destressing of the stope rock pricr to mining, Destressing holes 100 mm in
diameler and up 10 30 m long wers drilled Inlo tha crebedy in a fan-shapad
arrangement, These holes were blasted to fracture the orebody and ralieve stress
before actual stoping operations began. Mining through the precondilionsd zona
resulted in a greally raduced relgase of esismic energy, and na rockbursting

occumed {Blake, 19890a, 1680h and 1982). As mining progressed bayond lhe
praconditioned zone, the release of salsmic energy incresssd and rockbursting
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pocumed,

Board and Fairhurst (1983} presented results that also conlinm he advantagas to
ba gained by large-scale precondilioning of a highly strassed sill plilar in their
work at tha Cogur d*Alena mine in ldaho. Both instrumenlallon and practical
axperience Indicated that the pillar destrassing Inillaled a non-viclent fallure of
the slll pillar. The plllar was subsequently oxiractad successfully, with minimal

saismic aclivity during piltar recovery, The details of how the-destress ras

a decreass in pillar stiffness were unknown, |t was assumed that the creation of
new fraclure surfaces was not important but ihat the separalion or disiedging
fracture surfaces frarm fhelr original mating posillon was.

Makugh af af. {1687 reported on four destress blasls in rackburst-prone pillars al
Campbell Rad Lake hMine. Destressing reducad tha potential energy by fracturing

experiments rasulted in varying degress of succass.

O'Donnell (1992) reported on a destresalng application in a developmeant end at
the 2195 m level of INGO's Crelghton mine. it involved driliing and blasting 10
destrass holes with each production round. Initlally, problems associated wilh
rackburste gecurring during working hours wera expariencad. The knowladge
es of the axparimantslion amphasleed
proper sequence of devatopment work and destressing.
suppart, and mining sequence

Subsequantly, the judicious use Of 0a5Iras5EIng, SUDPDN, anc

anabled three major blocks o be developed, with a significant reduction in tha
risk of rockbursta, Under adverse condilions, destressing induced BS percent of

tha bursts 1o oecur wilh the blasts.
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Boler and Swanaon (1893a & 1983b) explored the use of several measuremant
and analysls toals for evaluating the eflacliveness of a slll gitlar destresasing
alternpt In Wallace, Idabo. The largesl seismle event, which aecurred |ust a faw
gaconds afler the desiressing blasL, was only a Richler magnitude (M) 0.4,
despite the expactation of it triggening a significantly [arger (k=1 5) event. An

Inlensiva instrumentation and monitoring programme was Wsad, focusing on
saismic and rock pressure changas. Numerical modelling was used to determine
lhe stress Intaraction batwean the destressing blasi and the two damaging evenls
that occumed five days after lhe destressing blast. The rock pressure changas
due Io this Inaffactive destress blast wara recorded as less than 100 kPa.
However, several hundred kPa of pressure changes were measured during the
following 18 days and mosl of this change was coincident with seisnmic avents.
The abllity of close moniloring of the rockmass to daterming the effectivencss of

the dasiress blast was successfully shown and threa main conclusions were

rawr, Thase conclusi Ty,
i.  Adaquate knowledge of the exisiing Iocal skees field is necessary for
1 e lmmdn L e sl ol = —_t 3l
Ik

dasigning appropriate heie patiems ior desiress DIBSES, ANTWELYE
far-fisld siresses thal may be affscted by destressing may also be
nagdad.

i. HKnowledge of the approximale principal stress diractions allows lhe
designing of the blasthale patterns for the most effective crack-growth

patterm.
i. Anymaans of monltoring Ihe response of Ihva rockmasa to the destressing

i& highly desiratd that i

[

B =

The lechnique of deatressing for rockburst control has been utilised with apparent
success at Campbell Red Lake Mines Lid. However, it is racognised that Ihe

need axigls 1o improve the undarstanding of rockmass respgnsa to blaating, Upon
ion ia basad (Scobla st af, 1987)

v e =

Coal mines, particulady in Poland and Gemmeny, ara prone [o gas outbursts and
translalory rackbursts (Burgert & Lippmann, 1881). Gas oulbursls are probabiy

more cormmon in coal mining but Ihere are coeurrences in othar mines, oo, The
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common destressing practics in Peollsh coal mines is Lo drill iong boreholes into
the seam Lo allow Lha gas o dissipate (Kozlowski and Siarkiswicz, 1877 end
1581; Krawiag, of al., 1977; Tamowskl, 1978, Fenc, 1878a, 19790, 1980, 1981).
Under cartain circumstances, water is forcad into the coal and contrelled blasting

which nermit gad th sqacana IBrd mar of 21 19T
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The rockburats in the Ruhr coalfield, Garmany, are assoclatad wilth 3 suddan
movernent of the seam into the urdarground openings bacause of high-slress
eoncenirations nearby, Brauner {1974) reportad a successful destrassing

experimant n a roadway which was driven In a particularly burst-prone part of a
yoam. Significant stress reduclions wera achisved by drllling daslressing holes in
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areas whore slrees concenirations were reaching dangercus levels. The
borahalas ware not blasled but the dasirassing was attained by ralsasing large
gquantities of brokan coal. The B3 mm-diametsr destressing halas yigldad up lo
14 m’ broken coal per melre drllled whoreas the normal quanlity to be expecied
frovm this size of hele in unstressed coal i3 only 10 It per metre drilled, Finally,
540 m” coal ware Inus remaved over a road length of 80 m, and the roadway
ramained stabla,

Lama {1872} showed a case sxampla on tha use of a desireasing technique In
the maintenance of rpadways under high stiresses, A number of 32-35 mm-

diameter and 2.5-3.0 m-lang dasirassing hales were drilled and blasled Into the
sides and floor of a roadway |ylng at a depth of 1200 m driven in carboniferous
shale beds. The mavamant of the fleor and side walls greatly decraasad, wilh a
significant reduction of [oad on the roadway support.

