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ABSTRACT

Purpose is to analyze nature of rock deformation and to estimate experimentally state of mine workings being sup-
ported under the conditions of areas disturbed by coal mining.

Methods. The studies involved field instrumental observations within measuring points equipped with contour
benchmarks. Express method was applied to determine height and width of the mine working; typical supported areas
were designed; and photographs were taken. The research was conducted in a belt roadway and ventilation raise of
western longwall 11 (ci3 seam of MM “Pivdennodonbaske No. 1”°), and in their connections with the longwall.

Findings. It has been determined that the longwall effect in the mine working, being supported repeatedly, is 80 — 60 m
in front of a stope; vertical convergence within the area is more than 1 m; floor rise share is almost 76%; and share
rate is more than 3 mm/day. It has been specified that local destruction of anchor fitting as well as almost 70% of
deformation of frame support is observed within the zone of the longwall affect. It has been identified that potential
inrush area from the belt roadway is between supports 3 and 9 of a face zone support; i.e. distance from the seam
edge is more than 2.4 m. It has been proved that the use of rigid protective structures is not efficient in the context of
soft floor rocks since the protective structures function like dies. Condition of the belt roadway, being constructed and
supported behind the longwall, is satisfactory; boundary deformations are within the range of the support flexibility.

Originality. Regularities concerning deformation of boundaries of mine workings under the conditions of unstable
wall rocks of c¢;s seam (MM “Pivdennodonbaske No. 1”°), when the mine workings are being constructed and sup-
ported behind a stope to be used repeatedly for following longwall, have been determined. Regularities of the process
when rocks are forced out into a mine working cavity remained after protective structure, being constructed along a
mine working at the boundary of the worked-out area, have been identified as well as regularities of vertical conver-
gence rocks within terminal sites of the longwall.

Practical implications. The findings can be used to develop measures and means for the stability of development mine
workings under the conditions of unstable wall rocks and measures to prevent their fall within the tail longwall sites.
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1. INTRODUCTION

In the context of general complex of production pro-
cesses, a problem concerning provision of operating state
of mine workings, is one of the most topical involving
the current state of mine facilities in Ukraine. Expendi-
tures, connected with the construction of mine workings
and their stability provision, are significant share of pro-
duction expenditures. The component of expenditures
increases along with mining deepening depending upon
the increase in actual stresses and, as a result, defor-
mation of enclosing rocks during extraction.

It is almost impossible to withstand rock displace-
ment and formation of breaking zone while using tradi-

tional systems of support and systems of mine working
protection since they prevent from active control over
stress-strain  state of support-protection  structure-
enclosing rock mass system (Sakhno, Malysheva, &
Nefedov, 2014). The fact formulates new tasks for na-
tional mining science to develop new techniques for the
support of mine workings and adaptation of current
world-wide systems of support and protection to mining
and geological conditions of Ukrainian coal mines.
Design of such systems and their implementation
should involve peculiarities of deformation mechanism
of boundary rocks as well as stress distribution within
rock mass. Even if the known positive operation practi-
ces as for certain mine system are adopted, they cannot

© 2018. S. Nehrii, S. Sakhno, I. Sakhno, T. Nehrii. Published by the Dnipro University of Technology on behalf of Mining of Mineral Deposits.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

115



S. Nehrii, S. Sakhno, I. Sakhno, T. Nehrii. (2018). Mining of Mineral Deposits, 12(4), 115-123

be applied without analysis of specific conditions. That
can be confirmed by innovative for Ukraine plough sys-
tems, road heading machines, shearers, and systems of
two-level support of mine workings applied by PJSC
“DTEK Pavlohradvuhillia” in cooperation with ESR-
Technology Company after geological, technologic, and
economic peculiarities as well as systems to mine thin
layers were analyzed (Vivcharenko, 2013; Petlovanyi,
Lozynskyi, Saik, & Sai, 2018).

Thus, analysis of kinetics of boundary rock defor-
mation within development mine workings to develop
measures and means for their stability provision, relying
upon the determined regularities of rock deformation, is a
critical scientific and applied problem.

