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ABSTRACT

An understanding of the shear strength characteristics of geomaterials forming overburden dumpsin coal minesis
required for assessing the stability of overburden dumps. The effective shear strength of dump materials depends
on a wide variety of interrelated parameters including: fragment size, intact particle strength, gradation,
compaction density, water content, degree of saturation and others. In this study, an investigation was carried out
to assess the effect of fragment size and moisture content on shear strength behavior of the coal mine overburden
dump rock material by conducting a series of small and large scale direct shear test on samples differing in
average fragment size, uniformity coefficient and moisture content. The overall mobilized shear strength was found
higher in case of samples having larger average fragment size and lower moisture content. The angle of internal
friction of all the tested samples was found to be increased with the increase in average fragment size while
reduction in the same was noticed with the increase in moisture content.
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INTRODUCTION

Overburden dumps in coal mines mainly consist ofirga soils, rock and intermediate earthy substgnioasically
a mixture of sandstones (well or poorly sortediefi medium or coarse; etc), siltstones, mudstogiesles,
claystones and some coal, which is loosely placedti dumped. Particle sizes of rock materials formingse
dumps vary from silt and clay size (< 75 micron€0t675 mm) to coarse grained soils (> 0.075mm)uiticly
sands and gravels as well as large size cobbléibto 300 mm) and boulders (> 300 mm). The oveldur
dumps in most of the opencast coal mines are ysdatmed by end tip dumping method which results in
formation of dumps with relatively low density. Cpattion of the dump matrix occurs by the weighadtied
material and by dumper movement on it without tBe of any specific compaction equipment. Moreovesse
overburden materials are subjected to wide rangemfronmental, geomorphological and climatic chemg
including erosion, ageing, wet dry cycles, seasaealperature fluctuations, cyclic loading due totleguakes,
blasting and machine movement etc. which resultsantinuous degradation of strength properties a as
change in fragment size with time. The effect cdgtion and coarse size fractions on shear straxfgghil, soil
gravel mixtures, sand gravel mixtures, soil quadiyst mixtures and rock fill has been studied byiowss
researchers [1-8]. Shear strength behaviour oftawden rock for dump slope design is generallyiedrout by
small scale laboratory testing using standard siagial and direct shear test apparatus on masihyd and silt
size fines passing through 4.5 mm sieves due tddlions on the size of the testing equipment. Tdsts are
generally carried out on samples compacted afpitisnoom moisture content or in dry condition. A sftoming to
this small scale laboratory testing is that overdirock fragments are usually scalped to accomraathat testing
equipment capacity. The influence of coarser foactf rock fragments present on the overburden duampits
shear strength is not taken in to considerationovgbshortcomings lead to uncertainties associatitd the
assignment of accurate shear strength parametessofee stability modelling and design. Thus, thiera need to
assess the effect of presence of coarser rock #atgrand moisture content on shear strength obvleburden
dump materials.
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This research work primarily aims to investigate #ffect of fragment size, uniformity coefficiemidamoisture
content on compaction and shear strength behawifotwal mine overburden dump material by conducBngcter
compaction tests and a series of small and largle siirect shear tests.

CONCEPT OF SHEAR STRENGTH OF SOILS

Shear strength in soils develop due to three reasdime structural resistance to displacement efsttil particles,
the frictional resistance to translocation betwdlas individual soil particles at their points ofntact and the
cohesion or adhesion between the surfaces of the@aicles, where the structural resistance &pldicement is
caused due to the interlocking of the soil parsiclehe frictional resistance to translocation igedeped by granular
fractions of soil, such as sand, gravel and crusstede, whereas, cohesion is developed in finengdaisoil

fractions such as silt, clay, and organic and ianoig colloidal material. Cohesive forces are alsvetbped by
moisture-films surrounding the soil particles. Thios shear strength of soil depends upon the saiposition and
moisture content in addition to the density anddkegree of consolidation [9]. In other words, thea strength
depends upon the cohesion, which in turn depends the soil water content, grain size and soil cactipn and
also the angle of internal friction. Both of whielre independently affected by the moisture conterd the

confining pressure.

