. mav affect the 

effectiveness and maximum successful borehole 

seoaration of ore.splitting, deoending on their mutual 

orientationa, Howaver as there are no .ileable 

surface glostatic stress fieldS in the British Isl •• , 

this geotechnical factor can be considered of minimal 

importance with relPect to highwaY cutting •• 
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Unfortunately it was .oon aiacovered that PolY'lter 

resin has a maximum castinQ volume ebove which the 

setting rate 11 un~ontrollable. The direct effeets of 

this can be described es followss 

During tne setting procels the catalyst Chardnar) 

ceuse. the relin to change tt. chemistrY and 101idify 

and associated with thta process is the liberation of 

a fairly lizeabl. quantity of heat. Generally 

speaking the hi~her the temperature, the higher the 

rate of reacti~n and thus a higher rate of heat 

liberation il experienced. The effect thus .nowbell. 

very rapidly above a critical ma ••• '2 

The resultant effect i. that whil.t the outer edge 

•••••••••••••••••• 
12 It w.' found that the megnitude of the critical m ••• 

wae dependent on the lurface area of the ma •• and thus ft • 
• hape. E.g. the critical ma •• of a plate would be higher 
then for that of a cube, as a plate ha. a higher surface 
erea per unit volu~e. 
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is 8hrinking due to normal letting the central 

'MASS'i. contracting relative to tne outer limit., due 

to ita' increased temperature and thu,; letting at a 

faster rate. Tnis uneven contraction caules nigh 

tensile forces to be let UP within the block which if 

8uff;ctent result in failure. 

Thus relin blocks had to be cast in layers. 8v 

slowing down the letting rate using Just over the 

minimum amount of catalVlt recommended (5 ml/kilo), it 

was found that caltino. of JUlt over 25 mm in deptn 

were possible. However tnil wa. using fresh re.in and 

during the casting of earlv blockl uling relin ~hich 

had been Itored for over three monthl in unfavourable 

condition' a cast wal lOlt due to a.othermic failure. 

Polyester resin in itlelf is ilotropic being e 

liquid and it ,110 hal this propertv when it il • 

lolid. However when cast in lavert lome doubt is 

raised. Let U8 consider a sinole lavarl 

AI the material i. isotropic than a 

will Ihow tl01ropic charecteriltiCI. 

lingl. lIver 

Add other luch 
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layers and we tnen have an isotropic block exceot at 

discontinu;ties • which are represented by the 

layering, Thus a layered bolck i. isotropic in bot~ 

axes along the layering but anisotropic pereendicular 

to the layering, 

T~e layerin~ surfaces themeelves present the major 

weaknesses ;f any in the block.. To find whether 

there waa any ;n·~omogen.ity in the blocks, they were 

sonically tested at Dundee University by Chris 

Swindell., who. found that the '.i,mic v.'ocitt., in 

.11 three axes were identical to .11 int.nt. and 

purpo.e. However, if the Junctions between leyer. 

represent. any di ff.r.nce in .trength, •• th.y ar. 

minutely thin comeared with the layerl them,.'ve' th.n 

any noticeable difference in .eiamic v.locity should 

not be detected. 

As wa. IUIPected, w.akn ••••• along the Junctions 

between layers were found in model bl •• ting and the 

lay.r. were seen to .eparate at tsolsted points on 

certain Junctions, but only in a minority of c ••••• 

The individual blocks were subJ.ct to Photo.'a.t1c 

analy';' which show.d that only minimal r •• idual 

stre •••• were pr ••• nt compared with th. .tr.ngth, of 



each block and that the 

occured at tne edge 

success;ve laver •• 

• 375 -

majority 

of each 

of these .tre •••• 

block end bet~een 

As the differ.nt 'evers 

differential snrinking, time to 

cest were subject to 

allow the 'pla.tic' 

resin to dissipete any re.idual .tre.se. wa. 

neeeeSlery. Al.o the block. needed time to harden end 

to reach a point at which their strength paramaterl 

were uniform and no longer dependent on time,' In 

general a minimun of one month we. alloted for this, 

from time of extraction of the blocks from the mould. 

to maehininQ. During this time the blocks ~er. 

8ubJect to moderet. neating (40 degre.s cent1qrade) to 

assiat .nd ftl80. iner •••• the rat. of curing, 

Initi.llv • purpo.e built 11x inch cube mould wa' 

used, but for conv.nience a 150 mm cube, end then 

twenty .i~ht inch ~ouldl were UI.d, mainly for ,pead. 

At first blocks .are celt individually, but.tni' WI. 
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considered too oainstaking and UP to six 6 inch mould. 

were tnen used at one time. Du~1ng the latter p.~t of 

tne first phase of model blasting twenty eiQht inCh 

moulds were used for both convenience ~nd larger 

blocks, blocks being sawn to the appropriate lengtha. 
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Bafore the theory of wave t~ap. can be exc1ained, • 

basic knowledge of the process of wave reflection at • 

free face and its resultant affact on the material 

through which it fs travelling is required. 

When a wave in compresston pasling throuah a body 

encounters a free face, it i. reflected fro~ the free 

face as a tensile ~ave. This ha. 

number of authors in practice 

Duvel and Atchinson (1965) etc.). 

been shown by a 

and theory (~1lbur, 

Firstly consider the reflection of a plane 

trfangular longitudinal pulle travelling normally to a 

plane free face al ahown in Figure 8 .1 (taken from 

wilour, Duval and Atchtnson (1965». Figures b.1 

a,b,c,d,e and f ahow the resulting puls. at eQual 

incrementa of tima after initial contact wfth the f~ •• 

face. The dotted lines below the X axf. represent the 

compre,sfve pulse incfdent at the free face, the 
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dotted lines above represent the reflected tensile 

Dulse and the' solid line represents t~e actual 

(resulting) strain pulle that the rock expertences. 

As can be seen from Figure 6.1 t~a comprelliv, 

strain pulse;, steadily' converted into a tensile 

pule. movtng ;n an opposing direction from the free 

face. when the tail of the compresetv. Duls. ha, 

reached the feee then it will heve been converted to a 

tensile pulse in its entirity. However, until the 

tail of the comeraalive ~ul.e ha. done 10 then both 

parts of the reflected teneil. pul.e and compre.s1ve 

pulse OCCUpy the aame· space, this reaulting in the 

addition of the two giving a re.ultent which wtll be 

either a reduced (omore,sive or reduced ten,i'e pul,e 

or they may even cencell eech other out at a given 

point in time and spece elono the X axis, aa shown in 

Figure 8.1c. 

The above is valid providing the magnitude of the 

resultant pulle remainl below the tensile strength of 

the rock. If these condition. ere exceeded then 

tensile failure of the material will occur, re.ultino 

in acebbing perell.l to the free fec. from whare the 

resultant pulse exceeds the tensile .trengt~ of the 

material. This proce., ia known al alebbing and t, 
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shown in Figure 6.2. 

Consider the point wnere the relultant pull. 

exceeds the tensile strength of tne medium (Ft~. 

8.2b), as stated above tensile failure occur., 

producing a free slab of the outer surface. This 

effectively moves in the free surface with a fre,h one 

being created; The part of the pulle whicn wa. 

inbetween the new and old free .urfaco ;. now trapped 

within the free slab which move, away from the new, 

free surface. Re~aining now in the material il the 

'tail' of' the pul.e which on moving forward, i. 

reflected in the ten.ile ph •• e a. before. If the 

magnitude of the resultant pulse again exceede tne 

ten,tle .tren~th of the matertal then the proee" will 

be repeated. 

~()te: 

resu 1t i ng 

becau,e of 

tensile 

this effect the 

refleeUon of 

peak of the 

an ineident 

compres,;ve pulse at a free lurf.ce will never exceed 

the tensile strength of that materiol. 

Cons;dering a normal block with a point explosive 

source, then tf the outgoing compree.1ve weve were of 

sufficient strengtn then mtnor ,'abbing would occur, 

the peak of the r •• ulting tenstle reflected wave being 
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red u c e d t 0 bel O,w the ten 8 i 1 e 8 t re n g t h 0 f the "' ate r i al. 

Thus the reflecting dynamic waves w;th1n the block 

would be reduced co~sideraoly. However, it i, 

possible that although reduced, they may still exilt 

in damaging magnitude, thul the need for wave traps. 

~ave trap, are virtually en exten.ion of the block 

such that there ia a parallel fracture to the side of 

the block on every side, ,ee Figure 8.3 The wave trap, 

are restrained ega;nst the block with clamps, giving I 

nominal pressure to keep the unit from coming apart. 

On impact, the incident pul,e being of compre'8ive 

phase, furtner atrengthen, the oloek-.ave trap 

interface and ., the block end wave trap, are of 

identieal material, the interface become. 'inYisible' 

and the compre •• ive pul.e pa"e, throuqh unaffected. 

~hen the comprel,ive pul,. reache. the free face of 

the wave trap it is then reflected, the proce,. hevt~g 

alreadv been described. However, when the ten,il, 

pha,' reaehes the block/wave trap interfaca, it i. 

reflected back e. tenstle pul.e. cannot be transmitted 

aerosl a break. The pulle being reflected in 
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compress;on (see Figure 6.4), Thus the block is 

protected from anv reflected dynamic waves. 

The most important factor that should b, considered 

when design;ng a wave trap f8 the pulse width of the 

compressive pulse. For instance, if the tensil, 

reflected pulse ;s sinusoidal tn shape and, the wave 

trap thin, then if the resultant pul.. i, in 

compression at that point and time, the interface wfll 

remain closed and the t,nsil. reflected comoonent will 

escape from the wave trap until the r.sultant pul" 

becomee tensile. Thi. effect may allo occur with 

secondary waves following UP a primary pulse (sh.er 

waves excluded by their very naturel. Although elcape 

in luch a case may occur, it will ba fairly neglfofbl' 

in magnitude c~mpared with the maximum peak of the 

resultant reflected tensile puls •• 

To eliminate any leakage from the wave traps there 

are therefore two consideration. to be ma~ea 

a. The width of the wave trap Ihould exceed half 

tha fncident pul.e width (the wave heving to 
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pass through and then back through the wave 

trap). 

b. The constraints should not exert such forces 

on the block-wave trap interfece such that 

their constraining effect is detr1~ental to 

the efficiencY of the traps. 

~ith results on compress;ve pulse w;dth for 

differing borehole cond1tons by Dally, Fournev and 

Holloway (2 and 3) a wave trap width of 12.5 mm WI. 

calculated to be generously sufficient. The value was 

allo chosen a, it wa. the minimum aize that wa. eaailv 

obtainable with the cutting eQuipment available, 

strength (fragility) allo being taken into 

cons1deration. 

The wave traps were cut and machinad from 150 mm 

cube. of PolYester re.in and machined flat to 12.~ mm 

width, the original trap, were 150 mm square but later 

on.' 150 x 75 mm. 
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C-1 ltiE.Wi:t. 

As 8 seismic wave expands IPner1cal1y from a point 

source at constant velocity, ff tne firing of 

successive holes fn a pre-split penel are delayed such 

that the dynamic wave from the first hole hes pes.ed 

the second hole before it is detonated (end so on), 

then no ;nteract;on of dynamic components will occur 

(see Figure C.1). 

However ;n ore-split blesting, the exolosive 

Therefo ... 

explosive 

cherges are not point charg •• but ltnear. 

for end detonation, the time taken for the 

column to detonate must De taken into account. 

Therefore for a 

dfamete .. holel, 70 mm 

centres 1n Z.' km/s 

test comprised of 3 x 9.525 mm 

deep end spaced et 38.1 mm 

seismic velocity resin using 7 

km/s detonating cord, the reQuired delay element per 

hole fl: 



Fig. C.1. 
Figure illustrating sQquentia/ 
deton a tion of pre·split holes 
including dynamic wave 
fronts for exc/udingdynamic 
wave interaction. 

-------~ -{D ---------(~) ---------·0 -1- -1- --~ 

Sequence of detonation: 
1 ,2 ,3 (about to dQ ton ate ). 

-"":I 
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0.070/7000 + O.U38/2500 = 25.2 us 

Therefore using 7 kmls detonating eord, incremental 

len~tns per hole in excess ofl 

7000 x 0.0000252 = 17.64 cm are reQuired. 

In test 15, incremental delays of 21 UI were obteined 

using incremental lengths of 19 em of P.E.T.N. 

detonating cord Der hole. 
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Series (c) Experimentation in Rea1n. 

