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AN APPRAISAL OF THE PILLAR SUPPORT SYSTEM AT THE

ST, HELENA GCLD MINES, LIMITED

INTRODUCTION:

St., Helena Gold Mines, Limited, commenced operations in 1948,
and subsequently became the first mine in the Orange Free State Gold

Field to vroduce gold fromn the Basal reef horizon.

Development of .he Basal reef started from several shafts sunk
to the sub-outcrop on the Southern edge of the property. Initinlly, all
development was barren, either due to heavy faulting or unpayablc reef
exposure. When the drives exposed payable val2s, raises were developed
at 70 ft. intervals in order to exploit the payable area rapidiy and
stoping commenced from these raises in 1950. Once a satisfactory pro-
duction rate had been achieved, a standardizea raise interval of 580 ft.

was adopted.

pifficult hangingwall conditions were ex; :»ienced in several
nf the early stopes, and eventually complete hangingwall coliapse occur=-
red. As & result of the collapses, Management decided on the pillar

systen. of mining which ie still in use today. This system consists of

internal stope pillars and drive pillars and has resulted in good hanging-

wall conditions as the mine has spread out on strike ani increased in
depth. 1In ac.ition no support has been required in the drives, except

in areas with geologically weak strata.

Since most of the internal stope pillars are of payable reef
they are removed ia the eweeping stage of mining. The removal of the
;. eornal stope pillars, even at depth, has proved to be safe, and the
fow falls of ground that have occurred have not seriously affected
mining operations, No rock bursts have occurred, either whilst
stoping, or during pillar removal. However, the full effect of
mining out drive pillars at depths exceeding 2,000 ft, below surface
is still unknown.

The pillar system has apparently deen successful in maintain-

ing good hanging wall conditions throughout the mine, but two main

questionﬂ / Srrane



questions arise:~-

1. Whether the extraction of drive pillars at
the present mining depth of 5,000 ft. will

result in rock bursts.

2. Whether the pillar system should be changed
as the depth of mining increases to 6,500 ft,

Other mines operating at depths exceeding 6,000 ft. have
found that pillar mining is associated with a higher rock burst inci-

dence.
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o THE GEOLOGY AND MINING METHOD AT ST. HELENA

GOLD MINES, LIMITED

St. Helena Gold Mine is situated two miles to the south-west
of the town of Welkom and is one of the ten gold mines operating in the
Orange Free State gold fields. Its mining lease extends from the
southern sub-outcrop of the Basal reef and is bounded on the north side
by Free State Geduld Gold Mine and on the east by President Brand and
Welkom Gold mines. As the Basal reef is the only really economic geld
bearing ore body in the Orange Free State gold field, most of the mining
at St. Helena is done in this stratum, A plan of St, Helena Gold Mine

and its boundaries, is shown in FIG. 1.

2.1 Geologz:

The general geological section across the mine is shown in
FIG. 2. A considerable thickness of fine grained footwall guartzites
occurs below the Basal Reef horizon. The Main, Bird and kimberley
series above | °* Rasal roef is about 200 ft., thick and contains the
Leader reef horizon, which is payab': in some areas on the mine. Above
the Kimberley series lies 1,500 ft. ¢ the Elsburg series and up to
3,300 ft. of Ventersdorp 'ava. These “eds reduce in thickness consi-
derably tcwards the su* -cutcrop, where apyroximately 800 ft. of Karroo
. zdiments rest unconformably upon the Basal reef sediments. The Basal
reef dips from the subl-outecrop at about 25° in a north-easterly direction,
and eventually reaches a depth of 5,500 ft. at the Dagbreek fault, which
throws it up about 2,100 ft. In fact, the mine is divided into four

distinct zones as a result of faulting and folding, as shown in FIC. 2.

The first zone is a basin whose structure has been determined
mainly by surface and underground drilling, It extends to the south-
west of the present mine workings. These workings on the northern
1imb of the basin show that the dip of the strr*s ‘s steep and becomes
vertical in places.

The second zone is bounded by the Basal reef sub-outcrop on

its south western edge and by the 8-12 Fault on its eastern side.

