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There was no difference in the rate of movement du-ing the »eriod

in which the ‘nternal stope pillars were removed.

2L3¢ Stope test results are given in graphical form in

FIGS. 46 and 47, Closure at the pillar staticns is plotted

against date and distance of the stope face away from the piilar

centre.

It can be seen in FIG. 46 that closure near the stope
face is rapid, and 0.5 ins. tock plece at Station A.l within
48 hours even though the stope face had only advanced a few feet.
By the time the pillar was developed, the closure at the first
stations, A.l and A.2, had reacned £ ins, ond 1% ins. The rate
of closure decreased as the stope face advanced further from the
pillar. The final amount of closure after twelve months was
2§ins, at Station A.1 and 3% ins, at Station A.2 - the stope
face was 140 ft, away from thc pillar centre, and the strike

span was 600 ft.

2426 Stope test results for No. 1 piilar are given in
3¢ 51 and these show that a closure of 0.7 ins. occurred in
two months. A similar amount of closure occurred in 2436 Stope

during the two months alter installation of lae stations.

Comparison with Laboiatory Recults:

pue to the pillar removal a closure of 1% ins. occurred
in 2323 Stope ub the mid-span, but Resistance Analogue results

indicate that 3.86 ins. »f closure should occur at mid-apen if

a solid pillar is remcved, (FIG. 23). It was deduced from this

that pitlar failure had previously occurred in 2323 Stupe.

In 2436 Stope, by the time the stope face had reached

{ts strike limit, & maximum closure of 3.2 ins. had oc.urred at

pillar "A" and 3.4 ins. at pillar "B". The removal of the

remnants between the stopes and the removal of the internal

pillars, could be expected to result in a final closure at

Stations "A'" and ngt of at least 4 ins. Tnis amount of closure

is / sansee
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is more that 'he theoretical amount of 2.6 ins. which would occur

at these positions, (deduced from FIG. 23 at a position 50 ft.

away from the drive pillar). Jurthermore, it can be seen from

FIG. 50 that actual closure 1s greater than theoretical closure
from the commencement of pillar development. FIG. 51 shows

similar results in 2426 Stope.

It can be concluded froum the above results that the
immed.ate hangingwall and footwall did not behave elastically
in any of the stopes where measurements were taken, i.e., there

must have been a fracture zone around the workings.

It can be seen from FIGS, 50 and 51 that the strata
adjacent to the pillar does not behave as predicted by elastic
theories, and it is concluded that the pillar sides have failed.
Furthermore, an increase in closure rate occurs as pillar de-
velopment continues, thus impiying an increase in the rate of

pillar frecture.

It is not possible from the results of the closure
measurements to deduce how far the fractures extended into the
22
pillar and tnerefore whether strength failure occurred .

Rupture or disintogration of a pillar does not take place.
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CHANGE IN STRESS RESULIS:

- by
TABLE 3
— R R T .
WIN=-SITU" STRESS . RESULLS:
, POSITION DEPTH PRINCIPAL STRESS
WORKING ! DIRECTION | RATTO
PTACE ngﬂ 3 MAGNITUDE YROM OF
. READING Major Winor | VERTICAL |STRESSES
18 Perpen- b £, 2,300 101 22°
South dicular tc ] ’ ! 'o o
Drive drive facel ° ft° 1,210 350 15 »29
8 ft. 1,000 250 10° .25
g:’é Togiﬁirth 7.3 &¢t. 1,710 566 28° o3
o -
v i 8 ft. 2,805 926 33V o3
9.5 ft, | 2,340 554 25° .25
2436 Bottom | 6.5 ft. | 7,8% 2,705 19° o3
Stope ;i::;f 7.5 £t. | 4,858 1,618 25° 3
cutting | 9.0 ft. | 2,500 486 18° .15

MAXIMUM
WORKING POSITION DEPTH OF STRESS DIRECTION
PLACE OF HOLE READING CHANGE
LBS ./INS.2
0
2436 Top North 12 ft. + 4,600 4o
Stope pillay
Top Souun 10 ft. 600 unsymmetrical
pillar
0
Bottom South g ft. + 7,000 + 3
Drive Pillar

W TR
i
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y PILLARS AS UNDERGROUND SUPPORTS

