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Five sublevel caving ar.d block cuvinj operations v.ere investigated
at Shabanie line to establish ground behaviour characteristics, the
mechanises of caving, the conditions required for ¢ ving, and the effects
of cavinj on the rock euid development openings beltY a ’ in the peri-
pheries of a caved block. This work included the testi> or development
of a ran”e of instruments to Investigate and monitor groi i displacement
ar.d deformation above the cave back, in the peripheries a I below a cave
block.

Tne chij'sotile asbestos nii.ed at Shaoanie line occu in uoaeroua
orebodies located in an ultrauafic sill which has been f ded ar.d faulted.
The fibre occurs as subparailel seams in bodies of par -all> serpentinised
dunite occurring between talc-carbon”te zones and carbonated serpentine
zones which are developed along the faults. The orebodies are irregular
in shape and vary in size and competency. The ore and surrounding rocks
are cut by numerous, mostly steep dipping slips (minor faults).

Stress measurements to determine the pre-mining rock stresses aere
made at six sites at depths of between 200 and 400m, using photo-elastic
biaxial strain gauges, and the CSIR triuxial cell was also used at one
site. Some of the stresses measured were affected by previous mining as
it was preferred to measure the stress in the same ro ' type that would
be mined, rather than in the footwall, out of the influence of previous
mining. The results indicated that the lateral strerues exceeded the
vertical stresses by up to 50/ at the depth of mining. These higher
lateral stresses are probably residual tectonic stresses from the period
of folding. Repeated measurements along ti.e length of a borehole
indicated larue variations in stress magnitude ar.d orientation attributed
to the effect of variations in rock properties and proximity of
structural features.

From observations of small displacements on joints in the peripheries
of Caved blocks it is concluded t,at the rock mass us a whole behaves as
a quasi-Bingham substance, thereby giving any theoretical stress analysis

a path dependui.cy. For the present, the problems of adequate equations



to describe the rock behaviour, sufficiently accurate rock properties
have to be solved before stress and dis“laceneut analyses be done using
a finite element technique.

r*o fores of caving were recognised, 'stress caving' and 'nass
subsidence caving'. The fornur occurs when the undercutting results in
the formation of a cavity. With sporadic sloughing from the back the
caving progresses up to surface. In some cases horizontal tensional
cracks have been observed or inferred above the back. The size of area
required to be undercut to initiate caving and the rate at which caving
proceeds, depends primarily on thn competency of the rock in the back
and the forces it is subject to. In the relatively high lateral stress-
field it is expected that the immediate back is su&vect to moderate
lateral compressive stresses with low or tensile stresses in the vertical
direction. Over the central portion of the back the major principal
stress is almost horizontal and here joints with low to moderate dips
assist caving, while along the peripheries the stress direcion changes and
where suitably orientated steeper dipping slips may assist caving. Caving
occurs as a relatively narrow zone of instability develops in the immediate
back as a result of small shear displacements on joints and a form of
bed separation occurs in the back. 'Mass subsidence caving* occurs where
previous mining has reduced the lateral constraint , taking the form of
an orderly subsidence of large uux ...nar  blocks of rock. Caving is rapid,
requires p relatively small undercut area and results in a low bulking

factor.
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Frontispiece: Surface subsidence over Block £ (left), Block 7 AB (foreground), Blocks 7/1-7/3
(centre), Block 7/2 (right background) and Block Hi (top of hill).
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CHAK'*h u<L
INTAOXIJ :IC:; A:j

1.1 rfrHoDUCTio0:1

The mining engineer hao a responsibility to hia company share-

holders, his country and to mankind in general not to squander that

little portion of the earth's ever diminishing mineral resources entrusted

to him. His responsibility is to get the maximum amount of mineral out

of the deposit, in the most economic way, with the least
life.

risk to human
In attempting to obtain the maximum ore recovery at the least

cost, hidden risks may bo taken in the planning stage, which could

later result in trouble and the loss of ore, and which by a more cautious

approach in planning could have resulted ultimately in a higher mineral

recovery. It is only with highly developed rock mechanics techniques

and expertise that there hidden risks can be recognised and evaluated.

In the mining of large massive orebodies, o”en pit mining is the

most frequently used mining method because it is a low-cost high pro-

ductivity method in which ore and waste can be kept separated with

relative ease, but with increasing depth the cost of overburden strip-

ping rises steeply, and so for the deeper erebodies, other mining

methods become economically attractive. Further, tnere are also a

number of orebudies w.ere open pit mining has been precluded by climatic

topographic conditions.

or
The alternative mining methods include open

atoping, cut and fill, suoievel shrinkage atoping, top slicing, sub-

level caving and block caving.

The choice of an ulternati®* mining method to open pit mining

depends primarily on the shape and size of the orebody, the competency

of the ore ind overburden, and the vertical and lateral rock stresses.
The latter two determine the size of stopc which can be mined with

relative safety, whether thu ore and/or hanging*all will cave satis-

factorily. The choice of mining method also depends on the value of

the ore and the cost of treating dilution. If the costs of hauling,

hoisting, milling and treating the ore are high, a mining method which

keeps the amount of dilution down to an acceptable level is required,



and these savings m"y offset the ni“her coat of a more selective
mining method.

In highly fractured and jointed orebodies, top slicing or block
caving may be the only choice, while in very competent ore, the only
choice is open stoping or cut and fill mining. ' ust oreucdice, however,

in between these two extremes, bhabanie Mne is one oi the lew
mines which has used several of these mining methods. Shabar.ie Mine
started with open pit, went onto cut and fill stoping, then block
caving, sublevel shrinkage and sublevel open stoping. [IThis mine is one
of the largest chryootile asbestos mines in the southern hemisphere anc i-.
one of two principal nines of the African Associi ted Mines group. The
other mine is Gath's Mine, which mines three distinct asbestos deposits
several kilometres apart, and uses similar mining methods to Jhar nitl.
The ground conditions encountered on these two mines varies from very
poor which caves easily under suitable conditions to moderately compe-
tent, which given suitable conditions, will permit large open stopes to
be mined.

It has been long recognised that the first block or panel in a
block caving operation is the most difficult to cave. Unlike most block
cave mines, Shabanie has numerous orebodies and this presents an unusual
opportunity to study the mechanisms of caving in the initial operation.

Therefore when the writer was appointed to the Huck Mechanics
Research Unit on Shab.jiie Mine h'l was given a unique opportunity to
study caving methods of mining. The reasons lor establishing this
research unit were, of course, not altruistic. In some cl the ecaily
attempts at block nd sublevel ervinp t Shabanie mine the h-'ngingwall
fail-v to cave, while in other early block caving attempts, air blasts
were experienced when sudden collapses of the hanging':'all occurred. It
was clearly evident th .t criteria for deciding whether an area would
cave or not, or whether potential air blast conditions would develop
was needed.

In addition to these two problems, a series of costly and exten-
sive collapses occurred on both (laths and Shabanie Vdneo in the early
1960's. These collapses illustrated the need for a deeper understanding
of the causea, and a need for a method of predicting where such damage
can be expected, so that precautionary measures could be taken. This

was of particular importance on tihabanie where the next blocks to come



into production would be at deptha bO to 100% greater than had been

experienced to date.

1.2 OBJEJI'u AND jUbri/IC,.71UN FOh Yhb ir.VIw/i’lJA;1I"0

When the research was started, the next block scheduled to come
into production on Uhabanie Mine was selected for intensive investigation
with the object outlined below. The objects of this work can be
defined as:

(a) 1'o develop and test instruments and techniques for monitoring
ground displacement and subsidence which would be best suited
to the conditions pertaining on Shabtnie Mine, and suited to
being read by relatively unskilled observ. rs. The purpose of
these instruments was to determine the extent of a caved zone,
to detect pre-caving ground deformation f>r prediction of
caving, to record occurrence of and course of caving.

(b) To investigate the mechanics of caving and the conditions
required for caving. It was evident from the experience
gained on Shabanie Mine and from published accounts of block
caving operations that the size of the area to be undercut,
the amount of boundary weakening required to initiate caving
and the degree of fragmentation of the caved ore are related
to the competency of tne ore, the undercutting procedure, the
geological structures in the back and the stresses in the beck.

(c) To develop and test instruments or techniques for monitoring
the effects of stress changes on shafts, crosscuts, drives or
other wordings in the peripheries of, or below caved blocks.
These instruments were needed to supplement visual observa-
tions in the analysis and interpretation of damage to these
workings and .t was hoped that some would be able to provide
an early warning of dauage so that precautions could be taken.

(d) To investigate the mechanics and causes of damage to shafts
crosscuts, drives and other underground workings in both the
peripheries of cave blocks and in the ground below. In
common with many other mines practicing cave-mining methods,
this mine had suffered a scries of collapses of workings in
the peripheries as well as b<low the cave blocks which
affected production and were expensive to support. It was

believed that, if the causes and mechanisms of such damage
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could be understood, much of it could be avoided or minimised

and support could be made more effective.

This dissertation describes the investigations carried out in
the first fully instrumented and observed block, supplemented by the
results of several additional .investigations in blocks mined subsequently.
The results of these investigations have been analysed and many improve-

ments in mining techniques derived from them.

1.3 LITLIVAiTJHE dJHVr.Y

As over the years a considerable body of literature has been built
up on basic rook mechanics research and on the principles of rock
mechanics it w,s considered that a review of the literature available
on caving methods would provide a broad base for the proposed investi-
gations. This literature was found to be fairly limited and could i
divided into three classes:-

(a) The broad descriptions of the mining methods and techniques
practiced at various block caving operations. These are
valuable where, through ,revious experience, the methods of
undercutting, degree of boundary weakening, or methods of
working have hadto be modified.

(b) The papers which describe the results of monitoring pro-
grammes or other observations made on block caving oper-
ations, and have attempted to analyse them. Very few of
these papers are available, bur are extremeiy valuable irom
a rock mechanics point of view.

(c) The papers which attempt a theoretical analysis of an

hypothetical cave bloc,;, assuming a caving mechanism.

1.31 LhSJRiPflUh'd OF CAVING Ufr-hATIONU IN THE LITiiKATJRh

The earliest ref' reuces to block caving date back to m.i. crownls
1896 description of the original block caving operation at the Pewabic
Mine on the .enominee Range in Michigan U.S.A. where Istrongl iron ore
was mined, using the earths' forces to crush the ore to a size suitable
for handling (Quoted by Ducky 194b P 6,7). In this operation a block
of ore 60 to 7bm by 60m wide and up to 30" in height was prepared by
cutting two narrow p,railel vertical open stojes on opposite ends

block undercutting it.
This resulted in u block which was free on the top, bottom a. - enu..



The forces acting on the block were due to its own weight, and the side
thrust between the han&in” and footwalls. After a period of 6 to b
months, when it was believed the ore was sufficiently crushed, s,iled
drifts were driven in at 7»ha centres to the end o]' the caved ore where
trie ore *as then shovelled into cars until waste appeared. i7hen this
occurred one or two sets of timbers were blasted down and drawing
resumed.

Since tnen, the method has been applied to a lar“e number of ore
deposits, var“ine; in competency from extremely weak to moderately strong,
and over the years several variations in the teeh.J.quea oi block caving
have appeared, such as in the spacing raid methods of working the draw-
points, support tvchrii (ues, the method of undercutting a block and in
the size of the blocks and amount of bou>dury weakening.

The example of a block caving mine quoted frequently in text
books is the Miami Mine in Arizona wh*re a very large deposit is being
mined. The ore is thoroughly fructui ed, and occurs f.s copper bear .ng
pyrite and chalcupyrite in a schist which varies from hard and silicified
to uoft and kaolinisod. Ths first caving procedure used was to undercut
a panel the entire ItiO to 200m width of the orebody and 45 wide. This,
however, led to damage to the extraction openings and therefore to
reduce the load on the grizzly level the size of subsequent blocks were
reduced to 4v x and later to 4t> x 4"m. utill later the block sizes
reverted to 4]) x %0m. wure pillars U’llar Blocks) 1biu wide, were left
between tne cave olocks to minimise dilution and were subsequently
reclaimed. The ore was drawn through finger raises at 5.lia centres p*it
up from the grizzly level to intersect the undercut. Undercutting was
done by fan drilling a 4,dm high slice from undercut drifts developed
from the finger raises, and blasted, wure passing from the two fingers
to each gr.. . was gravitated dvwn long trw.sfer raises to a haulage
level below (ducky 194 P 9 - 17). Boundary weakening drifts were
jriginally developed on all blocks but the practice was later discon-
tinued.

Although the Miami Mine is one of the best known examples of
block caving, it is one of the few block caving mines where pillars
of ore were left between the Cave blocks. Moat block caving operations

are carried out in extensive orebodies wnere one block cave is next to



a previous caved block, in a Ipanel retreatl where >h3 ore was urav.71
so as to maintain the ore-waste contact as an 3.ncl ned pJlane,

A study of the other available literature of block c.vinj operations
has shown that almost w thout exception the orebodies mined have been
so extensive that several cave blocks could be mined next to each other
on the same level or general elevatione In most cases getting the
initial block to cave has not presented any real problem as mining was
started when boundary cut-off stoues or boundary weakening drifts were
atill considered necessary®* As caving of second and subsequent blocks
generally occurred with tjreater ease tnan the original* the need lor tno
boundary weakening drifts or boundary cut-off stopes was brought into
question and usually discontinued. In two recent examples, Rio bianco
and Urad Mines, the initial blocks laid out failed to cave, and expensive
programmes to assist caving hid to be carried out (Kendrick "ind
Carpenter and Woolfe (1972))e

The characteristics cf ore in which the various block caving mines
are operating vary tremendously, probably more than many writers on the
subject of block caving are aware, from very soft friable ores, uhrough
sticky, clayey partially decomposed rock to extremely competent rock
with few joint planes such as the lime: tones which were mined at the
Crestmore Mine in California. The nature of the ore has to some extent
influenced the choice of drawpoint ,pacing, but this appears to be still
very much a matter of preference. Two extreme examples are the Sunrise
Mine, mining an orebody up to 100m thick, described as mainly a weak red
earthy hematite and limonite with some hard, strong specular hematite
inclusions. At this mine the distances, centre to centre of the draw-
point finger raises varied from leas than 4m at ri ht angles to the
gri/.-ly drift to 6m parallel to it (Ducky 1945 P 56) « By contrast, at
Grace Mine the drawpoint spacing is 15m on strike and 16m down dip in an
orebody of 1JOm vertical thickness®* Here the ore is described as consis-
ting of magnetite with scattered lenses of limestone and a few veins of
quartz. The ore, while typically moderately friable and easily broken
when struck with a hammer, can range from very crumbly to very hard
(Anon 197)))

When an onobody relatively competent, requiring ring-drill n<
and blasting, sublevel caving is a frequently pr-forred mining method.

It is essential to sublevel caving, that the hangingwall coves readily



and foilOWD the draw-down of the ore. As most orebodies where thlo method
has been applied are very extensive, the problems of initiating tne caving
of the hangingwall appear to be rare and consequently in practically all
descriptions of sublevel caving operations it is assumed that no problem

in caving of the horgingwall exists, and attention is concentrated on

the layout and ring design, based on theoretical patterns ol draw. Among
these are papers by : Uox (197/)f ~Inson, Lckayne and Aaro (1973) & *

Just (1972).

1.32 general practical observations UP CAVING

At the symposium on block caving organised by the American Insti-
tute of Mining, Metallurgical and Petroleum Engineers (AIMS) in February
1941, five questions relating to block caving were discussed by an invited
panel of leading block-caving mining personalities (Bucky 1942). The
questions were:
1.321 How does one determine w.'" c¢r 4r v " ody will block c-.ve? - The
following comments were offered: any orebody with the right size, shapf,
attitude and physical properties will cave; the size should be extensive
to permit an undercut lar“e enough to initiate caving; it should have
sufficient araw height; the ore should be homogeneous, as weaker ground
in the undercut area tends to rim out leaving the more competent zones
as large bloCKs; in trreral the coved ore should not exceed 0,9m in
diameter or the largest size which can be handled.
1.322 How does one er :r, hi."k dir enuions Him th ' envolugynt work
necesror.y to mike u orebody cove? - The unanimous opinion was the size
could only be determined by experiment zmd experience. Larger blocks
were required in virgin areas uid the size could be reduced by later
blocks, but in some ores boundary shrinkage stones or boundary weakening
drifts and corner raises might be needed. Coyote blasts may also be
required to loosen joints etc. Smaller blocks were preferred because
less maintenance of the underlying excavations was required with them.
While it wiis recognised that the forces exerted by the caved ground on
the bottom of the block were not dependent on depth, it was felt, however,

that the stresses in the cave buck were depth dependent.



1.323 Hlv do th° forces act arid .vhat mllig the SQ, d*vulop'.'] xn a
block that cause it to block cr.ve? - This question regained unanswered,
but points made were: that dynamic and tectonic stresses coulJd aliect
the stresses in the back, and that a time element was present in the
caving process. On the caving mechanism, it was considered that this
took the form of ravelling or sloughing ol the ore Irom the back, but
it was also conceded that this may not occur in sOit ores.

1.324 what dc-terxim-n the procedure for removing caved ore? - The
drawpoint spacing should be as close as yosoible, the rate of draw
related to the rate of ravelling until the block had completely caved
to avoid the formation of dangerously large cavities. Once caved, the
rate of draw may have to be high to minimise weight on and damage to the
underlying extraction openings, and in sticky ores, to prevent conr,ola-
dt.tion. hates of draw of b"mm/day to yOOmnVday were quoted, with
22¢mev/dav being preferred. No preference was ex”resued for either the
panel retreat or block methods of lowering the ore/waste interlace.
1.325 ‘hat are the criteria for determining tb.e efficiency of a .block
caving operation? - The points considered included the cost per ton of
ore, rate of production, dilution, loss 01 ore, cost per unit o. Ole

recovered.

1.3 3 SPECIFIC INVESTIGATIONS OF BLOCK CAVING

The remaining payers describing investigations and observations
of block caVi.ng operations will be discussed under one of the following
headings appropriate to the specific aspects investigated, hock Mass
quality and Caving, Caving mechanisms and »1 face Features of Caving,
mffects of Undercutting on "wpoin Level.
1.231 ew studies
the quality of the rock requ u i\r caving, and to the writer's
knowledge the only two w-pe done at 'ill. , the first by King (1946)
and the second by McMahon and Kendrick 0* King developed a
system of rock classification bi.ied on 'til structural lectures,
mineralisation, silicification, aericitiz tion and decomposition. The
rocks were classified into four classes varying from on. extreme. Class
One being very strong, hard and competent to Class Four represented by

very weak, soft incoup tent rock such us the broken and crushed ruck



alone, fracturea and faults ¢ Class One was considered uncavablc, <ith
very lurje s.ans beinl probable, and if it did cave, the ore would break
into blocks too lar*e for the slusher systeu. fhe moderately eticng
Class Two rock was caved successfully but stopes exceeding tO0~ x (Oa
were required to initiate caving in a block removed from other caved
blocks. Caved, Class fwo ground was large with little tendency to pipe
or funnel. The moderately weaK Class Three rock was steadily cavabie
and he rock broke up into a sine (up to 3n) that was ec.sy to handle
through drawpointa and in the slusher drifts. Large drifts in moderately
weak Class Three uround would require timbering.

Class Four (very weak) rock would not support lar*e openings and
driftin0O or raising through this ground required complete close timbering.
Unsupported openings over To— span would laix or cave.

This classification system does not appear to have been Used a”ain,
possibly because of the amount of work involved in determining the classi-
fication, or because the classification was too broad to decide borderline
problems.

leere et al, (thb?) proposed the use of a 'hock Quality Designation'
(H"D) as an index of rock mass quality. The It"D is a modilied core
recovery technique in which only lengths 0l sound core exceed.ng Iljumm in
length is counted. Th.s was followed by mchuhon's (19"®) proposals for
another index of rock mass quality, the 'Joint -rcakuge' index. Th.s
index is defined as the percentage of the totJ. area of any exposure
surface that is composed of joint faces. Different indices would bo
obtained from different methods of excavation, for example, it would be
higher for conventional bl sting than for smoothwall blasting, and even
higher in natural exposures. Therefore the mode oi formation of the
exposure had to be s,vcified.

Hcliahon and Kendrick (19C5) attempted a correlation between
various indices of 7ock mass quality and an independently derived
'cavabiiity number' ¢ I:t order to obtain the 'cavabiiity number six
experienced mine operators were asrted individually to ranK the areas
tr.ey had worked in the Clivav- and Urud ulines in order iroia one to te.,.
One indicated excellent and ten indicated very poor cavin& characteris-
tics. fhis showed a close correlation to the secondary blasting

efficiencies. The Cavability number is therefore a ntusure of the
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quality of the caved product resulting from a certain mechanism. The
comparison of the payability number with the various indices of rock mass
quality showed no relation to the bchmidt hammer hardness or to the

Joint Breakage Index, but a close relation to the They concluded
that caving behaviour is much more influenced by variations in degree

of faulting and shearing than by the relatively minor variations in

rock hardness and. jointing characteristics measured in the study areas.

1.332 Caving mechanises and surface features of caving - Observations
of caving action have in general been very limited and in almost all
cases observations were made in cave blocks which failed to cave satis-
factorily. The reasons for this are simply that no monitoring was
required for ore which ctved freely nor for those block caves which
were provided with boundary cut off stopes uecause the harder ore was
not expected to cave easily. Uno of the few successful caving oper-
ations observed was Miami where Fletcher (19b0) reported caving action
as a sloughing from the back of a cavity within the vertical limits of
the undercut areas. In one stope he observed the caved zone to narrow
down ab”ve tne undercut at an angle of 83° from the horizontal. In
almost all the unsuccessful Caving operations such as Jennifer Borate
Mine, Kern Co. California (Obert and Long 1962) Urad, Colorado (Kendrick
1970) and tiio Blanco, Chile, (Carpenter and Woolfe 1972), the undercutting
and drawing left an extensive horizontal cavity from which occasional
sloughing from the back occurred.

There have been several descriptions of the surface subsidence
zones developed from caving o.eratiens. Typically the subsidence zone
is described in twrr.c of the 'angle of draw , 'angle of subsidence' and
langl< of break'. The term 'angle of draw' comes from coal mining
practice and has been interpreted in different ways, some writers measure
it from the horizontal and others from the vertical; some use it to
describe the line joining the limit of mining to vhe limit of surface
subsidence; to others it is the line joining the limit of mining to the
limit of lateral displacement -a .urfuce. Johnson .-nd Soule (1963) defined
the arp.le of break as tue an V asured from the horizontal) of
inclination o* the line joini’ .. nearest underground workings with

the outer limit of surface Tincturing, which are usually tensional frac-
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tures resulting from lateral surface noveiient rather than subsidence
movement. The an”le of subaidenco is the an”le (measured from the
horizontal) of inclination of a line drawn to connect the nearest under-
ground workings with the outer limit of surface subsidence movement.

At San tianuel, Johnson and Soule described the subsidence zone
over the extensive 260m by 08Cu undercut area at the south orebody as a
central core which subsided, and was surrounded by a series of scarps,
which decreased in height with distance from the central area, finally
grading into tension cracks formed from lateral displacement. The angles
of subsidence and break were lower on one side than the other. The
difference between the angles of subsidence was larger than the angle of
break giving a wider zone of tension cracking on the side with the
steeper angle of subsidence.

No significant zone of tensions! cracking was noted by Obert and
Long at the Jennifer Borate Mine, but the development and failure of
the tensional zone on the hill slope above the subsidence zone resulting
from caving at Climax Molybdenum Mine has been described by Vanderwilt
(1949) . This zone of tensional cracking was up to 150m wide and within
this zone a series of blocks 15 to 30m wide, 30 to 45 high and 30 to

150m long were formed between the cracks. These blocks were free to tip

toward the cave zone at the top but at depth were held fast. The
movement of the blocks, in tipping forward, produced additional frac-
tures until the blocks were reduced to weak piles of rock which moved
down the slope as a rock slump, rock slide or combination of the two.
In a rock slump, blocks rotate backwards at the top and forward at the
base. In rock slide the broken material moves as a mass or individual
boulders roll on fracture planes parallel to the surface. At Gan
Manuel, Johnson and ooule (1963) noted similar forward tilting with the
dropping of pie-shaped wedges into the opening cracks. Heslop (19Y4)
explained the surface subsidence zone at Havelock Mine in Swaziland as
the tilting of large slabs of hanging*all rocks towards mining operations
with a wedge shaped piece subsiding into the opening final crack. This
explanation of the subsidence zone w.s necessary both «t Climax and at
Havelock because underground development openings below the subsidence

zone showed no evidence of a deep lying shear plane on which the observed
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surface failures could take place. At Liard an experiment to leach
copper from the tensional zone failed because the tension cracks did
not link with the underground workings. However, in a recent series of
papers Hoetc has attempted to analyse the history of hanginbwall failures
at the steeply dipping Granuesborg Mine by invoking shear failure on a
plane dipping towards the orebody. At this mine the angle of break has
shown a gradual lowering with increasing depth of mining from 60° at a

depth of InOm to GO° at a depth of 300m  (Houk 1974).

1.333 affects of mrndorci.ttin mon the draw; oint level below an undercut -
Lerril and Johnson (19(4) studied the strain and displacement created
by undercuttii 0 in block caving in the concrete support work on the
elusher and brizzly horizons at biji il&nuel and Climax ..lines. This work
showed, as expected, a sharp reduction in vertical loads as the undercut
passed over the instrument stations, with an increase in lateral loads.
At a station below the centre of the block, after completion of the
undercut generally increased lateral arid vertical loads were imposed
on the concrete, while to the edge of the block, the undercutting
resulted in merely a reduction in load. In the periphery increased
vertical loads were recorded, but surprisingly, no increased loads were
noted on the grizzly horizon as undercutting progressed.

Helliwell and hchorie (1962) at tne Lrrington Underground Mine at
Steep Rock placed some load cells beneath a top slicing ojoration, ihe
results demonstrated tnat the stresses beneath a Caved block were not
proportional to tne depth and density of the overlying caved ground but
were closs to tnat predicted from Janus- n*s for..ula for the average stress
on the base of a non-flowing bin. At Jteep hock tne yields and defor-
mation of yielding arch sets or. ucram drifts in a block caving operation
were also monitored. The results showed the greatest yields in the
middle of the centre scram drift. The cuucimum yields were up to 300"
of tne other general deformation levels. These indicate that the centre
of a caved block carries a higher proportion of the weight of broken
material than the peripheries. However, it is considered unlikely that
the centre carries the very high proportion indicated by the sand filled
bin experiment quoted by iVoodruff (1962). It is considered that the

high proportion could have been due to tht way the bin was loaded,
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giving a dense, less compressible central core.

1.34 THKURETICAL AMALYSEB

The problem of calculating the stress in the back of a block cave
undercut, considered insoluble at the 1941 AIKE symposium, came very
close to being solved when Sadowsky and Sttrnberg (1949) developed the
mathematical formulae for calculating the stresses around an ellipsoidal
cavity. Together with the mathematical formulae for calculating the
stresses, they presented a series of graphs of the stress concentration
factors along two of the three axes for various principal stress ratios
ana . Hiusoid shapes. Unfortunately the stress concentrations along the
third axis were not computed and consequently the stresses in the back
could not be readily derived for a practicing rock mechanics or mining
engineer. This study was followed by a similar one by Perzaghi and
Rich-trt (1952), in which stresses were calculated tround prolate and
oblate spheriods. Since these papers were published, the finite element
technique has become very popular. This is a versatile computer echnique
which allows an accurate description of excavation shape and body forces,
rock properties, elastic or other rheologic laws of ground response to
be modelled (Jaeger and Cook 19(9)' While this technique is theoretically
capable of modelling taree dimensional problems, it would require such a
long computational time on a large computerthat it is not considered
worth the extra effort. The three dimensional stress analysis programme
developed by the South African Chamber of Mines recently promises to fill

tm- assum]tion that

the rock L-tnaves ns a ho :0 cnuous, linearlyelastic material which restricts
its use (Wagner 1979)e

Or a simpler, two dimensional basis for analyses, Geldsrd end Udd
(1962) calculated and presented graphically the stress concentiatiuns on
the surface of elliptical openings of various shapes from n circle to a
crack and with various stress conditions and orientations. This paper
was used as the basin for Morrison and Geldard's (19M) paper on the
stresses induced by block caving, from which they conclude "that the
old, and somewhat obvious practical explanation in still correct; 'it
breaks up under its own weightl. The contribution of the field stress

is to assist or retard the process by loosening or tightening the
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undercut rock mass. The best conditions pertain with the lowest
horizontal stress".

Jenike and Leser (1962) adopted a different approach ti the pro-
blem by reuardin>j the caved and uncaved ore as a continuum, and analysing
the caving action as a war,e front moving; ujwards as a function of time
and rock properties. While this ap, roach rray have some application in
the very weakest of caving ores, it is not applicable to most operations
where a cavity beneath the buck is either observed or inferred.

On the experimental side, most work has been done on the mechanics
of drawing the ore in a block caving operation in order to maximise ore
recovery and minimise waste incursion. One of the most si*ifiCclJit of
these descriptions is UcNioholas, et al (1946) done at Climax Mine, me
experiments were done in a blass fronted box filled with 0.6" woS
containing mill tailings and sand representing the waste capping. From

this work various parameters of block caving operations were worked out.

1.35 SULLIAHY AKI) CONCLUSIONS

The most significant point to emerge from the literature survey of
cave mining practice was the wide variety of ground conditions to which
the method has been applied. In many cases these ground conditions
have been inadequately described to enable anything but broad comparisons
to be drawn.

While it is clear from the survey that increasing the size of the
undercut enhances the chances of initiating a cave; it is also clear thet
increasing the size of the undercut increases the chances of severe
"weight" on the extraction openings. How big is big enough: ihis is
usually determined by experiment, extending the undercut until a cave is
obtained, which is not ideal nor always practical. The problem has been
recognised and attempts made to solve it by the use of a rock classifi-
cation system. Unfortunately no standard classification system has been
adopted yet and still insufficient data are available for analysis.

A more fundamental approach involving the observation and analysis
of the mechanisms of caving appears necessary as a variety of mechanisms
as migilt be expected from the variety of ground conditions. However,

to dite, insufficient observations have been made to draw any conclusions.
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1SHABANL

Fig 1,1 uinulifie.'d geological mp of Khodeaiu showing location of Shalani
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Noati of tl«e theoretical analyses have therefore been based on lioited
observations of cavinj under certain ground and stress conditions, and
are consequently not universally applicable.

The research described in this dissertation was undertaken because
of the need in the asbestos mines of the African Associated idineo ejroup
to establish the size of undercut required to initiate caving while not
making the area too lar“v which would lead to "lvcijht" problems. Also
it was necessary to be able to recojnise with certainty which of the
smaller orebodies were not extensive enough for cavinj by merely extending
the undercut to the orebody limits, and where other cave induction methods
would be needed, or where caving was simply not practical.

There was also a clear need to understand the behavioui of the
rock mass as a whole so that effects on the peripheries of creating such
a large volume of broken rock, as block caving does, can be established.
The literature descriptions indicated the existence of a zone of near-
surface effects while damage at depth occurred in certain cases, some
of these occurrences apicured to be related to geological features, and
no pattern emerged from the literature survey.

1.4 b c c R i f .-h.i-.v:::

Shabtuiie lane is immediately south of bhabani township and is
approximately kOOkm east of Bulav.uyo on the Buia..ayo-Fort lictoria road
(Fig 1,1) « The general altitude is 960a.

The chrysotile asbestos occurs as seams with zones of complete
eerpentinisation in a partially scr, entrnised ultramafic sill. There
arc at least 40 orebod.es, which have been worked over a strike length
of 9km. These bodies -re separated from vne another along strike and
down dip, by dykes and zones of talc carbonate rocks developed along
major wrench and thrust faults. The first record of asbestos in this
part of the world was in 1906 when some samples were sent to the Bulaweyo
museum for examination, but there is some doubt that the samples cane
from the Shabani deposits and may have come from one of the Belingws
deposits. The first clniuj staked in the area v;ere the Shabanie claims,
staked by Hr %. Kerr on behalf of the Rhodesian .uid General Asbestos
Corporation in 1919- In 1916 tu.d 1*17 the Birthday -Ud .ill Despuranju..
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cliiima, a&ong others, were stated. Turner tuid hewall formed the African
Asbestos Mining Company in 1VI9 ttrid took, over the Nil Desporauuum
claims. The Rhodes:in and General Asbestos Corporation acquired the
Birthday claims, plant and workings from Willoughbyla Consolidated
Company in 19J4 or IgZS and within three years embarked upon an expansion
programme. In about 1930 Turner and No,/all boujht the Rhodesian ana
General Asbestos Corporation and thus acquired control ol Shabanie, Oaths'
and King Mines. This brought all the workings in the ahabanie deposit
under one management.

As indicated earlier, initially open pit mining was used, and
with technical improvements it has been used almost continuously ever
since, although its relative importance in tonnage produced has
declined over the years.

In the VyPO's shrinkage atoping was started in the .Nil Desperandom
Mine, and this evolveu into an overhand cut and fill storing method, in
the late 1930's and early 1940's the method was employed on an increas-
ingly large scale on all three sections of the mine -<nd became the main
tonnage producer in the mid 1940's. However, witn increasing sizes of
the atopes a number of collapses occurred, and this led to the even-
tual abandoning of this method.

In the early forties, a form ofblock caving was attempted success-
fully in one of the urebodies where alarge section of the cut and till
atopes had collapsed. After another two major collapses the cut and
fill mining method was abandoned and the decision was taken in 1946 to
change over to block caving. By this time all the major orebodies down to
239 level on the tihnb uiie, 295 level on theBirthday and 12 (265m) level on the
Nil sections hid fairly extensive cutand fill atopes. For the following
twenty years the block caving operations were carried out in theoe blocks.
In some caoes the slopes have as isted in initiating caving wlr le in
others they have presented layout and ground control problems.

Sublevel caving was introduced in 195be This method was initially
known as the "Kiruna Method" and was for a period known on the mine as
"sublevel loading". Lately the method has been applied in several

mining blocks, but there is some doubt an to its efficiency.
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Several lurjo open etopea have developed on the nine mostly as a
result of the failure of the han”njwall to cave in block or sublevel
caving operations. In a few instances, however, where the orobody was
considered too small for caving of the hangingv/all, the ore has been
mined as a shrinkage open stope.

The mining m.-thodu are described in full detail in a furti

chapter.
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CIIAPM no
THi; GEOLOGY OF TIIL lai'U~T

2.1 IUTKODJGTION

A full description of the gl-oloy of Shabanie Mine Is included in
this dissertation as it is considered necessary to the understanding of
the observations described in this work. It will also enable the reaoer
to draw clearer comparisons with other caving operations, 1io facilitate
the description and understandsntj of the feeoloryr of this deposit, which
is relatively complex, a brief description ol the geological hit tuzy
ir included.

In the following descriptions of the geology and structural geo-
1°0y of the various rock types, the petrological descriptions end the
interpretations of geological origin have been based on the works ol
Keep (192&) and Laub:-chcr (i%3)

The chrysotile asbestos occurs at Shabani as sub-parallel seams
(Pig L,1) in at least 40 discreet orebodies which are located in a lbkm
long, partly serpentintsed and talcified ultranmfic sill, ihe sill was
intruded into the pre-flulawayan basement gneisses about 1 000m below the
then developing depository of the Belingwe schist belt. Duiing in.ru-
sion some differentiation took place giving a thin zone of less basic
rocks near the upper contact and subsequently the sill was folded,
faulted and altered by carbon-dioxide n "ing hydrothermal eolutiom
which led to the development of the talc-curbonate rocks, serpentini-
sation and fiure growth. Pi {2,3 is a geological ap and section
through the area, and Pig 2,4 illustrates the relationship of the ore-
bodies to the surrounding rocks.

Laubscher (l1ybj, P 5) has given t.ie geological sequence as follows:

Quartz Veins

Aplites, Pegmatites

Granites Period of lateral compression

bhear zones in the gneiss acid intrusion and hydrothermal

Talc zones in the ultr«*aafic activity
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Diabase dykes

Actir’vlite Feldspar

Actinolite

Pyroxenite

Harzbui'tjite

Peridotite

Serpcntinised Peridotite

Serpentini sed Dunite Shabani ultramfic
Silky fibre zones

brittle fibre zones

Talc carbonate rocks

Greenstones

Sheffield Ultrabusic > bulawayan System
Sediments J

Gneiss basement

2.2 THE DbASS:.I"-'!' GI'ISG

The yneisa surrounds the ultramafic sill and underlies the Bula-
wayan system. The gneiss typically shows a wide range of textures and
the mineralogical composition varies froi. granitic to tonalitic. Ihe
underground exposures of the.,e rocks are confined to the main vertical

shaft development on all the main level®'

2.3 THE BULA.VAYAN

This system occurs to the south of thf mine, and consists of a
I1£0m thick succession of gritn. nied ironstones, slates, limestones,
conglomerates and quart.".itese * .s follwed by the uhef..eld ultiabasic
body and this in turn by greenstones. The succession has been folded
to give a north west - south cast strike and an tiO° south-west dip in

this area.
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2.4 THS SHA3.'C;i ULWRA:'A?TV SILL

The ultraffic sill has a strike length of 15km, a thickness of
at least 1 500m and a 60° south-west dip. The body was ciagmatically
differentiated into a thick dunito zone, overlain by thinner zones of
peridotite, harzburgite, pyroxenitc ax.d gabbro. The pyroxenite was
altered by automagmatic water to talc and actinolite rock and the gabbro
to actinolite feldspar rock (Laubscher Ip63 i 20530).

