Table 2.4 Compacison of Coal Strength Dala for Colllerics Representlng
All Major Coalfields In South Africa, Afler Blenfawshi [ 19684d).

Uniaxial Wutnber | Sirength
Coalfi=id | Colliery Localiry Compressive of Index
" Srrength SpEcimens
I iestied
Mean | Stondard
MPa |Deviativn
C {Cealbroek | 2nd Seam | 4002 [d,1 +d 1h3.G
[ Cuarnelia | Berth Sez. | 43,3 16,5 Gl [11.5
B DN Secrion 3 | 34,5 14,0 52 47,7
A DN Section 40| 4.4 16,7 12 298
" A Kendal - 44,1 | 22,8 40 1124
C SIgma - YR 14,3 e 05,5
1 Springficld - 44,3 ie,d o 13,0
A Wnlvekrans |Mo 4 Seam| 393 18,1 33 100,10
A Walvekruns (Mo 2 Seam | 48,7 274 T8 08,4
A Wolvckrans [No | Seamj 36,5 ) 183 4% 1439
= —. = i EJ

MNOTE;

A YWibank
B Klip Kiver Coalfield, MNatl

' VYerecniging CCoalfield, (range Free state
0 Bualfour Coallield, Transvaal

—Kw(rmmmmmmﬂﬂ g 4
Seamn and 200 specimens from the No, 2 Spam of Wihank {'galfield. AN
cnpciment were two inch cubes and were loaded pormal (o the bedding.

e o

Figure 2.7 curmnarizes the frequency vErsws uniuaial compressive strenpth,
Again, standard duviations of up o R per cent are quoted,

Merten { 1965 reports shat results of gix sl on one fo0t cubes, from tho

No. d Scam at Mew Largo Colliery, Witbank Croalficld, were within four

e cent §7 68 MPa compared to 798 MPa) of tests on one Foot cubes From
PIET LELL 14,02 JViE R iy

the No. 4 Seam, Withank Cottiery:
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The lahargtory investigalions into (he strengths of indavidunal Soumh African
coal seams show that, while guantitative d:t'Femm:cs occur, the

F imAiydAanl sEom 5
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g
ding specimen Franspoctition, Prepatation, MoETErs Conteat, position
n the seam and size.

These conclusions are contbirmed i Sundae reseacch conducted aversess.
Koifman e al { 1962), tn un investigation indo the strength ot cpals From
the LUSSE, found that while 2 reduction in compressive sirength with
increasing specimen size wus noted, 3 seatter of approximately 50 per cent

was recorded,

__________ 4 [he—zoaa
JUII_‘“.&;’." whEkL] Curiacuu

camprossive tests performed on cylindrical specimens af USA Cioal with
diameters of 1,0 2,00 4.0: 6,0; £,0 and 12,0 inches and width o height
patios of 0.5, 0 78 | 0; and 2.0 It 33 stated that the interpritation of

labnratory 18815 i5 not without pmbiguity, particularly in the post peak
stcength reginn, und that strength resulis ofien show a sipndird devistion in
gxpess of 30 per cent. They also stale thar corl 1s one of The most
frequently tested material types in rock mechanics because of tha problem
of citleulating the size of production pillars from [2boratery 1ests and
adequately taking inta accouns the effect of size. This size effect is parily
Jdue ta end effects and the friction between Whe platen and specimen, IT this
end condition cannof be scaled, laboratory tests conool be éxtrapolated to

1 h]

determination af material propertics necessary for pillur design based an

principles of rock mechanics.

In cxamining the problem of predicting the strénglh of a ming pillar From
simall laboratary tests, Panek {1979) suggesied the use of 3 mathamatical

1
iminnal mirn millar me I
L NI O O L W

mn‘d'E] thﬂt L.H.pI'E-SSE'S Ine EH_L-HEFH l.-|l i I:LII.H"-“J min
relevant siructural parnmeters, The effects of size, shape and end

conditions are discussed and (he influence of gize on strepgth is stated as
being the groasest controlling variabla. However, o the paper it is

concluded that the size cffect fur South African coal is small, based an

work reported by Ricniawski {1969} and Salamon (1967). Ona complicaion

of Panek's formula, us stated in the paper, is thatl ithe floor, seam and roof

-

material values of the modulus of efasticity, Foisson's ratio and the
cosfFicient of Frigtion have not been determined with sui'r'icle::: 'ac'l:ura-:y
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must be modelled so that the test specimen and sine piltar sa6Gsfy similay
tequerements or the end-consiraint must be charzeterized wnd measured,

”#;Fl'll-r cuaomclinm 1o chmnle 1A v dsate
SERILNAET RRZESSN N UF SHTIE O SALCANE.