The concept of cohesive strength is more diffibaleéxplain. There are two types of cohesion inssdilie cohesion
and apparent cohesion [10]. True cohesi@y result from chemical cementation (just likedaks) and/or forces
of attraction (e.g. electrostatic and electromagnattractions) between colloidal (10-3 mm to 10rin) clay

particles. It is stress-independent unlike fricéibresistance that is a function of normal stréggparent cohesion
may develop because of capillary stresses and miethainterlocking. Apparent mechanical forcase often

exhibited by the interlocking of rough (angular)l qmarticles. The interlock between the soil pdeticcan offer
some resistance to shear stresses even in thecabsiea normal stress. This type of apparent cohdsioften the
cause of cohesion measured in compacted soils. ¥Hawsuch apparent mechanical forces are susceptbl
significant reduction by vibrations and other typésnechanical disturbance.

EFFECT OF PARTICLE SIZE AND MOISTURE CONTENT ON SHEAR STRENGTH

The influence of particle size on the shear stiemgas known to have insignificant differences ia ttase of sand
[11] whereas, in the case of coarse-grained soilk large particle diameters, there have been nifigrent

opinions arising among the researchers. Numerogmareh were carried out on the influence of partgike of
coarse grained materials on shear strength [1,2818], but consistent conclusions, as to the diffiees or
influence, were not made among the researchers.

One of the earliest and most comprehensive stuatiethe effects of coarse particles was carriedbgutoltz &
Gibbs [1]. They studied the effects of density,gadion of coarse fraction, gradation, maximum igketsize, and
particle shape on the shear resistance of gravelisaxtures. A total of 183 consolidated drainedxial tests were
carried out on up to 9 inch (230 mm) diameter relohed specimens using sand as the matrix materdhlgaavel
size fragments (up to 76.8 mm) as the coarse @nactihe gravel contents tested were 20%, 35%, 5096&% (by
weight). The specimens in each test series wergoaoted to the same relative density of either 50%086. They
found that increasing the maximum size of the draeeticles from 19.2 mm (3/4 in.) to 76.8 mm (3)ihad no
significant effect on the shear strength. Guptacf@ducted drained triaxial tests on river bed netand blasted
rock material having maximum particle size of 26,8md 80 mm. The angle of internal friction wasnduncreased
with the size of the particles for the river bedten@l and decreased with the size of the partifdeghe blasted
material. Kirkpatrick [12] studies on Leighton Bazd sand with uniform particle size using triaxie$ts showed
reduction of friction angle as the mean particie sivas increased while the porosity was kept alfuadue. Becker
et al [13] used a biaxial apparatus to measurdritigon angle of earth dam material in a planaistrcondition.
They concluded that in general the friction angéerdases as the maximum particle size is increbsedhe
difference in friction angle between the small simaterial and the large size material reduces ascdmfining
pressure increases. Nieble et al [14] conductestthear tests on uniform crushed basalt and shéves as the
maximum particle size increases, the friction ardgereases. Fakhimi et al [15] evaluated the efféaversize
particles on the friction angle and cohesion of ithek pile material by conducting several laboratsihear tests
with a box 6 cm x 6 cm in size where the oversiagigle was simulated using stainless steel sphibaswere
placed along the shear plane. The experimentainfjsdsuggested that the presence of the oversitielpaauses
an increase in friction angle while the cohesion eher decrease or increase depending on thekthe oversize
particle with respect to the size of shear boxtwedocation of the oversize particle along theastpdane.

Shear strength and dilatancy of well graded saaglejrmixtures were investigated by Hamidi et al][b§

