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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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REGULARITIES OF ROCK PRESSURE DISTRIBUTION
UNDER SAFETY PILLARS AND COAL STRATUM EDGES

Abstract. The development of formation formations leads to the formation of a large number of zones of high
rock pressure (HRP) in the thickness of rocks, formed by the influence of the reference pressure of the boundary
parts of the massif and the pillar left on the adjacent layers. The presence of HRP zones sharply worsens the condi-
tion and preparatory workings of capital in the development of the Suite of layers. The article presents the results of
the analysis of the observations in the areas of underground workings of coal mines of the Karaganda coal basin,
located under the pillar and the regional parts of the overlying coal seams. The results of the studies showed that in
all the workings in which observations were carried out, the height of the work site located under the whole (the
regional part) varies wavelike. In the result of the analysis proved the wave nature of the stationary reference
pressure and the regularities of its distribution under the pillars and boundary parts of coal seams.

Key words: bearing pressure, coal target, edge part of coal seam, zone of increased rock pressure, formation,
preparatory development, harmonic process.

Introduction. It is known that the rock pressure changes gradually in areas adjacent to stratum edge
(Webber wave). It's most comprehensively studied in [1] for areas adjacent to breaking face. Another
study, [2], notes that the kinetics of front abutment pressure forms in a wave shape. These studies have
demonstrated that the abutment pressure has an undular profile with developed periodic sequence of
elevated and reduced fornt abutment pressure zones.

Reference [3] studies the undular nature of abutment pressure under safety pillars and stratum edges,
reveling the damped sinusoid pressure pattern along the stratum proportional to distance from the source
of abutment pressure.

Material and Methods. The analysis of these studies shows that the formation of abutment pressure
has a periodic nature (damped sinusoid). The acoustic studies show that the periodic process (whether
damped or continuous) can never be the result of interfering, nonlinearity of medium, dispersion or
frequency dependence of whatever nature. All these processes and features of medium may cause
nonlinear distortions, generate harmonic oscillations, but may never actually generate oscillations, which
requires separate oscillatory system [4].

All natural sciences, as acoustics, mechanics, electrodynamics, nuclear physics deal with ocsillations.
The physical nature of oscillatory processes varies widely, e.g. the oscillations of a railway bridge and the
oscillations in a LC contour are of completely different nature. However even a brief study of these
oscillations reveals that they have much in common. Detailed analysts shows that the oscillatory processes
we observe follow the major common rules regardless of their nature [5]. This raises the question: to what
extent the oscillatory process generated by the abutment pressure corresponds to the common laws of
oscillatory theory, acoustics in particular.
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As per acoustic data the oscillatory systems of coal stratums are uniform plane parallel lythologic
units. Such resonating layers comprising of bounding lithologic units - limestone, sandstone, siltite,
agryllite - are the half-wave longitudinal thickness-shear resonators, so that

h=W2=V,/2f,

where & - thickness of resonating layer; A — medium specific wave length; V,, — characteristic frequency of
resonator layer; fp— phase velocity of compression waves.

The coal, combustible shale or liquid strata are non-resonating layers. Such non-resonating layers
being merely a sound wave guide in carbonaceous rock does not distort the spectral composition of the
echo of impact force applied to resonator layers.

The geoacoustic measurements use the ability of coal stratum (non-resonating layer) to acoustically
decouple resonating layers located to both sides of it (top rock and bedrock). This decoupling ability
allows differentiating top rock and bedrock echoes during acoustic investigation, thus making it possible
to separately study features of top and bedrock.

Acoustic features of resonating layer determine the following:

- its surface oscillability;

- the amplitudes distribution over the surface of resonating layer;

- spatial distribution of own oscillations.

When applied to abutment pressure propagating under the safety pillars and stratum edges these
stipulations are transformed into the following:

1) the resonating layers are presented by strong rock types (limestone, sandstone, slitstone), because
the coal layer and other incompetent layers, being porous and fractures, adsorb rock pressure by inelastic
deformation thus being unable to resonate.

2) coal layer and other incompetent layers do not add anything to the qualitative representation of
distribution of abutment pressure due to their non-resonating nature;

3) the features of resonating layer (sandstone, slitstone) define distribution of oscillation amplitudes
and their spatial distribution along the layer;

4) the wavelength of periodic process caused by redistribution of abutment pressure in resonating
layer is defined routinely by the equation applicable to any halfwave P-wave resonator:

N2 = he,

where A, — thickness of resonating layer, meters.