These reselts confirm thase found in South Afnica thal laboratory (ests,
while valuahle in wdentifving general trends and material propesties, cannot
be used to determine individual scam strengihs. Table 2.5 provides 3
summary of formulae decived (com laboratory teses,
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Steart {1954}
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1.3.2 Tn shiu tosis

Prohlems atsociated with laboratory (esta initiated the iesting of samples

tesrs were performed ketween (939 and 1241

Rice {1929 aoted that differences of up to 30 per cent in strength had
been recerded in laharatery (ested coal specamens and he siared that, for
realistic tests, specimens should model aclusl geomelries of mine pillars
which have width to height ratios betwesn five and 10, He qiso suggeswed
af io sty method whereby pallors in 4 remote panel could ke designed to

bo lgaded by the surrnundiag sirata.

‘This method wos first wsed by Greenwald e wi {19327 Seven pellars in the
tJ5 Hureau of bMines experimental mine were formed, sapped by a layer of
conceate and loaded using hydeawlic jacks. The pillacs varied between 30

and 63 inches wide having a widih to height ratio between 0,5 and 1,03
and all, except two, had squire bases. Althoueh most of Lthe producticn
pillars had width 10 Leight ratios of berween five aod B35, it was
N retreaf mingng, some cibs had width o haight ratios us low os une.

PR
FLAR L= § 1T ] o

aenrements of vertical and latera] movements were recorded
pivimg the [irst in silw stress-sfraln curves up o the pillar's peak strenglh.
The lnading of cach pillar 1wok ceveral days with inpremental loading every
one ar two days undil no furlher movement could he detected. Althnugh
twi pillars Tailed due o a 12-15 inch layar of fireclay in Lthe floar, the
other results shuw remurkable similarily o the siress-strain profiles, The
cxperiment, which tepk over {8 manths to complets, was 3 significant
contrilution 1o the koowledge of 1he mechanizal behdvious

despite the limided number of pillars tested.

5ig
ol 1m sl caal

Extensive in situ testing was contucted in South Africy during the perind

|96t tr 1974 with 3] in silu esis being completed, The resoles are

summarized in Table 2.6

Chaprae 3 z.13



Table 2.6 Summary of the Resulls of South Afrigan In Situ Tests,

‘."—_ — _———— 7
Reference Colliery Seam  [Mumber l.:;yt:u: Reszult
ﬂ] IL‘!IE Py o i
Hoek {1966) Withank Ma. 4 5
Bieninwski(t967a)| Withank | No. 4 14 2,3 and 4t |Fig
BFieniawskik 2H-10
| Munigan{1967) | Witbank | Mo. 4 | 8 upto 5 ft N
Bicniawski(1068e) & upta 6,6 11
Bicnigwski{1968c)] Withank Mo, 4 3 Fig 2.14
Cook el al[1371}| Usuru ? 3 3 Fig 2.11
V¥V Hecrdea( 1971} | New Largt 7 3 Im
Wapner(1974) Usutu ks 31 upta 2 m |Fig 2,13
NV Heeedeni 19741 Mew Largo [ .4 m
- . = e ———— oL
TOTAL 31
—

The Feasibility of conducting targe scale in silu 25 in South Airica was
investigated at the Wolvekrons Section, Witkank Collicry in the No. 4 Saam
by Haek [(19468). Five sample pillars were teslad in sita wilth the aim of
assessing the testing method. The in gitu results were compured to results
{vom Five laboratory specimens and the trend of 3 significanl reduciinn in
strength with increaging size was noted, although Hoek (F306) stated chat

the mumber of samples was toe small for meaningful results. However, the

tosts proved the testing method was feasible

Following an from this report, 8 substantial in ity festing programme was
conducied over an cight vear peripd by the CSIR and summarnized by

Rieninweki inid van Heerden {15’355} Initial teses, Bicniawski {1967e), were
Fanductsd on 14 samples, 2,0 [oot, 3,0 foat and 4.0 (oot square with widih