Test Nos: 3,4,6,12,13,14,16,17,18, 

19,2U,28,29,30,31,32,35,39,40,41,42 

Series (d) Experimentation in Reain. 

Test Nos: 34,38,44 
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SinQle Discontinuity Testing in Sand,tone. 

Test NOli 53,58,59,60,61,62,65,66 
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Single Discontinuity Testing in Concrete. 
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Test NosI 63,64,67,68,69,70 

Strength - Maximum P.'. Separation 

E)(perimentation. 
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Concrete - 71,72,73,74 

L.imestone • 92,93,95 

Dolomit;c L.imestone • 90,91,94 

Granite • 87,85,89 

Dolomite - 79,80,83 

~ater Coupling Experimentation, 

Test Nosa 84,85,86 
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TEST NO. 1 DATE: 13/6/80 PHASE: 1 

gRIEF JESCR[?T[O~: Single hole in 6,,3 block to test 

suitability of detonating cord. 

?A!i.-\"'1ETER inches mm OTHER· 

Block Type I 
I 

Resin 

3lock lens ch 6 I 152. 

I 
Block width 6 I 152 I 

glock hei~ht 6 I 152 

~ro . of 30reholes j 1 

Borehole diameter la I 3.175 
I 

! 
oorehole depth , 4Jz 114 

Borehole spacing - Centerg 

No. of Detonators 1 

Delay -
I 

Cord used per hole 9 229 12 Grain 

Discontinuities None 

Photographg 1 

Results: Block shattered but remained in situ. Heavy radial 

cracking with little concentric cracking. Block in many 

pieces but held together in wave traps and constraints. 

Comments: To much radial cracking - cord probably too strong. 

Absence of spalling at edge of block shows wave traps are 

effective. 



TEST ~O. 2 DATE: 
14/6/80 PHASE: 1 

3R[EF JESCR[PTION: Two holes in block to estimate whether 
presplitting can be performed using the cord available. 

: 

?AR.\}!ETSR inches ::cm OTHER 

Btock Type Resin 

I 
3lock len'5 th 6 I 152 

Block width 6 
I 

152 

Block height 6 152 

No. of 30reholes 2 

Borehole diameter la 3.175 

30rehole depth 4~ 114 

Borehole spacinf$ Ill; 31. 75 Centers 

~lo • of Detonators 9 

Delay -
Cord used per hole 9 12 2rain ner ft. 

Discontinuities None 

Photographs 4 photographs + 2 slides (colour) 

Results: Wrecking of top half of blocks and wave traps. 

But on examination of bottom of block, a strong pre-split 

was found. 

Comments: Split plane V chared by explosives, smallscale 

morphological crack features present but not clearly vissible. 

Block fractured on either side of split but split walls 

fairly strong with little spalling. 

i 



TEST NO. 3 DATE: 9/10/79 PHASE: 1 

BRISF DESCRIPTION: First attempt to gain a pre-split using the 

new 4 grain per foot cord obtained from Canada via I.C.I. 

(Nobe1 Explosives). 

PARA!-fEtER i.nches r.nn OTH~R 

Block Type 
, 

Resin 
j 

i 
Slack len~th ; 150 

i 
Block width ! 150 I 

Slock height I 150 

I 
No. of Boreholes 3 

Borehole diameter la 3.175 

Borehole depth 4~ 114 

Borehole spacl.ng l~ 31. 75 Centers 

No. or Detonators 1 

Delay -
Cord used oer hole 9 229 4 grain per 

Discontinuities None 

Photographs 5 

Results: Block remained in-situ but quite a10t of radial 

fractures present. Presp1it plane vissib1e, on removal 

block separated to show pre-sp1it plane with reasonable 

features. 

Comments: One wave trap broken due to no backing will be re

moded in future. Good pre-split with bottom blasted out of 

block (wedge shape with bottoms of boreho1es preserved), but 

also shattering of block causing slow dissintegration after 

photography due to shifting and vibration. 

ft. 

I 



TEST NO. 4 DATE: 10/10/79 PHASE: 1 

3R[~F DESCR[?TION: Now using half blocks in an attempts to 

conserve stocks. Attempt to cause pre-split but with less 

shattering by increasing decoupling and spacing. 

?ARA.'1ET::R inches mm OTHER 

Block Type Resin 

I 
150 310ck It!n~th I 

I 
Block width 150 

~Hock height 75 

:-fOe oi 30reholes 2 

Sorehole diameter 3/16 4.763 

30rehole depth 75 

Borehole spacing Ft 47.63 Centers 

No. oE Detonators 1 

Delay -
Cord used per hole 9 229 4 grain per foot 

Discontinuities None 

Photographs 2 

Results: Less shattering caused but still 4 cracks making 

edge, block intact though. Good pre-split formed, radial 

fracture cylinders around boreholes did not overlap. 

Comments: Interesting to note that no radial fractures were 

elongated 'between' the boreholes except the pre-split, also 

the split continues away from the left hand side borehole in 
both directions 

I 



TEST ~O. 5 DATE: 11/10/79 PHASE: 1 

3RIEF DESCRIPTIO~: Attempt to obtain a split using \'1 
boreho1es, investigate effect of decoupling at same time. 

PAR..~fETE~ inches ::mJ OTHE~ 

Slock Type Resin 
I 

3lock l~n5th 6 ! 152 

I 
Slock width 6 I 152 t 

Block height 3 I 76 

~o. of Boreholes 2 

Borehole diameter \ 6.35 

I 
Bor~hole depth 

, 
3 76 

Borehole spaclng 1~ 47.63 Centers 

~o. of Detonators 1 

Delay -
Cord used per hole 6 152 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: No presp1it fracture, but encouraging fractures at 

bottom, and LH. borehole. Fractures on mid-line but not long 

enough. Still fracture zone around B/hole at lOmm from edge 

of hole. 

Cormnents: Borholes too far apart to be pres-plit. Block 

also one of first batch, may be stronger. 

I 



TEST NO. 6 DATE: 11/10/79 PHASE: 1 

3R[EF DESCRIPT[ON: Higher decoupling than in 5 for same 
result and reasons. Investigate effect of decoupling on 
blast damage and pre-split. 

, 

PAR..~fETER i.nches mm OTHER 

Block Type Resin 

310ck length 6 152 

Block width 6 
I 
I 152 

~Hoc k he igh t 3 76 

No. of Boreholes 3 

Borehole diameter 5/16 7.938 
, 

30rehole depth 3 76 

Borehole spacing 15/16 23.8 C02nters 

No. of Detonators 1 

Delay -
Cord used oer hole 6 152 14 .zrain ner foot 

Discontinuities None 

Photographs 1 

Results: As block was drilled for 2 holes with block 5, and 

after experiencing failure to pre-split of 5, an extra hole was 

drilled midway and loaded respectively. 3 holes less damage 

than in 5 but pre-split plane formed. 

Comments: Blast damage reduced to 7mm. Half block from 

earliest casted block, the other half was used in blast 5. 



TEST NO. 7 DATE: 18/10/79 PHASE: 1 

BRIEF DESCRIPTION: To measure effect of decoup1ing on 

blast damage. for single boreho1e, right through block. 

PARA.'1ETER inch~s mm OTHER 

Block Type Resin 
I 

310ck length I 150 : 
I 150 Block width , 
I 

Block height I 75 

No. of Boreho1es 1 

Borehole diameter 3/16 4.763 

30rehole depth 75 

Borehole spacLng - - Centers 

No. of Detonators 1 

Delay -
Cord used per hole 6 76 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: Good breakage but not to edge. Apparently more 
damage at bottom of hole? 

Comments: Seems more damage than for 2 holes but could be 

resin tho as of different batch to unsuccessful pre-sp1it 
trialS. 



TEST NO. 8 DATE: 18/10/79 PHASE: 1 

3RIEF DESCRIPTION: Aim: To measure effect of different 

decoupling ratios on blast damage for single borehole, right 
through block. 

PA~!ETER inches rnn OTHER 

Block Type Resin 
I 

Block length , 
150 

i 
Block width I 150 I 

I 
Block height 75 

No. of Boreho les 1 

Borehole diameter ~ 6.35 

I 
Borehole depth I 75 

Borehole spacing - - Centers 

No. of Detonators 1 

Delay -

Cord used ~er hole 6 152 4 grairs per 

Discontinuities None 

Photographs 1 

Results: As in test No. 7 but less damage to block, again 

dense radial fracture zone with a few extended fractures. 

foot 

Comments: Apparent split along one of the casting levels 

within the block, probable weakness plane - extended by blasts 

9 and 10. 

I 



TEST ~O. 9 DATE: 19/10/79 PHASE: 1 

3RIEF DESCRIPTION: Single 5/16" Hole 4 grain cord. 
Aim: to measure effect of different decoupling ratios on blast 

damage for single borehole, right through block. 

I 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block len~th 150 

Block width 
I 150 

Block height 75 

~o. of Boreholes 1 

Borehole diameter 5/16 7.938 

Borehole d~pth 75 

Borehole spacing - - Centers 

~o. of Detonators 1 

Delay -
Cord used per hole 6 152 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: Nice small , dense radial fracture zone, no 
other visible effects. 

Comments: Hole near corner of block but no bad effects 
occuring due to high decoupling. 

I 



TEST ~O. 10 DATE: 
19/10/79 E'H.-\S E : 

3RIEF DESCRrpTIO~: 5 Single /16" hole 4 grain cord. 
Aim: to measure effect of different decoup1ing ratios on 

blast damage for single boreholes, right through block. 

PARA.'1ETER inches mm OTHER 

Block Type Resin 
I 

310ck len~th j 150 

i 
Block ·.,idth ! 150 

Block hei~ht I 75 
I 

~Jo .. of Boreholes 1 

Borehole diameter 11/32 8.731 

30rehole depth I 7S 

Borehole spacing - - Cent.:!rs 

No. of Detonators 1 

Delay -

1 

Cord used ~er ho le 6 152 4 grain per 

Discontinuities None 

Photographs 1 

Results: Nice small, dense radial fracture zone, no 
other visible effects. 

Comments: Hole near corner of block but no bad effects 
due to high decoup1ing. 

• 
r 
I 

I 

foot 



TEST NO. 11 DATE: 19/10/79 PHASE: 1 

BRIEF DESCRIPTION: Single la" hole. 4 Grain Cord. 

Aim: To measure effect of different decoupling ratios on 
blast damage for single borehole, right through block. 
(Decoupling trials - single hole). 

P ARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 75 

No. of Boreholes 1 

Borehole diameter la 3.175 

Borehole depth 75 

Borehole spacing - - Centers 

No. of Detonators 1 

Delay -
Cord used per hole 6 152 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: Fairly wide dense radial fracture zone with 
several longer fractures. A fracture from BIH splitting 
the block into 2 roughly equal pieces. 

Comments: Very good morphological surface features on 
fractures cutting block will look good in thesis to compare 
with test No. 3 photographs. 

I 
l 

I , 
I 
j 
i 

! 
I 
I 
! 

I 



TEST NO. 12 DATE: 1/11/79 PHASE: 1 

BRIEF DESCRIPTION: Attempt to presp1it resin block with 
3 holes. Part of experiment to find max. pre-split separation 
dependancy on decoup1ing 

PARA..'1ETER inches ann OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 7S 

No. of Boreholes 3 

Borehole diameter 8 

Borehole depth 7S 

Borehole spacing 11. 28.6 Centers 

No. of Detonators 1 

Delay -

Cord used per hole· 6 1'i? 4 ~rain ner foot 

Discontinuities None 

Photographs 1 

Results: Hole No. misfired hole 2 and 3 OK. Pre-split 
between all holes and edge of blockf Even· through missfired 
hole. Good damaged zones around 2 and 3. 1 has none. 

Comments: Must investigate any pre-sp1it occured across 
No. 1 hole to edge. Both by mode~ testing and theory. 



TEST NO. DATE: 
7/11/79 

PHASE: 13 1 

BRIEF DESCRIPTION: 
Attempt to pre-split resin block with 3 holes 

- part of experiment to find max. pre-split separation + 
dependency on decoupling. 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 75 

No. of Boreholes 
3 

5 
Borehole diameter /16 7.938 

Borehole depth 75 

Borehole spacing l~ 38.1 Centers 

No. of Detonators I 

Delay -

Cord used_l'er hole 8 203 4 grains per foo 

Discontinuities None 

Photographs 1 

Results: 
Good prespilt obtained, breakage to sides of block 

giving 2 pieces, shattering around holes some damage seen in 
rest of block parallel to presplit plane. 

