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WAVE PROPERTIES OF COAL-BEARING STRATA

Abstract. The study was performed in the coal mines of Karaganda coal basin located under the safety pillars
and stratum edges. The study comprised of measurements of dimensions of mines located under the safety pillars and
edges of above coal strata. The results showed that in all investigated mines the height of mine located under the sa-
fety pillar (edge of stratum) varied in a wave pattern. The article summarise the comparative analysis of investigation
with the theory predicted laws of wave processes. In the result of the analysis the diffraction features of abutment
pressure and the regularities of its propagation under the safety pillars and stratum edges were revealed.

Key words: bearing pressure, the pillar of coal, marginal part of the coal seam, the zone of high rock pressure,
interference, diffraction, harmonic process.

Introduction. The actual rock is a multicomponent media formed under the influence of many
geological factors. Mechanical features of different rock types vary widely. The processes developed in
the rock adjacent to mines and excavations are materially influenced by the stress caused by mining
activities and their own mechanical features. It is virtually impossible to take into account all the range of
mechanical features of natural soil, and due to that various mechanical models of rock are adopted. These
models account for the major substantial features of rock while ignoring minor features. Such substantial
features are elasticity, plasticity, frangibility, solidity, isotropism and uniformity of rock. «The real world
is so rich in its variety that when we try to invent a model as close to reality as possible we soon are lost in
the chase for the most complicated equations consisting of unknown variables following unknown laws.
Should we determine these equations they develop in even more complicated ones, ad infinite" - says R.
Bellman [1]. The study of the majority of natural phenomena in view of the cause and effect laws is often
overwhelmingly complicated, if possible.

Nowadays the problem of finding the laws of organization of physical systems is clearly interdis-
ciplinary; it doe not belong to physics, biology, ecology or linguistics itself. The science in the whole
range of problems it addresses has come close to understanding of the ways of solution of this problem. It
is proven by the existence of a wide variety of science disciplines aimed at finding the laws of organiza-
tions of physical systems, though that fact may be hidden beyond apparent variety of theories: dissipative
structures, generalized catastrophe, off-balance phase state and bifurcations, irreversible process and
structural stability, autowave process and synergetics [2].

Material and methods. Synergetics as a science field is of integrative nature. It combines physics,
chemistry, biology, psychology, social studies, astronomy, philosophy and others stating by identification
of the laws all of them share. It is an interdisciplinary science, which provides strictly mathematical
substantiation of self-organization processes, occurring in open complex nonlinear systems Synergetics
deals with the study of systems comprising of subsystems of various nature. It considers how the
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interaction of such subsystems leads to the emergence of spatial, temporal and spatial-temporal structures
on a macroscopic scale. Thermodynamics of non-equilibrium processes, the theory of random processes,
the theory of non-linear oscillations and waves are basis of synergetics.

The world as a whole and every structure of it is a Wave. In other words, not just microscopic objects
(traditionally studied in quantum theory), but also each existing thing, all the diversity of the systems of
the world, as soon as they are dialectically contradictory, represent the Wave which is a structural reso-
nance of the substrate they're made of, i.e. sort of "interference” of opposites within unity. Physical inter-
ference fringe pattern, whether arising as a result of superposition of coherent light, sound or surface
waves is just a particular case of the most common resonating principle of the nature, which manifests in
interference.

Sources [3, 4] are the studies of wave nature of abutment pressure under safety pillars and stratum
edges of coal layers, where the wave nature of distribution of stationary abutment pressure is found. Any
wave propagation generates interference and diffraction, so it makes perfect scene to verify the corres-
pondence of wave processes observed in carbonaceous rock to the common oscillatory laws. For instance,
diffraction in optics is used to confirm the wave structure of light. Diffraction is defined as the set of facts
which are determined by wave nature of light and observed during the propagation of light in a strongly
pronounced nonlinear media. It narrower sense it is defined as the bending of waves around the corners of
an obstacle or aperture into the region of geometrical shadow of the obstacle. Diffraction is the feature of
propagation of waves [5].

Results and discussion. As for the carbonaceous rock the diffraction of rock pressure waves shall
take place at the border of the two diverse media: undisturbed rock (elastic medium) and excavated space
(nonelastic medium). This is why the coal safety pillar may be considered as a waveguide through which
the wave of elastic abutment pressure propagate.

The type of diffraction pattern depends on the value of wave parameter P [6]:

VA-L

a

p =

where a — width of the waveguide, meters; L — the distance from the plane of the waveguide to the
observations plane parallel to it, m; A — wavelength , m.