The rock mass around a small excavation in virgin ground on

St. Helena Mine is assumed to be elastic. However, general observa-

tions show that as such an excavation incresses in size a fracture

zone develops around it,

If the rock surrounding an underground excavation is elastic,
a tensile stress zone will exist in the hangingwall over almost the full i
epan, (FIGS. 4, 5 and 6). The height of this tensile strees zone is
related to the span and the depth, and at a particular depth the height
of the zone \ncreases as the span increases, (FIG., 12). In Bec. 3.2
it was shown that incipient fractures are moct likely to extend in a
tensile stress zune. Depending on the grain structure of the rock and
the magnitude oi the minor stress, the fractures may extend to a length
equal to the height of the excuvation. Fractures around an underground
excavation are initially caused by hlasting, and the fractures in the
hangingwall are those most likely to incr.ase in size. These fractures
may intercept bedding pianes if the rock forming the hnnqincvnll of the
stope is stratified, as it is on St. Helena Mine, The beds will readily
separate and form hangiugwall heams or blocks. In Sec. 3.2 it was
shown that the height of the fracture zone, determined from the loca~-

tion of seismic events, was equal to the height of the tensile zone
caloulated from FIG. 12.
The behaviour ol stopc pillars must be considered in relation

to the fracture zone and the other stope supports. At depth the sup-

port system must not only control the fracture zone, but must also

14mit the energy release rate to a eafe amount as mining proceeds.

Znergy release is the product ~f otress and closure. Closure can be

minimised by 1limiting the span of the hangingwall or providing very

high density support. In thie chapter the results of laboratory and

f
underground tests will be used to iiscuss pillars as & means o

support.

7.1 Stope pillars: / TR




7.1 Stope Pillars:

The reaulte of tests on the RQ'ist.nce Analosue indic‘t. th‘t
the average stress on a newly formed stops pillar at s depth of 5,000

e
ft. i‘ 121000 leO/inao ] (FIG. 2"’). wh.n th' 'tom flOO m ..dv‘ncgd

125 ft, away, the stress on the pillar is 30,000 lba./inl.a. After
the stope remnant has been mined out the stress on the pillar is 50,000
lba./ins.z. A final stress magnitude of 70,000 lbs./ins.2 is reached
after the removal of tue other stope pillars. The photo-elastic
analysis m+de on a St. Helena Mine model shows that a considerable
stress variation occurs within a stope pillar, From FIG. 21 it can be
seen that the principal stress at the pillar esides is about twice that

at the pillar centre, and is therefore greater than the average stress.

From these theore*ical results it can be expected that as the
stress is in excess of the uniaxial compressive strength, (Table 1),
pillar sides will fracture before the stope reaches the remnant stage.
Further cracking of the pillar may be expected as the stress increases

to a final magnitude of 70,000 lba./ina.z,

Underground tests confirm that a fracture zone exists ahead
of the stope face at a depth of 5,000 ft. The actual stress must be
greater tl°n the eniaxial compressive strength of the rock, and greater
than the theoreiicsl average stress of 12,000 lbs./ins.2 obtained on
the Resistance Analogue. Pillar sides fail as the pillar is being
formed, and closure tests show that a fracture zone develops around

4t 4in the hangingwall and footwall of the stope excavation. At the

2
centre of the pillar an increase in stress of at least 8,000 1bs./ins,

has been measured, and a somparison with the Resistance Analogue results

showed that the solid core of the pillar was elastic, (Sece 6.144)e

FIGS. 36 and 38 show that after the
har that ubtained on the Resistance Analogue.

pillar is formed the actual stress

inorease is greater t

Thie effect is probably due to the load being carried on a emaller

core of solid rock.

As mining proceeds and the stope face advances the stress on
8

gurther fracturing is assumed to take place,

the pillar increases and

(SOO._ 6.10.“) /go_o.o_..‘
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(3ec. 6.1.4) Certainly closurc measurements indicate an increase in

the rate of pillur fracture (Sec, 6.2.4), At this stage rock fractures

under triaxial stress cenditions due to the restraint afforded by the

frectured sidewall, The continuation of cracking due to further mining

will depend on the stress magnitude and the constraint provided by the
increasing volume of fractured rock, Theoretically, the final stress
on a soiid pillar may reach 70,000 lbs./ins.z. Triaxial strength
toatalé indicate thal a restraint of 7,000 lbs./ins.2 is needed to main-
tain a stress of 70,000 lba./ina.z, but it is doubtful whether the
fractured part of the pillar would provide such a restraint. Therefore,
eracking will extend completely through the pillar at a stress level of
less than 70,000 lbs./ins.2 and strength failure may occuraz. This

atage will be reached after the stope rewnant has been mined, and before

any stope pillars have been remcved.

