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Abstract. Purpose of the work is summarizes the results of numerous experimental studies of the
physicomechanical properties of rocks from deposits of Zakhidnyi Donbas, defined by both mechanical and geophysical
methods, to identify regularity of change. The analysis of the obtained data allowed us to reveal the zonal nature of their
change. Regularity has been established for increasing the strength parameters of rocks in the direction from west to
east. The mechanism of increasing the strength parameters of coal and host rocks, in our opinion, is explained, among
other things, by the influence of Coriolis forces arising from the daily rotation of the Earth. Besides, for the most
important rocks indicators the limits of change are obtained, namely: the compressive strengths, the resistance of rocks
to cutting and their abrasiveness for both the roof and the floor of mine workings. It has been established that for more
durable rocks, such as sandstone, the change in strength characteristics in the roof and floor is insignificant, whereas for
weaker mudstones and siltstones, there is a significant difference in the above strength parameters. A generalization of
the test results of Zakhidnyi Donbas rocks showed a large variation in their properties under the conditions of the
achieved depth of the reservoir under development, which is due to the variability of the composition, structure, texture of
the rocks and the degree of epigenetic transformations.

It has been established, as the depth increases to 400 m, the strength of the rocks grows rapidly, then from a depth
of 400 — 600 m, the intensity of the growth of rock strength remains constant, and from a depth of 900 m and more it
rises again.

On the basis of the data obtained, the planned rates and methods of preparatory workings are determined, when
the workings are carried out using the mine combine method, the cutting tool consumption is planned, the technique and
methods of securing the workings are selected. The results can be used in the preparation of forecast passports of lavas
and excavation drifts, as well as in substantiating the technical conditions for the use of mining and sinking complexes.

Keywords: rocks, physicomechanical properties, strength, minings of Zakhidnyi Donbas.

Introduction. One of the important factors determining the parameters of mineral
development systems, the nature of the various production processes in mining and
processing, as well as during mining for various purposes, is the availability of a
certain set of data on the physical and mechanical properties of the massif.
Knowledge of the rocks properties is necessary not only in the extraction of minerals,
but also in the construction of various buildings, the erection of hydraulic structures,
tunnels, road construction, etc [1, 2].

In this connection, the study of the physicomechanical properties of rocks, which are
an important component in calculating the stability of underground structures, roof
supports and guard structures of mine workings, acquires great importance.
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Many scientists, both in our country and abroad, paid great attention to the problem
of assessing the stability of the rock massif in their works [3 — 5].

The modern state of theoretical developments in rock mechanics makes it possible
to qualitatively and, in some cases, quantitatively assess the degree of stability of the
massif in the marginal zones. The Ukrainian scientists V. V. Vinogradov, A. S.
Kosmodamiansky, S. V. Kuznetsov, A. A. Levshin, N. S. Khapilova and others made
a great contribution to the development of this direction.

A. T. Ayruni, A. F. Bulat, V. I. Nikolin, S. I. Skipochka, B. M. Usachenko and
others successfully dealt with the development of methods for increasing the stability
of the massif in the marginal zones and their effectiveness. research in the direction
of choosing the most informative indicators to assess changes in the properties of
rocks and the degree of the rock mass stability.

To characterize the stress state of rock massif surrounding production, the
following rock parameters are used: specific gravity, density, uniaxial compression
strength parallel and perpendicular to the bedding, tensile strength, Young's and shear
moduli, Poisson’s ratio, as well as rock cutting resistance and abrasiveness of rocks.

The purpose of this work is to summarize the obtained results of experimental
studies to determine the physicomechanical properties of Zakhidnyi Donbas rocks to
identify regularity of their zonal change.

Methods. In the Institute of Geotechnical Mechanics named by N. Poljakov of
National Academy of Sciences of Ukraine, in the department of rock mechanics,
work was carried out on the complex definition of the physicomechanical
characteristics of the coal formations rocks in the mines of Zakhidnyi Donbas region
that are part of Pavlogradvugillia PASC (“named by Geroiv Kosmosu”,
“Blagodatna”, “Pavlogradska”, “Ternivska”, ‘“Zakhidno-Donbaska”, “Samarska”,
“Dniprovska”, “Stepna”, “named by Stashkova”, “Yuvileina”).

Zakhidnyi Donbas covers an area in the form of a 40 — 50 km wide strip and
about 300 km long, covering the Petropavlovskyi, Pavlogradskyi, Novomoskovskyi
and Tsarichanskyi districts of the Dnipropetrovsk region and the Lozovskyi district of
the Kharkiv region. At present, 15 coal layers are being developed in the mines of
Zahidnyi Donbas (from top to bottom): Ci1, Cio', Cg, Cg', Cg”, Cs*, Ce, Cs°, Cs, Ca, C2',
C,, Cy. The layers roof is represented by mudstone (84 %), siltstones (13 %),
sandstones (3 %); floor —mudstone (68 %) and siltstone (32 %). The depth of the
reservoir development at the field is 100 — 600 m and is different at different mines.