After emplacement, the sill w”s intruded by diabase djkes and
then subject to a high lateral pressure which folded the sill and
faulted it. The faulting took the form of thrust faults with associated
ehearinu parallel is the lower contact of the sill, and thrust and
wrench faults cutting through the main body of the sill. These faults
acted as channel ways for the earlier hydrothermal solutions which
altered the dunite to serpentine in which the silky asbestos fibre
formed. The later hydrothermal solutions were cai’bon-dioxide tearing
and altered the rock in the vicinity of the channelw&ys to talc schist
and talc-c rbonnte rock. In at least 40 of these compartments formed
by the faults and as”oci”tcd talc zones, the serpentinisation process
went sufficiently far to develop payable concentrations of silky
chrysotile fibre.

As the hydrothermal solutions penetrated the sill, the zones of
talcification &rev in width, altering previously serpentiniaed dunite
firstly to an intermediate stage carbon,.ted serpentine and finally to a
talc-carbona.te rock. The carbonation firstly made the chrysotile fibre
seams brittle, finally the seams were completely altered to talc, re-
maining recognisable as altered fibre seams. These zones of carbonated
serpentine forced between the talcified zones associated with the foot-
wall and faults and the serpentine and silky fibre of the interior
(Fig 2,4 and 2,5).

The beneral relationships of the various orebodies is illustrated

in Fig 2,6.

2.41 th>; Foot.;ail talc locks
The footwull talc rocks consist dominantly of tolc-magnesite ruck,

with zones of talc schist and, in some areas, gra.hitic schists.
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Remnant bodies of carbonated serpentine are also found. The massive
lalc-ma&nesite rock coirronly contains talc pseudomorph after fibre scans.
The zones of talc-end graphitic schist are associated with the major
faults which genera]”~ occur parallel to the footwall contact. In the
overlying partially serpentindeed dunite, major structural features such
as dykes, thrust and wrench faults acUd as channelways for the hyaro-
thermal olutione leading to the development of zones of talc schist and
talc magnesite rocks. The resultant structures are illustrated in Fig 2,4%*
Laubscher P Id) gives the following formulae for the formation

of these rocks:

(D) + 3(J02 » H2I* )Si4012 + 3MpCO03 + 3H20
serpentine taic magnesite

(2) 2H4:'g3S51,0(0 + 6CJ2 — > + 3MgCor YAf + jCOg
serpentine talc magnesite

— > 6Mg(0 + 4Si02 + 3HO

magnesite quartz

The first formula is applicable in the upper portion of the foot-
wall talc zone, while the second is applicable to areas where there was
a higher carbon-dioxide content in the hydrothermal solutions such as
near the gneiss ultrabasic contact, where quartz voinlets may be found.

The meet mical properties of this group of rocks vary considerably.
The massive talc magnesite rock: have minor faults (slips) developed in
them and fracture planes. Generally the massive rocks are moderately
competent (C.t wmj) whil in some are a they may be extremely competent.
The talc schists vary from slightly schistose moderately competent rocks
to extremely weak finely cleaved rocks (Class 7). The graphitic schlt-ts
are extremely weak. The major slips and faults frequently contain a
soft clay-like gouge filling of finely crushed talc, and these gouge
filled shears may occasionally exceed O,bm in thickness. Development
workings are, as far an possible, kept out of these rocks, or at least
in the more competent bands in the footwall talc rocks.

Appendix 1 gives some properties of these rocks. These tests
were done both on the mine and by the Council for Scientific and Indus-

trial Research (COId) in Pretoria, "or rone reanon, possibly due to the
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fact that the Shabanie cores were soaked in water prior to testing, the

Shabanie tests tfave considerably lower strengths.

2.42 THE BRITTLE FIBRE ZONES

The brittle fibre zones occur between the talc rocks of both the
footwall and trunsgressive talc zones and the silky fibre bodies, as
shown in Fig 2,4+ Thean zones represent an intermediate stage in the
formation of talc magnesite rocks from serpcntinised dunite by carbon,
dioxide metasomatism. Tin- fibre has a lower flexural strength due to the
replacement of the ou'.er layers of chrysotile of the fibres by talc and
magnesite. The host roc, consists of talc, magnesite, serpentine and
occascionally olivine (Luubocher 19L3 P iy;20).

Contact with the silky fibre bodies is gradational, anc tms =zone

is commonly fractured. Minor faults or slips are common in the brittle
zones, and a:e usually cemented by carbonates, making them stronger
than the slips that occur in the orebodies. Major slips with vuOhs
are occessionally found. The brittle fibre zones are usually competent
(Class 1 to j) but at the contact with the silky fibre bodies the rock
can be highly fractured and very incompetent.

The brittle fibre zone is not normally mined for its fibre content,
brittle fibre being regarded us a containment is a soft, silky fibre
product. These zones are favoured for siting haulages and other access
development workings, because of the generally superior competency of
these zones.

Appendix 2 gives some of the properties of these rocks. A very
high variation in strength is apparent, and the higher values are prob-
ably due to a high degree of curbonation and possibly some si]reification
while the lower strength specimens have lower d -greee of carbonation.
These tests were carried out on the mine, after soaking in water for one
week, in order to eliminate the variations in strength due to varying

water content.

2.43 THE SILKY FIBRE BODIES AND OREBODIES
The silky fibre bodies vary in size and shape, within the lateral

limits imposed by the tulc-m.ignoaite and adjacent brittle fibre zones
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developed alont major faults and dykes. The fibre length and quantity
varies not only from locality to locality within the bodies, but also from
body to body, and, depending upon the fibre length and quantity, portions
of these bodies may be payable. In general the footwall portions of

the fibre bodies and those adjacent to the telc-magnesite zones are
richer than the more remote parts of the bodies, therefore the orebodies
generally have the hangingwall contact defined by an economic limit,
while the footwall and lateral contacts are defined ty the brittle/silky
fibre contact. The fiore occurs in sub-parallel seams in the partially
eerpentinised dunite (ilg 2,1). The seams are developed within zones

of complete serpentinisation, which are generally narrow in the upper
portions of the fibre bodies, forming a small proportion of the total
volume of rock. Closer to the footwall or talc-majneslte zones, the
fibre seams become more frequent and/or larger and the serpentine bands
become wider, until in certain areas, no partially serpentinised dunite
remains. Similar serpentinisation zones are formed in the rock adjacent
to the numerous slips which traverse the dunite. In the serpentinisa-
tion process, water reacts with olivine in the dunite, which results

in an increase in volume or the removal of some material. Some of the
removed material was deposited in the fractures to form the fibre

seams. Laubscher (1963 P 23) considers that here the following reaction

took place:
+

5M6231U4 4Ht0 4 29

219c¢m3 g 220cm3 160g  60%*

olivine introduced serpentine removed in solution to be

water deposited ' suitable areas
us fibn

The fibre seams are sub-parallel to each other vary in dip,

generally between 0° and 90°0.. Pig ..,7 ie a plan s .«ng the consi-

derable variations in strike and dip of the fibre seams in Block 7AB.
The nature of tne fibre seams varies from fibre body to fibre body and
witnin fibre bodies. The most common types cf fibre seams are the
ribbon seams which generally occur towards the footwall and the result-
ant rock is moderately competent, and tne single or double f“uru ovame

(Pig .,ti and 2,9/ which are usually larger and mike the rock slightly



30

leas competent, although this is not necessarily due to the type of

fibre seaac alone, but may also be due to the fracturing or slips which

may be associ ated with thou*

Tne fibre bodies are cut by many slips (minor faults), ihe spacing

of these slips varies, from less than a metre in the zones of hijh

slip density to several metres in the low slip density areas. Phey

occur in up to five preferred orientations in an area, and most exhibit

striations in several directions which are commonly parallel 'o ('her

slip orientations. Branching of the slips is common and bends also

occur but less frequently. Shearing is frequently associated with the

larger slips. The amount of displacement is usually difficult to deter-

mine; most probably have displacements of less than

strength of the slips is

Im. The shear

largely determined by the filling materials of

which massive, columnular or platy pic,elite is almost ubiquitus. Cross-

fibre seams are fairly frequently developed in the slip planes, t'agne-

Bite and magnetite are common filling mate -lals and may occur in slips

with or without crorsfibre development. <-oft, clay-like talcose gouge

is an important, if less common, filling.

Tne shear strength of slips is also affected by the number of

parting planes, and the straightness of the slip. Gouge filled slips tend

to be the straight's®*, and are therefore usually the weakest. Slips

filled with platy picrolite and/cr with associated shearing have inter-

mediate shear strength. The larger slips usually fall into one of

these classes, while the minor slips tend to have the harder filling

materials and are more irregular. There arc, however, some irregular

very incompetent blocky zones in ,hich all the numerous, closely spaced,
minor slips occur in a multitude of directions and have a weak platy
picrolite filling.

Two dominant types of fracturing occur. In the footwall the rock
along the contact with the carbonated serpentine of the brittle fibre

zone is fractured and frequently these fractures are filled with second-

ary minerals. 1In the hangingwall areas where the serpentine zones

associated with slips and fhbre Beam are widely separated, the serpen-
tine is usually fractured with 3-shaped fractures (Fig 2,9). These
fractures are usually filled with a magnetite pa;>tt..

Some of the physic 1 properties of the rocks of this zone ere

riven in Appindix 3.
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2.44  THh HAIIUIHSWALL PARTIALLY LLRPILTINISED DUNITE

Overlying the orebodies the hani®Lnjwall dunite is partially scrpen-
tinised, the fibre seams and slips have the same general attitudes and
properties but are more widely spaced than in the orebodies and the zones
of serpentinisation associated with them are narrower. In the \.pper portion
of the sill the fibre seams are almost totally absent. At the surface the
dunite is weathered to a depth of 20 to 3Cm to a soft material with sub-
horizontal najnesite veinlets or to birbirite which is harder. Underground

exposures cay weather within a few months.

2.5 LIASALE LYKhS

A efrot'of diabase dykes are intruded into the ultramafic sill, which
post-date the Bulawayan deposition but pre-date the shearing and faulting,
and the fibre formation in the Chab&nie ultramafic.

Lue to hydrothermal alteration the composition varies, with the domi-
nant minerals in the unaltered rock, aujitic pyroxene arid labrauoi.te, being;
altered in varying amounts to actinolite and “oizite. In the ultramafic
where the contacts have been sheared and also in the footwall tulc-carbonate
zone, the dykes have been altered to talc-carbonate rock (Laubscher 1563 f 35J
The dykes are up to 10m thick and h ve a jer.eral KE-uW strike and dip of
45°E. Typically they have a blocKy nature and the competency v .ries from
Class 3A to 43.

2.6 THE YuUXGER 1?A<ITR r::. PEL.,!:: ArLITIL.o ITv'A::r::3
A younger alkaline jranite body occurs to the north-west of the

Itrampfic bo.ly, and is considered by Laubscher to be the source of the

@ -ich solutions from which aplites and pegmatites formed in the
1 iPielas, and in the ultramafic sill a course hybrid rock of
or e and feldspar with car&ins of serpentine and iddlngfsite, or in
art . ;c it* temperature, a fine “rained rock consisting of quartz,

feldspar, blotite and muscovite with marines of 9er;ent<ne and sometimes
iddinosite. In the ultramafic these hybrid rocks have a general east-west
strike and are nearly vertical. The thickness varies; the majority are
less than one metre thick, but occasional exposures are up to four metres
thick. The fine-drained hybrid rocks weather rapidly, and are uenerally
closely fractured, conatitutinj inco..., etent /.own. The cc..rser urained
variety is less fractured and less susceptible to vve.-therir® and so is

usually competent.
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2.7  Ti.. LjThutCTURAL

Vl/iiile the various structural features have been discussed in the
relevant sections above froci geological arid rock-strength points of
view, but nothing has been said of the overall structural picture.

The greatest amount is known of structures in the central portion
of tne ultramafic sill, where the mine is situated. #n this area the
major structures consist of north east - south west striking thrust
faults, north-south striking wrench faults and east-west striking
wrench faults. In the central portion of the mine the thrust faults
are best developed and most have a 60 to 70 north-west dip. me
footw*11 shearing is also a thrust fault with the same strike and a
southward dip of 45°. On the eastern side of the mine the dominant
major structural featuresare north-south striking wrench lauitu while
on the west side the dominant structuralfeatures are LNE -VaW striking
wrench faults. There are, therefore, four orientations of major structural
features; NS - SYstrike dipping steeply N/ Nli - 5V strike dipping
shallowly SB, N - S and EHB - 'SV with steep dips. The major slips,
minor slips and shear zones do not exhibit the same spatial distribution
as the major structures but generally occur ir sympathetic directions.
These structures indicate that the majorprincipal stress at ihe time
of the formation of these structures wasN24°l- and had a shallow dip
(Laubscher, 1963 P 14). The majority of the fibre seam orientations
do not fit into any of these four orientation groups. The orienta-
tion of the fibre seams be related to the minimum stress direction
at the time of formation. The fractures associated with the fibre
seams have not been studied in detail, but in some areas their orienta-

tion is clearly related to the deduced major jlincipal stress direction.
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CHATTZR

,' JIUHG ICTH.JG

3.1 INTROGICTI N

The .lininj Lethoda used on bhabanie Mine in the pact have an

influence on the rresent mining methods in the following aspects;-

(a) The present lay mininj methods have evolved from their pre-
decessors as a consequence of the problems with them and
chanjina economic conditions.

(b) The extent arid location of the earlier minin® operations has
limited the choice of mining methods, imposed physical limit-
ations on some new lay-outs and limited the choice in tne
sequence of mining adjacent blocks.

(c) The mining methous and ground movements associated with them
have a marked effect on the uround behaviour in current mining
areas in the close vicinity of previously mined areas.

The main mining methods employed to dato are open pit mining,

shrinkage and cut ar.d fill storing, block caving (including panel
retreat caving), s-blevel caving and sublevel open storing. Tlie areas

mined to date employing these methods is shown in Pig 3,1

3.2 orz; PIT

Initially, virtually all the outcropping orebodies were mined as
small open pits, ,71th improvements in technique, this mining method
has been used almost continuously to the present diiy. Die early opera-
tions were very labour intensive, the bl”st holes wore hand-drilled by
"hammer boys" and hand cobbing or sorting of the fibre from the host
rock was done in the open pits. In jack hammers were tried and
proved successful after none problems with blockages by fibre of the
water channels in the drill steels. In the Inter open cast operations
hand cobbing was abandoned. In 1964/65 pre-splitting was first used
extensively to provide tidy final benches (Fi0 3,2).
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3.3 CUT AND FILL STOr ING

The cut and fill stoping uethod evolved from experimental shrink-
age stopes started in 19<G«,7 in the "F" lode on v/hat was then the Nil
Desperandum Mine. These initial shrinkage stopes were wide, and ran
from foot to hangint,wall at right angles to the strike of the orebodies.
Pillars 6m wide were left between the stopes for subsequent removal.
This technique was next applied to the Nil "B" lode, where the hand
sorting of the fibre bearing rock from waste was done in the stopes.

The sorted fibre bearing rock was passed down cribbed orepasses to the
tramming level below, while the waste rock was left in the stopes. The
waste was supplemented by mill discards to make up the bulk.

As the "B" lode slopes approached lowest benches in the open pit
severe cracking of the pillars occurred and large rockfalls took place
in the stopes. One of the measures adopted to help stabilise the ground
was the building of 6m wide waste rock pillars down the centres of each
of the stopes, reducing the spans from 24m to 9m.

When cut and fill stoping was introduced to the 170 and Birthday
sections in 1937 the normal stope widths were approximately 9m and the
pillar widths about 4,5m. Within five years of the introduction of this
method, it had become the main mining method. Stopes were started in
all the main orebodies down to 295 level (approximately 295* depth).

Pig 3.3 is a block diagram showing the mining method, and Fig j.4
depicts me of these stopes.

"Filler reclam tion", in reality a form of pillar robbing, was
practiced almost from the introduction of this mining method. This
pillar reclamation together with elastic closure cue to the lateral
extension of the stores led to spelling and cracking of these oillars.
Hand built waste rock pillars were widely used to replace the natural
pillars. As those built pillars were more compressible than the natural
pillars iind were built in the slopes where a large amount of the elastic
closure had already taken place, these pillars did not crack to the same
degree and were therefore believed to be far stronger than the natural
pillars. This belief led to the systematic replacement of almost all
natural rock pillars with hand built pillars in the production slopes,

and in 194b/49 to actually building the pillars prior to the start of
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stopint,’ operations in what is now known as Block .33+ In 1945 the 205
level east slopes (now block 5) and in 194& the 110 level west stopes
(now block 25) colla’sed.

3.4 bhOdn CAVIhJ

Block caving was started on an experimental bans below the area
of 110 level west stopes which collapsed in 1941, in an attempt to
recover the ore left above the collapsed stopes. uome difficulties
were experienced in inducesg the subsided hangings,'all to break up and
draw freely, but by extending the area of the cave block w.d by local
drilling and blasting the block was made productive. A similar method
was applied to recover the ore above the Block 5 stopes after they
collapsed in 1945, and when the Block 25 slopes collapsed, it oecame
apparent that block caving was a more economical mining method which
required less laocur. It was decided therefore to change over entirely
to block caving. As the cut and fill stopes had a low tonnage output,
more stopes were brought into production in several orebodies to supply
the required tonnage and cons- .(uently almost all block cave production
has come from areas converted from cut and fill sloping.

The design of the u.awpoints, the pillars over the grizzly drifts
and spacing of the druwpoints has changed over the years. The methods
of undercutting have largely been dictated by the previous sloping oper-
ations . with the exception of socu of the earliest grizzly drifts, long
hole techniques have been preferred for cutting the drawpoint cones or
troughs, and also undercutting the ore where no previous cut and fill
sloping had effectively done this. The thickness of the zone longhole
drilled and blasted to create the undercut has varied with time and
according the ore fragmentation expected. In a lecent block the under-
cut consisted of t.vo sublevels, known us the first and second undercuts,
from which a 16m thick zone of ore was longhole drilled and blasted to
create the undercut. A further sublevel known as the overcut level,
was developed between the second undercut and grizzly levels. This
level was needed to enable the drawpoint trougns to be cut under void
conditions with light charging to minimise blasting damage to the
ground surrounding the grizzly drift, when the troughs were complete

the overcut level above them was blasted.
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Tha main changes to the grizzly cirii't and grizzly levels over the
years are:

(a) the replacement of "Havelock loading tables" by grizzlies at
each drawpoint with an orepass to a tramming level below. Up
to four dr twpoihts used a common orepasa.

(b) fhe drawpoint apacing has been reduced from approximately 10m
to 7 »bta.

(c) The shape of the drawpoint wd the pillar over the grizzly
drift (the "crown pillars") has changed and Fig j,9 illus-
trates some of these changes.

In some blocks considerable sections of the grizzly drifts collap-
sed due to several causes, such us inadequate crown pillar design, poor
fragmentation, slow, irregular draw etc. Problems in the initiation of
caving are still being experienced in some orebodies where the ore did

not cave when the planned undercut was completed.

3.9 SUbLh-vmL. CAVDI’id

Oublevel caving, known until recently as "sublevel loading" on
this mine is similar to the method employed in Kiruna in dweden and
other mines, that the sublevel drifts are relatively narrower, and the
ring patterns wtre until recently "old fashioned" by Luropean standards,
(with 49° side holes instead of 70°). First applied in 195&* sublevel
caving has now oecome one of the Lllln mining methodr. Fig j,b illus-
trates the method, soth hand lasuing and loaders have been used for
lashing, but to-day lashing is entirely mechanical. As the method has
proved to give a low extraction of ore and a high dilution, investi-
gations are in hand to imp. ove tins aspect. In a few areas some datiage
has been experienced to the sublevel Cuvin® drills, but on the whole this

method has proved to be relatively trouble-lree.

j .6 bUHLIVnb ox til al'vPlha

After the difficulty experienced in inducing the drawpointa below
the colla; led portion of block j stupes to flow properly, an experimen-
tal block cave was 1.id in block 49 with provision for shrinking the
ore. The ore was shrunk during 1949 but when drawn the b; ck failed to

cave, and the cavity so formed has remained open ever since.
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Tha main changes to the grizzly driit and grizzly levels over the
years are:

(a) thereplacement of "Havelock loading tables' by grizzlies at
each drawpoint with an orepass to a tramming level below. Up
to four drawpomts used a common orepasa.

vb) fhe drawpoint spacirig has beenreduced Irom approximate!} Ion
to 7ibm*

(c) The shape of the drawpoint and the pillar over the grizzly
drift (the "crown pillars") nas changed and Fig j,9 illus-
trates some of these changes.

In some blocks considerable sections of the grizzly drifts collap-
sed due to several causes, such us inadequate crown pillar design, poor
fragmentation, slow, irregular draw etc. Problems in the initiation of
caving are still being experienced in some oreboaies where the ore did

not cave when the planned undercut was completed.

3*9 SUBLKVZL CAVINU

Sublevel caving, known until recently as "sublevel loading" on
this mine is similar to the method employed in Kiruna in uweden and
other mines, that the sublevel drifts are relatively narrower, and the
ring patterns were until recently "old fashioned" by muropean standards,
(with 49° side holes instead of 70°). First applied in 19P&, sublevel
caving has now oecome one of the tuu.n mining methods. fig 3,b illus-
trates the method, doth hand lasning and loaders have been used for
lashing, but to-day lashing is entirely mechanical. As the method has
proved to give a low extraction of ore and a high dilution, investi-
gations are in hand to improve this aspect. In a lew areas some damage
has been experienced to the uublovej. Caving drifts, but on the whole this

method nau proved to be relatively trouble-free.

3.6 hUdamVnh oPtfi dVol’l Hd

After the difficu ty experienced in inducing the drawpoints below
the collapsed portion of block 3 stupes to flow properly, an experimen-
tal block cave was laid in block 49 witn provision for shrinking the
ore. The ore was shrunk during 1949 but when drawn the back failed to

cave, and the cavity no formed has remained open ever since.
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fig 3,6 ?lock diayTan. of sublevel caving

Since 1745, several others fulled to cave arid in at least two
instances, Blocks 11A and 46, the blocks were laid out as an open stope.
block 46 was mined on a sublevel caving principle, and from a stability
of the bur" poir,t of view, was considered to have been succes ful, but
1 66 successful from an ore recovery point of view as blasting threw sore
of the ore to the buck of the stope, and was lost. Block 11A was there-

fore laid and with drawjoints beneath it, and has been mined successfully.

3.7 COHCLUalCN

iroia the foregoing it can be seen that several mining methods have
been successfully applied to the Jhab.Tie orebodieo; and that all but
two are still practiced to-dcy. These two are the early shrinkage
stoping and the cut and fill stuping v-r.ich evolved fror. it. They were
replaced by block Caving because of the collapses which occurred wnen the

area covered by cut and fill stopes became excessive, and because of the
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low output per c.unshift.

The luinlrie, methods still practiced include: open pit mining -
which is the first choice of mining methods for the ne”r surface ore -
body, block caving, sublevel caving, sublevel shrinkage and sublevel
open storintj* iihile sublevel caving cun be applied to a relatively ee
ran“e of ore competencies and orebody sizes, tl.e ore recoveries achieved
on Shabunie Kino are not regarded as satisfactory. The choice of which
of the remaining mining methods can or should be used is based firstly
on rock mechanics considerations* namely, will the ore cave satisfactorily
with reasonable fragmentation which dees not require excessive secondary
blasting and will the hanging*all cave with an undercut area which does
not exceed the “lan size of the orebody? If the caving of the ore
produces satisfactory fragmentation and the hangina'vall will cave, then
block caving is chosen. If the ore fragmentation is not satisfactory
but the hanginuwall will cave then the ore has to be prebroken. Finally,

if the hanging*all will not cave then the ore has to be open stoped.
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CIHAPTKR I'\m

ROCK CLASSIFICATION ARP INUi'RU :lu];TAL
TPJCIKI.yULS USLL LT fiilC INVA.iTICnTloN

4.1 INrRUDUCTrivN

While it has been rvcoyniBed. lor a Jong time that there is a
definite need fur a more at urate wuj of describing rocks for Rock
Mechanicsi it is only recently that a satisfactory classification system
has been developed. Uone of the rock classification systems w.iich have
been proposed from time to time appeared to have app  ation to the
rocks encountered on Jhabanie Mine or to be justified from the point
of view of the amount of work required to determine the rock clas.j
merely for descriptive purposes. The classification system that has
been adopted was based on Jieniuwskils "Engineering Classification of
Jointed Rock Masses" which hue been substantially modified by Laubscher
(1974).

Although this is a very recently developed technique, it has been
possible in some instances to classify portions of the rock in the backs
and peripheries of caved blocks which are now inaccessible, ihis has
been possible because, since 1969 practically all borehole cores drilled
for geological and rock mechanics purposes have been photographed on
35mm colour slides, with u,-, roxiimively 7 to Um of core per slide.
Further, the borehole cores drilled for rock mechanics p ses in
blocks 7AB, 7/1 ar /j, and 16 logged in detail by the wnier. Under-
ground exposures, ,.c/ inaccessible, have been related to areas of
similar rock type, atJ ctures find fibre value which have been classified.

A wide range c* instruments have been employed to monitor the
effects that the mining operations have on the surround.ng rock mass,
and on the extraction luid other development openings below mid in the
peripheries of the mining operation, nu indicated in the lirst chapter,
part of this investigation was the teiting and development of instrumental
tecimiqueo suited to monitoring the displacements unc defor;.. tion of the

jointed rock mass encountered on JhaUanie Mine. while t, few of the
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instrumental techniques used are accepted procedures, mo:t of the tech-
niques were developed or adapted to suit the ground conditions encoun-
tered on this mine, by the writer or by members of the Rock Mechanics
Department under his direction. The techniques have in most cases proved
very successful and have made it possible to obtain a Iar more accurate
and extensive picture of ground behaviour. Wherever possible the desitgi
of tne instruments have been kept as simple as possible lor reiiaoility
and also to keep them easy to reau. This has been done at the expense
of some accuracy in moot .a;es, but is considered to be justified.
Experience acquired on early installations lias been used to improve
later installations of some instruments.

As much of this dissertation is based on the results obtained from
these instruments and as comp.ri s ¥+s are made of ground behaviour from
one area to another full descriptions of the rock classification system

and instrumental techniques used are given in this chapter.

4.2 GEU.IKC(.A::1cS c¢: N .;:r:CATiu% ur rock :A>.:SS

In an investigation by the writer in 197% into the relationship of
damage to the development workings and the sublevel shrinkage faces at
Havelock lline, Swaziland, it became apparent that the location and
severity of damage could not be simply relat' d to the location with
respect to the sublevel shrinkage faces alone. The size of excavation,
tne ground competency, and the presence and orientation of weak slips
also had to be considered. The"efore, a point system was devised to
assess the relative importance of each in a ven situation which in
adoit ion could give an indication of the type of support which would be
required (Healop 1972).

The "Engineering Classification of Jointed Rock iinsses" proposed
by BieniawuV in February 1973 (Men!awski 1973a) was similar in approach
to that proposed by the writer but more detailed. In liieniawski's
original proposela eight parameters were to be assessed individually
into one of six classes and a rating assigned to each. The overall
classification would be determined by the aggregate ratings of the eight
parameters. The eight parameters were:

(1) The rock quality designation (KQU) as defined by Deere

(1967)
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(2) Weathering and alteration

(i) Intact rock strength

(4) Spacing of joints or bedding

(t>) Strike and dip orientations

(6) Separation of joints

(7) Continuity ofjoints

(8) Ground water inflow

In a subsequent ,.aper, the number of claeso., w'*e r. %ccd from
six to five (dioniawski 1973t)«

Tne geouech nics clue -fication system adopted on Sht unie Mine
was developed from these proposalsbyLaubscher incolla'uoi t..onwith
the writer and the other membersofthe HockMechanics 1i)ep .-tment end
the Geological Departments of Shabanie tuid Gaths Mines, ring this
period Laubscher and the writer had discussions with Bieniawski on
several aspects of the classification system. As a result of these
discussions Bieniawski had modified his original classification to some
extent, reducing the eight classification parameters to six, still sub-
divided into five clauses. This reduction was achieved by dropping the
"weathering" parameter us this an,ect was adequately covered by the
reduced R<D, intact rock strength and altered condition of joints, and
by combining the 'joint separation' and 'joint continuity' into a 'joint
condition' parameter. The greatest difference between Nie system auopted
for Shabanie and laths Mines and Bienia.vski's (1974) proposals is that
Bienia.ski has retained a 'strike and dip orientation of joints' para-
meter, while it is preferred on Ghubanie Mine to apply a series of
adjustments to an iinitu classification to arrive at an 'adjusted classi-
fication' for each specific application. These adjustments take int.
consideration the strike and dip of the joints in relation to the exca-
vation, the weathi rin,, potential, the effects of the regional stress
field and stress changes the structure will experience.

This classification system has, like Bieniawski's, five classes
covering all variations in ground conditions from extremely poor to
extremely good. The class is defined by a points rating assessed from
five basic, readily measurable parameters of a rock, the rock quality

desijintion, intact rock strength, spacing of joints, the condition of



45

joints and tl.e presence of ground water. The points ratif.g reflects the
relative i&portance of each of the paraueters (See Table 4,1) « The full
rating scale is 100 and each class has a range of 20 points. The
classes nay be subdivided into upper or lower subclasses, for example
Class 3A, having a rutinu of between 0 and 60. If it is desired, a
rock aay be described as Class 3 (55)* the figure in parenthesis being
the rating..

It snould be noted th. ., tor the purposes of rock classification,
Bieniawski's definition of the term 'jointl has been adopted with one
modification. A joint is any discontinuity which cay be technically a
fault, slip, bedding plane, fibre seam, or joint which extends from one
joint to another, or in an underground exposure has a length exceeding the
width of the drift. In a borehole core, a joint is any discontinuity which
can be clearly seen to be a fuilt, slip, bedding plane, fibre seam greater
than 15c¢cm in width or a joint which by the presence of some alteration,
greater than 10mm in width, can be assumed to extend from one joint to
another. This definition specifically excludes minor natural fractures
such as those shown in Fiu 2,9* and in this aspect differs from
Bieniawski's definition which includes all features however minor they
might be. It is considered that the adequately caters for these

features.

4.21 THE FIVE PARAMETERS
4. Jcx  ..tunlxt., To. . . uti a-.:- The rock quality designation (uQD)
as proposed by Eeere et al (1z67)* is a modified core recovery procedure.
The P”D is determined in the same way as conventional core recovery
determination modified to incorporate only ti.ose pieces of hard, sound
core which are greater than 10Cnxi in length. Thus closely spaced
shearing, fracturing, or bedding ;l ncs are reflected in a lower
Weathering may also result in a lowering of the RQD as it is usually
accompanied by an increase in friability of the rock and in the number
of fracture planes, feathering is also catered for in an adjustment
(The Potential Weathering Adjustment) which is applied to the j.nsitu
classification of the rock.

Bioniawaki (1,74) recommends that the boreholes should be drilled
with N-cixe double tube corebarrel with a non rotating inner tube, to
ensure that a high standard of drilling is obtained* On Shtbanie Mine,

however, the standard core size is 3Xl., and is drilled with double tube
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corebarrel. A hijh standard of drilling is required .jid obtained for
evaluation purposes as the fibre is usually the first to be lost by

poor drilling. Fig 4,1 illuatr the principles of the RQD measurement.

BOREHOLE CORE

LENGTHS OF SOUND CORE'

Fig 4,1 Illustration of definition of 'r.ovnd corel for &%D purposes

In a rock with a regularly spaced subparallel joint system, the
RgD is dependent on the direction the borehole is drilled in with respect
to the joint orientation. But by defining lsound corel as that length
of core which has not been cut by a joint, the eflect of oriental ion
can be ignored for all angles of interaction greater than 300. Table
4,2 illustrates this point.

To classify rock from an underground exposure it is necessary
either to estimate the n.tD or to adapt the IQU measuring procedure to
rock surfaces. This has been done by (i) defining a sampling lj.ne on
the rock surface by means of a tape sus, ended along the surlace ana iir.i
by using a duuiry 100mm length of BXL core to simuAate the coie measuring
technique.

In assessing theK"i from a surface exposure experience with bore-
hole determination of this parameter is needed. Oare must be taken to
avoid blasting fractures and bedding or ohvar planes which would not

break in a borehole core.
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TABLE 4,2
Angle between the Fracture spacing True spacing Remarks
core axis and joint along axis for 100mm
nound core
(A) (See Fig 4,0 (B) (¢)
90 100 100 \
60 107 10b
70 11b 108
60 122 106 > Acceptable
50 133 102
40 147 95
30 166 66
20 206 72 \ Increase
> length of
10 320 56

J sound core
to 230mm

4.212 Int id rock st,renfith:- The intact rock strength (IHS) is the
average unconfined coupret sive strength ui tht- rock cetween Iractuies.
A series of compression tests were carried out for various rock types
encountered on Shabanie Mine, and the results tabulated (Table 4,3)e
This table was referred to in determining the IKS parameter in rock
classifications done to date, however, it should be noted that an error
in calculation made some of the average compressive strengths quoted
too high, but the error was in general large enough to aiiect the ratings.

Recently Taylor has conducted further tests of intact rock
strength (Table* 4,4+« He has suggested that in cases where the strength
of the rock can be visually assessed at higher or lower than the mean,
the ratin” equivalent to a strength .ne standard deviation higher 01

lower than the moan should be used.

4.213 Joint . ..oingi- As defined above in 4*2 a joint includes any
fault, slip, bedding plane, fiore seam or natural joint which extends
from one intersecting voint to another, or has a length exceeding the

width of the excavation.
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TABLU 4,3
INTACT ROCK STRENGTH PARAMLITiR

ROCK TYPE IRS (MPa) RATING
Orobody 99 4-6
Orebody haujinjwall (Partially 69 6 -6
serpentiniced)
Immediate hanging*all dimite 103 6 -9
Hanginfr*all dunite 199 13
Weathered dunite 69 6 -8
Black fibre zone 96 8
Brittle fibre zone 172 12 - 13
Talc schist 31 3-9
Talc carbonate rock 47 - 69 4 -7
Diabase dyke 206 - ? 19
Peridotite - partly serpentinised 199 12
Actinoli te - feldspar rock 207 19
Gneiss 274 19
TABLE 4,4
REViuEB THTACT ROCK OTRiJCTH PAIOULTLR
IRS (13a) IRS RATING
ROCK TYPE RANGE  LliAH STB NO MrN > 1 STD - 1 STB
DEVIATION  TE LEV LEV

Luni tea 98-192 90,7 16,3 43
Orebody serpen-

tine Barren 21-61 47 16,3 12

Pibre-beariny 10-109 47,6 40,0 6
Carbonated dun.i te
and ser mtine

Barren 72 906 263,1 99,9 22 13-19 19 9

Fibre-bearing  90-176 111,6 91,1 7 9 12 7
Soft talc-ear-
bcaate rocks

Non schistose 13-109 34,0 19,4 30 3 7 2

Schi stoee 7-47 22,4 7.3 R 2 3 2

%

1—
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The joint opacing parameter is best assessed in underground
exposures” and the rating is determined iron the minimum, the inter-
mediate and m'jcir.ua spacing of joints, as in most areas there are at
least three sets of joints which intersect each other at nearly right
angles. .Vhere there are more than three joint sets, only the three
closest spaced seta are considered in determining the rating. The
chart in Fig 4,2 is used to determine the joint spacing rating by:

(a) wusing the minimum joint spacing as abscissa and intermediate
joint spacing as ordinate, a point is obtained in the top
left half of the chart.

(b) A line is drawn from this point parallel to the inclined
zone division lines to intersect the diauonal line#

(¢) This intersection defines the ordinate and the maximum
spacing the abscissa for another point in the lower right
hand aiue of the chart.

(d) The joint spacing ratine, is given by the figure in the zone
in which this point falls.

For the odd areas where there are essentially only one or two joint
sets, tne rating in cLtLUr.vd using the ucp left half «f tne chart un+y.

determining the Joint spacing from borehole cores is not easy.
Here a joint is any polished or striated natural surfacei or a joint
with an alteration zone, or filling, or zone of sheared material

exceeding 13am in width; or, a fibre scam exceeding I5Sum in width.

MAXIMUM SPACING

Fig 4,2 Joint spacing parameter rating chart (bee text fur interpretation)



One and a half metre lengths of core are sampled and the ratin-j deter-
mined from the number of joints occurring in each 1,5% section and the
orientation of the joints. Unless there is come evidence of a two

joint, system, three seta of joints are assumed. The ratings are also

estimated from the chart in Fio 4-T.

4.214 Condition of .joints:- The condition of the joint surfaces in a
rock mass play a significant part in the quality of the rock mass. The
surfaces cay be rou”h, smooth, or polished. Also the joints may have
shearing associated with then, or they may contain sheared or brecciated
material or jouje, which reduces the shear strength of the joint, or the
joint may contain a cementinu material such as magnesite or caxcite
which increases the shear strength of the joint, further, the v.all
rock cay have been altered to some dejreo, the common lores 0" al -or-
ation beinb the development on chlorite on joints in quartzites and &anite
gpieisses, the development of serpontiniaation of Ooints in dun:te, or
talec in serpentinite, or weathering in most rock types. ..he hardness
of the joint surface with no alteration is determined by the hardness
of tne rock mass related to the end members of the intact rvC«; strength
scale. Alteration usually results in a reduction in the rating for
slips, but in some cases, such as where carbonates have been deposited
in the country rock adjacent to a slip, the alteration may increase
the rating.

To obtain the ratings in multiple joint systems the weighted

average rating of each joint is taken.