During the life of a pillar barring away of the sidewalls may
be carried out once or twice, but pillars have never been observed to
collapse, Furthermore, removal of a pillar usually requires blasting,

but it can te assumed that a fractured pillar still carries considerable

load.

The theoretical stress results shown in FIG. 24 for mining
with pillars, must now be medified and the stresses on the stope face
and drive pillars must 1ie between the two comparisons. The energy

release rate during mining will, therefore approach that due to mining

without stops pillars (FIG. 29). Due to extensive fracturing the

average stress on the stope pillar is less than the theoretical stress

and no rock bursts should occur when the pillar is removed.

The stability of the hangingwall in the stopes tested is indi-

cated by the small rate of closure and ride before pillay removal (FIGS.

43 to 47) In 2436 Stope 3 ins, of closure occurred during the year

ere made and in 2k26 Stope
n with the theoretical closure, (FIGS. 50 and

the closure rate was 2 ins,
in which tests w

per month. " A compariso

51), showed that the stope excavation at a depth of 5,000 ft. below
'

At these depths & newly

sarface is surrounded by & fractured zone.

formed / aseeen
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formed pillar is mainly solid and the stability of the hangingwall
fractured zone is the result of Voussoir Arches forming between the
pillars, and between the pillars and the stope face (Sec.k.,1 ). As

the stope excavation increases the stress on the pillar increases and

the cracks extend into the pillar, As the stress approaches 70,000

2
1bs./ins.” cracks extend through the pillar and the load carried by the

pillar decreases with increasing deformation, i.,e. strength failure
22 .

cceurs . In Sec. 3.2 it was shown that a failed pillar at a depth

of 5,000 ft. below surface can support a Voussoir span in excess of the

pillar spacing, and the main hangingwall loads can still be carried by
the stope pillar system.

During the sweeping stage payable internal pillars are mined,
usually one at a time, retreating towards the centre gully. Under-
ground tests in 2323 Stope showed that only 1 ins of closure and ¢ ins.
of ride took place during the pillur removal (Sec. 6.2+2). It must be
assumed that due to the slow process of pillar removal, about four
months, loads are gradually transferred to drive pillars and matpacks,
and therefore, harzingwa.l stability is maintained. In the year after
pillar vemoval in 2325 Stope, 2 further # ins. of closure only was

meagured.

At depths greater than 5,500 ft. pillar cracking will be
more extensive and strength failure will occur rapidly. The pillars
will, therefore, shed load and the rate of loading on the matpacks will

increase, This may result in matpack {netability and hangingwall

collapse will occur.

7.2 Drive Pillars:

Results on the Analogue Resistance machine indicate that when

stoping commences the average stress on an elastic drive pillar at a

depth ef 5,500 ft. is 6,000 1ba./1ns.2. This stress increases to
1 .

8.000 1bs./ins 2 ,hen the stope remnant has been removed, When stope
, . .

pillar removal is completed and the stope excavation is very long on

2
strike, the stress on the drive pillar edges is 50,000 1bs./ins.

(FIG. 27) / LY
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(FIG. 27), although at the pillar centre it is still about 6,000 2*s./1 R
The average stress on a drive pillar say reach the very high level of

2
100,000 1lbs./ins,”, (FIG. 27) when the other drive pillars have been re-

moved. The results of the photc-elastic analyeis on the St. Helena

stope model shew thut large stress concentrations occur on the stope

side of the pillar, Inside the pillar and round the drive excavation,

the concentration of stress is small, (except in the cornmers), and the

mognitude is approximately one and a quarter times the overburden stress.

At a depth of 5,000 ft. below surface the stressc round the drive varies

2
between 10'000 and 6;&0 lba./ina, 2 From these theoretic&l romilta it

can te expected that the side of the drive pillar forming the stope

excavation will fracture, Due to the low stresses, fractures around

the drive perimeter will not extend and only small movement of the

rock sy be expected.

Underground observations confirm that the edge of the pillar
in the stope excavation is fractured, and sealing of the sidewall
often occurs. "In-situ" otress measvrements in the drive pillar have
been inconclusive., At a point 8 ft. inside the pillar from the stope
sidewall, an increase in stress of 8,000 1bs./1ns.2 has been measured.
sround the perimeter of the drive & closure of & ins, only was messured
during stope pillar removal and the year following the removs’s It
san be concluded from laboratory and underground measurements that

drive pillars are mainly solid up to the removal stage.

