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Figure 3.8.4 Principal stresses calculated from strain gauge

measurements (1 m away from blasthole), Test blast 3
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Figure 3.8.5 Principal stresses calculated from strain gauge
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In the fourth preconditioning test blast, the dynamic strainmeasurementswere ——————————————————

done in five boreholes which were positioned at three different depths (4 m, 5 m

~ A AL ~ 8

and 6 m). The results are presented in Figure 3.8.8 to Figure 3.8.12. in order to

determine the extent of the blast effect, the distance factor (Figure 3.8.13) and
the depth factor (Figure 3.8.14) were examined. The degree of the influence of
the preconditioning blast decreases with distance from the blasting point. The
biggest effect was observed at the closest doorstopper (Figure 3.8.8), and no

+ Ana (Finnira R R 12\ The
L\ \' |v\‘lv A lh’- LA~
d

Figure 3.8.10) showed

py_o- |

significant effect was observed at

very similar effects but the one at 6 m (Figure 3.8.11) showed almost no effect

[ 1l
4 " [[mmasoRr
% OMINOR

Figure 3.8.8 Principal stresses calculated from strain gauge

m depth (1 m away from blasthole), Test blast 4

'S
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Figure 3.8.11 Principal stresses calculated from strain gauge

measurements at 6 m depth (1.5 m away from biasthoie), Test biast 4
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The strain gauge results confirmed the previous results, in that the major principal
stresses were increased and the minor principal stresses were decreased after

the preconditioning blasts had taken place.

In addition to the changes in magnitudes of principal stresses, the arientations of
principal stresses were also changed subsequent to the preconditioning test

blasts. An approximately 90 degrees re-orientation of the principal stress
occurred in most cases of the 11 strain measurements (Figure 3.8.15 to Figure

3.8.18). The mobilisation of the bedding planes as an effect of the blast might
have caused this re-orientation. The orientation of bedding planes is shown by

dashed lines in these figures.
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3.9 Numerical modelling

The computer program DIGS (Discontinuity interaction Growth Simulation)
— (Napier, 1991; Napier and Hildyard, 1992; and Napierand Pierce, 1995)was
used to simulate the propagation of multiple fractures from a blasthole due to the
gas pressure generated by the explosive charge. [n order to do that, a two-
dimensional displacement-discontinuity method was used to model a plane
perpendicular to the borehole axis, in which vertical fractures may propagate.

A series of DIGS models was formulated to determine which physical parameters

Ald advacmama
€iG Stiesses

Y S SO

significantly affected the growth of the fractures and the chang
in the vicinity of the blasthole. Another objective of this study was to simulate the

underground experiment at West Driefontein Goid Mine and to re-evaiuate the
results obtained from this study and to gain an understanding of the blasting
mechanism, as well as the factors involved in the process.

m
=1
—h

each fracture is modeiied as a series of displacemen
elements that are joined end to end to form the fracture path in an incremental

growth sequence. For all models a tensile growth criterion was used. In choosing
the propagation path, tensile stress values are evaluated at a fixed radius around
the end of an existing discontinuity. The angle 6 at which the tensile stress ahead

is advanced incrementally in the direction that maximises the specified growth

AAAAAAA g bm ki iny «Frnm a erack tin as lona as the
1l QA VI QUi L G N LS i

criterion, and fracturing is assumed to con from ack ti long
specified failure criterion is met at the designated point ahead of the crack tip.

The blast is simulated by applying gas pressure to each of the faces of a fan of
cracks emanating from a point. To avoid the complexity in description of

——pressure-time history for blast loading, it was assumed that all the points on the

blasthole walls in contact with the entire length of charge will be loaded with the
me. Multiple fractures are checked sequentially

atamt in tim es 4
Dlaric Liriv. L=

same pressure at ai‘y' ift

for crack growth, and segments are added until the rupture criterionisnolonger

exceeded. Following the growth of fractures from the extremities of the
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pressurised cracks, the blast pressure is removed from the fan and is replaced by

a residual opening dilation on each crack.

Various models were run by changing the inclination of bedding planes (0, 30,

N~

60, 90 degrees) and blast pressure (500 or 1000 MPa) The friction angle and the

cohesion for the bedding planes were assumed as 30 degrees and zero
respectively. All other parameters were assumed according to t Id data

(Table 3.9.1).

The numerical modelling (DIGS) results (Figure 3.9.1 to Figure 3.9.24) show
some degree of similarity with the field observations. Longer blast-induced

antimnn of mavim um pr

fractures were observed in the direction of maximumn p a
stress field around the blasthole was changed both in magnitude and direction.

