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CHAPTEKS]

SATARON AMD MUNHO'S STRENGTH FORMLILA.

L1 INTRODUC TGN,

After 22 vears of application, the question must be asked, is Salamon and
Munre's toal pillar strengsh formuda still valid, considering the rapid

cxpansion of 1he $outh Afvican coal miting faduseey during 1his peried!?

auesting ool oillar collapses that have Gecirrad betwaan
]U HIERS =Y |_|'|I .|Ll TiE Lilised Faimigs Tigamr LEC R A F L b 13

16 and 1958 are reévigwed in thig chapter, and aré caompared to those
wied 16 develop Salamon and Mupro's strength formula with the aim of:

i euuninine the validiey of applying the strengih Formula to South
Alrican godlierics,
iy Senilviog new trends with repard [0 the Solaps® o
wurkings,
iii] defining limilatiens associuted with the application of the strengih
formuln,

1.} (GLLAPSED PILLAR GEOMETRIES.

The Ticst repart of a pillar collapse was in 1904 an the Witpank Collicy,

(o 1965, 30 piffar collapies werd secorded in the Transvaal and

and, up
Crrunge Free Stue by Salamon and Wilson. These pillar collapses ware

-] . |
eanmined For suitability an @ stEnstical am ? d
pillar geumetcies, condueted by Salamon and dMunre {1467}, and goly thase

rergeands sl n aa.rar l_].-'h“':Fl th Jnrﬂrlnﬂt‘ﬁn Wi EIJJI!IL-I.EI'” IT“I.]' Hﬂm‘?fﬂf m he
CEilaR s wois Lisgas

reasonahbly reliable. For inclusion in the anatysis the diameter of the
collapsed 2ren had (o be greater than the depth below sypface, and only
in the analysis. Cases where

cases with pegulas pillas prometries were LSt
obvicus bmd m]lapse mciuccd pillar Tniluro were EIC'“de 5 WELE Cl15Cs

slyping, and where a pillar colldpse goourred whed W
ximiny B gach athes, Twragy-SEved oo
and were wsed in the sianistical anilys

minsgl 10 Clpse pro
fulfilled the criteria

is.

3.1

Clinpler 3



The numbering system used by Salamon and Wilson (1965) has been
maintained in this thesis and the dimensions converted to SI units. The
record of the dimensions of the pillar geometries used in the statistical
analysis conducted by Salamon and Munro (1967) has been lost and it was
necessary to back calculate the dimensions. This was done by using the load
and strength values of the cases plotted by Salamon (1967) and using the
dimensions quoted by Salamon and Wilson (1965). Where a range of values
was given for a particular parameter, the back caicuiation gave the most
likely value that was used by Salamon and Munro (1967). By this method
the pillar geometnes of all 27 collapsed cases and 92 of the original 98

Since the introduction of Salamon and Munro’s strength formula an
additional 31 pillar collapses have been recorded. Information pertaining to
these pillar collapses was obtained from the Government Mining Engineer’s
Department as part of this research investigation. In each case the Chief
Surveyor of the colliery where the coliapse occurred was visited and the
dimensions of the collapse were confirmed. A mine plan of the collapse

was also obtained.

Pillar collapses during the period 1966 to 1988 were examined with the
same criteria used by Salamon and Munro (1967) to select those cases that
represent pillar failure as a result of the strength of the coal pillar being
exceeded by the load imposed upon it. Seventeen of the 31 cases fulfilled
the criteria. Twelve Cornelia Colliery pillar collapses were excluded from

11 a1

the analysis as a result of the numerous and extensive roof faiis that
occurred in the panels. From the authors observations in a collapsed panel

at Cornelia Colliery, the coal pillars contained a weak layer at the top of

r
enalle racnltino in an increase in the bord
IU Uitliltg 43z Kas ~

the coal seam. This layer readily spalls
— width. The immediate roof consists of a carbonaceous shate-andcoalroof ———————————
failures of up to 5,0 to 6,0 m in height have been recorded. This results in
rv of the pillar, and hence its strength, and pillar

a change in the geometry

collapse results.