Comments: 

Fracture zones from blast holes do not overlap 



TEST NO. DATE: PHASE: 
14 7/11/79 1 

BRIEF DESCRIPTION: 
Attempt to pre-split resin block with 3 holes, 

part of experiment to find max. pre-split separation + 
dependency on decoup1ing. 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 75 

No. of Boreholes 
3 

Borehole diameter 
~ 6.35 

Borehole depth 75 

Borehole spaclng Hi 38.1 Centers 

No. of Detonators 1 

Delay -

Cord used per hole 8 203 4 grains per foot 

Discontinuities None 

Photographs 1 

Results: 
Good pre-sp1it fromed better than in test 13, good 

fracture around boreholes, breakage of block in two by pre-sp1it 
plane, no other damage seen in block. 

Comments: 
Fracture zones from blast holes do not overlap 



TEST NO. DATE: PHASE: 
15 9/11/79 1 

BRIEF DESCRIPTION: 
Attempt to ascertain whether the detonation 

waves from boreholes have any interrelated effect on each 
other - delay experiment. 

PARAI1ETER inches mm OTHER 

Block Type Resin 

Block length 1 c;n 

Block width 150 

Block height 75 

No. of Boreholes 3 
5 

Borehole diameter /16 7.938 

Borehole depth 75 

Borehole spacing l~ 38.1 Centers 

No. of Detonators 1 

Delay 190 per hol 27,.,.s 

Cord used per hole· 8, 13, 18 203/330/457 4 grain per 

Discont inu i ties None 

Photographs 1 

Results: 
Pre-split obtained - very good breakage along PIs 

line but seems to have more damage per individual borehole 
than when simultaneously detonated. 

Comments: 
This extra damage could just be a one off. 

foot 



TEST NO. DATE: PHASE: 
16 9/11 /79 1 

BRIEF DESCRIPTION: 
Attempt to attain pre-split failure in 

resin block using 3 holes - part of experiment to find max. 
pre-split separation and dependency on decoupling. 

P ARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 75 

No. of Boreholes 3 
5 

Borehole diameter /16 7.938 

Borehole depth 75 

Borehole spacing 
3 

1 /4 c Centers 

No. of Oetonators 1 

Delay -

Cord used per hole· 8 203 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: 
Good pre-split obtained, less damage around each hole 

than in delay experiment No.ls. 

Comments: 
Less damage - especially concerning longer individual 

fractures. 

We still do not seem to be near the limit of 
pre-splitting for 5 "holes. 

/16 



TEST NO. DATE: 
16/11/79 PHASE: 17 I 

BRIEF DESCRIPTION: 

4 gpf and in 5/
16 

" Attempt to find limit of pre-sp1it for 
holes using 3 boreholes drilled 

diagonally across block. 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 75 

No. of Boreholes 3 

Borehole diameter 
5 
/16 7.938 

Borehole depth 75 

Borehole spac1ng 2 50.8 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 8 203 4 2rain per foot 

Discontinuities None 

Photographs 1 

Results: 
A good pre-sp1it with more than usual damage around 

boreholes especially for longest cracks. 

Comments: 

Only pre-split between holes and holes cracked 
to side of block. 



TEST NO. DATE: PHASE: 
18 16/11/79 1 

BRIEF DESCRIPTION: 
Attempt to find limit of pre-split for 

4 gpf cord in \" holes using 3 boreholes drilled diagonally 
axross block. 

PARA!1ETER inches rmn OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 75 

No. of Boreholes 
3 

Borehole diameter \ 6.35 

Borehole depth 75 

Borehole spacing 2 50.8 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 8 203 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: 

A good pre-split obtianed with more than usual damage 
i.e. compared with closer spacings, around boreholes especially 
for longer cracks. 

Cormnents: 

.•.•• Pre-split better, more 4istinct and not only confined 
to beteen boreholes but still cracking to side of constrained 
block i.e. 450 to PiS time for end holes. 



TEST NO. DATE: PHASE: 19 19/11/79 
1 

BRIEF DESCRIPTION: 
5 "Attempt to find max. presplit b/h 

separation for /16 holes using 4 gpf cord. 3 holes set in 

a line diagonally across block 

PARAMETER inches mm OTHER 

Block Type 
Rp~;n 

Block length 150 

Block width 150 

Block height 75 

No. of Boreholes .1 
-5 

Borehole diameter /16 7.938 

Borehole depth 75 

Borehole spacing 2~ 63.5 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 

8 203 4 grain per foot 

Discontinuities None 

Photographs 2 

Results: 
A complete pre-split was not obtained but only just 

not! Fractures overlapping from successive b/hs with no p/s 
breakage further down block. - Some bad damage in, top of block 
for some reason. 

Comments: 
Fractures longer in top of block than bottom. As 

boreholes get further apart there seems to be more damage 
laterally from boreholes to pre-split line. 



TEST NO. DATE: PHASE: 
20 19/11/79 1 

BRIEF DESCRIPTION: 
Attempt to find rnax. presplit b/h 

separation for \" holes using 4 gpf cord. 3 holes set in 
a line diagonally across block. 

PARA.'1ETER inches 

Block Type 

Block length 

Block width 

Block height 

No. of Boreholes 

Borehole diameter \ 

Borehole depth 

Borehole spacing 2~ 

No. of Detonators 

Delay 
.' 

Cord used per hole 8 

Discontinuities None 

Photographs 

Results: 
Pre-split obtained but net very 

to whether there is a distinct plane • 
holes only overlapping by approximately 

Comments: 

mm OTHER 

Resin 

150 

150 

75 

3 

6.35 

75 

63.5 Centers 

1 

-
203 4 grain per foot 

1 

strong, some doubt as 
Fractures from bore
lcm. 

Would be O.K. for rock but in this homogeneous material 
the block is still intact (i.e. doesn't fall apart), end cracks 
off at approx. 35

0 
to pre-split plane cracking to edge of block 

Cracks long in rough split direction, but much shorter 
perpendicular to split. 



TEST NO. 21 DATE: 30/11/79 PHASE: 1 

BRIEF DESCRIPTION: Single shot used in experiments for 

determination of blast damage relationship to decoupling and 

decoupling ratio of 1:1 

PARA.'1ETER inches mm OTHER 

Block Type 
R",,;" 

Block length 150 

Block width 150 

Block height 70 

No. of Boreholes 1 
1 

Borehole diameter /10 2.54 

Borehole depth 70 

Borehole spacing Centers 

No. of Detonators 1 

Delay -
Cord used per hole 6" 152 4~rainp. f 

Discontinuities None 

Photographs 1 

Results: High breakage, dense fracturing, block held together 
in/by restraints over 10 weeks to edge of block. 

Comments: used to fill holes in intia1 graph. 1:1 decoupling 
with 4 grains/ft cord. 
N.B. Hole was first drilled using a sia1ler diam. drill and then 
drilled from either side with a short /10" drill using the 
inital smaller hole as a guide. 



TEST NO. 
22 DATE: 30/11/79 PHASE: 1 

BRIEF DESCRIPTION: Single shot part of experiment to detennine 
the blast damage to decoupling relationship. 

PARA.'fETER inches mm OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 65 

No. of Boreholes 1 

Borehole diameter 5/32 3.969 

Borehole depth 65 

Borehole spacing - ~ - Centers 

No. of Detonators 1 

Delay - - -
Cord used ~er hole 6" 152 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: Good fracturing but not as far as edge of block, 
good dense radial fracture zone. 

Comments: Main cracks perpendicular to constraints, but 
constraints only tightened to 5,ft lbs. for each bolt so only 
a very marginal stress field. Also other long racks straight in 
other directions. 



23 
DATE: 

6/12/79 
PHASE: 

1 

TEST NO. 

BRIEF DESCRIPTION: Single shot-part of the experiment to 
determine the relationship between blast damage and 
decoupling. 

PARA..\fETER inches mm OTHER 

Block Type 
R~gin 

Block length 150 

Block width 150 

Block height 70 

No. of Boreholes 1 

Borehole diameter % 12.7 

Borehole depth 70 

Borehole spacing - : - Centers 

No. of Detonators 1 

Delay -
Cord used per hole 6" 152 t+ grain per foot 

Discontinuities None 

Photographs 1 

Results: Well formed limited cicular blast damage zone 

Comments: 



TEST NO. . DATE: PHASE: 
24 6/12/79 1 

BRIEF DESCRIPTION: Single shot - part of the experiment to 
determine the relationship between blast damage and 
decoupUng. 

PARA.\fETER inches nnn OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 70 

No. of Boreholes I 

Borehole diameter 7/16 11.113 

Borehole depth 70 

Borehole spacing - : - Centers 

No. of Oetonators I 

Delay -
Cord used ~er hole 6" 152 4 Grain per foot 

Discontinuities None 

Photographs 1 

Results: Well formed limited circular blast damage zone 

Comments: 



TEST NO. 25 DATE: 14/12/79 PHASE: 1 

BRIEF DESCRIPTION: Single shot-part of the experiment to 
determine the relationship between blast damage and decoup1ing. 

PARAMETER inches nun OTHER 

Block Type Resin 

Block length 150 

Block width 150 

Block height 70 

No. of Boreholes 1 

Borehole diameter 
5/

8 15.875 

Borehole depth 70' 

Borehole spacing - ~ - Centers 

No. of Detonators 1 

Delay -
Cord used per hole fi lC;? Il.o. n ... ",;" no ... f:1"\1"\~ 

~ 

Oiscontinuities None 

Photographs 1 

Results: Well formed limited circular blast damage zone. 

Comments: Slight splitting around one of casting layers. 
Nothing else out of usual. 



TEST NO. DATE: 
14/12/79 

PHASE: 26 1 
. 

BRIEF DESCRIPTION: 
Single shot-part of the experiment to deter-

mine the relationship between blast damage and decoup1ing. 

PARA..~TER inches nun OTHER 

Block Type Resin 

Block length 150 

Block width 150 
, 

Block height 70 
, 

No. of Boreholes 1 

Borehole diameter 
3/4 19.05 

70. 
Borehole depth 

Borehole spacing - : - Centers 

No. of Detonators 1 

Delay -
Cord used per hole 

6 152 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: 
Well formed very limited damage zone. 

Conunents: 



TEST NO. 27 DATE: 14/12/79 PHASE: 1 

BRIEF DESCRIPTION: Single shot-part of experiment to determine 
the relationship between blast damage and decoupling. 

PARAHETER inches mm OTHER 

Block Type Resin 

Block length 150 

Block width 150 

I 

Block height 70 

No. of Boreholes 1 

Borehole diameter 1" 25.4 

Borehole depth 70 

Borehole spacing - : - Centers 

No. of Detonators 1 

Delay -
Cord used per hole 6 152 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: Only slight cracking around hole. 

Comments: 



TEST NO. 28 DATE: 11/1/80 PHASE: 1 

BRIEF DESCRIPTION: Triple \" hole shot-part of experiment 
determine dependency of hole separation on decoupling 
8" hole 

PARAMETER inches mm OTHER 

Block Type Resin 

Block length 8 203 
b 1)2 

Block width 

Block height 70 

No. of Boreholes 3 

Borehole diameter \ 6.35 

Borehole depth 70 

Borehole spacing 2~ 
: 

63.5 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 8 203 4 grain per 

Discontinuities None 

Photographs 1 

Results: One hole mis-fire, other two O.K. 
Split between 2 fixed holes for top half of block,assumed 
better split if no misfire 

to 

foot 

Comments: Bottom layer badly damaged due to presence of bubble 
This was caused during casting as it was the bottom layer. 

Also presence of cracks towards the constraints -
possibly due to over tightening of constraints. 



TEST NO. 29 DATE: 15/1/80 PHASE: 1 

BRIEF DESCRIPTION: Triple \" hole shat-part of experiment 

to determine dependency of hole seperation on decoup1ing 

10" block. 

PARA!1ETER inches mm OTHER 

Block Type . .. Resin 

Block length 10 254 

Block width 6 152 

Block height 70 

No. of Boreholes 3 

Borehole diameter \ 6.35 

Borehole depth 70 

Borehole spacing 3 : 76.2 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 10 254 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: Pre-sp1it definitely not obtained, good shatter 

zones around boreholes with fractures from different boreholes 

only craking in two places. Splay fractures at ends. 

Comments: This block for some reason displays numerous side 

fractures orientated perpendicular to the main restrained sides. 

An effect which has not been noticed before. 



TEST NO. DATE: PHASE: 
30 16/1/80 1 

BRIEF DESCRIPTION: Attempt to find borehole spacing of 3/16" 
holes for a successful pre-split using; 4 grain per foot cord. 