& solid drive pillar can support a voussoir Arch of 420 ft.
span, (Sec. 3.2)y and abutments can form along the whole strike length,
both at the top and bottom of the stope excavation. Therefore a

solid drive pillar can be expected to stabilize hangingwall movement

over & large crea of the gtope. Underground measurements show that

the ride movement in the stope excavation {e less than % ins, Since

the drive pillar remains solid during the stoping operation, its ei~

fect on hangingwall stability 18 not decreased until mining of the

drive pillar commences.

Extensive crucking of the stope pillar will result in

groater / ensens
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greater closure of the stope excavation and an increase in the rate of
energy release. ‘Therefore the energy release rate during normul

stoping aporoaches that shown in FIG. 29 for the rate of energy release

when minine without pillars., No rock bursts have been experienced ut

5,500 ft. depths in any of the stopes mined out., It must therefore be
assumed that the energy release rate of 8 x 1061t. 1bs, per fathom,
that results from mining out thc last few fathoms in the stope, is ab-
sorbed by the hangingwall fracture zone, (Sec. 3.3). Due to the
solidity of a 150 ft. wide drive pillar, this rate of energy release

will not be exceeded during stoping, and nc rock bursts shou.d eccur.

It has en the mine's policy to remove drive pillars, and
removal at a depth of 4,000 ft. over & limited area has mot resulted
in rock bursts. FIG. 30 shows *hat the removal of a pillar at 5,500
ft. in an area of 70 per cent extraction will result in an energy re-
leepe rate of 108 ft. 1bs. per fathom, This is much higher than the
thesretical danger level and much greater than the energy absorption
figure of 8 x 106 ft. 1bs. per fathom given previously. More work is
necessary to cetermine the maximum rate of energy absorption. Until
this maximum rate is known it must be assumed that drive pillar removal
at a depth of 5,500 ft., particularly in arcas of large percentage

extraction, will result in rockbursts.

PRI P ) S e
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8. CONCLUSIONS

The resu.¢s of underground tests show that the stope excava-
tion is surrounded by z fractuce zono, (Sec. 6.2.3. and Sec. 6.1.4).
The size of the zone was not measured, but the height of the zone was
shown to be about the same as the hoight of the tensile zone, (Sec. 7).
The height of the tensile zone in r.latior to span 3e shown in FIG. 12.
In Sec. 3,2 this figure was used to determine the spai at which hanging-
wall instability might occur. The magnitude of this span was in ciose
agreement with the average span at which the original hangingwall 6ol~

lapses occurred,

Visual observations at a depth of 5,500 ft. show that stope
pillar sides fracture as the pillars are formed, and these fractures
increase in size as the stope excavation increases. A comparison of
the underground closure with the theoretical elastic closure showed
that a fracture zone exists around a stope pillar, (Sec. 6+2.3)s How-
ever, stress measurements made at the pillar certre proved that the
rock behaved elastically whilst the pillar was being formed., It is
possible that these measurements were made in blocke of fractured rock
with each block behaving slastically. In fact, underground observa-
tions and theoretical stress calculations indicate that fractures may
extend into the nentre uf the pillar and that strength failure might
occurzz. No pillars have been observed to disintegrate and it must be
assumed that pillars still have & load bearing capacity which reduces
with pillar deformation. Due to the failure of the pillar its average
stress lovel will be less than the theoretical estimate and there will

be no danger of the pillar bursting during removal.

Failure of stope pillars reduces their load bearing capacity
and the load shed by the pillars must be carried by the other supports.

At depths greater than 5,500 ft. stope pillars will develop extensive

fractures and rapid pillar failure may ceeur, The matpacks mray not

pe able to carry the loads shed by the pillars and unstable hangingwall

conditions will result.

Analysie of stress in mine models shows that the drive pillars

are / TELEE
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are not highly stressed, (Sec., 5.,2), and it was concluded in Sec. 7.2
that dr.ve pillars are solid. Drive pillars carry some of the load
shed by the fracturing of stope pillars, znd the loading is increased
further whea the stope pillars are removed, Rem wal of stope pillars
results in comparatively little closure and ride within the stope exca-
vation, and it i5 concludei that these movements are small because of

the solidity of the drive pillar and the stability of the system.

No rock bursts have occurred at St, Helena during the mining
of stope excavations at depths less than 5,000 {t. The energy release
rate, although high, must be absorbed by the hangingwall fracture zone,
and it muy be concluded that the present drive pillar system redices
the possibility of :he occurrence of rock bursts, (8ecs 7.2)¢ This
conclusion is born out by theory, see Sec. 3.3, assuming that drive

pillars are not rcmoved.