4.215 Ground witon- The effect of ground water under pressure, is to

on joints. .
erosion of joint filling material may occur. The former is important in
open pit or other ato”e stability analyses and in underground wordings the

latter may be important if the urea has not been drained by deeper vorKings-«

4.22 AA’UuL.uxiTS

For the prediction of the stability of and support required for
underground heauinu8, or for predicting thi CttVabij. ;ty of an orebody,
etc, advuat. vnts must be cv.do to the 3lnitu clawuilicution. *ne adju-
cents take into account the effects of the regional stress, and/or

possible changes in induced stress, ind/or the eifects of potential



52

weathering of the rock over the life of the excavation and the influence
on the stability of the excavation of the strike and dips of the dominant
structural features.

At this stuye, the adjustments to be nude to an insitu classifi-
cation, arc at best an educated guess, it is hoped vith time to build
up a background of c»se histories which will provide a basis for
estimating the adjustments required. It is considered that these
adjustments are more realistic in assessing support requirements than

Bieniawoki'o 'stand up timel guide lines.

43 si'dVhY fix:;! 1; tuns

Surveying techniques has played an important part in the moni-
toring and investigat m into the ground deformation ana displacement
in the peripheries of,and bulov/ caved I. ocku. Surveying techniques were,
used because, with the base stations located in stable ground, they
provided data on the size of the zone of influence of a cave mining
operation, and total Uruund displace..ents. In the latter aspect
surveying techniques uie superior to instruments used to monitor dis-
placement or deformation, which usui*.:y only provide relative dis-
placements.

Survey and levelling traverses were extensively used in the
investigation of ground displacement around blocks 7Al13, Blocks 7/1 -
7/3 and in the initial stages of Block I(. In addition triangulation
was used to investigate the behaviour two substantial ribs of solid

ground left between caving operations on either side.

4.31 TRIANGULATION OF SURFACE BEACONS

The purpose of tne surface beacons located on the 3/( "rib pillar"
(bee Fig F,5) and later in the )/7 "rib pillar" was to investigate
poesibly bodily movementa of the pillars of solid rock lying between
two caved areas. In the cnbe of the j/i "rib pillar", tilting of the
surface of the pillar was alno monitored.

Three beacons were established on the 3/6 "rib pillar" and these

were triangulated ar.d trigonometrically levelled from two concrete
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theodolite stands located on stable ground to the north and 'mest of the
beacons. Purveying was done using a single second theodolite. ihe
beacons consisted of a circular black target mounted on a 3m length of
50mm black piping in a 1,5 diameter by 1,Uo deep concrete foundation.
For tilting measurements the centre beacon had an additional target
mounted 3m above the lower target. To minimise sway in the wind guy
wires were fixed to the beacons.

On the 5/7 'rib pillar", four similar beacons were erected except
that the foundations used were smaller, and white screens were erected
behind the beacons to improve visibility. The number of observations
used in each survey were reduced to speed up observation.

The accuracy achieved on the > I "rib pillar" beacons was possibly
2%, better than the guaranteed accuracies given below:

(D Guaranteed positional accuracy (ep)

ep * 7.3 x 10"T LCosecC
wher t L « length of base = 596,034®
C a A>icnl angle = 89°371
ep » - 7,3mm
(IT) Guaranteed Vertical Accuracy (ov)
ev m - 22 x 10 ' .S
where S = mean length of sight = 707,294m
ev = - 15, 5mm

(ill) Accuracy oi tilt of signal pole - 5 minutes of arc

In the 5/6 "rib pillar" the accuracies achieved were not as good
as in the 3/6 pillar because of the reduced number of observations.

The time required to make the observations and calculate the
results was acout ct davs. fhe only problems encountered were a
minor natui ¢, such an the initial settlement o* the tcjidations niter
the first heavy rains, and the flexibility of the cenV'C 6m beacon in

moderate winds.

4.32 SURFACE SURVEY TRAVERSES
The purpose of the surface survey traverses was to ii.vcstigate
the subsidence iuid lateral displacement of the groundabove .rid in the

peripheries of potential cuv. d iream. The lines of surveypegs



54

were established on the surface, extending from beyond the anticipated

limit of tjrovjid displacement to above the block cave-

T%0 traverses were used to investigate the surface Krounu in -hi
peripheries of block 6. These traverses were again used in Block 7AB.
Later, over the eastern sice of Bjicka //1 and 7/3 another survey
traverse was laid out to monitor ground subsidence and displacement.

These lines on survey pegs were established at a large urg”e to
the boundary of the block and extended froia well beyond the anticipated
limit of ground movement.

The survey pegs consisted vf ISmc round iron rod, 450mm long,
with a 3mm diameter axial hole drilled in one end.

The rod is cast in

a concrete block 450mm in diameter so that about 150mm protrudes :rom

the surface. The concrete slock is founded at a depth of ~OO-jOOMm
below the surface.

The traverses were surveyed at intervals using a single second
theodolite, and distance measurements were done using a steel tape.
No corrections were made for tape temperature variations or catenery
effects, the former oeing the larger eifect and the most dii: ic.u*L to
correct for.

The accuracy achieved was estirented to bet-

Angular error in seconds * - 7 yNumber ol angular measurenens
Linear error in metrea 0,0115/Number of distance measurements
Errors in latituae and departure depend upon the individual

traverse.

4.33 UNLLHOROUNL aVnVLY TRAVERSES

Underground survory traverses were used tc determine the nature
and extent of ground displacement in the peripheries of Block 7AB.
These traverses subsequently extend to cover the displacements induced
by the mining of Blocks 7/1 and {£/3e

The pegs used for the underground survey traverses we*a con-
structed from 1,0m lentha of 19mm drill steel which had at one end a
number of weld drops on it and a 50mm diameter collar approximately

300mm from tnat end. This end of the steel was grouted into a 1,6m
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ion*;, bOma diameter hole drilled into the solid rock above the back of
the drift. Welded to the lower end of the drill steel was a 19mm x
39nun lonb- chain link with a 1,6mm diameter hole drilled in it. A
diameter pipe placed over the pej during droutind ensured that the
peg was free from the sidewall and was not affected by spalling from

the back of the drift (Pig 4,3).

Fig 4,3 Underground Survey Feg

The positions of the survey pegs were fixed by traversing from a
base station assumed to be in stable ground, using a single second
theodolite, and targets which were positioned vertically below the 1,bmm
diameter hole by optical ~lu-.aing. Hisl uice was measured from target to
target by a steel tape suspended in catcnery from two supports jacked
between the hangingwull and footwall ol the drift.

The optical plumbing proved very time consuming and so from 1966
plumb bobs were used instead, with relatively little loss in accuracy.
Elevation differences obtained from levelling were used for reducing
the slope distance to horizontal distances.

The accuracy achieved in bl'Ck 7AB was:-

Angular error in seconds * 6,9  ~/Number of Angular measurements

Linear e, -or in metres - 0,00096 </I,umuur of measurements

less than bOm
+ 0,00131 /Humber of measurements

exceeding 'j&a
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Krrora in latitude and departure depend on the individual traverse.

The largest problem encountered was tape stretch which necessitated
re-calibrution of the tape at intervals from a standard tape, which in
time also becuue stretched. This may not have affected the accuracy of
Block 7Ad but it did affect the accuracy of the surveys in Block 7/1
and 7/3e

The pegs used for the survey traverses were levelled using an
automatic level set up halfway between levelling pegs on nre-marked
locations. Reflective levelling staves graduated in 0,01 ft suspended
from the survey peg chain links.

Subsequent to the mining of Blocks 7/1 and 7/3 when the change
over to the metric system came, a specially manufactured reflective
staff graduated in leu units was used in conjunction with a parallel
plate micrometer.

The accuracy achieved in levelling was 0,56 /Number of set ups
(mm) before the introduction of the parallel plate micrometer. No
estimate of the accuracy using the micrometer is available.

While no major problems ..ore encountered with tina technique,
surveying of electrified haulages was inconvenient as the work had to
be done on aundays when the power could be switched off.

Survey traverses ..ere discontinued for a Variety of reasons
such as the difficulty in ensuring that the base uegs were in stable
ground witn the limited access available, the ability of borehole were
extensometers and remote displacement meters to provide similar infor-

mation, the uncertainties introduced by tajie stretch.

;.
The instrumental techniques have been suudivided into three
groups, those that measure deformation or displacement around the major
openings arc dealt with in this section, while those used to measure
deformation in and around development openings, and other stress and
deformation monitoring or ne-"sur.n(; techniques are in subsequent sections.
With the exception of the commercially obtainable instrument?,
modifications and improvements of some of the locally designed instru-
ments has continued over the years. In the design of these instru-

ments, the philosophy has been to keep the instruments as simple as
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practical. This policy has resulted in some loss of accuracy but this
is considered to he justified, as more frequent readings can be taken
over a wider area.

Some of these instruments are now preferred to survey techniques
in around deformation monitoring, because they urf simple to read and can
be read more frequently, allowing trends to be recognised early.

The readings obtained from the instruments in practice were not
us accurate ts theoretically possible, because malpractices and short-
cuts crept into the reading methods. Although some of the modifica-
tions introduced were designed to curb these malpractices, even with
these other malpractices crept in. Tho moat common and difficult to
eradicate malpractice occurred in instruments requiring repeated
measurement to obtain an average, where readings were selected or the
instrument slightly adjusted to produce results which displayed a high
degree of agreement between then. If less honest, these results not
only looked better, but they also made calculation of averages ecasier.
An extreme example of this practice is given in th- results of closure-
c.eter No 7/9 during a stable- period (bee Table 4,5) ¢« It can be seen
from these results tnat the six readings taken on each day make a high
degree of agreement with a low standard deviation* Contrary to what
might be expected if the readings were completely impartially done,
there was a larger variation in the wc-.kly means than in the individual
results on any one day and this is borne out by the higher standard
error of the means.

From the point of vtew of analysing the results afterwards, the
decreased accuracy is of little consequence, but it is essential to the
recognition of acceleration trends for practical short t rm ground
behaviour prediction* Therefore, in some instruments reputative
readings were replaced by four readings taken from four different

bench marks, where possible involving reading in opposite directions.
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TABU; 4,5
Table of juabiugs, klanu aiil btandakd blVIaTjonb of cluguxE .e.es.tee no 7/9

Date st 2nd 3rd 4th 5th 6th ...ean htd Dev
headin' Heading no ding Hiading heading Heading of the 6
readings

1b.2+.74 26,0 26,1 26,0 5.9 26,1 ,1 26,03 0,08

252474 26,1 26,4 26,3 26,3 26,0 6,2 26,22 0,14
4.3.74 6,9 26,7 26,0 26,a 26,6 26,6 26,77 0,10
11.3 .74 26,0 25,6 25,7 26,3 25,8 26,3 25,95 0,30
18.3 .74 26,0 26,2 26,6 25,9 26,1 26,0 26,13 0,10
25.3°+74 26,0 25,6 25,7 25,6 26,0 25,8 25,85 0,12
1.4.74 25,6 25,7 25,8 25,7 25,6 25, 25,67 0,06
8.4 +74 26,4 26,0 26,1 26,2 26,3 26,2 26,20 0,14
15%4 «74 27,7 27,7 27,6 27,6 27,7 27,8 27,66 0,06

22.4+74 26,3 25,5 26,0 26,2 26,1 25,8 25,98 0,29
29.4 .74 26,3 26,2 26,4 26,1 26,1 26,2 26,22 0,14
Mean 26,24

Std deviation of Means 0,56

4.41 REZ'OIE DIS1 LACEM2JT METEHS

The remote displaceilent neter la used for the same purpose as
levelling, that is the ucnitoxing of subsidence. They have the advan-
tage that they my be located in areas directly above an undercut
which would uvea:.." dangerous for levelling. In addition, by Installing
them in borenoles otnerwiiu inaccessible areas may be monitored.

This instrument is essentially very sin le, consisting of If,7mm
plastic hose, "ith one end fixed to a suitable competent portion of
eide.vi-11 in an area where it is desired to monitor elevation changes,
and the other end with .1 glass tube attached, fixed to the sidewall in
a stable area. The hose id filled with water and caused to overflow at
the remote or "open” end, and the resulting overflow water level is
measured in the glass tube at th - menBurin, end (ilue Fig 4,4). The
lOAcr end ofthe glass tube was fitted with a small plastic disc with a
0,9tim diameter hole which seta as a reutrictor to slow the rate of flow
of water down durm topping up operations. Without thir reutrictor,
it was found that the water in the hose gathered so much momentum

during the topping up, that the water continued to overflow for a while
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after the water level in the ~laas tube had subsided below level of the

open" end.

WATER LCVfL CFND.PRF\Q/

Q9mm C RESI1HIC TOR

127mm PLASTIC HOSE

Mg 4»4 Cener 1 arrari,;,-r,ent of Hf.iote diepl .ce; -“nt meter

The "o”en" ends were either secured to the aid*wail by wire grouted
into tho side*.1l1 by ipoxy resin ,utty, or in buret les by a wire clamp.
One or more glass tubes would bo attached to a wooden board attached to
the sidewall at the measuring point. The hose would be filled by
syphoning clear water through them.

The main modifications introduced over tne years werei-

1) The glass tubes were replaced by clear plastic hose in Block

7AB, but these became discoloured with time and glass tubes

were reverted to in oubarajuent installations*
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2) For Blocks ?/1 and 7/3, nnd Block 16 the restriotor was
placed in a hosemender in the hose some distance Below the
measuring board to obviate the need to remove the glass tube
to clean the restrictor .

3) The wire clamps were left off two Block ?/? borehole remote
displacement meters, but were re-introduced nncn it became
evident that without them the hoses slowly did out of the
hole.

4) Two glass tubes were attached to each noter each with its
own restrictor, and. connected to the hose by means of a T-
piece. This was done to provide a check on the readings and
which would show up blockages in the restrictor. At the same
time the method of reading these instruments was modified.
(See below) Introduced for Block 7/2.

5) The open eada were fixed to the sidewall by means of a 6,3mm
round iron L-piece grouted into the sidewall in Block 7/2.

6) Instead of siphoning, initial filling (not topping up) was
done by means of a bottom discharge drum attached to the water
sup ly, the purpose of the drum being to remove air bubbles
from the water supply.

7) Iron hosemenders were replaced with plastic because some 0l
the longer term installations were rusting and a 200 mesh
screen was placed over the restrictor to prevent the ingress
of dirt into the restrictor.

8) The wooden glass tube mounting boards were replaced with
metal, and fitted with fixed 'mcnles.

The reading procedure is relatively simple, using a plastic wash

bottle all the remote displacement meters measured at one site are

flowed at the open ends, and the water level in the glass tubes should
bestationary, fhe water levels are initially read two minutes after
topping up. Readings were in tne earlier installations lude by measuring
the distance between the top saddle holding the glass tube and the

bottom of the miniacus, using a scale in millimetres and on the



later installations fron scales fixed next to the “lase tubes. Three to
five readings were taken and the results meaned.

The second glass tube was introduced and the reading system changed
to provide a check that the restrictor was not partially blocked or
had an air bubble trapped below it and to elimute repetative readings.
The method of reading was to fill the first tube, and read from the top
saddle down to the minisous, (b) refill the lirst tube and read from
the bottom saddle up to the minisous, (c) fill the second tube and read
from the top down, (d) refill the second tube and read from the bottom
upwards. The four readings were numerically different and provided
cross checks on each other. In practice, there was a tendency to cut
out some of the refillings of the tubes and as a result these checks
would show fine agreement, but the readings could still be faulty.

This meant that the additional work involved in checking the results was
frequently a waste of time.

The fixed scale was introduced after it was recognised that the
extra work involved in checking the results was not worth the effort.

The readings obtained from remote displacement meters can be affected
by changes in the difference in air pressure between the two ends.
These effects are measurable if the measuring and open ends are in
different ventilation compartments (in which case they tend to be
erratic), or are in a drift along which air is flowing at a fast rate,
exceeding 0,7m/sec. along a 100m long rimote displacement metere In
general pressure corrections are either to small to warrant correction
or to erratic to make reliable corrections.

No corrections were applied for temperature variations, as usually
these affected the whole length of the hose. This does not, however,
apply to boreholes, where the portion of hose >n the borehole would not
be subject to the Variations in temp nature that the portion in the
development openings m.ght be subject to. The temperatures eXx.erienced
underground varied by less than 5 b from summer to winter and the maxi-
mum head of water for a meter located in a borehole was about 6m. r'or
a 3°b change in temperature effect on the water level Cf” be calculated
from the densities of water at various temperatures, and would be

about 4mm. In general, the temperature variations were considerably
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later installations froci scales fixed next to the b'lass tubes. Three to
five readings were taken and the results weaned.

The second glass tube was introduced and the reading system changed
to provide a check that the restrictor was not partially blocked or
had an air bubble trapped below it and to eliin.%te r putative readings.
The method of reading was to fill the first tube, and read from the top
saddle down to the miniscus, (b) refill the first tube and read from
the bottom saddle up to the miniscus, (c¢) fill the second tube and read
from the top down, (d) refill the second tube and read from the bottom
upwards. The four readings were numerically different and provided
cross checks on each other. In practice, there was a tendency to cut
out some of the refillings of the tubes and as a result these checks
would show fine agreement, but the readings could still ue Aaulty.

This meant that the additional work involved in checking the results was
frequently a waste of time.

The fixed 4Cile was introduced after it was recognised that the
extra work involved in checkin," the results was not worth the effort.

The readings obtained from remote displacement meters can be affected
by changes in the difference in air pressure between the two ends.
These effects are measurable if the measuring and open ends are in
different ventilation compartments (in which case they tend to be
erratic), or are in a dr;ft along which air is llowing at a fast rate,
exceedin' 0,7m/sec. along a 100m long remote displacement meter. In
general pressure corrections are either to small to warrant correction
or to erratic to make reliable corrections.

No corrections were applied for temperature variations, as uniiall®
the: e affected the whole length of the hose, +i1his does not, however,
apply to boreholes, where the portion of nose xn the borehole would not
be subject to the variations in temp* ratare that the portion in the
development openings nught be subject to. The temperatures experienced
underground varied by less than 3 d lrum summer to winter and the maxi-
mum head of water for a meter located in u borehole was about 6m. For
ft 3°u change in temperature effect on the water level Ctv be calculated
from the deni ties of water at Various temperatures, and would be

about 4nm. In general, the temperature variations were considerably
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less than this. Readings of remote displacement meters in a stable area
and measured over three years and not compensated for temperature had a
variance of less than 0,9m which indicates that the instrument can be

quite accurate even without correction for temperature andair pressure.

4.42 BOREHOLE WIRE EXTENGOMETERU

Borehole wire extensonieters can be used for measuring strain,
dilation of fractures or joints, lateral movement on joints and sub-
sidence. Unlike most borehole wire cxtenr.ometere used elsewhere the
clamps used on Bhab.-tnie Lline are simple andcheap, and the reading and

tensioning arrangements also simple but notas accurate as the more

elaborate installations used elsewhere. .
777; Pig 4,5 Boyles rubber sleeve
e bridging clamp used
) &rSN*A&;ME» as a borehole clamp
1 m iim m M iiu L /-
SOFT NEOPWINEF HARO NEOFREK

The first clamps used on the mine were Boyles Bros rubber slee/e
bridging plugs. Designed for securing deflection wedges in boreholes,
these have served as inexpensive unct auequate borehole clamps. These
consisted of a soft neoprene rubber sleeve with a hard rubber cone at
one end. This end also kid a slightly smaller internal bore. When
used as a borehole clamp, a four-hole wire spacer was put into this end,
and a washer to which the wire could bo secured was attached to the
hard cone (i'ig 4,9). The rubber sir-ve hud a diameter 2,5mm larger
than th it of the bun hole, so that when the clamp is pushed into the
borehole using an installation tool which is “rooved to accoiumodate the
wires of proceeding Ilumps, and which puat ma on the hard rubber shoulaer
inside the clamp, stretching the alteve longitudinally ano reduciig it
in diamrter. When n position and the attached wire is under tension,
the clamp is put in longitudinal compress, ion causing an increase in
diameter which jura: the clamp in position. Each clamp with its wire
attached was pushed into position by moans of the installation tool

attached to a string of either light 19mm diameter conduit rode for
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shallo.v holes or to drill rods for the deeper holes.

The main difficulty experienced was in the installation of more
than one clamp in a hole, where a wire from one of the previously
installed clamps could easily become caught while pushing a clamp into
position. This usually resulted in the wire becoming caught between the
clamp and borehole walls, and jamming the clamp in the hole. The jammed
clano could only be removed by drilling and then the whole installation
would hove to be started from scratch.

The wire initially used was H2 or 24 swg high tensile stainless
steel, and passed over a 100mm diameter pulle. and fastened to a 45'
weights. The pulleys had graphite impregnated bronze bushes 6,3mm in
length and 9 ,'juv in diameter, fitted onto a bright steel shaft 9,4mm
in diameter. The measurements were done by means of a vernier caliper
between an aluminium reference bar and brass clamps clamped on each

wire (Fig 4,6).

Fig 4/ Pulley - tr » nt for borehole wire extonsometer
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shallow holes or to drill rods for the de* per holes.

The main difficulty experienced was in the installation of more
than one clamp in a hole, where a wire from one of the previously
installed clumps could easily become caught while pushing a clamp into
position. This usually resulted in the wire becoming caught between the
clamp and borehole walls, and jamming the clamp in the hole. The jammed
clamp could only be removed by urilling and then the whole installation
would have to be started from scratch.

The wire initially used was d2 or 24 swg high tensile stainless
steel, and passed over a 100mm diameter pulle and fastened to a 4)N
weights. The pulleys had graphite impregnated bronze bushes 6,3mm in
length and 9 ,ymia in diameter, fitted unto a bright steel shaft 9,4mm
in diameter. The measurements were done by weans of a vernier caliper
between an aluminium reference bur and brass clamps clamped on each

wire (Fig 4%*6).

Pig 4,6 Pulley arrange: ent for borehole wire extensor.'stor
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The main modifications introduced with time were:-

(1) 19 swg Nichrome V 20/ti0 wire replaced the stainless steel wire
as this hud u relatively low yield point and could be straightened,
when installed in the borehole by straining. This was introduced
in October 1970 in boreholes in block ?/1, Block 16 and one
borehole in Block 7/2.

(2) Aluminium channel section was introduced to provide four different
measurements to prevent repetitive reading errors. The arrange-

ment is illustrated in Fig 4,7

XPIXTS.
Hl
. AIUMFNIU* A C
. CHANNLI.
e — 13Qmm .
I; XnHZnTTTTTrT—rrTT?L_'vn ISrzz.
MOMTCANOI GALVANIC to PIPE -
W IFt
WVifl Y T earas
12,7mm ROLL! R >" 7
H LOWtR{NG POSITION CL>MPi;D RONTON
Fig 4,7 Aluminium Channel Fig 4,6 Metal Borehole Clamp
Becti on reading
arrangement
(3) Metal borehole clumps were introduced to repla >t rubber
sleeves av a few rubber sleeve clamps had fail. to rip in over-

size boreholes, and the metal clamps were rotentially simpler
to install with the promise that more clamps could be put into
n hole. The clumps wore constructed from galvanised piping as
illustrated in Fig 4,0, were locked in position by jamming a

roller into the wedge of the clamp.
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Four methods of installation vere tried*-

(a) All the wires and clamps for a borehole were assembled on
surface and then lowered dovn the borehole simultaneously.
For loweringi tlie rollers were held in the clamps by lijht
split cotter pins. Eachroller was attached to a common
wire which extended from the borehole collarto a weight
below the bottom clamp. .Vhen in position, starting at the
bottom clamp, the monitoring wire of each clamp was given a
sharp jerk to pull the cotter pin out and lock the clamp in
position. It was not immediately apparent that the monito-
ring wires had Become severely intertwined, with the result
that some of the clamps were not satisfactorily locked in
position, and when ground displacement started, the dis-
placement of one clamp was transmitted to all the wires.

Aii attempt was made to keep the wires separate by install-
ing spacers at between 3 and 6m intervals, but these twisted
out of alignment and jammed the clamp wires instead of
keeping them separate and free.

Eight clamps were installed in each of two boreholes
in block 16 and in four holes in block 7/2 usin0O this method.
In two more holes in block 7/2, four clamps were installed.
Stainless steel wire was used for the installations because
of a temporary shortage of hichrome. These installations
were not regarded as successful ind where possible the clamps
were removed and replaced Only two boreholes could be re-
equiped in block 7/2 and only the up,er portions of the two e
block 16 holes.

(b) In the first attempt to replace the above procedure each
clump had its own /eight and the roller was kept in position
by a split cotter pin. The clamps were lowered individually
but as the pins came out early in the only installation tried,
the method was not regarded as being suitable.

(c¢) In the second attempt rollers were kept in position in the
clamp by freezing the clamps and rollers in blocks of ice.
The clamps had ice-free charmelw/iys for wires from the pro-

ceeding clamps. Four Clamps were lowered into position
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individually and v/lum the ice melted the clamp locked into
position and the Nichrome wire tensioned to remove kinks
before the next clamp was lowered. This was used in Liui
100, Mock 7/2, and was completely successful.

(d) Thr method now preferred is to use rode to rush the clamps

into position with the rollers kept in position by means of

split cotter pins which are individually attached to a heavy

tfauge wire. When in position the cotter pin is pulled out

by the heavy gauge wire retracted from the borehole. ihe

clamp in then locked in position and the rods withdrawn.

The rods have pins attached to them so that if necessary

the clamps can be rotated so that the clamp lies on top oi
the roller and Can grip satisfactorily. This technique has
been used with complete success.

By attaching remote displacement meters to the weights on bore-

hole extensometers, the instruments could be installed in poten-

tially dangerous areas and read in a suf3 area. Introduced

October 1772 for DD jd? in block 7/2.

as a result of investigations by D.G.F. Hedley 0 970) and after

experiments on tho mine, it was concluded that these instruments

could be made more sensitive to ground movements by keeping the

wires under minimum tensions end increasing the weights at the

time of reading. A 4,611 weight is kept on each wire and this is

increased to %N when a reading is made. The tension is increased

on each wire in turn and a reading taken. Several readings are

made. A modification to the pulley wheels in* iuced at the
game time, was the mounting of the wheels on a rotating bOmu
long shaft with reduced diameter bearing surfaces at the ends

to reduce the frictional force on the pulley. Also introduced

at the same time was a fixed scale measuring arrange *"t
(Fig 4,9). Some of the Block 7/2 installations were modified

to incorporate these improvements.
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The accuracy of these instruments v/us dependent on several factors

such as the frictional forces involved in the jjulleys, arc between the

borehole sidews. 1 and wires* 11 is estimated that vround »:ov<=#s*mnt. of

up to 10uaa could occur without beinf registered on the early installa-

tions . With the repeated tensioning technique and other improvements

the accuracy (of this technique) is now estimated to be of the order

of 2mm

xtid scale r midinj airanker ent for borehole wire extensometer

IHS IN hkIVtiLUPiBJiT H&'.DINOS

The function of wire extensor"tero in underground drifts is the

same as that of borehole wire extenuometer, that is to monitor strain or

displ ,cement on slips, generally in a horizontal direction.

The wire extennoncter consists of a wiix- anchored to a pin in the

rock at on- end, with the- other end over a pulley system at which

measurements of ground ovument may bo ruide. The difference lies in
the wire extonso; eters which are installed in development openin:3 &nd net

boreholes, and the anchors are 19m drill oteelo grouted into holes
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drilled into the sidewall of the heading. These instruments have only
been used in the peripheries of Block 16, and the pulleys were all of
the saue type, with Impregnated bronze bushes litteti to bright steel
shafts, and the measurements were from horizontal length of aluminium
channel section.

A recent development of the extensometer is the use of a pulley
t/rtem similar to that in the borehole wire extensometer, with an
extended pointer attached to the pulley wheel ior greater precision
readings. No installations of this type are discussed in this disser-

tation.

4.5 Bt'STRJ .1TITAL J'H .mmAoUitlIKG DEFT:t "ATTO!T IN /HD {QUrijj

The three instruments used fur monitoring deiormation and displace-
ments in and around drifts are basically all mechanical extensomete.s,
wtuch differ in size, design, and to some extent in application. Used
for measuring deformation around development openings, or displacements
Ol slips or cracks, the absolute values of the strains or displacements
are of little importance, but a great interest lies in the changes in
rates of deformation which have proved to be related in time to other
events such as the onset of cav.ng etce because u* repetative ieax..n,j
errors the tendency has been to drop the use oi closuremeters and the

bemec extensometer and, wnere possible, to use dial ex*ensomtterse

4.51 CLOSUREMETERS

These instruments were generally used to measure the changes in
dimensions of development openings in any direction. They were also
of displacement of major slips.
The closure meter is a portable extensometer which fits between
two permanently installed bench marks to take a reading. .he exten-
someter consists of three concentric aluminium tubes with a steel ball
bearing mounted on each end. The instrument is adjustable with one loot
and one inch adjustments. A spring-loaded section takes up smaller
adjustments which are measured by means of vernier or dial calipers
(gee Fig 4,10). The permanent bench marks were 900mm long drill steels

especially finished ends grouted into the far ends of two jack-hammer
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holes drilled onjjosite each other into the roof, floor or sidewalls

of development opening so that the holes were in as nearly as possible

a straight line. A Portland dement grout was used, to grout the drill
steel into the end of the hole. It is established that the grout covered
about a third of the length of the drill steel.

The closuremeter is inserted between the drill steel ends and the
measurements taken of the coarse graduations, and by means of a vernier
or di d caliper on spring loaded fine adjustable section. The readings
are taken in three positions around the closuremeter at 170° to each
other, aud th;n another three with the exteneomcter taken out and re-
inserted in the opposite direction. The standard error of the weekly

means of six readings usually is better than 0,Gmm.

CveeM M'

L ~i;.:rzzzzz3 >

*> eeew.leee®» eewTie iwow u

Pig 4+ 10 Closuremeter

4-92 htf'hC LXTi2itiOMi,TEBS

The ijemec extensometer, a commercially available mechanical
strain gauge, was used in some applications us a strain gauge, but it
was mainly used in monitoring displacement on slips and openings up of
cracks.

The extensometer consists of a dial gauge mounted on an invar
bar, with a fixed sharp steel point at one end and at the other a
movable arm, pivoted on a knife edge, which has a sharp steel point on

one end and a flattened surface on the other. The dial gunge plunger
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bears on this surface (Fitf 4,11). The instrument is used to measure the
distance between two stainless steel discs mounted v.j.th epoxy resin t;lu-.
or putty on the object to be monitored. These discs have punch marks
into which the sharp steel points fit. The discs have to be mounted
exactly 2U3,mm apart, in an arrangement which was varied according to
the purpose it was used for. Strain measurements were not attempted on
rock surfaces underground, as it was considered t.iat the instrument was
not sufficiently sensitive, it was, however, used as a strain gauge in
monitoring the loads on timber setts, and also in determining rock
properties from borehole cores.

In monitoring displacements on cracks, the arrangement was initially
simply three points mounted in an isouceleue triangle spanning the
crack (Fig 4,12). The results were plotted to form a trace oi the
movement of the apex with respect to the other two points. It was
found that for the most reliable readings the discs should all be
mounted in the same plane. Two or three readings in each direction on
each leg were taken and the results for each leg averaged. This gave a

standard error of 7 divisions (70 micro strains) or 0,014mm.

Fig 4,11 demec extenson.eter

Later an arrangement of the discs to form a 4U° rosette replaced

the isosceles® triangle arran 'miiwnt (Fig 4*14). The y0O apical an”le

was introduced to facilitate plotting, ui.a the 4'/ measurement to act

an a check. Ir. general this arrangement was very successful. It was
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introduced over a period between December 1769 and August 1970.

AN =S T %-r>,

POSSIOLE VA I

STAINLESS STEEL >3* \\V 1
IOCATMQ DISCS

EPOXY CEMENT
SUP ORJOINT

SUP OR JCIiINT

Fig 4,12 Den.eo extenBom- ter - two and three point reading arrangements

The measuring points were extremely cheap and easy to install and
consequently the number of installations grew until there were too many
to read and analyse properly. The selection of the correct slip or
crack and correct position on them for monitoring proved to be an impor-
tant but difficult aspect. A high proportion of the measuring arrange-
ments spanned the wrong portion of the slip as an adjacent, often less
likely looking joint displayed all the movement, or were mounted on a
portion of side wall which became dislodged by the movement, or were
incorrectly positioned to measure the displacement on the slip. These
problems were magnified when in the second phase of hlock 7AB and in
Blork 7/1-7/3 attempts were made to select slips for monitoring Iri or
to mining so that a cor.); lete record of the displacements could be
obtained, and very ftw records were obtained from these.

Primarily to facilitate meusurer.entu in awkward places, dial
calipers fitted with sharp points wer*’ used instead of the Bcr.ou exten-
aometer far a period from June 1971, for all rorette arrays, but the
accuracy was very disappointing and the technique was discontinued in

January 1972«
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4.53 DIAL EXTEJ30I.5.TERS

The dial extensometerlH prime use jn fur monitoring strain or
displacement on elips or shears.

It consists of two lengths of square section tubing, one fitting
inside tne other. Both are mounted by suitable bolts on tne rock
surface end both have sections cut away where two rubber “ads can be
mounted. A wire pointer is placed between the pads and in the event of
movement, rolls between the pads (i’iti 4» 1j) » The device is provided
with a graduated dial, aid « "ferspex" face. Heading are taken simply
by noting the position of the pointer.

These instruments are theoretically capable of being read to
0,0lmm over a length of Im, or 10 micro strains but this accuracy is
probably not achieved in practice because of the flexibility in the

mounting of the instruments. An accuracy of 0,05 is probably attainable.

Fig 4,13 Dial Extensometc-r

4.6 KUCELIL. AhEuUL ThuTK1:V A1 TECIill: .UES
Included in this section are a number of instruments designed to

monitor specific items or aspects.

4.61 BOLT TENolUN METERS
For monitoring the tension on expansion shell rook bolts commerc-

ially available photo-eln.itic rock bolt dynamometers (or bolt tension
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meters), mede b) Horstnari Ltd, Bath, Eii.'land were used. The instrument

consists of a steel sleeve long and 57,lmm in external diameter,
with a wall thickness of 12,7mm. The bolt passes through two holes
drilled diametrically opposite each other allowing the sleeve to be
diametrically loaded (Pig 4,14). When the dynamometer is loaded, a photo
elastic pattern is developed in the glass disc mounted in the end of the
dynamometer which can be seen when the instrument is lighted and viewed
through a circular polariser. The bolt tension meters are installed
with ncup washer and spherical seat between the meter and the. rock
surface, and another spherical seat washer between the meter ana the
nut on the rock bolt to minimise eccentric loading conditions.

The usual practice in reading these instruments was to view and
light the meters through a simple hand viewer (circular pol riser. .nd

compare the pattern obtained with a set of standard patterns (rig "*1-/ e

The results of compression testing thirty meters were as follows*

Number of Fringes Mean Load
, 23kN-7kN
2 39W -7kN
3 52KkNtOkN
4 63kN-9kN

Repeated testing of on" meter showed that the testing procedure
was accurate to within SkNe

Further tests of a meter loaded without a thick washer between the
meter and the rock bolt nut, showed that the loads required to produce
the sa.iu fringe orders were approximately 1,1 times the load required
when a thick washer was used.

Also the meters have proved to be fa rly sensitive to eccentric
loading conditions. It is estimated that the instruments will unaer

mining conditions have an accuracy of - CkN. Confidence limits).
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- RUBBER
REFLEC TIVE £ 0 -
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- HOLE FOR ROCK BOLT vt-
Pig 4,14 Bolt tenoLon meter
0.25 0.79
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2.5
ol
15
7_a‘
4,78

Fig 4,1!) Standard fringe putterns for loading bolt tennion motors

4.62 STRESS-.M’KWS

Horotman photo-olastic tili 150 glara plug stress meters were used
in an attempt to measure charges in stress. The meter consists uf a
cylinder of optical glues with an »tXiul hole, together with a light
source, polarieer and quarter wave plate which is grouted into an EX

borehole uuing a carborundum filled epoxy rosin cement (Fig 4,16).
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before installing the meter, the borehole cored were examined to deter-
mine the moat suitable ground, and having decided this, th* hole is
filled with required spacers®* The resin is introduced into the hole in
a metal container with a wooden plunder, followed by the alresa-muter
Using an installation tool the stress-netcr was gradually pushed back-
wards, forcing the plunger to displace the cement and squeeze the

cement around tne stresn-metere

.C» 11J4 »»VC

Dk, WA -vivey 5

IMAINYO 4 ‘A 1

CEMENT

Pig 4,16 Section through a photo-elastic atressmeter installation

The readings were done by a hock mechanics ieclinician on a weekly
basis using a "Precision Hand Viewer" (a compensating polariscope).
Interpretation of the photo-elastic pattern developed in these stresa-
meters proved to be difficult in most cases as seldom were the stresses
high enough to take the pattern out of the first order greys, mid
seldom were patterns symmetrical and recognisable. The technique
adopted, therefore, was to sketch the pattern seen and to record the
changes in them. Under these circumstances, the directions of the
majoj. principal stress cculd generally not be determined with confidence,
and similarly the w tioa of the major principal stresses could in most
cases not be determined, either by comparison with the standard photo-
graphs as suggested by iiooerts et al (1764) or be measuring the t .'para-
tion of the -zero points as suggested by Bara'n (1465)* The- mcjor
principal stresc could therefore only be determined on about two of the

stress-meters installed.

