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OCOBEHHOCTU UHXEHEPHO-TEOQJIOT'MYECKUX
CBOHCTB OTXOJOB YITIEOBOTALLIEHN I
B CBSI31 C UX CKJIAIVUPOBAHUEM
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Annomayus: HecMoTps Ha ycriexy pasBUTHS 3eJIeHOV SHEPTeTUKM, CTpaTeryst G0bIIMHCTBA
CTpaH ¢ GOJBIIMMM 3arlacaMy YIJIsl IPeATIoaraeT yBeandeHue o6beMOB ero 1o0bIuu B G-
skaniive 20 J1eT, uTo AeaeT nmpobjaeMy CKIaAMpOBaHMs M BTOPUUYHOIO MCIIOJb30BaHMUSI OTXO-
JIOB yIyieoboralleHust OTHOM 13 Hanbosiee akKTyaIbHbIX IIPOOIeM YToabHOM ITPOMBIIIIEHHOCTM.
B cBs31 ¢ GONMBIIMMY TIePCIIEKTUBAMM BTOPUYHOTO MCITOJIb30BAHMSI OTXOMOB MPU CKJIaaUPO-
BaHMM BCe Yallle MCIOIb3YIOT pasfie/bHOe pasMellleHMe OTXONOB B OTBaJIax. JTO MPUBOIUT
K (GOpPMMPOBAHMIO CJIOXKHO HeoaHopogHoﬁ CTPYKTYPbI TEXHOTEHHBbIX MAacCCHUBOB, UTO IIOBBI-
1raet TpeGoBaHMUs K U3YUEHHOCTY CBOVICTB Marepuasios, CKIaMPyeMbiX B OTBAIL. [Tpencrasie-
HbI Pe3y/IbTaThl na6opaToprlx MccaeqoBaHmii GU3UKO-MEeXaHUUECKMX CBOMCTB OTXONOB 060-
ralieHus yriisi MeCToposkaeHuit [Iedopckoro yroapbHOro 6acceifHa M UX CMeceil B pasJIMuHbIX
MIPOIOPLIMSIX, TTOJTYyUYEHHBIX ¢ GabpuKy, a Takske 06Pa3IoB OTBAJIbHON MACChI CYIIECTBYIOIIErO
MIOPOJIHOTO OTBajIa. XapaKTEPUCTUKY YIJIa BHYTPEHHETO TPEHMS 1 CLETIEHMS TPU UCTIBITAaHUSIX
Ha OMHOTTOCKOCTHOM Cpe3 ¥ TPEXOCHOE CsKaTHe IO KOHCOMMAVPOBAHHO-APEHNPOBAHHO CXeMe
MOKa3aIM GM3KYe 3HAUeHMs Il PasIMUHbIX BUIOB OTXOHOB: ¢ = 29°-32°; C = 27-50 «ITa.
[Tpu 9TOM HEAPMPOBAHHASI MPOYHOCTb KEKOB 3HAUMTEIbHO HVKE, UTO IPEeNONpenesserT He-
06XOAMMOCTb yUeTa ¥ KOHTPOJISI TOPOBOTO IaBJIEHUS MIPY HapalMBAHUM BbICOTHI OTBaIbHbIX
coopy>keHmit. JlaHbl peKOMeHAAIMM 10 06eCIeYeHNIO IJIUTEIbHON YCTOMUMBOCTU OTBAIbHBIX
COOPYKEeHMIA Ha OTMChIBAEMOM OOBEKTE MPY CKIAAVPOBAHNY OTXOIOB YIIe000TalleHus.

