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Purpose. By establishing the dependences of the safe distance of the dragline excavators on the
height of the single-tier dump and the level of its flooding, to substantiate an effective method of
controlling the stability of high single-tier dumps in the context of the reconstruction of Ukraine.

Methodology. The computer modeling technique was used using the "Slide" software to
construct the most stressed sliding surfaces of the dumped rock massif. The obtained data for
calculating the width of the prism of possible displacement were analysed and their dependence on
the height of the single-tier dump and the water level in the intra-mine space was established by the
least squares method.

Findings. Using the "Slide" software package, the parameters of the width of the prism of
possible displacement were calculated at the coefficients of the stability margin of 1.2 and 1.0 and
their dependence on the height of the dump and the level of its flooding with water were established,
which allowed establishing effective models of dragline excavators for different conditions of dump
formation. It has been established that the height of the overburden layer when formed by a dragline
excavator should not exceed 100—-150 m, which can be increased only in the case of flooding the
slope with water.

Originality. The new technology is based on the phenomenon that when the critical value of
flooding the slope with water is reached at the level of 0.19 of the total height of the overburden layer,
the stability increases and the width of the prism of possible displacement decreases, due to the
strengthening of the influence of water-retaining forces in the open space of the mine.

Practical value. An effective method of managing the stability of high single-tier dumps has
been substantiated, which consists in using the weight of water at the base of the dump to increase its
stability. With the influx of water, the height of the dump gradually increases until the intra-mine
space is filled with overburden rocks.

Keywords: internal dump, single-tier dump, physical and mechanical properties of rocks,
dragline excavator, safety factor.

Introduction. The demand for steel has always been high. Iron ore mining is a
highly developed and important part of the Ukrainian economy. Ukraine is one of the
leaders in the export of iron ore products. Unfortunately, the Russian invasion of 2022,
in particular the shelling of Kryvyr Rih and other industrial cities, seriously
complicated the extraction of iron ore and the production of products from it. Ukraine
will need to rebuild its destroyed infrastructure [1-4]. This will significantly increase
domestic demand for construction materials, including steel [5—8]. Despite the
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relatively small overburden ratio, the total volume of overburden storage in external
dumps is enormous. Despite the fact that the overburden ratio is an order of magnitude
higher in the development of coal deposits, there is the possibility of storing rocks in
the process of their extraction in the spent space of the existing mine [9—11]. When
developing iron ore deposits, such storage of rocks is significantly limited. This is due
to the conditions of occurrence of iron ore deposits [12—15]. Therefore, during their
development, external overburden dumps are formed until they are fully exhausted. In
addition, with increasing depth of iron ore deposit development, the volume of mining
and storage of overburden increases. Accordingly, an increase in the volume of iron
ore mining will increase the required volume of overburden storage. At the same time,
even more land is disturbed, and the allocation of new area for the construction of
dumps becomes more difficult [16, 17].

An effective solution for the storage of overburden is the construction of dumps
in used abandoned mines. Storage is carried out using draglines. Unloading occurs
directly from the earth's surface, without the arrival of transport into the mine. Due to
this, minimal costs are achieved. But over time, the poured mass of a high single-tier
dump begins to deform, which creates a danger to personnel and equipment. Thus,
substantiation of an effective method to control the stability of high single-tier dumps
is the relevant task.

Methodology. Calculations of the stability of the slopes of the dumps were made
by algebraic summation of forces using the method of slices in Rocscience Slide
software. The calculation of the width of the prism of the possible landslide (a, m) and
the guaranteed landslide (a;, m) of the formed one-tier dump relates to finding the
curved sliding surface.

For this, a cross-section of a one-tier dump with the necessary parameters is
constructed. The location of the square is determined, in which the centers of the radii
of the curved sliding surfaces are located. Next, the program finds the safety factor on
curved surfaces according to all center points and radii. After that, it is necessary to
determine the distance from the crest of the dump to the farthest point of intersection
of the curved surface SF'= 1.2 and SF' = 1 with the surface.

Calculation of stability parameters. The results of processing the parameters
obtained during the calculations of the width of the prism of the possible landslide the
data charts were obtained, the functions of which are mainly polynomials of the third
degree, which exist only in the first coordinate angle (fig. 1, 2).

