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Abstract: The relevance of research of material strain nature based on physical models equivalent to rocks is subs-
tantiated. To identify the dependencies and mechanism of unstable rock strain in the vicinity of mine working junc-
tions, an experimental technique has been developed and presented. The method of physical modeling using equiv-
alent materials was applied in the research. Strength characteristics of the rock equivalent material were calculated
using the formulas proposed by G.N. Kuznetsov. The equivalent material was prepared based on two components,
sand and paraffin. The mix formulation was selected, and ultimate compressive strength of the equivalent material
was determined. The experiment was performed for three options of the physical models: an intact rock mass, a
rock mass with a single mine working, and a rock mass with mine working junctions. Testing of the models made
of the equivalent material was performed through uniaxial vertical loading using a hydraulic press. Based on the
model testing findings, the dynamics of fracture propagation and crushing of the enclosing equivalent material in
the vicinity of an artificial cavity, simulating a mine working, has been demonstrated. Besides, the graphs of rela-
tive strain versus vertical loading for each stage of the stepwise loading of these three model options were pro-
duced. The findings of the strain-stress distribution modeling for the equivalent material around the cavities simu-
lating mine working junctions were analyzed. The strain testing findings for the materials simulating rock behavior
are expected to be used as the initial data for analysis of physical and numerical simulation, as well as for develop-
ing engineering documentation with regard to the selection of parameters for supporting mine working junctions.
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HccaenoBanue reoMexaHM4eCcKOro COCTOSIHUA HEYCTOMYUBBIX MOPO/I
B OKPECTHOCTH CONPSIKEHUIl TOPHBIX BHIPA0OTOK
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AnHotanusi: O00CHOBaHA aKTyaabHOCTh MCCIICIOBAHUN XapakTepa JAehOopMUPOBaHUS MaTepraia Ha (HU3MUECKUX
MOJIEJISIX, SKBUBAJICHTHBIX TOPHBIM MOpoiaM. J[iisi BBISIBJICHUS 3aBHCUMOCTEH U 3aKOHOMEPHOCTEH JehopMHUpOBa-
HUSl HEYCTOWYMBBIX TOPHBIX IMMOPOJ B OKPECTHOCTHU COTPSHKEHHUN TOPHBIX BBIPAOOTOK pa3paboTaHa M MpejcTaBicHa
METOJIUKa SKCIICPUMEHTAIBHOTO UCCliefioBaHusA. B pabore ObLI MpUHAT METOJl (PH3MUYECKOT0 MOJIEIHPOBAHUS Ha
OKBUBAJICHTHBIX MaTCpuraliax. Paccuurans! IMPOYHOCTHBIC XapPaKTCPUCTUKH SKBUBAJICHTHOT'O MaT€puaia IJid UCCIIC-
JIyeMbIX 1mopoA 1o gopmyriam, npemanoxkeHHbM [.H. Ky3HenoBsIM. DKBUBaJICHTHBIH MaTepHall BHIOpAH U3 JIBYX
COCTaBISIONIMX — Necka u napaguHa. [lomoOpaHa perenTypa cocTaBa CMECH M ONPEACIICHBI MPEAebl IPOYHOCTH
OKBUBAJICHTHOI'O MaT€purajia 1rpu CXKaTHu. 9KCHepI/IMeHT IMPOBOJWIICA JId TPEX BaApUAHTOB (1)I/I3I/IT-IeCKI/IX M0)1ene1‘/'1:
HETPOHYTOIO0 MAacCHBa TOPHBIX ITOPOJ, MAacCHBa C OJAMHOYHON TOPHOW BBIPAOOTKOW W MacCHMBa C CONPSIKCHHEM
TOPHBIX BBHIPAOOTOK. VICTIBITaHUS MOJIeNel U3 3KBUBAJICHTHOTO MaTepHaia IMPOBOJAWINCH IyTeM OJHOOCHOTO BEp-
TUKaJIFHOTO HArPY)KeHUS TPU ITOMOIIHM THIpaBINYecKoro npecca. [lo pesynbprataMm ucnbITaHdsS MOJeNel U3 IKBU-
BaJICHTHOTO MaTepHalia IpecTaBlieHa THHAMHUKA Pa3BUTHS TPEIIMH U Pa3pylIeHUs] BMEIIAIONIETO SKBUBAIIEHTHOTO
MaTepuana B OKPECTHOCTH MCKYCCTBEHHOU IMMOJIOCTH, UMUTHPYIOIIEH TOPHYIO BHIPAOOTKY. TakKe MONYy4eHHI Trpa-
(KM 3aBUCHMOCTH OTHOCHUTEIILHBIX Je(OopMaIluii OT BEPTUKATBHON HArpy3KH JIJIS KaXI0TO TOATAITHOTO HAarpyXe-
Hus TpEx mopenei. [IpoBenena oreHka pe3yinbTaToB (Qu3sndeckoro MoxaenupoBanus mapamerpoB HJIC sxBuBa-
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JICHTHOT'O MaTepHaja BOKPYT MOJOCTEeH, MUMUTUPYIOIIUX CONPSKEHHUS TOPHBIX BRIpaboToK. [lomyueHnble pe3ynbra-
Thl 1e()OPMHUPOBAHUS MaTEPHAJIOB, SKBUBAJIIEHTHBIX TOPHBIM IIOPO/AaM, IPEAIONAraeTcs UCIO0Ib30BaTh B KAUECTBE
WCXOJHBIX AHHBIX MPH TECTHPOBAHHH PE3YyJIbTaTOB (PU3MUYECKOTO M YHCICHHOTO MOJETUPOBAHUS, a TaKkKe MpU
pa3paboTKe TEXHUYECKOW TOKYMEHTAlMH B YacTH BBHIOOpA MapaMeTpOB KPETJICHUS CONPsDKEHHUI TOPHBIX BBIPa0o-

