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Assessment of the stability of the underworked sides and ledges of the
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ABSTRACT
As known, the main methods of developing solid minerals are open and underground methods.
However, an analysis of the world’s practice of developing deposits of solid minerals also indicates
the widespread use of the combined method of development in the last 50-60 years. Combined
development of deposits at domestic and foreign mining enterprises is used due to the variable
depth of deposits, which is typical mainly for deposits of steep and inclined fall. The essence of the
combined development is that the upper horizons are developed in an open way, and the lower
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ones are developed underground. In such deposits, the following scheme has become
widespread: the initial development of the upper section of the deposit by a shallow quarry (up to
a depth of 80-100 m, sometimes more), then the construction of an underground mine, carried
out in parallel with the completion of the quarry reserves. When opening sub-quarry reserves
subject to underground mining, the resulting quarry space can be used. The penetration of vertical
and inclined opening workings, tunnels, and exits from the berm sides or directly from the bottom
of the quarry has become widespread. In parallel mining of reserves by open and underground
methods, the joint use of transport workings is widely used for the delivery of ore mass from the
quarry and underground mine, the placement of an underground crushing complex, auxiliary, and
repair facilities in the quarry itself. In addition, the method of refining sub-quarry reserves with
the opening of the underground part outside the quarry space has been widely used. After the end
of open-pit mining, underground horizons are opened by capital mining workings (vertical, inclined
shafts, tunnels).

Keywords: combined development, vertical mine roadways, shafts, underground reserves, open
pit, side, slope.
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Introduction

Depending on the depth of the deposit, reserves
lying below the quarry are most often opened by
Vertical and inclined barrels that pass outside the
quarry and are used for mining, unloading and lifting
people, and ventilation. The advantage of these
opening schemes is to significantly reduce the
construction time of the underground mine and
reduce capital costs by reducing the length of the
main and auxiliary underground workings.

A fairly large practical experience of mining

enterprises in Kazakhstan, Russia, and far abroad
shows the widespread use of a combined method of
mining solid mineral deposits using vertical mine
trunks to open the underground part of the field [[1],
[2]].

In addition, M. Khudey, M. Radosavlevich, and S.
Vuynich studied the selection of the location of the
vertical trunk using multimodel analysis in the
Velenye region of Slovenia [[3], [4]].

Attention was paid to the work of researchers
Qing Yu, Jinrong Ma, Hideki Shimada, and Takashi
Sasaki, which provides a quantitative analysis of the
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model of the impact of mining operations on the
stability of the mine shaft [[3], [5]].

Experimental part

There are many specific engineering and
geomechanical tasks that affect the efficiency of
using combined excavation. Let's try to highlight the
tasks that interest us, which are directly related to
the choice of location and location of the main
opening workings — in our case, vertical trunks.

The tasks that form the scientific and
methodological basis for solving the scientific and
technical problem of choosing a safe place for laying
vertical trunks during combined digging include [6]:

1. Selection of the method of field discovery,
taking into account the specifics of mixed
development. In contrast to the traditional
underground method of development of deposits,
the peculiarity of choosing a safe scheme of opening
during mixed development is the presence of open
pit space and a displacement zone of rocks in contact
with the quarry, that is, the fact of the emergence of
a new factor of Man-Made influence. It is known
that zones of sliding and falling rocks are formed
around the quarry space, within which it is not
allowed to place the main opening workings and
carry out other works without applying the
measures provided for in the safety rules.

2. Determination of the size of the rock
displacement zone around the contour of the quarry,
extending from the surface of the earth to the final
depth of the quarry. This is one of the most
important tasks, the solution of which directly
depends on the choice of the location of vertical
trunks.

3. Determination of the maximum depth of the
quarry, where the contour coefficient of the trench
is equal to the boundary coefficient of the trench.
This parameter, first of all, serves to assess the
possibility of an underground transition from an
open method of development and determines the
boundaries of this transition. On the other hand, this
task is directly related to the discovery of the field,
the order of depth and location of vertical trunks, as
well as the process of formation, the geomechanical
state and the dimensions of the area adjacent to the
contour of the quarry, within which the construction
of trunks is not allowed [7].