Selsmic monitoring is used In German coal mines In order to ientlfy conditlons

R . | - L JLak = Il

under which preconditioning of the coai seam can e bansficialiy carmed out [Will,

1842}, The pracondilioning is done by drilling 100 mm diameter holes 25 m long,
paralls! to Ihe coal face, Tha hotes are drilled Irom a roadway and are 2 m apart,

the coal fracturing into the hales,
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Piguet {1982} and Will {1982) described how deslressing of a coal s8am was
carriad out aftar & rockbursl had been predicted by precursive crileria using a
seismic monilering system [Dechelstts, of af., 1982} Shadrin (1384) showed =
close correlatlon between microssismic activity and the rate and pressura of fuid

pumped into a cogl seam for the purpoaes of deslressing and prevenling gas

amisalan. Ha eoncluded Lhat the microselsmic activity was the result of lhe
formation of new fractures by tha pressurising fluld,

Haramy af ai. (1988) discussed soma of lhe deslressing technigues used In L5
coal mines. Thay dascribed destress blasting as "vollay firing”. The desiresaing
holes ware drilled into previously localed high-siress zones at the longwall face
but no datail was given on tha dalemmination of Ihosa highly strezsed areas. The
numerical modalling analysis showed that destressing only & portion of the face
red|slribuled the sirgsses 1o adjacent areas thal wara not destrassad, and

resulted in dangerols high-sress conditions at those tocations- Andther
desiressing technique used In L1.S. coal mines was “augar drilling”. In this
mathod, stress rellef was induced by driling large-diameter holes into a highiy
slressad area. A hole or serigs of holes in a coal seam would slructurally waaken
the seam and cause failure of the coal al a reducad stress level; strass build-up

cannot then ocour.
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slalions and raiiway unneis. They desciibed th

rockburst pradiction and ceniral and explained the afforls made Lo eliminate the
rockiburet oocumence through the use of hatter mining methads and layouts, as
wel| as through dasireasing techniques such as praconditioning blasts, high-
prazsure water injeclion and drilling of desiressing heles, Praconditioning

{echniques ware ussd successiully in four coal mines (Mentougau, Langfeng,
Tangshan and Tianchi mings) and, to a |imited extant, at somea melal mines,
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2.6 Summary

An eadler and less comprehensive version of this lilerature review was conducted

anvironmenls in the word. Collecting Ihls infermalion was a crucial step far
CSIR / Mininglek's rockburst conlicl rassarch i
a major tool for dalermining the direction for further research in this area. This
review was also a very important slep for determining an inltlal precondiicning

layout at CSIR / Mininglek's site investigations.

T

at there ware a vary [imited number of

documented cases (e.g. Roux of ai, 1957 and Hill and Plawmen, 1957) that wers
[ =
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vary positive and encouraging results were documeanted by the above-mentioned
authors, they were not sufficlent for convincing the South African gold mining
industry to implernant this tachnique on a wider scale. This was probably
hecause of the [imited quantiication of the affects of Ihe destressing
{precondltioning) technigue at ERPM. While Ihe Soulh African gold mining

e e

induslry was not Inleresiad in implementing thiz potentially very effecive
technigue, many other counlrkes (e.g. USA, Canada, Poland, Garmany, alc. )

warg tesling a vansty of destressing lachnlques in different mining environmenis
with varying degrees of suctess,

As was axplained in Section 1, rockbursting has been & conlinual hazard for
Sauth African desp-evsl gold mines and the accident rates dus e rockbursts
wera unacceptably high, Therefore, a CSIR / hiningtek research taam was
assigned lo develop rockburst controd lechniques o minimise the darmag ng
effects of these and ta create a safer working environment for mining parsannal.
This Ph.0. thesis farms only a part of this broadly defined rassarch programiTe
and shares ite objectives.




3 THE EFFECTS OF PRECONDITIONING
BLASTS IN CONFINED ROCK

3.1 Introduction

The main ohjective of the rockburst research programme of the Chambar of
Mines Research Organisation (COMRC, now C3IR / Miningtek) was to develop
rockbursl contral methods, to anabla mines ko operate safely in areas which are

most at risk from seismicity and the rasulling rockbursts. Ressarch work on

praconditioning as a reckburst contred 1echniq ue was carried out in various deep-

P hln 4 e -"l'ln-'-ﬁ wirmrn oo ~

lenwel gﬂld ming siopas. Iﬂltlailf, ine preco ItIUIII"H 1 OESIYNS Waro oasal on

a imiled understanding of the actual effect of the explosives on the rock in the
canfined and highly stressed conditions ahead of the stopa face. Evaluation of
the praconditioning method relisd on the obaervation of the effacts that wera

produced by a precondilioning blast The cost af drlllng and blasting for

praconditioning was high and successes have been accomplished by using high

powder factors and blasthole layouts determined by Irlal and eror. To minimige
lhe cost and enhance Lhe succass of preconditloning, there was an obvlous naad

for designing and planning Ihe basts. Praconditioning blast dasign had lo be
based on knowledge of the actual etfact of the explosives on the reckmass in the

confined-and highly siressed canditions and on an understanding of the

mechanlsms of praconditioning.