Table 3.9.1 Parameters used for DIGS models

| Field Stresses 7 o,= 100 MPa, G,= 50 MPa
Rock Properties E= 71.9 GPa, v=0.23
Growth Elements 7 Un-mobilised, C=50 MPa, ¢= 37°

Mobilised, C= 0 MPa, ¢= 37°

Bedding Pianes C= 0 MPa, ¢= 30°, Spacing = 30 cm

Blasthole

Fan shaped 12 growth elements

(Each 10 cmlong)

500 or 1000 MPa

Blast Pressure

Figure 3.9.1 shows the stress field around a blasthole for the model with no

bedding plane, and it is clear that the change in the orientation of the principal

stresses is controiied by the stress field (i.e. the longer blast-induced fractures in

the direction of major principal stress). However, in th
planes, it seems that re-orientation of the principal stresses is controlled mainly
by the orientation of bedding planes (Figure 3.9.5, Figure 3.9.9, Figure 3.9.13,
Figure 3.9.17,Figure 3.9.21). The contour plots of principal stresses of each
— model are shown in Figure 3.9.3 to Figure 3.9.24. The very high stress
tions are observed in the immediate vicinity of the blasthole in the
blast pressure regardless of the bedding plane orientation,

e other models with bedding

concentra

modeis with 500 MPa
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The blast-induced fractures are generally captured between nearest bedding
planes. In other words, the blast damage to the surrounding rock was limited to

model with double blast pressure, it is clear that 500 MPa blast pressure was not

may be expected, the blast-induced fractures are extended by doubling the blast
pressure (Figure 3.9.13). The 0 and 90 degree models showed relatively longer
blast-induced fractures parallel to the bedding planes.

The displacement vector plots of each model are presented in Figure 3.9.2 to
Figure 3.9.22. The maximum displacement calculated for 500 MPa models is

3 mm and for 1000 MPa model is 5 mm.
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3.10 Summary
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orientations had changed as a result of tha test blasts. An approximately B0

measuyremants.

In grder to Investigate the effects of blasting on the sumpunding rockmass and to
varify the flald maasurements, tha propagalion of multiple Iracleres from =
blgsthole due to the gas pressure was simulated by very simplifiad numerlcal
rodeliing sludies. The modals were deslgnad by assuming a number of ingul
parameters, such as the frickon angle and the cohesion for the fractures, blast
preasura loading and rock proparties. ILis a known fact thal numerical modelling
resulls are directly dapendent on the Input paramatsrs usad, and many numearical
modelling cedes have soma inhent compulalional assumptions.

Desplle Ihe above-mentioned limlfations, some of Ihe rasults obiained from
numarical medelling studies showed close similarities to the figld cbservations.
Thasa similarties are sat out below.

» Blasting In confined rock changes Lha slress field by altering the
magnitude and Ihe arientation of the principal siresszas. The principal
siressas are re-orisnlated as much as 80 degraes. This might be because
aof the shear movement along the bedding planes accompanying the blast
and / or the residual dilalion in the blasthols.
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= Bolh medels and the fleld meaasurements indicated that the elfecl of
blasting in altering the stress fleld Is reduced by distance from Iha
blasthale,
i@ addition of new fraciures, and
pronouncad (widensd and
extended) afer the biasl
+ |onager hlast-induced fraclures ware absarved in the diraction of

=g Ty eIl IRREER T ELAT S

maximum princlpal strass,

- Tha Aaomrms of Feacbhta infanofinodinn o aloa o acolian oF lha dichnmes e
NS LEgi o U sl S TSt i o o aiSi a iaiinusill O irfia QIS wanvee Lo
the blasthole

e

recognised that current blast models are not fully salisfaclory because of a lack of
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4 FACE-PARALLEL PRECONDITIONING

The method of face-paralial precandilioning has been under invesligation since

Ihe iate 15605, when a research project was undartaken at Wast Drgfontein

Mine {Rorke oi al, 188¢). Considerable experimeniation was conducted inta Ina

Zmid
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drilling and blasting of 7§ mm-diametar face-paraiiel |
2 & m and 2.5 m anead of the face, A total of 18 preconditioning blasts were

taken during the 11-manth project. iImproved hangingwali siabiliiy and a iack

henefits of preconditicning.

Face-paraliel pracondilioning was thern initiated an Blyvooruizleht Gold Mine
{BMG) in the 17-24W stability plllar in Septambar 1952, after the mining direclion
was changed from up-dip to breast mining. The mining configuralion was
avarhand. Inlense monitoring was camied eut at Ihe slte, resulting in tha
farmation of a geotechnical database from move than three years ol mining.

Althaugh this site provided great insight into rockimass hehaviour near a stops
faca and into how this bahaviour was affecied by precond|toning, the insight was
from only one site and under vary apaclfic condilions. Since mining of iha plilar
took place anly with preconditloning, it was difficult to know now much benafit
was achually gainad by thosa blasts, as Ihe exlant 10 which the faces would have
pxparienced face bursling without precanditlening was unknown.