4. Assessment of the stability of the slope of the
quarry side, study of the features of the development
of deformations on the slope and slope of the quarry,
the influence of the slope on the distribution and
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value of stresses along the contour of the quarry in
the conditions of transition to underground mining.
In the context of the transition to underground
development, this process becomes more complex
and develops according to an unknown pattern,
depending on the conditions of rock formation and
the technology of underground development. Any
changes in the stress-deformable state of rocks lead
to a change in the geomechanical state of the zone
of the quarry near the contour, which depends on
the choice of the location of vertical trunks. The
Basic Laws of these deformations can be predicted
with sufficient accuracy on the basis of well-known
methods and recommendations before choosing the
location of the trunk.

5. A complex of engineering and geological
surveys on the basis of Visual Studies and
instrumental measurements on the study of the
terrain, the structure of the Earth's surface, the
presence of methods of transport routes (railways,
highways), geological irregularities, reservoirs, and
aquifers, etc. in order to assess and establish the
possibility of constructing the mouth of vertical
trunks. It is possible to determine possible areas of
surface deformation by means of movement zones.
This makes it possible to make a decision on the
placement of surface and underground hydraulic
structures. The actual angles of movement may be
smaller than those designed, so for safety reasons,
ground structures are located at a certain distance
from the traffic zone. This distance is called a
security berm, which is regulated by safety
regulations.

Taking into account the displacement of rocks, it
is important to establish the boundaries of rock
sliding along the entire depth of the quarry in order
to determine the area of possible location of pits on
the surface. To do this, it is important to know the
mechanisms and patterns of its formation, methods
for calculating and evaluating the stability of slopes
and slopes, and its impact on the process of falling
(sliding) rocks along the contour of the quarry, etc.
[8].

To determine the location of vertical trunks on
the surface of the Earth, it is important to establish
the boundaries of rock slides along the contour of
the quarry in the combined method. Knowledge of
the mechanisms and patterns of their formation,
methods of determining and evaluating the stability
of slopes, bevels, their influence on the process of
falling (sliding) rocks along the contour of the quarry,
etc. is of great importance [9].
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In connection with the need to switch to mixed
geotechnologies in the conditions of one of the
fields in the Republic of Kazakhstan "Ushkatyn-3",
researchers of Karaganda State Technical University
(KarSTU) conducted scientific and experimental
studies to justify the size of the trunk (vertical
position of the trunk during the transition to
underground development). The purpose of this
study was to identify a safe zone. For this purpose,
in the southern and northern parts of the Ushkatyn-
3 quarry, work was carried out to calculate the
stability of the slopes and sides of the quarry, the
result of which was to determine the value of the
location of the vertical mine shaft at the edge of the
quarry [10].

Discussion of results

Scientific works of many outstanding scientists
such as V.V. Rzhevsky, N.V. Melnikov, K.N.
Trubetsky, G.L. Fisenko, E. Shemyakin, S.G.
Avershin, S.I. Popov, M.N. Mashanov, I.I. Popov, R.P.
Okatov, P.S. Shpakov, F.K. Nizametdinova, G.G.
Poklada, V.N. Dolgonosova, and others are devoted
to the study of the stability of the sides of quarries
and slopes.

In the course of this work, P.S. Shpakov's
calculation classification of the geomechanical line
model was used to determine the position of the
vertical trunk during the transition to the quarry. It
allows us to assess the stability of the quarry side
when using the quantitative and analytical methods
([11], [12], [13]].

Figure 1 shows the scheme of displacement and
collapse of rocks along the contour of the quarry
after open-pit processing.

The essence of the research on the stability of
slopes and slopes in the quarry to justify mixed
development is that the designation of the sliding
surface and boundaries of rocks along slopes and
bevels opens up opportunities for determining the
safe location of vertical trunks, taking into account
the sliding factor of rocks. The figure shows the
location of the mine shaft outside the rock
displacement zone.