Allhough the precondilioning techniques were primarily considersd for stopes, tha
gxperiment described in this section examines the effact of Iha explosivas in a
confinad and highly stressed rockmass ahead of a tunnel. in order o bettar
contrel the lest blasis and not to disrupt ha production in & slope, a remota
tunnel was chosen as an experimental site, instead of a skope. fn this wnnef a

nurnber of dynamic and static maasurements wara mads, cosa 1o differant

lasive charges in confined and highly siressad rock, The information oblained

asling expenmants Nelpe
betwesn explosive and rock and wae very ugaful [ater in designing effective
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preconditioning blasts In stopas and for use In tha modelling of preconditioning
blasts using computer codas.

3.2 Objectives

e L EE= o __ e AL _____ .. .
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and diamater, pasition of charge In the rock and the initiation of chargas) raquired
a good knowledge of the affact of explosives on rock. Dynamic computer codes
could provide Insighls inlo the sffect of sxplosives on rock under canfined
conditigns but no physlcal measuraments had been made of lhe effects of

af dnim sarnedr tamm dn Aot oermins tha Pafliem
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rock ahead of a tunnel face 50 as 1o oblaln Information on which Ihe design af
praconditioning blasts in highly fractured and stresaed rock ahead of a stopa lace
will he bagad. Therelore, this work was essential in providing the basic
underastanding that was required for designing sffective precondilioning blasts.

In arder to achieva this objechve, lour preconditioning tesl blasts ware datonated
and monitored, The blast parameters were vailed and these wara: expleaive

type, sxplosive quantity, hale lengih, hole diametar, slemming, and chargea
length.

3.3 Test programme

in order to kaep the measuraments as simple as possible and the number of
variables to a minimum, only one borehola was drilled, instrumenlad and blasted

per tast.

The South Affcan Gold Mining Ihdustry uses mainly twa cammaon typas of

cQ
............ MED FAmmonium Nilkgte Fugl Qll mixes), and amulzinn sxmlnsives
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Initially, il was planned 1o tast three or more types of exploslves. Howevet, in
order to minimise the number of tests, it was decded lhat only those two
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camman lypes of explesives would ba testad rather than the full range avallable
on the market.

The energy partitioning ie affectad by (ha chamge diamater and by Ihe mass of
explosives in the holes. Theralore, different Masthole diametsrs produce varying

affacis on the surrounding rock. In order to avaluate Inese afacts, the axploslvas

wara charned and detonatad in lwo differenl hole sizaz (e.g. 2 small diamatar

hole of about 61 mm and larger diameter holes of about 82 mm).

Blasting results in tamms of fracluring mechanlsm and the exlent of fracturing ara
alao depandant Upon lhe charge pasilion anead of tha face and the level of
conflnement, Pravious siudias al actual in-stope praconditicning experiments
have shown that the effeclivensss of the preconditioning blasts vary for diferant
charge poaitions ahead of the face, In order to study these effects in a battar
LOrroy 855 R o di g e 4. SN0 g0 &, an

a longer hole of 5.5 m} weara testad,

For better control on blasthola parametars such as blastinde dlametar, fength and
diraction, il was nacessary o diamond drill all the holas. For the installalion of
accelerometars and sirain gauges, the bottoms of the moniloning holas were
flattened, following which a smaller dlamster, shorl hole (3tub) was drllled o

The praduction biasls were conimiied so that a minimum of additionail fraciuring

was intreduced. To ensure Inat accurats maasurements wara taksn, the face
acvance through the pre-blastad rock was a maximum of 1 m per production
blast. Thiz allowad defgiled fracture mapping of the face after each praduclion
blasl and Lha ratrieval of monitonng transducers for possible re-Lse in the

- _mond
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this woik would be carried outin a remote devslupment end an 38 lavel of &
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Shaft at Wesl Driefonlgin Gold Mine where slrgss lovels were expacted to be
ralatively high, For reliabe comparisans belwesn tests, it was necessary for tha
face to remain in simliar rock and stress conditions throughoult the experimant. in
prdar to achieve this, ihe sile was astablished In a breakaway from the main
haulage with sufficienl develepment 1o bring the tunnel to the posilion from which

further davelopmenl cauld be camied oul along a straight ling parsllel to the
strika.

The most important [ssuas to be examingd In tarms of understanding the effect of
explosives on the rockmass are Iha detonation speed of the axplasive and
resultant gas penatration characteriatics, the total anergy imparted (o the rack

The effects of an individual blast ware observed through the sleps that ars sat out
balow.
+ Maoniloring the blast by acceleralion measuremenls at various distances
from 1he blasthole was cared cut to pravida information on shock anergy

different dislances around the blasthols.

—— L

+ Slrain measuramenis in ine rock wers takan at hree radial distances fram

i

the hlasthale befora and after the hlasl Doorstoppers, which 3ra strain
gaugas installad in an acouslically coupled medium, ware used for Inesa

maasurameants.
« Sirain measuremants ware taken lo determing tha slatle strase feld for

_ul=a mrd B rmrcede e maml g ] EEU SN
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use in modsiing ang i
throughout Ihe investigations.
+ The Velacity of Detonation (VOO

CAwine any ma)

o

using a VOD mater,
« Stereg-photography of the face was laken for the purpose of mapping the

S lar S3ch A0vanea O e LM
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« Studies on rock core samples (e.q. Rock Quality Designalion (RGO, and
slrenglh characterislics of the rock) wers caied oul bafcre and aftar a
preconditicning blast,

+ Ground Panstrating Radar {GPR) surveys were usad to examina the

affact of the blastz on fracturing

3.4 Blast monltoring

3.41 Introduction

Four preconditioning 1ast blasts were carried out in Ihe test sita. In all thase tast