This / TR



e it il e
~5 .v "‘/
Zone | ——tt )
— — \ - ’ s N ’ A
— “i" by q ’ \ )
AT g e / Zone 2
/ I k
' N ! » - &4
—— — D T ‘- L y ,’
\ o 1 Zone
Al o 3
S Zone 4

FIG | -

$t. Melena Gold Mines Lid.

Ml . e Mo 2 NoZ Sheft
SR L A - Karrio
=y o W _BoR i
ZONQ ? T P "v ’V o ; 7 N
LY Py »VNygntersdorp Lave ¥ e
PR T T s i" ’v v P' £ Yo (v‘ P
\ 9 Series & ',:" ""r v,
.+ Zone3 X " v e
" S » r’
I e
" v >~ .
- - av 8
18 kast Hauloge | " \\
Zoned

o st e s —]

FIG 2

Generalised Section Looking North

QoMangingwall
jee/Quartiite

ecoder Roet
Ll
:ggrlddllng
%., Quartiite
Y IDiabase

Bosa! Reet
Footwnll Quartrite

FIG 3

4 Stope Sections



- -

i1nis zone contains the oldest workinges at No. 4 shoft. The dip of the

Basal reef varies from 10° to 40°.

The third zone is bounded by the 8 = 12 Fault on the reef's
up~dip side and by the V..., Fault on the down-dip side. Access to the
workings is through Ne. 2 Shalc. In this zone the dip of the reef is
almost constant a. 25° down to the V.10 Fault contact at a depth of

5,500 ft.

The fourth zone extends from V.10 Fault up to the boundary of
the President Brand Gold Mine. It is served from No. 2 Shaft by a high

speed haulage on 18 Level, The reef dips at about 20° in this zone.

Stoping at St. Helena commenced in zone 2 near the sub=-outcrop
apd the geology of the hangingwall strata at three of the stopes that
collapsed in this zone is shown in FIG. 3. No unusual geological cun~
ditions, uxcept possibly the diabase silli in 424 Stope, can be found %o
accouni for the collapse of the hangingwall. The hangingwall of stopes
mineid subsequently in zone 2 and in other zones has been similar geolo=

gically to the sections shown.

2.2 Mine Layout:

53t. Helena is the only gold mine in the Orange Free State
goldfields laid out on a system using strike tracke, reef drives and
pillars., These methods were designed for mining an ore body antici-
pated to contain erratically varying zones of payable ore. Selected
mining is not considered nccessary on the other nearby mines. At
these mines ore removal is done by face and strike scrapers in con-
junction with footwall hauluges. The stopes ~re supported with mat-

packs and stone walls, tul no stope pillar support is used.

The reef driveo . St. Helena are 10 ft. wide by 8 ft. high
and aiffer in elevation by 725 ft. To accommodate locomotives for
tramming drives at fault int.:sections are cut with 200 ft. radii
curves, 'The drives are protect:d by reef pillars 80 ft. in width

above the drive and 60 ft. in width balow the drive, Raises between

drives are approximately 580 ft. apart and stoping is carried out as

required / R
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required from payable v :i:.2 connections.

Production commences b ledging fr-.m the raises to create a
72 ft. long stope face on one side of the raise, starting just above the
drive pillar. The second stope face of 72 ft. starte above the first
and on the opposite side of the raise. The 72 ft. panels are advanced
on strike for a distance of 20 ft. and then stopped for the installation
nf the stope tracks., Ledging of the panels opposite these faces is
then commenced and the procedure repeated until the whole raise is ledged.
Strike tracka operate from the face to the original raise at 24 ft. in-
tervals on dip. The brecken ore is loaded into #-ton end tipping cars
at the face aad tipped into the original raise from where it is scraped
by 2 30/60 h.p. winch to ‘he stope ore pass, After the ledging and
equipping of the stope, the face is cut to 20° overhand, and thereafter
mining proceeds normally, until a maximum strike span of 57C ft, is

redched.

€.3 Underground Support:

The standard support systemn used on the minc before hangingwall
collapse was experienced, was 2 ft. matpocks, installed at 12 ft, centves
on dip and strike, with s sack units 12 ft. by 12 ft, in area built
between the "squares” catpacks. "his method was based on Zast
Rand practice., To protect the centre guily @ double row of 2 ft, 8 inms,
mutpacks was installed at a unximum distaace of 7 ft. from the centre

line of the gully.