TOK.

KuioueBble cjioBa: ¢puzndeckoe MOJENMPOBaHNE, CTEH/I, TOPHBIE MTOPOABI, OTHOCUTENbHBIE AeQOopMaIid, BepTH-
KaJIbHas Harpy3Ka, SKBUBAJICHTHBIA MaTepUall, KPUTECPHA 1O100Us, MOJIeIb, MeTO (hoTO(hUKCaIIUY.

s uutupoBanus: bacos B. B. MccnenoBanie reoOMeXaHHUECKOTO COCTOSIHUS HEYCTOMYUBBIX MOPOJ] B OKPECTHO-
CTH CONPSDKEHHI TOPHBIX BBIPaOOTOK. I opHbie nayku u mexnonoeuu. 2019;4(1):23-30. DOI: 10.17073/2500-0632-

2019-1-23-30.

Introduction

At present, in coal mines, at working face
sweep rate of up to 300 m per month, the pace of
construction of development workings and their
junctions is a constraining factor. The main fac-
tors that negatively affect the rate of mine work-
ings development are downtimes due to rupture
of coal pillars, collapse of roof and sides of a
working [4, 5, 12, 13]. Within the extraction
front of a complex mechanized working face
(KMZ), the number of junctions of development
workings reaches 40, more than 80% of which
are affected by the weight of the roof rocks
snubbed by the working face [16].

Mine working junctions are rather com-
plex objects in mines. However, methods for as-
sessing their stability do not always ensure safe
operational state of the workings, since many
factors are not fully taken into account: the shape
and dimensions of the junctions of the workings,
the seam structure, the properties of the side
rocks, etc. [2, 3, 4, 7].

The main types of downtimes were iden-
tified at the junction of the working face and
stoping workings, which need installing rein-
forcement support, strengthening of the enclos-

ing rocks, elimination of domes and inrushes,
etc.

In this regard, it is relevant to study the
geotechnical state of unstable rocks in the vicini-
ty of the junctions of mine workings to ensure
their trouble-free operation.

For this purpose, identifying the depen-
dencies and mechanism of unstable rock strain in
the vicinity of mine working junctions should be
performed. This will allow, at the stage of devel-
opment of design documentation, to make deci-
sions that ensure the stability of the host rocks at
mine workings junctions, reduce downtimes of
working faces and ensure safe working condi-
tions.

The purpose of this study is to develop a
methodology for substantiating the parameters of
the support of underground mine workings at the
junctions in the course of extraction of coal
seams with unstable host rocks.

To achieve this goal, at the first stage of
the study, the following challenge was met by
physical modeling: the stress-strain dependence
of rock equivalent material (EM) in the vicinity
of cavities imitating mine workings junctions

was revealed.
Table 1.

Types and properties of the simulated rocks

Rock type Ultimate compressive . 3
strength o,, MPa Rock bulk density y,, kg/m
Siltstone 40 2500
Coal 8.2 1200
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Experimental approach. For the study,
a physical modeling method was adopted, which
allows to save time and costs necessary to identi-
fy the stress-strain dependences of rock equiva-
lent material (EM) in the vicinity of cavities im-
itating mine workings junctions [6, 7, 8, 11].

Types and properties of simulated rocks, as
well as physico-mechanical parameters of the
EM, satisfying the similarity criteria [10], are
presented in Tables 1, 2.

In accordance with Table 1, strength cha-
racteristics of the rock equivalent material for
each rock type were calculated using the formu-
las proposed by G.N. Kuznetsov [10].