The remaining two collapses not included in the current analysis occurred

at shallow depths of 13,5 m and 24,0 m over a very small area involving
three to 11 pillars respectively, and are considered to be a result of local

weaknesses in the strata.

(7]
]
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3.3 ANALYSIS OF THE 1966 TO 1988 COLLAPSED PILLAR CASES.

Table 3.1 contains the 1966 to 1988 collapsed pillar geometries that fulfil
the criteria for inclusion by Salamon and Munro. Included in the table is
the seam and colliery where the collapse occurred, the pillar dimensions,

date of mining (if known), date of pillar collapse, the surface area affected
by the collapse and the number of pillars involved. Where an extension of a
previous pillar collapse occurred, a new case number was designated. This
was done to conform to the procedure of Salamon and Wilson. The 17 pillar
collapses occurring between 1966 and 1988, recorded in Table 3.1, were

compared with the 27 pillar collapses used by Salamon and Munro to

determine any trends in the data. It should be noted that only four of the
17 collapsed pillar cases were mined after Salamon and Munro’s formula

-~ was introduced.

The collapsed pillar cases for individual coal seams, that meet the

_I!\[

. . < - s CA? A RA A
requirements for inclusion in the analysis by Salamon and Munro (107/),

are shown in Table 3.2. The largest group of the collapses, 34 per cent of

all collapses, occurred in the No. 2 Seam of the Witbank Coalfield. This
A1l seams in South Africa. The No. 4

seam is the most extensively mined of all seams !
Seam of the Witbank Coalfield, the second most mined seam, recorded 18

per cent of pillar collapses. The seams mined in the Witbank Coalfield
nt of the collapses and all major seams mined in the

a nn 70 nar ce SES
C Up /v por nt

Transvaal and Orange Free State have recorded a pillar collapse.

(73]
(2]
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Table 3.2 Number and Percentages of Collapsed Pillar Cases Recorded in
Individual Seams Meeting the Requirements for Inclusion in the Analysis

by Salamon and Munro (1967).

Salamon and Munro ' ' Total
Seam Intact Collapsed | Collapsed | Collapsed
Cases Cases Cases Cases
1965 1904-1965 | 1966-1988 | 1904-1988
No % | No % | No % | No %
Witbank No. 5 7,5 3 | 11,1 2 | 11,8 5 {114
Witbank No. 4 8,6 4 {14,871 4 23,5 8 18,2
Witbank No. 2 45 148,81 9 [33,3] 6 (353} 15 34,1
Witbank No. 1 8 8,6 ) 3,71 - - i 2,3
Springs i 1,0 2 7.4 - - 2 4,6
OFS No. 3 3 3,2 - - - - - -
OFS No. 2 6 6,4 2 7,4 2 |11L,8 4 9,1
OFS No. 1 4 4,3 1 3,7 - - 1 2,3
Main South Rand 1 1,0 3 (11,1 3 117,7 6 |13,6
Main OFS 3 1 32 | 27 - - 1] 23
Ermelo-Breyton C| 6 | 6,41 1 | 27| - - 1123
92 27 17 44

Table 3.3 shows the range of parameters in the earlier study by Salamon
and Munro (1967) together with the 1966 to 1988 collapses. From this table

. . . . Peei e et alaa
it can be concluded that there is surprisingly little varniation in the

parameters of the 1966 to 1988 pillar collapses compared to those ot the

earlier collapses.

3.5
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Table 3.3 The Range of Parameters in the Original Study by Salamon and
Munro (1967) as well as the 1966-1988 Collapsed Pillar Cases
Group Unfailed | Collapsed [ Collapsed
1904-1965]1966-1988
No of cases in the group 98 27 17
Depth (H) in metres 20-220 21-192 22-205
Height (h) in metres 1,20-5,0 1,50-5,5 {1,35-5,94
Pillar width (w) in metres 2,70-21,0 |3,40-16,0 | 3,50-17,0
Extraction ratio (e) 0,37-0,89 [0,45-0,910,44-0,88

tio
Width to height ratio (w/h) 1,2-8,8 0,90-3,6 |1,30-3,70 |

width, areal percentage extraction and ratio of pillar width to mining
height is plotted in Figures 3.1 to 3.4.

