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METHODS FOR PREDICTION OF THE CONDITIONS
OF DIP FORMATION ON THE GROUND

SURFACE DURING UNDERGROUND
DEVELOPMENT ORE DEPOSITS

Abstract. The article deals with the issues of predicting the conditions for the formation of dips on the earth's surface under the influence of underground mining
in relation to the ore deposits of Kyrgyzstan. The analysis of existing methods for calculating the stability of the earth's surface is carried out, and calculation
methods for predicting the conditions for the formation of dips are presented. The main factors influencing the shape and nature of the displacement of the
overburden and the surface of the mines of antimony and mercury deposits have been identified. As a result of the research and analysis of the data obtained, the
nature of the development of displacement in the undermined massif over time was revealed and empirical dependences of the change in the development depth
on the strength of the rocks were established.
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Pynanbl KeH OpbIHAAPBIH KeP ACTHIH/AA UTepy Ke3dine skep OeTiHae onbIPbLILIMAAPABIH MAaH1a 001y JKaFIaliJIapbIH

0osxay amicTepi

Annarna. Makanana KelpFbI3CTaHHBIH PyZalibl KEH OPBIHIAPbIHA KATHICTBI JKEP aCThl )KYMBICTAPIbIH 9CEPIHEH JKep OeTiHIEeri onbIpbUIMIAP/IbIH Naiiga 6oy
JKaFJalIapeiH 60IDKay Macenenepi KapacTeIpblaraH. JKep OeTiHiH TYPaKThUIBIFBIH €CENTeYAIH KOJIIAHbICTaFbl OAiCTEPiHe Taljay sKacallibl, IeTiHAUIEPAiH maiga
6oty JkaFaaiIapeiH 00JDKay IbIH ecenTey dicTepi YCHBULIEL. CypMs koHEe ChIHAI KeH OPhIHAphl KeHIMTEepiHiH 6eTi MeH Ka0yIIbl )KBIHBICTAP IBIH JKBIIIKY TYP1
MEH CHIAThIHA 9Cep €TETiH Herisri (axrTopiap aHbIKTanbl. JKyprisijireH 3eprreysaep MEeH ajblHFaH JEPEKTEpIi Tajjjay HOTHIKECIHJIE YaKbIT ©Te Kejle ajblHFaH
MAaCCHBTE JKbIJDKY/IbIH JaMy CHUIIAThl aHBIKTAJIIbI )KOHE 1aMy TePeH/ITiHIH e3repyl Tay JKbIHBICTAPBIHBIH OCPIKTIriHe SMIMPHKAIIBIK TOYCIAUIIKTEp aHBIKTAI/bI.

Tyitinoi co3zoep: dcep acmul HCYMbICMAPDL, MAY ACHIHLICHAPBIHBLY JHCHLIACYBL, dcep Deminiy Onvipbliybl, 6oadcay a0icmepi, Wo2y, KUCLIKMBIK, CbIPEY MYlb-
oanapul, KOIOEHEH CbIP2Y, CO3bLILY, CbIZBLIY, U2epiiceH KeHiCMIK, ucepy mepeqoiel.

MeToabI NPOTHO3UPOBAHNS YCI0BHII 00pa30BaHNsl IPOBAJIOB HA NIOBEPXHOCTH 3¢MJIM IIPH MOA3eMHOM pa3padoT-

Ke PYAHBIX MeCTOP 0K/ eHUI

AnaaTna. B crarbe paccMaTpuBalOTCsl BOPOCHI POTHO3UPOBAHUS YCIOBHI 00pa30BaHus MPOBAIOB HA MOBEPXHOCTH 3€MJIHM 0] BO3CHCTBHEM MOA3EMHOM
Ppa3paboTKH MPUMEHHUTENIFHO K PYAHBIM MeCTOpoXkAeHUsIM Kbiprei3crana. [IpoBeieH aHAIN3 CYNIECTBYIONIMX METOAOB pacdeTa yCTOMYHMBOCTH 3€MHOM ITOBEPX-
HOCTH, a TaK)XKe MPEICTaBICHBI METO/IbI PacUeTa JUIsl IPOrHO3HPOBAHUS YCIOBHI 00pa30BaHMUs IPOBATIOB. BBISBICHBI OCHOBHEIEC (DaKTOPBI, BIUSIONHE HA (HOPMY
M XapaKTep CMEIIEHUs] BCKPBIIIHBIX TOPOJI ¥ TOBEPXHOCTH MIAXT MECTOPOXKIACHUH CYypbMBI M PTYTH. B pe3yibTare ucciieJoBaHus ¥ aHaJIM3a IMOJIyYSHHBIX JTaHHBIX
OBLJI BBISIBJIEH XapaKTep Pa3BUTHsI CMELICHUI B MOJOPBAHHOM MAacCHBE C TEUCHHEM BPEMEHHU U YCTAHOBIICHBI DMIUPUYECKUE 3aBUCUMOCTH M3MEHEHHS IIyOHHbI