Laboratory tests were carried out on the Resistance Analogu~,
Sec. 5.3. The results indicate that rock bursts would occur i€ drive
pillars were mined out completely, or if large sections of piller were

removcd in areas with a high percentag: extraction,

8.1 Recommerpdations:

From these conclusions, recommendations ¢ 'n be made for the
support system &% No. 8 Shaft on St. Helena Mine. Stcping at this
shaft will extend to a depth of 6.500 ft. The dip of the Basal Reef,
as indicated by the shaft intersection, will be 4o° poesiwly decreasing
to 30° towards the President Brand boundary, The stoping width wi_l

bve 36 ins, or less in the steeper stopes, since the values lie .aainly
on the raef contact.

1t is recommended that stoping be carried »ut by the method

shown in FIG. 18, in which the stope face advances on strike in the

4irection of the long axes of the parel, The distance L betwean

the stope centre lines can be determined approximately from FIG. 16

and 1t is suggested that the maximur angth of stope back ve 800 ft.

with a bar-ier pillar of 130 tt. wide on dip, (Sec. 7.2 end Scc. 343)¢

This / asvenn
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This general method of mining should be combined with a low stoping

»

width, The strike barrier pillar will have a stabilizing effect on t 

v

the stope hangingwall, which, due to the steepness of the stope, will

L)

tend tc move down dip. Since the barrier pillar must be maintained at

e

its full width, the main haulage will have to be developed in the foot-

SO SR ———

wall quartzites.

The internal stope support method can now be determined, as- !
suming  maximum span of 800 ft. on dip, It must be assumed that the =
interna. pillar at greater depths will be highly fractured. An increase
in the size of this piller to reduce the effect of fracturing is not
recommended, s.nce it may then present a rock burst hazard, The use of

internal stope pillars as means of support should therefore cease and

L -

stressed composite matpacks spaced at a smaller interval is recommended.
A calculation for the spacing of 2 ft. 8 ins. metpacks, (3 ft. O ins.
high composea of alterrate layers of timber and concrete), is given in
APPENDIX IV. It is assumed in the calculation that planes of weakness

occur at certain intervals in the hangingwall up to a height of at lesst

SR ST ek, S Vi i

100 ft. above the reef plane. The height of the tensile zone for a
span of 800 ft. at a depth of 6,500 ft. can be calculated from FIG. 7
and it is mssumed that the hangingwall beds will separate at this
height, and will form a zone of separata rock similar in shape to the

tensile zone. It lis further assumed that the weight of this rock will

ve carried by matpacks, pre-loaded to 50 tons and that no self-support-
ing rock arches exist, This is the worst possibie loading condition

that can occur. The matpack spacing is calculated to be 8.0 ft. for

|

-zs
A
!
i
3
]
!
i

a2 ft. 8 ins. matpack 3 ft. O ins. high and it should be composed of

alternate layers of timber and concrete.




APPENDIX I

PHOTO-ELASTIC ANALYSIS

A. The relationship between principal stress difference, model thick-

ness, material constant and fringe order for a birefringent material

is :=

Where p is the major principal stress
q 18 the minor principal stress
N is the fringe order
F 48 the material constant (83.9 lbe./ins.z/fringe)

t 48 the material thickness (.25 ims.).

Along the edge where the load is applied tae minor principal strcss

is zero and the major prrincipal stress is due to the applied load.

< Byx T 620 1bs., . N8.5
P L'Z‘ Tins, X0 ins X FEED

P N 620 & 620 L

. . 85.5 I ; : ;I.; 24

Therefore,, the fringe order at this edge is = .83 and is called
the nominal fringe order. At any other point in the model where
'@ is not zero, then if 'pt s ¢ jor principal stress due to the

applied load, (i.e. the overburde.. siress),

and the principal stress difference at any point can be obtained
directly from the fringe oruer there.,

B. At the {nterseotion of i{sochromatic fringes and equipotential

1ines obtained from the resictance paper, then

R e Al 1.21p1N. apd p ¢+ q = l.lelN2
Moo Be NZ - N
'. = p - __—z——-—: 1.21p1 Md q = ._-_r-—- 1‘21p1
Thus / asenes
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Thus separation of the principal stresses is effected. Since

actual intersection of fringes and equipotential lines is not fre-

quent, contours can only be drawn after interpolation has produced

a sufficient number of points on the curve,

M T et
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