Analysis of fig. 1, 2 for the extremum showed that for rocks with physical and
mechanical properties typical for the overburden rocks of dumps of the iron ore open
pits of the Kryvbass the greatest value is the distance from the upper edge to the sliding
surface for the safety factor SF' = 1.2, and hence the slope in the single-tier dump has
the least stable state when it is flooding to H,, = 0.19H,, with an average deviation of
the calculation data of parameters of the prism of a possible landslide of 2.71%, the
maximal deviation — 7.24%, and the minimal deviation — 0.09%.
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Fig. 1. Chart of the dependence of the width of the prism of a possible landslide
(SF = 1.2, a—) and guaranteed (SF' = 1.0, d—f) on the height of dump tier and the
thickness of the flooded part of the soil slope
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Fig. 2. Chart of the dependence of the width of the prism of a possible landslide
(SF = 1.2, a) and guaranteed (SF = 1.0, b) on the height of dump tier and the
thickness of the flooded part of the overburden rock slope
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The chart in the fig. 2 shows that the non-flooded tier of the open pit has a
parameter of the width of the prism of a possible landslide depending on the height of
the tier. Then, when it is flooded with water, the physical and mechanical properties of
the tier base change, and the stability of the slope begins to decrease, and the width of
the prism of a possible landslide increases. After reaching the critical point of flooding
the slope with water to H,, = 0.19H, the stability increases and the width of the prism
of a possible landslide decreases due to the increased influence of the retaining forces
of water weight in the internal open pit space. The slope acquires the greatest stability
at its maximal flooding by water.

Technology of controlling the stability of high single-tier dumps. The task is
solved by the fact that in the known method, which includes the formation of a waste
layer by a dragline excavator in the produced space of a deep pit with natural water
inflow to fill the internal pit space with overburden rocks and water when the dragline
excavator is installed outside prisms of possible displacement, according to the
invention, pre-determine the height of the layer of the internal dump of overburden
rocks based on their physical and mechanical properties, the value of the width of the
prism of possible displacement and the specified water level, form the dump layer with
a dragline excavator, and when the water level of the specified mark is reached, form
the next tier, adjusting the height of the dump while maintaining the specified width of
the prism of a possible shift.

Fig. 3 shows the reclamation scheme of deep open-cast mines. In fig. a shows the
mine in its finished contours; in fig. b — the beginning of the formation of the pioneer
dump; in fig. ¢ — the beginning of dragline operation on the formed pioneer dump; in
fig. d — formation of the next dump tier by a dragline; in fig. e — the combination of
two tiers with the formation of the next one; in fig. f — work of the dragline on the next
tier; in fig. g — creating the possibility of forming a dump tier from the day surface; fig.
h — the formation of a dump tier from the day surface.

The method of reclamation of deep open-cast mines is implemented as follows.
The height of the layer of the internal dump of overburden rocks is pre-set based on
their physical and mechanical properties, the value of the width of the prism of possible
displacement and the given water level (see fig. 1, 2).

The formation of a single-tier dump in the mined-out open pit space flooded with
water consists of the following processes: transportation of the overburden rocks by haul
trucks to the unloading site, unloading of the overburden rocks in heaps, selection of
oversized pieces of rock from heaps and moving them outside the unloading of
overburden rocks with bulldozer, planning of the dumped heaps into the ditch by the
bulldozer, formation of the ditch by the dragline excavator, dumping of the overburden
rocks planned in the ditch into the mined-out open pit space by the dragline excavator,
movement of the dragline excavator.

The ditch for unloading of the overburden rocks is formed by the dragline
excavator outside the prism of possible landslide with the unloading of rocks into the
internal open pit space. The ditch width (b, m) must provide at least one place for
unloading of the haul truck and the possibility for its maneuvers when directing for
unloading. The ditch should be formed along the boundary of the prism of a possible
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landslide, and a utility road with a width of at least 5 m, or a technological road for
passing haul trucks should be provided from the opposite site of the prism.

a)

)

Fig. 3. Deep open-cast mine reclamation scheme: 1 — side of the mine; 2 — pioneer
dump;; 3 — dragline excavator; 4 — prism of possible landslide; 5 — dump tier;
6 — transport berms; 7 — the bottom of the pit; 8 — developed intra-mine space;
9 — fallow back; 10 — height mark of the water level in the intra-mine space; 11 — the
next tier; 12 —surface