Roof rocks of coal layers are represented by low-strength mudstone and siltstones,
with a small strength from one lithological difference to another and rather weak
contact between the layers. The direct roof of the C, and Cyo° layers, whose thickness
varies from 0.5 to 2.5 m, is mainly represented by alternating layers of mudstones and
siltstones, in some areas it is composed of sandstones. Describing the direct roof of
the C,, C,', C4°, Cs layers, it is necessary to note the presence in it of a large number
of thin layers of mudstones and siltstone. The thickness of the layers varies from 0.15
to 0.5 m, but layers with a thickness of 0.15 to 0.25 m prevail. The average value of
the direct roof thickness of the C,, C,” and Cs layers varies from 2 to 2.7 m, for the
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C,' formation its value is 1.2 m. The main roof of the indicated layers is composed of
large layer mudstones and siltstones.

The direct roof of the Cg, Cg" layers is distinguished by a large variability of the
lithological composition and structure of the massif. Within the developed areas, the
structure varies from thin-layer to layered-block. The main roof of the Cg and Cg'
layers is represented by dense layered mudstones and siltstones.

The peculiarity of the direct roof structure of the Cg” stratum is the presence of
weak interlacing mudstones and siltstones with a sometimes lumpy texture. In the
main roof of this layer, as a rule, more dense mudstones lie.

The coal layer floor is represented by mudstones and siltstones, which are
characterized by the so-called curly texture.

The coal content of Zakhidnyi Donbas is confined to the sediments of the lower
and middle carbon. Coal deposits of the region have natural limitations in the south
and north: in the south — the Ukrainian crystalline shield, in the north - the
Mykhaylovskyi reset. The data of geological exploration and field geophysics
indicate that the coal content of the lower and middle Carboniferous spreads to the
north-west, north and northeast to a depth of 3000 m.

To determine the indicators of the physicomechanical properties of coal
formations rocks, the material selected in the mines of DTEK Pavlogradvugillia
PASC was used.

Samples for determining the strength and elastic characteristics of rocks were
made by dry cutting on a stone-cutting machine, followed by grinding and fine-tuning
of the working surfaces on grinding machines.

Physicomechanical parameters of rocks, such as: density p, porosity p, humidity
W, dynamic elastic modulus E and Poisson’s ratio p were determined by methods
regulated by DSTU BV 2.7-170:2008, DSTU BV.2.7-42-97 and GOST 21153.0-75.

Determination of strength indicators (uniaxial compression strength c.) was
carried out according to DSTU BV. 2.7-59-97 on the hydraulic test press PSU-10.
The uniaxial tension strength (GOST 21153.3-85) was determined by the method of
splitting plates perpendicular and parallel to the layering.

The resistance of rocks to cutting (A) was determined by the correlation
dependence of the form:

A=110c./10.
The abrasiveness of rocks g was evaluated by the formula:
g =20 (o, / 10)**.

Results and discussion. The complex of physicomechanical parameters of rocks,
defined by both mechanical and geophysical methods, is presented as an example for
the mine named by Geroiv Kosmosu in the Table 1.

Similar tables are compiled for other mines of Zakhidnyi Donbas ("Blagodatna”,
"Pavlogradska”, "Ternivska", "Zakhidno-Donbaska", "Samarska", "Dniprovska",

"Stepna", "named by Stashkova", "Yuvileina").
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Table 1 — Physicomechanical characteristics of rocks mine named by Geroiv Kosmosu
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We have previously obtained a pattern of zonal distribution around the working of
increased stresses and fracturing, is as which is analytically expressed as follows:

c =0, exp(—(
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where o, — the initial stress on the working contour, MPa; r — the distance from the
working contour deep massif, m; t — the current time, s; 7 — the relaxation time, s; Ry -
radius of working, m; a — attenuation coefficient of a quasi-stationary wave, s™.

The zonal nature of the changes in the physicomechanical parameters of
Zakhidnyi Donbas rocks as a result of the analysis of the experimental data has also
been established. The regularity of increasing the strength parameters of rocks in the
direction from west to east has been established. The mechanism of increasing the
strength parameters of coal and host rocks, in our opinion, is due to the influence,
including Coriolis forces, arising from the Earth’s daily rotation. Besides, for the
most important rocks indicators the limits of change are obtained, namely: the
compressive strengths, the resistance of rocks to cutting and their abrasiveness for
both the roof and the floor of mine workings (Table 2).