Kntouessle cnoga: ckiagupoBaHue OTXOLOB, TEXHOTE€HHbBIE I'PYHTHI, yIiieoOoraleHne, MHsKe-
HepHoO-Teosornueckie GakTopbl, GDU3UKO-MexXaHUUeCKIe CBOVICTBA, TPaHyIOMEeTPUUYEeCKMii CO-
CTaB, IPOYHOCTh Ha CABUT.
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Abstract: Despite the progress in green energy, the strategy of most coal-rich countries is to
increase coal production in the next 20 years, which makes the issue of storage and reuse of
coal processing waste one of the most urgent problems in the industry. In connection with the
prospects for the secondary use of waste, the technology of separate coal waste disposal in
dumps becomes more widespread. Separate disposal of coal-bearing rocks, sludge and slurry,
leads to the formation of a heterogeneous soil body, which explains the relevance of studying
patterns of waste properties formation and their changes in time. The results of laboratory
testing of coal processing waste from the plant in the Pechora coal basin are presented. The
mixtures of wastes in various proportions were tested, as well as samples from the already
constructed dump. Drained direct shear tests demonstrate similar values of the angle of internal
friction and cohesion for various types of waste: ¢ = 29°-32°, C = 27-50 kPa. Nonetheless, the
undrained shear strength of slurry is much lower, which justifies the need to take into account
pore pressure when increasing the height of dumps. Based on the results the recommendations
concerning ensuring the long-term stability of the dumps are provided.

Key words: waste storage, technogenic soils, coal processing waste, geotechnical factors, me-
chanical properties, soil particle, shear strength.
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Introduction

Coal industry plays a key role in the
fuel and economic balance of coal-rich
countries, including Russia. According to
Global Energy Transition Statistics, the
volume of world coal production for the
period from 2010 to 2020 remained at
the same level on average, but in most of
countries it increased by up to 30% (e.g.
Russia and India) (Fig. 1), Russian share
in world production increased up to 5.5%.
This trend is expected to continue in the
near future. Based on the Energy Strategy
of Russia until 2035, the volume of coal
production will increase to 490 million
tons per year by 2035 despite the envi-
ronmental restrictions. In addition to ris-
ing production, there is an increase in coal
processing, which is reported by Russian
coal mining companies, aimed at better
quality and higher market value.

An increase in the volume of processed
coal also leads to an increase in the ac-
cumulation of coal processing waste. The
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trend of the accumulation of coal process-
ing waste can be illustrated using the ex-
ample of Russian Federation, where to
date, more than 12 billion tons of waste
have been accumulated as a result of min-
ing and processing. According to govern-
ment reports, coal industry is responsi-
ble for 67% of industrial waste in Russia
(5.2 billion tons by 2019). Over the past
10 years, the country has seen a gradual
increase in both coal production and pro-
cessing. Over the last 10 years, the volume
of waste generated annually has increased
by 66% (Fig. 2).

Solving the problem of accumulation,
storage and reuse of coal processing waste
is a crucial issue for the industry. On aver-
age 0.2—0.4 tons of waste is formed dur-
ing the production of 1 ton of coal. The
volumes of processing waste generated
for the period from now until 2035 are es-
timated at 240 million tons. Accordingly,
the annual in-crease in accumulated waste
is approximately 12 million tons, which is
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3% of waste generated in the country per
year. This amount is comparable to accu-
mulated waste by entire mining industry
of Germany in recent years [1].

Since most of the waste is placed in
dumps and piles, large areas are occu-
pied by waste. Accumulated wastes have
a large-scale and prolonged impact on the
atmosphere, hydrosphere, soils, vegeta-
tion cover, and microclimate, and cause
deterioration of the public health on the
mining enterprises [2] and in mining areas
[3, 4]. Even wastes regarded as the least
dangerous have toxic properties [5]. For a
medium processing plant, approximately
2-3 thousand hectares are required for the
storage of waste. Taking into account the
geochemical migration, the affected area
expands by 10-15 times [5].

Coal processing waste consists of coal
as well. Moreover, when the content of the
coal fraction is more than 20%, the waste
heap is classified as a man-made coal
deposit. One of the problems associated
with the high content of coal in waste is
spontaneous combustion when the content
of carbon and sulfide compounds is more
than 5% in total [6]. This process leads to
the release of large amounts of toxic sub-
stances and carbon dioxide. At the same
time, in most cases, there are no monitor-
ing surveys on the potentially flammable
territories.

