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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 arcas 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, ¢.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=M2=Vy/2,

where £ - thickness of resonating layer; 2. — medium specific wave length; V', — characteristic frequency of
resonator layer; f,— 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:

32 = h,,

where /., —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 2/2 with the
thickness of top rock 4, 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,

K, =h,/m,

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 A,,, 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 4, 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.c. 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 A4, 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 arcas
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,

1.¢. 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

clevated 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)

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:
Apos/Apy=3,1/6,2=1075;
Apisy/Aqosy=1,92/3,1=0,619;,
Apon/Apisy=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=0,384
18,5/32,5 = 0,569

1.¢. 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:

X2 x-1=0 (2)

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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KOMIP INTACTAPBIHBIH JKUETTHAEI'T BOJIKTEP MEH TIPEKTEP ACTBIHAATBI
KOJAAY KbICbIMBIH TAPATY 3AHABLJIbBITbI

Annortamust. [Inacrtap cBUTACHH 93ipJey Tay *KbIHBICTAPBIHBIH KAJBIHIBIKTAPBIHIA VIIKCH MOIIIEPAC Tay-KEH
KbICHIMBIHBIH, »koFapaaybl TKK)K mrekapachIHbIH TY3UIyIHE bl KeJeAl, OJ JCTCHIMI3 KOpPII IIacTapiaH KaJFaH
MACCHB TICH TiPEK KHCKTCPIHACTI KBICHIM dcepincH maiaa 0oyraH. TKKXK Tay-keH KbICHIMBIHBIH JKOFapIiay MeKapa-
CBI IJIACTAP CBUTACBHIH 93ipJcy OapbICHIHIA KAIMTAIABI YKOHC JAHBIHIAIFAH OHACYICp 'KarJaWblH IIYFBIT TYPHAC
Hamapnaragsl. byr Makamaga sKOFapFsI XKATKAH KOMIp IUTACTApPBIHBIH JKUEKTEPI MEH TIpEK acTeIHAarbl Kaparans
KeMip OacceifHi KeMip IMaxXTaChIHBIH XKEP acThl OHACYJICP]l aHMarbIHAA JKYPTI3UITCH Talay HOTIPKEICPl KEATIPil.
JKyprizinreH 3eprTeyiep HOTIKENepl KOPCETKCHACH, IFHU TIPEY aCTBHIHIA OPHAJACKAH OApIIbIK KapanraH eHICYIep
aMAaKTapBIHBIH Y3bIHABIFBI TOJKBIHFA YKCAC ©3Tepill OThIpasabl. JKYPri3iireH Tangay HOTIDKCCIHIC CTaI[MOHAPIIBI
KbICHIMHBIH TOJKBIH/IBI 63I€PY CHIIATTAMACHI JNCIICH I JKOHE OHBIH KOMIp IUTACTAPBIHBIH JKUCKTEPI MCH TIpEylep
aCTapbIH/A TAPAIY 3aHIBLIBIFBI AHBIKTAIIIEL.

Nyiiin ce3aep: Koamay KbICBIMBL, KOMip Tipeyaepi, KeMip MIACTAPBIHBIH KHCK OOTKTEPI, TAy-KCH KBICHIMBIHBIH
SKOFAPFHI MECKAPACHL, TIACTAP CBUTACHL, TAHBIHAAIFAH OHACYICD, TAPMOHHUKAIBIK YPAIC.
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3AKOHOMEPHOCTH PACITPOCTPAHEHHSA OIIOPHOI'O JABJIEHUA
NOoA NEJUKAMMU U KPAEBBIMHA YACTAMMH YI'OJbHBIX IINIACTOB

Annortamus. Pa3paboTka CBHT IIACTOB MPHBOAUT K 00PA30BAHHUIO B TOJIIE MOPOJ OONBIIOTO KOJIHUIECCTBA 30H
TMOBBIIICHHOTO TopHOTO AasncHuA (T117 /1), 00pa30BaHHBIX BIUSHHCM OMOPHOTO TABJICHHA KPACBBIX YaCTCH MACCHBA H
LETHKOB, OCTABJICHHBIX HA CoceAHMX MmuacTax. Hammume 30H I ]I pe3KO yXyAAET COCTOSHUE MOATOTOBUTEIBHBIX 1
KaIlUTaTbHBIX BHIPA0OTOK MPH Pa3pabOTKE CBUT IUIACTOB. B cTaTrbe MPHUBOIITCS PE3yIBTATHI AHAIM3A MPOBEICHHBIX
HAOMFONCHUH HA YYACTKAX IOJ3EMHBIX BBHIPAOOTOK YTONBHBIX IMAxT KaparaHgwHCKOTO YTOJNBHOTO OacceiiHa,
HAXOZIIUXCS MO HETHKAMH M KPACBBIMH YACTAMH BBIIICJIC)KAIINX YTOJBHBIX IDIACTOB. Pe3yIbTaThl MPOBEICHHBIX
HCCICAOBAHUH ITOKA3AJH, YTO BO BCEX BHIPAOOTKAX, B KOTOPHIX IMPOBOIMINCH HAOIFOICHHUS, BBICOTA YUACTKA BHIPA-
OOTKH, PACTIOIOKEHHOTO IO, IISMKOM (KPacBOi YacThI0) M3MEHICTCS BOTHOOOPA3HO. B pesyibrare mpoBeICHHOTO
aHanM3a A0KA3aH BOTHOBOM XapaKTEp CTALMOHAPHOTO OMOPHOTO JABJICHUA M BBIABJICHBI 3AKOHOMEPHOCTH €rO
PpacTIpOCTpaHEHH MO HETHKAMH U KPACBBIMH YACTAMH YTOIbHBIX NIJIACTOB.

Kimo1ueBpie ciioBa: ONOPHOE JaBICHHWE, LEJIUK YT, KPAacBas 4acTh YTOJBHOTO IUIACTA, 30HA IOBBIICHHOTO
TOPHOTO JABJICHMS, CBUTA IUIACTOB, OATOTOBHTEILHAS BBIPAOOTKA, TAPMOHMHUCCKHH IPOTIECC.
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