- F

blasts, a singia borehocie was charged, defonated and moniiored. The detais of

Ihe paramaters used for these preconditioning test blasts are summarised in
Table 3.4.1,

Table 3.4.1 Datall of blast paramaters

DESCRIPTION BLAST 1 BLAST 2 BLAST 3 BLAST 4
Exploslve Type | Antex- ANFO | EmexED7 | Prilex- ANFO | Prilex - ANFO
(Blaw-loaded) | {Carridges) | (Blow-loaded) | {Blow-loaded]
Hole Diamelar a1 83 83 LK
frmmk
Hole Dagth {m) 475 4,70 465 6.50
| Charge Langih {m) 1.55 1.76 1.60 2.52
Charge Mass (kg) & 12 12 12
Danslty {kgim™) 1050 1004 1100 700
Total Enargy 17 42 24 34
Culput (M}
Sternming Lenglh 2,80 1.80 3.05 2.68
{m)
Stamming Clay Clay Eentonile Banton b
Materisl {Tempad} {Tempad wih mixiyra mixture
Garse) {Tampad) (Tampead)
Inligtion Syetem | Narl willh detanatar ai toe of holg

Nota: The dengity of Blow-loadad ANFO Iz depeidant on the softnasy of the pril

and the alr praasure at the fime of charging.

stemming to try 1o increase (he stemming retention time. Tha purposa of
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maximising the ralenlion Vime is to conlain the energy of the explosives in tha
hale as long as possibla.

Figurs 3.4.1 iz an smalgamalion of four lest blasts and ilusirates the biasiholes
I gachion. Using a hole diameter of 93 mm, and a charge langth of 1.78 m for the

second Blast, the effeclive in-hofe density of the emufsion EGT was only

1004 kgim® aven though the cartridges were well tampad with a charging rod.
Tha blow loading of the 4MFO in tha third blast (12 kg at a density of 1100 kg/m™
resulted in a shorler celumn langth than tha 12 kg of EDT canridged amulsion,
which had an In-cartridgs density of 1280 kg/m®, This Indicstes better coupling of
the ANFC in the Unird tast blasl However, the sama amount of ANFO. in the
feunh test blasy, resulted in a longer charge column and thus a lower expinsive
dansily. This was because of low air praasure and / or poor charging praclice
when using tha ANFO loader. The ¢ffacls and ree.ults of the low explazive dansity

Figure 3.4.1 Scalad sectlon of the hlastholes from aach tes!

1.4.2 Instrumantation

For the first praconditioning test bléast, six accelarornelers were grouted Into holes

dinound (e charge. Each scosheramcler was (Rbeed into & purpose-hade

ra



aluminium Boat which waa buried In a tungsten cerment (a mixture of lupgsien
powder and cement} 6l tha end of each inslrumant hola. Figure 3.4.2 shows the
ingtrument fole iocations retative 10 the hiasithole,
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Schematics of the wunnel faces, showing ihe reiative

positlons of the blasthole, accalarometer and doarstopper holes

A 150 mm-lohg slub hole with a diameler of 48.3 mm was drliled at the and of
each hole to house the accelerametar {Figure 3.4.3) to allow over-corlng and
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recovery of Ihe instruments. The boats wars installed and alignad by mears of
£0 mm-diameter PYC draln pipes. Each accaleromaler was oriented 4o that the
base poinled lowards the blasthols and was Incaled approximately opposita the
cantra of the charge lenglh.

The accelaromeaters used wara PCB Saries 305A unlts which can maasurs Up [0
1.0 x 10° my=®. They wara connected to a Blast Analyser, an alght-channel,

portable, high-spead digitai recorder. The sampling rate was set at 250 kHz on
each channal.

EEE:ITFE’:E Slipreieass Tungsten cement
LA A
T _ I|.
= - —— I _— .|| i
C L o .
* o o T ) ._.a-""-... II|
114 Screw Smw‘&"f ﬂme.mter* bost
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Figure 3.4.3 Schematic section through an instrument hale, showing

the installatlon technlgue for accelaromatars

velogity of Detonation (V0D maasurements ware carried out at seven intorvals

in the blasihole by using a VODEX instrument which measurgs VOD ata
maasurament accuracy of 1.0 x 10" second using 16-way ribbon cable. The firat
maEasuremant point was atlachad to the detonator and the intervals between
subsaguent maasurament poinls were 170 rmm. The |ast sensor polnt was
lncatad at the callar of the hola 19 determina the effacliveness of the stemming.
The pumposse of taking VOD raadings was to snable comparisons with future tests
in tanms of datonation velocity and stamming retention limeg, Thess ara faciors

that contral Ihe explosive anargy impartad to the rock and the containmentpariod
of the snargy in the hole,
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For the sacond test blast, similar Insirumentation was used as in tha first lest
blast, except that the ponable high-speed digilal recorder was sel at 8 sampling
rate of 500 kHz per channel and the inlervals batween the YOD measuremant
poinls [n the explosives column were 300 mm. In this test blast, two addilional

horizontal geophongs, sansor SME units, were camantad lo the tunhel sidewalls

at a distance of 50 m from lhe blasthcle. They wera connected o 1he two
remaining channels of Ihe high-speed recorder, The sampling rale for these two
inslruments was sol at 5 kHz wilh & recording period of 30 aeconds. The purpose
of lhese geophones was Lo determine if Ihere ware any related or triggerad
aseismic events ahortly afier the biasi

Instrumeantation for the third and fourh lest blast was similar to that fer the
second tesl blast, excapt that the drlll hole pattam for the blastholes and the
inslirumentation hales were mirror images of those for the second test blast

P —— o [ o
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In the fourth 1est blast, the blaslhole parametars were kept the same as for the
third lest Blasl, with the exceplion that the depths of holes wara almost 1 m
graatar.