An approach based on the assumption that a
collapse prism or sliding prism is formed in the
massifs of beeches and beeches is widely used to
assess the stability of the sides of quarries and
beeches. As an example, we will consider the
essence of a number of methods presented in the
works [[14], [15]].
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Figure 1 — Mountain range movement scheme

So, in the work [[15], [16]], the conditions for the
stability of slopes with this approach are presented
as follows:

5Si > 5Ti (1)

where 3Si is the sum of the holding forces on the
weakest surface of the prism;

3Ti is the sum of the shear forces on the same
surface.

The slope stability fund coefficient is as follows:

n=3Si/5Ti (2)

n =1 the surface is called the threshold or sliding
surface. Rock shear resistance is determined as
follows:

T=Tp0ntgp (3)

where 1pis the adhesion of rocks;

on-normal voltage to the shear site;

T is the tangential voltage acting in the shear
zone;

¢ is the internal friction angle.

In the case of a flat task, taking into account the
dependence (1) is obtained:

2Ti=fcp 2ZNi L tcp (4)
where INiis the sum of normal (retaining) forces
on the sliding surface;

— 7y ——
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tsr-the average value of the coefficient of
friction and adhesion on the entire sliding surface;

L-the length of the sliding Surface (line in a flat
task).

fep = tgepcp (5)

To calculate the stability of the slope, use the
calculation scheme shown in Figure 2, which shows
the slope scheme with a round cylindrical sliding
surface. An array of rocks bounded by the surface of
the ABC and the circular cylindrical sliding surface of
the AS1 and the constant vertical bare height of the
rocks of the SS1 is divided into vertical strips A of the
same width. As points of application of the mass of
Qi strips, their average height is conditionally
selected. By decomposing the mass of the Qi bands
into tangents and normal components on the sliding
surfaces, you get Ti and Ni.
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Figure 2 - Calculation of stability slope schemes using a
circular cylindrical sliding surface

After the transformations, the slope stability
fund formula (6) is obtained:

"= fepENiLTcp (6)
2T;

In the upper part of the slope, there is a vertical
segment of the slide line SS 1. This surface (tear line)
is formed under the influence of tensile stresses
hrt/2. It is recommended to determine this value by
the dependence proposed by G.L. Fisenko [16]:

2

hep = %ctg (n/4—%) (7)

In the conditions of the ushkatyn-3 field,
scientific and experimental work was carried out to
determine the rational location of vertical mine
shafts using these methods. For this field, the
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weighted average value of the rock strength
coefficient on the M.M. Protodiakonov scale was 10.
Taking into account the strata of rocks, the following
angles of Motion are assumed: 6 = 65; p = 50; f1 =
50. For the southern and northern parts of this
quarry, stability calculations were performed for the
geomechanical model of the uneven slope of the
qguarry side, as a result of which the location of the
barrel was determined [[17], [18]].

Calculations were made for 5 sections that
characterize the southern and northern parts of the
ushkatyn-IIl quarry. The calculation of the stability of
rocks in the quarry was made according to known
methods. All methods take into account the physical
and mechanical properties of rocks and the depth of
development. Studies were conducted to determine
the location of the vertical trunk under the condition
of sliding of the Rock line. Below are the sliding
zones laid out on the cross-section 1-1 of one of the
five slices [19] (Figure 3).
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Figure 3 - 1-1 sliding zone by cross-section

5 lines of rock displacement zones were
obtained by conducting profile lines in sections.

The following safe distances were determined
by the calculations: 180 m; 165 m; 115 m; 0 m; -100
m.

By connecting the points of origin of the lines
from movement to the surface of the Earth [20], a
zone was finally obtained, within which it was not
recommended to place a vertical trunk (Figure 4).
The entire area located outside this zone is
characterized by the integrity of an array of rocks
that have not been affected by mining operations in
the quarry. Inside this zone, located outside the
contact zone of the quarry, the array is unstable, and
the location of the trunk in it can lead to severe
deformation and destruction of the trunk.