The problem of accumulation of min-
ing waste is a burning issue for many coun-
tries. However, the problem of disposal of
coal processing waste is the most critical
due to the largest volumes of accumula-
tion, several times greater than the volume
of accumulation, for example, iron stone
processing waste. Mining companies tend
to re-duce the amount of waste and occu-
pied territories to cut costs. The strategy
of coal waste reuse has the greatest pros-
pects for increasing mining efficiency.
According to Russian National Standard
GOST R 57011-2016 «Wastes from coal
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mining and processing. Classification» in
the case of a relatively high content of car-
bonaceous particles, coal waste disposal
facilities are classified as technogenic coal
deposits. Studies show the diverse direc-
tions of coal processing waste manage-
ment:

e In the energy sector as a high-ash
raw material [7, 8, 9];

e In metallurgy as a material for the
production of refractories [10];

e In construction for production of
bricks, expanded clay, reinforced concrete,
etc. [11, 12];

e In metallurgy as a material for the
production of refractories [13];

 In mining as a material for reclama-
tion [14].

It should be pointed out that nowadays
the above-mentioned technologies for the
reuse of coal waste are not widely used
due to complexity, relatively low demand
for final products, and low profitability of
the process. The feasibility depends on the
composition and properties of wastes, as
well as economic indicators, under which
the most economically profitable option
is selected at a present time for each of
the coal-mining enterprises. In this regard,
even if for present technical development
the reuse of waste is not cost-effective,
safe storage of waste should be provided
for ensuring the reuse of coal waste in the
future.

In the terms of engineering geology,
coal processing wastes are considered
technogenic soils, which are characterized
by specific physical and mechanical prop-
erties, that differ significantly from natu-
ral soils [15]. As a rule, coal processing
wastes are characterized by a high degree
of particle dispersion, high moisture con-
tent, low permeability and coagulability.
Moreover, processing waste soil bodies
are characterized by anisotropy [15]. As
a result, the use of coal processing waste,
for example, as a construction material is



currently restricted. To date, the physical
and mechanical properties of certain types
of coal waste are characterized as poorly
known, which is acting as a limiting factor
for their use. Therefore, currently, the pref-
erable direction of reducing the anthropo-
genic load on the environment, which also
contributes to resource conservation, is
carrying out research aimed at studying
the efficient and safe method of the stor-
age of coal processing waste.

Physical and mechanical properties of
coal mining and processing waste have
been studied by significant number of soil
scientists. The main investigations were
A.M. Galperin [16, 17], M.Yu. Lychko
[18], E.N. Ogorodnikova, S.K. Nikolaeva
[19], Yu.l. Kutepov [20], N.A. Kutepova
[21], D.O. Glushkov [22]. Among fore-
ign authors, this issue was covered by
K.M. Skarzynska [23], M. Golam [24],
P. Filipovich, M. Borys [25], and A. Gru-
chot [26]. Directly Yu.l. Kutepov, N.A. Ku-
tepova, and V.V. Moseikin have developed
the engineering rationale for the construc-
tion of waste piles of coal waste [27, 28].
An analysis of the published articles in this
field allows us to conclude that the topic of
forming of coal waste pile has been suffi-
ciently studied. At the same time, the ana-
lysis of research problem of forming and
changing of the physical and mechanical
properties of coal processing waste shows
that there is no reasonable methodology
for studying the physical and mechanical
properties of technogenic soils and the
instrumental testing base for these pur-
poses is not regulated. As a rule, a formal
approach is used when determining pro-
perties: tabular data are used or values are
obtained for other research objects. The
intensity of the construction rates, param-
eters of the dump and design features are
not taken into account as well. Based on
the fastening of coal processing waste ac-
cumulation, as well as the lack of a suf-
ficient number of studies in this field, the

authors assume that the problem of form-
ing and changing in time the properties of
coal processing waste is relevant.