4.4.3 Results of blast monitoring

In the first test blast, spalling of the face cocumed in the vicinity of the blasthole.
Thia spalling was due to the reflection of iha blast-induced shock waves off the

faca,

The total energy relsased by the explosives ir the sacond test blasl was mora

ke anergy released in the Arst blast. This was avident in significantly

higher accelgralion readings and severe damage o the instrument holes closest
to the blasthale. Two of thasea holes [ie. closast to lha blasthole) were complately
closed akter tha blast. The damage may have baen related {0 gas-anargy

penstration as wall as shock-energy reflaclion fram the blasthole sidewalls.
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Damage at the tunnel face was also more intanse than In the first blast, with
about 20 om to 30 em thickness of rock spalling off the antire tunnel face.

In the third and fourth Blasls, the face damage was nol as severa as that in the
second basl and Inare was only limlled faca spalling. Afler the third test blast, It

was obsarvad that the inslrument holes closest 1o the biasthola were damaged in
the portion opposite the charge. The fourth lest blast was planned I ba a
rapetition of the third test blast, excepl the depths of holes were almost 1 m
gisaler, Despite the fact thal the calculaled Lotal energy lo be released by the
explosives in Ihe fourth test blast was the same as Lhal caicuialed for the inird
lest biast, ina lower explosive density in the charge calumn rasulled in much
lowar daelonation prassure in the fourth tesl blasL As a reault of this, the damage
on the face was negligible.

Soismic measurements
Na seismic svents were datactad within 30 seconds of 1ha delonation. Tha paak
values obtained from the detailed acceleration data and the computed peak

valocilias and straing are tabulatad in Table 3.4.2.

The peak velocity values wera abtalned by integraling the accalaration data, and

aquation (1),

Bk LA < U T USSP PRRPRUPRRRPPPPP |
where gp = peak strain
Vp = peak velogity
Cp = P-wave valocity (3500 més}

The following Information can be inferred fram the data.
+ There is a progressive decrease in paak accelerafions (i.e. shock energy}

and peak velocitios away from the blasthole {Figura 3.4 4 and Figure
3.4.5),
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» The peak values fer acceleration and veloclty are higher for the vartical
amay. This is probably a funclion of 1ha higher vertléal componant of tha
lizkd stress {Figure 3.4.4 and Figure 3.4.5),

T p as
TEST CHAMNNEL FEAK, FEAK PEAK
BLAST NUMBER | ACCELERATION | VELOCITY STRAIN

(rve®} {m's} {109
$ {Variical) SE180 1.9 345
2 [Wertical) 19438 4.3 182

Blast 1 3 (Vertleal) 958285 6.6 1200

{6 kg 4 {Herlzontal} §2080 2.1 1655

Anfewy | 5 {Horizonla)) n4pe 25 155

& (Horkzonlaly 25340 1.3 236
1 {Verical) 145178 34 B18
2 (Vertical] 344371 7.5 1364

Blast2 | 3 (Vertlcal] 843620 17.0 3254

12kg | 4 {Horizontal} 510416 1.5 091

Emulsion) | & (Horizonlay) No reading - -

§ [(Horizanlal) 162037 35 £36
1 (Verlical) 426633 6.0 101
[ 2 (vertical) 454412 10.6 1927

Blast 3 3 (ertical) STGI0S M7 2127

{12 kg 4 {Herizontal)] NG raading - -

Prllexy | 5 (Horizontal} N reading - .

& {Horlzontal) 1760957 2.6 473
T {vartical) 3EDET 0.003 .55
2 {Varticaly 44066 0.283 51.45

Biast 4 3 {Vartical) 0263 0543 98.73

(12kg | 4 {Horizontal) 46081 1.088 188

Frlllax) & {Horizontal) Mo reading - -

§tHorizontal—H060———0148———27.09
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» The peak accalerations in the third test blasl are higher than thosa in the
hirst 1est btast (Figure 3.4.4),
«  Compared 1o the second test blast, the peak accelerations In the third
blast are lower closest 1o the blasthale, but signlflcantly higher further
~ {romihe blasihale (channel 1 & 2). The rate of attenuation in peak,

acoeleration in the third blast |s therefore much kewer than thal in the
sacond blast (Figure 3.4.4},
The lower rate of atenuation in peak acceleration implles thal a much
largar volume of rock should hava besn Influenced by the blast. The
reason for the lower rate of atlenuatlon is nat clear, but can probably be
ralated to the lower velodity of detonation and the 100 percent coupling
provided by the blow Inading of the ANFQ in tha third les] blasl.

»  Alhough 12 kg of ANFO wae datonated in the fourth test blast, the low
sxplosive density in the charge column resulted in the peak accelaration

values being as low as in he 6 Ky ANFO biast{ 1" test):
'R _2r L
8BS - '\
T.EH5 o
050 +
SEH3 +

1

Q b2 od 0.8 ;3 i 1.2 14 18 1.4 2 a3

Oy lpn g oy BRas IRl (M)
; e TaEl 1 [V) S TGMZ [V} e TERL3{Y) e Toald V)
! wate—Tagl 1 (HI  —O==Tant3 [H) —a—TesldiH} —0—Teetd H)