The mine shaft must be located outside the area
shown in the figure. This method allows us to
determine the safest place for the construction of
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Figure 4 — Rock displacement zone in the northern part of the ushkatyn-3 quarry

vertical trunks in the combined technology of
mineral deposit development under the conditions
of displacement of massif rocks in the contact zone
of the quarry.

Conclusions

When choosing the place of placement of
trunks, it is necessary to provide for the possibility of
surface treatment during underground work.
Leaving protective centers near the trunk, if such a
decision is made, will allow maintaining the stability
and integrity of the array directly near the trunk, but
no more. But the condition of the slopes and pits of
the quarry may change. Carrying out underground
mining operations in the impact zone of the quarry

causes a redistribution of stresses in the treated
massif and significantly changes the stability of the
slopes and the surrounding area of rock
displacement.
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TYWIHAEME

Benrini 6onfaHgal, KaTTbl Nangansl Kasbanapabl UrepyaiH Herisri Tacingepi alwbIK *KaHe Kep acTbl
Tacingepi 6onbin Tabblnagpl. Ananpa, KaTTbl nakigansl Kasbanap KeH OpblHAAPbIH UrepyaiH
anemaik TaxipmbeciH Tangay colfbl 50-60 Kblaga apanac urepy aAicCiHiH, KEHiHEeH KON4AHbINYbIH
KepceTesi. OTaHAbIK KaHE WeTeNaiK Tay-KeH KacinopbliHAAPbIHAA KeH OpbIHAAPbIH apanac urepy
KEH OpbIHAAPbIHbIH, ©3repMeti TepeHairiHe 6ainaHbICTbl KOnAaHblNaAbl, Byn HerisiHeH TiK KaHe
Kenbey Kynay KeH opblHAAPbIHA TaH. Apanac KasyAblH, MaHi-KOFapfbl AEHTreMKUeKTep allblK,
TYpAE, an TOMEHri AeHreyKMeKTep Kep acTblHAa Kasbin anbiHagpl. MyHAal KeH opblHAApPbIHAA
HerisiHeH Keneci cxema Tapangbl: KeH OPHbIHbIH, KOfapfbl GeniriH TepeH emec KapbepmeH
6actankbl urepy (kerge 80-100 m TepeHAikke AeMiH), cofaH KeliH KapbepaiH, KopaapbiH
OHAiIPYMEH KaTap Xep acTbl KeHilWiHiH KypblibICbl. }Kep acTbl Urepyre KataTblH Kapbep acTbiHAAFbI
KOp/lapAbl awy KesiHAe nanga 6onfaH Kapbepnik KeHiCTiK naiganaHbliybl MyMKiH. Bepm
bopTTapblHaH Hemece TiKenen KapbepgiH TybiHeH TiK KaHe Kenbey awbinaTblH KasbanapaaH,
WTONbHANAPAAH, Ky/lamanapfaH YHriney KeH, TapanfaH. Kopnapabl awblk XaHe »ep acTbl
TacinaepimeH Katap eHaey KesiHAe KapbepeH KaHe Kep acTbl KeHiliHEH KeH MacCcacblH LWbIFapy,
JKep acTbl yCaKTay KelleHiH, KapbepaiH, e3iH4e KOCa/Kbl YKaHe KeHAey LapyalblablKTapbiH
OpHaNacTbipy YWiH Kenik KasbanapbiH bGipnecin nanpganaHy KeHiHeH KongaHblnagpl. COHbIMeH
KaTap, Kapbep acTblHAAFbl KOpAapAbl Kapbep/ik KeHICTiKTiH WeriHeH TbiC ep acTbl 6eniriH
aWyMeH aAKTay aAici KeHiHeH KoMAaHbinAbl. ALWbIK Tay-KeH XKYMbICTapbl anKTa/ffaHHAH KeliH
JKepacTbl FOPWM3OHTTapbl Kypaeni Tay-keH KasbanapbimeH (TiK, Kenbey oOKnaHAapMeH,
LITONbHANAPMEH, Fre3eHKaNapMeH) alwbinagpl.

