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Abstract
Scope of research is natural and man-made structures and facilities for underground ore mining
as well as their reliability and preservation control.
Research relevance is explained by tightened environmental requirements aimed at reducing
risks of underground mining.
Novelty of the research is in a new approach to studies regulation when using the masses of ore
extraction and processing waste as load-bearing structures.
Methods of research include simulating hardening mixtures based on ore processing tailings in
order to predict natural and technological stresses in natural and artificial rock masses.
Research results. The paper presents the data from technological stresses simulation in a
homogeneous and tectonically faulted solid rock mass with a varying degree of void filling with
backfill material. The role of stresses in geodynamic processes development during the man-
made impact has been quantitatively detailed. The hazard of natural and man-made masses
destruction is assessed by the geomechanical hazard coefficient. Graphs of the hardening
mixture strength gain were constructed with approximation by a quadratic polynomial.
The paper provides the results of residual metals extraction when using ore dressing tailings to
build man-made structures based on hardening mixtures.
Conclusions. Correct parameters of underground mining technologies in terms of natural and
man-made structures and facilities reliability can be determined by calculation. The adverse
effect of stresses can be minimized by optimizing the ratio of effective stresses and the strength
of the man-made structure materials, including hardening mixtures based mining waste and
processing tailings of metal leaching.
Application of research findings. The technology may be helpful when developing mainly
metalliferous ore deposits by the underground method.

Keywords: ore mining; underground mining; ore dressing tailings, stresses; natural and man-
made structures.

Introduction. Ore extraction is characterized by dynamic mining operations
associated with irregular changes in raw material quality requirements [1-3]. Mining
efficiency, including ore quality, recovery ratio, and environmental impact degree,
depends on the state of natural and man-made structures and the earth’s surface as well
as their safe state, which guarantees the prevention of the impact of mining. Most ore
deposits are composed of fragile and hard rocks, so the voids left open lead to host rock
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destruction. Therefore, the safe state of natural and man-made structures and the earth’s
surface is an important research topic within the frame of the underground mining
issues, except when caving is required by technology [4-8].

The methods of flow processes simulation and technology parameters optimization
are considered in papers [9-11]. Methods of rock mass state assessment under man-
made impact are proposed in [12—14]. Assessment and simulation of process solutions
quality management procedures are considered in papers [15—17]. Radical improvement
of the near-future technologies is discussed in researches [18—19]. Promising
innovative technologies for metal mining using unconventional technologies are
considered in papers [20-22]. The research objective is to find rational solutions that meet the
requirements of economic efficiency, safety and environmental soundness of technologies.
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Figure 1. Stress diagrams (maximums and minimums) in the vicinity of the
mine working for different states of voids: @ — without filling; b — filling with
leach tailings; ¢ — filling with weaker hardening mixtures; d — filling with strong
hardening mixtures; o, — stresses in the hanging side; o, — stresses in the lying
side of the mine working; y — vertical stresses; x — horizontal stresses
Pucynox 1. Dmnropsl HampsKeHHH (MaKCUMyM W MHHUMYM 3HAuCHHH)
B OKPECTHOCTSIX OYHMCTHOIl BBIPAOOTKM MPH pPA3HOM COCTOSIHMM ITyCTOT:
a — 0e3 3amoimHeHUs; b — C 3alOJHEHHEM XBOCTAMH BBILIEIAYMBAHMS;
€—C 3aII0JIHEHHEM TBEPACIOIIMMYI CMECSIMH MAJIO! ITPOYHOCTH; d — C 3aII0JIHEHHEM
TPOYHBIMH TBEPICIOIMMH CMECSMH; G, — HANpPSKCHUA B BHCAIEM OOKY;
G, — HAIPsDKEHHUS B JIeKadeM OOKy BBIPAOOTKH; Y — BEPTUKAJILHEIC HATIPSIKCHHS;
X — TOPH30HTAJIbHbIC HANPSKEHUS

Methods of research include studying the properties of hardening mixture
components, studying the strength of mixtures and the behavior of the earth’s surface
under the man-made impact. The state of natural and man-made masses and the earth’s
surface above is assessed by means of simulation. The dynamics of stresses in the
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course of ore extraction is studied by the photoelasticity method. Rock mass stress
levels under different conditions of the goaf are compared. The rock mass is assumed to
be homogeneous in one case, and disturbed by a fault and a large fracture in the other.

