The author's major coniripution to the Rockburst Conlrol Research Pragramme iz
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discussad [n delall in Chapter 5.

Chaptar & combines the research findings rom the Rockbursl Contral and
Rockmass Bahavlour Research Programmes and tries 10 axplain the most ikely

reasons for failure and the critical factors for successful implementation, are
discussad in Chapler 7, Inlight of Jhe findIngs, a structiined implemeniation
pracadure |5 proposed in this chaptar.

Finally, sorme lopics for lurther research are listed in Chapter 9,
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2 LITERATURE REVIEW
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affacts of rackbursts. An overview of the historical devslopment of rockburst
razearch in South Alrica, ihe majr indings of various reaearch initistives, some
descriptions and classifications of rockbuisis and suggasiad ways of copiroiiing
and m e damaging effacts of these ara alvan in relavant sections.
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2.2 Historical devalopment

Thic saclion gives 2 tWgf overvlew of the aviiolion of rackbursl research In South
Africa during the firat haif of the 207 cantury, The informalion provided nara is
hasgd mainly on 2 publication by Cook of al, {(1966). Since the amount of
tegaarch wark o rockbursts and their alleviglion has grown at an incyeasing rate
=ince lhls publication, Ihese more recenl research indings ars reportad under

separgte headings that follow,

Al the and of the 19" century gold mining in South Africa had reached depths of a
law hundred metros below surfacs, and took the form of sxtensiva planar
oxcavalions supporied mainfy by smali neef gitars. Tawards tha end of the first
decade of tha 207 canlury, aarth remors had bacome [alrly commaon, and wers

associated with the concentrated mining actlvity.
In order to investigate and report on the origin of tremors and their efiect on

underground workinga and on surface buildings, the Witwalersrand Earh
Tramors Commiltee was appointed in 1915, The commillee found that rockbursts
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due to the sLdden crushing al plllars were the major causes of tremore, bul that

Hemapvar, rogkbuorat actidents In stopes continued 1o he 8 mattar of Serious

dlhead tia o orvaninlonord mF da Wik tnworoe Bheads b g m
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Commitiea in 1824, Many spealic technlguss to reduce the hazard were
mcommended by this commilias, such as leewng large protective pillars arpund
vartical shafis and the cver-stoping of inclined shafls. Rapid face advance in
slopes and & selected direction of mining wers also advotaled when remnanis

sisp recognised in ths sugge

considerad.

As the mingd-out areas hecarna morg axtansive at greatar deplhs, more aflors
were mada lo combat mokbursls by the use of empincal mathads. The

reia oA alabarala Arosaecoc ﬁf -E.'I‘F.'Jln movarmant wars
i O Sl g i wal
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mechanis TOCK pro
pustulatad but i minlng meathods ware dewlnped that diffored radically from
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ihose suggested in 1924, Owing 1o the sharicomings in

tima, soma difficulties were experienced in Introducing =lope supporlin the form
of complele gand or wasle fill at graat depths. The result was that suppor
methods tended towards the use of compressible timber chock packs and cnibs.
As early as 1944, caving of the hangingwall, in isolated Instances, was claimed to

Al o= om o

raguce g Jiresses at I.I!H' face.

Erormn 1934 onwards, varkous hypolhases on rackburst causatien and many

descriplive papers on ¢onlrol Measures ware advanced by practical mining
personnel but thay wens saldom based on rellable absarvalions. Most of these

1". L il i =H B WL 3
thamber of Minss for tha Assnclahnn of Mingé Managers in 1932.
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The adoption of longwall stoping layouts in the 1830z, where theze wara

ancrallv arrenlad ARanne it minino enathod.
L Qencorally accep goe I mining maing
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eary successful introduction, longwalling became acceptad as the standard
mathod 10 be used wheygver possible at great depthns. In the early slages, it

JRlL=dih HIE 15 A V) it was enddent

Ihal sanows rockburets could =0l occur, particularly when adjacent 1ongwalls

e pwaara anccunterad [(Oeann. 1883
FRrARu i Trey PR TF Lr v BLLFE L | WAy I
Gane { 1939 dossly examined Ihe association of iremoes with mining ackivly and
=howed the distributien of the annual Incidence of tremers since 1808, A closer
axaminalion of the lime distributloh of these tremors indicated a pronaunced peak

'

- n o
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Sundays.

Hill {19441 companed the incidancoe of rockbursls 3t small rempant abuimenls 10
1hat at large or “continent” abutments resulling from longwall mining. He also
showed Lhat the primany object ol lessening the number of rockbursls had been
achievad by fongwal rmining. Furthermare, # was shawn thal, 85 2 remnant
shulment slze detreazad halow 3350 me, tha rockburst ingldence increased andg

ﬂud[|p| L A1 e =L L = L i o ERTAL

thle trand continued untll an area of leas than 1250 m? was reached. Thersafter,

Durlng the first half of the century most of the atternpls lo reduca the rockburat
hazard were based on practical expariences of the mining engingers who warg
closely involved with the problem (Cook st i, 1866},

Tawards the end of the flirst half of the: 20" century it was apparent that (hase
jsolated and pursly practical allempts to solvia ihe rockbyrst problen were

inadequale. These attermnpls were frequenily baged on a cause-affect ralationship
infarred Irarm the abservation of a statistically insufficient number of gwarnls,
Tharafors, in order to oblaln a fundamental underslanding of tha rockburst

problem, a propery designed scientific research Iniliative was necassary.
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2.3 Early research initlatives

In 1948, formal research was [nitiated by the Central Mining-Rand Mines group,

lake measuremants and maka ohzervalions underground and establish a burgau

for coliecting siaiistics on rockbiirst incidendce.