4.63 CAVING INDICATORS
The caving indicator is a simple device used to determine the

position of a Cave buck from a borehole drilled to intersect it. This
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was originally a 304,am long load-filled 2J)im pipe with a hole drilled
diametrically thr ugh it halfway along ito length. A short length of
copper wire was threaded through this hole and tied to a length of
heavy gauge fencing wire. The device was lowered down the borehole and
when it entered the cavity it was pulled up against the back, "hen a
fall occurred, the copper wire would break and fencing wire could then
be retrieved and another indicator attached and again lowered into the
cavity. The wire would be measured each time to give a record oi the

position of the buck (?ig 4,1 0*

Fig 4,17 Caving Indicator

The first modification was to increase the length of the weight,
to 600mm to prevent the device being caught inside the borehole and with
difficulty in getting lead, 25mm round iron was used instead. Finally
it was decided not to leave the indicator wire down the hole, but to
lower it down, measure the depth of the buck, and then break the copper
wire '.nd withdraw the wire, to ininimi se the risk ol the wire being
wedged in the hole and breaking somewhere near the top which would make
subsequent installations impossible. A light steel ceble is now pre-

ferred to the fencing wire.
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A hi*h de.-rec of accuracy ia not required for the study of the
rate of caving. It ia estimated that the accuracy instrument is better
than of the dcjth. The main source of inaccuracy lay in the elastic

stretch in the wire which tended to retain some of its coil and kinks.

4.64 LOAD ULLLS

Three load cells were designed and installed, and later a further
two load cells were installed, with the object of measuring loads im-
posed on crown pill-tra by caved round under draw. The load cells vere
constructed from three 20.},2 x 101,6mm rolled steel joists (HSJ) set
parallel to each other at 203,2mm centres and 101,6mm deep in a concrete
foundation, and pinned to the crown pillars with old drill sceels. The
cells were covered with a 600;:.r wide, 12,7mm thick steel coverplate
bolted on only at the ends. Electrical resistance strain gauges were
cemented onto one side only of the webs of the HSJ's at 203,2mm intervals
in the initial three load cells. Philips PR 9244/04 was used for
cementing the strain gauges on and they were insulated with Philips PR
9244/09 water proofing compound. Copper wire leads of 16 swg were lead
through boreholes in the crown pillar to the grizzly drive where the
readings were made. The load cells are illustrated in Pigs 4,16 and

4,19. The readings were nude with a Huggenberger Te.ic strain indicator.

tIECtWCAL « 'TANCI
STRAIN GAUGES
*17mm COVER MATE

«/ 'mm SICE PLATES
lev »l0le rsj.

CONCRETE
'+ FOUNDATION

Fig 4116 Section through a load cell
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Fij 4,1,. Lo~ dcell

Two cells, 1,jm Ion;- were installed on the top of the crown
piHar and one 2,4m Icntf was installed cn the side of the crown pillar
above 7/9 % drawpoint in block 7Ab.

The arrangement of strain “au”ea on only one ride or the 1iSJ's
proved to be inadequate in the initial lor.d cells. It had been csaimed

that buoklinj of the ,ibJ webs could not take place without relative



-movements of the HSJ and the cover plate which would be restrained by
friction between the two. This deficiency was rectified in the two
load cells installed subsequently, over f/3” drawroint. Other minor
modifications used here included the use of Philips PH 9248
waterproofing compound and Hottinger Baldwin waterproofing compound,
and the setting of the load cells tops flush with the surrounding
concrete. Switch boxen were also installed to facilitate readings, but
this was only introduced towards the end of the life of there load cells.
The calculation of the loads on the first load cells without
making assumptions proved impossible du® to the inadequate numbers of
strain gauges. A model load cell was built and tented under various
combinations of loads, and at was concluded that an estimate of the loads
could only be obtained i1 it was assumed that u limited number oi point
loads were imposed on the load cells. 1ihe assumed positions of the
point loads, are illustrated in Fig 4,20. From the calibration tests
it was shown that point loads acting in there positions were related

to the strain readings by the following empirical formulaet

Ll * + 2,25 31 Where Li to L7 and 31 to S3 are
25 s — 45 31 or - 4,532 as illustrated in Fig 4,20
g,gm — 4,5 32 o0r- 45 S3

L7 =+ 2,25 $3

S3

Fig 4,20 Assumed position of loads on a load cell

The second ret of load cells did not provide any usable results
because a breakdown in either the insulation of the gauges or in the

gauge cement which resulted in a meaningless drift in the guu”c readings.
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4.65 ARCH LOAD INDICATORS

To nonitor the loads imposed on TH yielding arches an arch load
indicating device was developed. The design requirements wore that the
gauges could be read without special equipment and could withstand
blasting shock, fumes and moisture. These simple devices were construc-
ted of 304,6mm long hacksaw blades attached to the sides of the arch by
means of tin-smiths' rivets cemented into holes drilled into the arch.
The blades were set witt; a 3mm bow in them and any changes in strain in
the arch was reflected by a change in the amount of this bow. IThis was
magnified by wire pointers made on a jig to ensure uniformity. sh<
pointers rested against a stainless steel bearing plate and the readings
were taken on a scale attached as in figa 4,T1 4,2<. IRe whole
assembly was protected from blasting damage by 151,4 % /6,mn channel
iron cover boxes (Tig 4,43)c Two indicators were placed on the straight
leg portion of the arch, one on either side on the neutral axis, do
modifications have been introduced to date.

The dt .ices were calibrated by fixing two devices to a short
length of arch and putting it into a compression testing machine. In
this machine it was shown that the readings were unaffected by buckling
in one direction, and taking the average readings of the two indicators

buckling in the other direction could be accounted for.

The accuracy of the indicators is estimated to be: - SkN + 5/3
of the scale reading. The arch load indicator is a difficult, device
to install, requiring a high degree of accur.cy. It is very light anu

flimsy but requires a heavy cover box to protect i« from secondary
blasting damage. The mounting arrangements for the boxes proved to be

inadequate, allowing the box to become displaced with secondary blasting,

difficult to read, and in the humid mine atmosphere, the scales, which
were painted onto stainless steel brackets, softened and became easyl
to wipe off during cleaning. Many instruments were rendered useless

in this way.

4.66 PHOTO-KLASTIG DiSCJ DTI’Ebb UEAtiURiv.JKr ThUHNIqUL
This tec hiti pie was used for the determination of absolute stresses

in rock by sticking a biaxial photo-elastic di: ¢ strain gauge to the
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flattened end of a borehole and over coring it. The disc, made by
Horstman's, is nr.de of bircfrintfcnt plastic 3,16m thick and is 44,5mm
in diameter with a 7,6mm. central hole (Fij 4,2«l) . The central portion
of the gauge is bu-ked by a reflective coating and a patch of non-stick
plastic. The outer is free of reflective coating and plastic and can be
bonded to the rock. Changes in strain in the rock are transmitted by
this bond and concentrated around the central hole. When viewed in
polarised light a fringe pattern can bo observed and using a precision
hand viewer (circular crossed reflection polariseope) the f-'in"e order
can bo measured fairly accurately. It has been shown that the fringe
order is direcly proportional to th* major principal strain and vhat
the spacing of the isotropic points depends on the ratio of the major
to minor principal strains.

To measure the stress in the rock the gauges were used to measure
the r rains developed oy over coring the flattened end of a uX borehole
(Fig .24). As the.; is a difference in the co-efficients of thermal
expansion of the disc and the rock, large errors can occur with varia-
tions in temperature. Great care must therefore be taken to read the
discs at the same temperature as at the back of the hole. For this
purpose, the temperature of the drilling water is read as well as the
temperature of the air in the borehole. On withdrawal, the overcored
disc is read immediately if the ambient temperature and that in the
borehole are sufficiently close. If not the piece of core is replaced
in the borehole and left until a stable temperature is attained. After
the readings has been obtained, the disc was usually warmed and this
provided a useful check on the principal stresses ratio.

Where the complete state of stress was desired, three, preferably

measurements were made in each hole, starting at 0,9m from the collar.
Measurements done clone to thp tunnel sidewai had to be adjusted for
the stress concentration caused by the tunnel, but were virtually
unaffected by the stress acting in the direction of the borehole.

The gauges were Calibrated hy Cook (1966), by sticking one onto
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each sido of a calibration cross with an electrical resistance stress
gauge rosette stuck onto the one side. -Vith this device it was possible
to impose both tensile and compres.ive strains and to measure them
accurately. It was in addition, a valuable aid to interpreting fringe
patterns. The gauge sensitivity factor so obtained of 450 x 10"b, was
in good agreement with published values. Cook claimed that an accuracy
of 0,0~ fringes could be realistically obtained. This corresponds to
22,5 micro strains. The accuracy of this technique as applied to rocks

on this mine is discussed more fully in the following chapter.

4.7 1)1 CUUiiulON

The system of rock classification outlined in this chapter has
been accepted by both the technical personnel rnd operating offici Is on
both Shabanie and Jaths Mines. The classification system is being used
not only for descriptive purposes but with adjustments to the inci tu
classification to cater for specific situations, it is now being uned
to decide the type and amount of support that a development heading may
require.

In general the results of the survey traverses and surface beacon
triangulations Can be said to have contributed towards the undeil.«<indint,
of ground behaviour. The surface beacons indicated the Block j/C "rib
pillar" was tilting and breaking up at a time when it .as found that
this mass of rock vould remain .ntact and by tilting en masre shearing
off at the back it wuuld destroy the workings beneath it. The survey
traverses in particular showed the extent ol the zone ol imluence ol a
block cave as well as indicating the magnitudes unu directions o. dis-
placement within it. As indicated earlier, survey tra.eraea have been
replaced by instr' .icut. to a larger degree. The wain reasons ior this
was that the zone oi iluence was so large that statue base stations
could only be found far : tto the footwall, and therefore the tiaverses
had to be long and con® piently les. accurate. Further, the frequency
at which surveys could be done was limited by the amount of work invol-
ved and in practice were done at best at monthly intervals and at worst
three monthly or longer. Instruments on the other hand could be read

weekly with minimal amount of work, providing a more accurate rate of



displacement curve on which short term predictions could be based.

The two instruments used for lurje scale deformation monitoring,
the remote displacement meter and extenacnetar have proved to be extremely
valuable tools, and with the several refinements the accuracy ana relia-
bility of the instruments has been greatly improved. These two instru-
ments have largely replaced surveying tra.erses.

The closuremeter was successfully used for monitoring the defor-
mation of grizzly drifts as the instrument sites wore overcut, and were
also used to monitor the displacement on slips. The Dumeu extensometer
was used almost entirely for monitoring the displacement on ali, a opening
of cracks etc, and lor a period the results were satisfactory, tiut with
the increase in number of installations which increased the number of
incorrectly placed installations and also contributed to an increase in
the number of reading errors, and the general slowing in rate of dis-
placement the results became less satisfactory. The results obtained
from the six month trial period is the use of dial calipers in place of
the Berne” extensometer were not satisfactory. This initiated the
develo;merit of the dial extensometer to replace the BOUOQ extensometer.
The dial extensometer was made longer and therefore capaule of spanning
several aubparallel joints, permanently installed and therefore the
results loss subjective. To date the dial extensometer has proved an
extremely satisfactory tool.

Among the miscellaneous techniques used, the simpler teenniquee
were the moat successful, ierhaps the simplest is the caving indicator
and is regarded as Vein ; a satisfactory device. The bolt tension meters
are fine for uf-asur-ng the tensions on rock bolts, but do not respond
to stress ch.mgos prior to damage becoming visible, and cannot be used
as early warning devices, fhe glass plug stress meters aiin general
not sensitive enough and are difficult to read. There is a definite
need for a stress monitoring device and work is in hend developing
a borechole deformation gauge for this purpose. As a stress measuring
device the photo-elastic disc is well suited to our variable stress-
field being cheap and quick to .nutull and allowing many readings to
be taken. It is however difficult to read at low stress levels and would

improve by increased sensitivity. The first load cells used for



monitoring to loada impuaed on the crown pill are had an inadequate number
of strain t,aubea, and in the later load cells the strain c¢"Ce insula-
tion broke down, but some interpretation could be made of results from
the initial installations. The arch load indicator was developed for
use on a grizzly horizon, and has been fairly successful, but *t is a
difficult device to install, and further work is required to increase
its ability to withstand secondary blasting and the humid atmosphere.

In conclusion it may be stated that the techniques used for rock
classification and rock deformation monitoring are practical and adequate.
Further work is, however, needed on devices for monitoring stress in

both the rock mass and in support such as the yielding arches.
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CHAPiVnt FIVa

:P/;jUin; . ~rfs

b.1 Lr'TztOL?JC'J’1 ON

As Shabarue ..line is situated in ancient highly folded rocks, similar
to rocks elsewhere in the world which hnve exhibited hijh lateral -rcaae”,
a programme of virgin rock stress measurements was undertaken, fthe first
measurements were made by the South African Council for Scientific end
Industrial Research (CSIR) under contract at three sites on the mine
usintf the "doorstopper". /Jthou”. this programme was dogged by problems
with strain gauge adnesion, ruifici* it overcorir s were obtained which
indicated a high lateral stresr, w; oh prompted further stress measure-
ments by the Shabanie Mine ’taff, rid the Cblli to return to try out their
new triaxial 11 at the site which had previously indicated the high
lateral stress.

The first CSIR measurements were carried out at sites us remote
from the mmin operations as possible so that the measurements were not
affected by t= stresses induced by the mining operations. However, it
was realised that the geological structures and rock properties could
influence the stresses and therefore it was decided to site all future
measurement.a f,s clone as possible to the orebodies, even at the expense
of entering the zone of influence of the mining operations.

i’he purpose of the stress measurement progn e was to establish the
stress levels in the rock before mining started, while it was realised
it was not possible to completely avoid the stresses induced by mini he,
operations it was decided to accept this error. Later, two small specific
stress measurements were undertaken to measure the change in otiesa

associated with the mining operations.

b.2 ctrhm, i.;;?:;; - .1.TiioDb Ahu i(h.,i;i,Tu
Stress measurements using the CClk "doorstopper" wereattempted by
the CCIR under contract in February and July iy((>. fhethree sites

selected were all on 29b level, one near the vertical shaft, one in2]W
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crosscut *ilock 16, end one in 6/J crosscut Block “>u. At each si'-e three
boreholes were drilled in different directions, and about ?7 overcoringa
were attempted. Of these only six were successful, one in each of the
boreholes at the first two sites. The high number of failures was due to
cementing the cells on partings of the rock and to poor adhesion of the
strain gauge cement to the dump rock. The results based on so lew readings
were not considered reliable but they indicated a high lateral stre.su and
as mentioned earlier, this spurred on further atle.mpts at stress measure-

ments.

9.21 THL TRIAXIAL STRAIN CELL MrliSUItE.LTITS

As juirt of the test programme of the triaxial strain cell the CLIR
did five stress measurements in a borehole drilled from the southern end
of 2j* crosscut on .99 level block 16 in January 1960. This was the site
where the highest lateral stress was obtained from the "doorstopper"
tests. The triax ml strain cell technique has been described by Leeman
(1969) and by vri Heerden (1960), briefly, the technique involves
drilling a small Ex (37,6mm dia-.-ter) hole coaxially with, and from the
end of a IXC (92mm hole and 68,9mm core diameter) hole. At & position in
the Lx hole (selected from the ere of that hole) the triaxial strain
cell is installed. This strain cell has three electrical resistance strain
gauge rosettes mounted in rubber and located in a metal body. <en the
body is in position the strain gauges are pushed against the sides oi the
Ex hole by compressed air fed to the body. When the cement is set, the
pressure in released nd the initial strain measurements taken. The cell

is then ovezcored by deepening the iXC oorehole ..nd uit‘M retrieving t.,e

poor cement adhesion experienced previously was overcome by the use of a
sealant (Union Carbide Jilnne bonding agent A 1/4). Tie calculation of
the principal stresses has been described in detail I ..eeman (1969) and
van Heerden (1968). The results of the five measurements made at this
site are given in Table 9,1 and the principal stress directions are

illustrated stereographicclly in /ig 9,2 and are discussed in 9.31*

9.22 FdOTU-KLAoTIC UloU 1&AUUKK.MITS

Stress neisuremcnts using photo- elastic discs were started by Cook
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TABLE 9.1

The results of the CBIR triaxical strain cell stress measurements at site

No 1 2W crosscut, 299 level. (After van Heerdcr. 1968 P 14) « Virgin

rock stress measurements.

Measurement Depth Principal Ltresres iiirt-wti on Dip
Number MPa Mine Beurin,

1 4,6 M - 19,2 262° -32°

02 = 16,0 160° -19°

03 - 8.9 43° -53°

2 6,9 01 - 19,5 264° -30°

02 - 19,3 162° -16°

03 - 7,0 46° -54°

3 7,3 01 - 14,9 203° -25°

02 - 6,7 306° -27°

03 - 9,0 79° -51°

4 6,2 01 - 18,9 164° - 5°

02 - 12,9 256° -33°

03 - 9,0 67° -57°

5 9,2 01 - 21,0 329° - 6°

02 = 19,3 237° -20°

03 - 17,6 64° -70°

Mean 01 - 16,9 180° -14°

02 - 19,9 276° -290°

03 = 7,9 64° -57°
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of the hock Mechanics Unit in August 1%?. The first results were vtrj
poor but improved as a suitable technique was developed. In December of
that year a satisfactory set of results were obtained from the 23V cross-
cut sites wnere, the following nwith, the GIJIK triaxial strain cell
measurements were done.

This technique requires three boreholes t.s with the "doorstop;or".
The photo-elastic discs are stuck on the flattened end of the NX borehole
and owrcorvd “r'ij 4,.'4)» The photo-elastic disc technique has been des-
cribed by Hawkes and Moxor. ( 199) and with the modifications used here,
was outlined in the proceeding chapter. The first overcorings in each
hole are done at about ono metre of the collar, where still in the zone
of influence of the crosscut, the stresses in tne plane of the flattened
end are influenced by the development, but the stresses in the d.rection
of the borehole are very small. iTora these first measurements in V o
horizontal holes :vi estimate of the stress acting in the direction of
the vertical hole are obtained and similarly estimates oi the stresses
acting in the directions of the other holes are obtained. Approximately
ten overcorings were made in each hole, and a weighted average ol the
readings were taken. From these averau ; the principal stresses were
calculated. The comparatively large number of overcorings from each hole
are required, because the variation in Young's modulus of the dunite and
serpentine zones gives a rapid and marked variation in stress along the

length of tne boreholes, as shown in Tabie 5,3.

5.3 DEUCKIITIUM O1 SUMS AND Ic.-.ULTh

The results of the CLIK triaxial strain cell measurements at Site 1
are given in Table 5*1; and the results of the photo-elastic dire measure
ments at the first five sites is given in Table 5,2. The location of the
stress measurement site is shown in Fig 5*1 arid the orientation of the
principal stresses from the triaxial cell measurements are shown stereo-
graphically in Fig 5,2 and the photo-elastlc discs in Fig 5%*3.

The triaxial cell measurements were nude in an horizontal borehole
drilled to a depth of 10m southwards from the southern end of a crosscut
on 2%5 level Block 16. The measurements were made in the hangingwall
parti ally serpentini sed dunite, ° to 60m south of the Block 16 ore body
and 15 %0 25m north of Xon* C talc . tie.
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TABLE 9,2
Principal stresses at various sites on ohubanie lvline. (.'odil'ied after

Cook 1%ti)

Site No. Level Principal Stresses Direction Dip
l.iPa tone Bearing

1(A) d - 16,9 lo0° _14°

(Triaxial 02 - 19,5 276° -29°

Cell) 03 - 6,0 64° -57°

1 (B) 295 01 - 14,5 224° -10°

(Discs) 02 « 14,0 131° -24°

03 - 5,0 334° -64°

2 295 01 . 17,5 129° -22°

02 . 13,0 29° -23°

03 = 9,0 256° -57°

3 295 Cl - 16,5 285° -56°

0 0

02 - 13,5 193 -1

03 - 10,0 102° -32°

4 369 Cl = 19,5 124° -11°

02 - 11,5 32° -12°

03 = 6,0 256° -73°

5 369 o O 295¢° -15°

02 - 16,0 44° -52°

03 . 9,5 194° -35°

6 209 01 « 13,1 104° -47°

02 - 9,7 232° -30°

03 - 3,1 340° -27°
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These remits confirmed the indication frca the "dooretopper"
readings that the lateral stresses exceeded the vertical stresses sub-
stantially. However, no breat difference between the lateral »tresses in
the crosscut and drive directions was indicated \r these cicusureaentEe
In comparing the principal stresses obtained froa the five measurements,
it is interesting to note that there was a close agreement in the orien-
tation of the minor principal stress, dipping at between 50 and 70
north west, and in caejiitude varying from 7 to Sto'a* fhe major and
intermediate principal stresses varied considerably in direction within
a plane dipping, approximately 25 south east * The magnitudes of these
stresses varied from 0,7 to 21:3a with no strong directional predominance.
However, a very close agreement in direction and magnitude was displayed
in the intermediate and major principal stresses for the measurements at
depths of 4,6 c¢*nd 6,pm. The measurements at 6,2 and 9*m displayed a
fairly close agreement too, but compared with the first two measurements
the major and intermediate stresss were transposed. For the tidrd
reading at 7.3m the major and intermediate str ess had intermediate
orientation. Van Heerden (156b) attributed these variations in orienta-
tion and magnitude to the stress concentration and the end of the cross-
cut but as the first measurement was made at a depth of twice the width
of the crosscut and «s the magnitude of the minor principal stress did
not decrease significantly with borehole depth, it is unlikely to be the
only reason for the rapid variation in direction of the intermediate and
major principal stresses.

The photo-elastic disc stress measurements made at this site gave
slightly lo .er stress m j.itudeo and in orientation displayed closest
agreement with the first two triaxial cell results, the difference being
up to 40°.

Stress measurement site Ho 2 was on 295 level in the hangingwall
dunite about 20m south of Zone C talc zone and to the south of Block 7A3.
The results may have been influenced to some extent by the mining in
Block 7A3, but this is considered to be relatively small and the stress
magnitudes were similar to those measured at Site 1. Site 3 was
located on 295 level, between 40 and 50m away from the old Block 33 cut
and fill stopea. This is the only site where the vertical stresses exceeded

the horizontal and tnis is attributed to the higher vertical stress
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The photo-elastic disc stress measurements made at tld- site gave
slightly lo.er stress magnitudes .u:d in orientation displayed closest
agreement with the first two triaxial cell results, the difference being
up to 40°.

Stress measurement site No 2 was on <99 level in the hangingwall
dunite about 20m south of Zone C talc zone and to the south of Block '7ji.
The results may have been influenced ;o none extent by the mining in
Block 7AB, but this is considered to be relatively small and the stress
magnitudes were similar to those measured at Site 1. Site 3 v'as
located on 295 level, between 40 and 50m away from the old Block 33 cut
and fill atopes. This is the only site where the vertical stresses exceeded

the horizontal and tnio is attributed to the higher vertical stress
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induced in the abutments of the stopes.

Site 4 on 375 level was almost vertically below Jjte 1 on 279 level.
The site v/ao located in the footwull Brittle fibze aone, with Zone U
immediately to the south <ind the 1/0 dyke 30 to “Om to the west. At this
site measurements were in only two holes, a horizontal and a vertical,
and therefore a rnear stress had to be assumed to derive an estimate of
the principal stresses. Ko record was kept of the basis for this assumption.

Some of the measurements at Site were made within a talc zone
associated with a wrench fault, while the remainder were made in the
adjacent brittle fibre zone. both these sites are considered to have
been outside any significant zone of influence of mining, but it is pro-
bable that the local geology has affected the stresses.

The measurements at Site 6 were made nt a later date, just after
mining had started in block 16 but before it had progressed very far. It
was hoped to obtain a comparison of the stresses before and after Block
16 had caved. The results are not considered to have been affected by the
mining in Block 16.

At ail the sites, with the exception of bite 3, the vertical rtress
was exceeded by the lateral stresses in the crosscut and drive directions.
In general the stresses in the crosscut direction (146° mine bearing)
were slightly larger than the stresses in the drive direction (96° mine

bearing).

9.4  blbOJLolUI

9.41 ACCURACY

The most important factor af; tmt, the accuracy of a stress measure-
ment is the degree to which the stresses are representative of the stresses
in the rock mass in the area. The size of this area must b' related to
the size of the excavations which will be made. In Tables 9»1 and 9%*2
quite marked variations in the magnitude and directions of the principal

stresses are shown. These variations are attributed primarily to the

variation in the modulus of elasticity between the dinite and serpentinite
and proximity of slips and fibre seams. It is clear from these variations

that a more realistic estimate of the stresses would be obtained from a
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lart;e number of strain readings, and that a high deblee of accuracy in

the individual strain readings is leas important.

TABLE 5.3
STRESSES 12A3URED IN tt'E HOLE IN DRIVE DIRECTION AT THE STRESS v'EASURK’INT
SITE ON 305 LEVEL

(Readings compensated for tunnel stress concentrations)

Reading No. Decpth(j) Ox (MPa) 02 (MPa) 7zx (MPa)

1 0,6 22,7 15,1 3,6
2 1,2 17,5 13,6 5,2
3 1,4 15,6 13,6 2.4
4 3,3 6,5 6.4 4.8
5 3,6 3,4 6,2 4,2
6 4.1 18,6 16,6 5,5
7 5,9 7,2 7,2 2,8
8 6,2 11,4 0,7 9,2

6,7 14,5 15,8 4,8
9

The CSIR trioxinl strain cell gives a high degree of accuracy in
the measurements of the stresses at a point, but no study has yet been
published on determinations rn the accuracy of these measurements in
less than ideally homogeneous, isotropic and continuous materials, fo

obtain a realistic estimate of the stresses in the area such as found on

Cook (1969b) claim- that in the photo-elastic disc strain measure-
renta, ur-in,, a precision hind viewer (circular crossed reflection
polar!scope), readings can be f-ude to a. accuracy of 0,05 fringes
(22,5 x 10" strains) if the temport .) is withi 1 1°G of tlie temperature
at the end of the borehole. The ne.joi pri icijuil strain is given by the
fringe order, and the minor principal strain by the separation of the
isotropic points. The principal strain ratio is checked by warming the

disc and reading tlie frin(v order tuid the separation of tin isotropic

principal stresses uy the t ..m-nount them by changing the principal

stress ratios.
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W 41 POIXJ 70 ners

Fig 5,5 Stereojrar.;o oho.ving relation:'.hip of principal stresses to
joint orientation (left) and slickenaiding directions on
joints (right) Site 2 6/7'. x/c 31. 50 299 level

62 VOIS

«< POLES

>5¢g 5*%6 Sterecograms showing relationship of principal stresses to
joint orientation (left) and slickensiding directions on
joints (right) 3ite 3 liain x/c ill. 33 295 level
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Fi0 1i,7 Storeujrans ahowinj relationship of principal stresses to
joint orientation (left) and slicijensidin(O directions on
joints (rijht) Site 4 25Yx/c 31. 16 365 level

Pig
joint orientation (loft) and sliokensiding dire<
joints (right) Site 5 330V.! x/c B1l. 51 365 level
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5.42 RELATIONSHIP TO LOCAL GEOLOGICAL FEATURES

A detailed structural aualyseo of each site was undertaken to deter-
mine whether principal stress vrrections bore any relationship to the
local structural aeolojy. Stereograms were drawn of the slips, fibre
seams and slic*en siding directions on the slips and the principal stress
directions. These are shown in Pi*s 5,4 to 5,3.

At some of tv lites some relationships could be recojnised but
these are regarded as coincidental as these relationships do not appear
at all sites. It is considered doubtful that any practical information
on directions of the virgin rock stresses can be obtained from a study of

geological structures.

5.43 REGIONAL STRESS FIELD

From a study of the structural geology of the deposit, Laubscher
(1963 P 45) concluded that the direction of compression was N 24° E,

(| 14° Liine bearine) in a sub-horizontal plane. It is probable that the
moderately high lateral stresses measured are of tectonic origin and may
date back to this major deformation period.

The results in Table 5,2 show that the principal stresses vary
considerably from site to site, in a similar manner to the local stress
variations. Although there is a wide scatter of results, an attempt has
been made to relate the vertical, andhorizontal stress componentsin the
crosscut and drive directions to depth (Fig 5,9)- The regression lines
have been calculated using an ssumed weighting of 1 to 3 for each result
depending of Cook's assessmentof the reliability of the result.

The vertical stress components on average are slightly higher than
might be expected from the dc,th and rock density . This may be due to
an inherent inaccuracy in the measurement technique, or merely due to the
wide scatter of results obtained. The regression lines had low correla-
tion coefficients, and therefore should be used only as an indication of

the general stress levels.

5.5 cu.c.UGiuNs
The results indicate that lateral stress components which exceed
the vertical stress component. These components are related to depth

by the following relations;



U
U
LU if
HI1dBQ
u
/>
18)
uJ
Kk
1) A
P
i)
LU
P
uJ
(o}



2.3 + 0.0242x1) Mia

Oh (crosscut) 1.25 + 0.0525 xi MPa

Oh (drive) 9.5 + 0.0133x0 MPa
where D = depth in metres

Additional stress L.eusurements are required at greater depths to
confirm this relationship.

Variations in stress encountered in the rock are siynificant. fhese
are attributed to local variations in elastic properties of the rock and
the distortions in the stress field caused by the slips and fibre seams.

The triaxial cell is an elegant method but several readings are
required to obtain a representative average. The instrument is easy to
read, and has a check on gau.;e adhesion by having three strain readings
parallel to the axis of the hole. Only onehole is required.

The photo-elastic discs are cheap andreusable but are more
difficult to read and are less accurate. Headings are required irom
three holt.; to obtain the complete state of stress, .ftiile the technique
is less accurate than the triaxial cell this is considered to be unimpor-
tant in the highly variable stress enviroment encounterec on Shabanie .me.

It is considered that the moderately high lateral fitres.ee measured
are residual from the tectonic compressive stress which created the
major geological structures and folded the ultrabasic sill.

However, no close relationship exists between the measured principal
stress orient.tions and the local geological structures at each stress
measurement ite, and it is considered thatno conclusions on the virgin
rock stress orientation or magnitude can be drawn from a study of local

geological structures.
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OHAM'LR 1474

DKOOHIPTI10L. OF iiLQCK T7AB aKU GliuH,D HLHAVJuUR

6.1 INTRODUCTION

Block ?AB was the first block on Shabanie fine to corre into production
after the initiation of the rock mechanics research programme, which forms
the basis of this dissertation. This block war extensively instrumented
and all available development workings above, below and in the peripheries
were inspected regularly with the object of determining the mechanisms
of caving and the minimum requirements for a block to cave, the effects
on the peripheries and underlying ground, the extent of the ground affected
etc. This block was also used for the field testing and development of
the monitoring techniques described in chapter 4

This block is part of the Block 7 orebody and was initially laid
out and developed to provide a reserve source of ore in the event of
anotner block closing prematurely. The name of the block is a contraction
of the original subdivisions of the block - block 7A and block I1b. IL
was located near the top of the orebody as this was the only accessible
portion at that time, and it was sited below Block 6 to ensure 'continuity
of cave'. The raining of the block was divided into two phases, the first
phase or the southern half, end the second phase or the northern half of
the block, which was undercut some months after the first phase. In
addition, an effective extension of the undercut was provided by the
extensive 23b level cut and fill stores which had been niin d in the upper

portion of the orebody.

6.2 GEOLOGY

Block 7AB is located in the upper portion of the Block 7 orebody as
illustrated in Kig 2,b and Pig 6,1. The orebody may be divided into two
sections, which roughly coincide with the first and second phases of
mining, and in which there is a change in the characteristics and class
of the ore. In the northern half, the fibre occurs mainly as con”ugat"
ribbon seams which generally dip towards the south and south east, while
in the southern half the fibre occurs as single and double fibre seams,

witn a general but more variable dip towards the south ¢ st (Fir, 2,7).
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Minor slips occurring subparallel to the fibre seams were more common in
the southern half. In general the northern half had fewer slips and
apli te-de-ived hy ock invrussions than the southern half (Fig 6,2).
The southern poi tlso contained hi(dily irregular, small zones of
blocks very incompetent rock (Class 4) in which the rock was cut into
blocks of less than 0,5mm maximum dimension by numerous minor platy-
picrolite filled slips. These factors are reflected in the geomechanics
classification of 26b grizzly level. In the northern half of the block
the rock class ranges from 13 to 23, with a small zone of Class 4 asso-
ciated with a highly fractured dyke of aplite derived hybrid rock. In the
southern half Class 3A predominates, with a smaller area of Class 33 in
which the small areas of blocky Class 4 rock are most common, and contri-

bute to the lower compute..cy,

r In

Fig 6,1 Cross-oeotim thro i,;h Blocks 3, 6 and 7A3
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To the north and above the orebody is a relatively wide zone of
carbonated serpentine containing brittle fibre. This zone ranges in
class froc 13 to the north of the orebody to 3A where more highly fractured
above the orebody. In this zone several south dipping shears were developed,
and the largest and cc ,t important of these is the Travellingway shear-
zone, which is an extensive but irregular fracture with coarse slicken-
siding in the crosscut direction. The irregularities have given rise to
vughs with some secondary magnesite deposition. Tt.is shear persists into
the orebody where it has associated with it a lower class of rock.
Overlying the orebody is Zone B talc zone, and the mined out Block
6 orebody to the north. The talc zone has an irregular central uheur-
zone and is generally a Glass 3B reck. The contacts, however, are highly
fractured in places resulting in a Glass 4 rock. The hungingwall dunite
on either side of Zone B is enerally competent beinb Class .A azd 23.
At the surface there is a 25m thick weathered aone with a 4A classification.
The steeply north dipping Zone A occurs an the north side of Block 6
and is similar to Zone B in competency.
The footxall talc to the north of the orebody is cut by weak gouge-
filled shears with tui east-west strike and a dip of 35 to 50° south.
The competency of this zone is variable, ranging from 3A to 4% depending

on the decree of shearing.

6.3 hiuno

Prior to the instrumentation of the block, the areas that had been
mined were - Blocks 3,4*5»6 and the 235 level cut and fill stopes in
Block 7¢ The relative positions of these are shown in Pig 3,1.

This block was undercut in two phases, starting with the southern
half known as the first rhase between February 1>C7 and -.arch 1566 and
followed by the second phase in the northern half which was mined in
October 1,(6 and Jul. 1/6/. Tne first paaSv unuercattan0 i"mt.ated a
small zone of Cavinb from the immediate undercut back, together with
the old cut and fill stupes created a large effective undercut area and
which initiated the main cavinu period. The date accepted for the caving
of the hanging*all of the block was 12th April, 1968. The unaarcuttin”
of the second phase was required to cave the ore overlying the undercut

and underlying the cut and fill stupea.
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Fig 6,4 245 level FImi showing ulots cut mid Fig 6,5 255 level Flan showing slots cut and
areas shrunk areas shrunk
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The idea behind the urijiral layout for the block was to shrink
all the ore between the drawpoints and the cut and fill stopes. A
start on this was made on 24!) and ?!)S levels on the south @ stem
corner of the block, where slots were cut and some shrinkage done (Fig 6,
and 6,5). This was abandoned when the shrinkage face advanced to benecath
the slopes and excessive quantities of sari iiltered throu,;h to 245 level.
Also, as at that time severe damage w-s being experienced in both these
sublevels, it was no longer considered necessary to shrink the ore and x*
was thought it would cave easily. The first phase undercutting was there-
fore reduced to the cutting of 265 level draw troughs, plus - widening
of the 2)5 level crosscuts to complete the undercut (Fig 3,5). Once
undercut the dr t'.ypoints were not brought into full production, L"t work
proceeded with the prej iration to undercut the second ph se. this involves
developing and cutting of the slots on 245 nnd 255 levels. The under-
cutting of the second phase consisted of cutting and emptying pairs of
drawpoirt cones and then with longhole fans, breaking the ore between
255 and 245 levels into the empty cores (Fig 3,5). The ore between 2d5
and the stores was not broken and allowed to cave, "hen the second phase
undercutting was complete, production was resumed in the first phase and
continued until depleted. Draw then started on the east side of the
second phase and east to west cn pannel retreat for draw control was
practiced.

To prevent the collapse of the stores of this block when the block
was undercut, an utterpt to develop a vert. ;al plivie of weakness along
this boundary was made. This was done by lightly charging and blasting,
in an open ”it pre-split manne-, a series of boreholes drilled upwards
and downwards from a crosscut on .105 level, but ..u ehown later, this d'.d

not create the desired line of weakness.

6.4 VIIt;IN Huli; vfr Ka

Using the general stress - depth relationships determined from
tiireso measurements in other parts of the mine given in Chapter 5« it is
accepted that prior to any mining in this area, the virgin rock stresses

were of the order of:-
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205 level Qx - 9,0 MPa
Py 12,0 MPa
Oz MPa

265 level 0Ox = 12,0 MPa
ay - 13,0 MPa
0%- ti,5 MPa

0z uct in the
respectively.

The mininj of blocks j, 4/5 tmd 6, and the 235 level sto”s redis-
tributed these stresses, which caused small displacements to take place
on son major slips. These small displacements in turn caused further
redistribution of the stresses. This statement is inferred from observa-
tions made on ,;round behaviour in this block as mining progressed.

It is expected that before mininp, in Block 7AB started higher lateral
stresses existed between block ( and 235 level slopes, and be] ov. these
stoper. ihe lateral stresses around block 6 wore reduced in a radial
direction, but probably increased tnngontially. Also, due to the large
span of the 235 level stopeo, the abutments of these slopes wore fairly

highly stressed in a vertical direction.

6.5 iNSTHfi. nTK-;

Prior to the start of the undercutting, the block was instrumented
with a variety of inotru enta on various elevations above, below and in
the peripheries of the block. The object of this instrumentation was to
investigate the mechanisms of caving, and to determine the conditions
required for caving to start and continue to test and develop suitable
monitoring technique: , and, to investigate the effects of the caved ground
on Die underli ng rock and extraction workings.