1o height ratios between 0,5 and 2,0 in ihe MNe 4. Seam of the Wolvekrans

Section, Witkank Calliery, Wilbank Conalfield. The samples were lopded
16 hydraulie jocks. Several corners {ailed during the

wilh a 1wotal of
experimeni and it wos copetuded thut the igleral consieqing apphied ar tha

sample- jack contact was nat effeciive and that a stronger consfraint should

be provided in future gaperiments, The results are shown in Figures 2.8

and 2% where the influence of sample widih and height on sirength is

indicated, Figure 2.t0 shows the reduction in strength with inereasing cuba

size. It should be noted that these tesis were a sigrulicant advance in the

ild
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knowledge of the strength of in Situ coal pillars. Althaugh only 1wa tesis on
cubes of cach size were perl‘nrmcrj the resolts are remarkably close

Fillar cubes of 2.0 foor, 3,0 foot, 4,0 foat, and 5.0 foot were tested by
Bicniawski and Mulligan ¢ 1967) who cangluded that there would bo nq
increase in the steength of 3 sample beyond 50 Moo cube. A5 a resull the
uzsual assumption chat atrength of coal pallars can be repeesented a3 4 power
function of 1heir width to height ratic was stared by Bienigwski (196%0)
not ta be valid since coal strength reaches an asympilatic value at 5,0 Feet.
To confirm this, Rieniawsk: [ 19682] reported 1esta on eight 8,6 Moot wide in
sty spmples with two samples each having heights of 2.0 feet, 3,3 [eer, 5.0

feer and & 6 Meer,

Cook {19467) was critical of the resulls abtained by Bienjawski's tsting

~ procedure singe, he suggesied that, in large scale tests, i was estential mot

to disturk the coolacl between the hangingwall, fontwall and pillar a3 the
end constraints are an important faclor alffecting pillar strenglh. He Further
sugposted thal the middle of the pillac ke used 15 an axis of symmelry and
that uniform displacement rather than uniform load ha applied. The
jacking units should be Free w ollow Interal movement and be expanded by

3 Tixed amount irrespective of resisfance. In ihis way the compieis
lond -displacament cucve of 1he pillar could be obtained.

_ Zupplementary in situ tests on 3.0 foot cube conl samples were conducied

by Rieniawski {1968c) 10 investigade the cttecrs of end constraimn o
strength. Three samples in the No, 4 Seam, Wolvekrans Seclion of the

Withank Coiliery were prepared in situ and a reinforced Coacretn cap

1.0 inches thick and extending over the spmple sides by 9.0 inches was
placed on each sampte. The results gave well aver a 10H per cent increase

in strength over the resuits previousiy pbizined on 340 (oot cube samples

also tested by the same jacking sysicm, un the Mn, 4 Scam, ®nlvekrans

Section Witkank {“ulhew I'he previous tesls were restruined by sipel straps

ul ihe sd d wonden shuitering batwean the jacks and
around ihe top Of ing sSiEn 0 %o 2 1

the Lap coal ia}er.

fieniawski £1974) Telt that this discrepuncy, although anticipated, was top

large to be due 1o the influence of lateral end caonsiraind vnly and that the
difference cnuld be cxplained by differences in the coal strun tesked,

e liinm -~ F i 10 . s

values of over 100 PET Cent

However, the fact that a difference in sire snglh

was regorded psing the same tosORE SYStEm in (he same Toeality as in
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Previous iesis, whether Lhis difference was due io changes in geology,
lateral end constraint or a combination of both, i cause far concern in the

exirapolation of resalts o Tull size pillurs.

The practical implemeniation of the uniform deformation tesiing system,
Conk {1967y, was diseussed by Bienipwski (1%68u), who capressed tome
cancern over aspecis of the syslem.

Ifq'-l:l-r‘ll.':u:rrent wilh the CSIR testing pmgramme. gitu tesals werg canducted
hy Cank af nl /107011 and Waonar (1374 2ned R;ﬂﬂ‘llﬂ'll_.li!.'i'ﬂ r"I"‘iF; 1Mo uroro
WP O OL LIFSar OGN0 WTARNST L7 BN AIERINTEE 5 LLIILLIEME Ararg

anawered by Conk et al (1971) in tests at Dsulu Colliery in the Ermelo
Brevien Coalfield whern rosolts showed that the testing of in situ pillars
using the uniform displacement systém was possible and the complee
1veragya stress-cpmpression curves for coal pillors were obtained for the
Eirst time, Figure 2.11. However, samples with width to heighi ratios
greater than 2,2 couid not e ipaded wo compieie faiiure owing to the
insulficient loading capacity of the jacking system. Van Heerden (1971)
lested gne metce cube samples a1 New Largo Colliery, Wilbank Coalfietd,

e mprmss maad nibarm dicqloraniont moalhiate b wonysr
T aSpioLT il Liveiiiis, e weY el

uimg both the wniform siross and unilo
most of the jacks attainod their maximum capacity before the sample
faited. The resuls showaed that both the unifarm stress (two samplés) and

uniform dizplacement tesis (three samples) gave thae sicength of tho ane

metre cubes as greater than 3,0 MPa, This is oedrly twice the value of
4.5 MPg in the lests reported by Bisntawski (19673}, Van Heordon (1971}
supgested that the increased sirength is a result of the coal seam being

STrONger.