Pa3pabOTKH OT IPOYHOCTH FOPHBIX MOPO.

Kntouesvie cnosa: noosemuvie pabomol, cosue 20pHbIX NOPOO, 0064l 3eMHOU NOBEPXHOCMU, MEMOObl NPOSHOZUPOBANUs, YCAOKA, KPUBUZHA, CKOIbICEHUE,
NONepeyHoe CKONbICEHUE, PACMANCEHUE, CHCAMUE, OCB0CHHOE NPOCMPAHCMEO, 2IVOUHA 0C80CHUS.

Introduction and relevance

of the study

Underground mining of mineral
deposits is accompanied by a
mandatory imbalance in the rock mass,
which, depending on the parameters
and development technology, can
either be localized inside the rock mass
or manifest itself on the earth's surface
in the form of dips, terraces, cracks
and zones of smooth deformations.
The whole complex of phenomena
associated with the deformation of
a rock mass and disturbance of the
earth's surface in the area of influence
of mining operations is united in
mining by a common concept — the
process of displacement of rocks.

The urgency of the problems of
rock displacement has been preserved

throughout the history of mining
and is due to the danger of destruction
from the impact of the displacement
process of both the structures of
mining enterprises and the surrounding
industrial, residential and public
buildings and structures, as well as
natural objects falling into the zone of
influence ofunderground mining. Along
with the destruction of undermined
objects, the displacement process
often creates a danger for the mining
operations themselves, in particular,
the formation of collapse zones and
water-conducting cracks during the
extraction of minerals under rivers,
lakes and reservoirs or in the presence
of karsts, flooded rocks, quicksand, etc.
can lead to water breakthrough and
flooding of mine workings.

An exact description of the role
and place of rock movement in the
development of underground mining is
given by [.M. Bakhurin, the founder of
research work on rock movement in the
former Soviet Union: «Rock movement
in a mine is one of the main difficulties
in mining. It is also one of the main
threats to the safe conduct of mining: it
breaks the fastening, reduces the useful
section of the workings, and sometimes
completely fills them up. We will not
be mistaken if we say that the whole
history of finding the best mining
systems is the history of the struggle
against the displacement of rocks»'.

Thus, the problems in the field
of rock movement, which have
been acute throughout the history
of underground mining and have

'Kuznetsov M.A., Akimov A.G., Kuzmin V.I. and others. Displacement of rocks in ore deposits. — M.:Nedra, 1971. — 224 p. (in Russian)
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become increasingly important in
modern mining in connection with
the expansion of mining and the
development of deep deposits with
complex mining conditions, are among
the most important. The fulfillment
of the main goal of mining science
«...tocreatethemostadvanced technical
means and technological methods and
techniques for achieving the safest
and most economic development
of minerals while facilitating the work
of miners in every way...» [1] depends
on their solution to a large extent.

In modern scientific and technical
literature, the displacement of rocks
and the earth's surface [2] in a broad
sense is understood as displacements
and deformations caused by an
imbalance in a rock mass under the
influence of anthropogenic activities
for the extraction of various types of
minerals or the development of natural
processes and phenomena’®. The main
modern ideas about the process of rock
movement at ore deposits (figure 1)
are set out in a generalizing collective
work, the current rules for the protection
of structures for mining regions, in
instructions for monitoring movements
at ore deposits, and in extensive
scientific and industrial literature.