Surveying and levelling traverses wore extensively used in the peri-
pheral areas, to monitor subsidence and lateral displacement, bvar the
back of the block borehole clamps and remote displacement meters were
uaed for this purpose (bee 4.3 and 4.4). The location of these instru-
ments is shown in Pig fc,b to Pig b,12. The instrument readings were done

weekly and the surveys at approximately three monthly intervals.
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410

Fig 6,6 Surface instrumentation and block 6 subsidence outline

Foi' monitorj-.g local stress changes <aid local rock dvforcation the
glass plus strcsoc.eters, closureneters, Horetnun bolt tension netera and
the Be“ec extenaoc.etei were used. 'Vith the exception of the extensoneter,
these instruments /.eio concentrated in th« usutuienta of the level
stopea on 235 level and in the 265 level grizsly level. Measuring points
for the Lenec extensoneter were only established on one level prior to
caving, tut after the block caved censuring points were established
extensively on all nuvor levels and ,roved to re extremely useful in
monitoring the rates of relative dis”It cu.<at on sli;s and crocks.

An attempt was :..de to measure the io..da imposed on the crown pillars
by the caved uround bv installing five large load cells an the to”s ana

sides of the cro..n pillfirs in two localities (aee 4.64).



110

rjuuiiHi
fertry TH*x
t«# leg
Itir'KUT M1
Fecel » ®EELTT O PollF
Dierif.ew tw
Heter Oferflee Itd
# PolM

CtM A r* Mt(#f
loll Ttriof »Mer -
= pxe Hn#r

iij 6,7 125 level Flan showing location of inatrun.entH

6.6 VISUAL

The 245 wid 2;5 jru-b*eukirie, bublevelu, the 26" grizzly levels and
the 275 tit." ming level were inspected weekly to oba2rve the caving process
and effects on peripheral uround raid the change noted in a log book and
on plans of the respective levels. The Lain levels were inspected on a
monthly basis for the s&-ti purpose. Ttie appearance of new rock falls wu, i
noted, and the dilation of cracks monitored by instrumental techniques or
by s..ull pats of plaster placed acro.,s the open slip or or..ok. The surface
above the block was inspected on a monthly basis, and this w,.s increased

to a weekly basis once cracks had a...oared on the surface.
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SIM 1

?i<j 6,12 265 level Man uhov.-iny locution of instruments

6.7 Cu.; " 1fiv] 3

The peripheries of ti,- cave hud ia,uVj.ougl/ been affected by the
Gavin* of Blocko 3, 4/5; 6 and 6. dlock 3; lying to the north of the block
and above 125 level was the first block to be caved on this mine. The
caved area wjs extensive but relatively shallow. To the west this caved
ground ran into the Caved ground of Block Q and to the east the caved
ground of Block 4/ 5. The undercutting in Block 4/5 extended to greater
depths, to between 170 and 205 levels. Dilution aid shear displacements
had occurred wid could be observed 01 slips in the peripheries of these
blocks on 120 and 135 levels as well as in 3 shaft.

South of Zone A, overlying the northern side of the block was

Block 6. This block had c”ved through to surface leaving a circular
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subsidence zone, flanked by a snail overhang on the east side and a much
longer overhang on the western side. In the northern and eastern peri-
pheries of this block too, dilation and shear displacements were found on
slips on 125, 13!) and 170 levels. On 170 level these displacements nad
necessitated the building concrete pillars to support a wide, previously
stable drift. It is expected that similar displacements and dilation of
slips had also occurred on the south and western sides, although no work-
ings were available for inspection in this area.

The three survey beaconc established on the pillar between Blocks
3 and 6 were shown to be slowly moving northwards towards the mining in
Block 6.

The 23!) level stopes had not had any viaiole affect on either the
foot or hangingwall development of 23!) level. The pillars within the
stopes were not inspected by *he writer prior to the commencement of
undercutting, but it is expected that similar to other stopes elsewhere

on the mine that some cracking of the pillars had occurred.

6.e¢  Risuii'b OF Ain.;.; vip'hd.

As the investigations covered a period of four years and a wide
range if inter related facets of ground behaviour were investigated, the
description which follows has been divided into three main sections;
firstly investigations of caving processes, secondly the effects of under-
cutting and Cuving on the rock in the peripheries and thirdly t effects
of undercutting, caving and production on the rock and extraction openings
below the undercut. Each of these sections will be subdivided into sub-

sections dealing with specific areas or time periods.

6.81 INVESTIGATION OK CAVING 1HOCESS

The observation and monitoring result] from the back of the
'undercut to surface are described in this section. This ground may be
divided into three zones: from the undercut back to the cut and fill
stopes, between the ntoj er. and Block 6, and from Block 6 general grizzly
elevation to surface in the southern periphery of Block 6, in which certain
characteristics in the rock behaviour have been recognised.

The undercutting was dune in two phases, and during the first phase

th* whole of the sublevels above the undercut were open to inspection,



but shortly after the start of the undercutting of the second phase, 245
level v:as sealed off for vent'lation purposes, preventing observation of
the caving process. Also no observations could be r.ade on 255 level, as

in this phase it was the ondercut level.

6*611 V hove the undercut

The slots on 245 and 255 levels were almost complete on the eastern
half of the block, and or. the western half slot cutting had barely started
when the shrinkage of the first phase was abandoned in favour of drawpoint
troughs (Fig 6,4 md Fig 6,5). The weekly observations of the ground on
these sublevels as the troughs wore crashed revealed initial differences
in ground behaviour between the castern aide and western side of these
levels. The observations in tHo areca were made over a period of February
to Fay 196b. Un the eastern side of 255 level small cavities overlying
the drawpoints were frequently observed, and large boulders resting on
the crown ,..liars could be seen at times. Un 245 level overlying this
area the ground autsided in large intactblocksbounded by near vertical
slips or she rs in March and April 1,>60.Little other damage was noted
in the crosscuts, which remained open for several meters into the sub-
sidence area.

Over the western half of the block, on 255 level, small cavities
overlying the drawpoints were also observed but less freque. ,iy than in
the east. A larg-- cavity overlying several drawpoints developed on the
extreme west side of the block. Un 245 level no nubsidence similar to
that observed on the east occurred and cavities were neldom seen, but
large sections of the crosscuts, when undercut, devr>I< ;-ed severe spalling
before collapsing. Even us late an April 4, V)61 it war, possible to see
up to 16m down an undercut and damaged crosscut, also two extensive horizontal
tensile cracks were observed on 245 level between pairs of crosscuts

shortly before they collapsed.

6.612 Ubuervntion: j.d ri-'lltr two, n t* 2)5 1 cut and fill

slopes anil block < -n'r/.ly

The undercutting of the southern abutment of the cut and fill stopes,
first intersected the eastern utQjX-ii, leaving a wedge sh .pud p.liar

between the stopes w.d the undercutting operations (Fig 6,1j). At an



early stage in the intersection of the undercut and atones, email, slow
vertical displacements were recorded over the stopes oy the /Ob level
remote displacement meters. Inspection of the pillars in the cut and fill
stopes showed light cracking of thepillars. As the wedge between the
southern limit of the stopes and the undercutting was reduced, the rates
of subsidence recorded over the back increased. Sharp increases in the
rates of subsidence were recorded on the eui.t side of the block early in
March 1968. At the same time there wasa smaller increase in the rate of

subsidence over the western side of the block (Pig 6,14 tn (,1.j

Pig 6,13 ?3b level scopes and B 45 level troughing face positions

On /Ob level the increased subaidvncu rates coincided with tlic
appearance of extensive almost horizontal tensile cracks in the ground

overlying the stopes. berth of Lne northern abutment of the stopes, 6
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grizzly drive exhibited extensive s;ailing and cracking which was inter-
preted as being due to a high lateral stress with spalling from the back
with buckling of the concrete floor.

Fig 6,16 is a plan allowing ttie subsidence contours recorded on 12
/.prii 196b, on 209 level. it is estimator! that the cracks appeared on sur
face at this time (See section 6.73) e

On the west side of the block the subsidence extended beyond the
presplit boundary. Tht instruments located on either side of the pre-
split indicated a uniform subsidence gradient, with no discontinuous
differential movement on the presplit hence presplitting had proved to
be ineffective. An examination of Uie stopes on the west side of the
block showed that the pillars had been severely damaged to b?m beyond
the western limit of the block and lightly damaged to IjOm west of this
limit. In May 196b horizontal tensile cracks appeared in the 209 level

tramming crosscuts west of the presplit.

\v

/'y “r<. 1F-MO*

viti 6,17 Surface tmbcidence zone 20th Soptumber 1$)69
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6.ail Reanlta and obaTVBt tu £ ' - them mrirhery of B?.ock 6

Shortly after the increase in the subsidence ratcc recorded under-
ground, cracko appeared on surface. Vi'hen first ohnerved on April 1()«
196b, the cracks were a few centimetres wide, and aone had small vertical
displacements. The rate at which the cracks subsequently opened indicated
that they had appeared within a week of their discovery. The appearance
of these cracks was taken to indicate that the hangingv.all had caved.
The survey of previously established survey pegs was resumed and this
indicated an increasing rate of subsidence which closely paralleled tnat
being recorded on 170 level (Iig 6,1h).

At the same time the two surface boreholes which were equiped with
caving indicatorst did not record any f' 1la from the backn of the cut

and fill stones, but instead the wires were highly Pensioned indicating
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that they had been caught by ahear movements on slips and stretched.

With further mininj operations subsidence within the surface cracks
continued. A survey of the surface subsidence zone conducted on September
20, 1969 showed that tne volume increase of the caved ground was tg.
Another survey was done in October 1970 after further draw and this gave
a volume increase of 12%a.

The final shape of the surface subsidence zone is shown in Fig 6,18
and this shows that a 80° (from the horizontal) overhang developed on
the east side of the block. On the south side of the block, the lowest
angle of subsidence was 78", and siatll tension cracks were observed to
an angleof 70° (the angle of break). The angle of subsidence bears a
closecorrelation to the average dip of the H-W striking slips in this
area* The average dip of these slips is 80°M. On the west side the sub-
sidence ..one embraced the western overhanging portion of Block 6 and ex-
tended to 8m A of the dn.wpoints. Underground the cut and fill stojx's
had suffered severe damage up to 82n and had colluuucd to 43m V of the
drawpointa, indicating an angle of subsidence of 71° from the drawpoints
and 80° from the limit of ato,e collapse. Again the angle of subsidence

appears to be determined by the dip of slips on this side.

6.814 Thscorpion

Caving in this block has occurred in different areas under different
conditions. Two sets of conditions, each with its own form of caving and
characteristics can oe recognised:-

a) where previous mining hts removed or reduced the lateral restraint,
such as above 209 level south of Block 6 and between the under-
cut and tne slopes, on the eastern side of the block the caving
is characterised by the orderly eubsiavaco of large vertical
columnar blocks bounded by steeply dipping slips (Figs 6,19
and 6,20). This for , of Caving has been called "Mass Subsidence
Caving" (heslop 1969)¢ The lov, bulking factors recorded in
this blocr: are attributed to the large blocks and the orderly
form of subsidence.

b) In the absence of previous mining to reduce the lateral

stress n, the ftrm that oavin# takes in very different; it has
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been called "stress caving" and in this block there were two
areas where it occurred, in the ground between the slopes and
Block 6 and between the undercut and atooes or. the western side
of the block (Figs 6,19 and 6,20). In both these areas develop-
ment was under considerable lateral stress as evidenced by
damage to development openings such as opalling from the back
and heaving of the concrete floors. In addition horizontal
tensile cracks were observed over extensive areas, indicating
buckling resulting from a high literal stress and a reduction
in vertical stresse It may be postulated that had the rate of
draw of the caved areca below been higher these cracks may have

developed into substantial cavities.

6.02 THS EFFECTS OF UNDERCUTTING AND CAVING UN THE PERIPHERAL AREAS

The observations made in the peripheries of this block have been
used as the basis for much of the interpretation of ground behaviour which
follows in chapter 8. The effects on the peripheral arecas have been divi-
ded into three time periods, relating to the undercutting and caving of
the block, and are discussed separately below. The effects of the under-
cutting and caving of the immediate hangingwall of the first phase were
observed over a relatively short period and in only two localities. How-
ever, when ore overlying the stopes caved the effects were widespread and

felt over a long period of time. The undercutting of the second phase

mainly effected the imrmdipte footwall.

6.821 The eff-ct: of undercutting tv ' hnse
Effects of mining on the peri; Aind were observed almost
immediately after mining started in th< .~ck, when in October 19&7 damage

was recorded in the low competency Class jB blocky rcund in the hanging-
wall drive on 239 level. This section vf the h n .1 drive had been
instrumented with cloouronetcro, stress meters, so.,, borehole clamps and
remote displacement motors, and a survey traverse (Fig 6,10). The photo-
elastic glass plug stress meters did not reveal any significant stress
changes, but the closuremeters showed a N - 5 dilation of the ground. The
survey pegs revealed u similar lateral movements of the peripheral ground
towards the caved ground. These displacements Were first recorded in

January 1968 and again in February, prior to the caving of the ground



overlying the stopea in April 1766. Deterioration in ttds area becwte so
severe in March Ip6fa that it was decided to discontinue regular observations
and instrument readings. Below this area in the hanginé&wall crive on B?0
level, south of the 26p level grizzly crosscuts, small dilation and shear
displacements were noted on several slips. Displacements were recorded

on some of these slips from the time of installation of the Dem.c exten-
son.eter rr.nitaring points in November 197 through 196b and into 1979*

Pig 6,21 shows the displacement recorded on one of the major slips inter-
sected by this drive. This displacement is similar to that recorded on
other slips except in the magnitude of the displacement which was larger
than most of the other slips monitored. The greatest rates of displacement
were recorded in early February 196B, and slower, fairly constant rates
were recorded from late February to Juno with no significant change which

could bt related to the caving of the ground overlying the ctopes in April.

z3

uJ

7967 1969 [ ., 1 1 1 1
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Fig 6,21 Displacement monitored on a major slip on 270 level by Der.ec

extensoneter monitoring point No 2

6.822 The efforts of Umaliv-:.;; of *h" ore ovorlyin- i'o '-to'tes
The peripheries of the potential cave '/one were monitored by survey

traverses carried from bane pegs in areas considered originally to he
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relatively stable in the footwall or on the eastern side of the block.
The initial surveys were done in November and neeember 1%6, and repeat
surveys were done at two to three month intervals between December 1&7
and 1971e

Pr.or to April 1)68 the periodic trianjulation of surface beacons
on the Block i/6 rib pillar indicated that the pillar was moving north-
westwards towards Block 8 at a rate of 6mn/month. IlAiring April the
direction and rate of displacement changed abruptly to a south-westward
direction towards Block 7 at a rate of 2)mm/month. Shortly alter this
the pillar started to crack and disinter,;rate. Underground prior to April
the survey traverses on 11') level also indicated that the ground in the
north-western periphery of the Block 6 caved area was moving at a rate of
2 to 4mm/month north-westwards towards Block 8. As the Block /AB caved
zone developed, further displacements were noted on slips end shears
which included some on which movement had occurred previously during the
mining of Biockbv 6, 4 ) and 3+ These displacements could be seen on both
sidewalls of the development opening and so represent shearing of the
rock mass, %nd not merely the failure ol the ground in the zone cl
influence of the development. These displacements were not always easy
to recognise, but on 12) level the most easily recognised displacements
were on steep N- > trending slips on the north eastern periphery of the
block. Here, almost all exhibited lateral displacements of a few milli-
metres to the left, on the eastern side of the block both left-lateral
and right-lateral displacements were noted. The greater rates of dis-
placement recorded on the ourvet traverse were in the period April to May
1)66 and the relative peg displacements confix, a the displacements ob-
served on the slips and shears, as the pegs along in the east were dis-
placed towards the north relative to the north-side and base pegs. In
the northern and western peripheries dilation and a few lateral displace-
ments were note 1 on steep dipping E - V striking slx”z. A rapid dispj ce-
ment towards the developing cave was shown by the survey traverses into
thin area in Ajril and June 1)60.

The displacements observed on .s and recorded on the survey
traverses on 170 level were very xar to tho”e noted on 12) level. In
the eastern periphery on 1/0 levthe caving of Block /AB resulted in

similar renewed and new dil 11lon and left lateral di jjlacements on the
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H-S trending slips, und on the SV trending saips both leit-liiteral and
riijht-lateral displacements, llany of these slips were monitored ..it:, the
Dea.ec exteneoceter from and June . ficj &,J2 illustrates the left
lateral displacement on a lar®e vertical LB-DW striking slip in tnis area.
The displacements on those slij-s were accompanied in this area by severe
cracking of the pillars and sidewalls, local opening <ni shearing of
slips and minor rock falls in the vicinity of the ho 3 shaft station. To
investigate the damage in this area two stress measurements were made in
June 1966 (Heslop and Cook 1960) (Fig 6,23). These measurements revealed
that the vertical stress at the two sites were less than UlPa above and
below the 6MPa vertical virgin rock stress estimated fro... the stres.;-

depth relationship given above in 5.5. The stress in the crosscut direc-

tion at the two sites were 74 ana 5L¢ above the estimated 6,75"P& virgin
rock stress, while the stress in the drive direction were and 34/
below the estimated 11,5MPa virbin rock stress. It was concluded that

this damage was largely due to the reduction in the lateral stress at

right angles to the crosscut rather than the increase in stress in the
crosscut direction as the former could be expected to have a greater effect
on the stresses around the crosscut than the latter. Tnis reduction in
stress would affect stability of the wide E-W spans in the vicinity of the

shaft station causing the small pillars in the area to carry an increased
load and crack.

The foot,.-0il drive on 1?0 level in the northern periphery was exten-
siveliy concrete-supported and this was locally damaged between Aprix and
June 1968. Jhere the ground was not concrete-supported, regional dilation

of striking slips was most commonly seen. The survey traverse moved

the greatest rates of dis lacemtnts in the period .ay to September 1;f

On the east side of the block subsidences of up to Hum were recorded on
Pe.j X 3045 and the pegs in this area wore displaced relative to the base
pegs up to 19mm north-aids itowards Block fe). No significant lateral
displacements were recorded along footwall drive relative to the base
pegs (see below).

Ol 205 level, the pattern of regional dilation and displacement on
slips was in general similar to those noted on the levels above. The

area in the vicinity of 3 shaft station also suffered damage similar to
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that in th*? s&ae area on 170 level. However, on the eastern .side of the
block an interesting normal fault type of displacement was noted on the
Zone B shear which dips eastwards at I'his is taken to represent the
til tin.; of the f)round beneath the shear towards the cave block to the west
(Fig (.,24) » This is an example of displacement on a shear with a dip
favourable’ to stability i.e. dipping away from the cave block, and is
similar to others described by Johnson and Soule (1P63) and Hosion (Ip74)

On the northern side of the block small lateral displacements were
noted on the Zone A shear, and in two localities this displacement dis-
lodged blocks from the sidewall and back of the footwall haulage. In one
of these localities the low Glass 4 sheared ground was associated with
this shear, and the movement caused several major rockfulls here over a
period of time (Fig 6,24). This form of damage has been called ’secondary
induced damagel.

On 23b level on the footwall side there we-e relatively few slips
w xch displayed the type of displacement observed on the levels above.
On the eastside of the block in footwall drive, displacement was recorded
on an extensive south di ping slip, which appeared to be a local effect.

The survey travers ’S on 125 and 150 levels both showed no significant
displacement to the footwall (north periphery of Block h) relative to the
b”ee pegs, while the surveys of 205 and /3b levels beneath these areas
displayed si jnificont southward displacements. It is therefore concluded
that none of the base pegs on these four levels were located in completely
stable ground. The levelling results from 170 and 20b levels showed
anomalous small rises in the footwall indicating the possibility of base

. 4 1 tvt

adjusted to compensate for a slight displacement of the base pegs* The
surveys were not frequent enough nor sufficiently accurate to per-
mit a more detail'd correlative analyses of ground displacements and mining

activity as has been done in the next section.

6.823 Dbffectn of undercuttin.; the second :ha."e

In the "second phase" the drawpoint design was changed from troughs
to pre-cut cones, and it was intended to shrink 24b and 255 levels. To
do this a slot wan developed and cut on both leveln across the entire
length of the block during 'ay and June 1%9« The troughs were then

extended to the slot position and the first cones were cut in October.
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i'ig 6,29 Area danx”ed by gravitational sliding on a eouth dipping clip

24b level

In the intervening period, July to October* a 10a wide zone developed to
the north of the aloto in which there was a general openingup of ecast-
west striking sli,and small horizontal displacements took place on the
steep N - S striking slips. Xurther, sliding oc urred on three slips
dipping south at at)out 49°. during July, which caused the loss of the
shrinkage blasthol o and re;k falls in 7 and 8 crosscuts on 245 level
and 7 and 8 crosscuts on 295 level (f'ig 8,25)¢

In the footwall there is a major ahenr which cuts tnrough 235-295
level travelling way, ,jid bucane known as the Travellin,-.viy shear (Fig
6,1) and has be»n monitored for displacement on it by closure; .oters from

mid 198b to date, and for a period by the lienec extensometer. The apparently
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erratic rciovementfi took place on the shear from the start of monitoring,
and these could be correlated with the coning of drawpoints and crashing
of the ground overlying in the second phase. When this operation was
completed, trie rate of displacement on this shear slowed markedly. Fig
6,26 illustrates the total displacement, of displacement and acceler-
ation recorded on this shear and a histogram showing the number of draw-
points crashed per week. The acceleration curve and the histogram of the
number of drawpoints crashed showed a close similarity which becomes even
more striking when it is pointed out tnat crashing the ground overlying
the drawpoints followed a few days after the coning of the drawpoints.

ties.xti the diapi cements recorded on the travelling way shear, the
undercutting of the second phase has only u relatively small effect on
the peripheral rocks. On surface visible cht ages continued to occur with
more subsidence and the appearance of odd new cracks. The pegs on the
south side continued to move slowly, while the i/6 rib pillar moved towards
the block at an increasing rate until the pillar cracked and the surveys
were discontinued.

Underground on 120, 170, 205 and ™35 levels, small displacements
continued to be recorded by the lex elling and survey traverses and by the
remaining instruments. The tiemec exit, sonicter monitoring points recorded

slow displacements with some slips showing a stick-slip form of movement.

6.624 Jiscuusion

The caving of the ground overlying the undercut and the old cut and
fillstopes had the effect of creating a near vertical bin filled with
large columnar si bo, and in fori.ar » this, considerable chaigeo in stress
took place; stresses nor al to the periphery of the bin were reduced and
redistributed in th- peripheries and below the cave* It is deduced from
the cracking and damage ob”ervna in the peripheries that the lateral
stress in in the lateral stress direction were reduced in the normal to
the periphery of the bin, and increased in the other direction. The
extent to which slips are affected by these changes is evidently depen-
dant on the properties of the slips. Week gouge filled shears such as
those occurring in the main talc aones have displayed displacement

3

considerable di. * mcco from the mining. Closer to the cave the stronger,

leas continuous sliju are affected. From the observations of damage at



the time of caving and the survey and Ivemec extonsoLieter records the
maximum rates of displacement were reached on most slips shortly after
cavinj reached surface, and relatively hi/;h rates 01 displacement continued
for some weeks before slowing down to a stop over several months.

The removal of the lateral support resulted in the collapse of
certain sections of 245 und 255 levels when sliding occurred on weak eAUge
filled minor slips dippingtowards undercutting troughs.

It was expected thatthere would have been some damage due to abut-
ment loading in th* peripheries of the 235 levelstopes, but in the north-
ern aOutwent of the stopesthe ground competency was high, estimated to
be Class Id or 2A and despite extensive development openings there was
only a little evidence if such damage in the form of minor cracking and
spalling. In the southern abutment on 235 level there was no direct
evidence of increases in vert'cal loading, but rather evidence ol lateral
relaxation from the clouursneter measurements located in the periphery.
The rocn in this area is estimated to be Class 3A or 3b, in places had
previously been supported, and some extensive damage and collapses

occurred as undercutting and c. ving progressed.

6.83 THic EFFECTS orF UNDERCUITING AND PRODUCTION N THE GROUND BELOW THE
UNDERCUT

The development below the block consisted of the grizzly horizon,
265 level, * intermedi.tr tramming level (275 level) and a main tram-
ming tove] (295 level). This level was supported initially with rock-
boltn, each crosscut having a different type of rockbolt, lor example,
tensioned bolts, grouted and tensioned rockbolts, grouted re-bars etc.

265 level was instrumented with Horstman bolt tension meters, and
closuremeters. In addition three load cells were installed on a crown
pilla” in the first phase and two in the ooconci phase. Three Horatman
photo-elastic stress meters were also installed. On 275 level the
instrumentation conoi ted of survey and levelling traverses and two photo-

elastic stress meters.

6.831 First phn:,e imder'ulting
Very shortly after undercuttin,, started damage was evident on the

grizzly horizon and in November-December 1967 the undercutting had to wue
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brought to a halt while yielding arches were installed in the less compe-
tent zones. This damage was attributed to the very blocky, weak nature
of the ground, the generally higher stress environment in the abutment of
the 23b level stones and to blasting shock waves. When undercutting was
resumed no further serious damage was experienced in any grizsly crosscuts
but, minor changes, in the form of light spalling juid dislodging of loo”e
blocks and minor cracking, were observed occurring ahead and just behind
the advancing undercut face. The closurcmeters and bolt tension meters
also showed changes which were related to the face position. However,
in every case, damage was visible before responses were dete -ted on the
instruments. These relationships c¢;m be seen in figs L,ZJ and ( ,*3.
Significant upward movements of b to 7nim in the centre of the block
were recorded on the survey pegs on 27b level. The surveys showed the
southern most pegs in the tramming crosscuts were displaced up to 1b™a
northwards relative to the northern most pegs on this level during the
period October VJ67 to February 1968. In generally oi.ly minor damage

was noted on this level during this period.

6.832 becond phase undercutting uwd coning

The pre-coning of the second phase started slowing in October 1968
with a few druwpoints per month which was later increased to 16 drawpoints
per month. This operation was completed in June 1969

With the advance of the pre-coning operations only light damage
occurred just ahead of "oning as had been observed in the first
phase. Tne horizontal ~“urometer: recorded similar lateral extension,
whilst the vertical clouuremrtera (installed only in this phase) shoved

a vertical contr ‘ion (See fig 6,28). No bolt tension meters were

installed in thi huse.

On 27b level, the levelling and surveytraverses after recording
small falls further slow risen of the groundbelowthe rock wererecorded
with some further displacement of the pegs towardsthe middle ofthe block.

No other significant changes were recorded.

6.833 '
Burin, the pro-coning and undercutting of the second phase, the

drawpoints in the first phase were worked on a rotational basis, each



druwpoint being "issued" (required to be worked) one day per week to
prevent consolidation of the or< in the draw columns. But because of the
small tonnage called for, not all drawpoints were worked when issued and
the result was a very irregular state of dn w. The average rate of draw
for these drawpoints was less than P'yvn per day. In hovembe” 1768, a nine
metre length of 7 grizzly crosscut was heavily damaged, with opening of
vertical cracks which appeared to extend right through the crown pillar.
This area was immediately supported and the nearby drawpoints were worked
continuously. In V.-rch 1%9» similar damage occurred in 1, 2 and 3
grizzly crosscuts, which spread and del 'orated in subsequ"- t months
(Fig 6,2%). In May further collapses erred in 6 and 7 grizzly cross-
cuts with further damage and extensions to the damaged areas in the
following month. The damaged area was supported with 23kg T.H. yielding
arches installed, initially at 0,90m centres and subsequently at 0,45m
centres. As soon as possible after the damaged drawjoints had been
supported they were brought into full production in an effort to keep the
grizzly crosscuts open to complete drawing of the ore, but repairs and
replacement of arches were required frequently. At full production the
draw rate remained at less than 10Onri/dey, a relatively slow rate when
compared w”th other block cave nines.

The load cells installed on the top and side of the crown pillar
in 7 grizzly crosscut recorded the build up of loads mor to the collapse
of the crcwn pillar.

The calculation of the loads on the load cells without making assump-
tions proved impossible due to the inadequate number of strain gauges,
but if it is assumed that the loads were a limited number of point loads
acting on narrow longitudinal zones of the load cell then an estimate of
the m ximum point lo ds cin be obtained.

The two 1,2m lor.; load cells, Non 1 and 2, were installed on top of
the crown pill r, No 1 being above 7/9 druwpoint and No 2 between 7/9 and
7/10 dr?-w| oints. The cells were set in concrete so that the *ops were
101,6mm higher than the surrounding concrete and thus the edges of these
cells were highly loaded. The readings largely reflect these loads
(Figs 6,33 anH 6,31). They showthat during the low draw period of
December-January 1969tho weal am edge of No ¢ was highly loaded, but no
excessive loads were recorded on No I, possibly due to arching over tids
cell. Some very high loads wererecorded onNo 1 during the i.iarch - April
low draw period, while there was m increase in load during May on No 2.

These cells have also shown that the arrangement of rock on the load
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cells chan™-e at wide tine intervals, indicating a slow movement of the
ground immediately above the crown .allure.

Load cell Mo 3 which was 2,4n long was installed on the side of

7/ 9Wdruwavint crown pillar. The top was flush with the surrounding con-
crete end, therefore, the edges we”e not as highly loaded as the other
two cells, and the results are not comparable. The results have shown
that large increases in load occurred during the low draw period of
December-Mny and that the greatest arching forces occur between 1,2m and
2,4m below the top of the crown pillar (Figs 6,32; 6,y; and 6,34)«

The damage to the crown pillars in this phase is probably the result

of a combination of factors»-

a) the mass subsidence caving of the ore between 239 and 299 levels
which gave rise to .00l fragmentation. Secondary blasting
accounted to 90;* of the coot of working this ore.

b) Inadequate crown pillar deaiyi, which was without lateral but-
tressing pillars, and to the undercutting method which subjected
the crown pillars to heavy blasting shock and high stresses
which may have destroyed the cohesion of the slips.

c) Incompetent ground conditions. Two thirds of the drt-wpoints
in the first phre in incompetent blocky ground (Class 4A and
3li) have been severely damaged as compared with one half of the
drawpoints situated in more competent ground (Class 3A and 2b;.

d) The practice of only drawing small tonnages from the drawpoints
at wide spaced intervals giving rise to uneven draw conditions.
Fig 6,29 shows how the areas of low draw rates were subsequently
heavily dan ged. The load cello installed on the top of and on
the sides of the Crown pillar above ?/4N drawpoint and between
7/9 and 7/10 drawpoints showed increases in loads during the
low draw periods prior to the severe damage to the crown pillars

in this area.

6.634 1’rodne t.or, tond phm e

After each second phase drawpoint was coned and overcut it was worked
at a moderately high rate until July 1969, when all coninr and production
in this phase was stopped and production was switched to tav n pidly deter-
iorating first phase. Nothing was drawn,from these dr wpoints until £

grizzly crosscut was brought into production in August 1970. Thus for



over a yGBT the southern mont line ol druvzpointu in tliis ph<ise ™ ood,
unworked, adjacent to the continuously working first phase rirawpointa.
Only slight damage in the form of further displacements on slips and
light spalling was observed in this line of drawpoints during this period.
Similar observations wore made elsewhere in this portion ot the block,
and the severity of this damage appears to have been uniform over the
whole phase, and not more severe along the southern boundary.

The second phase was brought into production again in August 1970.
Starting on the east aide, with No 8 grizzly crosscut, one crosscut was
brought into iroduction at a time, in a panel retreat. During this period
some cracking and displacements on slips were noted, but these never
a: proached the severity experienced in the first phase. Even towards the
end of the life of the block, when certain drawpoints were stopped, and
others around them continued to be working no serious damage was noticed.

The superiority of this area is attributed to the higher rock
clu.",1fic:ition, the better druwpoint dcsi.ji, better undercutting method,

and possibly the draw control policy.

6.9 sumgyY

The instruments gave reasonably good results, which when combined
with the visual observations made it possible to deduce the Caving mecha-
nisms operating in this block. However, the presence of the 239 level
cut and fill stopes was a complicating factor in the analyses of the
observations in this block. Therefore, further observations from other
blocks are described in the following c¢ r, and the discussion ol taese
conclusions is deferred to whipter 0. v ..ice it to spy that in th*s
block two dectinct caving mechanisms re nco.nised, vis 'mass subsidence
coving' in areas where the lateral Svreoe had been reduced in one direction
and 'stress caving* where no ouch lateral stress reduction had occurred.

The results obtained from and the experience gained in the use of
the various instruments md techniques was used in deciding the form of
instrumentation to be used in subsequent blocks.

In general, the surveying techniques required a considerable amount
of skilled observer tine, and on most levels the base stations could not
be located in stable ground, therefore, leas cmj lesio was placed on these

techniques in subsequent blocks. The remote displacement meters and bore-
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hole wire ext6bnsoc.ctors proved to be reliable arid eusj’-to-read, and with
refinements to improve accuracy could be used more extensively and in
some cases replace surveying techni ;aes.

The glass dug strcssmeter proved tc be not sensitive enough and
subject to very local variations in rock modulus of elasticity end local
structures. Alav the pattern.; proved were difficult to interpret.
Consequently this meter was not used in any other blocks described, but
where stress measurements were required overcored photo-elastic disc
was used.

The caving indicator failed to record the caving progress between
the stopes and surface. Consequently borehole wire extensometers were
preferred in areas where mass subsidence type cavinu is nnticiaptcd. The
smaller instruments such tvs the Democ extensometer txd closuremeter proved
valuable in analysing the displacement on slips and cracks. Ho*over,
the results were not coiapai a .e with one another; but were meaningful
when rates of diupl. > iei t here compared with the previous record of the
instrument. For succeeding blocks, further Decec extensometer reading
points were laid out, but with one exception, no more closuremeters were
used. Instead the dial extensometer was used in its place to improve
the a curacy of the readings.

The long term it stability of the electrical resistance strain gauges
and/or difficulty in maintaining an effective waterproof insul tion,
combined with the large number of gauges to be read precluded the lead

cells from further use.
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7.1 INTRODUCTION

In addition to Block 7AB described in the previous chapter, the
caving of four other blocleu have been studied. These blocks provide a
far wider range of conditions, and puts this stud,, oi,the caving process
on a firmer basis. While three of the blocks described here were mined
after Block 7AB, one, Block t>, was mined some years previously and is
included because it is an important example of stress caving where a

largo cavity developed and was monitored as caving progressed to the surface.

7.2 BLOCK b

Block 6 was one of the first blocks in which caving vas investigated,
and the results of this investigation played on important part in the
thinking behind the planning of subsequent blocks such as Block 16. Block
6 caved through to surface on Liarch 13, 1963, and certain facets of the
caving were investigated by Cathorul (1963) ¢« The block lay immediately
south of Lone A and block 3, above Lone B (Pig 7,1) and was initially
mined by cut and fill stoping. In 195% grizzly drives were developed
below these stopea, and pro-breaking drives above them. The ore over-
lying the drawpoints was shrunk on an cast to west retreat and the drawing
of the pre-broKen ore resulted in the development of a cavity. The
shrunk area was 100m cast to west and 100m north to south.at the time.

In the northern abutment of the cavity displacement was observed
on the talc zone, Lone A crosscut on 13b level. Purther information on
this displacement was obtained from th* two specially drilled holes from
125 level (Pig 7,1) which showed that during drilling in April 1962 a
vertical displacement was taking place on the zone. Within 3 months the
displacement was large enough to close the holes completely.

The cavity resulting from the removal of the pre-broken ore was

|

which were r>,y;ed with caving indicators in uepteuuor 1962. The depth
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7.1 INTRODUCTION

In addition to Block 7A3 described in the previous chapter, the
caving of four other blocks have been studied. These blocks provide a
far wider range of conditions, and puts this'study oi”“tue caving proves.,
on a firmer basis. While three of the blocks described here were mined
after Block 7A3, one, Block 6, was mined some years previously and is
included because it is an important example of stress caving where a

large cavity developed and was monitored as caving progressed to the surface

7.2 BLOCK 6

Block 6 was one of the first blocks in which caving was investigated,
and the results of tnis investigation played an important part in the
thinking behind the planning of subsequent blocks ouch as Block 16. Block
6 caved through to surface on March 13, 1963, and certain frcets of the
caving were investigated by Cathcral (1963)e The block lay immediately
south of none A and block 3, above Lone B (Fig /, 1) and was initially
mined by cut and fill sloping. In 195« grizzly drives were developed
below these stopes, and pre-breaking drives above them. The ore over-
lying the drawpoints was anrunk on an east to west retreat and the drawing
of the pre-broken ore resulted in the development of a cavity, The
shrunk area was 100 i cast to west and 100m north to south.at 'he time.

In the northern abutment of the cavity displacement was observed
on the talc zone, lone A crosscut on 139 level. Further information on
this displacement was obtained from the t , specially drilled holes from
125 level ‘Fig 7*1) which showed that di .ing drilling in April 1J(2 a
vertical displacement was taking place on the zone. With.In 3 months
displacement was large enough to close the holes completely.

The cavity resulting from the removal of the pre-broken ore was
investigated from three surface boreholes drilled during 1€ <+ Two ot
which were rig ed with caving indicators in Beptembor 1962. The depth
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of the bick when intersected by these two boreholes was 45 end 62m. The
third hole intersected fractured ground at 47m in the southern abutment

of the block (Fig 7,1). When the cavity was intersected, some 70 to 100n
vertical height of ground had caved, leaving a cavity of 6 to 13m in height.