Results and analysis. Figure 1 shows stress diagrams (maximums and minimums)
in the vicinity of the mine working for different void conditions. The results obtained
make it possible to visually record the difference in stresses for the studied options.

Depending on the state of process openings and the location of the measuring points,
stresses in a rock mass vary from 1.0 to 9.2 MPa (Table 1).

Table 1. Stresses depending on the state of process openings and the location of the measuring
points, MPa
Ta6muua 1. Beauuuna wnanpsixenuii, MIla, B MaccuBe B 3aBHCHMOCTH OT COCTOSIHUSI
TEeXHOJIOTHYECKHX IIyCTOT H MeCTa M3MepeHUsl HANPsIKeH i

. . With filling
Rock mass element Without filling -
Discrete | Weaker | Strong
Hanging side
Ox 8.8 53 52 3.7
oy 7.7 5.1 ‘ 4.5 ‘ 3.1
Laying side
Ox 7.6 4.7 4.7 3.5
oy 6.8 4.6 ‘ 4.6 ‘ 32

Stress level in the rock mass is at a maximum with process openings left unfilled,
while voids filled with strong mixtures reduce stress by up to 25%. Filling voids with
weaker mixtures and discrete rocks, such as ore dressing tailings or leach tailings,
doesn’t significantly affect the stress level.

Table 2. Geomechanical characteristic of rock masses under simulation
Ta6nmna 2. 'eoMexaHnyeckasi XapaKTepUCTHKA MacCHBOB NPU MO/IeIMPOBAHUH

i Without With filling
Indicator filli -
uhng Discrete Weaker Strong
Maximum stresses, MPa 8.8 5.3 5.1 3.7
Hazard coefficient K 1.2 0.6 0.7 0.4

Filling voids with a hardening mixture of different strengths reduces stresses to a
level which meets the safety conditions.

The risk of natural and man-made structures and the earth’s surface destruction is
assessed by the geomechanical hazard coefficient, which is the ratio of the maximum
stresses in the rock mass to the tensile strength of the backfill (Table 2).

The stress diagrams differ depending on the level of void filling (Figure 2).

The simulation results confirm the possibility of avoiding the destruction of the
backfill hardening mixture by controlling the stresses in the vicinity of access voids.

The first version of the model (Figures 1 and 2) corresponds to filling voids with a
dry incoherent backfill and leaving unfilled voids, which means that it is close to the
actual state of the considered Sadonsky deposit’s rock mass which faces a systematic
degradation in the mined ore quality. When voids are filled with strong material,
the artificial rock mass absorbs rock pressure, reducing stress from the overlying rocks.

The graph of strength gain by the hardening mixture is approximated by a quadratic
polynomial with an RMS deviation approaching unity (Figure 3).
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Figure 2. Graph of maximum stresses for different states of voids: / — without filling (K = 1.1); 2 — filling
with discrete material (K = 0.67); 3 — filling with weaker mixtures (K = 0.62); 4 — filling with strong
mixtures (K = 0.47)
Pucynok 2. I'paduk MakcHMajbHBIX HAMPsHKEHUH OPH PA3THYHOM COCTOSIHUHM mycToT: [ — 06e3
sarmonnenust (K = 1,1); 2 — 3amonHeHue auckpeTHbIM Martepuanom (K = 0,67); 3 — 3amoiHeHHe
MasonpounsiMu cmecsimu (K = 0,62); 4 — 3anosiHeHue npounsiMu cmecsamu (K = 0,47)
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Figure 3. The graph of strength gain by the hardening mixture: / — 7 days; 2 — 30 days; 3 — 90 days
Pucynoxk 3. I'paduk Habopa npounocTu TBepaeromieii cmecwro: / — 7 gueit; 2 — 30 nueit; 3 — 90 nueit

The results of natural and man-made structures behavior simulation confirm the
potential of using ore dressing tailings as part of hardening mixtures.