The excavated space is an obstacle to propagation of such abutment pressure waves, being a kind of
screen for such waves. Thus, in relation to rock pressure: @ — width of safety pillar B,, m; L — thickness of
inter-stratum space #,, m; /. — abutment pressure wavelength, equal to the doubled thickness of top rock
2h,.« [4], m. Then the wave parameter equation is:

At P 1 (wide slot) the intensity distribution on the plane is shown on figure 1. Adjacent to points T; u
T,, located across the edges of the slot it resembles the intensity distribution adjacent to point T, at
diffraction on the edge of semi-infinite obstacle (figure 2). The amplitude in point T, located across the
edge of the screen is twice less than without the obstacle. The intensity of light is 4 times less, corres-
pondingly. The intensity J of elastic wave is the amount of energy transferred by the wave per unit of time
through unit of space perpendicular to direction of propagation [9]. The intensity os sinusoidal wave is
proportional to its amplitude squared. With regards to rock pressure waves the amplitude corresponds to
the decrease of mine height / subject to pressure.

Lets compare the diffraction pattern on the edge of semi-infinite obstacle (figure 2) and the dif-
fraction pattern of rock pressure on the edge of coal stratum obtained during studies [7] (figures 3 and 4).
The study comprised of measurements of dimensions of mines located under the safety pillars and edges
of coal strata.
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Figure 1 — The intensity distribution of light diffraction Figure 2 — The intensity distribution of light diffraction
on the wide slot at P 1 on the edge of semi infinite obstacle
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Figure 3 — Observed abutment pressure in the belt entry 42K 1,-3

The visual resemblance of diffraction patterns is further confirmed by absolute values of
deformations of excavations. Thus in the belt entry 42K, -3 having original height # = 3,5 m, the axis of
abutment pressure wave is located at #,= 2,77 m, i.e. deformation is Ak, = 3,5 — 2,77 = 0,73 m, and the
deformation in the point located under the edge of stratum, Ak, = 3.5 — 3,12 = 0,37 m. So, Ah;/Ahy,= 0,51,
i.c. the amplitude in the point located contrary to the edge of the obstacle is twice less than without the
obstacle (factoring measurement error). The same applies to the belt entry 45K, — 3. Given the original
height of excavation /2 = 3,635 m the axis of abutment pressure is located at /7o = 3,15 m, i.e.. Ay = 0,485 m,
Ah; = 0,245 m, Ah;/Ahy=0.5.
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Figure 4 — Observed abutment pressure in belt entry 45K -3
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Figure 5 — Observed abutment pressure in the airway 42K;o—3
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At P 1 the oscillations of intensity spread all over the T; — T, which corresponds to the image of the
slot in geometrical optics, and is also observed in the area of geometrical shadow (contrary to monotonous
decrease adjacent to the edges of the shadow at P 1. Depending on the values of P in the middle of diffrac-
tion pattern the point O may be either minimum or maximum intensity. When there is an odd number of
half wave lengths for point O (2k + 1) /2, the amplitude in point O is less than in the absence of the
obstacle. When there is an even number of half wave lengths (2k) /2 — the amplitude in point O is less
than in the absence of the obstacle. Refer to figure 5 — the abutment pressure in airway 42K 1,-3 for
example. Here, given that wave parameter P=1.6, oscillation of abutment pressure are also observed in the
geometrical shadow area, though diffraction pattern is distorted by small-scale fluctuations. If the safety
pillar is 38 m wide and half wavelength is 13 m, three half-waves fit and, consequently, the amplitude in

the center of diffraction pattern O is higher than without the pillar.
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Figure 6 — Diffraction of abutment pressure waves at P >> 1

If P >> 1, the diffraction pattern is similar to that of Fraunhofer diffraction on the same slot (figure 6).
The main maximum lies opposite the slot, and is the wider the narrower the slot is. The distance from the
center of diffraction pattern to the firs maximum increases with the increase of safety pillar width B,. At
this, the central peak gets wider and lower. The intensity decreases going from the center to edges of the
plane of observation.