In 1953, the Chambear of Mines of South Africa took over spansorship of all
rockburst investigalions on tahalf of the whole mining industry and gmbarked on
# broadly defined scientlfic research pregramme. A slatlstical study of

miai‘[ﬁ‘ﬂghipﬂ. O a5 saatialicns hetwaan mini ||lru variables and thae rDE!‘ib' 4
incldances nbsarved in the stopes was 1he basis of this first large formal projact

(Cook af al,, 1868},

Hill {1954} alse showad that Ine incidence of rockbursts was considerably highar

disolacament [n the rockmass arcund o Sauth Alrican gakd mings. The aullors
showed that the measurements of strala-movernenl patterns in these rather
differant enyvlronments wers similar and, in beth cases, thass patterns wers in
agreamenl wilh displacemants calculated from elastic heory. The aulhors also

5

rockmass bayond the immadiate vicinity of the excavalion,

in ordar to assess tha rockbursl polentieh of undarground rock sliuclures, varlous
methods and techniguas wers developad amd many of these ware hazed on thie
sngrgy balance arelnd tne pxcavallons. Codk ef af, {1956 proposed the well-
known congept callad Energy Rolease Rale {ERR). In tha years sinca it wag

energy siored in the rockmass and the ans

mho
gammetrical and f or streas change ocaurs in the reckmess must be calculated,
This energy balancea i ysusly caloulated By assurming slaslic behavieur of the
rockmass around the excavation,



Elaslic haory was usad as the basis of the aarly atiempts at undearstanding tha
physical processas involved in rockburst mechanisms. Caok sl 8, (19686} staled

that tha rockmass behavipur infamed from tha emplrlcal dala acquirad fromn

irsl Arabhooe 2aibmie aheoruatbsne gl rrk nrnnnhﬂu e‘h iias wrae it
[T | 1 F - Ll Nl bR Ay ) ‘-."‘-. 1 Wiy uE Bdd WrEridy P b e LR l.l\i L] -

inconsisient with the asaumetion of elastic bahaviour, The theory ¢f elasiicity
indlcatas that a large change in the gravitaional enargy of the rockmass must

iake place as a result of mining. Al least hall of this energy change Myst be

released In one form or another. The energy release must either be in the form of
non-viodant d!sslpatlﬂﬂ in the course of the crushing of rack or supBors, orin the
form of violant events. In the formers case the raleased energy & transfnn'n&d
raginky Into beat through frickon and, in the Iatter case into kKinalic enevgy. A
portion of the violent avent is manlfestad as rockbursts. The existenca or

oitharwlse of the rockburst hazard dapends on whether the geomalricgl rate at

whlch anergy must be relepsad is greatar or Smaller than the rale al which

anergy ¢an be dissipaled non-violently as the excavation is enlarged.

Whils the theory of Blasllaily gives 3 good Bporoamation of 1ha rata at which
Bnergy musl be releasad, the rate at which anergy can ba consumed non-
viplenlly can anly be esiimalsd {Cook si al., 1866). This rate depends cn many
factors, sucl a8 rock Properties, excavatlon sige and shape, maximum possible
tlosure and deplhn below surface, The rats refamed to here i3 the ansrgy raleasead

or dissipated per unil area mined, and is bazed on the theory of elasliclty, which

iz inpensndent of, and nealacts, Nhe affects, In sveny case where 2 fraclure Zone

M IR ELERE s T g [~ Lt st LU S g

eyials ahead of a face, enargy must be conswmed in the fransilion from slashc
rock to fraclured reck. Since a rockburst is a manifestation of wiolent gnergy
ralaase il is obviously nacessary W axaming the Oalance that st exat behwaan

the anargy supply, stofage and dissipalion.

Cook et al {1686) demonstraled that tha incidence of rockburals 1 vintually 2avd
lor axcavations below & oilical 5lZe. At small spans the rate at which snargy

could be diszipated by cruahing is greatar than the rate arwhich anargy 14
raleased. The span at which the ho rales bacame equal can be interpraled as
Iha critical excavation sire. Ag the excavation s enlargad beyond thiz critical 5l2a,

the armaounlt of ensrgy releasad per area minad increasas rapidly with increasing
apan whila the rale of dlssipallon remalns almeet constant, Hance, the [ncidance

o
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of rockbursts rises rapidly, A decrease in the ameunt of maximum clasure

parmitted reduces the amount of anergy raleased par araa mined, which rasulls

in @ reduction in the rockburst hazard, Since the rate of enargy releass increases
b

ey et aroed £an |1.n ﬁ.HMMnr. hy h.ﬂ "Ilﬂh.n.r' b Iﬂr-nn.:lﬁl
L s wil o ai
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can be vary high. An increase of stoping widlh has als¢ bean shown Io increase
the rockbursl incidenca. |n each of the above silualions the Incidence of

rockbursls furtner Increasss with the proximity of dykes or faulls.

With respeact 1o mining layoul and aequence, Cook at 2l (1966} slated that the

altemativa methods of arriving at the identl¢al configuration of mining result in
very different rates of energy ralease, While the total reloased anergy is

datermined solaly by tha finah configuralion of mining, the gearnatrical rale at

ook af gl {1 GE6) axplaingd 1hat the rata at which anergy s raleasad o

= =

mirnresad by kasping ha Icizl energy change as small Az posslble and by
adopting a methad of mining that snsures the masl uniform rate of energy
relsaca. Since the tolal enargy released incréases as a funclion of the total
yodume of closure, 18 fmagrituda can be reduced by restricing the voluma of
clasura. Tha tolal voluima of closure can b8 reduced by keeping the sloping width

as small as possible. Thera is, however, a practical limit balow which the stoping
witdth canmnsd Ba redudad, Fuiler aduction can anly be achisved by aither wasta

S ww = == =Y hrr | =1L

fllling or by leaving sohd supporling pillars. In order 1o achleve ine Mest uniform
rate of enargy releass, [rregular lace shapes, small abutrments and remnants
should ake he avoided.

Cook at 2l {1966) also staled thal the rockburst hazard can be reduced either by
increasing tne rate at which energy can be dissipated i a non-vicdaint manmer o
by reducing tha rate al which enargy is raleased.

The study of rockbursts conducted by Cook ef af, (1968] showed thar tha probéam
can ba viewsad in wo parts: that concernad wath the region of continuous rogk

{assuming no geoloylcal discontinuities) remate from the excavation, In which the
behaviour is assumed to ba elastic and predigtable; and hat concgming 1he
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region between the elastic solid and the excavation, where the behaviour is non-

elastic and inadequately formulated. The transition from the elastic to the non-

- bF (= 1R

elastic region involves fracturing and an associated release of energy.

Since the rockburst phenomenon has always been associated with rock fracture,
it appeared necessary to examine more closely the mode of occurrence of
fractures, the extent of the rockmass involved and the stress environment in

which fracturing occurred. Simple visual examination and recording of
underground manifestations of fracture commenced in 1953 (Cook et al., 1966).
Characteristic patterns of rock fracture around the main excavations were
identified. It was found that the dip of fractures in the hangingwall was generally
towards the face whereas the footwall fractures dipped away from the face. While
clean, inter-crystalline fracture surfaces did occur, it was common to find

evidence of powdering or slickensiding suggestive of considerable normal

stresses acting during movement along the fracture plane. Many mine officials
claimed that these fractures, which they termed “burst fractures”, occurred some

distance ahead of the stope face and were direct evidence of theviolent—————————————
fracturing that caused some particular rockburst some time before the fracture

was revealed.