Muiring van Heerde simont ceuebnl carmers faile hPr-I'IrE' the acks
LFiTIng ¥an LIESiOE Fimeni sevElal cd i

ad reached (Reitf maxmiddim [0a0.

sample and Floor revealed a *shiny pily material® im gne sample leading van
Heerden (1971} ta conclude that the end conskaint effect was very much

smallar than thought previousky.

The determination of the completa load-defarmation characteristics af coal
pillars was reported by Wagner (1974). Thirly-threg tests were conducted at

Usutu Cnuier}r uﬁing tha unifﬁl‘m dﬂfal’mﬂtiﬂn lﬂﬂhﬂique; thus tha
betuean the ends of the pillar and the raof

imporiant boundary conditions batwesn the
and Flaor temained onalered. Bothr rectanguiar ond square pillars with —————————————————————
widths and lengths belween 0.6 to 2,0 m and width ¢ height ratioz Mrom

0.6 10 7.2 m were tested. The number of jacks varied from four to 25,

1

Wﬂb{&mﬂdﬂ“us the pillar width to
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height ratios, The wide spread of resulls was partly attributed 1o the ares
beneath the jack compared to the wonal area of the sample. This gssisis
confinemeni of amaiier piiiars bui in the larger piligrs this confinement

[alls away at the carly stapes oF the st when the pillar ciccumierence

seatds to Tael. The siress profiles at various stages of pillar compression
1y ’_!L‘

cauld be plotted using the uniform deformation technigque (Figure 2,131
magor Findiog of this wark was the realization that the cenire portion was
capabla of withstanding catremely high stresses even when the pillar had
been compressed beyond its maximum resistance, which & rraditiong||y
regarded as the strength of the pillar. Other impartant Tindings were 1hat
the circumferential portions of a piltar were victwally independent of 1he
sample width to hetght ratio whereas the strength of s centfe increases
wilh an ingreastng width (o height ratio, [m addition, it was Found that 1he
modulus of elasticity was 2 trus material property and independent af

a1 n e e el
in

geometry. Flowaver, the post failure modulus was ma

width ta height ralia, which indicaied at (he posr-roiary hefiavivar of a
pillar is 3 stcuctural or system property and oot an inherent maierial

lIsing untform deformation loading, Caak et al (1971) obtiined tho
compléel slress-strin Curves far im 31ty samples, far the first time,

The in siw and lnhoratory strength of Indion coal was compared by Lama
{1970}, Twenty in sity tests were peeformed, 10 in uniaxial compression

and I un,jﬂ—cmiﬁgﬂ—cnmdiﬁﬂﬂﬁﬂihﬂ—lﬂ—ﬁlﬂww

approximataly 650 mm square with a height of about 165 m and a width
Lo heig]" ratio of nDDru]_i_I]1ﬂ1E]'_.' [}_4 Some 1R Sp-eclmenﬁ, with base

o dimansions of 50 and 100 mm square and heights Team [0 (0 200 man, were

1estogl in the |n]m[a[|:]r}'_ Lﬂm;j {Ig‘?[]] Eﬂnﬂlude[[ thal the flﬂ.ﬂlurﬂ 5“’3“3[]:
of coal is preaty influenced by the presence of rracks and miher plane; of
derreased cohesion and thal consteaimt increases whe specimen sirength by

abnat 50 par cent.

| 118y gl Skallwy ar ol |"1l:|-’]"'T'| a im cifn
AGLFR Gl dn S v i g4 0 g e diL adg

Experiments by Hazen and Artler {1
pillars in the USA were conducted by instrumenting fwo pillars in each

investieaGon and Monitoring deformatian as the pillars werg reduoced in

e trsenapdArtler concluded that the in siln pillars were cumposed of

a highly stressed inner zone surraunded by a perimeter region which had

lot its elasticity, From the tests o considerable scatter af results was

htnined and they supgested that cubes per stranger as they incredse in size
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which cantradicts the findings of Digniawski (1968d), Greenwald e wl.
{19339) and Wagner {1974). The general nature of both Mindings may be

e _Ch_.w...d 1. 2L iz J nanmrmfnn
LLTIULnio ook o JI“JII.LLI CARLE] HI.IGHI.LII. RN R,

| ]