Overburden rocks from are transported from the open pit to the site of unloading
by haul trucks. The width of the unloading site must take into account the width of the
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roadway, the area for maneuvers and the length of the unloading points. Upon reaching
the unloading site, the rock-loaded haul truck reduces the speed to 10 km/h and,
provided there is a free unloading place, begins maneuvering shunting operations with
a speed of not more than 5 km/h, so as to move reverse under unloading beyond the
prism of a possible landslide perpendicular to the upper edge of the ditch at a distance
of at least 5 m from it to the wheel of the haul truck.

To ensure this, it is necessary to provide a safety embankment along the upper edge
of the ditch having a height of at least a half of the diameter of the haul truck wheel. If
there are no free places for unloading, the haul truck enters the unloading site in such a
way as not to block the exit from the site to empty haul trucks. Subsequent haul trucks
are outside the unloading site at a distance of 5 m from each other. The distance between
the haul trucks under loading must be at least 5 m.

Oversized pieces of the overburden rocks should not fall into the ditch, so they
are selected by bulldozer and transported to the curb outside the unloading section.
Selection and transportation of oversized pieces of the overburden rocks is allowed
only outside the prism of possible landslide along the safety embankment.

The overburden rocks unloaded in heaps by haul trucks are transported by
bulldozer to a ditch formed by a dragline excavator. The movement of the bulldozer is
perpendicular to the upper edge of the dump towards the ditch. When planning the rock
unloading site, the allowable distance from the upper edge of the ditch to the edge of
the chains should be not less than 2 m. The surface of the rock unloading site is planned
to be bulldozed at an angle of at least 3° from the upper edge of the ditch perpendicular
to it at a distance of 10 m.

The dragline excavator must be installed on a solid level surface. The overburden
rock is reloaded by the dragline excavator from the formed ditch into the mined-out
space of the open pit. It is forbidden to stay in its bucket area during the operation of
the dragline excavator. It is forbidden to carry the bucket over the roadway. The safe
distance between mining equipment and the slopes of benches should be at least 1 m.
Rock 1s dumped until the filling of the slope with unloading radius of the dragline
excavator at its installation level.

Then the dragline excavator moves along the boundary of the prism of possible
landslide, the boom herewith is installed in the direction opposite to the excavator
movement, and the operations are repeated until the whole front of the slope s filled.
In the event there is a threat of rock mass slide, dumping works should be stopped
immediately, and the mining equipment should be moved to a safe area. To do this, a
free exit for mining equipment must be provided.

Next, the dump tier is formed by a dragline excavator by gradually increasing the
height of the internal dump following the rise of the water level in the internal pit space
in such a way that, based on the specified indicators, the height of the non-flooded part
of the dump slope does not exceed approximately 70—110 m, according to studies [2],
depending on the model of the dragline excavator and the physical and mechanical
properties of the overburden rocks, and consists of the following technological
operations.
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First, a pioneer dump is formed on one of the sides of the mine to form a horizontal
platform for setting up a dragline on it outside the prism of a possible shift with the
possibility of dumping the tailing layer. The pioneer embankment is formed from
overburden rocks, which are delivered to the mine by dump trucks by transport berms
and placed along them by bulldozers. The horizontal platform is separated from the
prism of possible displacement by a safety embankment built outside of it. The
difference between the marks of the formed site and the bottom should be equal to the
height of the dump layer, at which it is possible to safely form it with the installation
of a dragline outside the prism of possible displacement. The value of the width of
which must meet the condition:

After the formation of the pioneer embankment, on the formed horizontal section
on a firm, level base, the dragline excavator begins to form a pit for unloading dump
trucks. The pit is formed outside the prism of a possible landslide with the unloading
of rocks into the intra-mine space. The rock is dumped until the dump pit is filled to
the unloading radius of the dragline excavator at the level of its installation.

The width of the pit should provide at least one unloading place for the dump
truck and the possibility for its maneuvers when feeding for unloading. The pit should
be formed along the edge of the prism of possible displacement, and on the opposite
side of it, along the pit, there should be an economic road. A safety embankment must
be built between the utility road and the pit. It is forbidden to be in the area of action
of its bucket during the operation of the dragline excavator.