TyliiH ce3dep: apanac urepy, Tik Kasbanap, oKnaH, Kapbep acTbiHA4AFbI KOPAap, Kapbep, epHey,
Kuaber.
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AHHOTALMUA

Kak W“3BEeCTHO OCHOBHbIMM Crocob6amm paspaboTKu TBEPAbIX NONE3HbIX MCKOMAEMbIX ABAAIOTCA
OTKPbLITbI M NoA3emHbld  cnocobbl. OfHaKo, aHannM3 MUPOBOWM MPAKTUKM  pa3paboTku
MEeCTOPOXKAEHUI TBEPAbIX MONE3HbIX MCKOMAeMbIX YKa3blBaeT TaKKe Ha LUMPOKOE NpUMeHeHue B
nocneaHue 50-60 net Kom6MHMpPOBaHHOrO cnocoba paspaboTku. KombuHMpoBaHHasn pa3paboTka
MECTOPOXKAEHWUIA Ha OTEYECTBEHHbIX M  3apybexHbiXx TOPHOAO06bLIBAIOWMX NPEAnpPUATUAX
NPUMEHAETCA B CBA3W C NepeMeHYMBOM ryBUHON 3aneraHua MeCTOPOXKAEHUM, YTO XapaKTepHO B
OCHOBHOM AN 3aNeXel KPpyToro WM HaKAOHHOro nageHusa. CylHOCTb KOMBWHMPOBaHHOM
pa3paboTKM 3aKNOYaeTCs B TOM, UYTO BEPXHME TOPU3OHTHI Pa3pabaTbiBAOTCA OTKPbLITbIM
cnocobom, a HUKHME NoA3EeMHbIM. Ha TakKMX MeCTOPOXKAEHUAX pacnpoCcTpaHeHUe MOAYYMno B
OCHOBHOM Cneaylolas Cxema: MepBOHayaNbHaa oOTPaboTKa BEpXHEero Yy4vyacTka 3a/exu
Herny6oKknm Kapbepom (fo rybuHbl 80-100 m MHoraa 6onee), 3aTem CTPOUTENBCTBO NOA3EMHOTO
PYAHWMKA, OCYLLECTBNSEMOE MapannenbHO ¢ AopaboTKoM 3anacosB Kapbepa. Mpu BCKpbITUM
NOAKApPbepHbIX 3anacos, MOA/ENKaLWMX MNOoA3EeMHOM pa3paboTKe, MOMET WCNoaAb30BaTbCA
o0bpa3oBaBlLeecs KapbepHOe NPOCTPaHCTBO. Bosbluoe pacnpocTpaHeHue NonyyYuna NPoxoaKa c
6epm 6OPTOB UM HENOCPEACTBEHHO CO AHA Kapbepa BEPTUKANbHbIX M HAK/IOHHbIX BCKPbIBAKOLLLMX
BbIpaboToK, WTONEH, cbe3noB. Mpu napannenbHol oTpaboTKe 3aNacoB OTKPbITbIM U MOA3EMHbIM
cnocobamu LIMPOKO NMPUMEHSAETCA COBMECTHOE WMCMOJ/Ib30BAaHUE TPAHCMOPTHbIX BbIPaboTOK Ans
BblJAQYM PYAHOM Maccbl M3 Kapbepa W MOA3EMHOr0 PYyAHWKA, pasmelleHUs MoA3eMHOro
APOBUNBHOTO KOMNNEKCa, BCMOMOraTe/IbHOro M PEMOHTHOIO X03ANCTB B CaMOM Kapbepe. Kpome
TOro, WMPOKOEe NpUMEHEHME NoAYyYn cnocob fopaboTKM NOAKapbePHbIX 3aNacoB CO BCKPbITUEM
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I'IO,D,3eMHOl‘;1 4YaCTW BHe NpeaenoB KapbepHOro NPOCTPaHCTBa. [locne OKOHYaHMA OTKPbITbIX FOPHbIX
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