Table 2 — The limits of changes in the strength characteristics of rocks in the layer roof and layer
floor of the Zakhidnyi Donbas mines

Type of Sampling | Compressive The resistance of 'I_'he
rock point strength, MPa rocks to cutting, abrasiveness,
’ kH/sm mg/km

Coal 14.3 -70.7 1.0-7.8 35-310

Mudstone roof 7.7-43.4 09-47 16 — 156

floor 10.0-31.8 1.1-35 23-110

Siltstone roof 11.0-32.5 1.2-3.6 26— 111

floor 144 -31.3 1.6-3.4 38 — 106

Sandstone roof 17.7-73.7 19-8.1 48 — 344

floor 18.5-73.5 20-8.1 52 — 344

Analysis of the results presented in the table shows that for more strong rocks,
such as sandstone, changes in the strength characteristics in the roof and floor are
insignificant. Whereas for weaker mudstones and siltstones, there is a significant
difference in the above strength parameters in the roof and in the floor.

It should be noted that the compressive strength can be determined by geophysical
methods: ultrasonic and shock pulse methods [6]. For these methods, the following
correlation relations are defined:

— for ultrasound method

GC:aV| + b,

where V|, — the velocity of longitudinal ultrasonic waves, m/s; a and b — the
coefficients determined experimentally for each type of rock;
— for the shock pulse method

c.=art *b,

where T — the duration of the shock pulse, s.
Rock strength also changes with increasing depth. Using the results of our own
research, we evaluated the variability of the physicomechanical properties of rocks at
the reached depth. The importance of such an assessment is determined by the



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna mexanika. 2019. No 147 97

ambiguity of opinion on the change in strength and intensity of strength growth with
depth and its effect on the stability of rocks. In the general case, the strength of rocks
increases with increasing depth of working, since the influence of the softening factor
decreases, i.e. the degree of epigenesis. As the depth increases to 400 m, the strength
of the rocks grows rapidly, then from a depth of 400 — 600 m, the intensity of the
growth of rock strength remains constant, and from a depth of 900 m and more it
rises again.

The strength of the roof or floor rocks is defined as the weighted average,
including layers of rocks (coal) in the roof — to a height of 1.5b, and in the floor —to a
depth of 1b, where b is the width of working, m.

g.s. — O-clml +O'sz2 +"'+Gcnmn 1 MPa,
m +m,+..+m

(o)

where 6., 6cp, ... Ocn — the strength of the corresponding layer of rock (coal), MPa;
my, My, ...m, — thickness of the corresponding layer of rock (coal), m.

The strength of the rock massif, containing the working, is determined as the
arithmetic average of the strength of the roof rocks and floor:

r S
o' +o
o" = 02 ¢ MPa.

It has been established that the change in the density of coal in Zakhidnyi Donbas
is in the range (1.08 — 1.31)-10% kg/m% mudstones — (2.13 — 2.51)-10° kg/m®;
siltstone — (2.11 — 2.56)-10° kg/m®; sandstones — (2.08 — 2.62)-10° kg/m®,

There is a correlation between the density of the rock and its strength for uniaxial
compression, expressed by the formula:

p=217+0010..

Analysis of the data shows that only sandstones at a depth of up to 300 m and
siltstone up to 160 m can be classified as stable rocks in the Zakhidnyi Donbas. The
unstable rocks become from the following depth: mudstones - 230 m, siltstone - 300
m and sandstones - 450 m. Considering the structural features of the productive
stratum, related to the fact that almost 33 % of it is composed of weak clay
lithological varieties, the justification of the maximum depth of the stability state of
the rocks must be made according to the most common and least then lasting —
mudstone.

Conclusions.

1. The zonal nature of the changes in the physicomechanical properties of the
rocks of Zakhidnyi Donbas has been revealed.

2. Regularity has been established for increasing the strength parameters of rocks
in the direction from west to east, the mechanism of which is explained by the
influence, including Coriolis forces, arising from the daily rotation of the Earth.
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3. It was found that for more durable rocks, such as sandstone, the change in
strength characteristics in the roof and floor is insignificant, whereas for weaker
mudstones and siltstones there is a significant difference in the above strength
parameters.

4. Generalization of the test results of the Zakhidnyi Donbas rocks showed a large
variation in their properties under the conditions of the achieved depth of the
reservoir under development, which is due to the variability of the composition,
structure, texture of the rocks and the degree of epigenetic transformations.