PARAMETER inches mm OTHER 

Block Type Resin 

Block length 10 254 

Block width 6 152 
, 

Block height 70 

I 

No. of Boreholes 3 

Borehole diameter 3/16 4.763 

Borehole depth 

Borehole spacing 3 : 76.2 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 10" 254 4 grain per foot 

Discontinuities None 

Photographs 1 

Results: 
Good pre-split obtained between 3 holes. double split 

between two. Good damage zones around boreholes. Splay Farcture 
at either end of line. 

Couunents: 
&elatively good results but· bottom layer of block seems 

o be of different composition. with minor parting at its inter
face with the next layer up. 



TEST NO. 31 DATE: 18/1/80 PHASE: 1 

BRIEF DESCRIPTION: Attempt to find new borehole spacing 
of 3/16" holes for a successful pre-split using 4 grain/ft. 
cord. 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 10 254 

Block width 6 152 
, 

Block height 70 

No. of Boreholes 3 

Borehole diameter 3/16" 4.763 

Borehole depth 

Borehole spacing 3~ 88.9 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 10" 254 4 grain/ft. 

Discontinuities NONE 

Photographs 1 

Results: Good pre-split obtained again but single split 

throughout, good damage zones with splaying of centre bore

hole also this time. 

Comments: Good results again but some parting effect is 

present at top of bottom layer as in previous test. 



TEST NO. 32 DATE: 23/1/80 PHASE: 1 

BRIEF DESCRIPTION: Attempt to find max presp1it separation 

for 3/16" holes using 4 grain per foot cord. 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 10 254 

Block width 6 152 

Block height 68 

No. of Boreholes 3 

Borehole diameter 3/16" 4.763 

Borehole depth 

Borehole spacing 4 101.6 Centers 

No. of Detonators 1 

Delay --

Cord used per hole 10" 254 4 grain/ft. 

Discontinuities NONE 

Photographs 1 

Results: Good pre-split formed but very concave in one 

direction also other long length fractures. Good damage zones~ 

Comments: Damage zones seem to have increased in size ,with 

far more cracks having being ('grossly' elongated). pre-split 

plane very uneven. 



TEST NO. 33 DATE: 23/1/80 PHASE: 1 

BRIEF DESCRIPTION: A single ~ hole on the edge of a half 
block. Experiment to find out how much damage the detonation 
wave alone causes. 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 75 

Block width 153 

Block height 71 

No. of Boreholes 1 

Borehole diameter Js 3.175 

Borehole depth 71 

-Borehole spac1.ng Centers 

No. of Detonators 1 

Delay -
Cord used per hole 6" 152 4 2rain/ft 

Discontinuities NONE 

Photographs Top and Side 

Results: Small damage zone increasing slowly in width with 

depth. 

Comments: Better shown on side than top view. 



TEST NO. 34 DATE: 25/1/80 PHASE: 

BRIEF DESCRIPTION: Twin hole test to obtain max tve 
pre-sp1it separation for two (half) holes, providing the 
dynamic component of blast only. 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 150 

Block width 51 
, 

Block height 71 

No. of Boreho1es 2 

Borehole diameter \ 3.175 

Boreho1e depth 71 

Boreho1e spacing 50 Centers 

No. of Detonators 1 

-Delay 

1 

Cord used per hole 6" 152 4 2rain/ft. 

Oiscontinuities NONE 

Photographs 2 

Results: Shattering around holes as before for l" holes 

some resemblance of pIs. but block fairly intact - concluded: 

No definite pIs. 

Comments: Alot of damage to block due to the absence of wave 

traps. Inverted Christmas tree affect of damage down the line 

of detonation as usually found in most tests. 



TEST NO. 35 DATE: 31/1/80 PHASE: 1 

BRIEF DESCRIPTION: Attempt 

for 3/16" holes using 4 grain 

to find max pr-split separation 

per foot cord. 

PARA.'1ETER inches nun OTHER 

Block Type Resin 

Block length 14 355.6 

Block width 6 153 

Block height 72 

No. of Boreholes 3 

Borehole diameter 3/16" 4.763 

Boreho1e depth 72 

Borehole spacing 5" Centers 

No. of Detonators 1 

Delay -
Cord used per hole 12" 305 4 ~rain/ft-l 

Discontinuities NONE 

Photographs 2 

Results: Gross failure to obtain a pre-split although some 

cracks elongated a little way along pre-split line. 

Comments: Good damage zones as per. usual. 



PHASE: TEST NO. DATE: 36 1/2/80 1 

BRIEF DESCRIPTION: Attempt to find effect of dynamic 

component only using ~ borehole (3/16,,) in slicer.of perspex 
block. 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 147 

Block width 40 

Block height 70 

No. of Boreholes 1 

Borehole diameter 3/16 . 4.7625 

Borehole depth 70 

Borehole spacing - - Centers 

No. of Detonators 1 (' ~') 

Delay -
4 -1 

7" grain/ft Cord used per hole 178 

Discontinuities NONE 

Photographs 2 

Results: Shallow fracture zone approx. 9mm radiating out from 

edge of borehole. Few longer radiating fractures. 

Comments: Again damage in block higher than usual but most 

stopped by wave traps. 



PHASE: TEST NO. DATE: 37 1/2/80 1 

BRIEF DESCRIPTION: Attempt to find effect of dynamic 

component only using \ borehole (5/16,,) in slice of perspex 

block. Part of series of experiments to determine dynamic damag • 

PARA.'1ETER inches' nun OTHER 

Block Type Resin 

Block length 153 

Block width 36 
, 

Block height 70 

No. of Boreholes 1 

Borehole diameter 5/16 7.9375 

Boreho1e depth 70 

Borehole spacing - - Centers 

No. of Detonators I (0.5) 

Delay -
Cord used per hole 7" 178 14 grain/ft 

-1 

Discontinuities NONE 

Photographs 4 

Results: V small fractured zone around edge of borehole. 

No inverted christmas tree effect this time. 

Comments: Again no extended fractures extending outwards 
from damage zone. 



TEST NO. 38 DATE: 31/1/80 PHASE: 1 

BRIEF DESCRIPTION: Attempt to find max. dynamic pre-split 

separation for \" holes (using half holes on the edges of a 

sliced block). 

PARA.'1ETER inches nun OTHER 

Block Type Resin 

Block length 149 

Block width 42 

Block height 72 

No. of Boreholes 2 

Borehole diameter l 3.175 

Borehole depth 72 

Borehole spacing 40 
Centers 

No. of Detonators 1 

Delay -

Cord used per hole 6" 152 4 grain/ft -1 

Discontinuities NONE 

Photographs 3 

Results: Apparent cracking between boreholes but block remains 

intact, therefore no pIs has occured. 

High damage in block due to no wave traps. 

Conunents: Inverted christmas tree damage effect present for 

both boreholes. This is seen very well from the side. 



TEST NO. 39 DATE: 6/1/80 PHASE: 1 

BRIEF DESCRIPTION: Attempt to find max. pre-sp1it separation 

for ~t holes using standard cord. 

PARA.'1ETE R inches mm OTHER 

Block Type Resin 

Block length 14 

Block width 6 153 

Block height 68 
, 

No. of Boreholes 3 

Borehole diameter \ 3.175 

Borehole depth 68 

Borehole spacing 5 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 12 4 grain/ft 

Discontinuities NONE 

Photographs 1 

Results: Good,fairly straight, pre-split, good damage zones 

around boreholes. 

Comments: Pre-split fractures largest fractures, no extraneous 

damage or layer separation at casting horizons. 



TEST NO. 40 DATE: 13/1/80 PHASE: 1 

BRIEF DESCRIPTION: 
Attempt to find max. pre-split separation 

for ~" holes using standard cord. 

PARA.\fETER inches mm OTHER 

Block Type Resin 

Block length 18 

Block width 6 152 

Block height 

No. of Boreholes 3 

Borehole diameter \ 3.175 

Borehole depth 

Borehole spacing 6 Centers 

. 
1 No. of Detonators 

Delay -
Cord used ~er hole 14 4 grain/ft 

Discont inu i ties NONE 

Photographs 1 

Results: Pre-split formed, good damage zones around boreholes, 

many other major fractures. 

Comments: Pre-sp1it double between holes. also pre-sp1it plane 

starting to curve and become concave. More damage around holes 

than in last test. 



TEST NO. 41 DATE: 20/1/80 PHASE: 1 

BRIEF DESCRIPTION: Attempt to find max. pre-split 

separation for Jail hole. 

PARA..'1ETER inches mm OTHER 

Block Type Resin 

Block length 18 450 

Block width 26 150 

Block height 72 

No. of Boreholes 3 

Borehole diameter l 3.175 

Borehole depth 72 

Borehole spacing 7 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 14 4 2rain/ft. 

Discontinuities NONE 

Photographs 1 

Results: Good pre-split between inner and top borehole, but 

just failed with outer borehole - outer borehole crack making 

95% of ground. Good damage zones around boreholes. 

Comments: Relatively same amount of damage as in 40. 

Pre-split fracture is not vertical throughout but is spiraly 

twisted. 



TEST NO. 42 DATE: 20/1/80 PHASE: 1 

BRIEF DESCRIPTION: 

for \" holes. 
Attempt to find max pre-split separation 

PARA.'1ETER inches mm OTHER 

Block Type Resin 

Block length 6 

Block width 6 
. 

Block height 72.5 

No. of Boreholes J 

Borehole diameter \ 9.525 

Borehole depth 72.5 

Borehole spacing 50 Centers 

No. of Detonators 1 

Delay -
Cord used per hole 8" 4 grain/ft 

Discontinuities NONE 

Photographs 1 

Results: Good fairly straight pre-sp1it formed between all 

holes, continuing to one edge of block in str. line. Well 

formed small damage zones around all boreholes. 

Comments: Some vertical cracking in bottom of block which 

represents tacky top surface of original moulded beam. 

*Note : All cracks at right angles to pre-split line. 



TEST NO. 43 DATE: 27/2/80 PHASE: 2 

BRIEF DESCRIPTION: Attempt to find affect of introducing 
single fractures at 45

0 
to, on the presplit plane 

PARAMETER inches mm OTHER 

Block Type RESIN 

Block length 10 

Block width 6 

Block height 70 

No. of Boreholes 3 

Borehole diameter 3/16" 4.763 

Borehole depth 70 

Borehole spacing 3 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 10 4 grains/ft 

Discontinuities Middistance Single 0 
45 to pIs 

Photographs 2 top view 

Results: Irregular preslit formed, splitting/fracturing tending 
to find the shortest route from the borehole to the 
fracture plane. 

Comments: Also quite a few fractures bending towards the 
fracture planes (importantl) and a fracture initiated 
from the top edge of the block towards and perpend
icular to the 'line' of presplit. 



TEST NO. 44 DATE: 27/2/80 PHASE: 1 

BRIEF DESCRIPTION: Attempt to find max. dynamics pre-split 

separation using rested boreholes (half) with 1/8" diameter 
boreholes. 

. 

PARA.\fETER inches mm OTHER 

Block Type RESIN 

Block length 153 

Block width 30 

Block height 70 

No. of Boreholes 2 

Borehole diameter 1/8" 3.175 

Borehole depth 70 

Borehole spacing 30 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 6 4 grain/ft 

Discontinuities NONE 

Photographs 2 (top + side) 

Results: High shattering around hole, block not in two pieces 
but cracks seen in backs of boreholes and block 
flexes around middle. Will only take slight pressure 
to break. Therefore not split just. 

Comments: Top of block smashed badly due to no metal top 
plate. 1/2" piece of wood was used and detonator 
punched straight through it. 



TEST NO. 45 DATE: 1/5/80 PHASE: 

BRIEF DESCRIPTION: Attempt to determine the damage the 
seismic component makes as part of half borehole series 
using 1/10" l.l hole. 

PARAMETER inches nnn OTHER 

Block Type RESIN 

Block length 41 

Block width 150 
, 

Block height 70 

No. of Boreholes 1 

Borehole diameter 1/10" 2.54 

Borehole depth 70 

Borehole spacing N/A Centers 

No. of Detonators 1 

Delay -

1 

Cord used per hole 6 4 grain/ft 

Discontinuities 

Photographs NONE 

Results: 

Comments: 

Medium small damage zone around borehole with 
numerous cracks emanating out from the borehole. 

Reverse christmas tree effect very distinct 
showing build up of wave damage. 



