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ABSTRACT 

The paper conaidera the characteristic sheer strength of Coal Measures 
rocks and discontinuities, principally joint~ and bedding planes and 
emanates from e1ope stability research in British surface coal mining. 
Attention is given to the main factors which determine their sheer strength 
i.e. physical and mechanical rock properties, surface roughness end 
weathering. The paper preaents data on tr~ particular role exerted by 
groundwater on these factors by reference to experimental data, 

INTRODUCTION 

This paper stems from a research programme at present being carried out 
by the Mining Engineering Department at Nottingham University into the 
stability of surface mine elopes operated by the National Coal Board of 
Britain. One aspect of this research is the study of the physical and 
mechanical properties of British Coal Measures rocks and their associated 
diacontinuities, Imnortant aims of the reaea~:ch sre to define the influ
ence of controlling ·filctora on slope stability and to provide accurate 
strength data for stability eaaeaament. The moat important materials 
parameter is the shear etrength of the rock discontinuities, principally 
joints and bedding planes. Recant studies of over one hundred British 
surface mirw instability cases, Scoble [1) , Cobb [z], indicate that 
failure along discontinuities are primary contributory factors to mine 
elope inatability. The influence of groundwater on stability analysis 
will be discussed in this paper with special reference to its effects on 
the shear strength of Coal Measures rock discontinuities. 

REVIEW OF THE EFfECTS OF WATER ON ROCK MASSES 

British Coal Measures strata ;~re of Cerboniferoua age and consist generally 
of a complex combination of intact rock, faults, joints, sheer zones 
and bedding planes. The deposits are layered and are often character ieed 
by a general cyclothem sequence. Groundwater playB a significant role 
in the stability of excavated elopes in Coal Measures rock masses. 
Firstly, it can affect stability by reduc!.ng the normal stresses acting 
on a potential failure plane and secondly it can cause alteration of the 
mechanical properties of both i.ntact rock and di2continuities. 
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The presence of water haG been shown to reduce the litreilses acting at a 
point within a rock mesa. Thill is caused by the creatwn of uplifting 
forces and the effect is shown by the effective stress principle which 
states that. 

where 

c = a - U e P 

the effective atrese 
the total or prinr.ipel atraaa 

the pore water pra5sura 

Henes the pore water p~ssaure should be subtracted from the normal stress 
to give the affective normal atreus acting en a potential failure plana. 
This will in turn lead to reduced shear strength of discontinuities 
comprising the failure plane. The forces resisting mnvement within a 
slope can thus be reooced under the presence of ground•~ster pressure. 
Water can also increase tt"' diaturbing fore.-:;; if tension crack11 1ne 
present at. the rear of a ~;,looi'l, The head of weter in much a crack can 
add significantly to the forces tending to cause instability and increase 
promptly with mine site rainfall to precipitate failure. The comtd.na
tion of the above effect a "ill reduce eigni ficantly the stability of a 
111ine slope. It ie important therefore to gai.'l as much information about 
slope groundwater regimes Bt the in1tial exploratory phase of a aurface 
mine, in order to l!ll!lBBII the drawdown effects of excavation and the likely 
operative groundwater preaaures in the excavated slopes. 

Coal Measures rocks consist predominantly of relatively poorly-rounded 
and poorly-eor.ted quartz grains fixed in either a matrix of very fine
grained clay •ineral pasta or a calcareous cement. Price [3] • The 
clay minerals present are mainly kaolinite, illite, sericite and 
chlorite. It has been obeerved that the reactive effect of water ia .ore 
pronounced with the clay matrix than the calcsreoua cement. The 
alteration of the Mechanical properties of a rock mass can derive from the 
alteration of both intact rock and discontinuity properties. 