Results and discussion. Studies confirm these hypotheses. Wherever elevated rock pressure were
observed it showed wave nature. The comparison of half wave length of abutment pressure A/2 with the
thickness of top rock #,, located over the mine showed direct dependence (figure 1) corresponding to the
following equation:

M2=hox

The intensity of manifestation of abutment pressure depends on the following factors: the thickness of
rock layer located between the mine and influencing layer /%, and extracted thickness of influencing layer
m,. Here the extracted thickness of influencing layer defines the mass of rock supported by coal safety
pillar or stratum edge. The more the thickness, the more rock is supported by safety pillar or mine edge
and more severely the abutment pressure manifest. This is why it is reasonable to use the comprehensive
value of the distance from the excavation to the source of abutment pressure - overworking index K,:

KH = h,w/me

Using this value and basing on the observations it is possible to find the dependence of the angles
formed by the line connecting the border of the crests of the wave with the edge of safety pillar (stratum
edge) and the plane of the influencing layer on the distance from the source of the reference pressure is
determined (figure 2). This dependence shows the wave nature of abutment pressure. The waves spread
from the source of abutment pressure in the depth of rock. However the elevated rock pressure is observed
only in areas corresponding to crests of such waves. This is clearly seen on the curve, figure 3.
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Figure 1 — Wavelength of abutment pressure A versus toprock thickness 4, .
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Figure 2 — The distribution of rock pressure waves above the safety pillar
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Figure 3 — The change of relative amplitude of a wave 4,,, versus the folding of overworking K,

The comparison of absolute values of mine height oscillation amplitude obtained during studies is of
no scientific value as the studies were performed in various conditions (absolute depth, rock composition,
life time). Thus, to make comparisons of mines possible, the relative amplitude A4,,, is introduced . The
relative amplitude is the ratio of maximum amplitude of the wave A4 .., to the value of decrease of mine
height during its life time outside of abutment pressure zone 4, (i.e. the difference between the original
mine height and the height of mine where the wave axis is located). This allows to null out the differences
of actual rock conditions and only take into consideration the influence of abutment pressure. The
dependence of relative amplitude 4,,, on the distance from the abutment pressure source K, shows the
same crests of pressure waves as on the figure 2, and also shows the areas subject to elevated rock
pressure. As seen from the graph the areas subject to elevated rock pressure are interleaved by the areas
free from rock pressure [9].

The dependencies represented on figures 2 and 3 allow to find yet another regularity in distribution of
abutment pressure. The distances AO, BO and CO (figure 2) are in the following relationship:

AO/BO =8/16 =0,5;
BO/CO =16/25,9 =0,618,

i.e. they agree with the sequence stated in [6] for the zones of higher strength adjacent to mine according
to the following equation:

X+ x—1=0,(1)
where X — the ratio of the distance from the edge of previous zone to the edge of the following zone of

elevated rock pressure, and n — ordinal number of the zone counting form the base of safety pillar.
The exact values of (1) are given in table 1.

Table 1 — The roots of equation (1)

n 0 1 2 3

4

5

0.50

0.6180

0.6823

0.7245

0.7549

0.7781

0.7965

0.8117

0.8243
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The values of relative amplitudes of wave crests (figure 3) are also connected by this consequense:
Aqos)/Aw)=3,1/6,2=0,5;
A@is) /Aqoz=1,92/3,1=0,619;
A390)/Apis)=1,31/1,92 = 0,682.
The distances R to minimums of relative amplitudes of the wave follow the below equation:
7.1/18.5=10,384
18,5/32,5= 0,569

i.e. they agree with the sequence stated in [7;8] for the zones of lower strength (fractured zones) adjacent
to mine during their zonal disintegration according to the following equation:

X7+ X—1=0 ()

The exact values of (2) are given in table 2.

Table 2 — The roots of equation (2)

n 0 1 2 3 4 5 6 7 8
X 0.3820 0.5698 0.6540 0.7055 0.7408 0.7654 0.7894 0.8039 0.8182

This correspondence shows that these zones are the zones free from rock pressure, because they fall
onto the lower strength (fractured) zones adjacent to mine during their zonal disintegration

Conclusions. Thus, the revealed wave nature regularities of distribution of rock pressure above
(under) safety pillars and stratum edges allow predicting the zones of elevated rock pressure and its
manifestation in such zones. The identification of patterns of pressure redistribution above (under) the
safety pillars and stratum edges of coal layers will allow to develop reliable methods and recommenda-
tions for the identification of elevated rock pressure zones for investigation and producing mines, reduce
the length of mines located in the zones influenced by safety pillars and stratum edges of adjacent layers,
due to scientifically grounded determination of the configuration and range of influence of elevated rock
pressure zones and, as a result, will significantly reduce the cost of managing rock pressure in the
investigation and producing mines during excavation of coal strata.
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Annotanus. [Inactap cBuTachklH a3ipiiey Tay JKbIHBICTAPBIHBIH KAIBIHABIKTAPBIHIA YIKSH MOJIIepae Tay-KeH
KBICBIMBIHBIH korapiaysl TKKIK miexapachiHBIH TY3UTyiHE ajbil Keiemi, oJ AETeHiMi3 KepIli IuacTapiaH KajaraH
MACCHB TI€H TipeK KHEKTepiHIeTi KbIChIM ocepiHeH maiina Oomran. TKKIK Tay-keH KbICHIMBIHBIH KOFapIiay IeKapa-
CBl IUTACTap CBHTACBHIH 33ipiiey OapbIChIHIA KallUTaJJbl )KOHE AailbIHAANFaH eHICYyJep jKaFlaiblH INYFBUT TYpIC
HamrapiaTaipl. Byn Makanana skoraprbl KaTKaH KeMip IUIaCTapblHBIH XKHUEKTepl MEH TipeK acThliHAarbl Kaparanubl
KeMip OacceifHi KeMip MaxXTacHIHBIH JKEp acThl eHJAeyJIepi aliMarbIHAa JKYPIi3iIreH Tangay HOTIDKENepl KenTipiimi.
XKyprizinreH 3epTreynep HOTIKENIepl KopCceTKeH IeH, SFHN Tipey acThIHAa OpHAJACKaH OapIibIK KapalraH eHICYIep
aliMaKTapbIHBIH Y3bIHABIFBl TOJIKBIHFA YKCAac ©3repil oTbipajbl. JKypri3iuireH Taifay HOTHIXKECIHJAE CTal[MOHApPIIbI
KBICBIMHBIH TOJIKBIH/IBI ©3T€Py CHUMATTaMaChl TAJICIICH/II KOHE OHBIH KOMIp IJIaCTAPBIHBIH KHEKTEePl MEH Tipeyiep
acTapblH/a Tapajly 3aH/bUIBIFbl aHBIKTaJIIbL.