TEST NO. 46 DATE: 27/2/80 PHASE: 1 

BRIEF DESCRIPTION: Attempt to determine the damage the 
seismic component makes as part of the series of experiments 
to determine the relationship between shock wave damage and 
decou p ling. 

. 

PARAMETER inches mm OTHER 

Block Type RESIN 

Block length 153 

Block width 42 

Block height 70 

No. of Boreholes 1 

Borehole diameter 3/8" 9.525 

Borehole depth 70 

Borehole spacing N/A Centers 
1 shared with 

No. of Detonators 47 

Delay -
Cord used per hole 6 4 grains/ft 

Discontinuities 

Photographs 2 (top + side) 

Results: Very small damage zone around boreholes with 
numerous cracks emanating out from borehole 
approx. l3mm long. 

Comments: The reverse christmas tree effect on this one 
might be due to cord,being further into borehole 
i.e. nearer borehole wall at top. 



TEST NO. 47 DATE: 27.2.80 PHASE: 1 

BRIEF DESCRIPTION: Attempt to determine the damage the 
seismic component makes as part of the experimental series 
to determine the relationship between sockwave damage and 
decoupling. . 

PARAMETER inches mm . OTHER 

Block Type RESIN 

Block length 153 

Block width 40 

Block height 69 

No. of Boreho1es 1 

Borehole diameter 1/2" 12.7 

Borehole depth 69 

Boreho1e spacing N/A Centers 

No. of Detonators 1 shared with 

Delay - - -
Cord used per hole 6 4 2rains/ft 

Oiscontinuities 

Photographs 1 (top + side) 

Results: Very minute amount of damage around borehole 
very elongated fractures. 

Comments: Same as in 46, a reversed christmas tree effect 
but not much damage~ Probably just addition of 
shock wave damage back up the borehole. 

46 



TEST NO. 48 DATE: 6/3/80 PHASE: 2 

BRIEF DESCRIPTION: Attempt to find affect of introducing singl~ 
0 fractures at 30 on the presplit plane. 

PARAI1ETER inches mm OTHER 

Block Type RESIN 

Block length 10 

Block width 6 

Block height 70 

No. of Boreholes 
3 

Borehole diameter 3/16" 4.763 

Borehole depth 70 

Borehole spacing 3 Centers 

No. of Detonators I 

Delay N/A 

Cord used per hole 10 4 grain/ft 

Discontinuities Middistance single 300 to pIs 

Photographs 

Results: 

Comments: 

I top view 

Very irregular presplit, mUltiple cracking around 
plane, would result in loss of midd hole. Initial 
cracking to joint planes at 900 and also cracks 
from other boreholes merge to cracks from centre 
borehole. 

Would result in overbreak causing loss of half 
barrels certainly for mse of midborehole. If 
not would leave a'weakened presplit plane, without 
a very strong presplit. 



TEST NO. 49 DATE: 6/3/80 PHASE: 2 

BRIEF DESCRIPTION: Attempt to find affect of introducing 
single fractures at 60

0
, on the pre-split plane •. 

PARAMETER inches nun OTHER 

Block Type RESIN 

Block length 10 

Block width 6 
, 

Block height 70 

No. of Boreholes 3 

Borehole diameter 3/16" 4.763 

Borehole depth 70 

Borehole spacing 3 Centers 

-No. of Detonators 1 

Delay NIA 

Cord used per hole 10 4 2rainsjft 

Discontinuities Middistance single 0 60 to pIs 

Photographs 
1 top view 

Results: 
Pre-split formed but mainly by cracking straight 
to joint planes. Therefore pIs very jagged. Also 
some fractures from other boreholes curving to these 
points. 

Comments: Would not result in much overbreak if any with under
break in places. There should be no loss of half 
barrels • 



TEST NO. 50 DATE: 3.4.80 PHASE: 2 

BRIEF DESCRIPTION: 
Assessment of amount of explosive required to presplit sandstone 
with 3/8" holes at various BIR seps •. 

PARA.'1ETER inches nun OTHER 

Block Type Sandstone 

Block length 12 305 

Connected to 
Block width 8 203 51 & 52 

Block height 5~ 140 

No. of Boreholes 4 

Borehole diameter 3/8 9.525 

Borehole depth 5.1/2 140 

Borehole spacing 3 76 
Centers 

No. of Detonators 1 

Delay NIA 

Single 11 gr 1ft 
Cord used per hole 

Discontinuities NONE 

Photographs Above + presplit surface 

Results: 

Successful presplit, fairly straight 

Comments: 

No splaying at ends. Presp1it slightly uneaven and does not 
connect centres of boreholes for inner 2 holes. 



TEST NO. 51 DATE: 3/4/80 PHASE: 2 

BRIEF DESCRIPTION: 
Assessment of amount of explosive required to presplit 
sandstone with 3/8" holes at various B/R seps. 

PARAMETER inches mm OTHER 

Block Type Sandstone 

Block length 12 305 

Block width 8 203 
Connected 
50 + 52 

Block height 5~ 140 

No. of Boreholes 3 

Borehole diameter 3/8" 9.525 

Borehole depth 5~ 140 

Borehole spacing 3~ 89 Centers 

No. of Detonators 1 

Delay NIA 

to 

Cord used per hole 
Single 11 gr 1ft 

Discontinuities NONE 

Photographs 1 top view 

Results: 

Failure to presplit 

Comments: 

No open or closed fractures observed with naked eye. 



TEST NO. 52 DATE: 3/~80 PHASE: 2 

BRIEF DESCRIPTION: 
Assessment of amount of explosive required to presp1it sand
stone with 3/8" holes at various B/R seps. 

PARAMETER inches mm OTHER 

Block Type SANDSTONE 

Block length 12 305 

Block width 8 203 
, 

Block height 5~ 140 

No. of Boreholes 3 

Borehole diameter 3/8" 9.525 

Borehole depth 5~ 140 

Borehole spacing 4 102 
Centers 

No. of Detonators 1 

Delay NIA 

Cord used per hole 
Double 11 grlft 

Discontinuities NONE 

Photographs Above + presplit surface. 

Results: 

Good presplit obtained, splaying at edges of block from outer 
holes and also presplit not as straight as in test 50. 

Comments: 

Surface of presplit is visably looser than in test 50 with 
more material scabbing from the presplit surface, indicating 
a higher number of new fractures and higher amounts of 
disturbed rock along the presplit. 



TEST NO. 53 DATE: 16/4/80 PHASE: 2 

BRIEF DESCRIPTION: 

Presplit in sawn block of rock with Jointing mid-distance 
between boreholes vertical and at 30 to hole line 

PARAMETER inches mm OTHER 

Block Type SANDSTONE 

Block length 24 610 

Block width 12 305 

Block height 5~ 140 

No. of Boreholes 5 

Borehole diameter 3/S" 9.525 . 
Borehole depth 5~ 140 

Borehole spacing 4 102 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 
24 610 Doubled 11 gr/ft 

Discontinuities Mid-distance, single, vertical 300 top/s 

Photographs 
3 from above 

Results: 
Good split occurred in majority of holes, but is influences 
by immediate breakages to discontinuities. 

Comments: 
Apart from presplit there is immediate breakage to jointing 
(shown best at ends) but this fracturing is also 'bent' 
by Quasistatic Stress field super position quite markedly 



TEST NO. 54 DATE: 1/5/80 PHASE: 2 

BRIEF DESCRIPTION: Pre.split in Resin with angled jointing 
middistance between boreholes at 150 to hole line. 

PARAMETER inches mm OTHER 

Block Type RESIN 

Block length 10 

Block width 6 

Block height 70 

No. of Boreholes 3 

Borehole diameter 3/16" 4.763 

Borehole depth 70 

Borehole spacing Centers 

No. of Detonators 1 

Delay NIA 

Cord used per hole 8 4 t1T'ain~/ft 

Discontinuities Middis tance single 150 to pIs 

Photographs 1 top view. 

Results: Splitting between boreholes but no obvious straight 
pre-split. Fracturing occurs mainly towards dis. 
continuities i.e. shortest path and then along the 
discontinuity. 

Comments: The second fracturing which affects overbreak is 
that of fractures bending round to cut into the 
discontinuity plane opposite the former fracturing. 



PHASE: 
2 

TEST NO. DATE: 55 1/5/80 

BRIEF DESCRIPTION: Pre-split in resin with angled jointing 
middistance between boreholes at 750 to hole line. 

PARA..J.fETER inches mm OTHER 

Block Type RESIN 

Block lel'lgth 10 

Block wi~th 6 

Block height 70 

No. of Boreholes 3 

Borehole diameter 
3/16 4 763 

Borehole depth 70 

Borehole spacing 3 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 8 4 grain/ft 

Discontinuities Middistance single 75° to 'P/s 

Photographs 1 tOll view 

Results: No obvious distinct pre-split plane but fracturing 
along shortest route to discontinuities giving a 
stepped face. i.e. breakage between all holes. 

Conunents: 
The presence of the discontinuities seems to be 
slightly suppressing a (perfect) pre-split. 



TEST NO. 56 DATE: 1/5/80 PHASE: 2 

BRIEF DESCRIPTION: Pre .. split in Resin with angled dis-

continuities middistance between boreholes at 900 to hole line. 

PARA.'1ETER inches mm OTHER 

Block Type RESIN 

Block length 10 

Block width 6 

Block height 70 

No. of Boreholes 3 

Borehole diameter 3/16" 4.763 

Borehole depth 70 

Borehole spacing 3 Centers 

No. of Detonators 1 

Delay N/A 

Cord used ~er hole 8 4 grains/ft 

Discontinuities Single 900 
to line of boreholes 

Photographs 1 top view 

Results: Pre-split slightly more obvious than in No. 55 
but multiple fractures reaching perpendicular 
discontinuities. 

Comments: Few fractures show signs of bending towards the 
line of the boreholes. 

-



TEST NO. 57 DATE: 1/5/80 PHASE: 2 

BRIEF DESCRIPTION: Pre-split in Resin with angled dis-
continuities middistance between boreholes 0 

at 0 to hole 
line. 

PARA.'1ETER inches nun OTHER 

Block Type RESIN 

Block length 10 

Block width 6 

Block height 70 

No. of Boreholes 3 

Borehole diameter 3/16" 4.763 

Borehole depth 70 

Borehole spacing 3 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 8 4 grain/ft 

Discontinuities Single 00 to line of boreholes. 

Photographs 1 top view 

Results: Definite pre-split between holes as well as 
perpendicular breakage to discontinuities. 

Comments: 
Pre-split was not expected to be so obvious as 
was obtained due to the very close proximity 
of the 'top' discontinuity. 



TEST NO. 58 DATE: 6/6/80 PHASE: 2 

BRIEF DESCRIPTION: 
Presplit in sawn block of rock with Jointing mid-distance 
between boreholes vertical and at 30 to hole line • 

. 

PARA.'1ETER inches nun OTHER 

Block Type SANDSTONE 

Block length 24 610 

Block width 12 305 

Block height 5~ 140 

No. of Boreholes 
5 

Borehole diameter 3/8" 9.525 

Borehole depth 5~ 140 

Borehole spacing 4 102 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 24 610 Doubled llgr/ft 

Discontinuities Mid-distance, single, vertical , 300 to p/I 

Photographs 1 view from above 

Results: 

Presplit obtained between boreholes which was observed to be 
influenced by perpendicular cracking to discontinuities 

Comments: 

Main cracking to discontinuities was not perfectly perpendicular 
and was up to 15

0 
off in some cases towards the line of 

the presplit. 



TEST NO. 59 DATE: 20.6.80 PHASE: 2 

BRIEF DESCRIPTION: 
Presplit in sawn block of rock with jointing middistance between 
boreholes at 600 to hole line. 

PARA.\fETER inches mm OTHER 

Block Type Rock/sst 

Block length 24 610 

Block width 7~ 191 

Block height 6 152 

No. of Boreholes 5 

Borehole diameter 3/8" 9.525 

Borehole depth 6 152 

Borehole spacing 4 102 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 24 610 2 x 11 gr/ft 

Discontinuities Single, middistance,vertica1 at 600 

Photographs 2 from above. 

Results: 

Strong presplit between all holes, but presplit is a zone 
rather than a single fracture. Splaying at either end 
appart from presplit extension. 

Comments: 
Main breakage to jointing is 8ubperpendicular by up to 200 for 
some boreholes. 
Black blot shaped marks due to oil spillage by unknown person 
or persons. 