Cook et al. (1966) indicated that with increasing distance from the plane of the

reef, the frequency of fracture planes diminished but that many were still clearly
evident in post-developed footwall drives as much as 30 m below the stope. In

e hangingwa
width of the fractured zone ahead of the face was considered to influence the

incidence of rockbursts markediy. However, due to the fi nited access availab
was not possible to determine the distance ahead of the advancing face at which
fracturing became evident, or to suggest a definite shape for the fractured zone in

the stope hangingwall and footwaill.




2.4 Rockbursts

Legge (1987) analysed the rockburst and rockfall accident data of the South

African gold mining industry over the period 1926-1985 and summarised his

findings in tabular form. The table is shown betow.

Period Al Rock-related Al Rock-related
injuries* | injuries* (% of total) | fatalities* | fatalities* (% of total)

1926-1935 36.7 8.9 (24.1%) 2.36 0.93 (39.5%)
1936-1945 50.9 10.9 (21.5%) 1.68 0.74 (44.1%)
1946-1955 58.3 121 (20.7%) 1.55 0.71 (45.9%)
1956-1965 61.3 14.0 (22.8%) 1.44 0.72 (50.1%)
1966-1975 59.1 14.7 (24.8%) 1.31 0.73 (55.7%)
1076-1985 | 37.4 9.7 (25.9%) | 1.28 0.70 (54.7%)

*Rates are given per 1000 employees.

There were 34600 fatal accidents in the South African gold mining industry
between 1926 and 1985, 16300 of which were related to rockbursts and rockfalls.
Although the fatality rates (per 1000 employees) industry-wide were decreasing,
rates attributable to rockbursts and rockfalls remained similar from 1936 onwards.
Rock-related fatalities as a proportion of all fatalities increased steadily after

1926, and amounted to 55% of these in the period 1976-1985 (Legge, 1987).

2.4.1 Description and types of rockbursts

An excavation at depth is visualised as being surrounded by a zone of fractured
ground, which in turn is surrounded by the solid rockmass (Roux et al., 1957).
Consegquently, two types of rockbursts are visualised:

i “Extradosal’ bursts which are sudden failures of solid ground and result in

an enlargement of the d zone:
ii.  “Intradosal’ bursts which are failures of the systems of equilibrium in the

fractured zone.
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Cook et al. (1966) defined the rockbursts as a damage to underground workings
caused by the uncontrolled disruption of rock associated with a violent release of
energy additional to that derived from falling rock fragments.

A dictionary of Mining, Mineral, and Related Terms, U.S. Bureau of Mines (1968),

defined a burst as a phenomenon, which occurs when a volume of rock is
strained beyond the elastic limit and the accompanying failure is of such a nature
that accumulated energy is released instantaneously. In coal mines similar
phenomena are called bumps or air blasts. Waddell (1970) described rockbursts
as sudden, violent release of stored strain energy in rock by some mechanism of
rock failure, generally accompanied by expulsion of rock with consequent

damage to the mine.

Ortlepp (1983) described rockbursts as sudden and violent natural occurrences,

accompanied by a shock or tremor, which cause damage to excavations and

support. The damage results from disruption of the rock surrounding the
excavation and / or massive inward dispiacement of the excavation walls. The
basic cause of these bursts is believed to be a sudden slip along an existing
discontinuity and / or the creation of fracture in previously solid rock.

Cook (1983) described rockbursts as violent rock failures that occur in proximity

Cook (1983) commented that rockbursts had long been recognised as a major

A L .

hazard when mining hard rock at depth. One expianation for the origin of

rockbursts was that they were unstable releases of some of the potential energy
of the rock around the excavations. Another explanation was that the changes
brought about by mining merely triggered latent seismic events that derived
mainly from the strain energy produced by geological differences in the state of

atrana
UHTOo.

Cook (1983) attempted to marry the wealth of practical observations that had

been made of the geometry of fractures in the vicinity of isolated stopes at depth
in hard rock with theoretical and experimental work on the failure of rock as

seemed applicable, in order to produce a model of the fracture zone. He then

proposed a model for the formation of the fracture zone and of the mechanism of
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types of fractures, namely: inclined shear fractures, cleavage fractures, and
vertical shear fractures that are the most likely candidates for the origin of

rockbursts.

i. “Volumetric failure (face crushing) events”: These are relatively small
events which result in very localised damage. These events show mainly
contractional first motions, probably as a result of a pillar or the rockmass
ahead of the face crushing in an unstable manner. Later, this type was

termed “unstable fracture of intact rock” (Brummer, 1988)
ii. “Slip events on pre-existing or newly formed fault planes” These are larger

auvua wihinh ra usually further
usualty turther

o eiilt in widae
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read damaae. These events
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away from the mining excavations, are of the fault plane type and almost
certainly are the result of large-scale movement along pre-existing or

newly formed faults.

The mechanisms thought to be responsible for major rockbursts, the techniques

which can be used to control rockbursts, the engineering requirements of these

nned experimentation to evaluate these techniques were

studied by Brummer (1988). He classified two types of seismic events that result
in damage in South African gold mines, namely “fault slip events” and “unstable
fracture of intact rock”. Mining in regions that have been subject to considerable

faulting results in the formation of remnants, mostly as fault losses. These are
consequently subjected to increasing field stresses as the area around them is
mined. Owing to the increased stresses on the fault surfaces, which are
inherently weak in shear, the potential for unstable slip is enhanced and thus a
“fault slip event” may be caused. On the other hand, events of the "unstable
fracture of intact rock” type occur relatively near to the working faces under the
high stresses induced by mining. As the mining face is advanced, the zone of

fractured rock ahead of it also advances until the equilibrium fracture zone size is
once again established. However, usually severe interlocking of the fractures

near the mining face occurs and this-interferes-with-the normal; stable growthof ————————————————
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the fracture zone beyond that “lock-up”. As the mining face gets closer to the

ifficient energy is released for a

L LRRL S

Most rockbursts that occur in South African deep-level gold mines can be divided
into two groups, according to the mechanism of the source. The first group,

- bursts, which occur as a result of

violent failure of a critically stressed volume of rock in the vicinity of an

ually an advancing stope face. The second group comprises

-~

rockbursts that occur as a result of shear movement along steeply dipping planar
structures, such as faults (Rorke and Brummer, 1988).

