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ABSTRACT

The peper considers the charascteristic shear strength of Coal Measures
rocks and discontinuitiss, principally joints and bedding planes and
emanates from siope stability research in British surface coal mining.
Attention is given to the main factors which determine their shear strength
i.e. physicsl and mechanical rock propertiee, surface roughness and
weathering., The paper pressnts datas on the perticular role exerted by
groundwater on thege factors by reference to experimental data.

INTRODUCTION

This paper stems from a reeesrch programme at present being csrried out
by the Mining Engineering Department at Nettingham University into the
stability of surface mine slopes operated by the National Coal Board of
Britain. One sspect of this research is the study of the physical and
mechanical properties of British Cosl Measures rocks and their agsocisted
discontinuities. Important aims of the research sre to define the influ-
ence of controlling factors on slope stability and to provide accurate
strength data for stability sssessment. The most important materisis
parameter is the shear strength of the rock discontinuities, principally
joints and bedding planes. Recsnt studies of over one hundred British
surface mine instability cases, Scoble [1] , Cobb [2], indicate thst
failure along discontinuities sre primary contributory factors to mine
glope instability. The influsnce of groundwater on stability anslysis
will be discussed in this paper with special reference to ite effects on
the shear strength of Coal Messurss rock discontinuities.

REVIEW OF THE EFFECTS OF WATER ON ROCK MASSES

British Coal Measures stratasre of Cerboniferous =zge and consist generally
of a complex combination of intact rock, faults, joints, sheer zones

and bedding planes. The depoeite sre layered and are often characterised
by a generel cyclothem sequence. Groundweter plays a significant role

in the stability of excevated zliopes in Cosl Messures rock masses.
Firastly, it cen affect stability by reducing the normal stresses scting

o a potential failure plane end secondly it can csuse slteration of the
mechariicel properties of both intact rock and dizcontinuities.
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The presence of water has been shown to reduce the slreazses acting at a
point within 8 rock mess. This ia caused by the creation of uplifting
forces and the effect ie shown by the effective stress principle which
stetes that

vhere ¢ = the effective siress
¢. = the total or prirmipel stress

U : the pore water prassure

Hence the pore wster pressurs should be subtracted from the normal stress
te give the sffsctive normal etreas ecting on @ potential failure plane.
This will in turn lead to reduced shear strength of discontinuities
comprising the failure plane. The forces resisting movement within &
slope can thus be reduced under the presence of groundester pressurs.
Water can @lso increese ths disturbing forees if tensicn cracks are
present at the reer of a siove. The head of weler in such & creck cen
add significantly to the forces tending to cause instability and increase
promptly with mine site rainfsll te precipitste failure. The combinae-
tion of the above effects will reduce significantly the stability of a
mine slope. It ie important therefore to gain as much information about
glope groundwater regimee at the initial explorstory phase of & aurface
mine, in order to essess the drewdown &ffecte of excevation and the likely
operstive groundweter pressures in the excavated slopes.

Coel Measures rocks consist predominantly of relatively poorly-rounded

and poorly-sorted quartz greina fixed in either a matrix of very fine-
grained clay mineral paste or a celcareocus cement. Price [3] . The

clay minersls present ers msinly kaolinite, illite, sericite and

chlorite. It has been observed that the reactive effect of water ie more
pronaunced with the clay matrix than the calcsreous cement. The
slteration of the mechanical properties of a rock mass can derive from the
alteration of both intect rock and discontinuity properties.

Alteration of Intact Rock Properties

The reduction in strength of intact rock mey be considered using
Griffith's failure criterion for brittle meterials,

; .o ¥
o Tt
where Io = tensile strength
E = Youngs modulus
T = surface snergy
2C = length of creck

Absorption of en aqueous phass onto the surface of a crack reduces the
surface energy required to propagate the crack and therefore reduces
the tensile strength of the material. This in turn causes a reduction
in ths compressive strength of the material. Thias effect is shown with
chemically inert meteriels such es quartz, Charles [4] , as well as vith
rocks contsining & high clay content. Price {3] has shown that the
reduction in compressive strength for Coel Messures sandstone csn be a6

33%
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much as 5% when comparing completely dry and saturetzd samples. Vun
Eeckhout {5}, working on Coasl Measures shales, concluded that moisture
lowers the resistance to fracture snd incresses internal crack lenging,
He also noted that expansion - contraction cycles caused by alternate
wetting and drying caused crack propagation. The above theory has ain
been confirmed by Colback and Wiid {6} .

Clay minerals tend to Fill voids between grains and reduce permeability
Chemical reaction on the application of water causes clay mirmersl swej,
ling and this can alier the geometry of the pores, leading to changed
permesbility. The process of swelling has been examined by Arscott ;7]
Spears and Taylor [8] and Barton [9]. It is noted that rocks with high
clay content (mudstones, shales end seatearths) can swell considerably
the epplication of water.