Valuable ore dressing tailings can be used for hardening mixture production after
the residual metals have been extracted from them. Experimental leaching was
carried out in stages (Table 3). The metals extraction into solution is presented in
Table 4.
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Experimental data processing through the regression analysis methods made it
possible to construct polynomial regression equations.

The dependence of the lead leaching rate on the volume of sulfuric acid solution with
a correlation ratio R, = 0.9787 is: yp, = 2,056+0,1897x —0,00107x".

The dependence of lead extraction on the duration of leaching in the form of a
quadratic dependence is: Yy, = 95,917 —7,134x +0,1368x".

The dependence of the zinc leaching rate on the duration of leaching in the form of
a quadratic dependence is: y,, =165,358—9,525x +0,1457x".

The  correlation  ratio  indicates
satisfactory agreement between the model Table 3. Metal leaching results
regression equation and the correlation Tabumua 3. Pesy/bTaThl Bblllle1aMHBAHNS
field, therefore the hypothesis about the veraiion

dependence according to the F-test at a level . Metals output, g

. . Leaching stages -

is accepted as plausible. lead zink
Deformation of natural and man- Stage 1 175 463

made structures and the earth’s surface 68.4 997

above them is due to access voids formed 515 1198

in rock masses and stresses developing 156 736

under their influence. The mechanism

of normal uniaxial stresses development 10-day break

depends on the strength of the concrete Stage 2 202 701

mixtures in the voids. 3.3 22.2
The strength of the hardening mixture 0.5 72

under uniaxial compression is simulated 10-day break

in  laboratory  conditions.  Mixture Stage 3 123 20.2

composition: cement — 180 kg/m’, ore 2.4 10.0

dressing tailings — 320 kg/m?, water from 0.2 22

the Suttard flow spread.

The tests have been done on 7-day-old, 1- and 3-month-old samples (Table 5).
The quadratic model for the increment in strength of a concrete mixture is as follows:
Ve =165,358-9,525x +0,1457x°.

Table 4. The results of leaching with a sulfuric acid solution
Ta6auna 4. Pe3yabTaTsl BoILIEJIAYNBAHHSA PACTBOPOM CEPHOIT KHCIOTHI

) Extraction in strings, mg/dm?
Solution, No. 1 No. 2 No.3 No. 4 No. 5
Pb Zn Pb Zn Pb Zn Pb Zn Pb Zn
10 3.1 2.6 4.6 2.6 4.1 2.20 3.5 2.3 3.7 2.3
20 53 17.7 5.7 18.3 5.5 17.98 5.6 18.7 5.4 18.2
30 6.3 28.5 6.5 27.4 7.3 28.70 7.2 29.2 6.7 29.6
40 7.6 353 7.5 332 8.2 35.70 7.8 34.8 8.3 34.5
50 8.4 65.4 9.2 68.8 8.5 68.30 8.8 69.8 9.5 71.7

By modeling the composition of the hardening mixture according to the
nomenclature and number of components, it is possible to select the optimal
composition for the given conditions.

The results obtained correlate with the environmental concept of this area of mining,
since they combine process and environmental factors into a unified complex.
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Conclusions and application of research findings. The state of host rock and
man-made masses is the fitting criterion for the applied subsoil use technology and the
priority factor for the mined ore quality management.

Table 5. The strength of a mixture under uniaxial compression
Ta6auuna 5. [IpoyHocTh cMecCH NPU OTHOOCHOM C:KATHH

Strength, MPa
Sample
7 days 30 days 90 days

No. 1 2.1 - -
No. 2 2.1 - -
No. 3 2.1 - -
No. 4 - 2.6 -
No. 5 - 2.6 -
No. 6 - 32 -
No. 7 - - 32
No. 8 - - 3.4
No. 9 - - 3.5

The risk of underground development of stress-strained rock masses can be assessed
at the design stage of field development by optimizing the ratio of effective stresses and
material strength.