Alteration of Intact Rock Properties 

The reduction in atr811Qth or intact rock IIIIIY be considered using 
Griffith's failure criterion for brittle materials, 

where To = tenaHa strength 

E = Younge modulus 
T = surface energy 

2C = length of crack 

Abaorption of an aqueoua phase onto the surface of a crack reduces the 
surface energy required to propagate the crack and therefore reduces 
the tensile atrength of the material. Thia in turn cauaea a reduction 
in the compressive strength of the material. Thia effect is ahown with 
chemically inert materials such aa quartz, Charles [4} , sa well ea with 
rocks containing a high clay content. Price [J] haa shown that the 
reduction in ca.preaeive strength for Coal Meaaurea aandatona can be as 
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much as when compar .i ny corr:plete 1 y dry snd saturate:J samp I cs. \1,_,~1 
[eckhout 5], working on Coal Measures.shales, concluded that moist"··e 
lowers the resistance to fracture and 1ncreaaes 1nlernal crack length~ 
He also noted that expansion - contraction eye lea caused by a lternat·? ' 
wetting and drying caused creek pro!;'a~ation. The .:.bove theory has 2' .,,1 
been confirmed by Colback ana ·wi id l6J. 

Clay mineral a tend to ~ill voids between grains and reduce permeabi Lty 
Chemical reaction on the application of water causes clay mineral sh:21. 
ling and this can alter the geometry of t.he pores, leading to change? 
permeability. The process of swelling haa been examined by Arscott ; 7] 
Spears and Taylor [BJ and Barton [9). It is noted that rocks with h:gh 
clay content (mudstones, shales end seatearthe) can swell considerably 
the application of water. 

Weathering of intact rock due to the combined action of water, carbon 
dioxide and oxygen can also reduce strength values by mechanical me2n8 
i.e. water and temperature cycling, or by chemical dissolution i.e. 
removal and transportation of certain ·elements by water flow. Work haa 
been carried out by Spears and Taylor [8] on weatherability and also 
Franklin and Chandra [10] who considered the slake durability index, 
which measures the reeietsnce of rock samples to weakening and disint"
gration due to a atandard cycle of drying and wetting. 

Alteration of Discontinuity Properties 

Work carried out by Horne and Deere [ llj and Coulson (12] indicates th&1 
for polished surfaces, the frictional characteristics are significantly 
affected by the presence of water. Generally water acta as an anti
lubricant on massive structured minerals and as a lubr1cant on minerals 
with a layer-lattice crystal structure. However as surface roughness 
increases these effects are reduced and other factors become significanl 
Coulson [12 J showed that, for surfaces which suffer little damage durin< 
shearing and which tend to produce polished surfaces, tt~re was an 
increase in strength when water was present. However, most natural 
joints exhibit surface ~oughneas and on their wet eurf~ces decreased 
crystal strength and intercrystal bonds allow a more plastic deform
ation. This leads to increased surface area contact and the formation 
of debris which allows increased absorption of water and the formstio" 
of a thick surface paste. With increased displacement this paate actc ": 
a viscous lubricant which reduces the shear strength of the disconti,1-
uity. Jaeger [13] euggested that slickensides develop across po~dered 
shear debris 1110re readily when the surface is 11aturabad. Consequently 
the shear strength ia reduced and there is a greater curvature in the 
shear strength envelope. This change in behaviour, however, is sbsen\ 
with smnoth polished surfaces which exhibit the tendency for linear 
shear strength envelopeq. 

Study of the mode of failure of rough discontinuities gives an indica
tion of the reason for reduced shear !ltrength due to the ;•pplieation ;of 
water. It is accepted that the shear strength of such discontinu1tiee 
is controlled by a con>binstlon of dilatant movement. and failure thrmJCc~ 
intact rock asperities. These two mechanisms occur simultaneously. ir 
can, however, generally be stated that at lower normal stresses the 
discontinuity will tend predominantly to dilate, whilst at higher nor1MJ 
stresses shearing through aeperitiee is more dominant. Combination of 
theae two failur~ mode8 gives rise to a curved shear strength failure 
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envelope~ The effect of '"~8l.f!',r Gn such mechHnism~ ia no\.. fulJy under.•J: 
A rations.! explanad::.io:-. 1 t-·ut<\!:~Ve£? is th&t t.h~ u~nt:.ile and csmp:~easl,}e 
strengths of tt1e are redue"f!G by 'U8Let" cue l:o t.he r·tc.·asone 
at a ted ear 1 ier, forces requi.r:e,:' shear t.f'rouq~ tflt g('L 