, 

to 1 

-

Is 



TEST NO. 60 DATE: 20/6/80 PHASE: 2 

BRIEF DESCRIPTION: 
Presplit in sawn block of rock with jointing middistance 
between boreholes at 500 to hole line. 

PARMfETER inches. mm OTHER 

Block Type rock/sst 

Block le!lgth 24 610 

Block width 7\ 191 

Block height 6 152 

< 

No. of Boreholes 5 

Boreho1e diameter 3/8" 9.525 

Borehole depth 6 152 

Boreho1e spacing 4 102 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 24 610 2 x 11 gr/ft 

Discontinuities Single, middistance, vertical ~~s50o to 

Photographs 2 from above 

Results: 

Connection of fracturing between all holes subperpendicular 
fracturing to jointing dominanat with secondary curving 
fractures from adjacent holes connecting to these. 

Comments: 

Main fracturing subperpendicular. by up to 150 towards presplit 
line. 
oil staining post blasting is present on the top surface of 
the block. 



TEST NO. 61 DATE: 27.6.80 PHASE: 2 

BRIEF DESCRIPTION: 

Presplit in sawn block of rock with jointing middistance 
between boreholes at 400 to hole line 

PARAMETER inches mm OTHER 

Block Type rocklsst 

Block length 24 610 

Block width 7\ 191 

Block height 6 152 

No. of Boreholes 5 

Borehole diameter 3/8" 9.525 

Borehole depth 6 152 

Borehole spacing 4 102 Centers 

No. of Detonators I 

Delay N/A 

Cord used ner hole 24 610 2 x 11 gr/ft 

Discontinuities 2 single, middistance, vertical at 400 

Photographs 1 from above 

Results: 

Connection of fracturing between all holes, presplit present 
as a wide zone fracturing. Main fracturing subperpendicular 
to jointing with secondary curving fractures connecting from 
adjacent holes. 

Comments: 

Main fracturing subperpendicular.by up to 120 towards 
presplit line. 

to pIs 



TEST NO. 62 DATE: 27.6.80 PHASE: 2 

BRIEF DESCRIPTION: 
Presplit in sawn block of rock with jointing 
between boreholes at 100 to hole line 

middistance 

. 

P ARA..l.fETER inches nun OTHER 

Block Type rock/sst 

Block length 24 610 

Block width 7~ 191 

Block height 
6 152 

No. of Boreholes 5 

Borehole diameter 3/8" 9.525 

Borehole depth 6 152 

Borehole spacing 4 102 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 24 610 2 y 11 err/ft 

Discontinuities 
Single, vertical, middistance at 100 to 

Photographs 1 from above 

Results: 
Connection of fracturing between all holes where jointing is 
present,poor presplit obtained which is again a zone •• 
Fracturing to joints from 2 holes away. 

Conunents: 
Dominant fracturing again perpendicular to jointing,high1y 
curved secondary fracturing seen (curving by up to 650 toward 
primary fracturing.) 

.. I" 
~ 



TEST NO. 63 DATE: . l5/8/S0 PHASE: 2 

BRIEF DESC~IPTION: 
Presplit in sandstone block with (twin) multinle discontinuities 
at 60

0 
to the hole line and Dlaced at 1/3 distances between 

holes. 

PARA!'1ETER 

Block Type 

Block length 

Block width 

Block height 

No. of Boreholes 

Borehole diameter 

Borehole depth 

Borehole spacing 

No. of Detonators 

Delay 

Cord used per hole 

Discontinuities 

Photographs 

Results: 

inches mm OTHER 

rock/sst 

24 610 

7~ 191 

133 

5 

J/8" 9.525 

5.1/4" 133 

4 102 Centers 

1 

n/A 

24 610 2 x 11 grlft 

Multiple (2) at 600 to pIs. 1/3 borehole 
sep .• 

1 from above 

An irregular continuous break between boreholes is achieved 
but is dominanted by the jointing. The dominant fracturing 
from the boreholes is perpendicular to the jointing. 

Comments: 
The only fracturing to 'cross' joints is perpendicular to the 
joints. There are normally 2 fractures within mid slabs one 
eminating from each boardering boreholeJsome of these fractures 
bifurcate. 



TEST NO. 64 DATE: . 15/8/80 PHASE: 2 

BRIEF DESC~IPTION: 

Presplit in sandstone block with {twin} multiple discontinuities 
at 60

0 
to hole line and equidistantly seperated. 

PARAMETER inches mm OTHER 

Block Type Rock/sst 

Block length 24 610 

Block width 7\ 191 

Block height 
5\ 133 

No. of Boreholes 5 . 

Boreho1e diameter 3./8" 9.525 

Borehole depth 5\ 133 

4 102 
Centers Borehole spacing 

No. of Detonators 1 

Delay 
N/a 

Cord used per hole 24 610 2 x 11 gr/ft 

Discontinuities 
Equidistant multiple (2) at 600 to pIs 

1 from above 
Photographs 

Results: 
An irregular continuous break between boreho1es is achieved 
but is dominated by the jointing. The dominant fracturing 
from the boreholes is perpendicular to the jointing. Some 
secondary fracturing curving to primary fracturing is . 
occasionally seen. 

Comments: 
Again only perpendicular fractur~ng across jointing is observed. 
2 of which are present within mid slabs}with the occasional 
tendancy for bifurcation. 



TEST NO. 65 DATE: .. 1/10/8.0 PHASE: 2 

BRIEF DESC~IPTION: 
Presplit in sandstone block with jointing middistance 
boreholes at 80

0 
to the hole line. 

between 

. 

PARAMETER inches nun OTHER. 

Block Type rock/sst 

Block length 22.1/2 572 

7.1/2 191 
Block width 

, 

Block height 5~ 133 

No. of Boreholes 5 

Borehole diameter 3/8" 9.525 

Borehole depth 5~ 133 

Borehole spacing Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 24 610 2 x 11 tzr/ft 

Discontinuities 
Si~gle, vertical, middistance at 800 

to D/s 

Photographs 
2 from above 

Results: 
Good presplit between holes,main fracturing subperpendicular 

.. . b SO d 1· 1· to J01nt1ng y max. towar s presp 1t lne. 

Comments: 
Secondary fracturing is observed but has now become a minor 
feature of the experiment. The slightly undulose shape of 
the presplit is most likely due to the influence of flaws 
within the rock. 



TEST NO. 66 DAtE: 1/10/80 PHASE: 2 

BRIEF DESCRIPTION: 
Presplit in sandstone block with jointing middistance between 
boreholes at 900 to the hole line. 

PARA"fETER inches mm OTHER 

Block Type Rock/sst 

Block length 23~ 597 

Block width 7~ 191 

Block height 
5\ 133 

No. of Boreholes 5 

Borehole diameter 3/8" 9.525 

Borehole depth 5\ 133 

Borehole spacing Centers 

No. of Oetonators 1 

Delay N/A 

Cord used per hole 24 610 2 x 11 gr/ft 

Discontinuities 
Single, vertical, middistance at 900 

"1"\ .... /a 

Photographs 2 from above 

Results: 
Good presplit 6etween holes. Presplit is generally straight, 
with SOme minor parallel sympathetic fracturing on either side. 

Comments: 
Sub "horizontal" discontinuity at base of block below bottom 
left corner has been opend up by blasting. 



TEST NO. 67 DATE: 6/10/80 PHASE: 2 

BRIEF DESC~IPTION: 
Presplit in sandstone block with multi jointing (twin) 2/3" 
from boreholes on either side at 600 to hole line 

, 
PARA.'1ETER inches nun OTHER 

Block Type Rock/sst 

Block length 221: 578 

Block width 9\ 241 
, 

Block height 6 152 

No. of Boreholes 5 

Borehole diameter 3/8" 9.525 

Borehole depth 6 152 

Borehole spacing 4 102 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole ·24 610 2xll gr/ft 

Discontinuities 
Multiple (2) 

at 600 At 2/3" from borehole centres 

Photographs 2 from above 

Results: 
The dominant fracturing from the boreholes is perpendicular to 
the jointing, however considerable splaying is present. 
Connection between boreholes is achieved however a poor 
pre-split is obtained. 

Comments: 
Again only perpendicular fracturing is observed crossing 
jointing, 2 of which are present'within mid slabs (one 
from each neighbouring borehole) 
No bifurcation of these fractures are observed. 



TEST NO. 68 DATE: 
6/10/80 PHASE: 2 

BRIEF DESC~IPTION: 
Presplit in sandstone block with 
jointing at 600 to hole line. 

equidistant multiple (triple) 

PARAMETER inches mm OTHER 

Block Type Rock/sst 

Block length 22 559 

Block width 9~ 241 

Block height 6 152 

No. of Boreholes 5 

Borehole diameter 3/8" 9.525 

Borehole depth 6 152 

Borehole spacing 4 102 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 
24 610 2 xll gr/ft 

1" equidistant at 600 
holes in between Discontinuities J 

Photographs 
2 from above 

Results: 
The dominant fracturing from the boreholes is; perpendicular 
to the jointing. Considerable splaying is again present. 
Although connection between boreholes is achieved a poor 
presplit is obtained. 

Comments: 
The perpendicular fracturing across successive mid slabs of 
rock between boreholes is not always directly connected, there 
being a slight displacement along jointing which is uniform 
in direction (dextral). 



TEST NO. 69 DATE: 14/10/80 PRASE: 2 

BRIEF DESCRIPTION: 
Presplit test in block of sandstone with sawn discontinuities 

I orientated at 600 to the hole line and spaced at 1/5" borelo1es. 

-

PARAMETER inches mm OTHER 

Block Type Rock/sst 

Block length 20.8 526 

Block width 9.5 240 

Block height 6 152 

No. of Boreholes 5 

Borehole diameter 3/8" 9.525 

Boreho1e depth 6 152 

Boreho1e spacing 4 102 
Centers 

No. of Detonators 1 

Delay NIA 

Cord used ~er hole 24 610 2xllgr/ft 

Discontinuities 
Multiple (x4) at 600 to pIs, 1" 

separation 

Photographs 1 from above 

Results: 
Breakage between holes achieved but a poor ill defined p~e. 
·sp1it is obtained. The only fracturing to cross the 
jointing is orientated perpendicular to it. 

Cotmnents: 

Generally a single fracture from each hole cuts across 
successive jointing up to the joint before the adjacent 
hole. 
Some of the jointing bifurcates generally, at the 
extremes. 



TEST NO. 70 DATE: 14/10/80 PHASE: 2 

BRIEF DESCRIPTION: 
Presplit test in block of sandstone testing the effect of 
(a) closed discontinuities passing through boreho1es and 
(b) 

PARAIiETER inches mm OTHER 

Block Type Rock/sst 

Block length 23.14 585 

Block width 9.5 240 
, 

Block height 6 152 

No. of Boreholes 5 

Borehole diameter 3/8" 9.525 

Borehole depth 6 152 

Borehole spacing 4 102 
Centers 

No. of Detonators 1 

Delay N/A 

24 610 2 x 11 gr/ft Cord used per hole 

Discontinuities 
2 at 600 thru holes, 2 0 at 75 near holes 

Photographs 1 from above 

Results: 
Single disconfinuities through holes at 600 to presp1it 
seem to have little to no effect on the propagation of 
tbe presplit. However the 2 opposed 750 (to hole line) 
discontinuities have caused a failure to split. 

Comments: 

Although there is a good presplit f or the former there is 
evidence that fracturing from the intersected boreholes is 
reduced. This tallies with field evidence for closed joints 
cutting borehole s. 
In the case of the 750 joints it is felt that for fracturing 
between boreholes to occur fractures must bisect at an angle 
of 300 therefore mutually detrimental. 



TEST NO. 71 DATE: 
13/1/81 PHASE: 

BRIEF DESCRIPTION: Attempt to find maximum presplit 

borehole separation with single 11 grain cord and \ inch 

holes in concrete (4 to 1 mix). 

PAR..\}IETER inches nun OTHER 

Block Type Concrete 

Block length 24 610 

I 
229 Block width 9 , 

Block height 6 152 

No. of Boreholes 3 

Borehole diameter \" 9.525 

Borehole depth 6 152 

Borehole spacing 3 76 Centers 

No. of Detonators 1 

Delay N/A 
. 

2 

Cord used per hole 18 457 Single 11 gr/ft. 

Discontinuities None 

Photographs 1 above 

Results: Successfu11 presp1it with splaying at ends. 

Comments: 

L-____________________________________ . ____ ~ __ . __________ -



TEST NO. 72 DATE: 13/1/81 PHASE: 2 

BRIEF DESCRIPTION: Attempt to find maximum presplit bore-
hole separation with single 11 grain cord and \" holes in 
concrete (4 to 1 mix). 