To sum up, the study of coal processing
waste properties is required, first of all, for
calculating and justification of the optimal
storage parameters for the ensuring the
long-term slope stability. Hence, in order
to minimize the cost of waste disposal, en-
terprises tend to increase the height of coal
waste storage facilities. In this case, a pos-
sibility of a loss of slope stability occurs,
which leads to significant damage.

The probability of failure occurs most
frequently when the hydrogeological con-
ditions are studied insufficiently, the pore
pressure is not taken into account, or unre-
liable values of physical and mechanical
properties are used. Among these factors
only studying of the properties is possible
at the initial stage before the storage starts.
Therefore, this data may be used for fea-
sibility study regarding to waste piles pa-
rameters design.

Materials and Methods

The choice of the scheme of coal pro-
cessing depends on the coal properties and
its type. Despite a large number of me-
thods, the most widely used methods are
gravity separation and flotation. Electrical
separation and other methods are rarely
used.

The object of study is located in the
Pechora coal basin on the Vorkuta coal
mine, and is characterized by a traditional
scheme of processing (Fig. 3). Processing
takes place in a dense separator, a drum
separator and hydrocyclones, slurry pro-
cessing (particles finer than 0.15 mm) is
carried out in spiral separators and flota-
tion machines. Since the final products
contain a large amount of water, inertial
screens and vibrating centrifuges are used
to dehydrate products. Disc vacuum filters
and filter presses are used for dehydration
of flotation concentrate.

81



Crusher

Flotation
machine

Spiral

Fine
separator
.h

Classifier
D=

Middle Coarse
Hydro Heavy-medium
cyclone separators

Dewateremg

e ...

Coal
concentratée

Fig. 3. The scheme of coal processing on the study object (compiled by the authors)
Puc. 3. Cxema oboraLyeHus yIns, npuMeHsieMasi Ha 0ObeKTe UCCIE[0BaHUS

Generally, waste from the processing
plant includes coarse and fine rock forma-
tions, slurry from the filter-press section
(the finest fraction of the sludge), slag
from the drying bunkers. Waste transport-
ed to the waste piles, where the material
is stored in tiers. Lithological composi-
tion of the storaged wastes are mainly
sandstones, siltstones and mudstones. The
height of the first tier of considered piles is
30 m and the second is 15 m, it is planned
to form the third and subsequent tier.

The waste pile disposal technology in-
cludes the following steps:

e Formation of transport paths and sec-
tions from the dry coarse rock;

* Filling the section with slurry;

e Backfilling the section with a layer
of dry coarse rock.

The material for the research was ob-
tained from one of the largest coal process-
ing plants in Europe, located on the terri-
tory of the Pechora coal basin. Samples of
coal-bearing rock, sludge and slurry from
the existing waste dump were obtained to
determine the physical and mechanical
properties.

For those samples, where it was pos-
sible, the following parameters of physi-
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cal and mechanical properties were car-
ried out: water content; liquid limit; plas-
tic limit; plasticity index; liquidity index;
bulk density; dry soil density; specific gra-
vity; void ratio; saturation ratio; angle of
internal friction and cohesion by the direct
shear method and triaxial tests, as well as
total strain modulus.

For all types of samples, series of six
direct shears have been carried out apply-
ing a consolidated drained «underwater»
scheme (full water saturation, produced
during the compaction of samples at the
consolidation stage). For the soil and soil
mixture, a series of six direct shears have
been carried out applying a consolidated
drained scheme at natural moisture. The
number of tests is determined by the mini-
mum requirements of GOST 20522-2012
«Soils. Methods of statistical treatment of
test results», needed for calculation val-
ues of the strength parameters. Tests of
waste from the plant and samples from the
waste dump were carried out on a screen-
ing of —5 mm, the content of which in the
source material exceeded 30%. In addi-
tion, tests of slurry have been carried out
to determine the strength parameters of
this type of soil in an unstabilized state by
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Fig. 4. Grain distribution curves of coal processing waste from the plant (compiled by the authors)
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applying the fast shear scheme. The defor-
mation parameters of the slurry were also
determined using compression and triaxial
tests.