Angle ¢ between the original direction of the wave and resulting direction is called the diffraction
angle. The energy of original wave distributes unevenly in angular space. It is lower at higher diffraction

angles.
Conclusions. Thus, the observation of diffraction of abutment pressure waves and their
correspondence to common laws of wave propagation confirms its wave nature.
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KOMIP KYPAMIEI KAJTEIHABIKTAPALIH TOJKLIHIL KACHETTEPI

AnnoTtamust. Kemip miacTapbIHbIH JKHEK O6IIKTEpIH/IE OHE Tipey acTapblHAAa OpHANACKAH KaparaHapl KeMip
GacceliHl KeMip IMAXTACHIHBIH JKEP acThl 6HACYJICPIHAC 3epTTEyIep Kyprizinai. JKorapsl KaTKaH KOMIp IJIaCTapbl-
HBIH KHCK OOMIKTEPI MCH TIPEy acTaphIHIAFHI aliMAKTapaa 3CPTTCY Tay-KCH OHACYICPIH 6IIMCY apKbLIBI XKYPTi3iaai.
JKYprizinreH 3epTreyIep HOTHKENCPl KOPCCTKCHACH, SFHH TIpey aCTHIHAA OPHANACKAH OapiblK KApaaFaH 6HACYJICD
alfMaKTaPBIHBIH Y3BIHIBIFBI TOJKBIHFA YKCAC ©3TEPill OTHIPAabl. by Makagana TONMKBIHIBI YPAICTEPAiH Tapaty bIHBIH
TCOPHMSAUTBIK JKAFBIHAH KAPAJNFAH CAJBICTRIPMANBI TANAAYIApPIBIH HOTIDKEACPl kemripimai. XKyprisimreH Tanmayaap
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HOTIDKECIH/IE KOJIJay KBICBIMBI MCH KOMIp IUIACTAPHIHBIH XKHCK O6JIKTEpl MCH TIPSy ACTAPBIHAAFHI TAPALY 3aHIbI-
JBIFBIHBIH, JU(PPAKIMOHIBI KACHETTEP] AHBIKTAIIBL.

Tyiiin ce3aep: Koumay KbICHIMBI, KOMIp Tipeyiepi, KeMip IUIACTAPIHBIH JKHCK OOMIKTEPI, Tay-KeH KbICHIMBIHBIH
SKOFAPFHI MEKAPACkl, HHTEPPECPeHIL, TH(PAKIHS, TAPMOHUKAIBIK YPIIC.
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BOJIHOBBIE CBOMCTBA YIVIEHOCHOM TOJIIIA

AHHOTaHI/Iﬂ. HpOBGZ[eHI)I HCCICAOBAHUS B ITIOA3CMHBIX BBIpa6OTKaX YTOJBHBIX HIAXT KaparaH;[Hchoro YIOJb-
HOTO 63CC€I\/’IHa, PACOJIOKCHHBIX MO HCTUKAMHA W KPACBBIMH YACTAMH YTOJBHBIX IJIACTOB. HCCJ’IGZ[OB&HI/I}I IpOBO-
JUTACH MyTEM H3MCPCHHSA Pa3MCPOB TOPHBIX BRIPAOOTOK HA YUACTKAX PACIIONIOKCHHBIX IO UCIHKAMH H KPACBBIMH
JaCTAMH BBIHICICKAMNX YTOJBHBIX ILIACTOB. PGSYJ'II)T&ITBI TPOBCACHHBIX I/ICCJ'IGI[OBaHI/II\/II IMOKA34aJIH, YTO BO BCCX
BBIPAOOTKAX, B KOTOPHIX MPOBOIWINCH HAOMFOACHHUS, BHICOTA YIACTKA BHIPAOOTKH, PACTIONOKCHHOTO MO LCITHKOM
(xpacBoif 4acThI0) M3MECHACTCA BOHOOOPA3HO. B craThe MpHBOAATCS PE3ylbTaThl CPABHHTCIBHOTO AHAM3A IPO-
BCIACHHBIX HAOMFOICHUH ¢ TCOPCTHUCCKHMH TIOJIOKCHUAMHE PACTIPOCTPAHCHHA BOJHOBBIX MPOICCCOB. B pesymbrare
MPOBEACHHOTO AHAJIH3A BBIABICHBI AH(PPAKITHOHHBIC CBOCTBA OMOPHOTO AABICHHUA M 3aKOHOMCPHOCTH €r0 PacIpo-
CTPAHCHHUA NOA LHCTUKAMHA U KPACBBIMHA YACTAMH YTOJIBHBIX IIJIACTOB.

KioueBnbie c/ioBa: OMOPHOE AABJICHHUE, LEMUK YIJBI, KPacBas YacTh YTOJNBHOTO IUIACTA, 30HA IOBBIICHHOTO
TOPHOTO JABJICHUSA, HHTCP(CPCHINS, THOPAKIH, TAPMOHIMUCCKHUI MPOLCCC.
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