Figure 3.4.4 Peak accelerations vs. distance from blasthole

Yelocity of Detonation {VOD}) measurements

The detanalion velociles measured duing the iirst 1est blast are glven in Tablg
3.4.3. Spacing betwaen senser positions In tha blasthols was 170 mm. Tha dala

i+



shows that detonation was relatlvely censtant, with an avarage valua of
3757 mfs. A sensor point was logatad at tha collar of the blasthole Lo give the
time duratlon bafora the slemming was gjected fram the hola ¢ollar, Tha
sternming retenlion pericd was 2.8 » 10 seconds, which corresponds to
1.43 x 107 seconds/malra of retention rale,

w4
19 .\
4 1

12 4

S

Pk WrglocRy
{antg}

%

L] o2 o4 =1 s 14 1.2 14 14 148 2.0 |
Dislanca fram Baalhab im)

e Tasi V)  —mTEEZ (V) —a—Test3(¥} —e—Toaid {v)
. —o—Tesl1iHl  —O—TeBtZ[H) =geTesl3[H)  —o—Testd ¢H)

Figure 3.4.5 Paeak valocitles va. distance from blasthole

Tha detonation velogities maasurad during the sacond 1est blast are glven in
Table 3.4.4. Unlike the first test btast, the spacing between tha VOD sansor

was becauss this sensor was located In the stemming malerial and it was not
included In tha ca 2 w00, The remalning data indicates that
detonation veloclty was ralalively conatant throughout tha explosiva column, with
5 mean valua of 5719 ms. This is significantly higher than the mean VOO of
1750 m/s abtained for AMFO in tha first last blast. The higher VOD indicates that
the explosive used In the second test blast imparlad a larger proportion of shock

is dafined as the

anergy foliowing detonation to the point where radial expansion of the Hasthole

In the exnlosive presaurs baing matched by tha field sirass In tha rock,
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blasthole. Gas energy folkews the shock energy in time and penstrates the
fraciures, thus exlending tham inla Gng visikle cracks,

Table 3.4.3 The detonation velocitieas measured during the first tost

blast
CHANNEL CUMULATIVE VOO TIME
NUMBER DISTANCE {mm} {r's) {10% seconds)
1-2 a5 3400 500
2-3 255 YR 45,8
34 425 3872 439
4.5 505 3090 42§
56 755 3911 44,5
87 835 3761 45.2
Mean VoD are7?
Stamming retentlon rate 143 x 107 s/m

Table 3.4.4 Tha detonation velocitlas measured during the sacond

test blast

CHANNEL CUMULATIVE VoD TIME

MUMBER — DISTANCE{mm} ——{mfa} — | {10~ secpngs)
-2 200 5840 50.5
23 BOD 5671 52.9
3-4 950 2504 MG
4.5 1200 5735 52.3
5-B8 1500 5747 52.2
B=F 1800 * 3554 B4.4

Maan VOL 5719
Stemming retenlion rate 1.04 x 107 g/m

The measured slemming ratentlon rate of 1.04 % 107 =im during the second test
blast was lower than that recorded I the first tast blast £1.42 x 107 s/m) in spite

of the conical device placed in the stemming. The reduced retenlion rate was
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probably a function of the Increased hole diameater, and the shorter overall length

af hole starmmed.

The detonalipn velgcitias measurad during the (hird test blast are glven in Table

a mean value of 4400 mds, This 15 higher than the mean YOO of the flrst ANFO
oo

blast {3750 m's} and lower than the mean YOD of the amukslon blast (57
The lower VOLI levels indicals that peak shock enargy levals should have been
sustainad for longar. This is confimmad by the readings oblained ram the

accelerometers, as shown in Table 3.4.2 and Figure 3.4 4.

blast
—GHANNEL | CUMULATIVE VoD TIME
NUMEBER DISTANCE {rm} frrv's) (10™ saconds)
1-2 300 4120 728
2-3 600 4437 67 .6
34 ao0 4316 605
4-5 1200 4568 65.7
56 1500 4518 66,4
67 1800 - -
Mean YOO 4301

Stgmming ratention rata 3.08 x 10" sim

Tha starnming retention rate was measured al 3.08 x 10™ s/m. Thic was
slgnificantly higher than that abtalnad fram the first and 1he second test blasts, at
1.43 x 107 sfm and 1.04 x 10~ s/m respactivaly. Long retention timas ara bettar
for containing explosiva enargy in the rock for as long as posaible, resulting in
better extansion of cracks In the rock, The hentonita stemming material was
mainly responslble fgr improved relenlion time. Slightly longer stemming lenglh

might have also contributad la the Improved ratention lims,

The meEasure i iti . t

blast, are lusirated graphically n Figura 3.4.6. In tha fourth tast basl, e VOD
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measurernant was obteined, bacause the Nanel detonators in the slemming
Inadvertently cul the Vadex sensor cable bafore the charge flred.

B000 —
e "
Raoo +
s
£ ool
-
1000 1
D " . : . " + "
f 02 o4 o oA 1 13 14 18 :
Distance from Frimer {m} _ l
——Tes!1 +Tm|z+rur3| |

— —

1l =nd
1

Figure 3.4.6 The detonation velocities meaaured during the
and 3™ test blasts

3.5 Ground Penetrating Radar (GPR) Invastigations

provide fracture profiles ahead of the development end befora and after
precondilioning blasts. A comparison between lhege profilys should allow sanni-
guanhlative assessment of the effect of praconditioning blasts on rock fracluning.