conducting large scale direct shear tests. Ths teste conducted on three considered soils. Maxirgain size
was 25.4 mm in base soil, and was limited to 12n% for equivalent scalped and parallel gradatiomeyTreported
that the gradation of tested soils affected thie@as strength by a change in maximum friction angleich were
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related to both dilatancy at failure and the camtsteolume friction angle. They also concluded ttie impact of
gradation on the shear strength characteristichefsoil increased with surcharge pressure andedsed with
relative density. The shear strength of the accatiunl soil induced by the 2008 Sichuan Earthqualke w
investigated by Wang et al [17] using the labonatdirect shear test and triaxial test. The anglesluéaring
resistance was found generally increasing withribeement of the median particle diameter. In otdeanalyze the
influence of the particle diameter of a sample lo# $hear strength of coarse-grained soils, langetdshear tests
were performed by Kim et al [18] on the coarse+udisoils with maximum particle diameters of 4.5 ,ni® mm
and 15.9 mm. They found an increase in sheangitidor the sample having larger particle diamelée moisture
content of a soil has a major impact on how wedl $lil will compact. When a soil is completely diryill not
compact to it greatest possible density becausfiaifon between the soil particles. As the moistwcontent
increases, the water lubricates the soil, allowingp move more easily into a compact state and deesity
increases. Eventually the soil is compacted tajiitatest possible dry density (the maximum dry ié§@nand the
moisture content at which this happens is refeteeds the ‘Optimum Moisture Content'. If the sail wetted
further, the extra water replaces some of the sabidl particles and the dry density reduces. Soihgacted at
moisture content greater than the optimum moistumetent has exactly the opposite characteristichéoone
compacted below it. For a particular compactioorffthe dry density of soil increases with the shaie content of
the soil up to the optimum moisture content beyanich it decreases and when the compaction effareases,
the optimum moisture content decreases. The pres#inwater can modify the shear strength by changie way
that particles interact with each other. If the evatontent of soil sample is high enough to satuttae sample, pore
pressure can develop during a shear testing thaltsan reduction of the shear strength. For situa where soil is
not completely saturated, positive pore pressung mea develop, but still the presence of water leetvsoil grains
can act as a lubricating agent that affects trength of the material. When a soil is sheared slawla drained
condition giving enough time for dissipation of pgressures induced by shearing, the mechanicavtoeh of the
material can be either like a normally-consolidated. no softening) or over consolidated (i.e.hnépftening)
material. The behavior is mainly controlled by #aount of fines material, the compaction densityhef sample,
and the amount of normal stress in a shear test.

Direct shear test on rock fill materials was perfed by Yu et al. [19] to investigate the effectnudisture, particle
size, gradation and shearing rate. The materialmaisly gravels ranged from 2 mm to 9.4 mm in sizests were
conducted at normal stress of 20 to 1000 kPa. Th&ian of 2% moisture to the gravels indicatedisliy lower
shear strength than that for the dry gravels. Tutbaas concluded that water can lubricate the drgrains and
reduce the sliding friction coefficient betweentmdes that results in reduction in the peak ststi@ss. Direct shear
tests were conducted by Cokca et al. [20] on sasnmenpacted at optimum moisture content (w=24%headry
side of optimum (i.e. w=18%, 20% and 22%) and atwlet side of optimum (i.e. w=26% and 28%). Thegyoréed
that the behaviour of compacted clay like a gransél on the dry side of optimum water content améduction in
angle of friction and an increase in cohesion vedrgerved as the compaction water contents apptbaabptimum
value. The effect of moisture content on the sls&@ngth parameters of stone dust were studiedanyl&lkar et al.
[21] by performing direct shear test. The studyesded that as the moisture content was increasedrds the
optimum value, the apparent cohesion of stone wastincreased and angle of internal friction wakiced. The
cohesion was highest at optimum moisture contedittiaereafter it reduced as moisture content isesed beyond
the OMC, whereas the angle of internal frictiorstwfne dust reduced marginally as the moisture obmias varied
from dry to wet side of optimum.

MATERIALSAND METHODS
Site Description and Geology
Bulk quantities of overburden dump samples weréctdd from a large, partially consolidated rockngufrom a
large open-cast coal mine situated in Korba arés&giL. The Korba coalfield, constituting the soa#dntral part of
the vast stretch of Gondwana sediments of Son-Matiavialley is located between the North Latitude®18’ &
22°30’ and East Longitudes &5’ & 82°55'. It has a total aerial extent of about 520ksg. The southerly flowing
Hasdeo River divides the coalfield into two patte western part of the being larger than the eagtart. The
stratigraphic succession of the Korba coalfieldellasn surface and sub-surface data up to the @émibcurrence
of the lower most quarriabble seam is given in &afhl