PARA.\[ETER inches mm OTHER 

Block Type Concrete 

Block length 24 610 

I 
Block width 9 229 

Block height 6 152 

No. of Boreholes 4 

Borehole diameter la" 9.525 

Borehole depth 6 152 

Borehole spacing 3~ 89 Centers 

No. of Detonators 1 
r-" 

Delay N/A 

Cord used per hole 
24 457 Single 11 gr/ft. 

Discontinuities None 

Photographs 1 above 

Results: Successful presp1it with twin fracturing between 

boreho1es 

Comments: 

, 



PHASE: TEST NO. DATE: 
73 14/1/81 2 

BRIEF DESCRIPTION: Test to find maximum presplit borehole 
separation for 4:1 concrete. 

PAR.~IETER inches mm OTHER 

Block Type Concrete 

Block length 24 610 

Block width 9 I 
229 

Block height 6 152 

No. of Boreholes J 

Borehole diameter 'a" 9.525 

Borehole depth 6 152 

Borehole spacing 4 102 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 
18" 457 Single 11 gr/ft. 

Discontinuities None 

Photographs 1 above 

Results: Good presplit fairly undulose but. amplitude less 

than boreho1e diameter. No splaying at end. 

Comments: Fracture single, no mUltiple presp1it. 



TEST NO. 74 DATE: 14/1/81 PHASE: 2 

BRIEF DESCRIPTION: Test to find maX1mum presplit borehole 

separation for 4:1 concrete. 

PARMIETER inches rmn OTHER 

Block Type Concrete 

Block length 24 610 

Block width 9 229 

Block height 6 152 

No. of Boreholes 3 

Borehole diameter \,. 9.525 

Borehole depth 6 152 

Borehole spacing 4~ 114 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 18 457 Single 11 gr/ft. 

Discontinuities None 

Photographs 1 above 

Results: Just failure to presp1it between 2 of the 3 holes 

highly undulose split between other holes. 

Cormnents: Marginally over maximum presplit borehole separation. 



TEST NO. 75 DATE: 19.1.81 PHASE: 2 

BRIEF DESCRIPTION: 
Presp1it in 4:1 mix concrete block 
dipping at 300

, striking at 450 to 
with discontinuities 
the hole line 

PARA."!ETER inches mm OTHER 

Block Type CONCRETE 

Block length 24 610 

Block width 9 I 229 

Block height 
6 152 

No. of Boreholes 6 

Borehole diameter 3/8" 9.525 

6 152 
Borehole depth 

Boreho1e spacLng 4 102 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 
24 610 Single 11 gr/ft 

Discontinuities 3 @ 30 dip 450 to pIs 2~" sep. 

Photographs 1 above 

Results: 
Failure to spiit between 2 holes splitting generally between 
holes except when in the presence of joints where fracturing 
roughly perpendicular to the jointing has occurred. Fair 
amount of over break 

Conunents: 
Fracturing perpendicular to the jointing tends to be slightly 
sub-perpendicular by up to 10-15 max. towards the pre-sp1it 
line. 
Normal pre-split where jointing is not present except for 1 
failure. Thus the presence of jointing may reduce the max. 
borehole separation 



TEST NO. 76 DATE: 19.1.81 PHASE: 2 

BRIEF DESCRIPTION: 
Pre-split in 4:1 mix concrete block with 
dipping at 45

0
, striking 450 to the hole 

discontinuities 
line. 

PARA~IETER inches mm OTHER 

Block Type CONCRETE 

Block length 24 610 

Block width 9 , 229 

, 

Block height 6 152 

No. of Boreholes 6 

Borehole diameter 3/8" 9.525 

Borehole depth 6 152 

Borehole spacing 4 102 
Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 24 610 Single 11 gr/ft 

Discontinuities 4 @ 450 dip 450 to pis 2~" sep 

1 above 
Photographs 

Results: 

Fairly strong pre-sp1it though some fracturing perpendicular 
to the jointing is seen but on the whole duminant. Less 
overbreak than previous test. 

Comments: 
Again fracturing to jointing 
towards the pre-sp1it line. 
irregular in nature. 

is sub-perpendicular by 100 or so 
Presp1it fracture failure 



TEST NO. 77 DATE: 20.1.81 PHASE: 2 

BRIEF DESCRIPTION: 
Pre-split in 4:1 mix concrete block with discontinuties 
perpendicular to the hole line and. dipping at 300 

PA~!ETER inches mm OTHER 

Block Type CONCRETE 
. 

Block length 24 610 

Block width 9 229 

Block height 6 152 

No. of Boreholes 6 

Borehole diameter 3/8t! 9.525 

Borehole depth 6 152 

Borehole spacing 4 102 
Centers 

No. of Detonators 1 

Delay N/A 

24 610 Single 11 gr/ft Cord used per hole 

Discontinuities 5 @ 30 dip, 900 
to p/s, 2~" sep •. 

Photographs 2 above 

Results: 

Failure to split 2 boreholes on top 1 on bottom surface 
pre-split fairly straight fracturing perpendicular to the 
jointing. 

Comments: 
Slight tendancg of failure to presp1it may signify that the 
presence of 30 jointing may reduce the maximum borehole 
separation for presplit success. 

I 

. I 



TEST NO. 78 DATE: 20.1.81 PHASE: 2 

BRIEF DESCRIPTION: 
Presp1it in 4;1 mix concrete block with discontinuities 
perpendicular-to the hole line and dipping at 45°. 

PARA.'1ETER inches mm OTHER 

Block Type CONCRETE 

Block length 24 610 

Block width 9 229 

Block height 6 152 

No. of Boreholes 6 

Borehole diameter 3/8" 9.525 

Borehole depth 6 152 

4 Borehole spacing 102 
Centers 

No. of" Detonators 1 

Delay N/A 

24 610 tiingle 11 gr/ft Cord used per hole 

Discontinuities 6 @ 450 
dip, 900 to pIs, 2~" sep. 

Photographs 2 above 

Results: 
A much bettef defined presp1it was obtained than in test 77 
but slightly irregular in shape. Fracturing perpendicular 
to jointing 

Comments: 

A very slight tendancy for incomplete presplit suggesting 
the same as in test 77. 



TEST NO. 79 DATE: 20.1.81 PHASE: 
2 

BRIEF DESCRIPTION: 
Attempt to find maximum boreho1e separation with 
3/8" holes for successful presp1it in Whinstone. 

PARA.'-fETER inches mm OTHER 

Block Type DOLERITE 

Block length 27 686 

Block width 12 305 

Block height 7 178 

No. of Boreholes 4 

Borehole diameter 3/8'" 9.525 

Borehole depth 7 178 

Borehole spacing 3 76' Centers 
. 

No. of Detonators 1 

Delay NIA 

Cord used per hole 18 457 SinRle 11 Rr/ft 

Discontinuities NONE 

Photographs 1 above 

Results: 
Failure to ~reslipt 

Comments: 

No cracking around boreho1es seen 

---



TEST NO. 80 DATE: 20/1/81 PHASE: 2 

BRIEF DESCRIPTION: 
Attempt to find maximum borehole separation with 
3/8" holes for successful presplit in Whinstone. 

PARM-IETER inches mm OTHER 

Block Type DOLERITE 

Block length 27 686 

Block width 12 305 

, 

Block height 7 178 

No. of Boreholes 5 

Borehole diameter 3/8 tt 9.525 

Borehole depth 7 178 

Borehole spacing 2 51 Centers 
. 

No. of" Detonators 1 

Delay N/A 

Cord used per hole 
18 457 Single llfr/ft 

Discontinuities NONE 

Photographs 1 above 

Results: 

Failure to presplit. 

Comments: 

only slight cracking seen around some boreholes. 



TEST NO. 81. DATE: 22.1.81 PHASE: 2 

BRIEF DESCRIPTION: 

Presplit in 4 ; 1 mix concrete blocK with multiple jointing 
dipping at 45

0
, striking parallel to the hole line 

PARA.'1ETER inches rmn OTHER 

Block Type CONCRETE 

Block length 24 610 

Block width 9 , 229 

Block height 6 152 

No. of Boreholes 6 

Borehole diameter 3/8 H 9.525 

Borehole depth 
6 152 

Borehole 4 102 spac1.ng Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 24 610 Single 11 gr/ft 

Discontinuities 2 dipping 450 , strike 1/ to pIs 

1 above 
Photographs 

Results: 
Successful pr~split of block. Flyrock from top part of block 

Conunents: 

No breakage perpendicular to discontinuities 



TEST NO. 82 DATE: 22.1.81, PHASE: 2 

BRIEF DESCRIPTION: 

Presplit in 4:1 mix concrete block with mUltiple jointing 
dipping at 300

, striking parallel to the hole line' 

-

PA~[ETER inches rrun OTHER 

Block Type CONCRETE 

Block length 24 610 

9 I 229 Block width 
, 

Block height 6 152 

No. of Boreholes 6 

Borehole diameter 3/8" 9.525 

Borehole depth 6 152 

Borehole spacing I 4 102 Centers 
, 

No. of Detonators 1 

Delay N/A 

Cord used ~er hole 24 Single 11 gr/ft 

Discontinuities 2 dipping 300 , strike /I to pIs 

Photographs 1 above 

Results: 
Successful presplit of block. 
Flyrock from thin part of topbyer of block. 

Comments: 
Badly broken corner due to accident during assembly. 

No breakage perpendicular to discontinuitie~ 

L ________________ · _____ · ___ ·_· ____ _ 



TEST NO. 83 DATE: 22.1.81 PHASE: 
2 

BRIEF DESCRIPTION: 
Attempt to find max presplit borehole separation 

in Dolerite using 3/8" holes and single 11 grain 
cord. 

PARANETER inches mm OTHER 

Block Type DOLE RITE 

Block length 27 686 

Block width 12 305 

Block height 7 178 

No. of Boreholes 7 

Borehole diameter 3/8" 9.525 

Borehole depth 7 178 

Borehole spacing l~ 38 Centers 
, . 

No. of Detonators I 

Delay NIA 

Cord used per hole 18 457 ~ingle Ilgrlf t 

Discontinuities NA 

Photographs 

Results: 

Successful presplit obtained. 

Comments: 

Slight irregularity in sh~pe. 

, 

I 
.1 



TEST NO. 84 DATE: 23.1.81 PHASE: 2 

BRIEF DESCRIPTION: 

Water coupled test in resin. 

PARMtETER inches nun OTHER 

Block Type RESIN 

Block length 6 152 

Block width 5 127 
, , 

Block height 3 76 

No. of Boreholes 1 

Borehole diameter 1/4" 6.35 

Borehole depth 3 76 

Borehole spacing • - Centers 
.. 1 No. of Detonators 

Delay N/A 

. 
9 229 4 grain/ft Cord used ~er hole 

Discontinuities NONE 

Photographs 

Results: 

Heavy damage with extensive cracking around borehole. 
fracturing reaches edge of block. 

Comments: 

Damage far in excess of that obtained for the 
same test without water coupling. 



TEST NO. 
85 DATE: 

23.1.81 PHASE: 
2 

BRIEF DESCRIPTION: 

Water coupled test in resin 

. 

PARA.'1ETER inches mm OTHER 

Block Type RESIN 

Block length 6 152 

Block width 5 127 

Block height 3 76 

No. of Boreholes 1 

Borehole diameter 3/16 4.7625 

Borehole depth 3 76 

Borehole spacing - -
Centers 

No. of Detonators 11 

Delay N/A 

Cord used ~er hole 
9 229 4 grain/ft 

Discontinuities NONE 

Photographs 

Results: 

Heavy damage with extensive cracking around borehole. 
fracturing reaches edge of block. 

Comments: 

Damage far in excess of that obtained for the same 
test without water coupling. Roughly the same 
amount of damage is obtained as in test 84, which 
is approximately equal to that obtained for a fully 
coupled hole. 



TEST NO. 86 DATE: 19.2.81 PHASE: 2 

BRIEF DESCRIPTION: 

Attempt to find the penetration of fluid into 
the fracutres created around a shot hol'e on 
detonation. 

-

PARAI1ETER inches mm OTHER 

Block Type RESIN 

Block le~gth 6 155 

Block width 51/4 133 

Block height 
1 .73 

No. of Boreholes 1 

Borehole diameter 3/16 4.763 

Borehole depth 133 

Borehole spacing N/A Centers 
. 