Between Oeptember and hece: her 1962 no falls were recorded from the
back, but at the beginning of December the first of several falls were
recorded, and in March 1963 the back reached the surface weathered zone.
On March 13, the cave broke the remaining 20m through to surface dropping
the sun je by approximately 20m. This took place within a day °i a
major slot blast underground (Fig 7,1)- Fig 7,2 illustrates the surface
subsidence zone in relation to the mining at the time of caving and vie
final outline of the block in plan and Fig 7,3 the relation of first
phase mining to the surface subsidence zone. The northern sice of the
subsidence zone was bounded by the major weak shear zone in the centre
of Zone A giving an overhang of 80°. The other three sides of the sub-
sidence zone was bounded by steep dipping slips. The subsequent westward
extensions of the pre-brfak did not produce any extension of the surface
cave outline. However, sloughing from the buck of the cave of this west-
ern extension was monitored by two additional boreholes rigged with
caving indicators (Fig 7.,4)

From this block it was concluded that (1) caving took place as a
series of sporadic falls from the back of the cavity. These falls co*.ld
be triggered by blasting shock or 'lubricationl of the joints by water
during the rainy season. (2) A minimum span of 49 to 60m was regarded
in 1962 as the criterion for caving. Subsequently, the hydraulic radius
of this block (area/perimeter) of 19,5™waa adopted as the only criterion
for caving. (3) The displacements recorded on Zone A in the northern
abutment could have had the effect of reducing the lateral stiess in tiv

back.
7.3 BLOCKS 7/1 AND 7/1

7.31  IMIKODUCTJ IN

Despite the subdivision into Block 7/1 and Block 7/3 these blocks
were planned and wonted as a single continuous sublevel caving operation.
They art located immediately east of Block 7AD and undercutting started

in August 1970 on the south east side of the block, retreating northwards
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Fid 7¢1 North-south section through "locKs 3 and 6

3~ 3

Fid 7.2 i4an orf 110cx ¢ surf.xe subsidence uone relative
to undercut area
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0,

Fit; 7,3 Lust-west section throujh Block showing relation of uinine;
to surface subsidence zone (first phase)

LoV,

o Ditvn o

L1t itlrfL

Kip 7,4 Block 6 cave outline *ith westward extension of
shrinkuyU (second phase)
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und westwards towards Block jABe It will be ahown that a result of tr.is
direction of undercutting stress caving occurred in the early stages, and
that mass subsidence caving occurred later due to the proximity of nlock
7AB. It will also be shown that the caving of this block affected a

very large area surrounding the block.

7.32  GLULOGE

The geology of these block: is very similir to the second phase
in Block 7AB; the area is overlain by the shallowly east dipping Zone B
talc-carbonate "sill" which merges over the eastern limit with the talc
and shearing associated with the 170 dyke (Fig 7,5)- This dyke is
largely talcified, nri tulc-gouge filled shears are usually developed on
the upper and lower contacts. The dyke is 10 to 20m thick and nips south
east at 50-60°, its competency varies from Glass 2 to Glass 4 depending

on the degree of shearing. Above this zone and dyke is the normal

205L

O.V.N

Fig 7,5 North-south section through Blocks 7/1 and 7/2
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partially serpentiriiaed hanijingwall dunite. Vn the northern sirte of
the aria is the steeply N-dippin®]J Zone A talc zone, and on the south
side of Zone B. Belov/ the dyke this zone flattens out to become the
Zone B "sill" over the block. The orebody is very similar to the second
phase of Block TAB with a classification (estimated) of 23 with Conjugate
ribbon fibre seams dipping at 30-45 southwardse lhere are also south
dipping slips, parallel to the fibre seams, some ol which contain /:inor
gouge filling. The largest of these is the eastward extension of the
Travelling way shear which can be traced from Block TAB through Block 7/3
to the boundary of Block T/1e

Along the southern boundary with Block ?/2 are two larger aplite
intrusions associated with an east-west shear. ihe ground associated
with this, in the orebody is blocky and incompetent. This zone has acted
as a channelway for hydrothermal solutions so that in the footwall the
zone has a core of talc-curbonate rock with carbonated serpentine and
brittle fibre on either side, and, on the east a broad tongue of caroo-
nated serpentine with brittle fibre penetrating the orebody along this

zone (Fig ,.,5)

7.33  PREVIOUS MINING AND GROUND CONDITIONS PRIOR TO MINING

The previously mined areas consisted of Blocks <I/5 above 170 level
on the north, Block 3 above 17;j level on the north west, Block TAB and
Block 6 on the west side as well as the small remaining portion of the
Block 7, 235 level atopea.

An overhang had developed over the eastern aide of Block TAB as
shown in Fig 6,17. Borne cracks were visible on surface some 40m east of
the eastern limit of the Block TAB subsidence. Ifi 125* 1TO and 205 levels
small movements on, and dilation of slips had been noted in the eastern
periphery of Block TAB over the back of Block 7/1-1/3+ Access to 125
level had been lost because of deteriorating ground conditions north of
Block TAB.

The otreares given in Table 7*1 were measured on 170 level in the
periphery of Block TAB, in June 1960 (Bee 6.022)e If it is considered
that some further caving and subsidence occurred in subsequent months
and that f .thtr displacement wvi monitored on the slips in the area,

it is expected that the vertical stress component given in Table 7*1 was
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subsequently reduced slightly and similarly the horizontal stress in the

drive direction, borne increase in the north - south stress 33 likely

with the increase in the east-west dimension of caved ground.

TABLE 7,1

170 LEVEL STRESS ULAsUhL..u-NI' RESULTS
Ov (vertical) site 1 5,2 “Ta site m " %
Oh (crosscut) 11,8 MPa 10,8 t.Ta
Oh (drive) f-Pa 7,6 N a

7.34  INSTRUMI'ITATION
The instrumentation in this block was not as comprehensive as in

Block 7AB, firstly because of the mining method em.loyod, iirtd .,eco.idly

to the lack of access points. The instrumentation consisted of a surface
borehole Which was equipned with a ¢ ving indicator,

meters installed

remote displacement
in the main crosscut on 1/0 level (Pig 7/0
northern side of Block 7/3-

ever the

%emote displacement meters and borehole wire

extensometere were installed in the boreholes drilled from and on 205

level in the northern and eastern side of the blocks and from 2)5 level

remote displacement meters in two boreholes on the southern side of the
block (Pigs 7,6; 7,7 and 7,6).

Also the survey and levelling traverse
in the fo.'twall Of BICCK "A

' -tmu.-u deeper into the iootwall. ihe

remaining extonsomcter points on all levels continued to be read, but
the method of reading was not satisfactory and the results therefore can

be discounted, (bee 4%*25)

7.35 MINING MEIHOD

The block is being mined by sublevel caving using crosscuts spaced

at 7,5m centres with a south-north retreat. If cavities develop in sub-

level caving the ring blast throws the ore to the back if the cavity, out

of reach and to avoid this an adequate cover of caved ground is required

to keep ore blasted within easy reach of the loading crosscuts. It was

therefore important that the block was undercut and that the hangingwall

should cave before the block was put on a production footing. The under-

cutting of the hangingwall was done at the top of the block on the upper

three levels. 245, 255 and 2f5 levels. On each level the undercut wan



153

started on the south and advanced north.laris. 277 and 265 levels had to
link with the previously undercut portions on 245 and 255 levels.

The undercutting started at the cast side on 245 level in August
1970, on 295 level in September and on 265 level in October. Undercutting
on the west side along the boundary with Block TAB lagged behind the rest
of the undercutting and had to be speeded up (Fig 7»9)-

7.36 OBSERVATIONS A1l) MKASURhD RESULTS

7.361 Observ.it. on: . nt: mboyi‘ tb> undercut

Small subsidences were first recorded by the 170 level survey
traverse, end by the remote displacement meters over the western end of
the block in January 1971 ¢ In April, more widespread subsidence was
recorded, when widening of the surf ce cracks in the overhanging eastern
portion of Block 7AB (Fig 6,10). In May damage was noted in the main
crosscut on 170 level, and in June sharpincreases in the rates of sub-
sidences over the back of the block were recorded by the rerote displace-
ment meters on 170; 205 and 235 levels. The largest subsidences were
over the centre of the block <nd decreased outwards from the centre towards
the perimeter and from .'35 level upwards to 170 level. Fig 7,10
illustr tea the relationship between undercutting and subsidence, of a
typical reuote displacement meter over the centre of the block on 205
level which snows the increasing rate of subsidence with a constant rate
of undercutting. Fig 7,11 illustrates the amounts of subsidence recorded
on 205 level in rel tion to the undercut ;irea.

On July 12, 1971 the cave I ck brokt through to 205 levelover a
distance of 20m as a large open cavity.On the eastern side ofthe block
the caving broke through to th ; weak Zone B shear dipping east 30° K
(Fig 7,12). Displacem! .¢ had been recorded on this shear zone at the
time Block 7A3 caved (Fig 6, 4). Over the week-end of July 17 the rea
of caving extended 12m to the east and possibly through to Block 7AB on
the west. The back moved up to between 170 and 205 levels. On 205 and
235 levels, opening up and lateral displacement along slips were noted in
the ground in the vicinity of the cave.

When the cave broke through to 205 level on July 12 some of the
remote displacem nt rotors were lo t, but those which had not been lost
on the west side continued to record increasing rates of subsidence after

the cave broke through, while those on the eastern side recorded
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started on the south and advanced northwards. 275 and 265 levels had to
link with the previously undercut portions on 245 and 255 levels.

The undercutting started at the east side on 245 level in August
1970, on 295 level in September and on 265 level in October. Undercutting
on the west side along the boundary with Block TAB lagged behind the rest
of the undercutting and had to be speeded up (fig 7»9)e

7.36  OBSERVATIONS AID ME..JURKD RESULTS

7*361 Obrervat.on: .:d me.u.ure:'-nts <hove the under "it

Small subsidences were first recorded by the 170 level survey
traverse, and by the remote displacement meters over the western end of
the block in January 1971. 7' April, more widespread subsidence was
recorded, when widening of the surface cracks in the overhanging eastern
portion of Block 7AB (Fig 6,10). In May damage was noted in the main
crosscut on 170 level, and in June ',harpincreases in the rates of sub-
sidences over the back ofthe block were recorded by the remote displace-
ment meters on 170; 205 and 235 level-. The largest subsidences were
over the centre of the block end decreased outwards from the centre towards
the perimeter and from .c5 level upwards to 170 level. Fig 7,10
illustr tea tne relationship between undercutting and subsidence, of a
typical remote displacement meter over the centre of the block on 205
level which shows tne increasing rate of subsidence with a constant rate
of undercutting. Fig 7,11 illustrates the amounts of subsidence recorded
on 205 level in relation to the undercut area*

On July 12, 1971 the cave b.ck broke through to 205 levelover a
distance of 20m as a large open cavity.On the eastern side ofthe block
the caving broke through to the weak Zone B shear dij ping cast 30 E
(Fig 7,12). Displacement had been recorded on this shear zone at the
time Block 7AB caved (Fig 6,24). Over the week-end of July 17the area
of caving extended 1i'm to the east and possibly through to Block 7&B on
the west. Tne back moved up to between 170 and 205 levels. O 205 nnd
235 levels, opening up and lateral displacement along slips were noted in
the ground in the vicinity of the cave.

When the cave br/<u through to 205 level on July 12 some of the
remote displacement meters were lo but those which had not ueen lost
on the west side continued to record increasing rates of subsidence after

the cave broke throu, h, while those on the eastern side recorded
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decreasing retea of subsidence.-

When the back of the cave reached 170 level in August, it was charac-
terised by rockfalls in the main crosscut, initially over the middle of
the block, end later up to 10m north of the undercut. Ac far as could be
ascertained, there was no lar“e cavity beneath the back, us had been seen
on 205 level, and broken material filled the cave. Horizontal tensile
cracks also not observed.

In Aujust and September 1971 several new cracks were ouserved on
surfac -. Most of these trended Nzi-SW and appeared initially as sporadi-
cally developed cracks a few millmeters wide. TIhe cracks initially
covered only the extre:;,v western side of tin block, Giving an east-west
overhang of 90m but in ILrcM 1972 more cracks were observed midway along
the southern side of ti. b] jck which spread north in July 1972 into the
"ribpiiier" between Blocks 9 and 7/ 1« Survey beacons indicated displace-
ment of the ground towards Block 6. These cracks joined up to form a
continuous scarp. To the west of this scarp westward tilting of blocks
bounded stee” slips were observed. Over the centre of the block large
subsidences appeared.

This scarp formed approximately halfway across the block leaving
an overhang over the eastern side, which was monitored by several remote
displacement meters ana borehole extensometers on and below 209 level.
This instrument recorded a continuous slow subsidence between July 1971
and August 1973 when increased rates of subsidence were recorded as a
result of the progress of the Block 7/2 cave. The surface borehole was
rendered useless when a fall broke the wire at the top of the hole and
pulled it in. Thereafter it .a: impossible to lower a caving indicator
down past the loosely spiralled old wire in the hole. The overhang 1s

illustrated in section in >'ig 7*1”" and in plan in Fig 7« 14i-e

7.362 (Jhtr v tions fro- th" ;> :heric« of the block

Prior to the cave back reaching 209 level on July 12, 1971 there
were no visible effects of the pro.-rcou of the cave on the peripheral
ground. The fall that occurred on that day must have been large enough
to cause significant redistribution of strevovs, for tlore was an imme-
diate increase in th" rate of displacement recorded or. the Travelling way
shear (Fig 6,26). Also small rock falls one rred as a result of small
movements on Zone A on 209 level end also on 239 level, to the east of the
block. Dilation and small lateral diopl .cerr nt or slips were noted on

209 level on the footwall side of Block 7/3 mid in the shaft crosscut on
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the harigin(®all aide of 23b level.
In the succeeding months further snrill sections of 20b level and
the main crosscut on 170 level collapsed, and cracking and spelling con-

tinued in the periphery of the block for a considerable period (Pig 7,12).

Pig 7,14 Surface subsidence zone Block if1 - 7/3



the hanging;*all aide of 235 level.
In the succeeding nonthe further snail sections of 205 level ar.d
the main crosscut on 170 level collapsed, end cracking and 8palling con-

tinued in the periphery of the block for a considerable period (Pig 7,12) ¢

*<y

Pig 7,14 Surface oubsidence zone Block ?/1 - 7/3



Along the northern periphery, the noFt yijnifioant ground displace-
ments were associated with the Travelling way shear which moved rapidly
for a six week period following the caving of the block and then slowly
at a decreasing rate for i protracted period of nearly two years. The
displacement on this slip resulted in east-west cracks, some damage and
spalling in development that intersected it and also wome damage in ahead

cf sublevel caving faces as they approached thi-3 shear on 2" level.

7*363 Ground b<h viour brlnw Uie block

because of the mining method, with its continuously advancing faces
and new levels being brought irto production, no instruments were installed
below the block, and the visual inspections were only made when damage

occurred. Only four instances of minor damage were noted.

7.37  DISCUSSICK

The caving on 205 level had, in common with the caving in Block 6
andportions of block 7Ad, a cavity which progressed upwards by sporadic
falls from the back. Unlike Block 7AB, there was no signific at evidence
of damage due to a high lateral stress, in the back, the only damage
being a rock fall on the 205 level 3 shaft station from which no conclu-
sions were drawn. However, the stress measurements done in 1966 closer
to the Block 7AB cave on 170 level indicated an enhanced lateral stress
of approximately 12 MPa in a direction parallel to the periphery of
Block 7AB, and the stresses normal to the periphery was reduced to about
5 MFa. It mpy be concluded that in this area the stresses in the back
not sufficiently reduced to allow i.nsa sub: idencecaving nor so high as
to cause rock failure and c¢ rapid cavHig action.

Tn* surface subsidence zone wan not spectacular, but consisted of
a zone of cracking and orderly nubeidence as had been observed over Block
7Ad. There was a general tilting of the columnar blocks of rock bounded
by clips towards Blocks 6 and 7AB indicating a reduction in stress in
that direction.

Two forms of caving are indicated by their distinct characteristics
which are similar to the two forms of caving observed in Block 7 AB,
known as stress caving and mass subsidence caving.

In the peripheries, the ground behaviour was essentially similar to

that observed in Block 7AB, but because the Block 7/1 - 7/3 Caved area



was smaller Uv.n that of Block 7A3, the effects on the peripheries was

also smaller.

7.4 BLOCK 16

7.41  INTRODUCTORY REMARKS

Block 16 was laid out uu a sublevel caving operation and was expected
to cave when the undercut area had reached a certain size, but when the
undercut reached this size no caving occurred and several measures were
taken in attempts to induce caving,", 1i'ron the failure of this block to
cave as expected and the failure of most of the cave induction attempts,
much has been learnt about cuvinj. Discussion of this block is included
here because it provides further information on the conditions required
for stress cavinj, the stress caving; mechanisms, the limitations to the
application of an undercut and criterion for caving, and amont other things
on the effective: ess of the cave induction measures taken.

Block 16 is located to the east and above the 170 dyke which over-
lies the eust end of block 7« This is a large block which is subdivided
from west to east into Block 16A, Block 16B, Block 16C etc. and has been

mined since 1$h6 by sublevel c«ving.

7.42  GEOLOGY

Being a svblevel caving block it is not the structural geology of
the orebody but of the hanqingwall that controls the caving behaviour of
the ground overlying the undercut. The hnngingwpll contact of the block
is an economic cut off, with a decreasing number of fibre seams upwards
away from the orebody. The rock classification of the hanging®*all rocks
is given in Pig 7,22 ana Pig 7,23* The north side of the orebody is
bounded by the Lone B talc zone which strikes E -W and di.s steeply
northwards at about 67°. Aone C runs parallel to Lone B and occurs to
the south of the orebody, but is not as clcuo to the orebodier. as Lone D
(Fig 7,15). fo the west of the block is the 67° east dipping 170 dyke
which seperatee Block 16A from Block 7 us it passes below Block 16A and
above Block 7 (Fig 7#1f)« Lone talc developed along the contacts of the
dyke, and two r-gor gouge-filled shears are developed along the ontacts.

The hanging®*all partially serpentiniaed dunite is cut by a rteep dipping
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Fig 7i1!> Section throu n iilock 16

7.43  CCtIDITIVNS -TIC:. TO MB:INC

This block was in an ulmont virgin utute prior to in ing, being
situated v.-ell uv/ay from any previous cave mined blocks, and unlike most
other blocks, it did not have any cut and fill stopes. No diaplacement
was known to have occurred on any ulipy in the back prior to mining, but
it in probable that the caving of block 7aB and li.to'lin 1971, block 7/1
increased the lateral strees in the ground above the block, btress
measurements wer# done in this block on 2¢(b level during the stress meas-

urements progrurjue prior to mining, nd the results nr,* given in Table b» 1
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and discussed in Chapter 5%

7.44 MINING METHOD

The block was nined by sublevel caving from drives with a west to
east direction to retreat. The top level of the block was 275 level, and
on this level just over half the tonnage broken was called for but some-
what tvt was actually drawn. It was anticipated that when 275 level was
complete the block would cave. It did not. It was thought necessary to
continue mining, drawing only a limited tonnage leaving a substantial
cover of broken ground as a precaution against air blasts, and to increase
the undercut area as rapidly as practicable in the hopO that the block
would cave. The next level was 2b5 level which slightly widened the t75
level north-south span but not the east-west span as crashing on this
level also stopped at the eastern retreat crosscuts, on the boundary of
16A and 16B. Crashing on 295 level extended the undercut by 2Jm on the
south side and continued through from Block 16A into 16B until all the
ore on this level was crashed increasing the span and undercut area con-
siderably. The crashing of 305 level increased the north-south span

marginally.

7.45 instrumentation

The instruments initially planned for this block covered only the
north west corner which was expected to cave, further instruments were
installed to monitor the extensions to the undercut and at various times
as the undercut vis extended in an attempt to induce caving. The initial
programme to monitor the back included from 205 levell four boreholes
fitted with remote displacement meters, threo boreholes fitted with wire
extensomnters, and one bor hole fitted with a caving indicator, and from
surface one borehole which was unsatisfactorily equipped with borehole
wire extensometers. Wire extensometere and remote displacement meters
on 205 level, to monitor deformation of the peripheries.

From 275 level two boreholes were fitted with wire extensometers,
to monitor the western periphery, and wire extensometers and remote dis-
placement meters were installed in the available tunnels. On 295 level,

one borehole and u crosscut were fitted with wire extensometers.
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level

Also on this level a survey levelling inverse was brought in from

the footwall and down the eastern perimeter of the block ( Fig 7,18).

The lower half of one of the 205 level boreholes was clno lost.

Only half the length of the boreholes drilled for remote displacement meters

could be used for the planned remote displacement meters because of the

deflection of the boreholes.

Otherwise all other instruments were installed
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as planned. The location of those and subsequent instruments io shown in
/igs 7,i&; 7,17; und 7, it.

The subsequent instrumentation included three extra remote displace-
ment meters over the > ok of the block on i?35 level. An extra borehole
on 20b level fitted with remote displacement meters and an extra borehole
from 20b level drilled to intersect the back and later fitted with bore-
hole clamp wire extensonntera. To monitor the effects of extending the
undercut into 16B three holes were drilled from 23b level end fitted with

remote displacement meters and wire extensometers.
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Later still another hole wna drilled from 2)5 level over the south
eentem corner of the block e»<d fitted with oomhole wire extunoometers
(Fi~ 7,17). During lute 1973, u box hole was drilled from surface and

monitored Aith a caving it ditutor.

7.46 GROUND BEHAVIOUR

7*461 Ob.iervat;orn aoov the block
The behaviour of the rock above the block is the moat important

aspect of this block, because the ground did not Cave aa expected from
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the previous example of Block 6, and undercutting started in this block
in January when approximately half level had been crashed, one
clamp indicated an 6m fail from the back as the fac" »assed b neath it.
Other very small movements were recorded at that tima. No further changes
were recorded until January 1770 when 275 level was almost complete and
some very small subsidences were again recorded over the back. In March
1570 photograha of the cavity left between the broken ground and solid
back were taken from two vertical holes drilled from 235 level (Fig 7,17%.
The photographs were t"ken with the camera developed by the COIR to photo-
graph potential sink holes intersected by drilling in the Carletonville
area. Two complete sets were taken from each hole, giving 360° stereopair
coverage from which directions and distances could be worked out. The
limit of adequate illumination in the photographs was about 5,4m

The photographs from i)D 414 showed that rock falls from the beck had
occurred on the northern and western and southern sides. A cavity up to
3m high was left between the fallen rock and the back. Un the eastern
side the blasted rock banked un to the hanging about 3m from the borehole.
From DD 916 a cavity was found to the north of the hole, end to the south
blasted materi il was banked up to the hanging about 2m from the ca! era.
Another borehole intersected the back in April, and this too showed broken
material up against the back. In June and July after 265 level crashing
had progressed three quarters of the way across the block, removing the
support the broken material w.s giving to the back, several falls of up
to 6m in height were recorded by caving indicators in these holes. At the
same time one borehole wire extensometer clamp moved down 317mm. No
subsidences were recorded by any of the other instruments at the time of
these falls.

Because a coV'?7r of caved ground is needed in a sublevel caving
operation, and in this case some protection from airblcats was required,
it was considered necessary to try and induce caving. The first
attempt at cave inducing was made by drilling two, then four holes from
235 level over the back and pumping water under pressure into these holes.
The pressures ./ere initially low but were gradually increased by the
periodic addition of fine sludge to water. The pumping started in December
1970 for a f-w days and on th" uth and 16th of th. t month, two f-1ls

of 0,5 and 6m from the back were recorded. Two more holes were drilled



and puapine; in all four waa reaunad later in Lece”jer with pumping for 6
houro per day. Pu”pir-u waa reauued in April, for four days, and in Hay
for three weeks. In June the aressure was increased to approximately 5
MPa and pumping continued every day until July During this period,
from December 16 to July 31, no further falls were recorded and no
changes were recorded on any of the instruments.

The hydraulic cave induction experiment having failed, an attempt
was made to cut a slot on tho northern boundary of the block by blasting

26 holes drilled from 6A/9Z crosscut on 233 level (Fig 7,19)« in August

IMMIL "1
| BREAKING

.SOUTH of
HCION

SLOCh 16 A e'

Fig 7,19 Block 16 cave induction blast hole pattern

19711 24 of the 26 holes, charged with 32 cases of gelignite, were
detonated simultaneously. It is doubtful whether the slot was eucct ss-
fully cut, as the instruments did not show any significant changes attri-

butable to this blast. In retrospect the charge was also considered
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to be too small to cut the slot. It was therefore decided to increare
the undercut, area by extending the 299 lev- 1 crashing into Block 16B.
Between August and October four falls of up to 6m were recorded for the
back and some small subsidences were recorded on the other instruments.
At the end of October, the back position given by three boreholes over
a strike distance of 30m was approximately 30m above 275 level. Whether
these falls were due to the attempt at slot cutting, or, due to the
effects of Block 7/1 caving, or, duo to the effect of extending the
undercut eastwards into Block 16B, is not clear. It is probable that the
slot blast had the least effect because the size of this blast was rela-
tively small and apparently failed to create the desired slot.

Small subsidences and a fall from the back were again recorded in
February and on March 17, 197" a substantial fall occurred, bringing tne
back to just above the 235 level horizon. On the northern side cavities
of 6m and 10,5m were measured and on the western side about 17,5m  The
205 level instruments continued to record subsidence at u slow, but un-
changed rate, which did not reflect this fall, in July, subsidences
large enough to indicate that caving had reached 235 level were recorded
over the central position of 16D on the new eastern remote displacement
meters shortly after the 295 level crashing had passed beneath these
instruments (Fig 7,20). The gradual increase in the rate of subsidence
experienced prior to caving in Blocks 7A3 and 7/1 did net occur in this
area. Tne steady rate of sub. dence of 0,1 run/day which was recorded over
the proceeding three months, r idonly accelerated. These instruments
were lost in this action. The remaining three remote displacement meters
continued to record subsidence until another was lost in November 197<,
and from then until September 1973 a relatively slow rate of subsidence
was recorded.

Over Block 16A there was a slowing of the rate of subsidence recorded
in July arid with the exception of two borehole wire extensom* ters which
recorded continuous slow subsidence, no changes were recorded between July
1972 and September 1973+« In September 1973 general increased rates of
subsidence were recorded, these were due to the progress of the Block
7/2 cave (See Fig 7,33) ¢

Pushing a caving indicator up one of the 205 level holes drilled

for remote displacement meters in October 1973 indicated that a large fall
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had taken place over the centre of the block, leaving a cavity on the
205 level elevation. There ia no indication au to when tide fall occurred,
but it is sunpected that it occurred in October 1?73 when some sudden
damage was noted on 30p level. This cavity progressed by slou*hine, fron
the back until it broke through to surface in June 197"

In Fig 7,J1 an attempt is made to relate the various parameters of
this block to events recorded in the back. Figs 7,J< and 7>J] are sec-
tions through the buck illustrating the stage of mining and events in the

back.

7.462 Obr-rrvm in the peri pheri'

In general, very little has been noted in the peripheries of the
block. Apart from some slight damage reported ahead of the face on 275
level as that level was nearing completion, and some spalling at the
pillars left between the retreat crosscut and face on the extreme ecast
end of 295 level, no damage has been noted in the abutments. The lack of
evidence of abutment lo.id.Lng on 275 in Block 16A was investigated in April,
1970 by doing a series of stress measurements in the abutment on 275 level
in the south eastern comer of the block within 10m of the face. These
showed that in the abutment the stresses were approximately the overburden
load and it was concluded that the abutment loads had been widely re-
distributed by small displacements on slips. There is some evidence for
this redistribution in the movements which were recorded on the 295 level
borehole extensomoter located across the Zone B steep major structural
feature on the north side of the block. Displacement on this zone has

also been recorded in the northern abutment on Block 16B (Fig 7,<4'.

7.463 Observation:, I'rc:. emlov- tp. n;ock

Ho instruments were installed below the block, and no regular in-
spections wera made of the development below the block. The mining per-
sonnel, hnve however, kept a watch on the arca and reported any signifi-
cant damage, which included a light spulling below Block 165 undercut
area, and the sudden collapse of a structurally weak area on 305 level
which could have been due to a subut ntial fall from the back, or to the

load extended by an urn roken portion left un ,'95 level above.
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7-47  BIdCUSdIOM

The progress of cuvin”® in thia block wua siLilur to that experienced
in block 6, but in size, this block .as considerably larger. Tbie
hydraulic radius of Block 6 which was used us the basis for deciding nhuw
bij the undercut area should be to initiate cavinb, proved to be inadequate,
Attempts to induce cavinb by increasing the water pressure in the buck and
by attempting to bl*at a slot on the northern boundary, failed, cespite
the fact that cavinj of block 6 was attributed to increase in Oround water
in the raiiiy season and to blasting activity underground. This bloc'
differed from Block 6 in ito isolation from previously mined areas, its
greater derth, taid poc.,ibly more competent hanuinbwull ground conditions.

There has always been a fear of an airblaat in this block if a
sufficiently "lab were to fall from the back. The known two larger

falls, and -aller falls did not, however, produce any uirbluuts.



175

7.5 BLOCK 7/2

7.51  INTRODUCTION

Block 7/2 is included as an exat;*le of a block caving operation,
which unlike* Block 7AB is not complicated b> the presence of old cut and
fill etopea or an overlying caved block. As will be shown, the course
of cavint, was similar to that in Block 7/1 despite the initial difference
in shape of the undercut and geological factors. “n interesting aspect
of the caving of thus block .vas the effect that this had on the adjacent
uncuvti Block If and on the overhanging portio 1 of Block 7/1¢

Block 7/2 lies immediately south of Block 7/1 and to the west of
Block 16 which it rartly underlies. Undercutting started in April 1572

and was completed in December 1573*

7.52 dBOLuGY

The block is on the south east end of the Block 7 orebodj, with an
arbitary line dividing this block froa Block 7/1+¢ There is, however, a
vertical zone of shearing with associated aplites and tulcificution
metasomatism which occurs in Block 7/1 and near the boundaiy between
these blocks (Fig 7,25). As with Block ?/1 the eastern side of this block
is overlain by the south-eastward dipping 170 dyke u,d its associated talc
zones at the contacts. This dyke is largely t-.lcificd, and weak tulc-
gouge filled shears are developed on the upper ,.nd lower contacts. The
western margins of Block If A overly the dyke and the eastern limit of
Block 7/2 (Big 7%*26). To the south of the block is the 65° dipping
Zone C talc =zone.

The incompetency of the ,rebody on the urizzly is lower on the north-
ern side when 35-45° south dipping shears with thin Ucuue fillings are
common and there is a higher slip density which reduces tne roca class
to 4A in places. The southern half of the block is more competent with
a fewer, smaller fibre seamo and more widely spaced uli,s, having a 2D
and locally a 2A ratinu. The immediate b..ck of the undercut has a 3A
rutin*,, overlain by Class k ore (fig 7,25) -

7.53 PRBVivUB »NJ CAUUUB cu,D:TiuNc BAIOK TO UNINC
To the north-west of the block was the previously caved Block 7AB
and on tne northern side is Block 7/1 iu,d Block 7/3, which h”"d Caved



throu, h to surface prior to the couuencecient of undercutting in tills uxock*
The bottom of Block ?AB was on the 100 level elevation, some 6”m above

the top undercut. As the undercutting progressed northwards, so the
mining in Block 7/1-7/3 Was deepened. The caved areas of nlo'ks 7ali, 7/1
and 7/3 had resulted in a reduction of lateral stress in the north-south
direction and small dilution and lateral movements had been noted on some
of the weaker slips, notably on the talc-Oou”e filled shear on the under-
side of the 170 dyke. Displacements were noted on i35 level on slips in
the periphery of Block 7/ 1, but there was no evidence of any displacement
on slips and only locally 1i0'ht spallind indicated the increase vertical

stresses in the peripheries of Block 16 on this level.

Fiy 7,25 1/D section through Blocks 7/1 and 7/2

It ie considered that the lateral stresses in the back in the
north-south d rection had been reduced by the caved “round in Blocks 7/11

7/3 and 7Ab, whilst the east-west stresses may have been increased. In
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Fig 7,26 S-W suction through Wlo k 7/2 mid 16

the peripheries of Block 16A higher vertical stresses were indicated,
while it iu also probable ttmt the lateral stresses in the zone between
the lowest levels of Block 16A and the top of Block 7/'2 undercut, were

also increased.



7*54  LINING rLTHOD

As indicated above, bloc.: c..vinj was the ninin0 Bethod selected for
this block. The grizzly horizon on 36" level was overlain by one overcut
horizon located <m above it and two undercut horizons, :-t 16,5 --nd 24b
above it (See r'i® 7,25) « Crashing on the top undercut (345 level) started
*r the south east corner of the block in April 1972 and progressed north-
wurds towards 7/3, as illustrated in Tiu 7,27. The crashing of the second
undercut followed clouely behind. Tin overcutting of drawpoints was left
until the drawpoints were required for production. This was started in
April 1573.

The undercutting progressed at a steady rate from the start of the
undercutting until ..Lurch 1973* when it was decided to stop undercutting
for four months until access to Jlock 7/4 was established, when under-
cutting could be resumed. Undercutting was resumed in August 1973, and

completed in December 1973.

7.55  INSTRULILHTATICN

Tne instrumentation of this block consisted of borehole wire exten-
sometcrs located in three boreholes drilled from 205 iovul to monitor the
eastern side of the block. The clumps in one of the boreholes were
located over the back while the clamps in the other two were in the
periphery. 7/hile these installations gave some useful information, their
performance was not Satisfactory . Remote ..Isplacement meters were also
located in boreholes and development on 235 and 275 levels. Borehole
clamps were located in the back nd western periphery in boreholes drilled
from 239 level, .nd a cav.ng indicator in a 235 level borehole drilled
into the south western corner of the block where a cavity wuu expected
to develop.

The locations of these instruments are shown in Figs 7,25; 7,26%

7,27 and 7,28.

7.56 GROUND dliUAVIVUR
7.561 dround r»fh v:our a uvr the undercut

The undercutting operation, which progressed from the south east
towards tne north west resulted in a limited amount of cuvinu forming a
dome shaped back over the undercut area. This w..s indie tea by the wire

exteneometers in the two boreholes drilled from 235 level which were not



HHsmmm /f

Fib 7«27

ferr*> >«

F#f
Brwotr CK«(:s<rP>n«
»UUf Itesmrtie Fol«

*olte Qp

MFfUr 0» «rr.” [i*]

» “refcoie hn#neom#%er
Wees.f,n« FMM

> »iokrde CI##'#

Fib 7*20

MoV OH I

SEPAIMNF

AUOUITr

Undercut fuce position Block 7/2

s

~39 level

inutruuentfation

.dlock 7/2



160

HOKIA

Dieplacemeei
poire

Jm»oi» Depic,, W

IUI*r Oerflow tryu

Fib 7129 275 level inatruiaentation

satisfactory, and were replaced. These replacement extensoaeters recorded
slew subsidences in January 1973, at distances of 30 to 40c above the
back when the undercut face had passed beneath thee , a distance of
and the E - sp;in was 66m. These movements were slow and small and
indicated the formation of tensile cruckinO in the back similar to that
observed on 2C5 level in Block 7AB. On the west side however, the formation
of Cavities was indicated ly the wire extensometer in SRI' 100 which
recorded core ra”id subsidences at elevation of 15m and 25m above the
undercut. The lowest clump indicted that a cavity of at least 0,25m had
developed slowly enough to be monitored before the clomp wire was broken
in January. The next clamp indicated the formation of a similar cavity
10,5m hiyh where intersected by the boreholes. It is remarkable that up
to 10,5m of wire Was exposed for 16 months without beinj cut by a rock
full of any form.

SRH 101 drilled from 235 level into the southern half of the
block which was ri“od with u cuvinj indicator, showed a sporadic westward
extension of the cuve limits, although a cavity lur ,e enough to accept

the Cavinu indicator did not develop*
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un 275 and 35 levels, jeneral slow BubFidencea were recorded over
the undercut area during 1571 « R<.pid subsidences on 275 level
recorded over the central portion of the block during Xarch, April, May
and June 1973, indicating that the back had reached this level (Pig 7,31
ai.i 7,72) . Ajain no sudden falls were recorded, at least not in the
initia. stages, as the subsidence graphs indicate accelerating subsidence
before the inr.trucents were lout. Li August and Uepteruber when the under-
cutting of the remaining portion of the pillar between block 7/2 and 7/1

was resumed, increasing rates of subsidence ;erc recorded on the north
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side of the block on both 235 and 275 levels;. In October, general sub-
sidences were recorded indicating that a major change had taken place.

For the first time, the effects of cavint, were visible on 235 level, where,
in the shaft crosscut, dilation of N - 2 striking slips indicated that in
the northern portion of the block next to Block 7/1» the cuvinu was

adopting the form that was ooserved in block 7AB to the south of block 6.
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aide of the block on both 235 and 275 levels. In October, general sub-
sidences were recorded indicating that a major change had taken place.

For the first time, the effects of cuvint) were visible on 235 level, where,
in the shaft crosscut, dilation of K - 5 striking clips indicated that in
the northern portion of the block next to block ?/11i the -u was

adopting the form that was observed in block 7Ad to the sol ' sf nlocn 6.
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On surface, the cracking observed over the northern portion of the block,

initially in September, extended significantly in October 1973 (Pig 7,34).

BLOCK 1].

Pig 7,34 Surface cracking Block 7/2

Subsequently, the surface cracks extended over theBlock 16. These cracks
did not have any initial vertical displacement but..erecaused by the
relative lateral displacement of the ground on oppositesides of steep
dipping slips. This corresponds to an angle of break of 76 with respect
to Block 7/2 but Block 16 my have influenced this.
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7*562 Obr.crv.'tions Pror the peri-ih”ri

With block 7/1 on the northern side of the blockandblock 16 on
the eastern side, the caving of Block 7/2 had a significant affect on
the stability of the overhang over the eastern end of Block 7/1 and the
back of Block 16. These effects will be discussed under separate headings.

Only on the western side of the block could the effects oi caving
on the peripheries be observed. Here, snul] dilation and left lateral
slip displacement were observed on north/nouth striking slips on both
235 and 2b5 levels. The small rises recorded on the 275 level remote
displacement meters on the western side of the block Nos 8, 9> 10 end
11 appear to be anomolous and could be due to a faulty reading board
mounting.