Figure 3.1 plots depth versus frequency and shows that two-thirds of the
collapsed cases occurred at a depth of less than 70 m with 34 per cent

occurring below 40 m. Three 1966 to 1988 cases, Nos 48, 164 and 165,

with safety factors of 1,52; 1,80 and 2,10 respectively, occurred at depths
of 28,5 m, 33,0 m and 22,0 m.

Figure 3.2 plots frequency versus pillar width. Forty-three per cent of
collapsed cases had pillar widths of less than 6,0 m while 29 per c.ent of
the 1966 to 1988 collapses and 20 per cent of all collapses had a pillar

width of less than 4,0 m. Cases Nos 165 and 148 had pillar widths of 3,5 m

and 3,8 m respectively.

The areal percentage extraction versus frequency IS Shown in Figure 3.3.
Two-thirds of the collapsed cases had an areal percentage extraction in

mar sant

excess of 75 per cent.

Figure 3.4 plots the pillar width to mining height ratio. Sixty per cent of
all pillar collapses had a pillar width to mining height ratio less than 2,0,

and it is significant that no pillar collapse has been recorded with a width
ases Nos 115 and 157 had

to height ratio in excess of 4,0. Pillar collapse C g
the highest width to height ratios of 3,58 and 3,74 respectively.

3.6
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Safety factor versus frequency is plotted in Figure 3.5. As stated earlier,
three 1966 to 1988 collapse cases, Nos 148, 164 and 165, had safety factors

greater than 1,48 which was the highest safety factor ot the pillar collapses
used in the analysis by Salamon and Munro.

frequency is plotted in Figure 3.6. Wherever possible the actual number of
pillars has been obtained from the mine plans. These include most of the
1966 to 1988 pillar collapses. The remainder have been estimated as the

mine plans no longer exist in the case of defunct collieries.

the 38 cases where the time period is known, 26 per cent occur within the
first year and 50 per cent within four years after mining. This figure

_ includes cases where an extension to the original collapse occurred, and the

3.4

time period was taken from the date of mining to the date of the extension
of the pillar collapse. This was done to conform to the method used by

Salamon and Wilson (1965).

DISCUSSION

It can be seen from the frequency diagrams that the 17 1966-1988 pillar

collapses conform to the trend shown by the 27 pillar collapses recorded by
Salamon and Munro in 1967. The 1966- 1988 collapsed pillar cases reaffirm

the results of Salamon and Munro’s data rather than showing a new trend.
However, there are two significant features in the analysis of the collapsed

pillar cases.

Firstly, pillars at shallow depths of less than 40,0 m and with small pillar
widths of less than 5,0 m, with a high percentage extraction in excess of 75
per cent and a width to height less than 2,0, are prone to pillar collapse,

even with a designed safety factor in excess of the 1,6 which is
recommended for the design of production panels. It is significant that the
three cases, Nos 148, 164 and 165, fulfil one or more of the above criteria
while, at the same time having a designed safety factor in excess of 1,48,
which was the highest safety factor of aii th llapses analyzed by

la
€ piunar o
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Salamon and Munro. The parameters of small pillar width, shallow depth,
high percentage extraction and low width to height ratio are interrelated
and caution should be used when designing pillars at shallow depths.

An explanation for the pillars in this range being prone to collapse may be
that the effects of blast damage, geological discontinuities, weathering and
pillar influence the strength of small pillars more

weak layers within the p uence the strength of small
dramatically than they do the larger pillars. Salamon and Oravecz (1976)
recognized the dramatic effect of a small reduction in pillar width when
the pillar is less than 4,5 m in width; they suggested that no pillar be
mined with a pillar width of less than 3,0 m and that pillars between 3,0
and 4,5 m in width should have a safety factor of at least 1,7.