Weathering of intsct rock due to the combined action of water, carbon
dioxide and oxygen cen also reduce strength values by mechanical means
i.e. wster and temperature cycling, or by chemical dissolution i.e.
removal and traneportation of certsin ‘elements by water flow. Work hag
been carried out by Spesrs and Taylaor [8] on weatherability and also
Franklin and Chandra [10] who considered the slake durability index,
which measures the resistance of rock samples to weakening and disinte.
gration due to a stendard cyele of drying and wetting.

ARlteration of Discontinuity Properties

Work carried out by Horne end Deere {11} and Coulson [12] indicates thw
for polished surfaces, the frictional characteristics are significantly
affected by the presence of water., Generally water acts as an anti-
lubricant on massive structured minerals and as a lubricant on minerals
with a layer-lattice crystsl structure. However as surface roughness
increases these effects are reduced and cother factore become significant
Coulson [12] showsd that, for surfaces which suffer little demage durin
shearing and which tend Yo produce polished surfaces, there was an
increase in strength when weter was present. However, most natural
Joints exhibit surface roughness and on their wet surfgces decreased
crystal strength and intercrystal bonds allow a more plastic deform-
ation. This leads to increassed surface area contact and the formaticn
of debris which allows increesed absorption of water and the formsiioc
of athick surface paste. With increased displacement this paste acts 2:
a viscous lubricant which reduces the shear strength of the discontin-
uity. Jaeger [13] suggested that slickensides develop scross powdered
shear debris more readily when the surface is saturated. Consequently
the shear strength is raduced and there is a greater curvature in the
shear strength ernvelope. This change in behaviour, however, is sbsent
with smooth polished surfaces which exhibit the tendency for linesr
shear sirength envelopes.

Study of the mode of failure of rough discontinuities gives an indice~
tion of the reason for reduced shear strength due to the szpplication of
water. It ls accepted that the shear strength of such discontinuities
is contrelled by a combinetion of dilstant movement and failure through
intact rock asperities. These two mechanisms occur simultarecusly. it
can, however, generally be stated that at lower normal stresses the
discontimuity will tend predominantly to dilate, whilst at higher normal
siresses shearing through asperitiee is more dominent. Combination of
these two frilure modes gives rise to & curved shear strength failure
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mudrocks exhibit 8 wide range of slake dursbilily irdex snd that strength
claseificetion by this means 1s difficult, Work by iasaani f17} o
posaible index ranking of rock strength by the point losd method and by
Wiid {‘8} on the shear vane method offar alternative melhads of index
strength classificstion,

Digcontinuities

Shear strength testing on dlscontinuities
built, conatant strazin direct shesr rig,
The sheer box accommodstes ssmples up to L;u x 1530 mm end provides &
rangs of strsin retes, down to 0.01 ‘min, Tebls 2 shows the resulls

of direct shear testing on over 500 gew-cut Coal Messures discontinuities,
The shear strengih dats bas been snslyscd using psometric regiession Lo
give a power law of the furm

out uaing & purpuss
Cassepi 619] .

¥
where T he shwer strangth (ki/m™)

the scting normel strese (kN/m

O

2
% )
A and B sre index valuea

To allow comparison of wat and dry teet dsta the velue of index 3 has
been set at £.930. The value of mdex A is unad to irdicate the relative
shear strengthe of the discontinuities. The percenteys reductions in
shear strengths sva alse shown. Tne resulis for the -cut surfaces
ghow & reduction in ghear sirength, due to the spplicstion of waler, which
renges from 4.6 %o 12.1%. Cenerally, the moro srgillacecus rocks sh
ger reductiona. The mwi&a ghow good egreement with Coulson . {
sl reported reductions of betwesn 5 and 10% on planer surfaces.
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to result from irtemsified surfece demege as suggested by Jeegur { 3-],
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glopes and limited experimental shesr strength data.

taborstory testing of Coal Measures rocks and their discontinuitises
shows that strength reductions for intact rock ranges from 17 to 97%

and for discontinuities form 5.0 to 30 % when considering the influsnce
of water. Thess ranges appear to be determined by the following inter-
dependant fectars, namely, intact rock minerslogy, permeability and
state of weathering and discontinuily surface roughness and permesbility.

1t ie suggested that close consideration be given to sirength reduction
dum to water when selecting appropriste shear sirength input for slope
design in surface mine planning. Discontinuity shear sirength is an
important input parameter for mine slope etability analysis, The sig-
nificant influence of waier on Coul Measures discontinuity shear strength
and @ lsck of prior reseerch justifies extended lsboratory and field
studies of the mschenism and controlling factors by which strength
reduction cccurs. This is simed o improve the sismulation of mine

slope beheviour and increase the efficiency and zafety of surface mine
operations.
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FICURLS AND TABLLS

figure L. Slske Durabilily Index Diayram

Table 1. y of unconfined mechanical propert for intact ooal
mEa rocks
Yable 2. Bay iyt surface power law analysis

Table . Natural discont:nuities power law analysis
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