Table -1 Generalised Stratigraphic Succession of Korba Coal Field

Age Formation Thickness Lithology
Recent Soillweathered zong 4t020m Soil/subssall laterite soil
Lower Permian Upper barakar 0to+34 m Fine tosmgrained sand stone, sandy shale, grey shat@nzareous shale
and coal seam E&F grade
Middle barakar <15 mto +300 Medium to coarse grained feldspathic sandston@siacal shales,
m carbonaceous shale and thick coal seams, D, E iadeg
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Dump Material Characterization

The various relevant geotechnical index propertiese measured in the laboratory to classify theestigated

materials. Laboratory tests were carried out onetkgerimental overburden dump material, which idelgpecific

gravity, moisture content, point load strength indadake durability tests, Atterberg limits etc.eTépecific gravity
of the experimental samples containing overburdek fragments were determined using volumetrickflaethod

as per IS: 2720 (Part 3-1980). Point load streimgtbx and Slake durability of the material wereedetined as per
IS: 8764 (1998) and IS: 10050 (1981) test procedLine various important and relevant geotechniashmeters of
overburden dump samples are listed in Table 2

The overburden rock mainly consists of coarse &naus sand stone and pebbly sand stone with sbaie.sThe
dump material consists of 75-80 % sandstone, 1@lshale and remaining soil. The soil surface laged—6 m.

The photomicrograph images were obtained by usetgoPgical Research Microscope (model — Axioscéye
POL, Carl Zeiss make, Germany). Fig. 1(a) and a(k)the photomicrographs of the thin section ofstedstone
under plane polarized light and under cross nickwiditions respectively. The rock is medium to seagrained,
immature sandstone. Grains are angular to sub emludicating less transportation. The sandstonpoisly

sorted. Majority of the grains are of quartz andidpars whereas the matrix is of argillaceous nateFhe rocks
were seems to be having high porosity and permnigabad the pores are interconnected.

Table- 2 Geotechnical Properties of Overburden Dump Rock Material

Properties Values
Specific Gravity 2.65
Point Load strength Index 0.4to 1 MPa
Second cycle slake durability index 78 %
Liquid Limit 18.6%
Plastic Limit Non plastic
Natural moisture content (NMC) 4%

Fig. 1 Photomicrographs of sandstone rock fragment examined

Preparation of Experimental Samplesand Test Program

During collection of samples from the dump, rockgiments more than 80 mm in size were discardeleasite

itself. Particle size analysis of the dump matsnaére carried out in the laboratory as per IS&teh|S: 2720 (part
4) 1985 to know the size distribution of the rockgiments forming the dump and a modelled gradatiowe (proto

type sample) was prepared to represent the simchffragments present in the dump material. Therabhmoisture

content of the dump samples was measured.

Testing the prototype dump material was almost ssjiile because of its coarseness and the limitatbthe shear
box dimensions. Therefore, the laboratory specimeste scaled by some degrees and all the compaaridshear
tests were performed on this reduced gradationwisiparallel to the proto type. During sievingdafmp sample,
the rock fragments passing through different sigzes ranging from 31.5 mm to less than gOwere collected in
separate bags. Using parallel gradation technigweldped by John Lowe [22], these rock fragmentditéérent
sizes collected in different bags were then mixagkther to produce a well graded experimental satmgling size
distribution parallel to the proto type represegtthe particle size distribution of the actual dumaterial in the
field. Numerous researchers have tested matergiscbon this model and validated the effectivenédisis model
to estimate the shear strength of rock fills andbalast [6, 23-27]. After oven drying of rockalgments separated
through sieving, two different types of modelledten&l were prepared using the above method hazimgage
fragment size of 9 and 1.6 mm respectively and wamed as GTODS1 and STODS respectively. The goadat
curve of both GTODS1 and STODS were kept paratiePtoto Type Sample (PTS) keeping their uniformity
coefficient and coefficient of curvature same hgvihe same gradational characteristics as thaf 8 ®ne more
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sample named as GTODS2 was prepared differing iforamty coefficient and average fragment size (@ The
purpose of varying fragment sizes of the samples twaassess the effect of presence of coarserfragknents on
shear strength behaviour of coal mine overburdenpdsamples. The gradational characteristics, imctuftagment
size, gravels and fines content, uniformity coédint, coefficient of curvature etc. are summarizedable 3. Large
shear box having size of 300 mm x 300mm x 190 mis wged for conduction of direct shear tests on G$OBnd
GTODS2. Small scale direct shear tests were peddrom STODS using a shear box of size 60mmx60mmx&1
Heavy Procter compaction tests were conducted rakSpg720 (Part 8) -1983 to establish the maxinduyndensity
and optimum moisture content of the coarse graineld dump sample i.e. GTODS1 and GTODS2. To meabeare
maximum dry density and optimum moisture contenS®0ODS, light compaction test were conducted aslper
2720 (Part 7) — 1980.