A total of four GPR surveys wera conductad for the third precondiliconing blast in
the period from July to October 1982, Although the survey results wers
salistactary before the blasl, data obtained after tha blast was sirongly influenced

ﬂﬂﬂﬂﬂﬂﬂﬂﬂ x =

by the presance of doorstoppers and acceleromeaters inthe rackmass. thwas
tound, In parlicular, that the wiring connecling instruments Interfered with tha

GPR so that comparisans between data obtained beiora and after the irasi wana

lirmited.
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Three GPR survey lines wars salecled along the rock face of the develepment
and. Profile lines were located approximalaly 0. m, 1.4 m and 1.9 m above the
lootwall, and each profile line was scannad twice using differant probing depth
settings. The shallow selling refers to a depih of approximately 5.5 m, while tha
deeper salting approximates a depth of 7.5 m. Figure 3.6.1 shows tha GFR

scans wilh a shalkow setting (5.5 m deep) laken before and atter the third tast
bilasl,

It was observad that fractUra dansity incrazased and that some fractures which
were mapped on the pre-biasi profile were more pronouncead after the
praconditioning blast, This implies that these Faclures wers widenad and
remgbllisad by the blast. [t was also ohzerved (hal new Intedfaces had formed
while others appearsd to be less pronounced or had even didappearsd an the
poshblast GPR profilas.

{inlensification of fractuning In the top profile, which is further away from

. el b smad kool

prﬁmmlmnlng DIEIS-IFIDIB. WES 850 003arvaa, ol i thi

prongunced than in the other two profiles,

e
L0

§|
L]
d
o
[~

3.6 Production blasts and fracture mapping

imrmaciataly (diowing tha first preconditioning test blast, lurescsant dye was
pumped into thea preconditibning hola in erder 10 parmeate ha fraclures thal may

tave bean formad by the HMast. The attempt was o make those fraciures formed
by the preconditioning Biast distingulshabie fom those farrad by the praductian
blast,

AS Was indicated aanier, it p_ﬁu UCHion Diasls wane uu':&'glmu 0 TS o
craation of additional fracturas while advancing tha tunnel. The first production

biast was iniliaied with 100 hwies, each 1 m long, which remaoved the rock cieaniy

from the face. After the first production blasl the effectivenass of the round was
assezzed and lha spacing between holes was increasad. The second produclion

as il did ot indyce addlitional tlast raciures in the rock. Tha hwo 100 mm holas

g1
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Figure 3.6.1 G-round Penetrating Radar scans bafore (left) and after
(right) the third test blast

MNots: Blasthole is shown by a black line.
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Afier the second production blast the radial fractures iniliated from the
precandiioning blasthole warae clearly vislble on the winel face. In ordar to make
sure that thoss fractures weres creatad by the preconditloning blast, an yiwa-vicist
light was used to locate Nyorescent dye, which was pumped into the

pre¢ondltioning blasthole immedialely after the fijsl lest blasi. A few vizihle radial

Iraghures which exdended up to B0 cm from the blasthole were obaserved, |t was
clear that Ihe dye did not penetrats up o tha tips of the fractures a = thay wers
traced up to Sth om from the blasthols. Stareo-pholographs of the preconditlening
hole, the face and both sidewalls ware taken o Iracture-mgpping purppses.

The third and founth produclion Blast rounds wera dasigned in tha samg way as
the second one. After the third production blasl, it waa obseryved that few visible
ragial fraclures axtendead up to 100 ¢m and the gye spots axtandad Up to 60 cm
froym the peacand llicning hole (Flgurs 3.6 2}, The fourth blast round was the last

— production blgst for the first preconditioning blasi, This blast exposed & smaill-

scala fault. There was NG indicatlan of fracturlng by the prezonditiening blast on
tha fauit suface,

Aftar the produclion blasls fallowing the firal préconditioning blast wara
romplated, the wrne! was davelopad about 4 m to gat away from the zone of
influence af the first fest hlast and to prapara Ihe faca for the sacond 1gst blast. In

Uniike iha first lest biast, two differsnt cokours O U}'E‘ were pumped inid the

pracondilicning blasthole, just baforé and immedialely following the second, third

& faurtit test iHesls, it order o permeals the Dee-exishing fracturas and he
fraclures that may have baen formed by the tes! blast, Tha intention was that the

fraciuras farmed by the precondltioning blast should ba distnguishablé from both
i owid At oo Ranas g deneo F.-.vmd 'n-.u Hoo sead uadlom hlm:-!- F.-r el ] bl s

1
F‘ﬂﬂlﬂl" Fef "TCLrlibf] = 8T TR L] TPyl S w1 W H AN Y ke A S L ST

blasle, an average of B4 hodes, which waras 1 mdasp, werd drlled and blastad al

I AR manb fee 1 Rlbal Tlam o FFrnts e the round
Sach siep O advancs. Aler gadn prugushon oWsl Ing olielivenass of the roun

wag assessed and the infiuance of the pracoadiiaminmg tlas was avakiatad. The
blast-induced fractures wera abserved and stereo photographs of the face and

bath sidewalls of the tunngl ware taken for fracture-mapping purposes.
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effect of the blast was seen by a highly crushed zone (Figure 3.6.2) around the

blasthole. After the fifth production blast, there was no indication of fracturing by

the preconditioning blast on the tunnel face.

Test blast 2'
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induced fracturing by test blasts (not

.2 Schematic view of

Figure 3.6

to scale)

The observations after the third test blast were similar to those following the

second one. After the production blasts, it was observed that the blasthole was

completely closed by small pieces of crushed rock through the charge column. A

ne was observed, as were some radial fractures around the

(o]

N

re

wing

igure

asthole
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opened and visibie. Most of the radiai fractures were paraliel to the major
principal stress direction, which was almost perpendicular to the bedding planes.

Unfortunately, the fourth test was a very poor blast. Because of the difficulties

that were encountered in using the ANFO loader, the explosive in-hole density

sthole. They were aii paraiiei to the
major principal stress direction, which was perpendicular to the bedding planes
(Figure 3.6.2). The sidewalls of the blasthole were almost intact along its entire

length.

