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pillars, but the stress magnitudes in both cases are now 3+ excesc of

the uniaxial compressive strength of the rock.

Although t.,pg
when using internal

iltudes ¢ the lt@t face zre less
s the stress on Wn pillars rapidly

(FIG. 24).
48,000 1bs/ine", theoretical stress value reaches
70,000 lb./i.n.z as m  internal pillars are removed, (FI1G. 26)

uoemmmoﬁutm1

dmm from the mine
n the centre n.m of the %h—
s, It can be seen that m stresses

se rate in ft. 1bs. / fathom, is
W. The energy release rate
T BERG © Af that when mining without in-

ternal ;ﬁé;\m, v s is greater than the theoretical danger

level of 2 x 10° #¢. 1. /

may be benefiuisk
bursts. i




TABLE 1
; ‘ DYNAKIC | 0¥ | PLRCENTAGE ?L?QEN?AGE'
i B L A
Ns /Ani R . TR . GEOLOGICAL
1b./4n.2 FESULIS TYPE
Footwall 10.5
quartzite 11.6 1let & ilo0 Nil 9.5
5 Basal 11.5
“ reef 10.3
“h wertzite 9.8 8.1 & 9.1 12 29
o 947
6 9.7 1104 7
? M idling 10.2
8 Quartsite 94l 8.5 & 9 3¢5 17
3 f Hangiugwa)l 8.8
10 Quartzite 8.8 7.8 & 7.6 12,5
11 647 55
12 1042
13 93
1 1.1
15 Ventersdorp | 106 {11.7 & 1242 12 15
16 | Sediments | 10,6 :
17 Dyke 1> 12,9 & 13 Nil
18 15,9 }i5.0 & 153 b5 18

H

Faulty

Gauge

B/R Basal Reef Quartazite

©/W Footwall uurtzite

TABLE 2
o
l vy ".v.‘ .
- £ IR i . A FAILURE FOTSSON'S YOUNG'S
CovRER - ROCK TYFUS |CORE SKE | symss R 110 MODULUS
1 B/R BX 37,800 0.123 11.05
1A B/R BX b2, 600 04187 11,59
2 E/ﬁ BX - 001.56 1107
3 ¥/ BX 71,000 P LL 158 1
b B/R BX 32,100 0.137 11.82
7 P NX 29,4150 0.132 11.72
8 B/R MY - O.142 11450
\uwl g
Avoerags Valuas: young's Modulue = 1158 % 20
poieson's Ratio Oell2
Range ol Failure 3tress 27,000 lb./in.2 to

43,000 1be/in."
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6 UNDERGROUND TESTS

The objectives of the underground tests were to determine :-

(1) The behaviour of stope pillars by measuring stress
within the pillar and closure at the pillar sides;

and

(2) The effect of pillars on strata movement by measuring
closure and rilde in the stope excavation and around
the drivea, before and after pillar extraction.

L

The first set of tests was carried out in 2323 Stope, since
the stope pillars were ready for removal. Closure and ride measurements
were made as stress measuring equipment was not avsilable., The results
of the tests were compared with the results obtained on the Resistanoc
Analogue. This cvomparison indicated that pillars had alrcady failed.
It was realised then that a more comprehensive programme was neeessary
to determine when failure oscurrsd, and that closure and stress meascure-
ments would be required from the commencement of pillar formation. For
this jurpose 2436 Stope was chosen, and closure measurements were aade
until stress measuring equipment arrived, Measurements of stress in
2436 Stope and later in 2426 Stope showed considerable limit.iions in

the strzss measuring equipment used.

¢.1 Veasupement of Stress:

Initially it was intended to use electrical resistiance strain
gwge cquimt for stress measarement, but after discussion with the
Rock Mechanics Rosearch Tewm of the C.5.I.R. it was found that the com-
mercially available equipment was not reliable, It was therefore de-
cided to use photo-elastic strain gauge equipmeni, which was consicdercvd

to be reliable, and was commerclally nvanablcl‘.

Photo-elagtic strain gauge equipment depends on the property
of a bi-refringent material to show changes of strain, (Sec. 5.2).
A hand-held polariscope is used to read the isoohromatic fringe pattern

formed in the gauge. A description of the pheto-elastic gauge used in

"jin-situ!' / eesces
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viin-situ" stress measurements is given in APFENDIX III.