The complex behaviour of a coal sample in 3 large scale in sity
compression tesl in a USA eolliery was discusted by Cyrul (1986), An
gxpetiment op a b5 m cube of cotl using the uniform defarmation loading
methad gnd cxtensively mnsirnmenting the sample showed 1hat tocel sirain
uciuatian, regional and global bending and torsivn were measared i the
sample, These offects accur in heterogenows sirata lke coal and rezalt Erom
differences in local stiffness, and anisoiropy within the stratification
leading t: o complex deformation pracess including bending torsion and

local straan Nuctuziians. Bt 15 (hese variaiions that fead to a scatier of
rasults obrgined in large scale im situ 1ests,

The i situ testing ol coal resubied in an increased knowledpe of the

kehavinur of ¢oal gillars, particolarly as [ar a5 fhe siress-strain behaviowr is
concerned. However, similarly ta the laboratory inveshganons, a wide
scadier of results was obtained. Tn additian, in site experiments were
limited by the capacity of the loading system applicd 10 the piblac and
praved to be time-consuming, cleborate and EWEHS'WE However, within
|-|.|-E"]- witlth 1o ]'I'E‘lﬂhl Tatig s.j_]'j‘_lples a Ciill[][lﬂu G surroumded l?]l' a faned
fractured zane was Tound to be capable of carrying IU'ld even when the

hamp[,: p,”m. had passed its avernge peak strength. Formulae derived from

218
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Table 2.7 Formulae Derived From In Situ Experiments.

Authors | Formula Remarks i
[w
Greenwald et al(1939) 0,= k\/ h psi
Jw .
Greenwald et al(1941) g,= W psi
w
Bieniawski(1967c) 9, =400+2205 psi
.. . 9p w .
Bieniawski(1969c¢) 5 0.64+0.36{ + ifw/h>1, w>1,5m
w
Van Heerden(1974) o5 =10+4-2+ MPa
k=11 MPa
w,
Wagner(1974) 0, ky = w,,, = 4AC
Ir_0.78+0.22%
Wang et al(1977) . . ey

2.3.3 Field Measurement

L gt e . st ~m ;millaes indncad hy hard and nillar mining in
lne alsplacemen[ ()l' Strdiin oii pllldlb 1HHIUuLvLa v UUiu aiiu piiian llllllllls 111
two collieries at 11,6 m and 25,5 m depth to the seam were monitored by

Salamon and Oravecz (1966). The findings were compared to theoretical

results using both a homogeneous and a transversely isotropic elastic model.

The former gave a good description of the observed displacement.
Conclusions from the investigation showed that the in situ Young’s
Modulus of coal measure strata was considerably lower at low stresses than

values determined by laboratory experiments. Hence the stress
concentration in the pillars could be smaller than previously suspected.
These field measurements were invaiuable because they showed that
observed in situ results could be explained using elastic theory. Hence, at a
low stress environment, the behaviour of coal pillars could be

predetermined.

An in situ penetrometer to investigate the cuttability of South African coal
seams was developed and used to measure initial identation, mean and peak

cutting force and specific energy, Whyte and Grant (1979). Such

measurements can give an indication of the strength of coal seams as the
cut it.

&~

strength of coal is related to the force necessary i

2.19
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Results from 13 sgams in 17 colliecies using the penetrometear were
recarded by Grant and Whyle (2B General sieengtly reseliz are maplied

o iha aacimer b copnd mmcl dha
Ualhn ing 3 IS fSusiest o Ul sna tng

mog variation, In le

it the conclusion that the South Rand Seam w
IAte Seamd 1, 24, n
Witbank Coalficld, the Mo, 4 Seam was easier to cue thun the Mo, § Seam
and the Mo, 2 Seam was the hardest, They equated the No, 4 Szam with the
Mo. 2 Seam from the Orange Free State, The Ermelo-Breylen Sgams B, C
Upper and € Lower were regarded as harder requiring iwice the force w
cut the  Lower Seam compered to that required 1o gut the South Raad

Seam.