3.7 Studies on rock samples

3.7.1 Rock Quality Designation (RQD)

After the second test blast, five BX-size diamond boreholes were drilled at
different distances from the biasthoie. Rock Quality Designation (RQD) vaiues
were determined and compared to the values determined on core samples taken

before the preconditioning test biast (Figure 3.7.1). Owing to the effect of the

blast, significant decreases in both RQD and the average core length were
observed. The average RQD value for 10 holes before the blast was 94 %.

0.3 m, 0.9 m and 1.5 m respectively away from the blasthole.

Similar studies were carried out before and after the third preconditioning test
blast. The average RQD of 92 % before the preconditioning test blast was
decreased down to 60 %, 78 % and 88 % at 0.3 m, 0.9 m and 1.5 m away from

the blasthole, respectively (Figure 3.7.2).
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Flgure 3.7.4 Rock Quality Designation (RQD) and average core
g hs, before (BEB] and after (AB) the sacond test blast
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Figure 3.7.2 Rock Quallty Dasignaticn {RQD) and average core
sample lengths, before {BB} and after {AB) the third test blast

Negative values are in the vertica direction and posiilve valuas 30 i

hodizonta! gireciian.

86



3.7.2 Rock testing

Labaoratory lests to astablish the machanical propartas of rock were carried out
on core samples taken bafore and after the second and third tast blasls. Teble

Ll o AR IR T g e SRR

3.7.1 summanises the rock testing results. The data shows stalistically

Insignificant changes in intact rock properties as a result of ha blasting.

Yabla 3.7.1 Mechanical propertias of intact rock before and after the

test hiasis

TEST2 TEST 2 TEST 3 TEST 2

Before Blast | After Blast | Before Blasl | After Blasl
Uniaxlal Compressive 265 256 265 261
Strength {MPa)
Elagtic Mcodulus (GPa) 7z 71 Tl Fit
Poisson's Ralio 0.24 0.24 Q.18 0.22
Internal Friclian Angle J6 37 38 <37
{Dagrees)

2.8 Stress determination studies

Strain relief measurgmeants (i.e, siress delerminalicn) wera camied out in the [ace

of the tormal before : st
strasses ware calculated as 57 MPa, 47 MFa and 50 MPaat3BEm, 44
4 & m ahead of the face respectively, and ths minirnum principal
same posilions ware 27 MPa, 43 MPa and 24 MPa respactivaly. In order Lo
measura the strain changes browght aboul by the [irst test blast, a parmanent
doorstoppar was Insialled at the end of he 4 m hole which was 1.5 m away from

the blasthole, and dally readings were taken on that Instrumant. Results obtzined

I‘Il.lrll ) N .
first preconditioning tes! blast had no =igrificant affect on Ihe stress flald.

in the second and third preconditiening test blasts, threa holes thal were [ocaled
at a dlagonal distance ¢f 1 m, 1.5m ard 2 m frorn the blasthole, were drillad for

By



the purpose of racordIng slress changes due IG the test blasts. The pernanent
doprstappers ware Inslalled al the end of aach of thoee thres 4 m-d&ap holes.

_ l.

The sirain measuramenis ware B Defore and afier e best oiast oy

Fing
daily readings.

The doorstopper that was closasl {1 m) to (he Basthole was damaged by ihe
secand tast blast and [t was not posalble Lo take further measurements from that
ingtrument. The rasults oblalined from the olher wo doorstoppers are shown in
Fiqure 3.5.2 and Figura 3,B.3. The siress r.:hang-as In the doorstopper that was

Py P = e I Lne ko

1.8 m away from the blasihdla are vary large (rigure 3.5, 2. Howsver, i
measurarments from the farihest doorstoppar show that the major principal siress
Is incressed by only 15 MPa and that the minor principal stress is decreased by
only 3 MPa Just after the test blast {Figure 3.8.3).

hmg fﬁm tha third taot hlast Tha m:lJtnr And minar

= LLALFR RAYAE

durlng the frst nalf of e programme, & static stress field measurament was
eop
principel strésses weore measured 3z 53 MPa and 24 MPa respectivaly,

After tha third presonditioning test blast, the readings on three permanent strain
gauges showad a very significant affect on and chenge in the rock strazs regime

{Flgure 3.8.4, Figure 3.8.5, Figure 3.8.6). The Siress changas ware cajcylaled by

axsyming E=71.9 GPa and v=0.23. The siress measurements showed that the
resses wers increasad by 21 KMPa, 15 MPa and 4 MPa, and that

...... 3 |'|r|.--=

Illﬂju.l |.JIIII

the minor principal stresses were dacraased by 14 MPa, b MPa and 1 MPa at
1 m, 1.5 m and 2 m away [rom ha hlasthote respeclively, as summarised In

Flgura 3.8.7.

Final stathc slress-fald measuraments wers taken just bafare the fourh test bast.
Resylts showad that the maximum principal slresses were 51 MPa, 60 MPa and
A1 MPza al 3.8 m, 4.8 mand 5.8 m ahaad of the face respeclively, and that the

Minimum principal sNes5es 3t the same posilions ware 25 MPa, 28 MPa and

53 MPa raspactively.
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Figure 3.8.1 Principal stresses calculated from strain gauge
measurements (1.5 m away from blasthole), Test blast 1
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Figure 3.8.2 Principal stresses calculated from strain gauge
measurements (1.5 m away from biasthoie), Test biast 2
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Figure 3.8.3 Principal stresses calculated from strain gauge
measurements (2 m away from blasthole), Test blast 2
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