Results

Grain size of coal processing waste

The average distribution of fractions
according to the results of the grain-size
analysis of the studied materials by sieve

Table 1

Physical properties of wastes
dusnyeckmne cBoicTBa MaTepnasnos

and areometer methods are shown in
Fig. 4.

Among the studied soils the slurry stands
out by particle diameter d,; = 0.05 mm,
while for other soils it is more than 2 mm.

It should be noted that the grain size
composition of the wastes from the plant
and the existing waste dump differ widely,
which can be explained by the physical
weathering of the soils stored in the dump,

Parameters Units Material
Slurry Coal-bearing Sludge Waste dump
rock material
Water content, W unit fraction 0,29 0,04 0,28 0,06
Liquid limit, WL unit fraction 0,29 0,22
Plastic Limit, WP unit fraction 0,21 0,16
Plasticity index, IP unit fraction 0,08 0,06
Liquidity index, IL unit fraction 1,00 1,36
Bulk density, r g-cm™ 1,43 2,06
Dry soil density, rd g-cm™ 1,11 1,90
Specific gravity, rs g-cm™ 1,63 2,30 1,87 2,38
Void ratio, e unit fraction 0,47 0,27
Saturation ratio, Sr unit fraction 1,00 0,74
m ?g:r’:;”g;’;iff; unit fraction 0,29 0,11
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Table 2

The results of semiquantitative X-ray phase analysis of clays <0,002 mm
from the specimen of slurry according to Yu.S. D'yakonov

PesynbTaTbl NonyKonn4ecTBeHHOro peHTreHo$hasoBoro aHaansa

ruHUCTOM ppakumm <0,002 mm npobbi wnama no metoaunke FO.C. lbskoHoBa

Mineral Content (relative %)
[Uite 56
Kaolinite 22
Chlorite 20
Quartz =2

leading to the disintegration of large frag-
ments, as well as the stress from stored
overlying waste during the dump const-
ructing.

Physical properties

of coal processing waste

The results of the analysis of physical
properties of coal processing waste are
presented in Table 1.

For the slurry, the coefficient of perme-
ability was also determined, which aver-
aged 10™* m/day. Such value is explained
by the grain-size composition of the mate-
rial, which is close to loamy soils of natu-
ral origin, as well as mineralogical com-
position of <0,002 mm fraction, which is
presented by clay minerals (Table 2). Such

Fig. 5. Determination of the angle of internal friction
of the slurry (compiled by the authors)

Puc. 5. UcnbiTaHme wnama B npmbope Ana onpesene-

HUs yria eCTeCTBEHHOro oTtkoca
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coefficient of permeability indicates the
probability of excess pore pressure occur-
ring, which may not have time to dissipate
in the case of intensive dump construction.

Mechanical properties

of coal processing waste

For an indirect assessment of the me-
chanical properties in a water-saturated
state, a slurry was examined in a device for
determining the angle of internal friction.
The dried and crushed slurry sample was
poured into the device for determining the
angle of internal friction, after which the
slurry was saturated with water. After the
test, the sample was left in the device for
a 1 day. As a result, the material formed
an angle equal to 44° (Fig. 5). The wa-
ter content of the slurry after testing was
39.6%. Relatively high values of the angle
of internal friction are explained by fric-
tion forces and the interaction of angular
particles. It should be noted that the wa-
ter content of the slurry increased by 10%
relative to the initial one.