Owing to the great depths of mining, the rock ahead of the face becomes very
~ highly stressed. As a result, intense mining-induced fractures, which are sub-

parallel to the stope face, develop in this region. This zone consists of many
riocking solid blocks of rock in a state of limiting eq uilibrium with the

surrounding rockmass. The zone of fractured rock does not “grow”

instantaneously to its full extent when the face is blasted, but steadily increases

in size for some time after a blast, due to the time-dependent nature of the rock

failure within the fracture zone. The fracture zone usually forms stably and

advances with the stope face. Occasionally it does not “grow” to its equilibrium

size, but becomes “locked up” due to asperities, undulations in or the

disappearance of parting planes or the presence of small faults that cause steps

across parting pianés_—fhésyfactoryhmibitfhetheaﬁmﬁveﬂ‘\eﬁfﬁhead‘effhei
stope face, thus providing a clamping effect which increases confinement,

rd £
1

prevents rock fracture and causes strain energy accumuiation ahead of the face.
When this occurs, the fracture zone is in a state of unstable equilibrium, and
violent rock failure (i.e. facebursts) can occur and these are often accompanied
by major damage to the workings (Rorke and Brummer, 1988).

The cause of face bursting may
face. Such high stresses may occur as a result of locking up of existing fractures

the mining

and a lack of deveiopment of new fractur
fractured zone proportional to the stoping width and the mining span when the
ground becomes loaded by further mining. When the stresses reach high enough

BN
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levels, the rock fails catastrophically, causing severe damage to the face area,
where the workforce is concentrated (Adams et al., 1993).

scribed the rockburst phenomenon simply as “a seismic

= Bt b Mt it

Comeau et al. (19¢

event ... caused by a sudden release of potential or strain energy stored in highly
stressed rockmasses”. On the basis of the previous research, they listed four

[
{

types of rockbursts:
i.  “Strain bursts”: due to high stress concentrations at the edges of mine

openings,
ii. “Pillar bursts”: sudden violent collapse of single stiff pillars,
iii.  “Crush bursts”: equivalent to a sudden multiple pillar collapse,
iv.  “Fauit-siip bursts”: due to sudden siippage aiong a geoiogicai feature.

Then, the authors broadly grouped these four types into two, which are either
“strain bursts” or “fault-slip bursts”, depending on their mechanisms.

Brummer-and Andrieux (2002)listed three-conditions for violent rock failureto————————

ocCcCur:
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i.  high siress leveis, in order to drive the f
there needs to be a stress path to failure whereby the major principal
stress increases while confinement remains high;

ii. a stiff, strong and brittle rockmass, in order to rapidly accumulate large
amounts of energy and release it suddenly at failure; and

“fuel” a violent rupture of the rockmass.

2.4.2 Control of rockbursts

Given the state-of-the-art at the close of the 1960s, the mine operator had three

flow in controlling rockbursts (Waddell, 1970). He could:

i.  design a mining system that prevents development of critically high

ii. induce bursting at the time of the excavation blasting cycle; or
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ii.  destress by fracturing the ground with explosives immediate to, and in

advance of, the opening.

involving factors that affect the incidence of seismic activity, and those concerned
with factors that reduce the effects of the damaging seismic events (Ortlepp,
1983). The reduction of volumetric convergence offers the best possibility for

control of seismic activity through a reduction of the total potential energy
available. The total energy change can be reduced in three ways: by reducing the

stoping width, by waste filling, or by resorting to a system of partial extraction.

Steps taken to minimise the mining-induced energy changes may be sufficient to
reduce the incidence of rockbursts to an acceptably low level. These steps may
involve merely the geometrical preplanning of stope layout and extraction

sequence to avoid the formation of high-stress areas, particularly remnants
(Ortlepp, 1983). The density and the type of support are important in limiting the

damage that results from the majority of seismic events.

Salamon (1983) stated that the alleviation of the risks associated with rockbursts
may be achieved by seeking:
i.  areduction in the number of seismic events;
ii. a lessening of the kinetic energy content of seismic events;
ii. adecrease in the proportion of seismic events which manifest themselves

as rockbursts; and
iv.  minimising the damaging effects of rockbursts.

Salamon (1983) listed the strategic control measures as follows:
i.  planning of the layout and the sequence of mining;
ii. reduction in stoping width;
ii. backfilling; and

iv.  partial extrs

Ryder ef ai. (1987) described

These are:
ii. the support of mining excavations;

S
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iii. he dyuut aesign Or mining excavaui
iv. employment of seismic monitoring (early-warning) systems; and
v. triggering of seismic events through preconditioning of the rock to be

tHAane-
Uons,;

mined.

rockburst problem to a certain degree. In order to help further reduce rockburst

hazards, these researchers made use of stress measurements, numerical

modelling and microseismic source-location technology.

i i ifi rst control into two

occurrence of rockbursts. This type of measure includes

LR 4 SN VAV - 9101

efforts to elii
controlling the stresses within acceptable levels, and using reasonable mining
layout and sequences. The other type of measure, which has local and temporary

effects, relates to the application of destressing in the rockburst-prone region.

Brummer (1988) listed the most widespread of the measures employed to
rockburst incidences and the damage caused by them. He mentioned
 the design of mine layouts, which minimise the Energy

N~

Release Rate (ERR) and thereby decrease the number of damaging rockbursts
that occur. For the reduction of rockburst damage, he emphasised the use of
support systems such as rapid yielding hydraulic props and backfill systems
designed specifically for use in areas prone to rockbursts.
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Durrheim et al. (1997) conducted detailed investigations into 21 rockbursts that
caused damage to excavations in deep South African gold mines. The objective

2l mtm ] £l

of these researchers was to determine the principai factors controlling the
severity and distribution of damage. They found that the source mechanism is

often controlled by the mine layout, and regionai structures such as faults and
dykes; while local conditions and support systems strongly influence the location

and severity of damage.
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2.5 Destressing / preconditioning

HIll and Plewman (1657) listed the importanl problems facing mine management,

i. deciding on a destressing technigus;

i, deciding whera o deslrass,

i,  gaining he co-gparalion of the mining (produclion} personnel: and

iv.  organising destreasing in such a way that it was done regularly and
systematlically,

Destressing or pracendltioning of the veln rock prior 1o mining was shown to be

an efiective means of mﬁirﬁii-ng FOGKDLT

radial patlemn of long-hales before sloping starls pracondilions or goftans the vein

matenal 1o the extent that selsmic anargy raleasad during mining is reduced and
i : nviby while mining above the

Willan ef &f. { 1985) |danlifiad 30 destressing case studies and collected detailed
data on the actual design layout used in eachof these. They then dassified these
cazes into four groups, according (o type of related mining activity, i.e.

developrnant headings, shafts and raises, pillars and slopes, The survey

reflacled tha sparsa availabilily of detailed data on both the practice of

nnnnnnnnnn d the dearog of succeas, lwas gppannl thal DFEQIJES varied and
dastressin ig ar g the degree Ol U Ep

tanded to be based mora upon subjectivity than scientific evaluation. Deslress
blast design was contuded to ba more an art than a sclence, requiring further

i

refinament and deliberate study.