On 30 January 1996, a rockburst from two M2 seismic gvahis resulted in
damage to the atopa. and parlicularly severa damage to the stape gully. The
panal faces Ihemselves remained opan, with only scaltered falla of ground. If was
halieved thal pracondilioning provided considerable bersfll wilh regard to the
atability of the panels in the viclnity of he stope fages. This was seen repaatedly
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in ather panals where events of similar magnituds actumed during the
expenmantation perod. Howevar, in May 1896, it was decidad Ihat ths stopa
would be ahandoned and the precendiioning experiment would come to an end,

gined fom this slts,

4.2 Summary of findings from taest site

4.2 1 Site desacription

Gald Mine {(BMG] in the 17-24W stabllity pllkar (Figura 4.2.1), which was situated
on the Garbon Leader Reaf at a depth of cvar 1900 m below surface, The plllar
was about 40 m wide and extended lar 300 m on strike In an aast / west
direction. Tha aile was very Isolated; the mining faces wam about 250 m from the

neargst pllar and 400 m from Lhe closest aclive mining. Extenslve mining around
ihe pillar has led to abearing along the top and bottom adgas of tha pillar,
resulting in complete closure of back areas extanding o the plilar ilsell. Suppon
in thesa back araas consdsted of timber packs and pipa-slicks.

4.2.2 Preconditioning layout

The 17-24W stablilsing pillar was initially o be mined in the strika diraction.
During the eslablishment of the fases, a rockburst resulted in the loss of access
to Ihosa breast facea, The layout was then changed o up-dip mining with 18 m-
long faces and 13 a-long precondltioning holes baing fanned out from the dip
gullies. The driling dificuliss and damage to the collar area of the
precondticning halas, howsever, delayed produclion. In an effon to raduce Inesa
delays, a face-parallel precond|tioning laycut was implemented wilh the second
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phase of up-dip mining. However, dense support and poor ground conditions
rezulted in poor positioning of the drill rlg and, In some cases, hales were drilled
10 m ahead of the face, The blasting In such confined condiona resulted in
damage to the collar of the hole and supporl unlts, which again resulbad in
production deiaj.ra This prompted a change in the stope layout and in Seplember

1862, mining on strike began in conjunction with face-parallsd preconditioning.

This layuut consisled of an advance heading at the hotlom of he siope leading

ure 4.2.2, Panal 2 was praconditioned from the guily
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precundilloning and production at the site, tha change In mining [ayout was
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penaiicial.
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Figure 4.2.1 Plan of 17-24W stopa {test site} and layout of the
microseismic network around the mining facas

Panel leads of abaul &5 m were required in arder for the face-parallel
preconditioning holes to be drilled but this geomatry had no delrimenial effects on
hangingwall slabiiity. Since It was impossible 16 dril a face-parallel
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preconditioning hole ahead of the stub, the preconditioning hokes wears drilled out
from tha stub sub-parzlis] to the edge of the pillar as shown in Figura 4.2.2.
Alihough this practlee was far from idaal, some reasonably good resuits were
achisved fram thasa blasts. The combinaon of 5 m of slemming from the Panesl

2 precenditioning hole and the neariy 8 m of face length in tha slub resuited in

tna bottom 13 m of tha pillar not bainn adequataby praconditioned,

NENCE RLALTLLLINIL T Lf FIN Wl 8l p- L= L LA 'g | ERSEp  pri o s

reflectsd mostly the response of the pillar to the stresses Induced by the mining
activities at the sile, with limited axternal selsmlc inluence. Tha horizontal extant
of he network was 200 metras in the strike direction and 150 metres In the dip
dlrection. Tha vertical extant was jusl over 30 motres and cantred about the plane
of the reef. Consaguanlly, Lhe accuragy of lpcation of out-tf-plane seismic evants
in the verical direction was not as good as in the horlzonlal diractlons,

Tha PSS network consistad of six recording sites, theae belng Ihree Ulaxia! sitas
and three untaxial sites. The syslem had good sensitivity, recording seismic
avenls of magnitude down to M = -2.0t with adeguate signal-to-nose ralios on
masl channals, Unforiunataly, the PSS had & ralatively Imited dynamic range
which resulted in saturalion of the wavalorms recorded at the closest aensors for
avents of magnitude grealsr than about M = 1.0. While accurate |ocations of such
avents were sill| possibla, the magnitudes were undaraslimated. In these cases,
raliable magmitudas for these ovents ware obtained from Blyvooruilzleht Gold

Mine's seismic nekyork.
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