The severe falls of hangingwall indicated the need for ad-
dilion. support which was provided by leaving solid reef piilars 15 ft.
long on strike and 18 ft, wide on ¢ip at about 90 ft. ventres diagon-
ally. The size of these pillars s determined largely by the track
spacing and che distance apart of ‘@ pillars was taken as half the
minimum span at which the severe .© .3 had occurred, JSutsequent
experience has shown that, due t . Lective mining, it is expedient
to leave an unpay pillar as a sv illar if close enough to the

required position; if not, toe - . o is left as additional support.

Pillars / prrees
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Pillars of irregular chape are also left when nege.! ‘ting faults or re=-

raising after loc.l fails of hangingwall have occurred,

Drive pillars were left on a standard size of 80 ft., wide
above :he drive and 60 ft. wide below the drive to provide drive pillar
protection and ventilation control. The sizes chosen for these pillars
were also based on previous experience on the East Rand., 1In addition
to the support pillars left on a standard pattern, areas of unpayable
reef and losses of ground associated with large faults also have an in-

fluence on the general strata stability.

The internal pattern of support .s upset at the sweeping stage
when payable pillars are removed. The small internal pillars have been
removed over large areas of the mine, but mainly at depths of less than
H,000 ft., with no more serious consequences than local falls of hanging-
wall, Drive pillar resmoval has been limited in extent, but experience
at 4,000 ft. indicutes that timber syiare rets or steel arches installed

in the drive, provide sufficient support for safe removal,

2.4 Uncertainties in the use of Pillar Supports:

The use of pillars as stope support has, apparently, prevented
major falls of hengingwall from occurring. However, the removal of the
interr 1 stope pillars at the swecping stage does not affect hanging-
wall stability. This suggests that as the stope excavation incvreases
a re-distribution of forces occurs, and the intradosal ground is car=-
ried at abutments other than the pillars. The original pillar support
system has now been in use from depths of 500 ft. to 5,000 ft. and
complete collapse of the stope hangingwall has never re-occurred.
However, it is generally assumed that stresses are related to depth,

and a change in the pillar pattern may now be necessary.

Experience on other mines, particularly at depths greater
than those on St. Helena, has shoun that rock bursts are associated
with pillar mining. This experience, although obtained under dai=
ferent methods of mining and geological conditions, indicates that a

study of pillar mining and removal, is important on St. Helena Mine.

Furtheimorey / seosse



Furthermore, a theoretical study cf the e¢xtension of the pres.nt mining

nethod to greater devths is imperative.

The questions concerning the behaviour of etope pi.lars and
their effect on strats mcvenmt; have lecd to the institution of the
present reseavch programne., In this programme, an explanation cf pil-
lar behaviour 4ill be attempted by using general theories of rock

mechanics in conjunction with laboratory «nd underground teste,




3 THE BEFAVIOUR OF THE ROCK MASS AROUND
A MINING EXCAVATION

Experiments on the Harmony Mine in the Orange Free Gtate :
geld fields have shown thet the behaviour of the rock mass around an
underground haulage in virgin ground is elasticl. Many samples of
St. Helena quartzites tested in the laboratory have proved to Le elastic,
Therefore the theory of elasticity nas been used in this chapter to cal-
culate stresses and displacements to & first approximation around a

small excavation in virgin ground on St. Helena Mine.

However, on St, Helena, as on any mine, it can oe seen that
as a4 small excavation inc:.ases in size, rock fracture occurs and a
fracture zone develops. There is an indirect relationship between the
size of this zone, the size of the excavation and t!e depth below surface.
When dealing with rock fragments the theory of elasticity does not =pply,
but Aapproximate results can be obtained using the theory of cthe Voussoir
Arch and 3oil Mectunics. Beyond the fracture zone the strata is still
considered to be slastic. The theorr of elasticity can be used to
estimate the size and shape of the fracture zone if the stress conditicon

at the boundary of the zone is known.

This section will be devoted to the application of the theory
of elastieity, and other theories, to the problem of stress and dis-

placement around a typical St, Helena mining excavation.