The studied wastes were tested by the
method of direct shears at full water satu-
ration under drained conditions: slurry was
tested in the initial state, and for the rest of
the soils fraction < 5 mm was tested. The
test results are presented in Table 3. The
materials, except for the slurry, were stud-
ied at a normal load of 200-1600 kPa, and
the slurry at a normal load of 200-800 kPa.
At a higher load, the slurry squeezed out of



Table 3

Strength parameters of wastes in a water-saturated condition

Mpo4HocTHbIe NapaMeTpbl WaMa, Mopoabl U LUJIaKa B BOAOHACILLEHHOM COCTOSIHUMU
no pe3ynbTaTaM UCNbITaHUI Ha OAHOMJIOCKOCTHOM cpe3

Parameter Material
Slurry Coal-bearing Sludge Waste dump
rock material
Cohesion, kPa 28 47 51 60
Angle of internal friction,® 31 30 32 30

the shear box. Results of direct shear tests
are presented in Fig. 6.

In addition, direct shear tests were car-
ried out for the slurry under undrained
conditions. The slurry strength parameters
are: cohesion — 4 kPa, angle of internal
friction — 23°. The strength diagram of
the slurry is shown in Fig. 7. The tests were
carried out at vertical loads up to 150 kPa
since at high pressures the material was
squeezed out of the shear box.

For verification of the above mentioned
results consolidated drained and consoli-
dated undrained triaxial tests were carried
out for the slurry. Tests show that strength
parameters are almost identical according
to both schemes in actual stress (Fig. 7):
according to consolidated drained scheme
cohesion is 33 kPa, angle of internal fric-
tion is 31°; according to consolidated und-
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rained scheme cohesion is 22 kPa, angle of
internal friction is 32°. According to con-
solidated undrained scheme in total stress
cohesion is 0 kPa, angle of internal friction
is 15°.

The lower strength values for consoli-
dated undrained triaxial tests are explained
by the fact that in case of drained direct
shear tests, even at high test speeds, there
is a possibility of squeezing out of the wa-
ter along the shear surface. Therefore, in
triaxial tests, the pore pressure effect on
material behaviour is more substantial.

Furthermore, strength properties of
waste mixtures were carried out in order to
compare properties of mixture and proper-
ties of unmixtured materials. The mixing
was conducted by the following scheme:
coal-bearing rock and sludge were mixed
in equal proportion and then the slurry
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Fig. 6. The results of slurry testing for direct shear under drained conditions: drained conditions (a); und-

rained conditions (b) (compiled by the authors)

Puc. 6. Pe3ynbTaTbl UCMbITaHWI LLUIaMa HA OBHOMIOCKOCTHOM CPe3 npu APEHUPOBAHHbIX YCAOBUAX: MPU APEHU-
POBaHHbIX YC0BUSIX (a); NPU HEAPEHUPOBaHHbIX ycnoBusx (6)
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Puc. 7. 3aBUCUMOCTb MHTEHCUBHOCTY HOPMasibHbIX HarPsSIXXeHUM OT CPEAHNX SPPEKTUBHBIX HAMPSIXKEHMI 10 pe-
3y/IbTaTaM UCMbITaHWK LWaamMa MeToaom TpexocHoro cxxatus no KH v K cxemam

Table 4

Strength parameters of mixtures of waste in a water-saturated state
lMpo4HocTHBIE cBOMCTBa cMecei 0TX0A0B

Parameter Mixture
70/30 50/50
Cohesion, kPa 49 57
Angle of internal friction, degree 29 29
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Fig. 8. Compression curve from slurry testing (compiled by the authors)

Puc. 8. KomnpeccuoHHasi KpyBasi o pe3ynbTatam UCTbITaHWK Lwaama
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was added. As a result, strength properties
were obtained for two mixtures:

1. rocks + sludge - 70%, slurry — 30%;

2. rocks + sludge - 50%, slurry — 50%.

The results of the tests are presented
in Table 4.