The research results may be helpful when designing new and upgrading existing
mining and metallurgical enterprises.
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Peghepam
Ilpeomem uccnedosanun — npupoOHO-MeXHOZEHHbIe KOHCMPYKYUU U COOPYICeHUs O
ocyujecmsie s No03emMHol 000biuy pyo u obecneueHue ux HAOeHCHOCMU U COXPAHHOCMU OMm
paspyuwienus.
AKmyanvHocHb padomvl 00bACHIEMC Sl YACECOUCHUEM NPUPOOOOXPAHHBIX MpPebo8anull OJis
CHUDICEHUSI PUCKOB NPU NOO3EMHOT PA3PADOMKe MECTOPOICOCHUT NONE3HBIX UCKONAEMbIX.
Hosusna cocmoum 6 HOB0OM NOOX00e K pecliameHmayuy uccie0o8anuli npu UcCnoib306aHUU
6 Kauecmee Hecyuwux KOHCMpPYKYuti MacCcugos Ha 0CHOBe 0OMX0008 000U U nepepadbomK pyo.
Memooonozusn padomsl npedcmasiana coboli MOOeIUpPosanUe MEepPOerOWUX cmecell Ha 0CHOGe
X60cmos nepepabomxu pyo Oisk RPOSHOZUPOGAHUS NPUPOOHBIX U MEXHONOLUNECKUX HANPAICEHULL 6
NPUPOOHBIX U UCKYCCTNBEHHBIX MACCUBAX.
Pe3ynomamut padomol. [Ipusedenvi OanHvle MOOEIUPOBAHUS MEXHONOSULECKUX HANPAICCHUL
6 00HOPOOHOM U MEKMOHUYECKU HAPYULEHHOM CKANIbHOM MACCUBE C PA3HOU CIENeHbIO 3anoNHeHUs.
nycmom mamepuanom 3akiaoxku. [lemanusuposana 6 KOMUYECEEHHOM OMHOUIEHUU POTb
HANPACEHUT 8 PA3GUIMUU 2COOUHAMUYECKUX NPOYECCO8 NPU MEXHOLEHHOM BMeuamenbCmee.
Onacnocmo  paspywienust  npupoOHO-MEXHOLEHHBIX ~ MACCUBOE  OYeHeHa  KOodpduyuenmom
2eomexanuueckoli onacnocmu. Ilocmpoenvt epaguxu nabopa npounocmu meepoeroujeli cmeci ¢
annpoxkcumayuell NOTUHOMUATbHOU QYHKYUel 6Mmopoti cmenernu. [auvl pe3yiomamsl U361e4eHus
OCMAMOUHbIX  MeMAIo8 Npu UCHONb30GAHUU XBOCMOG 0002aujenus O  U320MOBIEeHUs
MEXHO2EHHbIX KOHCMPYKYUU HA OCHOGE MBEPOCIOUJUX CMECEI.
Bu1600v1. KoppexmHule napamempul mexHono2uti NOO3eMHOU paspabomKu 8 YaCmu HA0EHCHOCHU
NPUPOOHO-MEXHOLEHHBIX KOHCMPYKYULL U COOPYIUCEHUTI MO2ym Oblmb ONnpedeienbl pacienom.
Hezamusnoe enuanue nanpsasxcenuii mogcem Obimb MUHUMUSUPOBAHO NYMeM ONMUMUIAYUL
coomuouwienuss  0eliCmeylowux — HanpsiiCeHuti 1 NPOYHOCMU — MAMEPUaNd  MexHO2EHHbIX
KOHCMPYKYUL, 8 MOM Yucie meepoeowux cmecell Ha 0CHO8e X80CMO8 000bIuU U nepepabomKu
nocne 6bllyenaiuueanlis U3 Hux Memaiios.
Obnacmb npumenenus pesynemamos. Texnonozus modcem Ovimb 6ocmpedosana npu
paspadbomxe noo3eMHbIM CNOCOOOM CLOICHOCIPYKIYPHBIX MECIMOPONCOEHULL NPEUMYUYECMBEEHHO
Memanuieckux pyo.

Knrwouegvie cnosa: 0odviua pyo; noozemHas paspabomka, X60Ccmuvl 0002auieHUsl, HANPANCEHUS,
nPUPOOHO-MexXHo2eHHble KOHCIPYKYUU.
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