This recommendation is insufficient to ensure stabie piilar geometries and

it is advisable, at depths less than 40,0 m, to select a minimum pillar width
dth to height ratio in excess of 2,0; it is also

o a U
am a w u i iat

—

r
3

mmende at the ar
cent and that the safety factor is in excess of 1,6. In this way the stability

of pillars at shallow depths will be greatly increased.

Secondly, it is highly significant that no pillar collapse has been recorded
for width to height ratios greater than 3,74. This suggests that the pillar
strength formula, although valid within its empirical range, underestimates
the strength of a pillar as its width to height ratio increases, as suggested

by Salamon and Oravecz (1976).

3.5

CONCLUSIONS

An analysis of the pillar collapses that have occurred during the period

1966 to 1988 do not show new trends but conform to the results given by
the pillar collapses between 1904 to 1965. This confirms that the pillar
strength formula of Salamon and Munro (1967) is very successful in
designing stable bord and pillar geometries within the empirical range used

to develop the formula. No pillars, designed to Salamon and Munro’s pillar
strength formuia, have collapsed during their formation. Where collapses
have occurred, some time after mining, either the safety factor was below
the recommended 1,6 or small pillars were mined at shallow depth of less

than 40 0 m
w

Hhdh—40,0-m-

38
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At these shallow depths designing to a safety factor alone will not ensure
pillar stability. It is therefore recommended that pillars mined at shallow

excess of 2,0, an areal percentage extraction not exceeding 75 per cent and
a safety factor in excess of 1,6.

While stable bord and pillar workings can be ensured using Salamon and
Munro’s design method, the fact that no pillar has collapsed with a width
to height ratio greater than 3,74 suggests that the strength formuia
underestimates pillar strength as the pillar’s width to height ratio increases.

3.9
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CHATTER 4

INDIVIDUAL SEAM STRENGTH

1.1

INTRODLCTION

To examine the problem of determining individual seam strength (wo

approaches were adopted, Ficstly, as the siatistical methoed of Sataman and

Munro proved successiul in getermining the pillar strength formula, giving
an average sirenglh Mor all coal seams, the same methad {5 uied T?
determine individual seam strenglh, Sccondly, the pertarmance of an
cstimated two million coal pillars formed uging Salamon and Muneo's
strength Formula was examingd using a classification system developed with

+.1

the aun of quantiiyiog ndividual seam sirength:

STATISTICAL ANALYSIS

4.1,

Stailstical Maodel

The statistical method using the maximum likelihaod Cunction to calculue

the values of k, o and JE! n t.-fi‘Uﬂtluﬂ 2.2 was availahble fram the Depactment
of Statistics, University of 1he witwaiersrand, thcough a compuler program
known §s 5A8.

- 2z
The dimensions of all 27 collapaed £ases Were back cnlcul.ntenl s were 92 of
%, a and P using these

1he D% intact cases. The eatimated valugs ol -

[l P ul
dimensians were comparcd 9 those gquuted by Salamon and Sonro{HE )

Table 4.1, and the results showed Wiat there was a close similacity helween
the parameters of k, @ and B including the 95 per cent confidence limis.
r

‘Talle 4.1 Estimates of k, o and 5 For 17 Collapsed and 97 Stable Cases.

Parameters k {95% canfidence limits}
a &
Il
Al oases .50 (1.4390{0,32 -0,60)
Salamon ond Munrot1967) [ 7176 _ﬂ,.ﬁéﬂﬁt[_—_ ' ' I r
-0,B2} (
4 -06d

[ e
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The dimensions of the 17 collapsed pillars which occurred between 1966
and 1968 were added to the original 27 cases to examine the influence on
the strength formula of Salamon and Munro by inclusion of these pillar

collapses. The values obtained for k, « and 3 are shown in Table 4.2 and
the plots of strength versus load are shown in Figure 4.1.