Deformation properties of the slurry
were studied using compression and tri-
axial tests. The consolidation coefficient
for compression tests in the range of 0.1...
0.3 MPa was 0.07...0.08 m%day. Comp-
ression tests to measure the deformation
characteristics of the slurry showed the
following scattering of values: the nor-
mal stress — 0.1...0.2 MPa: coefficient of
compressibility — 0.180...0.194 MPa?;
odometric modulus of deformation — 7.5...
8.2 MPa; bulk modulus — 4.5...4.9 MPa.
These values allow considering the slurry
as a highly compressible material. An ex-
ample of a typical compression curve for
a slurry is shown in Fig. 8. According to
consolidated drained triaxial tests for 400,
600 and 800 kPa strain modulus was 4,1;
19,7 and 24,0 MPa respectively.

Discussion

Based on the results of laboratory test-
ing, it was shown that coal processing
wastes stored in a dump are technogenic
soils with specific properties. Properties
are formed and depend on the technology
of processing used on a plant. The change
in the properties of coal processing waste
occurs throughout the entire period of for-
mation of the dump structure and contin-
ues after the cessation of the waste storage
process. Therefore, for such soils, it is of
great importance to control the state of soil
bodies that they form.

There is a relationship between the
properties of the parent material, which
includes coal itself, and secondary ma-
terial, which is formed as a result of the
transformation of the parent material.
A generalized characteristic of the me-
chanical properties of coals of the Vorkuta

coal deposit according to VNIIGIS and
PechorNllproject showed that the angle
of internal friction of coals is 37°, and
the cohesion is 4.5 MPa [29]). Therefore,
for technogenic soils formed during the
destruction of coals, the angle of internal
friction should be close to the values of the
parent material, and cohesion should be
practically absent. This is confirmed by the
results of the present research, in particu-
lar, according to drained test schemes by
methods of single-plane shear and triaxial
compression, as well as by characteriza-
tion of the properties of coal slurry, given
by Yu.M. Lychko, who provides data that
the angle of internal friction in such soils
can be up to 30— 34° [18].

At the same time, the undrained
strength of coal slurry is two times lower:
the abgle of internal friction is 15°. In the
case of storage of coal processing wastes
as unmixed soils, when selecting the op-
timal parameters of dumps, the probabil-
ity of excess pore pressure occurring in
the slurry should be taken into account.
Therefore, it is necessary to calculate the
intensity of the dump construction, taking
into account the pore pressure dissipation
rate, as one of the main factors affecting
stability [30]. To control this process, it is
essential to install automized systems with
pore pressure sensors [31—33]. It is also
required to store slurry not only by cover-
ing them with coal-bearing rock and sludge
but also by disposing of coal-bearing rock
and sludge at the base of the depositing
site as a drainage layer.

Conclusion

The analysis of trends in coal mining
industry has shown the relevance of tech-
nogenic soils studies, which are presented
by coal processing waste. Since physical
and mechanical properties of soils are the
core data for calculating of waste dump de-
sign, during studies it is important to point
out that this material can’t be investigated
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in a similar way to natural soils, without
the specifity of their production.

Using the example of Pechora process-
ing plant it was shown that properties of
coal processing wastes are determined by
features of technological scheme. More-
over, the key point of physical and me-
chanical properties studies is coal slurry
testing. It should be taken into account that
nowadays the «dry» storage of coal slurry
obtained after dehydration of the flotation
concentrate is becoming more widespread.

In actual stresses for technogenic soils
formed as a result of coal processing, the
values of the angle of internal friction are
close to those of parent rock, and cohesion
is next to none. At the same time, the und-
rained strength of coal slurry is two times

CIIMCOK JINTEPATVYPbI

lower. Based on this, for separate storage
waste piles design, it is recommended to
use the strength characteristics for coal
slurry obtained from the results of consoli-
dated undrained tests.
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PYKOIIMCH, JETIOHUPOBAHHBIE B U3JATEJIbCTBE «<I'OPHASI KHUT'A»

MOJIEJIMPOBAHUE HATPY3O0K B ITPMBOJE KOHYCHO¥ IPOBUJIKUA
(Ne 1261/12-22 ot 17.10.2022; 9 c.)

benos H.B. — AO «Croinerckuin FOK»; bopognHa M.B.}, Mpysnosa O.A., e-mail: tomm_sti_misis@mail.ru;
Muporerko C.B. — AO «Jlebeamnckuin TOK»,
* CTapoocKonbCKMid TeXHOMoru4Yeckuin uHcTuTyT um. A.A. Yraposa (punman) HUTY «MUCKCy.