3,1 Rock as an Elastic Medium:

Main development drives and raises on St. Helena are nearly
square in cross-section and are developed in virgin ground. The
tangential .tress contours around an opening of square crose-section
in a bjaxial stress field2 are shown in FIG. &4, The value 'k' is

the ratio of the vertical stress to the herizontal stresse.

Underground mensuremen“s have shown that the value 'k' lies
between 0,1 and 0.33. The thooretical model can be applied to an

underground drive or raise by assuming that the vertical applied

stress / e
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~ cress is equal to the overburden stress at that depth.

It can be seen from FI(. 4 that the stress in the hangingwall
on the centre line of a drive or raise is a tensile stress equal to a
maximum value of 0. iimes the overburden stress. The tensile stress
reduced to zero wv sornersof the drive and changes to a compressive
stress, which re- a maximum value of cight times the overburden

stress ~l the corner.

When the ledging of the siope raise hac been completed the
cross-seciional shape is rectangular, and the stress contours around a
rectangular opening in a biaxial stress field2 are shewn in FIG. 5.
The stress magnitudes are similar to those for the square section,

The stress changes in sign from a maximum tensile stress equal to the
overburden stress at the centre point of the hangingwall, to a maximum
compressive stress equal to ten times the overburden stress, at the

corners of the rectangle,

As the stope excavation develops beyond the ledging stage,
the cross-sectional shape approaches that of an ellipse, with the major
axis horizontal. The tangential stress around an elliptical opening
depends on the ratio of the principal stresses, the orientaticn of the
«1lipse with respect to the applied stress field, and the ratio of the
major Lo the minor axes of the ellipse. In FIG. 6 the axes of the
ellipse are taken as horizontal and vertical and che tangential stress
magnitudes are plotted against the axis ratio for the various values of
‘k'. The meximum tensile stress occurs at tlie top and bottom of the
opening, This stress increases as the horizontal exis increases, but
decreascs as the value of 'k' incceases. The axis ratio of an under=
ground stope attains a value of approvimately 150 ard therefore the
maximum tensile stress in the hangingwall and footwall approaches the

virgin stress for low values of 'k'.

The waximum compressive stress at the Loundary of an ellip-
Vo
tical opening occurs at the ends of the borizontal axis ., This stress
incrcases with the flatness of the elyipse, if the major axis of the

ellipse is horizontal, the effect of 'k' is negligible.  Further..ore,

the / ;ooooo
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vhe maximum compressive stress attains a value of one hundred times the

applied stress as the axis ratioc approaches 15Q.

1t has been assumed above that the vertical applied stress is
equal to the overburden stress, and therefore, proportional to the depth
of the excavation below the surface., Thus the magnitudes of the stress
around an underground excavation increases with depth. If the strength
of the rock is known in tension and cormpression, the depth below surface
at which fracture occurs can be estimated., Typical values for St.
Helera quartzites are 2,000 '.b./in.2 for the tensile strength, and
30,000 lb./in.2 for the compressive strength., Assuming the magnitudes
of stress round a square opening, as shown in FIG. 4, then rock fracture
jn tension will occur at 1,800 ft. and in compression at 2,600 ft.
Once fracture has occurred, mathematical treatment becomes difficult or

impossible.

It is poseible to tale the theory of elasticity at least one
step further. It has been observed generslly in mines, that after ini-
tial fracture of the hangingwall mass the su.sata may form beams. In
particular, observations in 2324 centre gully thowed that due to bed
gseparation, the middling quartzite had formed & beam, Since St. Helena
quartzites are <lastic, the beam may be .onsidered tc be acting as an
elas .c beam. The mathematical treatment of three common types of
elastic beams is given in FiG. 8 and the maximum vensile and shear
stresses that can occur are given in sumuary form below. In these
equaticns, 'L' is the beam length, 't! is the thickness of the beam,
and 'q' is the intensity of loading. Some of the various types of

veams that may occur underground are i=
(a) The uniformly loaded "puilt-in" beam ie shown in FIG. 8(a).
The maXimum Shear Btreas = BaL D 1.

2
The max1mum tensila streaa = SL esnsssssnne 2.

et

(b) / DR )
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