Strength  characteristics of the rock
equivalent materials were calculated using the
formula:

I
Owe=RL={ R @
Tu
where o, =(R.), - ultimate compressive

strength of the equivalent material;
(R,), — ultimate compressive strength of

the native rock samples;

If — linear scale of the model;

y,, — bulk density of the material;

v, — bulk density of the rocks.

Bulk density of the model material was
calculated by formula:

¥y =087, )

The equivalent material was prepared
based on two components, sand and paraffin. For
this purpose, quartz sand with grain diameter of
0.30-0.16 mm was used. Technical paraffin STO
00148636-004-2007 was used.

In accordance with the results of the calcu-
lation and tests performed on the samples using
the BP-29 Azimut hydraulic press, the composi-
tion of the mixture was selected and the ultimate
compressive strengths of the equivalent material
corresponding to coal and siltstone were deter-
mined (Table 2).

A special stand for physical modeling was
developed (Fig. 1) [9, 14].

Table 2

Physical and mechanical parameters of the EM

Physical and mechanical parameters

Simulated rock type

Siltstone (roof-bottom) Coal (seam)
EM composition sand+paraffin (97 : 3) sand+paraffin+paint
(98,52 :1,48)

EM blending conditions

with heating to 140 °C

Model —_— Camera

Laboratory ultimate compressive strength of 0,24 0,10
EM, c,, MPa
EM stress-strain modulus E¢, MPa 25 15
0,25
= 0,20
X
o o015
2 /
5 o010
(%]
0,05 /A\_,
0,00

0 0,01 0,02 0,03 0,04

Relative strain,

—3 Laptop (Excel) ——>  The graphs of relative

Fig. 1. Stand for physical modeling
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Fig. 2. Schematics of the models for physical modeling:
a—model 1, an intact rock mass; b — model 2, a rock mass including a single mine working; ¢ — model 3, a rock mass with a
mine working junction

The experiment was performed for three options of physical models made of equivalent material (Fig. 2):
a) model 1 — an intact rock mass; b) model 2 - a rock mass including a single mine working;
¢) model 3 - a rock mass with a mine working junction
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Fig. 3. The graphs of relative strain versus stress for the equivalent material (EM) of the physical models
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Fig. 5. Seam EM deformation schematic — rock mass including a single mine working

a)

The study findings. Based on the physi-
cal modeling findings, the vertical specific load
of three models was determined, as well as the
following parameters of the stress-strain beha-
vior of the equivalent material around the cavi-
ties simulating mine workings: vertical dis-
placements, relative strains.

Based on the findings of testing models
made of the equivalent material and in accor-
dance with the recommendations [15, 18], graphs
of the dependence of relative strain on the vertic-
al specific load were built and presented in Fig.
3.

Based on the works [11, 17], the analysis
of the research findings was carried out in the
following sequence.

During loading of model 1, the EM com-
pression occurs, as can be seen in the graph (OD
section), then the EM changes to the elastic state
(DA section); when the first fractures appear, the
model (rock mass) is compacted; after intensive

- - J
HE n e
s

“W?O:o &

.IHQI“:&“
" B B

Fig. 6. Seam EM deformation schematic — rock mass with a mine working junction

development of fractures in the formation, it is
extruded (Fig. 4a); the load is distributed on the
overlying EM layers, elasto-plastic strain begins
(section AA,); after changing the zone (point Al
passed), the EM is ruptured (Fig. 4b); after a
fracture appears in the upper layer (in the roof)
of the model, stress relaxation occurs.

When loading model 2, weakened by one
through cut (a cavity simulating a mine work-
ing), intensive propagation of fractures in the
seam (section DB) is observed, with extrusion of
the EM on the sides of the working (Fig. 5, a);
then the EM, similar to siltstone, whose strength
is 3-5 times greater than the coal strength,
changes to elastic-plastic condition (section BB;)
and, with increasing vertical pressure, reaches
the ultimate strength state (point B;) and finally
collapses (Fig. 5, b).

The distribution of strain in the EM,
weakened by two cavities imitating junction of
mine workings, is shown in graph 3 (Fig. 3). The
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strain rate of the material equivalent to coal in
model 3 is higher compared to models 1 and 2,
since the EM (coal seam) was extruded with vo-
ids replaced with coal at the intersection (junc-
tion) of two cavities; as a result, the upper and
lower EM layers (roof-bottom) almost joined (
Fig. 6, a, b).

Conclusions.

1) The method of physical modeling al-
lows to save time and costs required to identify

the strain mechanism and stress-strain depen-
dences of rocks in the vicinity of mine workings
junctions.

2) The strain testing findings for the mate-
rials simulating rock behavior are expected to be
used as the initial data for analysis of physical
and numerical simulation, as well as for develop-
ing engineering documentation (specifications)
with regard to the selection of parameters for
supporting mine working junctions.
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