On the eastern side of the block nolow Block 16 some movement was
noted on a major E-W striking shear and on the shearing associated with
the dyke. These may have started before, but were only noted in October,
during which month the greatest rate of displacement occurred. rXirthei
displacements were recorded at a slow rate for some months afterwards.
These displacements are important because they could cause rock Ic
which would prohibit the use of the bins located in the area, cutting the

production from Block 7/1 and 7/3.

7.563 Ob:u>rv.-t.on? orlow the undercut

During the undercutting of this block extensivedamage wasexperienced
ahead of and below the 345 level undercut face.

Ahead of the face, the damage observed was in the nature of spoiling
and small local shear at dilation dirplacements slips in the rock surroun-
ding the development. This was particularly noticeable in the less
competent areas, and in the "pillar", between Block 7/2 and 7/1 on the
northern side of the block where yielding arches had to be installed.

Un the low«'r undercut level (350 level), the area affected was larger
than on the upper undercut level, with spalling and small local shear and
dilation movement on slips in the rock surrounding the development. This
was moot noticeable in the les:; competent ground on the corners of the
ring drilling drives and crosscuts. The appearance of the damage was
broadly related to U 345 level face position, as it occurred in a broad

zone both ahead of md behind the face position. In the more competent
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areas, the fractures observed in the development consisted of spelling
cracks in the back, and snail, comnressional displacements on sh-How
dipping slips, which e;ave the impression tnat the cause was a horizontal,
not, vertical stress. Hock boltin*; improved conditions sufficiently to
allow undercutting to proceed.

On 370 level, damage similar to that observed on j*O level occurred.
However, on the western abutment an unfavourable slip orientation necessi-
tated yielding arches. Here, displacement on 1I-S slips were noted which
wore more re,ional than confined to the zone of influence of the develop-
ment .

The grizzly level, 3(j level, was extensively supported by steel
arches as a precautionary measure did not show the visible effects of the
undercut face advance. In the western abutment, on 350 level, spelling
and regional movements were observed in the unsupported areas. The arch
load indicators responded to the undercutting with increases and then
decreases in the loads imposed on the arch. On the southern side of the
block the arch load indicators showed n increase in load throughout the
southern-most grizzly drive. This drive, despite being located in good
ground suffered considerable spalling, necessitating the completion of

arch installation.

7.57 ErYmUTS uP CaVIHG IN BLock 7/2 on BLOCK 7/I

The caving of Block 7/2 had an effect on clock 7/ 1-7/3 mainly in
the overhang over the eastern end of the block. The boreholes and dis-
placement meters located on 205 level recorded general slow subsidences
through 1972 and to August 1973, nd then accelerated between August nd
October, coincidental with the removal of the pill ” between 7/2 and Jj\.
Several of there instruments were loot during October as the caving of
block 7/2 induced further caving in Block 7/1 overhang (Pig 7,34). The
ground on the east aide of the block displayed a relief of stress in an
K'A direction where the newly caved ground intersected a drive, and could
bke* seen subsiding almost intact on nearly vertical slips.

This also caused a general deterioration in the blocky incompetent,
and sheared ground associated with the 170 dyke in the eastern periphery
of block 7/1-7/3.

7.56 EFFECTS ON CAVING IN DLOCK 7/2 ON BLOCK 16
During 1972 arid 1973, very alow subsidences were recorded over the

back oi block 16 by the 205 level remote displacement meters and borehole
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wire ext.ensometerti. However, in July 1773 three borehole extenaometera
on the western side of the block record,d sharply increased subsidence
rates possibly caused by some failure in the ground between blocks 16 and
7/2. During August and September some instruments recorded a “radual
increase in subsidence and on October 24 u general speeding up in the rate
of subsidence started (Fig 7,33) ¢ At that time it was discovered that the
cave back had reached the 2 0 level elevation over the central portion

of the block. It was then decided to drill a hole from surface to
intersect the back and to monitor the progress of the cave upwards. This
borehole was completed in Decern, r by which time the cave back had reached
the 170 level elevation. From then until June 197" the back moved upwards
at a rate of several metres per month (Fig 7,24) « The ¢ ving indicator
also showed that a cavity existed between the broken ground and the back
from time to time. This cavity broke through to surface in June 1g75 as

a large sinkhole. From this it was deduced that the cove back was
again a steep sided dome similar to that deduced for block 7/4, as the
instruments on the north west and south west sides of the block had indi-
cated that a complete failure of the ground lying b.tween block 7/2 and

16 had not occurred, but instead relatively small movements had been
recorded indicating some failure or displacement on slips on this zone.
The western abutments of the clock were still relatively solid on the 205
level elevation while over the centre of the block the cave back was

measured above the 170 level elevation.

7.59  SUCIAHY

The undercutting of block 7/2 resulted in initially a dome shaped
cave with areas in beneath the buck where cavities d- 7eloped. These
cavities over the centre of the block narrow but on the western periphery
up to 10,5m high. The undercutting resulted in a zone of damage broadly
related to be face position on the second undercut and overcut levels.
This damage, however, had the appearance of being caved by a lateral not
vertical stress.

The completion of the undercutting along the boundary with Block 7/1
ecaused mass subsidence type o-.ving or. tin northern side of the block

with a steep overhang over the south side. Thin also initiated further
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caving of the overhang on the eastern aide of Block //1, and, the

caving of the back Block 16. 1In this block lateral stress relief was
indicated by cracks on surface and the caving took the form of an upward
proportion of a steep sided dome shaped cave back beneath which a cavity

periodically developed.

7.6 DILiCJBaTON

Some common characteristics and interesting differences ctun be
recognised in the caving of the four blocks described in this chapter.

A substantial area was undercut in each of the blocks before
caving started. This 'undercut' was created by the shrinkage operation
in Block 6, sublevel caving in Blocks 7/1-7/3 and 16 and by the under-
cutting of the ore for the block cuvin-, of 7/2. Consequently, the back
ras roughly arch or dome shaped (determined by the orc-body shape) in the
first three cases, and flat in the latter. The mined areas were partially
filled with tne blasted ore leaving one or more cavities between the pre-
broken ore and the back.

initially caving took tin- form of sporadic sloughing from the back
of these Cavities, or where the broken ore filled the undercut to the
back cracking with more or less detachment from the sides and slower sub-
sidence. With sloughing from the back the cavities of Blocks 6 and 16
progressed to surface. This caving mechanism was similar to the stress
caving in Block 7aB but in all these cases, the previously mined block
on one side influenced the stresses in the back, and probably contributed
to the instability of the buck. In Blocks 7/1-7/3 and 7/2 the influence
of the adjacent caved block became sufficient to cause the mode of coving
to change from stress caving to muse subsidence caving between 30 and 60
metres above the initial back elevation. The Caving mechanisms are dis-
cussed more fully in the noxl chapter.

The ground in the peripheries of each of these blocks was affected
by the caving manifest in the displacements observed on slips and in the
damage to drifts in this ground. As discussed more fully in the next
chapter the rate of displacement on the slips were normally at a maximum
at the time of c .ving, and subsequently slowed over a considerable period
of time. The damage observed in the peripheries took the form of slabbing

and falls of rock dislodged or forced from the back or sidewall of develop-
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ment openings, aluo rock falls and 3pulling attributable to changes in
the stress field in the area, nth the consequent changes in stress arrund

the excavation and its stability.
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CthuT*R JIJHT

ALAIYu:: .o/ J-\ i c.

In this chapter it ie hoped to analyne the jround behuviour by
evokino theoretical “odel materiaia to describe the gtrese-8train-tin.e
relationships which are important in understanding the ground behaviour.
It will be shown that the ground on this uine on a large scale behaves as
a quasi-Bingham substance and on a s. mll scale muy be either elastic or
plastic. Later it will be shown how these characteristics effect the
practical side of the mining n.v.oly, the condition required for caving
aid the form that the caving will take as well as the stability of

development workings.

8 0 TS*T r. 1T~ 'T 1T TiVJQ

The stress-strain-tine relationships of geological materials mmj- oe
represented by one of eight mechanical models given In Jaeger's "Elasti-
city Fracture and Flow" (1 ~ P 99 - 109) (Fig b,1}.

(1) The perfect el .it"c or "uook'-un" substance Represented by a
wpring, wivi; trie «;Atension U-n  xi»8tailUu»«ou8 and propor-
tional to the stress.

(2) Th perfe tly vin;u)un fluid or "hewtoni n" sub.nt.'j.ce Repre-
sented by a dnshpot, the rate of strain £ 1is related linearly
to the stress, and tl'.o strain is determined by the duration
of the stress and strain rate.

(j) A:ielj cwr*.u Jo Repreuented by a friction contact which
would only yield if the applied forces exceeded the frictional
force (Jo) due to static friction.

(4) The j;erfVcti."' .la. tic solid or "Ct. V*nt" substance Repre-
sented by a spring tuid friction coiitnct which has an elastic
strain until the yield stress ia reached.

(9) The 'hh Ivin", t" or 11,0-Vi r.nir.t- nee Represented
by a spring and dishpot in parallel in which the stresses on

the system are equal to the sum of the stresses on the spring
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(K ) tuid dushpot (1 ) Should the system be subject to a
constant load, the ultimate strain would be reached exponen-
tially and if the stress is removed the strain is decreased
exponentially to zero strain.
((,) The "maxweil'1 or "Elusti co-Vi scoun" n.bnt-.r'-e Represented by
a spring and dashput in series, this material is like pitch,
elastic to instantaneous loads, but flows viscously with sustained
low stresses. Under constant stress, there would be an instan-
taneous elastic strain followed by linearly increasing timo-
dependant strain.
(?) General linear sub, t .tioe Represented by a spring in parallel
with a Maxwell element, the material under constant load has
an instantaneous strain which increases exponentially to a
final value determined by spring on its own.
(8) The "dinpham" subst -nee This is represented by a spring, friction
surface and a daahpot in series, the dashpot here restricts
the rate of movement once the yield point is passed, unlike the
perfectly plastic material which has no limit to the rate of move-
ment. This material behaves elastically for stresses less than
the yield point and for greater stresses it deforms with steadily
increasing strain. A portion of this strain is not recoverable

on release of the deforming stress.

6.3 SMALL JCALK Db.-'ORI"AT a0’
On a email scale, such as in laboratory specimens, most of the rocks
found on tin* nine behave elastically. The possible exceptions are the

footwall talc rocks where the gouge filled shear horizons and weak sheared

zones con be expected to give it a viscous nature. The incompetent nature

of these rocks, makes core specimens of these rocks for laboratory testing

practical lyr unobtainable .

Th< elastic nature of the d'initv, serpentine, carbonated serpentine

and tslc-carbonate rocks is demonstrated by the instantaneous response to

loading and absence of Big* ifleant permanent deform'tion after a period
of sustained lo id. These properties are illustrated in the graphs in

Fig 8,2.
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6,2 Creep tuat results

6.4 lah;. .jeA-.ur.Ko;r CMAHACJLHISTICI

When a lar ,e voluiae of rock containing several joints is stressed,
the rock nuy not only deform elastically, but depending upon the directions
and magnitudes of the three principal stresses to the orientation and
frictional properties of the joints, there may also be a plastic component
resulting from small sh<ar diapl ce:,/nt: on one or more joints.

Small displacements on joints huve been otuerved -aid recorded in many
locations in the peripheries of c-tved blocks on this mine (Pi,-; 6,23).
In other localities, where high stresses wore expected, there v,cre no
visible effects of the stresses in the form of epalling and other damage
and from this it was inferred that the stresses hud been reduced and re-
distributed by small shear adjustments on joints. The lower-than-
expected abutment loads in the peripheries of Block 16A was one example
(See 7.162).

The rate of displacement measured by the Bem' c extensometer on
slips in the peripheries of Block 7AB were generally very slow and appar-
ently continuous, but there were sore which displayed email sporadic

displacements. These slow, frequently uniform rates of displacement
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indicate a time factor in the deformation characteristics of the Oround.
This could be either a time dependent response of ground to a change in
stress, or to an immediate response of the ground to a gradual change in
stress. A gradual change in stress cun be brought about by uuvancea in
the mining or to the gradual development of a zone of adjustment around
a mining operation. As the caving of olock ?AB was relatively rapid and
in the peripheries was followed by a protracted period displacement on
slips, it is considered that the time dependency is primarily a property
of the displacement on the sli’s.

because of the small displacements on the numerous joints and the
time-dependent response, the rock m ss behaves as a quasi-Bingham sub-
stance. The spring provides an instantaneous elastic response, the
dashpot a controlled rate of sliding of the friction block when the applied
loud exceeds the yield point provided by the friction block.

8.41 7% UATVYHE v? BIbPUCIii.LA.TL, Ui JOINTS

8.411 Ty of .o:nt . or d:.\. l.icerent occurs

In the peripheries of a cwed block, the joints which show displace-
ment lirst and which ex/d hit the greatest amounts of displacement are the
suitably orientated muvor structural features such as faults, major slips
or shears in the are . These major features are usually planar and cay
have associated uor.es of shearing and in ¢ ny caces a gouge filling. Closer
to the caved block the displacement occurs more frequently on tdnor

Jo-nts such as cli;s which are not us smooth or plan r.

8.41T Amounts of uh- r . vt o 1" t ;on

The monitoring oi tin direction of diopl .cement o* these sli®-o showed
that tne lutefw. di..placement wa- a*:..o.t invariably acco: .aiued bv dilution.
This could be Caused by the "riding up" of irregularities in the slip
surfaces on each other during lateral displacement, however, on the moie
irregular minor slips it is probable that reduction in the stress or change
to tensions! strain in a direction perpendicular to the slip face is
required to overcome the interlocking of the irregularities. The lateral
di9plact...vnt and dilation components of movements recorded on a slip in the

periphery of block 7A2 is giv.-n in Fig t,22.
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b *413 Irre,'ul;:r di g;)l:;ce:n(.nt recordi d on some r.lipg

Whilst the displacement recorded on the majority of the slips moni-
tored with the Democ extensometer was apparently continuous and slow,
there were a significant proportion of clips which displayed a jerky
motion. As these instruments were read once per week, there nay have
been more slips which illustrated a jerky motion where the period of jerks
was less than one week. However, where jerky displacements were recorded
on slips, the jerks occurred at long and irregular intervals of time. It
is probable that these were the result of the irregular fluctuations in
frictional force caused by shearing off the aj-ecies of irregularities
rather than a sudden change in stress. Jao.r.T and Cooke (1964 P 63)
recognise two 'stick-slip' phenomena, one resulting from shearing of irre-
gularities during sliding, and thr other phenomenon observed in the sliding
on finely ground surfaces of rock. This type jf 'stick slip* sliding
they have called 'stick slip relaxation oscillations', and ascribe it to
a coefficient of static friction that is higher than the dynamic friction.
Under a constant overall strain rite, there is a build-up in elastic
strain until the stress is sufficient to overcome the static incticnal
resistance, and then shearing starts and continues until the force drops
to the dynamic friction il resistance which brings movement to a halt,

until once again the elastic build-up exceeds the static friction resis-

tance.
6.414 helat.on.rhiu of v of oV :*M 1. changes

It is usj lly very difficult to deter: Then, exactly, a chnge
in the stress field takes place so that the ts on slips can be
related to then. V/hen block VAb cavd, th elip.i bedng monitored

were those on t,70 level on the south side of tne block, and of these most
recorded substantial movement in Jam ,ry and February prior to caving with
a general ;lowing down in .larch and April, anu with little or no chan-"i;

in the rate of movement at the time of caving in April. It was clear that
the slips in this area were being affected by th" undercutting operation
and hardly by the break through of thecave to surface. Elsewhere in the
peripheries, however, displace:;.* nt w anoted on nun: rous slips during
April and .'ay. Only after this dinpl. cement had started were these slips

monitored. The gradual slowing in the rates of displacement recorded
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showed th it after a major ch;mde in stress, adjustments in the form of
displacement on slips continued for several months.

IXirinj the underouttin ; of the second phase of Block 7*3, displace-
ment was recorded on the Travellin.; y shear (See 6.35) « This movement
was related to the crashing of drawpoints in this area. The rate of dis-
placement slowed considerably during the production from the first phase,
speeded up during the working of the second phase, and substantially on
the day block 7/1-7/3 caved. The displacement on this slip was, in general,
very closely related to the passage of minin ;. The other slips being
monitored during this period and in thiv .area did rot chow this di: ti.net

relationship to the progress of mining (Refer Pig 6,26).

P.415 Ori‘-t- tjon?; of mov rent occur '

Displacement w :a recorded on several joint orientations in the jieri-
pheries of the Block 7aB and these movements could be broadly c&tagorised
into lateral (wrench fault) displacements on steep dicing slips striking
at an acute angle to the boundary of the caved area, normal and reverse
fault displacements on slips striking fairly parallel to the periphery
(Fig 6,3). On slips perpendicular to th" boundary of the caved area par-
ticularly on the upper levels, such as in IB5 level main crosscut, small
lateral displacements were obrerv* d occasionally. Broadly, tht directions
of displacement on the joint: indicate u reduction in lateral stress per-
pendicular to the boundary of the caved urea, and/or an increase in para-
Ilel to the bound ry. Tht vertical displacement on the clips striking
parallel o the boundaries are du to the vertical stress, either over-
burden lo..d only, or also increased temporarily by abut":":t loads, in-
fluenced by 1 -educed horizontal stress. The slips perpen. cular to the
bound ry, on which 1 teral disol com nto rere observed on the uprer levels,
were, it is believed, merely reflecting the displacements of ground below
the observed slips, in othir words this ground was being carried by the

ground moving bene th it.

In the proceeding two chapters it has been suggested that the
stresses in the peripheries had been modified by the obs rved small dis-
placements on slips and shears. It was alao speculated that the stresses

measured in the abutment of the first level in the sublevel caving of
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Block 16A were not as hijh as had been expected, because of snail dis-
placements on slips the i%aximum stresses in the immediate abutment had
been reduced and redistributed further awaj from the face. Usinj Hookes
law for uniaxial compression a first estimate of the effect that the
small displacements observed on slips could have on the stresses could
be obtained. For example, the elastic deformation of the purti'Uly ser-
pentinised dunite with a modulus of elasticity of I GPa, under a stress
of 1 MPa would amount to 0,02mm per n.etre.

From this it can be appreciated that the small movements of the
order of millimetres observed on the many slips in the peripheries could
have a significant effect &a. the stress field surrounding the block.
However, in a quasi-3invhan sub.itance the total deform., *ion if dependent
on the magnitude of the deforming stress enti the duration of the stress;
in the back or periphery of a cave block the magnitude and duration
of the deforming stress would depend on the situation. In g rer- 1 tie
larger the zone in which shear displacement on slips is possible, the
larger the total deformation will be and the longer it will take for the
principal stress deviations ir this zone to decrease to the yield strength
of the roek . so and the final state of stress to be reached.

The shear displacements occurring on the major slips or the yielding
of the rock mass would tend to reduce the principal stress deviations
within the yielding zone and to increase the stress in the areas adjacent
to it outside the potential yielding zone. ,/here, however, the principal
stress in the yielding zone is due to uravitatianal forces, then the
yielding will not reduce the princip 1 stress deviations unless bridging
occurs which redistributes the weight of the material overlying the
yielding zone onto the peripheral iaos outside the yielding zone, or the
lateral forces resist:ng yields , are increased by some process such as
coneclidat.cn or an event such as the cessation of mining.

The small displacements of the order of millimetres observed on
many slips in the peripheries of Block 7AB could have had a significant
effect on the atresafield iunrounding that block. Fig 6,24 illustrates
the slips which had novtn.a-nt noted on Ua-mon 205 level in the peripheries
of Block 7A3 and Block 6, together with the ground movements recorded on
the sutvey pi,,a. The total movements or.tit,ated for slips on the eastern
perimeter of the block on 170 level amounted to 6mm in 160m, while tha
total short,min,: recorded on the survey traverse was 20mm The 14i 1

strain given by the difference between those indicates that the horizontal
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titress may have been increased by the order of 4,5 Mpa and this is in

close agreement with the difference betwe » measured lateral stresses of 11,8
and 10,9 MPa and the extupoluted vir, in rock stress of 6,5 L'Pp (See 6.3).
There was further an adjustment indicated by the 6mm observed yielding

which may be equivalent to a stress relief of about il MPa.

Prom this example it can be concluded that when an excavation is
made in the type of ground encountered at Shubnnie, there is a redistribution
of the virgin stress around the block, determined by the shape of the
excavation. These stresses would be modified locally by local differences
in the elastic properties of the rock, and on a larger scale by differ-
ences in the elastic properties of the various major rock types. If in
this ground there wore also suitably oriented slips, and if the stress
conditions are such that the shear stresses exceeded the frictional and
cohesive strength of the slip, then displacement would occur on these slips,
reducing the stress in the area and increasing it outside the potential
failure zone.

In this way the stresses around the major excavations at Shabanie
can be expected to be significantly different to those in an elastic
medium. The yielding on slips tends to reduce the general level of stress
in high stress areas and redistribute them over a wider area and so the
high stresses that lead to rockbursts on other mines are unlikely to be

reached on this mine.

9«5  CaVKIG MhCHANL.'si IN A JH-' HI'".TaNCK
Two distinct situations in which caving can occur have been recog-

nised in the blocks studiede These result in caving mechanisms which are

sufficiently different to warrant identifying names, vis "stress caving"

and "mass subsidence caving". These two forms of cving may be observed

in different areas in a sin le block, "stress caving" occurs in areas

where no previous mining ban removed the lateral constraint in one direction

and "nil.is subsidence caving" occurs in areas where the lateral constraint

has been significantly reduced. The characteristics and mechanisms of

these two form:; of Gavin*, are discuss'd below.
8.51 ITRK CAVING

8.511 Trinoiplea

In the literature it has long been recognised that more difficulty
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is experienced in initiating caving in the first block in an area than
in subsequent M ocks. The stress caving situation nay be equated with
the caving of the first block in other mines. However, on Shabanie 'wine
due primarily to the undercutting sequences adopted it also occurred in
subsequent blocks.

Although the rock on this nine is anisotropic because the joints
have preferredorientations, it is worth while looking at Morrison and
Gelda"dls (19”4) paper on caving in isotropic rock in which they cal-
culated the stresses in the back at v riouu stages of caving (rig
In a low lateral stress field, on the completion of the undercut horizontal
tension of 0,7 units (one unit being equal to the vertical stress at the
depth of the undercut) would c-xist over much of the back of the block.
The effect would be to open up the joint pLjies to the degree required to
induce local and progressive caving. However, with successive falls
from over the centre of the block, the back would become more arched and
progressively less favourable to caving as the tangential tensile stresses
gradually change to compression w.th increasing height of the arch. This
they say couldarrest the cave, but consider that with the weakening
effects of abutment she ring, fringe drifts and/or abutment  topes, the
back shape will vary between outlines 1 and 3 i.e. with tangential tensile
stresses in the back. In a high lateral stress field, the tangential
tensile stroc: cs di appear, and are replaced by compressive stresses
which tend towards tightening rather than loosening the undercut mass.
This they conclude aving and good fragmentation*
Immediately after undercutting, the tan* utial stresses in the back would
be slightly coir.pres. ive, unlikely to support tht dead weight of the rock
in the buck and falls would occur. With these a state of uniform tangen-
tial corr.preui ion is rapidly approached, which could restrain the dead
weight and arrest the cave.

In an anisotropic rock, the orientations of the planes of weakness
must be considered. £\ig b,9 illustrates the stress directions in the
back of tilocK 16, obtained from p finite el *ment analysis. From this it
in clear that in a high lateral atreeofield, the required orientations
of the stresses for she .r failure on th# steeply dipping slips occurs
only in p small area no r th* extremities of the undercut. However,
shearing on join to with low dips is probable over the greater proportion

of the back and if those joints persist above the back, a series of



failures could occur jivinj an upward progression of a cave. The main-
tenance of a cavity below the back would assist this process.

If, however, the dominant joint direction is horizontal, the struc-
tures in the back would resemble a series of beams or plates which
would buckle and suf as illustrated in Pi/; u,6+ Denkhius (194 P 319)
points out that with deformation of the abutments the maximum stresses
and possible failure area lie more towards the centre of the undercut
than it would with ri.;id abutments. Due to the bending of the lower beam,
the span of the second beam would be smaller than the first. As the de-
flection of each beam depends on its thickness and elastic deformation
modulus, it is possible that the lower beam deflccts more than the over-
lying one so that a gap, termed the Weber cavity, occurs between the two
beams. If one joins the abutments (f all beams one obtains a dome shaped
curve (Pig b,fc).

This beam concept is based on the assumption that no bond exists
between successive layers so that they can deflect freely. If such a
bond exists the two layers behave like one thick beam. If, however, the
shear force caused by the deflection loosen:, the bond, deflection of both
beams suddenly increases and this may manifest itself in a burst-like
fall of hanging over a large area. With n h gh lateral stress the increased
deflection of the beams can be expected. Park r (1%6 P 1192) observed
this typ< of buckling in a high lateral otre: field at White Pine Line,
Michigan, where he also noted that the buckling lead to a reduction in
the lateral stresses in the beam. This would tend to favour caving in a
rock also containing vertical joints. A form of caving similar to this

ami Mine *

The caving ] ocean which fits the observed features of stress
caving on ilhnbanie Mine rry be so: uinrised an follows:

In the back of an undercut area the rock is subject to stresses
which are the result of the redistribution of the pre-existing stresses
around the undercut and the weight of the :ocx in the back. If the joints
in the back an favourably orientated with respect to the stress directions
and if the shear and/or tensions! siren, th of the joints are exceeded by
the stresses imposed on them, some dilation and lateral displacements
will occure These will result in a modification of the stress field and

further yieldin ray ensue-® In the high 1-tor-,1 ntreao field of tihaba-iie
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Mine the joints which would have a 'favourable' orientation over a flat
hack of an undercut are those joints with a dij> of up to 35 « Joints
with steeper dips map h ve a favourable orientation over a narrow zone
along portions of the peripheries. With a back, which is flat and
contains almost horizontal joints sore bed separation could develop, which
with buckling, could result in a reduction in the normal stress and
shearing on other more steeply dipping joints. If, however, the back is
dome-shaped then shearing ray occur on the more steeply dipping slips in
the zone along portions of the peripheries of the bacK. nhi- zone is
wider than would be the case with a flat buck.

If these processes result in the detachment of blocks of rock from
the rock mass, which noy continue to subside under gravitational forces
alone when the underlying re is drawn, th<n tr.e ground may be cor.s..*red .0
be caving. A block nay b- considered to have caved when sufficient
ground has entered this state to enable extraction to proceed efficiently
and safely. Caving may be conti iered to be complete when it reaches

surfaces.

6.512 1 ) j -rion of ox'- of stress, cavi: on Shabar.ie .Mire

Stress owing occurred over the sublevel shrinkage of the eastern
half of block 6, over the top of the sublevel caving operations in Blocks
7/1-7/3 and 16, in B’ock 7/2 and in Block 7A3 between ¢he cut and fill
stoces and Block 6, and over the western half of the r. ¢ phase under-
cut area. With the exception of Blocks 7/2 and 7A3 the w”cks of the under-
cut areas were all arched v dome-shajed.

In all blocks ex'apt Block 7AB the visual and instrumental data
indicated th it the cwo bick an: a steep ided dome shape, and that
cavities developed t twee, the cave back and cuved material. The ewe
back progressed upwards by sporadic falls. Horizontal tcns.ional cracks
were observed in the back in both areno in Block 7A3 fuid, in Block ?/2
wher™* cavities are considered to hiv*¥ formed f ’or the gradual widening of
a tensional crack. lor that portion of Block 7AB which formed the exceptic
to the general obnraticna above, it is suggested that i.ad the undercut

not been the cut end fill ctoj”s in which the pillars slowly crumbled,
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in all the blocks studied the majority of the slips were steep-
dippirib't and in general the only joints which wore relatively flat dipping
were tiio fibre seamse However, in the northern hal f of clock 7/2 a set
of 35°ti dipping slips had been mapped. It is probable that, the caving
took place by the progressive shear failure on these joints rn the peri-
pheral areas and by separation, buckl'ng over the central portion ol the
back. The major geological features which probably assisted the caving
process includes the Zone A shear in the back ol dlock f, Zona B in
Blocks 7A3 and 7/ 1-7/ 3, and the shearing associated with the 170 dyke
in Blocks 7/2 and 7/1-7/3. In Block 16 the Zone B shear lay to the north
of the block and in the initial stages had no effect on the caving.

Later the cave ba“k progressed through this zone with no apparent deflection.

The stresses in the backs of all these blocks were probably affected
by previous caving in the near vicinity. fhe one possible exception was
Block 16 which started in an isolated area and th- -uving did not progress
very far until the Block 7 caved area was extended towards it by the
caving of Block 7/1-7/3 and Block 7/ 2. It appears that the caving of
Block 7/2 adjacent to Block 16 changed the stresses in the back sufficiently
for caving to proceed at a fairly constant rate with sloughing from the
back of a cavity but, not enough to change the node of caving to mass sub-
sidence cuv ng.

The rate of propagation of the cave back is relatively slow, but
depends vey lui ely on tiv structures, the cln m ol rock in the back, and
the stresses in the back. The rates of caving r-corded in Block 16
varied from a few fells per year to a fairly regular 10m/month.

No comparative studies have been made on the fragmentation result-
ing from this form of caving but it is expected that in the pace class
of rock, fragmentati on with this form of caving would be b tier than with
mass subsidence caving because with sporadic lalls from the baCK ul a
cavity the blocks become rotated relative to each other which would allow

greater arching and attrition in the draw column.

6.52 MASS SUBB1JUICE GAVINC

8.721 I'rinc piey

Mass subsidence caving occuri quite readily where the lateral
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restraint has been si“aifictntly reduced in at least one direction above
the undercut. The reduction in lateral stress is usually provided by a
co=%on boundary with an adjacent caved block, or in sojac cases, by a slot
cut alon” one or more boundariese The lateral stress has to V* sufficiently
reduced to allow shear failure in a vertical sense on the near vertical
slips. When caving occurs it is characterised by the orderly subsidence

of iurue columnar blocks of rock bounded by these nearly vertical slips.

6.522 discussion of ex”nvles

lias3 subsidence caving was observed in two areas on Block 7AB, where
in the first area the slot cutting and shrinkage on the south side, and
in the other the block 6 cave removed the lateral restraint. This form
of caving also occurred in Blocks ?/1-7/3 and in Block 7/2 where the mode
of caving chained us the caving progressed upwards from stress caving, to
mass subsidence caving,, and the rer,oval of the lateral restraint by the
cuved ones in Block 77 and Block 7/1-7/3 respectively. The propagation
of the cave to surface was ra.-id in all c”ses and the surface subsidence
took the form of the orderly differential subsidence of blocks of rock
bounded by steep di..ing slips.

Ac the caving of these areas proceeded rapidly, utilising only the
relatively minor nearly vertical slips, it appears that major structural
fractures are not essential to this form of Caving, but would obviouely
help.

Open cavities wore observed in only one of these foui' areas, and an
these cavities were of limited extent, it is concluded that cavities will
probably only develop: at the undercut elevation .uid would be 1,mited in
area by the spacing and orientation of the nearly v-rtic 1 clips.

Shortly after Block ?Ai caved a low bulking factor of only 6/ wam
calculated for that block, and a subsequent survey showed that the factor
had increased to 12”. These low bulkin,, factors are probably a direct
result of the orderly subsidence of large columnar clocks of rocx formed

in this sort of caving.

8.53 CAVH.G CHIVBBIA
An early idea on c.ivin® on this nine was that a new cave block

should be sited adjacent to a previously cuv. a block to ensure "continuity
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of cave". On this basis it was decided to start the izdning in Block 7
adjacent to Block . Subsequently, the hydraulic radius of Block 6

was adopted as the cav. *v criterion for Block 16 as it had a similar major
structural feature in the northern periphery.

It has since become obvious that the hydraulic radius as a criteri
for caving is inadequate. But there is still a clear need to have a simple
way of assessing whether an orebody will cave satisfactorily, with a
given undercut area, or alternatively guide lines are required for deter-
mining the size of the undercut needed to induce caving. In addition an
indication of the size the caved material will be, is also desirable.

while it is clear that whether or not a block will cave satisfactorily
depends upon the stresses in the back and on the orientations, density and
properties of the joints, and in certain circumstances on the intact rock
strength, particularly in tension, it is alsv clear that each of these
aspects has to be quantified before an analysis can be made on a block
which is on the border line between the caving or non-caving fields. For
non-borderline cases the analysis can be very much more rudimentary. In
the most elementary of these, aspects such as minimum span, hydraulic
radius or area oecome the most important criteria while the structural
geology is assumed to be a constant fur a particular nine. This was
bom out by the assertion by Bmith, Liedich and Hosier that one's past
experience in a particular orebody was the best guide to the size of an
area to be undercut to induce c;-ving (lucky 1542)¢ lore recently,
Carpenter and //oolfe (157k) stated that at Rio Blanco, the minimum span
was the main factor which determined tie cavability, while Ubert and Duvall
(1966 P 574) quoted a2ea . of 40 x 55min a Salt mine with a compressive
strength of 3,5 “Pa which did not cave, uid 43 v tifomin a borate mine
with a compression rock strength of b to 45 tua which stood intact for
25 years with heavy spalling only.

Good prospects for a simple approach to determining the cavability
lie in the use of the geomechanics classification system. Laubscher
(1975) has suggested that a guide to the cavability, fragmentation amount
of secondary blasting can be obtained from the insitu classification (Bee
Table U, 1). Also by applying a series ~f adjustment factors to the
inslti. classification th« size of the areca to be undercut can be determined.
The adjustments are made for the effects that potential weathering, tue

field and induced stresses, changes in stress, movement size :uid joint



orientation, have on the stability uf the back. . Laubccher suggests

the following guide to theye adjustments. The adjusted rating is arrived
at by r.ultiplyin, the inr.itu by the adjustment factors, which arc expressed
as percentages. For potential weathering a total adjustment to can

be made by considering the possible decrease in RQD as the rock weathers
giving m adjustment to the decrease in rock strength if weathering

takes place along micro structures decreasing the rating to 96%, and by

altering the condition of joint surfaces an adjustment of is possible,
giving n total maximum adjustment to X "6)o x ti2le = 7%'e
TAdLm b, |

CBOlumCHAZiICti ULAtiulFIC.VflOi OF ROCK .'ALLIS APFLImd TO UAVABILITY
(aftoi laubccher 157$

AID UoftiU ROCK CLAJC 1 2 3 4 b

Undercut area as not 30 - 20m 20 ~ 8m 6m

Hydraulic Radius practical

Via. of equivalent

circular area 120m 120 - 80m 60 - 32 32m

INSITU Ci ASS 1 2 3 4 5

Cavability Nil Poor Pair Good Very
Good

Fragmentation - Medium Small Very
Small

Secondary blasting - High Variable Low Very
Low

Similarly the effects of the field and induced stresses can be allowed
for: If the jo.nts are kept in c .iprei sion then the rating may be
increased up to 110,j$ if shearing on joints is possible then the rating
decreased to 99 fmd if the joints open the rating may be decreased to
7(t/. Similar arguments and adjustments can be applied to changes in the
streuafield due to subsequent mining operations. The effects of the size
and orientation of the joints niily be accounted for by another adjustment
to VO Laubschtr further recommends that the total adjustments be

limited to 99®s
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These adjustments were derived empirically for various applications
of the classification system such us assessment of caving, the design of
support for underground excavations or open pit stability. At this stage
of development, a pre-requisite to deciding the adjustment factors to be
used is a sound practical knowledge of the magnitude and orientations of
the stress likely to be developed in the back, both initially and as
caving proceeds, and whether these will cause shear -or tensional failure
of the joints in the back. Although guide lines Can be drawn up for
assessing these factors in a quasi-Bingham substance in a moderately high
lateral stressfield s formed at iihabanie, the system remains t first
approxj mation.

Analysing the cavaoility of borderline cases therefore requires
more sophisticated techniques for determining the stresses in the back
and the likely effects on the geological structures in the back.

Theoretically it is possible to analyse the stresses in the back
of the block by means of a three dimensional finite element analysis, which
would take into consideration the stress modi ying affects of small move-
ments on slips, and which ~ aid analyse the probability of failure of
structures in the back, nd modify th< shape of the cavity accordingly,
and repeat the analysis. This approach up;ears imminently suitable for
determining whether a block will cave, what course the caving will take,
as well as effects that can be expected to develop in the peripheries.
But a three dimensional analysis such as this would require a very large
computer and long computation times because the rock properties, structures
and the mining sequence in the area would have to be modelled. This
would also involve a considerable amount of data preparation. The
approach i" therefore considered impractical.

A more practical approach would be to select a suitable section
through the block #md to analyse the stresses in the back by means of a
two dimensional finite element an- lysis. McMahon and Kendrick (1%9) did
this for the Urud Mine, under gravitational forces only. On this mine,
initial laV'-til rock stresses would also have to be applied. McMahon and
Kendrick point out th; t the two dimensional analysis assures plane strain
which requires that all the deflections are in the plane studied. The
most valid croso-section is generally through the middle of the cavity
in i direction nor: ul to the long dimension of the cavity. Errc in the
estimation of utres j concentration due to the plane strain assumption are

less than for a cavity with a lengthiwidth ratio of 5 and loss than
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1o for a cavity with a length:width ratio of 2.