6.1.1

6.1.2

- 3 -

The Techaique of "In-situ' Stress Measurements:

A 2" diameter hole is drilled in t.e assumed direction ‘4
of one of the principal strains, i.,e., at St, Helena it 1s dril-
led horizontally and peipendicularly to the dip axis of the
stope excavation, A 1% ins, diameter photo-elastic gaug: is
cemented at the end of this hole, see FIG, 31{a). The gauge
then lies ir the plane of the other two principal strains. The

hale is overcored as shown in FIG. 31(b), and the stress re-

luxation of the rock is transmitted to the gauge producing iso=

chromatic fringes when viewed through the hand-held polsiiscope,

FIG. 31{c¢). The stress pattern on the gauge is read whilst the
brcken core and gauge are resting at the collar of the hole.
The direction of the prinecipa. straina is obtained from the
orientation of the axes of symmetry cf the fringe pattern f-on
a vertical reference line., The magnitude of vhe strains is
determined by ¢ comparison with a set of standard whole number E
fringe patterns, (showa in FI1G. 32), The determination of the
prineipal stresses using the equations of elasticity is given

in APPENDIX III.

A of Change in Stiess Measurement:

Measurement of change in stress is made by usirg a
photo-elastic stress meter cemerted into a 13 ing. diameter
dlamona drill holeij. Ths photo-elastic stress meter consists
of a glass cylinder of 1 ins. diameter with an axial hele

through which electric wiree energlse @& 1ight source at the

pack of the cylinder. In front of the light source is a com-

bined polarizer and quarter wave plate which produces circular

polarized 1ight and a coloured fringe pettern is seen in the
meter when viewed through a hand=held polariscope. The photo=

elastic meter can be eansidercd as a circular inclusion in a

bi-axial etress ficld, and the fringe pattern produced is

proportional / seeses
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proportional to the principal stress in the plane of the meter
and is almost unaffected by the principal stress along the axis
of the meter. The fringe patterns produced are compared with
standard whole number fringe patterns, as shown in FIG. 32.

By this comparison, the orientation, magnitude and ratio of the
principal strains is found. The magnitude of the stress is
caiculated by multiplying the frings order by the sensitivity
of the meter., T ' meter sensitivity is determined from FIG.
Y3{u) using a value of 11,5 x lo6 for the Young's Modulus

of St. Helena quartzlte,

Underg;ound Tests and Results of Tests:

The equipment for measuring "in-situ' stress was first
tried out in 18 South Drive main development 3nd at a depth of
4,000 ft, from surface. No trouble was experienced with the
use of the equipment and it was vossible ts make three stoess
geasuremwnte in one diamond drill hole in eight hours, The re-
sults in 13 s Driv» showed that the major principal stress
attained a maximum velue of 2_‘nylbs./1ns.2 at a depth of Ui ft.
from the collar of the hole. T w v LStwsen RE direction
of the principal stress and the vertical was 23°, 3tress
measuring equipment was then taken to 2436 Stope and "in-situ"
stress measurements were made in the top north stope face where
a gu. . rt pillar was subsaquently cut. Further, "in-situ"
stress measurements were made in the same stope in the face of
the bottom south track outting. The results of the "in-situ"

stre s measurenents are given in Table 3.

Photo-elastic stress meters Wers {nstalled in 2436

Stope in the top and bottom drive pillars, and also in the
jnternal pillars, (FIG, 45). The photo-elastic stress meter

in + “~p North internal stope pillar was installed at a

dept. - .2 ft. ahead of the stope face at the centre of the

future pillar. In this test the Jianond drill hole was un<

cased and when the number of isochromatic fringes exceeded

six / hessen
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8ix, fracturing of the hole occurred preventing the further
reading of the stress meter. At this stage the development of
the pillar was only partly completed. The stress change plotted
against the dictance of the stope face from its original position

is shown in FIG. 34, The direction of the major principal stress

as given by the symmetry of the photo-elastic pattern was 40°
from a vertical line through the axis of the meter., A compari- |
son of the results with the Resistance Analogue results is %

given in FIG., 37. i

The stress meter installed in tne bottom Sovch drive
pillar in 2436 Stope recorded more than ten isochromatic fringes
and the direction of the major principal stress was 3° from the
vertical. Stress change measured by this meter and plott 1
against the distance from the stope fuce is shown in FIG, 35.

A comparison with results obtaincd on the Resistance Analogue

is given in [1G. 3
Change im stress measurcments made in No. 1 Stope
pillar in 2426 stope are plotted against total closure at the

edges of the pillar in ¥IG. 49. In FIG. 33 the c-ange in

stiress results vlotted against time are compared with vesults

sbtained on the Resistance Analogue.

Discussion ui Results:

The "in-situ" stress measurements indicate that the

direction of the major principal strzas ahead of the stope face

Jies within }00 of the vertical.

The results shew the relationship between the stress
and the distance ahead of the stope face at which the measure-

ment wae taken, was similar in each borehole.

The first three to four feet of rock in each borzhole {

was so fractured that stress reading: could not be taken, From

four feet to nine feet the stress {ncreased to its maximum value,

\

and / eessss
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