1 No. of Detonators 

Delay N/A 

Cord used per hole 6 150 

Discontinuities NONE 

Photographs 

Results: 
Same degree of fracturing as in test 85 (and 84). 
Dye penetrated up 28mm just less than half of the 
damage zone extent. 

Conunents: 

Surface tension of the dye used was measured 
at 0.475 poise. 



TEST NO. 87 DATE: 26 • 2 • 81 PHASE: 2 

BRIEF DESCRIPTION: 

Attempt to find maximum borehole separation for successful 
presplit in granite. 

PARA!1ETER inches mm OTHER 

Block Type GRANITE 

Block length al3 

Block width al8 

Block height a6 

No. of Boreholes 5 

Borehole diameter 3/8 9.525 

Borehole depth a6 

Borehole spacing 2 51 Centers 
.. 

1 No. of Detonators 

Delay N/A 

Cord used per hole 20 508 single 11 gr/ft 

Discontinuities NONE 

Photographs NONE 

Results: SUCCESSFUL PRESPLIT 

Comments: 



TEST NO. 88 DATE: 26/2/81 PHASE: 2 

BRIEF DESCRIPTION: 
Attempt to find maximum boreho1e separation for successful 

presp1it in granite 

PARAHETER inches nun OTHER 

Block Type GRANITE 

Block le.ng th a 13 

Block width a 18 

a 6 
Block height 

No. of Boreho1es 4 

Borehole diameter 3/8 9.525 

Borehole depth a 6 

Borehole spacing 2~ 64 Centers 
- . 

No. of Detonators 1 

Delay NIA 

Cord used per hole 20 508 Single 11 gr/ft 

Discontinuities NONE 

Photographs NONE 

Results: SUCCESSFUL PRESPLIT 

Conunents: 



TEST NO. 89 DATE: 2/3/81 PHASE: 2 

BRIEF DESCRIPTION: 
Attempt to find maximum borehole separation for 
successful presplit in Granite 

PARA.~ETER inches nun OTHER 

Block Type GRANITE 

Block length a 19 

Block width a 9 

Block height a 6 

No. of Boreholes 6 

Borehole diameter 3/8 9.525 

Borehole depth a 6 

Borehole spacing 3 76 Centers 

No. of Detonators 1 

Delay N/A 

Cord used j)_er hole 20 508 Single 11 graint 

Discontinuities NONE 

Photographs NONE 

Results: FAILURE TO SPLIT 

Conunents: 



TEST NO. 90 DATE: 6.4.81 PHASE: 2 

BRIEF DESCRIPTION: 

Attempt to find maximum borehole separation for successful 
pre-split in DolomiticLimestone. 

PARA.'1ETER inches nun OTHER 

Block Type 
Dolomit ic 
Limestone 

Block length a 13 

Block width a 18 

Block height a 6 

No. of Boreholes 4 

Borehole diameter 3/8 9.525 

Borehole depth a 6 

Borehole spacing 3 76 Centers 

No. of Detonators 1 

Delay N/A 

Cord used per hole 20 508 

Discontinuities NONE 

Photographs 

Results: 

FAILURE TO PRE-SPLIT 

Comments: 



TEST NO. 
91 DATE: 15.4.81 PHASE: 

2 

BRIEF DESCRIPTION: 

Attempt to find maximum boreho1e separation for successful 
pre-split in Dolomitktimestone 

PARAMETER inches nun OTHER 

Do1omitic 
Block Type lim~stona 

Block length a 23 

Block width a 17 

Block height 
a 6 

No. of Boreholes 7 

Borehole diameter 3/8 9.525 

Borehole depth a 6 

Borehole spacing 2 51 Centers 
.. 

No. of Detonators 1 

Delay N/A 

Cord used per hole 20 508 Single 11 grain 

Discontinuities NONE 

Photographs NONE 

Results: 

SUCCESSFUL PRE~SPLIT 

Comments: 



TEST NO. 92 DATE: 15.4.81 PHASE: 2 

BRIEF DESCRIPTION: 

Attempt to find maximum borehole separation for successful 
pre-sp1it in Limestone 

PARA.'1ETER inches mm OTHER 

Block Type Limestone 

Block length a 21~ 

Block width a 14~ 

Block height a 5 

No. of Boreholes 5 

Borehole diameter 3/8 9.525 

Borehole depth a 5 

Borehole spacing 4 102 Centers 

- - 1 No. of Detonators 

Delay N/A 

Cord used per hole 20 508 Single 11 grain 

Discontinuities NONE 

Photographs NONE 

Results: 

FAILURE TO PRESPLIT 

Comments: 



TEST NO. 93 DATE: 15.4.81 PHASE: 2 

BRIEF DESCRIPTION: 

Attempt to find maximum borehole separation for successful 
presplit in Limestone 

PARA.'1ETER inches nun OTHER 

Block Type LIMESTONE 

Block length a 21 

Block width a 12 

Block height a 6 

No. of Boreholes 5 

Borehole diameter 3/8 9.525 

Borehole depth a 6 

Borehole spacing 3 76 Centers 
. 1 No. of Detonators 

Delay N/A 

Cord used per hole 20 508 ~ingle 11 grain 

Discontinuities NONE 

Photographs NONE 

Results: 

Poor pre-split failure to connect between all holes. 

Conunents: 



TEST NO. 94 DATE: 16.4.81 PHASE: 

BRIEF DESCRIPTION: 

Attempt to find maximum boreho1e separation for 
successful pre-sp1it in Do1omitic Limestone 

PARA~(ETER inches mm OTHER 

Dolomitic 
Block Type Limestone 

Block length a 24 

Block width a 23 

Block height a 5:t 

No. of Boreholes 9 

3/8 9.525 
. 

Borehole diameter 

Borehole depth a 5:t 

Borehole spacing 2\ 64 
Centers 

.. 
No. of Detonators 1 

Delay N/A 

2 

Cord used per hole 22 559 :angle 11 grain 

Discontinuities NONE 

Photographs NONE 

Results: 

GOOD STRAIGHT PRE-SPLIT 

Comments: 



TEST NO. 95 DATE: 16.4.81 PHASE: 2 

BRIEF DESCRIPTION: 

Attempt to find maximum boreho1e separation for successful 
pre-split in Limestone. 

PARA..'1ETER inches nun OTHER 

Block Type LIMESTONE 

Block length a 19 

Block width a 17 

Block height a 7 

No. of Boreholes 6 

Borehole diameter 3/8 9.525 

Borehole depth 2~ 64 

Borehole spacing Centers 

- . 
No. of Detonators 1 

Delay N/A 

20 508 Single 11 grain Cord used per hole 

Discontinuities 

Photographs 

Results: 

GOOD PRE-SPLIT BUT ROCK ALSO BROKEN. 

Comments: 
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Fig. F.1 . 
r re-split location No.l 

(North to South). 

Geology: Isoclinaly folded 

metamorphic psammites with 

some pelites - described 

as undifferentiated Moine 

Sch ists. 
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Fig.F.2. 

Pre-split location No. 2 

(South end of east face). 

Geology: Isoclinaly folded 

metamorphic psammites with 

occasional pelitic bands - E:: 
described as undifferentiated 

Moine Schists. 
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Fig.F.3. 

Pre-split location No. 3 

(east face) 

Geology: Isoclinaly 

folded metamorphic 

psammites with faulted 

felsite 'sill' at south 

end. 
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Fig. F.4. 
Pre-split location No. 3 

(west face) 

Geology: Isoclinaly folded 

metamorphic psammites -

described as undifferentiated 

Moine Schists 
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Fig.F.5. 
Pres-split Location No. 4 

(east face) 

Geology: Isoclinaly 

folded metamorphic 

psammites with pelitic 

bands . - described as 

undifferentiated Moine 

Schist. 
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Fig.F.S. 
Pres-split Location No. 4 

(east face) 

Geology: Isoclinaly 

folded metamorphic 

psammites with pelitic 

bands . - described as 

undifferentiated Moine 

Schist. 
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Fig. F.6. 
Pre-split location 5 . (East face) 

Geology: Isoclinaly folded metamorphic psammites with 

occasional pelitic bands - described as undifferentiated 

Moine Schist. 



Fig. F.7 . Pre-split location 6. (North to South - right to left) 

Geology: Isoclinaly folded metamorphic psammites with occasional thin pelitic bands -

described as undifferentiated Moine Schist . 
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Fig. F.B. Pre-split location 7 (North to South - right to left) 

Geology: Isoclinaly folded metamorphic psammites with occasional thin pelitic bands, 

fold noses present in face. 

- described as undifferentiated Moine Schist. 

Comment: The final face is smooth blasted back to a slope of 2:1. 
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Fig.F.9. Pre-split location 8. 

Geology: Isoclinaly folded metamorphic banded psammites - described as 

undifferentiated Moine Schist. 
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Fig. F .10. 

Pre-split location 9. 

Geology: Steeply dipping metamorphic 

psammites with some pelitic bands, 

two metamorphosed quartzite band~ 

or quar~sills and metamorphose~ 

quartz porphyry dykes. 

Foliation parallel to bedding. 

- described as Quartzose 

felspathic schistose flags 

(Moine). 
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Fig.F.11. 

Pre-split location 10. 

Geology: Gently dipping 

rhyolitic? lava flows; 

upper lavas fine grained 

and lower amygdaloidal 

with chlorite, calcite 

and quartz (vars) 

infillings. 
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- soo -

Notesa 

Each pre-IPl1t borehole 18 indicated by it. 

number of occur,nce in the final face at 

pre-split location number nine, numbering from 

north to louth. 

The line drawn between borehole. indicated the bale 

l;ne uled for measurement of overbreak and underbreek, 

i.e. breaka~e t. measured from the lin. directly 

connecting borehole. end not from the de,1Qn face 

line. 
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Both compre.sive and tensile strength testing we. 

undertaken using Newcaltle standard compre.sive and 

tensile ItrenQth telt Ipecimen liz.a, which ere. 

Comoreslivel (exial load teat) 

Tensile& 

cylinderl of 211 height to width ratio 

heiQht • 84 mm 

width • 42 mm 

(brezi1ian d11c test) 

cylindrical specimens 

diameter = 42 mm 

thickne.s • 21 mm 

Medium grained homoganoul Carboniferous Sandstone. 

Sourcel Spring",all- Quarries, Tvne and .-leer 

Telts' 5 comorasstve' 49.26,49.26,49.15,49.23,47.21 
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MP. 

10 tensile, 

Av. 5.80 MPe 

411 ratio building .and to portland cement m1. 

concrete. 

T •• tsl 6 compre •• ive' 

Av. 14.71 MPa 

11 tansile' 

MP. 

Av. 1.6Z MP, 

Muddy foss11iterous crystelline bedded limestone. 

(Magne.ian Limestone - Permten,) 

Source, Ra;sby Quarries, County Durham 

re.ta. 4 eompra •• ive, 49.08,5Z.11,45.83,156.6Z MPa 
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Av. 75.91 ~Pa 

8 tensile' 8.59,4.65,9.49,3.97,3.83,2.38,9.38,6.06 MP. 

Av. 6.04MPa 

Hard banded dolomitie limeltone with IParee vug •• 

(Magnesian Li~eltone - Permian.) 

Source: Raisby Quarries, County Durham 

Test.: 5 eo~prel.ive, 156.3,172.5,169.6,187.7,135.7 

i~P. 

Av. 164.4 MPa 

10 ten.ile, 

6.46,8.80,10,61,10.54,8.41,9.63,12.12,8.23,8.93,7.76 

MPa 

Av. 9.15 MPa 

Coarse grained white granod1orite. 

Source, Creetown Granite Quarr1e." vfe T.R.R.L. 

Te.tsl 5 compre •• 1ve, 178.9,176.6,169.7,171.7,160.0 

MPa 

Av. 171.38 MPa 
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10 tensile, 

10.93,10.19,10.33,10.35,11.13,8.50,11.44,11.12,9.92, 

10.92 MPs 

Av. 10.48 MPa 

Coarse grained dol.rite. 

Source: redundant kerb stones ex. whin sill 

Testsl 5 comprelsivel 167.5,171.4,170.3,168.2,170.7 

MPa 

Av. 169.6 MPa 

10 tenstle; 

11 • 11 , 1 2 • 9 9 , 11 • '9 8 , 11 • 69 , 1 3 • 5 0 , 1 2 • Z 0 , 1 Z • 9 9 , 1 Z • 9 Z , 1 3 • 21 ., 

13.50 MPa 

Av. 12.61 MPs 