asperities ar·~ T;~,ie lt-:ads to d~.Krf:o·JaC shear 
strength of the anD :TurUY.cf' BUI."f~ce dsmag~ BiHj .:k:iJr·ia. -~~ 
is postulated therefor~ !.hst ~f fee\:.. of f8·~!;.er on th}; frictional 
properties wf irOCk disc<.:wd:.inuitLtht aigrd.fH:.smtly by surface 
roughn~110 ch~rec~.®J:L,~ticsc Cou~mon Bh0&'0d t~0t sandblasted 
sur:faceZJ the re·.:klction in re~:tdu~l tJt['erjgth chJf', tc \!later was 
generally bet.wet~;t 5 lO~L Bm .. ~ton i.•~ J h!~'E' rep:::r. ted a re.Ju~·.tion 
for non-pls;1at joints of betw~en 5 30%e The ~tff~Ct wr::ather.lng on 
strength ia ;:.ccentuated wh-Bn ~.~'Jfl&idering joints~ due- tv the relatively 
high pe~1neebility rof ;;hich "lloW'3 ,,ater easy at>:ess to jrnni: 
walls.. The jo.i:·1·1i ftOoli! tht: edver·se 0ffe:::ts o~, wcGJth-ering 
before t.he lr,zir. Hl al ter!&d, 

The inf1uencP: of w~t;;;r an th~~ shear or filled disco::tinuttiea 
and clay b::.mdg must b~ ;..::onsiden:~d due k.""el.3vanf::e i.n f'/le"-!!sures 
slore engineer-1n~.. The pres~nce:~ of intraforrneticmal. $hear xon~·B Salet?¥ 
[15:, and ~~~x-atz "<r.·1th higr. cl~y t:ontent~ Blfch as seal~atths, have been 
responaib.Le fo:r ~ numbeut· t...lf g.,;r:~~ce coEl mir~;~ tnet.abilities in Br~tain, 
Barton , in s study of fill::;;ej discontinuiti.e~~ stated t.hat when s 
slope is ""ce"~tc;d ;;;bove 11 cil!ly filled disr:on'LinuUy the·re \0/ill be a 
strong tendency f•2r pore pressu:rl'le co develop, R2duction ln the 
normal strea~ allows. clav t::: axpand~ If heavily ovel<t~'~;~olidatedr-

the clay also b~~irlch~ to e·iq3~ntl :.'1.-bt ing Sh$~r.. Both fiY~chun:t&f;,a generara 
negative pore t;~hif;h cause water. tc be sucked 1.nto t~'1t& clay .. 
Hence the is incte~Si:e{; and U1t· ;.,:~:9~r l'W:duced .. 
Ct.Jllen end Donald r·t!:po:tteri '-1. :r~duct~ion of )0~., ir-e Slhear 
strength for g, clay dtN:; to &n inc:r~aae in nv).atur.c ccn~:~:':t r::-\Jil! Z2 t.o 27~$," 

Intact Rr;cl< 

Table 1 "''-'mm~:·ises tlw t'Oisulta of over :WOO lsborato!:')r teste carried 
out on Britu!h Coal Mee~<.Cre!! ~·oci<a. Both dry 11nd autvn:ted sampl!!a w·.sre 
tested, following LS.fl.~L "'t<~ndards, to givt: mean uni2xial compres~nve 
atrengU, (o ). ir::Hrect ten<dle ~Jtrength (ot' Braziliar, method) and 
Elastic MooDluil " .'\! :,o "'""' the pei"centege r1wur:tlons due to 
saturation of ttl?l'! ~~#pllli?S 8 ~an be e~t>W: that for siltstone 
and san:det:~~nee tr~ per-CI!d1t&ge :re<.,uct:J.on fo:r the three pa:rame·.:.ers ranges 
from 17 LD ? 7% iMhilst for th~ gei'lt1rally m~/~- erg.L.llsceous roc.,s ( i ~e ~ 
t.he mudstof'"'>...at; Glid seatearthe) thu reduct.i.JnrF range f.tOli~ 75 tv 97~e These 
results tend ~upporZ t;·,f.f ti~ory give,·t ~S::·lier ~ 