5. On the basis of the data obtained, the planned rates and methods of preparatory
workings are determined, when the workings are carried out using the mine combine
method, the cutting tool consumption is planned, the technique and methods of
securing the workings are selected.
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AHoTauis. MeTowo gaHoi poboTi € y3aranbHEHHS Pe3ynbTaTiB YMCIEHHWUX EKCTEPUMEHTaNbHUX OOCTiLKEHb
hi3nKO-MexaHiYHWX BNacTMBOCTEN TipCbkix nopig pogosuw 3axigHoro [JoH6acy, WO BUKOHaHI K MEXaHiYHUMM, TakK i
reoisnyHUMI METOZAMU, ANS BUSIBIIEHHS 3aKOHOMIPHOCTEN iX 3MiHW. AHani3 OTpUMaHMX OaHWX GO3BONMB BUSBUTM
30HaNbHWI XapakTep 3MiHM NapameTpiB, WO AOCAimKyBanucs. BcTaHOBNEHO 3aKOHOMIPHICTb 36inbLUEHHS MiLHICHUX
napameTpiB ripCbkuX MOPIA Y HanpsAMKY i3 3axody Ha cxid. MexaHiaM 36inblueHHs MiLHICHUX napameTpis Byrinns Ta
BMILLYIOYMX MOpid, Ha Haw nornsd, NoACHIETLCS BRAMBOM, Y TOMY uuchi, cun Kopionica, WO BMHMKAIOTL BHACHIZOK
nobosoro obepTaHHs 3emni. Kpim Toro, Bi3HaueHi Mexi 3MiHW HanbinbLL BaXNMBMX NOKA3HWKIB MPCbKMX NOpia, a came:
MEX MILHOCTI Ha CTUCKaHHS, OMopy MOpIA pi3aHHIO0 Ta iXHbOI abpasnBHOCTI Sk Ans MOKPIBMI, TaK i ANS IPYHTY MPCbKNX
Bupobok. BcTaHoBneHo, Wo Ans 6inbl MiLHUX NOpig, SKMM € NiCKOBWK, 3MiHM MILHICHWX XapaKTepUCTVK Y MOKPIBAi i
FPYHTI HE3HauHi, Togi sk Ans Ginblw cnabkux apriniTis i aneBpONITIB CNOCTEPIracTbCs iICTOTHE PO3XOMKEHHS HABEAEHNX
MiLJHICHUX NapameTpiB. Y3aranbHeHHs pesynbTaTis BunpobyBaHb nopig 3axigHoro [lonbacy nokasano Benuky Bapialito
iXHIX BMacTMBOCTEN B YMOBaX AOCArHYTOI IMUOMHM 3ansraHHs po3pobnioBanbHUX Wapis, Wo 00yMOBMEHO MIHAMBICTIO
Ckragy, CTPYKTYpu, TEKCTYpW NOpig i CTyneHeM EnireHeTUYHUX NEepeTBOpPeHb. BcTaHOBMEHO, WO 3i 36iMbLIEHHAM
rnbunm go 400 M MiLHICTb Nopif iHTEHCKUBHO 3pocTag, NoTiM Big rMMouHn 400-600 M iHTEHCHBHICTL 3pOCTAHHS MILHOCTI
nopiz 3anuLIaeTbCa NOCTiNHOW, a Big rMMbuHM 900 M i BinbLL 3HOBY NiABMLLYETLCS.

Ha nigcTasi OTpUMaHMX JaHWX BM3HAYalOTLCA MIIAHOBI TEMMW i CNOCobK NPOBEAEHHS MiAroToBYMX BUPOOOK, Npu
npoBefeHHi BUpobok kombBaiHOBMM CNocoboM NnaHyeTbCs BUTpaTa Pi3anbHOro iHCTPYMEHTY, obupatoTbest Cnocobm i
METOaM KPIMMeHHst BUPOOOK. PesynbTatn MOXyTb OyTWM BMKOPWUCTAHi MpW NIArotoBUi MPOTrHO3HMX MAacrnopTiB NaB i
BMIMKOBWX LUTPEKIB, @ TaKOX NpW 0BFPYHTYBaHHI TEXHIYHMX YMOB BUKOPUCTAHHS A06YBHUX i MPOXIGHWLIbKAX KOMMMEKCIB.

KnrouoBi cnoBa: ripcbki mopoaw, dhisnko-MexaHiuHi BNacTUBOCTI, MiLHICTb, WwaxTu 3axigHoro [JoHbacy.