In the theory and practice of the
protection of structures, more than
a dozen parameters are used to
characterize various aspects of the
displacement process [3], which can
be conditionally divided into the
following groups [4]:

= angular parameters (boundary
angles, angles of displacement, breaks,
collapse and funneling);

= deformations and displacements

of rocks and the earth's surface
(subsidence, slope, curvature,
horizontal displacements, tension and
compression);

= time parameters (duration of the
displacement process, the rate of
deformations and displacements, the
period of dangerous deformations).

The angular parameters characterize
the relative position of the boundaries
of underground mining with the
boundaries of the characteristic zones

of the shear trough on the Earth's
surface. All angular parameters are
conditional indicators applicable
only for constructing the boundaries
of safety pillars and corresponding
zones on the surface, and the inclined
lines and planes constructed with
their help do not reflect the actual
boundaries in the rock mass.

Displacement and deformation
parameters  characterize  vertical
and horizontal displacements and
deformations of the earth's surface
and host rocks. Unlike the previous
group, these parameters characterize
the actual mechanical phenomena
occurring in the rock mass as a result
of a violation during the underground
mining of the deposit.

The third group of parameters
characterizes the development of the
shear process in time and, in addition to
shear rates and deformations, include
such important indicators as the total
duration of the shear process and the
period of dangerous deformations.

In the general provisions of
the «Rules» and «Instructions»
and in the scientific and technical
literature, a different number of

factors influencing the nature and
parameters of rock movement are
considered. Most of them have been
studied very poorly, and it is not
possible to quantify their effect on
the displacement parameters. It is
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all the more difficult to establish the
influence of a complex of factors.
The rules quantitatively take into
account only those factors that
change within a significant range
and cause significant changes in the
rock displacement parameters.

Research methodology

Modern methods for predicting
deformations and displacements
for designing measures to protect
structures and natural objects
from the influence of underground
mining in ore deposits, by analogy
with coal mines, according to the
main assumptions and used for
forecasting, can also be divided into
empirical, based on distribution
functions, and based on theoretical
models Empirical methods of
forecasting the displacement
process based on the results of
instrumental observations are the
most common in modern practice
in the development of ore deposits.
They are adopted in all the «Rules»
and «Instructions» in force at the
enterprises of Krivoy Rog (Ukraine),
the Urals, Mountain Shoria and
Siberia (Russia), Kazakhstan®.

Along with basin or regional
rules on newly developed deposits
of ferrous and non-ferrous metals,
temporary rules for the protection of
objects at deposits with an unexplored
shear process are widely used.

i

Figure 1. Quarry ledges of ore deposits.
Cypert 1. KeH opbIHAApBIHBIH KapbepJlik KeMepJiepi.
Puc. 1. KapbepHble ycTynbl pyAHBIX MeCTOPOKAECHUIA.

2Sashurin A.D. Displacement of rocks in the mines of ferrous metallurgy. — Yekaterinburg: Institute of Mining of the Ural Branch of the Russian Academy

of Sciences, 1999. — 268 p. (in Russian)

‘Kratch G. Displacement of rocks and protection of workable structures. — M.: Nedra, 1978. — 494 p. (in Russian)
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Table 1
Calculation methods for predicting the conditions of failure formation
Kecme 1
Comcizoikmepoin naiioa 601y Hcaz0aunapvin 00axcay yuin ecenmey aoicmepi
Taonuya 1
Memoouvl pacuema 0 nPpoOZHO3ZUPOBANHUA YCA06UT 0OPA30EAHUA NPOBATIOE
Author Deposit Formula
Limit depth
VNIMI H =kxl,l=@LxNL+I
Unipromed Ural H=kNmx1,1=("x n)/(L’ +n)
Kuznetsov M.A., Akimov A.G. and etc | Kazakhstan, Siberia, Ural, Krivoy Rog H>H,=(300x M, x L’)/(L’ +74M,)
VNIMI Krivoy Rog H=[Lx 20 —f)]/[3,3 x (1+0,1f)
Yalymov N.G., Beglyakov V.E. Khaidarkan H=L /[2 X tg(0 — 90°)
Collapse zone height
Akimov A.G. h=AN(L x n xyxmfk,)
VNIMI Sovetskoe h=(axL'xS)[[bx L) +cxS)
Skozobtsev B.S., Mirealimsa h = 0,37L — average disturbed array
Efimov E.P. and etc. & Y h = 0,48L + 8 — heavily disturbed array
. h=Lx(0,7+0,0042H);
Kravets V.S. Krivoy Rog h = (0,9 + 0,0095H + 0,000001EH)m;
Borisov A.A. h=3/2x[(yx H+gl]Joxh,
At developed fields with a deposits, which is based on the is determined by the development