Large scale direct (LSD) shear tests for this stwdye performed using multispeed direct shear eqeip. All the
LSD shear tests were conducted as per IS 27203Pa8ect. 1-1977) at five different values of natstress levels
and corresponding shear loads and horizontal (sHegrlacements were monitored and recorded. Befhear test,
the soil was compacted in five different layershia shear box and then consolidated for some timerman applied
normal stress. After consolidation, the specimen sl@ared directly at a constant rate of deformafio avoid the
build of pore water pressure during the test, theirsrates chosen were very low and of the ordé€r.2 mm/min.
Small scale direct (SSD) shear tests were condunte®iTODS in a similar manner at the same straa ta order
to study the effect of moisture content, sampleseeve®mpacted in the shear box at two different tnoéscontent
levels, first one corresponding to optimum moistaomtent (OMC) and second one at natural moistorgent
(NMC). In each layer compaction was conducted usirg5 kg rammer so as to obtain 90% compactiativel to
the maximum dry density so that the results arepavable. All the LSD shear tests were conductegaeasS 2720
(Part 39, Sect. 1-1977) at five different valuesnofmal stress levels and corresponding shear |oaxdtcal and
horizontal (shear) displacements were monitored r@edrded. All the LSD shear tests were carried aiutive
different normal stress levels ranging from 73.&6469.79 kPa while the SSD shear tests were caotiedt normal
stress ranging from 34.33 to 245.35 kPa. This spords to average normal stresses built up in ekniamt
fills/slope heights of 10 m to 60 m.

Table- 3 Gradational Characteristics of Experimental Over burden Dump Sample

Maximum Average - - % fines less | % fines less Group
Sample Name fragment size, | fragment size, Srﬁ?oﬁlrgi?mg %3?\2&?? g than 4.75 mm| than 0.6 mm| symbol as
Dmas, MM Dso,mm Y ’ by weight, foc by weight per BIS
Proto type sample
(PTS) 80 185 23 2.80 22 7 GW
Gravel type
overburden dump 315 9 24 2.78 33 11 GW-GM
sample 1
(GTODS1)
Gravel type
overburden dump 315 18 8.8 278 34 8.5 GW-GM
sample 2
(GTODS2)
Sand type
overburden dump 3.75 1.6 23 2.78 100 25 SM
sample (STODS)
100
_ 5o
=, B0
=
= 70
g
= &0
2 —+— FT3
2 50
= —B— GTODSL
& 40 R
b GToO52
= 30 — ] —%— smo0s
LB
é 20
10 {
| , |
0.001 0.01 0.1 1 10 100

Particle size, mm
Fig. 2 Gradation curves of experimental overburden rock materialsand Proto type
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RESULTSAND DISCUSSION

Effect of Average Fragment Size on Maximum Dry Density and Moisture Content of Overburden Dump
Material

The result of Procter compaction tests is preseimtéhble 4. Fig. 3 depicted the compaction curekeprepared
experimental overburden dump material. The zerawainl line is also shown in figure. Both GTODS1 and
GTODS2 were having same gravel content of 66 to @b maximum fragment size of 31.5 mm but differ in
average fragment size and uniformity coefficienheTaverage rock fragment size of GTODS2 was 18 rem a
compared to 9 mm for GTODS1. The presence of lafiggment sizes in GTODS2 was considered to be main
reason for increase in its maximum dry density @spgared to GTODS1. The lesser water absorptioncispaf
larger rock fragments in GTODS2 as compared toGR®©DS1 was the main reason for reduction in optimum
moisture content of GTODS2 samples. A similar iasgein optimum moisture content and decrease irinmoaix

dry density of STODS were observed due to furthexrelase in average fragment sizes (1.8 mm). STO&S w
having higher fines content as compared to the eltao mixtures, which was considered to be the maason
behind increase in optimum moisture content andictoh in maximum dry density of the mixtures. Fraohe
above tests, it was concluded that the optimum ten@scontent of the overburden dump samples isrdigpe on

average fragment size and the fines content (Fig. 4
17

Feto (=it void
- line, G=2/63
<
= * GTODS]
=
= 5 ®GTODS2
7 =
= STODS
16
5 10 15 20