Brumpaer {1985 siated Lhat preconditioning appears 1o be a viable technique for

combating the “crush” type rockbursls and hes teen shown (o be suctessiul
rock and coal mines. Practical difficullies and the cost ara

o

..... l-||£l|‘
'I'UUTIUWMU, nal

L

probably Ihe main reasans that precendilioning 15 not usad extensively in South

Alnca,



Desiressing involves tha use of explosives Lo racture polantial rockbursling
zonas, in arder gilher 1o reduce I build-up of stress concenlrations and the
potential for rockbursting, or to igger seismic avents while mean and equipment
are away from such zanes. Precondltioning is essentially a form of dastrassing,
undartakan in advanca of mining, wilh Ihe inlention of rededng rockmasa

stiffness o prevenl the subseguent build-up of axcessive strass concenlirations.
ln tarmes of mine planning, destressing is a taclical method of rockburst

prevention, wheraas preconditioning is slratepic, baing planned well In advanca
of mining (Willan et a/.. 1985}

Ryder of af. (1987) listed precanditioning as one of the major stralegies for
dealing wilh the reckburst hazard and Whey described il as an active englneering
measure to modify or contral the dynamic behaviour of the rock,

(1987} staled lhat the araa affected by a daslress blast does not extand far
beyond the immediale vicinity of the biasted hoies. Fractures bayond the
|mmediale vicinily of the destress blastholes appsear o ba created predominantly

along pre-existing discontinuilias.

Brummer {1988) describad two lypes of seiemic avents that result in rockbursl

n o
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under bwo broad calegories; these are the triggering of seis

faults o geological struclures and the precondltioning of fhe rockmass anead of
mining. In situations whera rockburats eocur at mining facas, e preconditioning
technique could be employed to prevent the build-up of a polentially dengerous

gtate of unstable sguilibrium in tha rock ahsad of the facse, and reduca tha

hiitrt @f &f, {1988} used a nume

dimensional andg linear-alastlc finite-element malhed (o model rockmass
response to destrass blasting. Simulations of blast-design oplions reveakad that

the loeatlon of the blasl was mara critical than the aclual volume of rock

fraclurad.
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Rothe and Brummer (1588} explored the feasibility of using explosives from both
& technical snd a practical polnl of view, and axamined the conceplual models for
the mechaniisms of precondilioning and deslressing, using explogives, Thoy

ﬁlﬂlnﬂ that l'hn nnrhrl.nnmn n.f n'u‘r"lll"m_nm nnnmu into naa and ch ma.mu el
-------- ey Wi Wi TR 2 Ihg Shols Shar FHE A

the mechanism of precandltflaomng or destrassing.

Momah et al. {1998) dascribed a numencal madelling technigue thal can be usad

4 _ A‘AJ‘I.I ‘‘‘‘‘ |

tp mdal dastrass Hasting In saguanilal mining oparati e
mining-inducad strain energy densities wore computed al the and of each mining

o o

siap. Deslress biasting was simuiated by a medification o
pronertles of the rockmass in the destresssd rone. The resulte indicalad ha

- - = L R l=] = S

large reductions in 5Ir2in energy densiliss and strassas ware sllainable in the

.y i

invostigation of the effecl of destress blasting on the rockburst potentlal of a
horizontal pillar localed below a stope in @ hard rock ming. In order t6 detarmine
the pffects of the blasl a mathedology based an tha evaluation and comparlson
of the relativa stiffneas of Ine [ailad rock and the sumgunding rockmass was usad,
| was shown that Ina desatrags blast Investigalad would have reduced the armount
of available snergy for viplent failure, but it would not have elimlnatey the

rockburst potantial.

Comesu & & {1995) recently reported on vanous desiressing applicetions used
in dlffarent hard rack mining envircnments in the wodld, Although they siated that
Ihair worldwlda survey on the subject was ongeing, the preliminary rasults from a
numbar of cass axamples wire as fallows:
i. Preconditioning or destressing achieves its ultimeta goal;
il. Itis polentally bensficlal and & vesful tool thal has gained wordwide
FACK AT,
il.  The deslressing machanism i slill unclaar;
iv. |t dogs nol generals new lraciuring In the hangingwall (Toper, at al.,
TIYAT;
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v. The effect of prégonditioning or dastressing is localised;
vii  Inorder to assess the effect of precondilioning of destrassing, the most
usafyl lools ara found to be microseismic menitoring and convergance

viil.  The most auccesshul results so far have been ohitained Frawm & pplying
precondilloning on boundary piltars.

Brummer and Andrieux [2002) compiled the results of varigus dastrassing case
studies rom Soeuth Africa, USA, Canada and Sweden any presenled Ihem in the
form of a design chean that compares the explosive anergy input to tha largst
mass of the rock Intended 1o he destrossed. They deducad tha appropriale
{required) leve] of explogive enargy from the reported success of the vanous cace
studias. From thelr daductions they proposed 3 mathodalogy for the design of
large-scata desiress Blagls based on theoralical considaratiens, praclical

lipnitationa andg the reported case sludles. They recommehded that large-scale
destress hlasks ba deslgnad for an explosive energy factor of baween 200 and

SO Kealioring,

2.5.1 The principle and objectives

The idea of artificially destressing slope faces avolved esarly in 1953 when
myastigators et sufficlenty confident 1o suggest It to the commines that was, at

that tima. steering the rockburst inyastigation {Roux o &l 1957, The gvidence
and conslderatians which 1ed 1 this are briefly summarised below.

i.  According (o the exganensa af minlng men, & working siope face which is
“nard” and “s¢ll” and which hag a *shiny”™, “glassy” appearance ia morg
lively to burst than one which has a fractursed appearance and may sasily
be barred COWNT. it seams wasanable, therefare, that lo frachine & waorking
face would relieve it of the sreas conditions lksly (o lead 10 facabursts,

i. Exparionce on the Witwalersrand goldfislds shows that rockbursts very

seldom occur al working f3cea n ovammungd or wnderriirted Jroomd. Sinca
sush ground is usuzlly fratiurad as a result of the pravious mining

operations abave or below it, the implication again is thal rockbursis of the

S
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extradosal bype at any rate ara seldom, if aver, axperienced In fracturad
ground.
il.  According to an analysis conducted by Hill (1944} on rockbursts involving

36 reymnants, Ihe fraquency of bursts is agraztast when the rernant size is

1350 m", decreasing suddeniy when the 8ize besomeas less than 670 T
The remnants which were smaller than 679 m? in size were ohsarved 1o
be almest complelely fractured.