———The results show an-increase in both-aand B with-a corresponding increase

in the range of the 95 per cent confidence limits, where the parameter k is
reduced from 7,176 to 5,240. Plots of strength value versus pillar width to
height ratio using the pillar collapse cases between 1904 and 1966 and those
between 1904 and 1988 for a mining height of 2,0 m are given in

Figure 4.2. The strength calculations show very little difference over the
range of width to height ratios 2,5 to 6,0 , although a required higher

strength is calculated from the collapsed cases between 1904 and 1988 for

pillar width to height ratios less than about 2,0. This accounts for pillar

the additional 17 collapsed pillar cases that have occurred between 1966
and 1988 confirm that the design method of Salamon and Munro remains

— validThe differencesin-percentageextraction, for a safety factor of 1,6

over depths of 50 to 200 m with a 2,0 m mining height, are also minimal :
1,77 per cent difference at 50 m and 1,29 per cent difference at 200 m.

Table 4.2 shows the confidence intervals for the 1904-1988 pillar cases to
be very wide and that the absolute correlations between parameter

estimates are high.

As the 95 per cent confidence limits were increased by adding the

 1966-1988 collapsed cases, it was decided to examine the effect of fixing a,

then B and finally a and in an attempt to reduce the 95 per cent
confidence limit. The results are shown in Tables 4.3 to 4.5.

The range of the 95 per cent coniide

case where a and P are both fixed. It was thus concluded that when using
individual seams the parameters a and (3 should

the statistical method on in
be fixed.
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Table 4.2 Pillar Strength Parameters From the Maximum Likelihood

Function.
Data Salamon and Munro Collapsed cases I
(1967) 1904-1988
Collapsed pillars 27 44
Intact pillars 98 92
Total pillars 125 137
Parameter estimates 95 per cent confidence limits
k 7,176 5,240
a -0,66(-0,50 to -0,82) -0,78 (-0,52 to -0,99)
B 0,46 (0,32 to 0,60) - (0,63 (0,39 to 0,87)
Correlation Coefficient
Log(k) with a -0,23 0,38
Log(k) with 3 0,6 -0,85
a and B -0,57 -0,75 H

Table 4.3 Pillar Stre

ngth with 3 Fixed.

Collapsed cases

Data Salamon and Munro
(1967) 1904-1988
Fixed 3 0,46 0,46
Parameter estimates and 95 per cent confidence limits
|}

7,21-(6,00; 8.,66) 7,14 (5,79 ; 8,81)
a -0,67 (0,30 ; 0,64) -0,71 (-0,87 ; -0,55)
Correlation Coefficient

Log(k) with a

-0,95

-0,95
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Data Saiamon and Munro Coliapsed cases
(1967) 1904-1988
Fixed a 0,66 -0,66
[ Parameter estimates & 95 per cent confidence limits |
k 6,81 (5,39 ; 8,60) 6,99 (5,43 ; 9,10) W
R 0,47 (0,30 ; 0,64) 0,44 (0,31 ; 0,57)
Correlation Coefficient
Log(k) with 3 -0,97 -0,97

———4:2.2 Estimate of Individual Seam Strength

Data Salamon and Munro Collapsed cases
(1967) 1904-1988
Fixed a -0,66 -0,66
Fixed 3 0,46 0,46

Parameter estimates and 95 per cent confidence limits

6,88 (6,50 ; 7,29) -6,78 (6,34 ; 7,24)

n of one average strength for all seams in the pillar strength

o AnriaAn

£ +h
ofne o1 tne causes

The assumptio
formula was stated by Salamon and Munro (i967) 10 b€

for the scatter of failed cases around the safety factor of 1,0. However,

they noted, the distribution of collapsed cases is quite narrow and only a
very efficient technique of estimating the loca is likely to

concentrate the distribution appreciably.

sed cases have occurred since the original

information on collapsed cases in individual

analysis, there is now more .
bank Coalfield where 15

seams, particularly the No. 2 Seam of the Wit

collapsed cases have been recorded.
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To obtain an estimate of individual seam strengths, the analysis was
conducted using collapsed and intact cases from the individual seams. The

O e INO 4 ana Séeam om ne A Nan 04 -".A_i'

in Table 4.6.