The; te~int.ance of t:oal MIDaawr-ea rocks to 
of tlie !lltlke dur!>!~U1ty le11t, s®t 

weSlther :. ng wsre .:;b . .:-rHed ~'Y mesne 
l~ rr~ qenete~- i.rt:nfj in for 

rocks of high tC~ hs~·e high 
those of lew to <:d1lbit lo~;; 

:_~'l!'~bil~ty .lr'Kiex !../f!.~uea and for 
~~~abi~~ty9 Slake du~ebilit1· is 

affected bv ·.: !sy content and 11as 
index test· Coal Mea[}ur"'~~ 1 ock 
to be more L:~;I;;;n ot.hGr indc,;. tll:!:~te ro~"" 
~X'e clsy·- wJtict-. in \ hamsal ~~ea ;,;~·~e mo.::·e 
reductiun i.Jy Figure 1, howev•ct ,. indiclltelil 

as ~ possi~l~ 
possibl.y 
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J)8 

mudrocks exhibit a wide range ilf al~ke durab.i.li iwJe:ot and that alrenqth 
claf.'leification by this meG~na 1a diff1cuit.~ Has:~anl [t7] on 
pcBsible index r;;nking of ::ock strenqth by the Io:,d method ;nd by 
Wiid [l!l] on troe ehccH 1./llP!:I lllethod off<Jr oliernellve m.:lhotl~ of lllC"x 
liit~<mgth classi.Lc!lti""· 

Sheer !Jtrength tesU.:-A:J on dhc;c;;:;inuiUtHii "'''"' cu:ded out ulilin'j! a P'""'"'"!'> 
built, conll!hnt &~tn;.n dir01ct ehasr rh~, il;aneni &nd Cmi!r.tepi. [19] • 
The ahear box accon1100d;,tes llllr<~plee 'J;J to 150 x 150 mm !llnd vro11 iclss s 
range of atrl!]n n~tell, r.lc·llfl to iJ .01 .~·:1/min. Tebl!ll 2 ;:;hr;wo tho; re11ultr. 
of direct ahe•n t;,<;tirt,j on over 500 111!~-~~ut Coal M!'rnaurea discor;Ur,Jities. 
Ttl!! ~hear strength dets Pl!® been ®nalyecd using geometl'ic !"!Njl·erleion to 
give 11 poli'el:' la~t~ of th<!1 fo.r,;, 

• B 
'"" \J n 

? 
wlw.n:·e T d·,,, sh<i!'lr "'tr"'ngth (kN/m'•) 2 a

11 
the acting no;:mal etrese (kN/m ) 

A snd B are index vslu~s 

ru dlO'II compsris•x• of ..-at and dry teet d!'lts th<l 11alue of ~oo<!'~t 8 hali 
beom set at 0.930. Th<ll v'llue of .index A is unad to indicl'\te ~he relative 
she~ar strength~ the discontinuities. ihe reductiona 1n 
sheen: '!ltrength'il ;;;;ra all'lo ®hown. "1<111 rssult11 
sho~e i! reduction i~ ~htiar ll:trength, dve to tho! 
rt>.nge11 from 4,6 ~>o lZ.l%. Genenlly, the 
h!ir\jet redtlctione. Th~ rlli:&!!lte 11ho•; good 
w;h~;, ;;~portefl ,'li";luctionli' of ~tn~m ::; end 

hblu :'! lilhu:l>'lll thlil l'<:~s•dts ~·f t~;;at.~ Cllrri.f!d owt on \OOL Ol.nd Coo;;l 
i'leBeu<·;illl dil!continuit.iE~Il, Tfl dl~ cornpuioon of t,r,., dou, vlllltm 
B ~·c'iJl\l 1/iet at l!ln eve~®IJ'I' valoo !'or ,.~;::h eet of 1ret <'r.<l dry dah, Ail in 
trnc ;:n:eviou® !llection intieK A Willi! ti1<1n u!ii®d to dt>.flne (,<;:; ;~agni h;Jo:J of 
the ·jl~ontinuity shau etlength r;;,,juctic;n, Ttl>~ datil for nabJ['llll 