From these ohservalions Roux et af. {1857} concluded that the incidance and f or
saverity of rockbursts might be reduced by ansueing tha presence of an adaquats
dapth of fracture zone at the face of a working siope. If holas ware to be drllled at
righl angles to the face and blasted thay might have the affect of increasing the
wldth of the fracture Zone al the fase and of shifting the zone of the high-siress
peak furnhar away from tha face intg Ine solld. If he magnilude of tha stress poak

happens ko be high encugh and sudden failury ocours in ihe hignty streased
20nE, no S8nous damage would resull because of the cushion afloct of the

fraciure zong a1 the faca.

Roux &t al. (1957) considered that if this pumposs ¢ouid be achiaved, the
incldence of sxiradosal bursls and, pariculay, severe ones, which cause
fatalilies among underground workers and sefious damage to stopes, could he
reducad if not alicgethsar ediminated. There saem to be indications that the
application of the deslressing principle might algo assis! in reducing intradosal

Durﬁts_TDiSmn- is baset A the 1o Tal AESEsSing rasungs I pamner
supporl at the abutment for the intradasal ground because of the enlargement of
the fraciury rong aitead af the face snd balisr rangingwall condifions,

Brummer [1955) explained the ratipnale behind destressing and the major
components of tha pracass, Mining activily redistribules the virgin siressss
araund the mining excavaliona, Certain [ecal regions of the rockmass that may

Conta W slran: dismornuitiss-are subjattad-toa thanned strass gtate;

Under this changed sirags statg tha negiai iT quasharn cam defarm in g stable
manner or i an unstabla mannar, possibly causing damage. The lerm

“deslrossing” is thus S&an to refar to two dislingt activities {Brummer, 1885). One
af these acllvities (nvolvas reducing the rackniass strerglh so that a grop from



peak to residual strength (i.e. a rockburst) never occurs. This is also called
preconditioning. Preconditioning “... is to pre-fracture ...a stope or zone of solid
rock prior to mining so that the high stresses that usually resuit from mining are
relieved by the yielding of the preconditioned zone.” (Blake, 1982). The second
activity involves altering the stresses at a particular time so that the drop from
peak to residual strength occurs at a predictable time under controlled

circumstances. This activity is also called “triggering”.

Brummer (1985) also indicated that a good mine layout design is essential in
order to prevent the deveiopment of high-siress areas or to minimise ERR. This
will be practised in any case and destressing must, therefore, be done in
conjunction with good mine design; it is not intended to replace sound mine

layout practice.

rock immediately ahead of the mining face carries, and to maintain the fracture

P | H R ST § = P e o) Qoo Th m
zone in a state of stable equmuuum (Brummer, 1988). 7

of achieving this objective appears to be to ensure that the rock ahead of the face
is heavily fractured. This can be achieved by means of explosives. Blasting the
rock ahead of the face will have several results. These are listed below.

i.  The rockmass strength will be reduced, and consequently the rock near

- the face will be-unable to carry high stresses
ii. The rock within the fracture zone will be shaken and loosened by the

ra ctahla ~ondition
LA IW WV IR T,

iii. The fracture zone will be artificially advanced ahead of the face and,
consequently, the potential for sudden changes in fracture zone size will
be reduced.

iv.  Less strain energy will be stored in the rock near the mining face, and less
will, therefore, be available for unstable release near the working face.

their worldwide survey, Comeau, et al. (1999) have concluded that

VS Y,; W

there is uncertainty with respect to the preconditioning or destressing
mechanism. They have stated that it is still not clear whether the stress waves or

the gas penetration generated by blasting is mainly responsible for destressing.
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They have also slressed lha nacessity of undarstanding the affecls of blasling in
highly siressed and confined rock.

Brurmmer and Andnigux (2002) described realistically achisvable goals of
destrass blasting as:

|, loincrease the degrae of inhomagenity in the rockmass through
pramotion of microfracturing; and
i. toprometaincreased shearing dafarmalion on axisting fracture surfaces.

2.5.2 Field Trials

Sauth African field triala

East Rand Proprietary Mines [ERPM) axpariment

Hill and Flawmnan {1957 stated thal the praclice of desiressing was in fact
already being ried out on Rose Deap Lid. bafore the destressing sfforts were
made In a remnant abutment at Easl Rand Proprstary Minos (ERPM}. Howavar,
thesa early efforts did not seem 1o be very succasshul; Ina rasults were difficult o

interprat and were inconclusive. Since the nesd for allevieling he rockburst

destressing was sound, the ERPM management team decided to expariment wilh
gaslressing on 8 wider scaie.

From March 1854, a slandard desiressing practice was applisd to over 30 stopes
at ERPM, with not more Ihan 25 slupes balng subjacled to 1his practice at the
gama time [Roux ef &i., 1957). The procadura was as follows. Tha destressing

L = com w3l e frmr

oles wara drills d inls he facs El “g” ted Sounrond imalahs nnee 8

P ARSI RRy
woek, The productlon holes were not drlled on the same day. The destresasing
holes were dilied 1.5 m apartin resf 8 m apart 0 dyks faces, The holas

ware 3 m lgng and tha charge Iangth WES
normal working face advanced at the rate of 0.5 to 1 £ m per wesak, this ensurad
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The histories of all the deslreasing slopes were carelully recardad, Il was found
thal the condlkons for aqual perieds befors and after the commancamant of
destragsing could be considered as mascnably comparable in only 17 slopes.