Tha results of Further tests on the seams in tha Witbank Coalfield recorded

D}' Lll.'aI'I[ {I'.iﬂ.]j Qﬂ-l‘]’ela[‘cu len_ mne pTﬂ‘r’]LH.-I! III-TI'J=:II.bl:i,ll‘l-ﬂ.lll..I er]ll: iE2is pn

seams in the Natal Coalfields showed 4 grent variation in rank, from blend
coking coal to antheacite: no trend was ooled, however, for either physical

cusicr ta cut than the No, 4 Seam, Witbank Coaliield,

Minfug Method

Wagner {1380} suggested that the method of mining may affect the strength
r foemead I-n.- 2 A0 LS miner waould nar b

Al thm Aol Aillae a0 8 md
i INE CoOan Final ua o P

subjectad to hlast induced Llamnge af the pillar side 35 in conventional
drilling und blasting methods. Although not quantifying the extent of the

 biast induced damage, Wagner (1920) proposed 2 method of altering the

strength formula of Salaman and Munro (1%67) to lake into account the
increased strongth of 2 continwous miner Farmed pillar.

WIDTH Ty HEM-HT

2.4

2.4.]

TilE STRENGTH OF SFECIMENS WITH HIGH
RATIOS.

Theoretical and Laboratary Investigaticens

klost invesugations, boih in the laboralory and in situ, have been
conducted on specimens with low width to height ratios, However, 11 was

noted that the effect of geometry had an imporiant influence on strenglh
(L value was grepier than thar predicied

and, afier a certnin raiio, the Strengia )
hy eatrapolating the resulls from fowrwidithto-height Fatio specimens,——————————————————————————

2.20
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The eifect ol geometry on slecngih was Firsh investigaled by Lawahl and

Holland {1932). Hoelland (1942) reported that the laboravary resulits of
L:wull angd Holland (1932) were exiremely errmic with some specimen

renbhoaa l'a.:l:n.n Aend..nlly Crate oo e o il o Ea L
LFETICCS N4RRJNNF .1l Ilul.l{lll}- UNER PR TRRLE Y WL WEOERA (O

[]
rafiog greater than 4,% deformed buf fhefe was no point at which it
could be stawed thar failure definitely gocurred, [t was alwo s1ated that 1he
¢oal sprcimen denied the stee] beaemng plates and than the coal specimen
wits “lforced” mio a plnsty 51p1e. Some specimeny were descoibed as Tailing
by "syurezing”™, the ransigon feom abrupt failure (@ squesging being
gradual. 11 was stated tha specimens with widih to height satios of 4,% or
greater gre ¢loger to the width o height ranio of coal pillars,

Frictinn has an important infleence on strength. Denkhaus (1962) siaed

THI The Tricrional forces of The specimen-piaten contact i fuence the
sirength resuly, hooce the shape and size ol the specimen wall affagt (he

stritnylh resulr

Flalland ¢ 1942) indicated thar mictinn Beiween a specnnen and the top and
botlom platens was directty respangible For the appazemn increase in
specimen strength as the specimen width to height ratie increased. This was
canlicmed by 1he sirength redoctions of belween 3 and 40 per cent whicl

resulted when the specimen-platen conlact was lbricated with 3
(1965},

»_aw__J

grophite-grease layer, MMoikie and Holiana

From an investigalion info the compressive Megngth af rectangular blocks
of 1K coal, Evans and Pomeroy {12373 coneluded that the strenglh g

derermingd by the specimen's height provaded the Reight is not less yhan
the avinirnmm lateral dimension. Friction beyween the specimen and platens

wits Lhe imporant facer regacding the ingreased strength af’ “squat”

SpecimEens.

rL . M ENan b
| FF1+ HTEITI L L]

100 i 3 f - 1
dth v height ratio was noted by HII‘:I‘IJﬂWEkI {1%68e), F1gur|: 14

Hicniawski {1967h) reported compression test resulis on sandstone
cnecimens with width to height rafigs between one and [0, These resule

shpwed 1hat, beyond a widrh to eight raia of Tive, the sirength ol 2
specimen increases rapidly with ingraasing width 1o height ratio. The

3 om oo

gtrength of mine pillags was examined theorenicaily by lirobbeiaar {i%08}

":.
l!'I:l
=l

wha concluded that the atrengih af a pallar 15 haghly dependent on the

stope of the failure ceiteria dingram, the co- el'l'n:l-:nl: of lateral siress and
the width to height ratio, He suggesied that the strangth of th

riu
-
4
=
(1]
|
-t
[}
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the pillar varies with distance from the pillar cdge; bat an exceedingly high
vilue of vertical stress may develop in the centre of wide pillars, he Slated,
and propoted that the strength incredse would be an exponentisl Funciion,