After filling the backfill, it is necessary to move the excavator-dragline to a new
position for further dumping of overburden rocks into the created space. The
development of the front of dump works on one horizon of the installation of the
dragline excavator is possible both parallel and fan depending on the height of the
formed internal dump, the parameters of the spent pit and controlling the level of its
flooding. It is prohibited to install a dragline excavator within the prism of possible
displacement.

When the level of the specified mark of submergence is reached with a dragline
excavator, the next tier is formed by adjusting the height of a single dump while
maintaining the specified width of the prism of possible landslide in a continuous
technological process.

Between the descent to the horizon of the installation of the dragline excavator
and the next tier of the dump, space must be left for the passage of dump trucks. The
height of the next layer is taken taking into account the maximum unloading height of
the selected model of excavator-dragline 4, but in total with the unflooded part of the
first dump layer no more than approximately 70—110 m. In addition, between the slope
of the next dump layer and the safety embankment of the pit a utility road must be
provided. The surface of the next tier is planned by a bulldozer with the formation of a
horizontal platform for further work on it by a dragline excavator.

After reaching the difference between the water level marks in the intra-mine
space and the horizontal platform of the next dumping tier, approximately 70-110 m,
and also provided that it is of sufficient size for the operation of the dragline excavator.
The latter is moved to the horizontal platform of the next dump tier. At the same time,
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the space between the slope of the next dump layer and the slope is filled in the same
way as when forming the pioneer embankment, ensuring the possibility of access for
dump trucks to the new horizon of the installation of the dragline excavator.

After that, the two formed tiers are combined and form the next one. The
operations are repeated in a continuous technological process until the difference in the
marks of the day surface and the next dump layer approaches the value of the height of
the stable dump, the formation of which is possible with the existing dragline excavator
when it 1s installed outside the prism of possible displacement. After that, the increase
in the height of the internal dump is stopped.

After filling the pit with rocks to a mark at which its difference with the surface
mark approaches the value of the height of the stable dump, the excavator-dragline is
installed on the surface and a pit is formed along the perimeter of the upper edge of the
slope of the side of the pit with unloading into the produced intra-pit space. At the same
time, all transport berms 8 in the intra-pit space are eliminated.

During this period of dump formation, it is possible to achieve the maximum
productivity of stockpiling of overburden rocks, since the operation of the dragline
excavator is not limited by the parameters of the backfilled pit, and the distance of
transportation of overburden rocks to the pit is minimal. In addition, at this stage, it is
possible to use railway transport, which can deliver overburden from distant mines.

Conclusions. The use of the described method of controlling the stability of high
single-tier dumps allows:

— To place overburden rock with a depth of more than 200-300 m in the developed
space with the maximum possible completeness of filling its volume;

— To achieve optimal parameters of internal dump formation from the point of
view of the safety of the dragline excavator, its productivity, the distance of
transportation of overburden rocks and the completeness of their filling of the spent
pit;

— To apply the force of the weight of water in the intra-mine space to the slope of
the dump layer to increase its stability, instead of spending on its drainage;

— To restore lands disturbed by mining operations for agricultural or forestry
purposes;

— To create a pond, the water from which can be used as technical water for
various industries;

— To prevent the violation of external dumps by the area of land, the size of 157—
183 ha

— To obtain the overall economic effect due to the preservation of land from
disturbance for 47-88 mln UAH.

When completing the reserves of the deposit with the markings of the working zone
significantly above the bottom of the pit, reduce the distance of overburden rock
transportation when forming an internal dump on the deep horizons of the pit according
to the proposed method.
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AHOTAIISA

Meta. L1s1XOM BCTaHOBJICHHS 3aJIe)KHOCTEH O€3MEYHOI BiJICTaHI pO3TAallyBaHHS EKCKaBaTOPiB-
AparjaifHiB BiJl BHCOTH OJHOSPYCHOTO BiJBaJy Ta piBHA HOro MiATOIJICHHS OOIPYHTYBaTH
e(heKTUBHUM CIIOCIO yMpaBIIiHHS CTIMKICTIO BUCOKMX OJHOSPYCHUX BiJBaJIiB B KOHTEKCTI B1I0YA0BH
VYkpainu.