di2!.:o•1tinuitiee .i.ndic8tP.!!' r<;;;ci•.1ctiwr;,1 in ehe!!~ ~(t·~>n·:~Ul of e~pprmdi'!'_..tdy 
40%. This agein favourably with the thea<'Y given in EUlrher 
sectior.s <111d ta reduced 11trength of lh<? '"'':.e~·Hie!li. ht.;,nde•:l 
"'h~"~'" natur!'l Cosl Melte!Ul:l!!i! rock di5eantii1uit'.n; i& c•,;rr(OlnUy 

fvrth~r this eiqrd fic&1nl: i.nfluec¥;\ii on i!bhe&r ~;Jtrertgth.s 

Generally 
ril!<r:uction 
the ehaer 
to relllult 

for o.U dhcontiooitiel'l, both !i!II\;;...CUt !!lnd natural I hc>!"t~ ie 11 
in i,-,d;c;~ v;;hie B on t~;& g:·.pli.cat i.ona of \<!!Iter. ~~.ens that 

env16lope has 1nr-1:'%Hteed 1~'UI'\Hltu.,.,.*.f !1nd is collt~idered 
:f:;06Jfied r$Urf~ca d~l'-<~ge a~ ~.;;:qeet®d by Jooqii.lr [13] ~ 

The paper WJUI\'Il;,.,u:i!!0!1l pr·iol!' eb,,!i•-!:J ..,r 
the infh'5'nce of .,.,t;n· 'lln 4'0d<•, <llnd U>!!ir 
of water en Coal i'"lst.~eur~s;,fe diec:.lnttnuitiee hes received iittle ~it®nticn 
in the p2st, yet th~ re5r~l~: .. ar·;t 1''\fJt.k.!c\.. ion in diiicvnt inu:U:y eh;;:ti"l sttength 
<Ji._,-uncantly ~ffect;. any snalyei:~ of !llop4!1'tability. t\ssesal!lflnt or ttw 
infh:t<>ro'Ce of g~:oundweter on mime ale::'~ atabi..iity i.!i hirn:'ehJ<i ko ;~elctic" 
by 11 gern.ral hck cf koowlflldg>!!> of gt·"'..ondw!lter contii tionfi "'~"""ll'llJ®:·:t :!.1 
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slopes and limited experimental 3heat· stli:er·H]lh d~ta. 

laboratory testing of Coal Measures rocks anJ tr~eir discontinuities 
shows that strength re~bctiona for intact rock ranges from 17 to 97!; 
and for discontinuities form 5.0 to 30 % when considering the influe',~ce 
of water. Theaa nmges appear to be determined by the follmnng inte:r,. 
depende-nt factors, namely, intact rock mineralogy, permeability and 
state of weathering and diacontinuit y surface roughness and perrnel!ti lit y. 

It ill suggested that do .. CDntilderation be gi11en t<J atrength ~eduction 
d!.l>'~ to 'lltater when selecting appropriate shear strength iraput for lllope 
deai9'1 in surface mine planning. Discontinuity aheu strength is an 
important input parameter for mine s.lope et!!bility analy!!is. The sig
nificant influence of water on Coal Measures discontinuity shear strength 
and a lack of prior reaesich justifies extended lat,oratory and field 
studies of the mschanism and controlling factors by which strength 
reduction occurs. This is aimed to improve the simulation of mine 
slope behaviour and increase the efficiency and 1111fety of surface mine 
ope :rations. 
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