Moisture content,%b
Fig. 3 Compaction curves of various experimental samplesand zero air void line

Table- 4 Maximum Dry Density and Optimum M oisture Content of Various Experimental Samples

Sample Maximum dry density, KN/m| Optimum moisture content, 9
Gravel type overburden dump sample 1 (GTODSH) 19.83 9
Gravel type overburden dump sample 2 (GTODSP) 20.02 8
Sand type overburden dump sample (STODS) 19.18 11
202 12
m o STODG
E 70 GIONS? 4 | o +
= ]
= = 10
< 108 & GTONDS] E
-5 - o & GTODSL
2 106 3 8 *—
= -g GTOMDS2
S 104 E
& £ 6
& i =
15.2 T s10D% E
19 E 4
a 4 8 12 16 20 a 4 8 12 16 20
Fragment size, mm Fragment size, mm

Fig. 4 Effect of average fragment size on dry unit weight and optimum moistur e content of various experimental samples

Effect of Fragment Size and Unifor mity Coefficient on Shear Strength of Overburden Dump M aterial

A series of small and large scale direct shearstestre conducted on experimental test samples (GIQOD

GTODS2 and STODS) having average fragment sizegingrfrom 18 mm to 1.3 mm. All the samples were
compacted at 90 % of their maximum dry density @dC as determined from compaction tests. Consailat

drained direct shear tests were conducted at aamtnsate of horizontal displacement of 0.5 mm/mirvarious
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normal stresses. The purpose of these tests wasskss the effect of presence of coarser rock &agmand
uniformity coefficient on the shear strength parsar®e In dry state, the overburden dump rock maltesias
cohesionless and non-plastic, hence its sheargstrevas mainly by virtue of its angle of internatfion. But when
it was compacted in moist, unsaturated conditibdevelops apparent cohesion.

The peak and residual shear strength values fdr teat have been interpreted from the results shinwaig. 5 and
summarized in Table S he differences in the shear strength were quedtlfy determining the intercept with the
shear stress axis giving apparent cohesion ( pedkresidual) and the slopes of the trend linesmeasing the
friction angles (peak and residual). Bo#ag and residual cohesion was found higher in GTOBD&ture because
of its higher coefficient of uniformity which regetl in better interlocking and packing among thekrisagments.
The peak angle of internal friction of GTODS2 mixtwas found higher by’2s compared to GTODS1 mixture as
the average fragment size was more in case of GRO® overall mobilized shear strength in the ravfgeormal
stress tested was found lower in case of GTODS2ungxas compared to GTODS1 mixture. The Mohr-Coblom
failure envelope was approximated as linear withastress range used in these tests.

A series of small scale direct shear tests weie @sducted on STODS having same uniformity coiefficas that
of GTODS1. The shear strength envelopes are pexséntFig. 6. Cohesion was found much higher irecafs
STODS while peak friction angles were found lowgradimost 4 to $as compared to GTODS1. The reduction in
friction angle was due to presence of higher fioastent in STODS. Particle size affects the shgasinength by
influencing the amount of shearing displacementiireg to overcome interlocking and to bring theingdo a free
sliding position. Accordingly, a coarser materiasasupposed to exhibit greater shear strengthatisser material
because larger particles need more effort to oweecinterlocking than smaller particles. Howeverréased
apparent cohesion was recorded for STODS as coohpa@TODS1 because of higher fines content.