Horpcki and K idybinski {1970 esied conceete blocks ranging in widih n
heipght ratios fraom 1,0 10 2080, Because of the continued build-up in load
with deformanon, they had difTwcolaes in determining the cltimate |oad
braring capucity of the conceete hlncks with width 1o height ratios greatere
than 10,0, Specimens wilh ~large" width 10 hawght ratios weee Crushegd
without loss of load, e with an ever-ingreasing resistance a5 a result off

nal regizrance in the central pact al’ the pillar,

Fiudsan et al (1%71) examined the influeace of geometry in the laboratory
and showed that the post peak region of the sicess-strain corve of a
specimen changes with mcreasing width 1o height ratio,

15 composed of 9 centiai core subjected
fractured and yielding cone. The averigse siress ol

1ar
no- o EE RO AP

where R is the pillar width to height ratio.

He campared equation 2.4 1o one deveioped by Bieniawski {1967c), Tahie

17 and Toumd phat equation 2,4 predicted 4 greater werease in streagth

[P

wilh increasing width 10 height ratio. Hawever, this equation

ifqee with withih 13 hewwhr ratine orantar
ilars A} heghl rafos greater

underestimaics ihe sirengih ul pi

than §0 (Bieniawski (1783,

Ttarron ¢ [97R) exominced Wilson's proposal by wsing am air injection

technigue 1 identify (he extent of the fractured zone and thus eshimata the

integrity of pillars and bacriers in C-G.'il MINes; a5 Tﬂl"'“ﬂ depth increases,

'ﬁa SITESS | dngos resuliing in

_I'

fracturing of (he sidewall pocurs and

a2 zane of high stress Turther Tram ihe pillac edge. -"'-”hﬂuﬂh he method
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w33 subjective in the intecpretation of the results, it showed thar a centraul
core was surrnunded by a zonn of fractured rock and that thns Zooe

extended inte 1the piiiar over ome,

The extent of Mracturing in a coal pillar was estimated using a sonic

showed thal the extent of pillar Tracturing could be delineated owing to
changes in compressipnal and shear wave velocuies belween the fractured

zong aod the clusnc wnlfvactured <ore,

Singh (19801 proposed raultiplying the slrength Forsmula by a Mactor that

pillar strength was chiefly dependent an the internal Eriction angle; when
this value exceeded 30 °, very high strengths were obtained when the width

ta height ralio exceeded J,1

Micniawski ¢ 1984} quated the modificd Formula of Bienmawski and ¥an

-1 B

Heerden {8973) by Delesky (1981

au [0, 6 1+ 36{ws )] {2.5]

The cnmponent 1 takes into account the constraining effects of wider

pillars, and when the width 1o height ratio i3 greater than 3.0 it is faken as
F4amd-equats 3 i a5 5.0 ur less,

scud by Giemiawski for the sake ol zafety pnd

The {ormula was dismis
because af (he fack of experimental dora,

Salarnon and Cravece {1976) stawed that it is impartant 0 note that the

euation propesed by uslamon and Munro underestimates the strength nf

pillars when (ho pillars widith to heipht rario cxceeds 5.0 or 6,0 and that
wruid be indestrectible when the ratic cxcecds 1O, Sulamon

the pillar

L1982} proposed an exlension 1o the formula that takes agccoung of the rte
of strength increase with increasing width to height ratio, afler a cartain
ratio,

.25
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The formula of Salamon and MWunco (12673 can b written in terms of
volume and widlh to height ratio,

Thus Fo3Alr 3@

- i L S r2.T]
here a = -0,0667
b o= 053033
¥

pillar valume wiah.

It 18 inleresting to nodeg that the volumo af Tull size pilizes docregses by the
axponent a = 0,0667,

Ralacamas £ ADAL arcnacatnAd Fhnd amieabinm PP 1Y ehnuld o ovnraccaAd s the
LA ITLLIAT] l..l?ﬂ.ﬂ.f }uaﬁﬁa.ﬁu ITAL ELL LI ILE Ll .Ff Jifiemies b ] i e R E I AR
Farm

[F.6]

whareg v, toand ¢ are dimensionless parmneters, Parometers + and 6 can be
determined from two conditions of continaily. 1t was postulated that at B =
R

o

where B is the critical width to height ratio

du,, dary
a, =, ER‘ TR

 Yheee relationships permitted the reformufation of eauation 2.3 1o

h'\.
'WIL'?'
—
LI

-

-

L
ﬁ-.r
__M_H

.,’*"h

SHIE)
wherg o0, is the strength of a sgual millar

ic the rate of strength anercuse.