MpoBeneHo MoaenvpoBaHue Harpy3ok B NpuBoAe KOHYcHon apobunku (KO) ¢ uenbto pa3pabotku Ma-
TEeMaTMYeCKMX MoAenen paboTbl NMpesoxpaHUTeNbHbIX YCTPOMCTB, NpeaHasHaYeHHbIX 419 3aWmTbl Npu-
Boga U anemeHToB K[l OT AMHaMUUeCKMX BbICOKOMHTEHCUBHbIX Harpy3oK, BO3HMKAOLLMX Npu apobne-
HWMU MaTepuanoB U NMeperpysokK, Bbi3BaHHbIX, B OCHOBHOM, MOMafaHWEM HeApPOBMMOro npeaMeTa B 30HY
LpobneHus. Mcnonb3oBaHbl CTaTUCTUYECKME AaHHbIE M3MEHeHMst MoLHOCTM asuratenen K, B npouecce
paboTbl, cobpaHHbie Ha CtovineHckom TOKe. AHanusz nonyuyeHHbIX AaHHbIX MO3BOMUA ONPEfeNUTb Xa-
paKTepHble M3MeHeHMs Harpysku Ha npueoa K[ Ha pasHbix 3Tanax ee paboTbl: XONOCTOM X0A4e, 3arpysKke
maTepuana v ApobneHun Matepuana. Ha 6ase cobpaHHbIX faHHbIX M UX aHa/IM3a MOCTPOEHbI MaTeMaTuye-
CKWe MOLENV M3MEHEHMs Harpys3oK B aHaIMTUYECKOM BUAE W B NporpaMMHoM Mogyne Matlab Simulink.

KntoyeBble cn10Ba: KOHyCHas Apobuiika, MpUBOA, MaTeMaTUYeCKOe MOLEIMPOBaHUe, MPUBELEHHbIV MO-
MEHT MHepLMK, OMHAMUYeCKUe HarpysKu, U3MeslbieHne FOpHOM Mopoabl, 30Ha ApobneHus, NpefoxXpaHu-
TesbHble YCTPOMCTBA, MOLEPHU3aLLMS APOOUIOK.

SIMULATION OF LOADS IN THE DRIVE OF A CONE CRUSHER

N.V. Belov, Stoilensky GOK JSC, Stary Oskol, Russia; S.V. Mironenko, Lebedinsky GOK JSC, Stary Oskol, Russia,
M.B. Borodina', O.A. Gruzdova',* A.A. Ugarov Stary Oskol Technological Institute, National University of Science
and Technology «MISiS» branch, 309530, Stary Oskol, Russia, e-mail: tomm_sti_misis@mail.ru.

The purpose of the work is to simulate loads in the cone crusher drive. This will allow the development of math-
ematical models of the operation of safety devices designed to protect the drive and elements of the cone crusher from
dynamic high-intensity loads that occur during crushing of materials and overloads caused mainly by the ingress of a
non-crushable object into the crushing zone. The paper uses statistical data on changes in the power of cone crusher en-
gines during operation, collected at the Stoilensky mining and processing plant. The analysis of the obtained data made
it possible to determine the characteristic changes in the load on the drive of the cone crusher at different stages of its
operation: idling, loading the material and crushing the material. On the basis of the collected data and their analysis,
mathematical models of load changes were built in an analytical form and in the Matlab Simulink software module.

Key words: cone crusher, drive unit, math modeling, reduced moment of inertia, dynamic loads, crushing of
rock, crushing zone, safety devices, crusher upgrades.
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