studied shear process, the normative
parameters for drawing up rules
or designing measures for the
protection of objects in practice are
predicted by extrapolating the results
of instrumental observations to
subsequent periods of development.
At newly developed deposits
or at new areas of developed deposits
that differ in mining and geological
conditions, the displacement
process is predicted by analogy with
the studied deposits, which have
approximately the same development
conditions. This approach was called
the analogy method and, as applied to
coal deposits, was first developed by
D.A. Kazakovsky. For ore deposits,
the analogy method was substantiated
in the development of temporary rules
for deposits with an unexplored shear
process and was further developed by
M.A. Kuznetsov. The effectiveness of
applying the analogy method depends
on the correct choice of analogue

classification features of deposits®.

The stability of the earth's surface
during the development of ore
bodies is determined by the mining
system and depends on many mining
and geological factors. Currently,
as a criterion for assessing the safe
depth of development, it is accepted
that the deformations of the earth's
surface do not exceed the following
critical values®:

= slope of the shift trough:

i=4 %1073 (4 mm/m);

= curvature:

k=10,2 x 1073 (0,2 mm/M?);

= horizontal stretching:

e=2 %107 (2 Mmm/m).

In general, the calculation methods
for predicting the conditions for the
formation of dips can be represented
as follows (table 1).

Thus, from the analysis of existing
methods for calculating the stability of
the earth's surface, it follows that the
value of the safe depth of development

systems used, their parameters, and the
physical and mechanical properties of
the host rocks. But, as you know, the
process of displacement of a rock mass
is temporary, and therefore, in order to
justify and apply one or another method
in specific mining and geological
conditions, it is necessary to analyze the
actual state of underground voids and
the surface, comparative calculations
and establish the possibility of formation
of surface dips in time.

Discussion of the research results

The process of rock displacement
in ore deposits, having a commonality
with similar phenomena in deposits
of other types of mineral raw
materials, has a number of features,
mainly due to the parameters of
the ore bodies, the properties and
condition of the host rocks, and the
mining technology. In the practice
of solving the problems of rock
displacement, in most cases, issues
are considered in relation to mines,

“Turchaninov I.A., lofis M.A., Kaspar'jan Je.V. Fundamentals of rock mechanics. — L.: Nedra, 1989. — 488 p. (in Russian)
*Temporary rules for the protection of structures and natural objects from the harmful effects of underground mining of non-ferrous metal deposits with
an unexplored process of rock movement. / Approved by the Ministry of non-ferrous metals 30.06.86. — L.:VNIMI, 1986. — 74 p. (in Russian)
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where systems with the collapse of
host rocks are used':2.

As is known, the underground
mining of ore deposits in Kyrgyzstan
is carried out by systems with natural
maintenance of the mined-out
space. Under these conditions, the
development, as arule, is accompanied
by the formation of underground
voids of considerable size. If timely
appropriate measures are not taken to
extinguish them, then under certain
conditions, over time, the process of
shifting the overlying strata may begin.
Developing in the array, this process
reaches the earth's surface with the
formation of dangerous deformations
and dips. So, for example, at the
Khaidarkan mine, dips formed under
the main roads to the plant and quarry
and under a residential village. At the
Chauvai mine, dips formed under a
residential area. The largest number of
sinkholes (more than 40) took place at
the Kadamzhai mine.

To assess the stability and identify
the main factors affecting the shape
and nature of the displacement of
the earth's surface, we have studied
and processed the geological and
surveying documentation for
the Kadamzhai and Khaidarkan
mines. At the same time, the depth
of development, the parameters
of chambers and stores, the
characteristics of the roof rocks, the
time of working out the chambers and
the formation of dips were recorded.
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analysis of the data obtained showed
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of sinkholes in the ore deposits
of Kyrgyzstan depend on a number
of factors: the geometric parameters
of the voids, the physical and
mechanical properties of the rocks,
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and the time factor.
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physical and mechanical properties of
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of the voids: H, > k,[..
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where:

k,— structural weakening factor;

k, — coefficient taking into account the influence
of the time factor.
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