Metoauka. 3acTOCOBYBaJlaCh METOAMKA KOMITBIOTEPHOTO MOJETIOBAHHS 3 BHUKOPUCTaHHAM
nporpaMHoro 3abesnedeHHs «Slide» ans moOyaoBHM HaWOUIBII HANIPYKEHUX MMOBEPXOHb KOB3aHHS
BIJICHITIAHOTO MACUBY TipChbKUX Mopin. OTpuMaHi JaHi po3paxyHKiB IMHUPUHHU MPU3MH MOKIHBOTO
3pyllieHHs OyJI0 MpoaHalli30BaHO 1 BCTAHOBIICHO iX 3aJIEKHICTh BijJl BUCOTH OJIHOSIPYCHOTO BiJBaiy
Ta piBHS BOJM Y BHYTPIITHHOKAP €PHOMY IIPOCTOPI METOI0M HaliMEHIINX KBApPaTiB.

PesyabTaTHn gociaigkeHHsi. 3a JONMOMOTOI MPOTrpaMHOro KomIuiekcy «Slide» po3paxoBaHO
napameTpy IUPUHHA TPU3MH MOKIIMBOTO 3pYIICHHS MpU KoedimieH-Tax 3anacy criiikocrti 1,2 ta 1,0
Ta BCTAHOBJICH] X 3aJI€)KHOCTI BiJl BUCOTH BiIBAJly Ta PiBHsI HOTO MiATOIUICHHS BOJIOIO, IO I03BOJIH-
JI0O BCTAaHOBUTH €(QEKTUBHI MOJETl EKCKaBaTOpiB-IparjaiiHiB i pPI3HUX YMOB BEJCHHSA
BiJIBAJIOYTBOPEHHsI. BcTaHOBIIEHO, IO BHCOTa APYCy PO3KPHBHHUX MOpPiA mpHu ¢GopMyBaHHI HoOro
eKCKaBaTopoM-japariaiiHoM mae 0ytu He Oiunbiie 100—150 M, siky MokHA 30UIBIIMTH JIUIIE Y pasi
3aTOIJICHHS YKOCY BOJIOIO.

HaykoBa HoBu3Ha. HoBa TexHojOris 3acHOBaHa Ha SBMILI, 110 NPHU JOCATHEHHI KPUTUYHOIO
3HA4YEeHHs 3aTOIJICHHA CXWiy Bojaoro Ha piBHI 0,19 Big 3aragbHOi BHCOTH SIPYCHOTO CXUIY
B110yBa€THCA MIABUIIEHHS CTIMKOCTI Ta 3MEHIIEHHS IIUPUHU MPU3MHU MOXKJIHBOTO 3CYBY, 33 PaXyYHOK
MIOCUJICHHS BIUIMBY BOJOYTPUMYIOUMX CHUJ Y BIAKPUTOMY IIPOCTOPI Kap'epy.

IIpaktnuyne 3HaveHHs. OOrpyHTOBaHO e(EeKTHBHUI CMOCIO YNpPaBIiHHS CTIMKICTIO BHCOKHX
OJTHOSIPYCHUX B1JIBaJIiB, IO MOJIATA€ Y BHUKOPHCTAHHI CHUJM Barl BOJU B OCHOBI BiABally st
MiBUIIEHHS HOro CTIHKOCTI. [3 BomompurinmBoM BigOyBaeThCS MOCTYMOBE 30UIBIIEHHS BHCOTH
BIJIBaJIy JI0 3aIIOBHEHHS BHYTPIIIHbOKAP'€PHOTO POCTOPY MOPOJAAMHU PO3KPUBY.

Knrouosi cnosa: snympiwiniil 8i08a, 00HOAPYCHUL 8i06al, (DI3UKO-MEXAHIYHI 81ACMUBOCTI 2IPCOKUX
nopio, ekckasamop-o0paziaiit, Koegiyieum 3anacy cmitikocmi.

JaTa Mepiioro HaIXoKEHHs CTAaTTi 10 BUAAHHS 07.10.2025
JaTa NPUUHATTS 10 IPYKY CTATTI MICHs peleH3yBaHHS 10.11.2025
nata myOuikanii (ONpUITIOAHEHHS) 29.12.2025
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