Nyiiin ce3aep: KoJay KbICBIMBI, KOMIp TipeyJiepi, KoMip IIacTapbIHBIH XKHEK 0eIiKTepi, Tay-KeH KbICHBIMBIHBIH
JKOFapFBI IIeKapackl, TJIacTap CBUTACHI, JalbIHaIFaH OHAEYJIep, FAPMOHUKAIBIK YPAIC.
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"Hayuno-nmxenepHsiii nentp «eoMapk», Kaparanna, Kazaxcran,
TOBApHIECTBO C OrPAHHUEHHON OTBETCTBEHHOCTBIO «HHCTHTYT IIPOG/IEM KOMILIEKCHOTO OCBOCHHS HEP»,
Kaparanna, Kazaxcran,
*MesxayHapoausiii yansepeurer Silkway, Illsivkent, Kasaxcran,
*KaparasguHCKHiT rOCY[apCTBEHHbIH TeXHHUCCKHiT yHiBepenTet, Kaparania, Kasaxcran,
>Cauxr-IleTepOyprekuii rocy 1apCTBEHHbIH TEXHONOTHYECKUIl HHCTHTYT (TEXHHUECKHi YHUBEPCHUTET),
Cank-IlerepOypr, Poccus

3AKOHOMEPHOCTH PACITPOCTPAHEHUS OITIOPHOI'O JABJIEHUA
noa NEJIMKAMU U KPAEBBIMU YACTAMMU YI'OJIBHBIX IIJIACTOB

Annoranus. Pa3paboTka CBUT IIaCTOB MPHUBOAXUT K OOPA30BAHHIO B TOJIIE MOPOJ OONBIIOTO KOIHYECTBA 30H
noBeIieHHOTO TopHOTO AaBnerns (I11°/]), o6pa3oBaHHBIX BIUSHUEM OIIOPHOTO JaBICHUS KPACBBIX YaCcTeH MacCHBA U
LIEJIMKOB, OCTaBJIIEHHbIX Ha coceqHux muactax. Hamnuue 301 [1I'] pe3ko yXyamaeT cCOCTOSIHUE TOATOTOBUTENIBHBIX U
KaIUTaJIbHBIX BRIPA0OTOK MpH pa3paboTKe CBHT IJIACTOB. B cTaThe MPUBOAATCS Pe3yNIbTaThl aHATN3a MIPOBEICHHBIX
HaONIOJICHUI Ha y4YacTKax IOJ3EMHBIX BBIPAOOTOK YroyibHbIX IIaxT KaparanauHCKOro yronpHOro OacceiiHa,
HaxXogsIuxcs 1rnoa LHeJInKamMu u KpaeBbIMI/I YaCTAMU BBILICIICKAIIIUX yFOJ'l]:.H])IX IJIaCTOB. PeSyJ'II)TaTI)I HpOBeL[eHHLIX
I/ICCJ'Ie[lOBaHI/Iﬂ IIO0Ka3aJii, 4YTO BO BCCX Bblpa6OTKaX, B KOTOprX HpOBOIlI/IJ'II/ICI) H8.6J1}O[[6HI/IH, BbICOTa leaCTKa Bmpa-
0OOTKH, PAaCIOJIOKESHHOTO TIO IIETUKOM (KpacBOM YacThI0) U3MEHICTCS BOJHOOOpa3HO. B pesynbraTe mpoBeIeHHOTO
aHanM3a J0Ka3aH BOJIHOBOM XapakTep CTAlMOHAPHOTO OIMOPHOTO AABJICHUS U BBISBJICHBI 3aKOHOMEPHOCTH €ro
pacmpocTpaHeHHS MO IETNKAMH U KPaeBBIMU YaCTSIMH YTOJIBHBIX TIACTOB.

KiroueBbie ci10Ba: onopHOE AaBICHHE, IENUK YT, KpaeBas 4acTb YTOJBHOTO INIACTa, 30HA IOBBIIICHHOTO
TOPHOTO JIaBJICHUS, CBUTA IJIACTOB, TOATOTOBUTEIbHAS BEIPAOOTKA, TAPMOHUYECKHUH TpoIIece.
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