L 20 - | cropsipesx W = 0.5574n+ 18.367
o N - 5f/// R2 = 0.9798
3 20 I - 5 iz
4 s - // - wGTODS2Peak 1 = 0.6055n + 5.4763
g N -/ i m— R2=0.9775
@ %0 I /’}7 I
8 . /// GTQDSl r =0.4982%n + 7.6516
5 100 7. X Residual R2 = 0.9792
x IR AP - I
o 1 > 1 T 1 1 1 1 x GTODS2 r =0.5024%n + 0.4274
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Fig. 5 Peak and Residual shear strength envelopsfor GTODSL and GTODS2
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Fig. 6 Peak shear strength envelopsfor STODS
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Table- 5 Peak Cohesion and Angle of Internal Friction of Experimental Samples

Sample Peak apparent cohesion, kKPA Peak interao@bir angle
Gravel type overburden dump sample 1 (GTODSH) 18.36 29.17
Gravel type overburden dump sample 2 (GTODSP) 5.476 31.17
Sand type overburden dump sample (STODS) 22.89 9255

Effect of Moisture Content on Shear Strength of Overburden Dump M aterial

A series of large and small direct shear tests vaése carried out on the above mixtures compactddMC to
investigate the effect of moisture on the sheansfth behaviour. The natural moisture content veamd 4 %,
hence the mixture was compacted at this moisturdeob. Large scale direct shear tests were peribrore
GTODS1 samples at the same strain rate and notreakdevels. The overall mobilized shear stremgih slightly
increased for mixture compacted at NMC due to §icamt increase in its friction angle componentg(Fi).
However a slight reduction in both peak and redidpgarent cohesion was noticed with the decraaseoisture
content. The result clearly indicated that moisthias an important influence on the shear strenfjtiverburden

dump rock material.

350
#GTODS1 1p = 0.557cn + 18.36
oMC 2=0.
300 m | omC R2=0.979
/
© // /.
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Fig. 7 Peak and Residual shear strength envelopsfor GTODS1 at OMC and natural moistur e content
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Small scale direct shear tests were also condutesiTODS compacted at NMC, at the same strainaradesame
normal stress. A similar effect was observed inghear strength behavior of the mixture (Fig. 8)e Peak shear
stress was found little higher in case of samptespacted at NMC. The peak friction angle was ndti#emore
and peak apparent cohesion was slightly lowerferSTODSNMC as compared to STODSOMC. One of the mai
reasons for this increase in apparent cohesiondwago increase in matric suction for sample conguhat lesser
moisture content. Capillary stressevelop between particles in a partially satura@iti due to surface tension in
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the water. The surface tension (negative pressar¢he water produces an equal and opposite effectiress
between the soil particles, which results in anaagpt cohesion. The magnitude of this type of agtacohesion
can be extremely large, especially in fine graiseits. Such capillary stresses can be overcomenliycaease in the
degree of saturation.

CONCLUSION

In order to assess the effect of fragment size loears strength of overburden dump material, a sesfes
consolidated drained direct shear tests (both lamy® small ) were conducted on two different tegttumes
compacted at their optimum moisture content andnigasame gradational characteristics as that abpyme. One
more mixture was prepared from the same dump nahteeaving difference in coefficient of uniformityna
subjected to LSD shear tests. Direct shear tegts aleo carried out on the first two mixtures at Glkb investigate
the influence of moisture on the shear strengthrabielr. Following conclusions can be drawn on basis of
above study:

* The average fragment size of the dump matrix wesbgbly the most important factors influencing thg unit
weight and optimum moisture content of the mixtemntaining coal mine overburden rock material. The
optimum moisture content of overburden rock maldrigestigated increased with the reduction in ager
fragment size. Reduction in dry unit weight of duenden dump rock material was noticed because atdse
in average fragment size of the mixture.

« The angle of internal friction of all the testedmgdes was found generally increasing with the iasesin
average fragment size of the mixture while cohesian found increased in mixture having higher ficestent.

* An increase in bothgak and residual cohesion was found for mixturarigatigher coefficient of uniformity
because of better interlocking and packing amoagdalk fragments.

* The overall mobilized shear strength was founchdjgmore for mixture compacted at NMC due to Siigaint
increase in its friction angle component. A slightluction in peak and residual apparent cohesicnneticed
with the decrease in moisture content for sampéasnly coarse size rock fragments. However a sligirease
in apparent cohesion was observed in case of sarhpiéng higher fines content.
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