Table 4.6 Pillar Strength Estimate for Individual Seams Fixing a = -0,66

and 3= 0,46.
1 Seam No. of No. of Strength 95%
Collapses Intact Cases Estimate Confidence
Limit
w2 15 43 6,92 (6,23-7,70)
w4 ; 8 8 7,65 (6,98-8,38)
W5 5 7 5,88 (4,62-7,65)

The confidence limits for k in Table 4.6 are very wide and overlap for the
three seams. These results indicate that there is no statistically significant
difference in mean strength between the seams that can be detected by this

method.

The limited data in all seams, except for the No. 2 Seam of the Witbank
Coalfield, may be another reason for the scatter of results. It is encouraging
that the scatter of the mean values is fairly small around the average
strength of the seams shown in the table. Other seams, as a result of their
limited number of either collapsed or intact cases, gave meaningless results.

However, the maximum likelihood function is the best method for fitting a

model to this type of data. The reasons for the scatter of results may be a
ated by Salamon and Munro (1967), that is

ma factorg state
ne ractors sta

layout, the approximate nature of the strength formula, and natural

variations in coal strength, seam structure and the quality and influence of

roof and floor conditions.

4.2.3 Conclusions From The Statistical Analysis

Adding the pillar collapsed cases occurring between 1966-1988 to the
original cases used by Salamon and Munro and using the same statistical

_ method resulted_in a change in values for the parameters k, aand 3 The
ers, showed that little variation in

strength values, using the new paramet

Chapter 4 4.6



(7]

strength (maximum 10 per cenf) aecureed berwzen the values of width 1o

height rarigs 2,0 to 6,0 compared to those ariginally calculated by Salaman
and Munro, At lower width to height ratios the increased sirength reguired
obtained using the 1904-i988 collapsed <
width to heighl ratio pillars are prone (o coiiapse which con
resolis obtained 1n Chapier J.

"
i

1]
|
A
!
-

he mdximudm haod

estimation of individual ¢oal seam strength o

inconclusive tn all seams due to the limied data.

Recause of the [ack ol a sufficiently jarge number of failed bord and pillac

workings in the various caal seams, and also ihe difficoltiesof detoomining

ihe—-}ffeﬂgth—af—indiﬂmmmi by means of large-seale (2560g. 1 visnal

method of aBSEESEWHWSMd based on the performance

of coal pillars since their formation. Details of the method and the resghs

4,31

obtzined ace presendad in this sechion.

Ratignale of -Classification System

ts op quorizite specimens by Hallbauer et. al.
pillar Lests by Wagner (1974} it is kaown that-
first signs of rock Fraciuring are

Frum laboratory experimen
¢ 18733 and large-scale coal

in 4 compressive stress environment the
obterved well before actual atructural failure. In the case of a confined

eylindricad rack specimen, Hallbauer el. al, {1913} Found a significaat
increseg in microlracturing at a 3iress level of about 0,8 times the siress ar
failure, Wakner (1974) phserved that in the casé ol square coal pallars the
cornges of the pillar and the unconfined pillar sides Fractured well before
the (ajlure load was reached. An importan] CDIETVALICN mude by Wagner
(1974} was thal the SIFEs) jevel at which the unconfined corners of the
various tesl pillars (ailed was virtually constani and wis independent &l Lhe
width te heighi ratio of the pillar, whist the ultimate strength of the piiars
increased when the width 1o height ratio increased. Careful obsecvation of
the extent and severity of [ractwTing of pillas cormers and sides cun
therefore provide a useful indicatian of the wnconfined sirength of coal.