In a two dimensional analysis such an this, the elastic properties
of the various rock types could be modelled. Thi nrogramme could also be
designed to test for shear failure on specified joint planes and to cal-
culate the displacements on the joint planes, and then repeating the
analysis of stress distribution taking into consideration the displacements
so obtained. Alternatively, the programme could provide simply the
principal stress magnitudes and orientations and the arecas of joint
failure, determined manually from these. If extensive zones of failure
are indicated, the -Lape of the cavity cculd be modified accordingly and
re-analysed. This approach was adopted in the finite element annlysis
of block If (Pig 0,5). However, ir this case no failure zone w-r indicated,
except for the narrow zone of vertical tensile stresses the back and
as no further major failure a;';cared likely in the stressfield presumed
for the new shape cf cavity, no recalculation of the stresses was done.
This particular analysis was not considered to be an accurate reflection
of the conditions surrounding the block, and it is considered that the
stresses and structures in the immediate back determine the extent of
caving in the absence of any major, weak, structural features.

Thes- techniques are based on the assumption that the ground behaves
elastically except where tension or shear failure is indicated for joints
with particular orientations. There is an element of simplification in
this, such as ignoring the effect of slips which do not intersect the
plane of the analysis at a large angle, and ignoring the minor, less
frequent or lesr continuous joints. A more realistic stress distribution
might ha obtained if an elasto-plastic behaviour is assumed. Keyes and
Deere (lyf6) developed a finite element method employing a generalised
von his**j criterion which accounts for both int- nnal friction and cohesion.
This yield function plots M a cone in principal streso space, and the
etre is-‘train relations could be obtained by regarding this function as
a plastic potential. They used this dispiacen r.t method of finite element
analysis with triangular elements and linear dinplacement functions, with
a step by step application of load. At each step increments of displace-
ments which satisfy the equilibrium were determined by a recursive process.

They analysed the stress concentrations around circular openings
in an infinite medium for arbitury value of yi<ld parameters and initial

state of atruns, and concluded that the results appeared to be "fairly



rc&listic Iuid rufluct the effects of volumetric ox"aZtSiori &cco&payin”
yielding ¢&a icplied by the etresa-etrain relations used".

In application to the lur®e excavations which constitute a cave
undercut, it nay prove necessary to introduce the added refinement cf

modelling the progress of the undercut as well.

8.54 CAVE INDUCTION I2THJES

When block 16 failed to cave, ways of inducing the block to cave were
attempted without success (See 7+461)s The first technique tried was the
pumping of water at nigh pressure into four boreholes drilled over the
back for over a mouth, during which time several pressure drops were
noted but no significant falls occurred from the back. Later fans of
several holes were charged and dusted in on effort to cut a slot or. ti.e
northern side into which compressive lateral stresses in the back could
be relieved. This too was not successful.

Elsewhere the other methods have been tried with varying decrees
of s'Ji'Ci'SS such as boundary weakening or isolation, longhole drilling and
blasting, coyote blasts and extending the minimum span or area.

It is highly rrobable that in the blocks where cave induction
methods worked, the blocks were initially in a state approaching insta-
bility and close to caving, while in blocks where they were not successful
the measures taken were less adequate or the back was very stable.

If remedial action has to be taken to induce caving, it is considered
that what ever action is taken it snould be done with a specific object
in mind which will achieve a major change in the stability of the back.
For instance, extending the undercut to bring a major v.euk shear into
the back will have more effect than merely increasing the minimum span by

a corresponding amount.

8.6 BEHAVIg-'H OF CAVED GHCMID AND | TP EFFECTC TIE GRIZZLY KbRIZCN

The nature of the caved material and how it behaves under draw can
eiyiificuntly effect the economics 01 a block caving operation. In
general, the initial fragmentation of the ore after caving and the attrition
the larger blocks of ore suffer in the draw column determines the amount
of secondary blasting required, the frequency and siue of hanu-ups, the
productivity of operations and the width of the draw column. The second-

ary blasting is not only expensive, it is time consuming and damages the
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drawpoint support work und jrizzliea. Although poor fr gm nt tion v.lll
incre se the frequency ;.nd size of hang-ups, widening th' dr w columns md
improving the final ore-recovery, these hang-ups impose point loads on the
crowr pillars which may severely damage them. This damage may be limited
by u larOer crown pillar, but with a wider druwpoint cpacinu, there is a
greater tonnage p”r drawpoint requiring a longer tine to draw, ar.d a
greater ament of repair work from secondary blasting and attrition.

Also with a wider druwpoint spacing the rate of draw is reduced, and so
for the same production, a larger area has to be drawn. Both of these
factors has a beurinv on the stresses imposed on the extraction horizo,.
and may contribute to the damage on the “rizzly horizon.

Each of these aspects could form a lar“e study of its own, and so the
discussion here will be confined as far as possible to the stress effe- s
of the caved bro~nd.

One of the earliest studies pertinent to this question was Jannsen's
study of the stresses exerted on the sides and base of a non-flowing bin,

from which the following formula was derived.
ffv o i - sxpu t- =|)

>Vhere (Tv is the average unit pressure on the bottom of a caving
block
X * density of the ore

i =1- Sin ¢
I + Linf

&n,yle of internal friction of fractured ore

*

Z depths

d - Bnule of friction oi ore on s. of the caved ground

From this formula can be shorn that only a small proportion of
weight the total caved eroui.d is carried by the base, a conclusion which
has been veri.'rad dur.n. model testa done by the hock Mechanics department
on tld.3 mine. For a given depth, the larger the hydraulic radius of an
undercut, the higher the average strewn on the base, and conversely for
a given hydraulic radius, the greater the depth the smaller the propor-
tion of the total weight the material in the bin iu carried by the base.

Lucas and Verntr (quoted byWoodruff 1%62 P haveattempted to
investigate the stress distribution across thebase of the bin, byfilling

a bin with sand and measuring the stress distribution on the base. The
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result showed a peak in the stress in the centre of the bin equivalent to
twice the average stress on the base. The limited model experiments done
on Shabanie Mine showed that under draw, these peak stresses may occur
anywhere in the undercut area and do not necessarily occur in the centre.
It is concluded that the peak stress found by Lucas and Verner was due to
method of loading the model, of which no details are given by woodruff.
In the Shabunie model experiments the peak stresses occurred in various
positions related to the rates of draw from the drawpointe.

It has been the experience on several mines that the larger the area
un i. r draw, the higher e stress on the grizzly level as indicated by the
Jannsen's formula above.

At Kimberley at the flultfontein Mine the practice is to work a
narrow, four-drawpoint-wide trip across the pipe, which ie scanned s-co-
wards and forwards by closing one lino of drawpoints at the rear and
bringing in another at the front. This strip mining is done basically
for draw control purposes, but has had beneficial effects on the stresses
experienced on the bottom, which have decreased the damage previously
experienced.

In block 7AB first phase, severe damage was experienced in the low-
draw rate areas. However, in the second phase and in Block ?/2 no severe
damage was experienced, despite irregular rates of draw In both these
instances, however, it isprobable that the improved drawpoint design has
enabled the jrizzly levelto withstand these forces.

In practice an effort is made to maintain an even rate of draw over
the block to minimise the ingress of dilution, which also has beneficial
effects on the pressures on the grizzly horizon, nut where there is a lot
of coarse material in the dr w columns loading to frequent hung-ups, with
the concomitant point loads on the crown pillare, an even rate of draw
is difficult to maintain. by producing from more drawpoints, the average
rate of production per drawpoint can be brought down to a rate comparable
to that achieved in the most frequently hung-up drawpointe. If the
object is primarily to prevent excessive loading on the crown pillars,
this measure may be self-defeating, an Jannsen’o formula showsthat
increasing the area underdraw incre' nos the average stress onthe base.

To summarise, the ,rizzly horizon is subject to damage in the first

inst jice by the abutment loads imposed in the undercutting stf.ge, and to



blasting daniatje in the cone-cuttiny Mid overcuttlnj 3ta,;ea. The effects
of abutment loading have been reduced in block 7/2 by keeping the under-
cut well ahead of the overcutting and cutting the transverse drawpoint
troughs (cone-cutting), that is ty minimising the amount of rock removed
in the abutment areas. An attempt to minimine blasting damage is made

by pre-coning tlie drawpoints so that blasting charges can be kept light
with void conditions xn the cones. In production, the grizzly horizon

ie subject to varying loads imposed by the broken ground, which can. be
concentrated into point loads by large blocks of rock or hanj-ups. The
average stress imposed on the grizzly crown pillars can be minimised by
keeping the area under draw as small as possible, maintaining an even rate
of draw, and cringing down hong-upa us soon as possible. These are not
always achieved in pr. dice, and therefore the crown pillars must be
designed for maximum strength and minimum stress, and supported adequately.
The support policy and design is determined by the class of rock in the
first instance, as, if it is considered that the ground is good enough
for an adequately supported drive to last the 'tfe of the block, then the
support work should be active, reinforcing the rock, whereas if the rock
is poor, passive su.port which can be quickly and easily repaired should
be considered.

The current idx.a on crown pillar and drawpoint design are embodied
in the block 7/2 design, shown in Fig 3,5. In this desist, transverse
troughs have been chosen so that lateral buttressing pillars are left between
the drawpoints. The crown piliar - were also kept as large as practicable
for maximum strength -uid the sides kept vortical to minimise the chances
of archin - in the drawpointa which could impose a high lateral stress on
the crown pillars. It is still too earlyto draw conclusions on this
design, but it has been noted that in ut least one drawpoint some consi-
derable att.ition of the lrown pillar has taken place and the largest and
most difficult to break-up hang-ups ":cur above the tops of the crown

pillam.

0.7 FOli. ; JF ik. hrJV.LOi urhMNC/d

Four forms of damage to development openings have been recognised.
The damage can in each fur,- no attributed to stress changer accompanying
a major mining operation, other than the advance of the development in

itself. The f ur forms are:



(2)

(b)

(c)
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.-tresn d . ihia fora of da.-aje occurs in hijh stress
ureas, such ac in the abut: ents of an undercut where little or
no stress reducing movements could occur on joints, because there
were insufficient joints with suitable orientations and suffi-
ciently low shear strengths. The shape end size of the develop-
ment openings in this zone affects the ultimate stress concen-
trations and severity of danuje. The severity of the damage is also
greatly influenced by the rock competency. Higher stress con-
centrations are mort probable in the smaller stress concentration
zones, such as in the ubuta. nt of u narrow undercut, or beneath
a narrow veu notch w ere tl.ere is a lower probability of suitably
oriented joints for stress relief.

This damage takes the form of local movement on joints and
spelling in a zone surrounding the development. The lest
examples of this type of damage were in the abutments of Jlock
7/2 on 3.,5 level and on 350 lever.
hei;Cd 1 t'r./! ytexsi d' e bevelO.ment done in ¢ high lateral
stresafield can et st lie ith considerable s.vu.s. similarly
complex horizontal layouts involving small pillars could also
be stable. The creation of a large Caved urea in the vicinity
could reduce these stabilising Literal forces and ensnge tne
streaefield ..round the excavations, putting the buck of wide
excavations into tension .ud increasing the compressive stress
in the sidevialla of the pillars and development.

Examples include tl.e 3 shaft station layouts on 170 and
205 1evela which experienced heavy damage when Hoc:. 7A3 caved.
gecondar..- ind'au"! 1. m This is a common form d m.-ge to deve-
lopment. It occurs where shearing on a slip dislodges <rd
farces off pieces of rock from the sidewall or buck into an
underground working.

It is considered that the movement would hmve occurred
on tl.e slip regardless of whether the development interne ted
it or not. If it v/as intersected by a drift and the “round

in the proximity of the joint .

re competent, uomoo® could be
mini... .1, but if this ground were incompetent, the small move-
ment.; could upset the stability of < .. rvinally stable row
competency zone. Given no wxtenaio . to the tlavor mining effort,
the rate of move;tnt would d* creaue with time tuid eventually

stop, and the amount of damage induced would dvcroe.se similarly.
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Thiu foru of daz-aje can occur relatively remotely fjoa the
c-ajor excavatioz; aa the general etrecaficld need only be enough
to cause the movement on a major w int which usually have a
lower frictional resistance, while the atresofield zay not be
enough to r use da,, jje to the drift alone.

An example of tids fora of duria®e was on 205 lo'el where
movement on Zone A cared several rock falls over a protracted
f 1iod of tine.

Gravity el: din.,, & e A pre-requisite of this form of dazaje
is a major, weak joint dip.in” towards the mining; operation.
If the shear strength of the joint is sufficiently low, and
there is not sufficient lateral restraint, the superincumbent
rock nay start to slide towards the mining ope .tion. Although
the redistributed regional stress may have had a role in
initiating this movement, it will continue to slide under its
own weight, until there is an increase in lateral stress which
would slow down and eventually bring this movement to a halt.
This could occur some months after the cessation rf drawing
down dip.

bocauoe movement is caused by gravitation forces, the
dur-i tion of the force is unlimited, and the displ cement
can only be stopped by building up the lateral resistance by
stopping the draw down dip. The amount and severity of the
damage to development openings located in the moving mass is
potentially unlimited. It is possibly however, for drifts
in competent ground in the moving zasu to survive some moder-
ately larue movements without severe damage, while others in
less competent ground aa* be severely damaged by small dis-

» cements on the shear.

Examples of this type of da:.age occurred in Block 7A3
i 245 eud 275 levels at the start of undercutting of the
second phase. The worst example w.s, however, in flocks 4
and 5 where a 60m wide zone slid at least 100mm on a gouge-
filled fault in the immediate footwall. Damage to workings
above this zone was very uev.re, leading to contlnujus re-
placements of the ..H. yielding arches. Gliding continued

for two months after the cessation of minin”.
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Recognition of the fora of dar,uue would help in deciding what type
and anount of support work would be zost effective. In general for high
stress damage, active (roc.: reinforcing) support is considered to be the
most effective. F,r reduced lateral stress da age active support may be
effective, but where the lateral stress is so reuacea hat the steeply
dipping joints are opened up, passive support techn.que: vill be more
effective.

If the rock affected by secondary induced damage has reinforcing
potential, active support can be used provided that the re nforcing bolts
do not cross the major joint. Support will not stop displ cement on the
major joirt, it should therefore reinforce the rock on oi ier side of the
joint, while allowing the displacement on the joint to mtinue. If the
damage is due to gravitational sliding, active support may be effective
for a while but ultimately the disruption of the ground will be so bad

that frequent replacement of passive support may be required.
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In this study of the ground behaviour associated with block and sub-
level caving Liininu operations, the factor which has c”er“ed as having the
greatest effect on the caving process aiid the ground reaction to cha:.ueB in
stress induced by undercutting or caving, is the high probability of shearing
on joints in the rock mass. In the periphery of a caved block shearing
has been observed on the weaker, core continuous joints at intervals as
close as tiuree to s+x cetres. The shearing displacements uive the rock
nasa as a whole a plastic yielding property, v-hich determines the course of
caving of undercut areas, the stability of workings in the peripheries cf
caved areas a..d influences the selection of muni wring devices and analysis
technipues.

The Relatively hiuh lateral stress field is also an important factor
determining the- response of the rock to undercutting or caving. The effect
of the. e twr- factors huVt beon *eiv in almost all sections of this investi-
gation. lhe conclusions drawn fro: each fucit of the investigation are

discs separately oelow.

9.2 litv h..; .:ih-vivJH c¢:. haCThh: JTicg

The behaviour of the rock mass may be described as a quasi-Bingham

Under stress, the rock muss deforms elastically, and with relative shear
movements on the suitably orientated joints, non-recoverable deformation
occurs in the rock mass. Observations of shear displacement indicate that
shearing occurs first on those suitably orientated structures with the
lowest shear strengths. At hiOh<r stress deviations, more joints with
higher shear strengths are affected. The spacing of joints on which
shearing occurs v ries, but is generally in the range of 3 to 30m. In
general, the cheering occurs at a elov rate, and the magnitudes of the
shear displacements are dependent on the magnitudes of the stress

deviations and the duration of the stresses. In the periphery of Jlock 7A3



the observed shear displacements accounted for 2%3 of the total measured
deformation.

It is concluded that these movements could significantly affect the
stress distribution in the rock around a block cave undercut or in the

peripheries of a cuved zone.

9.3 vii.dia RXh aT...:Sads

The rock stress measurements made at six sites on levels ranging; in
depth from dOO to 400m indicated that the lateral stresses exceed the
vertical stresses. These higher lateral stresses are consiiered to be
residual tectonic stresses from the period of lateral compression which
resulted in the folding and faulting of the ultrabusic sill, degression
lines of the vertical and lateral stress components of the six results
indicate that the measured vertical stresses are slightly higner than
those expected from the rock density, that the lateral stress components
parallel to the strike of the ultrubauic sill increases gradually with
depth <*td at -ight anS.es to the strike the lateral she? rs component
increases significantly with depth. The correlation coefficients for
these regression analyses were poor and therefore further measurements
should be made at greater depths to check these relationships.

It was noted that a marked variation in principal stress orientations
and magnitudes existed between successive measurements m-.de in e<ch borehole.
This variation is attributed to the proximity of mavor joints such as slips
or fibre seams, and to the differences in the modulus of elasticity of the
serpentine and dunito. It is concluded, therefore, that several measure-
ments had to be conducted in each borehole to obtain a meaningful average.

There is a broad agreement in the orientation of the mnvor principal
stress at right angles to the strike of the sill, as deduced by Laubschtr,
for the tectonic tresses which resulted in the folding ana faulting of
the sill, and the generally higher lateral stress component in this direction
indicated by these m .s-r*<nt; . however, a detailed study of the geolo-
gical structures at each site failed to reveal any relation between the
structures and the measured principal etreci orientations. It is concluded
therefore that no useful puide to present-day stress orientation could be

obtained from an analysis of structural geological features.
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In ground which is cut by nunerous joints and behaves as a quusi-
Biribhan. material, the techniques ' .estiuruerts which have proved most

successful for monitorinj dofor '

. isid displacement are those which
extend over several metres such .. the survey traverses, remote displacement
meters and both forms of ..ire extent'a-., turu, which monitor several joints.
Ine instruments which monitor displacement or deformation over shorter
distances have provt-d to be useful for monitoring relative displacements
on siecific “ointe, but, in monitoring deformation generally, there are
too many local variations in Orouna behaviour to derive at any meaningful
absolute results from a few instruments. Therefore enough instruments
must be installed to ootuin sufficient results which have statistical
sitfii ficance. The same difficulties are encountered with rock stress
monitoring devices such at; the photo-elastic stress meter, or, support load
monitoring devices such as the photo-elastic bolt tension meter or arch
load indicator. Individual instrument result. . .ould be ar.alysed by reference
to tne previous record of the instrument, and instrument comparisons should
bo m,de on a qualitative ai'.d time basis. On this basis some predictions
on the date of caving or duration and severity of further damage can be m-de.
While satisfactory deformation monitoring techniques have been
developed, considerable further ?ork requires to be done on support moni-
toring techr.iqueo especially for “rizsly horizons where instruments would
be subject to he.wy second try blasting dr -;e and to a humid arid corrosive
atmosphere. Also further aoi’k is repaired to develop suitable techniques
for monitoring the loads imposed on the crown pillars by the broken &round

which have not bean monitored satisfactorily to date.

9.5 ) hw

The c.eomechanics rock classification system has bean adopted for
descriptive purposes by production and service department personnel, in
this dissertation it has been used largely for this purpose. With the
application of assessed adjustments to account for potential weathering,
ir.si tu stress tuid changes in stress, joint orientation and blasting effects,
the system could be applied to denij.inj the support requirements for an
underground excavation, and a support juide baaed on the 1i; .itu and

adjusttd classification ratinjo has been proposed by Laubscher (1979)e
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Similarly, the classification system has potential application in asaesoinj
the cavability of a block and the drawjoint rocK size. At the piesent
etaje of development, the juide to cavability is still too cmde to provide
anything 'out a first guide to the potential for caving a block, as the rock
classification is not sensitive enough. Further work ra required to
formulate rules and guidelines for determining the adjustments to be made,
ar.d further York will also have to be done on -improving the classification
sensitivity; there mmy be some advantage in changing the relative import-
ance ratings of the Various parameters, which are currently assumed to
have universal application to problems ranging iron tuwiel stab.”"ty to

pit slope unuli se f;*ere also snould be aii investigation into the possible
advantages in defining the rock class by three ratings instead of one, as
proposed by barton et al (1974/» which define the three main rock parameters
vis; the block size, the interblock shear strength and the active stresses

(in the soil mechanics sense). Further work should also be done on the

application of the system to problems on other mines.

9.6 c ity

Two forms of caving have been recognised:- 1..so subsidence caving and
stress caving; the former occurs where the lateral stress has been suffi-
ciently reduced to allow shearing on the steeply dipping joints. The
lateral stress reduction n<y be due to an adjacent previously caved block
or a boundary isol..Lin .jot, and the caving tarces the form c¢> the orccrly
subsidence of large columnar blocks bounded by steeply dipping slips;
the bulking factor is low and rate of propagation of Cavin& to surface
very rapid. The latter form of caving ie characterised by cavities beneath
the back and the caving action is largely a sloujiing from a relatively
narrow zone of instability in the buCke Ti*e stability of this zone is
determined Ly thu pres nee of suitably orientated joints witn respect %o
the stresses in the back. These stresses are considered to be compressive
due to the rv”~ional lateral stresses, cjidalso because the buck develops
into aii arch or dome shape in which compressive stresses are expected.
However, tensile stresses in the vertical direction over the centre of the
undercut may contribute to the instability of this zone. The propouation
of the cave b:.c' to mrface is sporadic and usually slow.

The factors which determine the Cavability of the ground are the

competency of the rock mass; the orientation and shear strength of the
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joints in tne back relative to the stresses in the back. In general, the
lateral stresses tend to inhibit caving®* but there regains a zone in the
back which may become unstable and cave with even small changes in lateral
stress such as those brought about oy irJLninb of an adjacent block. .Vith
the lateral restraint reduced over a substantial area of the back, the
caving; will V.ke the form of mass subsidence cavinjj.

The beomechanics classification with adjustments can provide a
first uuide to the potential Cav.bility of the broimd. As indicated above,
the system requires some improvements in sensitivity and the rules for
adjustments defined, however, even with these it is still considered that
in borderline cases a more sophisticated abroach is required. For this
the most promising technique is a finite element analysis which used an
elastic.plastic yield condition and can model the heterogeneity and
anisotropy of the rock in strength and deformation, and cai". Cater for the
path dependency of the problem. The path depenuvncy arises from both the
minin” sequence azd . armanent deformation. For this teciuiique several
pmpl«=s h-ve to be solved, r*ich include eetsbliPring the correct consti-
tutive equation and the deturmin tion of the material properties, applied
loads and i1a”.tu stresses to the requi :ed accuracy to obtain reliable

predictions (FuXiseau 1?70).

0.7 hiv: .7, TF 550 ~'; as R>CK

The periphery of a caved zone is subject to a reduction in the lateral
stress field in one direction, and an incre .se in the other direction parallel
to the peri.ne;y. This results in the elastic deformation of the rock mass,
plus permanent defor ation re.:.ultinw from oh* *rinb on joints under suit-
able streo; conditions. On the surface, the anjle of subsidence &s defined
by the limits of the subsidence zone related to the underground mining
varies between 76° and an overh;tfiuinv 60 , and these are determined by
the oricn.ation of the joints. The minimum angle of break, measured to
the last surface cracks from the limit of mining, w"s 70°.

Four forms of damage to development openings ht.ve been recognised}
higfi stress damage noted in a few ureas ouch us ahead of tin undercut fact ,
reduced lateral stress damage occurring in the peripheries of a caved urea
where the reduction in the lateral stress due to cavinb reduces the

stability of wide openings, secondary induced dai,.gc localised to the



vicinity of a auvor shear and caused by displacements on that shear, and
gravity sliding danaje caused to workings located within a block of ore
overlying a weak shear on which it is slidin_, towards the mininv operation.

After the appropriate adjustments have been tL.de to the “eocechanics
classification, Laubscher'a support guide could be used to determine the
support requirements of workings subject to high stress damage or reduced
lateral stress darn. v. With respect to secondary induced damage, the
adjusted classification may hoi* decidi the support requirements, but not
with arv certainty as the irregularities cay induce further damage as dis-
placement continues. Situations where gravitational sliding is likely to
occur are best recognised beforehand and measures taken to avoid the
sliding occurring b, mining sequence modifications or leaving buttressing
pillars if such is ..arr.uited

Beneath a cave block the crown pillars and grizzly horizon are
subject to vertical lo .din® du< to the remaining weight of ctived material
not carried by the sides, and due to hija point loads imposed by arching
in the broken ,round. Li general, the pressure on crown pillars is related
to by the rate of draw, the drawpoint sp,.cing and frequency of hangups.
In the design of the grizzly elevation, the layout should provide as much
lateral support to the crown pillar as possible. The drawpoint spacing is
usually determined by experience with the fragmentation encountered with
the ore. The widest drawpoint spacing consistent with an adequate ore
recovery will give the lowe.,t overall stress on the grizzly horizon for

a given rate of draw.
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PHYSICAL PROPLH:::-* UP rikc CAR3C;.';UL ROCK AND

TALC SCIEuT PRULl T;iL iW../AL AiD TALC LOLLS

TALC CAI&ONATL ROCK - CLIR TLSTS

NO. Density Conpreasive etren ;th Younj's .loduluo Renarkn
t/c/ 0*c .Ja L GPa
1023 1 2,752 234.,4 Silicified
2 2,699 2(5,6 I
3 2,907 53,0
4 2,736 60,3
2,930 74,4
6 2,954 124,1 49,6 Carbonated
7 2,712 74,2
6 2,917 56,4
9 2,726 324,0 Silicified
10 2,915 40,5
Mean 2,83 131,5 49,6
Ltd Lev 0,11 103,4
10 311 2,975 86,1
12 2,699 45,2
13 2,959 70,0
14 2,955 56,0
15 2,847 70,2
16 2,952 65,2
17 <,660 59,1
18 2,904 60,7
19 2,cb0 75,3
20 2,056 65,3 51,7
.'ean 2,91 67,3 51,7

Std Lev 0,017 11,9



No.

U 412 64

SIC::

72
73
60
81
84
86
86
66
66
102
102
102
102
103
103
103
105
107
100
126

Lean
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APP" DIX 1 CO;T.

PHYSICAL PROPLKTIB3 OP TALC CjJiXH’/.TL ROCK ,J:L
TALC SCHIST P:.OU T 1z FOOT,,ALL ,wL TALC SOL'LS

TALC C.JiBIMB ROCK -

at Mra

204,5 6,0
206 7,1
207,5 4,5

5.9

Std Deviation 1,3
M'TL

crc

..:pa
68,2
27,9
55,2
44,2
24,1
6,0
27,9
41,7
23,3
42,6
45,0
8,0
32,3
15,7
33,5
24,0
17,7
16,0
21,7
6,0
29,2
34,u
26,6

29,6
15,4

SHABANIL’ KINS TESTS

KIXaKS

Lildly
I

II
I

Pine “ruined schist

Ldldlj
I

Il
I

Fuirly
I

Mildly
it

G
H
H

=

schistose
It #
II
I «

ocliiutose #
I
I #
I
course grained #
I I #
schistoae
n *
i *
ii #
g
ii #

ii *

Coci”restiion tvatu dura- on manually-operated isodel 420 Purnell Ooupreauion

test aaohine usinu ephorioal avut flattens,

one week.

%

upecir.itna aouked in water for

Tensile btren”tha detun.ined by Bruzillian test.

Failure on plane of weakness
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An :::mx 1 cc::?.

PHYSICAL PSO?:J??11iS v? TALC Cni’iu; aTB RUCK ANU
TALC SCAIST rROM TKL iVWT.VALL /LiL TALC KvlILS

TALC CARHONATE ROCK - SHABANIL HIM-: "SOTO

No. Tt .i'a (To i.ita Rn..ji%>3
RV, 125 40m 17,6 Coarse Orained
52,4 70,0 ...edium grained
48,5 49,0 I I
23,5 10,7 I K
24,0 12,9 1 I
22,0 10,7 I I
23,0 21,0 I I
13,2 36,2 Medium “ruined-
1,9 25,7 soft talc
13,6 25,7 L I
14,3 26,9 I I
10,5 56,0 I |l
4.9 11,6 I I
15,8 25,7 I I
2,6 107,5 Carbonated
SUM 126 220,5 10,2 173,0 I
200,0 9,7 37,3 I
197,0 10,1 50,1 I
Lean 12,7 44,0
Ltd vviuticn 4,6
KOTa,

Compression teats done on nutnually-o,ert.ted c.odel 420 Farnell Compression
test CKxohine usin” up.-ierioal seat platt .is. Jpeci®.etiH soaked in water for

one week. Tensile strengths deter;dned by Brazil 1lan test.
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AIT.-M"IX 2

PHYSICAL PHOFLHTILS C? CVJUvVX'ATKL SAIP~'TKE

FROM TJX- BRITTLE FIBRE LOME

HOLE AfB DEPTH  TEIfSILE STRENGTH  co:.:;;;L.JJIYE JILII.GTH
CIt ::Pa do :.Ta
SRK 126 212,3 ¢ 10,1 218,5
177,5 10,4 156,5
226 9.3 176,2
216 10,9 269,0
24 12,5 102,6
SRLI 412 SO ia 264,0
90 m 367,0
90 m 576
92 m 279,6
93 m 323,5
93 n 235,0
96 m 469,0
96 a 524,0
97 a 176,6
91 a 162,0
Meaii 10,64 286,3
Std Oc/i_tion 1,19 141,0

* Failure on ,lane of woukneas

RE: ARKS

Almost barren
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PHYSICAL PROPERTIES OF PARTIALLY LLI1SC:TIRILED

DVKITE frro:: FIBRE BUSY AJiB H"OINCT./ALL

COIR TEST RESULTS
X DEPTH  YOURO*3 MODULUS 10ISSCUS RATIO

HOLS MO.
2 GPa
LD 761 73,6
2D 761 73,6
22 760 93,7
22 760 90,3
22779 73,6
22 779 74,5
22 604 51,4
SRM 2 43,6
SRM 16 55,4
SRM 17 61,7
SRI.: 16 74,1
SRV. 33 67,6
sic: 34 79,3
SRM 47 07,6
SRM 46 04,6
Mean 73,7
uTL Leviation 14,3

0,296
0,333
0,30(
0,213
0,267
0,,61
0,27
0,29
0,32
0,31
0,31
0,29
0,31
0,27
0,26

0,29
0,03

c ./Pu

149,9
161,3
166,6
164,1
159,3
169,6
105,5
144,1
135,8
153,1
155,8
106,9
169,6
177,2
146,2

151,4
21,0

RE .ARKS

Partly serpen-
tini, aecd dunite

Partly serjjen-
tinised dunite
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PRACTICAL PSOFLITIEU UP I ARTIALLY SLRPLMIiaSED

DLHITS FRO;: FinivX BOLY ;:;B ILU" I;;GV,ALL

I SHARANIH !'INE TEST KE3ILTS

HULL NO. X XPTH COMPRESSIVE TENSILE REMARKS
STRENGTH STRENGTH
6, . (Tr MP- (Tf MPA
SRI;: 126 136,5 86,5 HV Dunite Coarne Grained
136,5 07,9 5,9
247,5 103,0 4.5
121,5 95,9 6,0
172,5 95,9 13,4
103,5 83,5 6,7
75,0, 65,7 - tied. Grained HY Bunite
<5,02 67,9 9,5
65,5 67,2
64,5 90,5 4.4 Partially Weathered Bunite
54,0 72,6 1,6 Partially VGathered I[/unite
37,0 40,6 » Mod. Weathered Bunite
46,5 36,6 - NXM
42,0 139,5 7,8
26,0 65,1 -
13,0 65,1 » Jirberite
ean 63,3 6,7

Std Deviation 24,5 3,3
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holt Tension Leter
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Brittle fibre
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Caving Indicator
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GLOS. AliY 0?7 LOCAL TLHL.C

The escape of a large volume of air at very high
velocities through narrow exits dueto the coll-
apse of a large undercut area.

In the aerventinites, a brid rock resulting from
reaction between a silica rich solution and silica
di fficient serpentine, resulting in grained ortho-
pyroxene and feldspar rocks with margins of serpen-
tinite and iddingsite. Quartz, biotite and muscovite
are present in some localities.

The roof or hinging of a drift or astope. (See
also cave back)

An orebody or a portion of en orebody.

A device attached to rockbolta used for measuring
the stress on the bolt. (See 4.61)

A device which is clamped into a borehole to which
u wire is attached for the purpose of measuring the
movement of the ground in which the clamp is located.
Springy chrysotile fibre which may be broken after
less than four flexes.

The under surface of the soiid rock overlying the
caved material in a block cave mining operation.

A method of mining in which the orebody or hang-
irnpwell is undercut and required to collapse or
fall in, in at least sufficient quantity to allow
the extinction of the ore to proceed efficiently
and safely.

A device for locating the back of a cave consisting
of n centrally pivoted weight lowered on a wire down
a borehole, (tice 4«b3)

A mechanical device for measuring the distance
between two pins set either in the sidewalls or in
the hangingwall and footwull of development.

(uiu 4.'pl)



Crashing

Crown Pillar

Development

Drawpoint

Drawpoint Cone

Drawpoint Trough

fixtensone ter Points

Fibre Seam

Grizzly

Grizzly Drift

Hand Cobbing

Harsh Fibre

Hydraulie Radius

The procedure of longhole drilling and blasting.
The solid rock left overlying a grizzly drift
beneath the overcut and between the drawpoint cones
or troughs.

Used in the sense of Nelson's Development Driv&”cs
the shifts, tunnels, crosscuts, raises and winzes
to prove or render accessible the ore to be
extracted (lelaon 1,14).

A heading which intersects caved ore and is used
for removal of ore by gravity flow. Ora coming
from a drawpoint may pass directly to a box on a
haulage via a grizzly or may be mechanically loaded.
The cone or transverse trough cut below ore pre-
broken ore to which a drawpoint is linked.

A trough parallel to a grizzly drift cut below
caved or prebroken ore to which several drawpoints
mpy be linked the length of the trough.

An arrangement of small stainless steel discs used
for measurement of strain or displacement by means
of a portable mechanical strain gauge.

A layer of chrysotile asbestos fibres closely
packed parallel to each other and at almost right
angles to the plane of the layer or seam.

A horizontal bar placed across an orepass to prevent
oversize particles from entering the orepass.

A drift with drawpoints located on one or both

sides and equipped with grizzlies and orepasses

for the purpose of drawing off prebroken or caved
ore.

Thn removal of large fibre seam: from waste rock

by hand.

tipringy chrysotile fibre which tray be broken after
between four and twelve flexes.

The rrca divided by the . -ri..meter; a convenient way

of relating size and shape and used as a factor in

determining the caving potential of a mining area.
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Load Cell

Main Levels

Orebody

Overcut Level

Photo-elastic Dire

Picrolite

Pre-Conin”

Presplit

Remote Displacement
Meter

Retreat

Rib Pillar
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For the purpose of rock classification any joint,
slip, fault, bedding plane or weak fibre seam con-
tinuous from one joint to another or at least 3m
in length. (See 4.2)

Devices used to measure the loads imposed on the
Block 7AB crown pillars by the ore. (See 4.64)
Haulage levels 30m or 90m intervals linked to the
main shafts.

An economic deposit of chryaotile asbestos, defined
by an economic cut off (usually in the hangingwall)
and/or by the brittle/silky contact (usually in
the footwall). (See 2.43)

The level overlying the grizzly level and below the
undercut level, used for overcutting the drav/points.
A clear plastic disc which stuck on the flattened
end of a borehole and overcored can be used as a
strain gauge to measure rock stress. (See 4.66)

A non-fibrous variety of serpentine, apple green
in colour, and usually occurring in slips, it is
usually columular, or it may be platy. (see 2.43)
The cutting of druwpolnt cones or troughs before
overcutting the drawpoints.

A line of holes charged and blasted before the
approach of the major mining effort to limit ex-
plosive damage or to create an artificial line of
weakness.

A device for measuring su n.icence constructed from
a water filled hose fitted wi.h u glass tube at one
end. (See 4»41)

The working by longhole drilling and blasting to-
wards the points of access. The dir :tion in
which this activity progresses.

The large relatively narrow and high strip of un-
caved ground left between two caved blocks, usually
left uncaved because of the presence of a talc

zone or dyke.



Ring

Ring Drilling Drive

Serpentine

Shrink

Silky Fibre

Slips

Slot

Spalling

Streaametere

Sublevels

Sublevel Caving

Tulc-Carbonute Hock
Talc Schist

Undercut

231

The fan of holes drilled from a drive or crosscut

to he ¢ .rged and hi,-ted for the purpose of either
sublevel caving, shrinking an orebody or undercutting
n block.

The drive or crosscut in which ring drilling- is done.
The process of alteration from a dunite to a ser-
pentine involving the addition of water and silica
and tbv removal of magnesium.

Tlie breaking of ore by longhole blasting withdrawing
only enough ore to have room for the expansion that
occurs when the next portion of ore is blasted.

Soft, flexible chrysotile fibre with a hi*i tensile
strength.

Minor faults of small, frequently indeterminate
throw. (See 2.41)

Vertical excavation at the end of a ring- drilling
drive to provide room for expansion in longhole
blasting and a fall to break to.

The nplitting of rock parallel to the surface of

a drift due to either weathering or to stress.

A rigid device for measuring- the stress in rock.

(See 4.62)

Levels developed between the main levels for what-
ever purpose, not necessary linked to the main shafts.
A mining method involving the drilling and blasting
of o-e and the extraction of that ore by lashing

in a series of parallel drifts off set with respect
to each other on each sublevel.

Talo-magnesite rock, consisting of talc and magnesite.
A schist in which talc, associated with carbonates
and occaBsionally quartz, is the dominant schis-

tose material.

The level(s) on which a cave block is undercut.

The undercut lovel(s) overly the overcut and grizzly

levels.
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