T offamb o Aas
TG OHOLA WY WSOk

compared for Ihe 17 slapes under cansideration. Tha time periods belora and
after deslressing was starod were aqual (Roux of al., 1957)
drawn from tnis anaiysis are iisted beiow.

i.  Thetotal number of rackbursts gropped from 48 to 32 and the number

Lt E=0 = i

rmainly at blasting time when only a portion of Iha [ace had boen

astressed,

=B

ii.  Tha lotal number of severe rockbursts dropped from 22 1o § and the

numbar of severa rockbursls per thousand square metres mingd from
0.41 to 0.09, which represents a 78 percent decrease,

iv.  Tha total number of rackburata aocumring on the day shift reduced from 173
{27 % of total) to 1 (2 % of total) and the tolal number of casualties
{injuries and latalities} decreased from 44 {38 fataltias + 6 injured) to only
1 {lnjured).

v.  Owing lo the introduction of the deslressing practica al ERPM, ona
produclion shift per week was |ost. Therafore, ore-sixth or a 17 percent
reduction in area mingd might have been expacted, assuming that
destresaing has no effect on ore breaking. Howaver, during the
destressing period a slightly grealsr area was minad than during the pra-
destressing period. This does not give an immediate indication that
production Impravad during the desiressing panad, but does indicale that
destressing resulted in no sudden decrease in area mined immediataly
alter its introduchion. Itis passible that a lurther imprevement might be
ohtaingd if mining practlee ¢an ba organised in such a way lhat no shifts
arg lost due lo destrassing. Under these condllions the additienal costs
involved In amploying special desiressing leams would have to be offsel
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against lhe increass |h production and saving resulling Irom decrease in
damage as a res|f of rockbursls.
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candition of iha hangingwail was dascrbad as modern
However, it was dIflcull at Ihat slage t
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necassarly improve hangingwall conditions.

oacurrenca of rockbursts complataly, bul the sbility of galnlng soma

Wil

contral on the time of the day when they ootur was animportant
devalopmant.

It was repered on several occasions that small bursls occurred at the
lime of the destressing blast, This Immediately raissd the question as 1o
whather slighl, harmless bursls could nol ba Induced at avary daslressing
blast and so prevent the bulld up of corditions causlng the sudden, vickenl
typa of burat. This would present an important step in the direction of
conlrolting tha occurrance of rockbursts, if their complele eliminatlon wan
found to be impossibla,

Ol of 32 rockbursts thal oceurred during the destressing period 14 were
assoclatad with gilner dykes, faulis, raises or rembants. This showsd Lhat
the particular destressing practice used, although having resulled |n a
marked improvemenl, had not prevanted burala nol assgcialed with such
circumetances altogether. |t was, tharelgre, concluded hat lufdher
improvemants in the destressing procedure were nacassary Iif thess
bursts were to ba avoided.

Reporis from Ihe mine officlals directly assoclated with destressing
emphaslsed the improved morale of all workers in burst-prone areas



where destressing procedures had been appliad (Hill and Plewman,
1957).

HIll and Plewrnan {1957) evaluated the efficacy of the daslressing praclice at
ERFM and concduded Ihat it was beyond reasonable doubt thal destressing was

sucoessiul. They cited the Improvemnent of 35 percentin incidence of rockburats,
tha improvemenl of 77 percent in incldence of savara rockbursts, and the
impravernent of 82 percenl In dayshift rockburata. [n tha case of remnant
abutments and dykes the appliad deslressing procedure did not seem 1o ba
wholly sucoessful; variations of the technigue should Inerslora be tried out to
meet thesa special cases. The nat cost of the practice was small. Because of the
Indlcated improvement of 08 percent in casualty rate and the apparanlly
beneficial effact on general marale, tha intreduclion of the deslressing tfechnigue

seemad juslifisd on humanitarian grounds alone. The technique of destressing

could prabatly be applisd with success toany mine which suffars from

rackbursis. HI and Plewman {1957) descihed the destrassing technique used at
ERPM as a successful and proven technique, and slated ihal if it was further
developed and perectad, it would play an Increasingly impartant part in making
conditions at great depths saler and more lolerable,

Nine years later. Cook et al, {1965] re-gvaluated Ihe dEEtrB-EElng practica at

reieasad was radiaied In iha form of veriically pola

of the datailed sgismic sludies of desiressing blasis al ERPM Indicated that
almost all of the seismic energy radiated by these shots was in the form of radlal
compressiva waves, as would be expected from a zimple explosion, and (hat
negligible energy was radiated in the lomm of vertlcally polarisad shear waves,
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Much later, Hill {1982} slated Ihal the deslreasing exarcise at ERPM was
statiatically a success, and Ortlepp {(1882) agreed that the destressing was a
success, but added that the real reason why daslressing was not carriad oul at
graater depths was difficulties axperienced wih driling. Ha added Ihat lhera was

probhably merit In drilling long holes frem some sheltered envinenment inta knewn

“hat spots™ and eithar blaaling or hydrofracturing. Tyser (1882) explainad the
agon for the terminalion of the ERPM destressing expenment a5 the

impossibility of charging up the stress-daformed holes in the deeper areas,

The reazan given by Cook at af. {1986} for (ha rajection of the benaflt of
destreasing was that seismograms resuling from desiressing basls showed
nohe of the characlerlstics of seismic evenls {(Brummear, 1985}, This reasoning
was probably fallacious, as il seerned certain that lhe deslressing as used al
ERPM did not trigger seismic avenls, but did precondition the rockmass. [n tha

tachniqua of preconditioning, it was not necessary to cause events looocur; the
benaflt of the malhod lay in its reducing the rockmass strangth. Triggering,
however, causad more energy 1o be amittad than was aclualiy pu in io the
rockmass by the triggaring slimulus.

The rasuls of the reef desiressing {precondilioning) experiments carried out al
ERFM wersa inconclusive and wera the subjec of debats, The holes wera diflcult

comprehansive as that possible today, doubt sxisted, tharalore, a9 to the actual
effects of the destressing (Brummaer, 1588],

[raspite vary encouraging results and the apparent benefits reported by Roux af
al. {1957) and Hill and Plowman (1857}, bacause of lha dabate on the whole
experiment, preconditioning was not generally accepted by mines as a viable and
safg technigue. in onds

Research Organisatllon (COMRO} imitlaled a research programme to re-

hiz problem, the Chamber of Mines

investigata preconditioning as a viable and Sai
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Maost racent axperiments

initialed a resgarch programme o inveatigale actlve rockburst control techniques,
such as the triggering of slip akong major faults and the preconditioning of lhe

rockmass shead of mining faces, and to assess the potentlal of these tachniques
for use In deap oold mines (Brummer, 19588},

COMRO's involvemant in precondilionng began in 1887 with axperimantation at
West Crisfontein Gold Ming, whera tha 32-12W =lope was being mined inlo a
large remnant along the Wastarn Oeep Levels (WDL) boundary (Rorke et &/,
1985). The technique being Implemented made use of long, face-parailel holes
drillad along the length of the 30 m panels. The 76 mm diameatar holes were
posilioned between 2.5 m and 3.5 m ahead of the face and drilled within a shilt.

and, henca, the spacing between preconditloning holes averaged about 8 m.