B
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camas citeasme il

A prerequisite for the visual assessmen of coal seam strengtin is that the
stresses acting on the corner and side of a coal pillar should approximate
the same order of magnitude of the unconfined strength of the seam. If the

——stress levels-are well below the strength of the seam, few if any fractures
will be observed. However, in the case of very high stress values, the
extent of fracturing will be so severe that no conclusion other than that the

unconfined strength has been exceeded can be reached.

In order to assess the suitability of the visual assessment method for the

_____ ramnma sm:llae ateana ac Lac .o
ALITH 1UesS nave

smrengtn evaluation of coal seams, skin and average p iar val
been calculated. The stress values at the pillar’s skin or edge were obtained

using the computer program MINAP. Although MINAP is a
nal program modelling infinite strips of pillars, the

two- dimancin f1
sV v IJ Vil AU ERiissis RS RSSS 232

three-dimensional pillar stresses were obtained by reducing the elastic
modulus of the pillars by the method described by Ozbay (1987). In this

method the two-dimensional modulus is obtained by the product of the

three-dimensional modulus of the pillar and the extraction ratio along the
length of the strip pillar. Thus the strip pillar’s stiffness is reduced

resulting in the same average convergence as that as the row of square or

rectangular pillars. The average induced stresses acting on the pillars were
then calculated by dividing the stress obtained across an element by the

£ ¢tha ctrin nillar
i 4 Sl Y Y

~ IS
e Ip plaias.

extraction ratio along the length ©
The results are shown in Figure 4.3, for seam depths ranging from 30 to
150 m and pillars designed to safety factors of 1,5 and 2,0. Also shown in
Figure 4.3 are the strength value, k, of a cube of coal 1,0 m in length
which, according to Salamon’s pillar strength formula, is 7,2 MPa, with

e oivan Ry L — L L NI L oand
veéin 0y Ky = K + v,cJ K ana

upper, k,, and lower, k|, strength boundaries g1

k; =k - 0,25 k.
trength and stress values in Figure 4.3 indicated

that meaningful results from the visual method can be expected over the
depth range 50 to 120 m. At depths less than 50 m the stresses are
generally too low to cause significant fracturing of pillar corners and sides,
whilst at depths of greater than 120 m the theoretical stress values are far
in excess of the unconfined strength of even the strongest coal seams, k +

k,, and excessive fracturing is likely to be observed.

erage depth and stress values for seven different

Figure 4.4 shows the av . .
coal seams cov -4 hv thic investigation. For convenience of reporting the
C0ai1 seams covered Oy wiiis 222 VR9RIS

o
seams have been > re
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Seam | is the No. 2 Seam Witbank Coalfield

Seam I1 is the No. 4 Seam Witbank Coalfield,

SeamHH is the No. 5 Seam Witbank Coalfield,

Seam IV is the No. 3 Seam Orange Free State Coalfield,
Seam V is the Lower C Seam Ermelo-Bryeton Coalfield,
Seam VI is the Upper C Seam Ermelo-Bryeton Coalfield,
Seam VII is the B Seam Ermelo-Bryeton Coalfield.

In terms of the strength and stress criteria, Seam Nos III, VI and VII fall
outside of the ideal area of application of the visual method of estimating

PO N S e

1racviuliig

pillar strength, and are unlikely to show significant am
except where the coal seams are very weak.

. i ngth evaluation would require that

the pillar stresses cover a wide range so as to accurately relate the extent of
fracturing to stress levels. Unfortunately, with the exception of Seam I, the
variation in stress levels in individual seams was rather smaii. For this

reason Seam I has been used as the reference.

l
)
>
~-
"

m strength characteristics has been
ther than on skm stresses. The latter
depend on local

Finaily, the evaiuation of the coa
based on average pillar stress values ra

are difficult to determine in specific instances as they
nlllar seometry. the nrnnprtles Of the seam and roof and floor strata, and

1S3 AL A T I A0) Ve
the contact of the seam with the surrounding strata. According to

Figure 4.3, in the depth range 50 to 100 m the skin stress is
~ k £ 0,25 k.