.
a is 006487
b ag (5931

Salamon and Wagner {19557 suggested values of 5.0 for B, and 2.5 for €,

2,24
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An cxpariment on six Indian Coals by Das (1388) showed the stress-strain

cufves un cylindrical, 34 mm diameter, coal specimens with width o heighi

rlhnq frnm |"!| 5 1o I‘-I. L Thea nood falure slone bacames nositive wfenr
! slope becumes pasitive el

i w i

T

exceeds 6,75,

Strength formulie that account for high widih o height ratio pillars arp
shown in Tabie 2.8,

Tuble 2.8 Fermulae Accovniing For the Increased Sirengile of Squat

Filiarsg,

Fm s« S B P S e S P

i Authors Formulu Kemarks
Wilson (374} u“ =a,*ty Tanl

= jHEHI R

L &, W ", At |'b "'I |-\.-" | ;I"'Il.”'
a, Iu,-l ] I-.J-..l [N J e -.l'.-J

Fanck (1979)

n
ﬁ
|

a, .
I Belesky [L9EL) cr_J,-In'ﬁlhﬂ'jﬁf”'lm}ll where ris 1,4
rflla fhf ¢ o
Salamen [1962) ) F{[ EI_[R J where R, i 5
v A

" a is B,0667

bois 0,5933

R is wrh

Summary

Laboraiory experimenis cohows
exceeding 5,0 indicate an increased gtrenglh eyond that peedicled by
formulse hased on specimens with width o height ratiot less than about

£ Bacults From in sitn tests on cnul pillars with [aege width to heighe

Ayun mREMRTE DTN

rutias shawed that @ Tractured perimetec surrownds an unfractured core.
The resulting confinement results in the pillar being capabic of susiaining

ldad while the gillar deforms.

coimens with width o hgigh; ratin

=
-

.26
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Bowh labaratory tests and in silu esperimernds on codl pallacs sugwest thae
using Salaman and Munro's steength formula te design large width

height ranva piliars wiil resuit in underestimating the strengih of the pillar. X
Although several strength Tarmulae that sceaunt for the nereased streagth
of squat pillars have been suggesfed, none have been validited by (wll scale

L5  CONCLUSION

A survey af the literature regacding the strength oF ¢oal and the
deermingtion of an cvonomic pillar design mothod reveals ¢xiensive
investigations by many rescarch ieams throughowt the past LOG years.
strenglh caleulition versus pillar width to height ratio of predictive
Farmulae Fram saome of these investigations is shown in Figure 2.01%. The

—F@mﬂﬁm—mﬂﬂwwm deviate

increasingly with increasing pillar width to leight ratic.

General trends have been nated and these have greatly added 1o (he

knnwledge of coal behavisur, However, (hese retearch effarts, both in

Suuth Africa and abroad, aro characterized by a3 wide seatter of resulbis,
- (5]

Nl 1 um

thus the determination of coal strengih is d
to Full size pillars impassible.

. 13 th Tormula remains the most relivhle

design method as il is based on full size intact and collapsed coal pillacs.
Howeyer, the assumption ol one av8rmge sclm strength Tor all seams and

the Fact that the formuly is pased on smpirical data, require investigation.
e considering the sapansion i the exploitation of

+*
[ ]

o A |
I e ILE

This is particulariy WU
South African cozl reserves,

For example, there is evidence both from the Takuratory and field
vestigations that the strength of pillars ripidly increases zlier a certain
ht ratin g exceedod.

in

o A+l toy
FRILFLE] LA

[t is also suggested that tho effect of the minio
caal pillar is a possible cause of the difference
however this elfeet has not been quantifed.

£ method wsed to form the
i

P T 1|
i Toadi L]

2.2
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dge

This ihesis critically reviews the coal piilor stremgth formuin of Saismon
and Munre in 1he light of ity performance aver the past 22 yoars, The
assumption oF one aversge strenglh for all coal saams js investigatod by

———alteraative methods to traditional Jaboratory and in situ testing, The effect
of mining method on pillar strength is quanndied and the validily of
cxtending Salamen and Munro's pillar strength formula bayond i
empirical range is examined a3 i3 an alfernative strength fermula that
accounts for the strength of sguat paltars.

137
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gs - strain curves for one inch coal cubes
witbank Colliery.
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from No. 2 Seam wolvekrans Section,
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