Following a trlal pericd of five months of tesl drllling, pracondiioning was
implernentad in two panels, Onca the technique had besn oplimised, all iive
pansals wlihin Ihe stope were preconditionad. A tetal of 18 praconditioning blasis
weare carried out in the 11-manth periad of the project. Convergance of & mm s

CHES o soaing ot up o AL mm

[ P —

] ol | a
CDSENYEL TMOEGLIUTT I o

panels resulted In Improved hangingwall stability, which may partty account for
tha lack of seismic damage. Howsver, Ihe prgjact was terminatad whan the
technigue could nol be integrated into the new [ayout that was required, as the
stope was approaching a seismically hazardous structure.

A further pracondilioning experment was initisted on Elyvooruizicht Gold Mine

anel along a protection pillar adjacent to

a seismically active fault (Rorka of &i,, 1990}, A seriss of 30 m long, 76 mm
diamster holes fanned oul from the dip gullies was plahnad o ba drilled into 1ha
pntire pillar, with the intentlen of "preconditioning” tha pillar wilh one blast.

Eventually, enly Ihe holes an the adgs of Iha pillar could be drilled Lo neary thelr
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full lengin. The other holea were drilled to only 10 m. Difficulties expariencad with
drilling into Ihe care of the pillar provided some insight regarding the condition of
{he pillar. Desplta the seismiclty from the adjacent lault, Ihe pillar was aventuaily
mined out without incident by Tanning the preconditioning holes drilled ram the
up-dlp guiliss at live diffarant face posilions. mproved hangingwall stability was

rapcried to be due to steaper extansion fracturas following the introduction of
nrw_jndltlnnmﬂ

Extraction of a dip pillar with preconditioning at BGM began in mid-1660
(Lightfoot ot a1, 1968}, Tha 30-24W stopa is situated al tha southem extant of
BGM near the boundary pillar to Western Deep Levels (WDL). This dip piliar was
A0 m wide and 150 m long with the lep of iha pillar leminating on a stabilising
pillar, Initially, the pillar was conventionally mingd but, after problems with
consistently poor ground and several Iarga seismic evenls, the mina decided 1o

implama
used al the 18-13W stope: 10 m ieng holes fanned out from the dip gullies.
Cifflculbes with drilling and frequent demeage lo suppart and the collar area of the

holas all resulied in production delays.

Problams alas arese due lo the mining by YWDL of wo large longwalls just to the

stope resulted in a significant increase In geismicity levels. A large rockburst in

Cictoper 1981 resulled In seve

precond tioning layout (o face-parallel drilllng. However, before any progress
could be made with this technigue, tha stope had to ba akandoned in sarly 1982,
hecause of [ncreasing seismicity levels.

Wark on 17-24W stabilily pllar site at BGM began in April 1680, using

[=L="L LI ]

pr&mndltlr::nl g holes that wers fanned out sub-perpendicular to the stope face.

sirike pillar, uging precond(tioning to reduce

n
L | L [ i

tha risk of rackbursts at the face. Initially, Ihe mining was [n an up-dip direchon.
Howevar, in an altampt lo improve the efectivensss of preconditioning, the
panels were changed 1o breast in Septembar 1992, This new layout allowed for

ihe drilling of face-paraltel preconditioning holes. On the whota, this mining
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gecmelry proved to ba mare successful for precondltioning (Kullmann, ef af.
1906),

In late 1994, it was recognisad ihal, although face-paraliel preconditioning
appeared to be weli sUitad 10 the mining of long and narrow strike pillars, it wouly

ha difficult to implamant in & normal deep-level longwall production emdronment
withoul impaging conskerakle delays in the mining cyela. For this reazon, a naw
axpefimantal site was cpened on & deap-level lungwall oh WDL South Mine,
Experimenls wara undertaken at thie sile, which involved drilling shert facs-
perpendicular pracondltioning holes as a standard additlon to every production
blast. The expenments indicaled thal it was possibla to implement this methed in
8 deep-laval longwall mining environmenl without signiicant distuption to the
frining cycls {Lightfioot st a1, 1906},

camad out in a development and at Kloof gold mine Mo. 4 shaft whara a high
Speed ramming hauiage experienced instability and sirain bursting. The problem
was associatad with 1hs wnnel obligusly Intersacting a dyvke that was weakar
than the surrounding lava, in an skvaled siress fleld. A pattarn of praconditioning
blast holes was deslgned and following 14 preconditioning blasts and a similar
numnber of conventional development blasts, the lwnnel was safely driven throlugh

Nar South African field trials

Metal Mines
Dlckhout {1962} mentioned a successful destressing expariment at INCO's
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Initizly, ore hale, approximately 80 mv in diameter, was drilled 1o & depth of
dboul 14 m. The haoke was loaded with ANFO-type explosiva, collar primed ang
Mred. Immediata banefils darived Ireynm tha destressing technique wers: a3 marked

reduction in overbreak resuiling i nmora stably shaped oganings; and a large



dacrease in “working ground” and spaliing. Later, the use of deslressing was
mada standard in all headings in the desp-level development programme.,

The use of a destressing techniqua as applied to the hangingwall of a cul-and-fill
Blopa at Falconhridge Mine was described by Moruzi and Pasieka {19844, In

ordar to dateymine the afectivenass of the expanmenl, dosure measurameants
and fractura and photoelastic =lrein analyses ware condutted on drill-cora
samplas taken from and around the destress hples. After thorough analyses, it
was concluded that destressing failed o accamplish tha purposa far which |t was
daaigned bul did, however, act as a tigger for ftwo large rackbursis.

Blzke (18723, 19720 & 1882) for savaral years advocated the practics of
precondilioning highly slresssd ramnants or pilars by means of drill-and-basl
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borgholes, with the holes charged to 7.0 kg of explosive per melrs and slemmed
{ "

Coaur d'Alene mining districl showsd & reduced selsmic enargy relesss par m* of
mined ora and preconditloning was very effeclive in sliminating rockbursting.

Blake (197 2a} deseribed 3 destress|ng experimant done al the Wallaca Galena
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dogtrazsed by long-hole blasting. A finite elemant analysis was dona, which
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artual field experrmant. The rationale for Blake's experiment was “... lo pravent
busling, the plizr must be sufficiently fraciured guch that it will yield; hence It will
lail slowdy and non-violently”.

Ksrwosk! gt & {19758) and Covp (1880} reporisd on ha dastressing activiiss at
Maela's Slar mine In the Coeur d'Alene mining districl. Destress blasling was

aligwing it 1o underg? 2labls yield. However, Corp {1880 gueslioned the
effeclivaness of this type of destressing, although many rockbursts wera
triggared with the destress round wheon miners ware not present, According to

Corp (188G} anothar rockburst control technique showe 1o be highly eFsellve is
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