4.3.2 Pillar Rating System

Pillar condition is rated in two stages. Firstly, the condition of the pillar is

described and recorded on a special form. This step is called the
classification process. Secondly, each observation is rated according to the

relative importance of the parameter. This step is called the rating process.

(A) Classification Process

detailed visual observations of

The pillar classification process is based on 3
nel is visited and the overall

pillar conditions. After a bord and pl"af pa

22E82 Vs IvaUERS. S22 VT
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the centre of the panel is selected for detailed classification. The pillar and
bord dimensions are measured and the condition of the pillar corners and
sides, as well as details of cracks and weaknesses in the pillar, are entered
on a special form (Table 4.7). An example of the classification and rating

processes for a specific case is shown in Tables 4.7, 4.8 and 4.9.

Stone dusting, which is required by law to safeguard against the possibility
of coal dust explosions, was found to be a useful indicator of a

deterioration in pillar condition over time and of the amount of spalling

that has taken place. Therefore, in addition to the amount of stone dust

remaining on the pillar, the time of application of stone dusting is noted.

Bands of other geological material within the coal seam are recorded as
they can influence the strength of the pillar. Similarly, details of the

contact ot the pillar wi er

For the sake of completeness and future reference, roof conditions in the

_ bord and pillar workings are recorded, as well as details of roof falls. Roof

failures are known to be a cause of pillar failure since they increase the
effective height of pillars and thereby reduce the strength of the pillars. A

record is also kept of the roof support details such as type, density and
pattern.
Faults, slips and joints may likewise influence the strength of the roof or

pillar. For this reason the orientation, spacing and persistence of these
geological discontinuities are determined. From this information regional
and local densities of discontinuities can be determined and taken into

account in the analysis of the strength properties of coal seams. Finally,
details of the depth of mining, design dnmensnons, date and method of

- .. ot ah
mining and composition of the superincumbe ata obtained from the

strata are ] from
survey department of the mine (Table 4.8).

| 1+ PP

1 5 B Y “
{B) Rating Frocess

s is to arrive at a quantitative assessment

The purpose of the rating proces ‘ .
| seam with the main emphasis o

of the pillar conditions in a particular coa
the parameters which affect the strength of a piliiar.
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The parameters recorded during the pillar classification process were
grouped into three categories depending on their importance with respect to
the assessment of coal seam strength. Within each category five grades were

The first category concerns the most important parameters, namely:

(1) spalling of the pillar sides and corners, expressed as a percentage of

the mining height,
(it)  discontinuities, and

(ii)  punching of pillar into the roof and floor.

category is done at intervals of 25 from O to 100 points.

indicates poor conditions while a high rating refers to good or

Rating in the first ¢

A low ratine
A low rating

1
excetlent conditions

The second category comprises parameters which are considered of
secondary importance for the assessment of coal seam strength, namely:

(i)  weaknesses in the pillar, and
(i)  deterioration due to weathering and changes in ventilation.

Rating in the second category is from 0 to 20 at intervals of five. The third

category refers to observations which are indicative of pillar performance,

for example stone dusting. As in the case of the second category, rating is
sradags In th

from O to 20, but there are 25 grades. In this category the amount of

visible stone dusting is weighted by the ti was

applied. (Table 4.9).

Finally, the length of time that bord and pillar workings has been standing
is also an important factor in the assessment of seam strength properties
since it is well known that the strength of rock is time dependent. Since
coal pillars are designed for a long life, it is obvious that observations of
pillar conditions in old workings are of greater significance than those
observed in recently mined areas. For this reason the pillar condition, R,

*

: final
obtained in Table 4.9 1s weighte ’
rating, Ry, is given by
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Re= R4, (A by
The time factor Tp ie given by the Tollowing relationship

T, = 153, dadrses (3.2

where 1 is the age of the pillar in yeacs and 3,304 and 0.08 are arbitrarily

ng marme i ad

chosen constants, based on the facl that 1he ionger a pmailar has remained
intact vhe higher the time [actor given.
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