AnHoTauus. Llenbto gaHHoi paboTbl ABnsieTcs 0606LeHe pe3ynbTaToB MHOTOUUCTIEHHBIX SKCNEPUMEHTANbHbIX
MCCNeaoBaHNN (PU3NKO-MEXAHMYECKMX CBOWCTB FOPHBLIX NOPO4 MecTopoxaeHuin 3anagHoro [loHb6acca, BbIMOMHEHHbIX
KaKk MEXaHW4YeCKUMM, TaK W reoU3N4eckUMM METOaMu, AN BbISBNEHUS 3aKOHOMEPHOCTU MX M3MEHEHWS.. AHanu3
MOMyYeHHbIX AaHHBIX MO3BONN BbISIBATb 30HANbBHbBIA XapaKTep M3MEHEHMS UCCredyeMblX NapamMeTpoB. YCTaHOBMEHa
3aKOHOMEPHOCTb  YBEMNUYEHUSI MPOYHOCTHLIX MapamMeTpoB TOPHbIX MOPOA B HampaBneHWM C 3anaga Ha BOCTOK.
MexaHn3m BO3pacTaHus MPOYHOCTHLIX NapaMeTpoB YrNs W BMELALWMX MOPOA, Ha Haw B3rnsg, obbscHseTcs
BMMSIHMEM, B TOM uucne, cun Kopuonuca, BO3HMKAIOWMX BCNEOCTBME CYTOYHOro BpalleHus 3emmu. Kpome Toro,
onpeeneHbl Npeaenbl M3MEHeHNs Hanbonee BaXHbIX NoKa3aTenel ropHbIX NOpos, a UMEHHO: NPeaenoB NPOYHOCTY Ha
CxaTtne, CONPOTUBIIEHUSI NOPOL Pe3aHn0 1 UX abpasvMBHOCTM Kak ANs KPOBMW, TaK U ANS NOYBbI FOPHbIX BbIPabOTOK.
YcTaHoBNeHo, YTo Anst 6onee NPOYHbLIX MOPOL, KakUM SBRSIETCA NECHaHUK, UBMEHEHUSI MPOYHOCTHBIX XapaKTepUCTUK B
KpOBMe M NOYBE HE3HAUMTENbHbI, TOrAa Kak ans Oonmee cnabbix aprunnuToB M aneBponnUTOB Habnopaetcs
CYLLECTBEHHOE pas3NuMe MPUBEAEHHBIX MPOYHOCTHLIX mapameTpoB. O606LieHne pe3ynbTaToB WCMbITaHUIA MOPOA
3anagHoro [loHbacca nokasano 6onbluyld Bapuauuio UX CBOWCTB B YCMOBWAX AOCTUIHYTOM rNyOuHbl 3aneraHus
paspabaTtbiBaeMbIX NNacToB, YTO OOYCMOBMEHO WM3MEHYMBOCTBIO COCTaBa, CTPYKTYPbl, TEKCTYPbl MOPOL W CTEMEHbH
ANUreHeTUYECKMX Npeobpa3oBaHnid. YCTaHOBNEHO, YTO € pocToM ry6uHbl 4o 400 M NPOYHOCTL MOPOS, MHTEHCUBHO
pacTeT, 3ateM ot rnybuHbl 400 — 600 M MHTEHCMBHOCTL POCTa NPOYHOCTY NOPOA OCTAETCS MOCTOSIHHOW, @ OT rNyOuHbI
900 m 1 6onee cHOBa MOBLILLIAETCS.

Ha ocHOBaHMM NOMNy4YeHHbIX JaHHbIX ONPeaensuTCs NNaHoBbIe TEMMbl U CNocobbl NPOBEAEHUS NOATOTOBUTENBHbIX
BbIpabOTOK, NPy NpOBeAeHUM BbIpabOTOK KOMOAMHOBLIM CMOCOBOM MIAHUPYETCS Pacxod PEXYLLEro MHCTPYMEHTa,
BbIOMpaloTCs Ccnocobbl 1 MeToabl KpenneHus BbipaboTok. Pedynbtatbl MOryT ObiTb MCMONB30BaHbLI NPW MOLATOTOBKE
MPOrHO3HbIX NACMOPTOB J1aB U BbIEMOYHbIX LUTPEKOB, @ TaKke Npy 060CHOBAHWUM TEXHUYECKMX YCOBUN UCMONb30BaHMWS
A00bIBAIOWMX M NPOXOAYECKNX KOMMEKCOB.

KntoueBble cnoBa: ropHble nopoab!, (PM3nKO-MeXaHUYECKME CBONCTBA, MPOYHOCTL, WaxThl 3anagHoro [JoHbacca.

Cmammas Haditiwna 0o pedakuii 19.08.2019
PekomerdosaHo do Opyky d-pom mexH. Hayk C.I. Ckinoykoro
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