Basic regularities of deformation of boundary rocks
of mine workings, being supported within a zone, affect-
ed by a stope, are common ones. However, implementa-
tion of new techniques to support and protect mine work-
ings as well as constant exaggeration of geological and
mining conditions motivates actuality of field studies.
Such activities are common for Ukraine and the rest of
the world (Shen, 2013; Khalymendyk, Brui, & Baryshni-
kov, 2014; Batchler, 2017; Waclawik et al., 2017; Ester-
huizen, Gearhart, & Tulu, 2018).

Observations of boundary rock deformation within
165 mother entry where two-level anchoring in combina-
tion with frame support were carried out in “Stepova”
mine (Halimendik, Brui, & Baryshnikov, 2013). The
studies involved stations equipped with depth bench-
marks in wells with 9 m depth. A step to set the bench-
marks was 1 m. Geometric benchmark leveling was spe-
cific feature of the observations. It has been determined
that within a zone, affected by mining, not only rock
mass stratification is observed at a depth of down to 6 m
but also overall subsidence at 6 —9 m depth, i.e. 0.2 m
subsidence across anchoring. Similar conclusion, con-
cerning uniform subsidence of anchored formation, was
obtained while observing depth benchmarks in Dobro-
pilska mine (Rodzin, Sakhno, Ostrowski, & Sakhno,
2017). According to graphs in paper (Halimendik, Brui,
& Baryshnikov, 2013), a zone affected by a stope (i.e.
abutment zone) is almost 60— 80 m. Pressing of
strengthening support posts as well as legs of frame sup-
port into a floor has been stated.

The research, carried out in Qujiang coal mine (Chi-
na) (Yu, Wang, Chen, & Du, 2015) at the depth of 886 m
and under the conditions of soft rocks, has demonstrated
similar results. Thus, judging by the graphs, a zone of a
stope affect is almost 30 m. Total deformations in cross-
section with the mine working are 0.6 m; their velocity is
more than 4 mm/day at the distance of less than 25 m.
Over 183 days, vertical convergence within mine work-
ings being out of a stope affect was 0.766 m; horizontal
one was 1.102 m. Deformation velocity was less than
3 mm/day. Nature of boundaries of the mine workings
varied during the monitoring process; thus, inrushes were
located within cross-section nonuniformly. The authors
believe that the fact depends on the changes in compo-
nent ratio of a stress field.

Mining and geological conditions to mine seam 385
with 1.33 - 1.8 m thickness at the distance of almost
950 m in Bogdanka mine (Poland) are close to those in
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Ukrainian Donbas mines. Studies, concerning rock de-
formations within boundary stations and deep ones, were
carried out when 1/VI/385 (Herezy, 2015a) and 2/V1/385
(Herezy, 2015b) longwalls were mining.

According to the observation results in 2/VI/385 re-
used belt entry, it has been determined that rock stratifi-
cation (even if it takes place out of the area affected by
mining) was deeper than the deepest benchmark depth,
i.e. 6 m. Rock deformation within the stratification zone
were of alternating nature. Activation of rock shifts was
observed at the distance of 100—150m from the
longwall being a boundary of mining affect. Benchmark
shift at the depth of 6 m from the entry border was
0.08 m at the distance of almost 60 m from the longwall
front. The fact means that radius of the rock failure area
around the entry is much deeper than the indicated depth.
In the context of the entry, rock deformations were
10 times more at the distance of 20 —30 m to another
longwall to compare with data concerning longwall one
mining. Total rock stratification at the depth of rope bolt
laying was 12% of the bolt length.

Boundary stations helped determine that maximum
vertical deformation of the mine working boundary rocks
was 2.01 m; minimum vertical deformation was 0.98 m;
as for horizontal deformations, they were 0.65 and 0.25 m
respectively. While approaching the longwall, both verti-
cal and horizontal deformations become active at the
distance of 100 — 150 m; they increased in accordance
with power dependence. The author identifies three typi-
cal ones with 0.03, 0.125 and 0.55 mm/m shares at
1300 — 300, 300 — 100 and 100 — 0 m distances from the
longwall front respectively.

Acoustic probe extensometric measurements in a
mine working with 2 m length roof bolting performed
under the conditions of coal mines in Teralba Colliery
District (Australia) (Frith, Reed, & McKinnon, 2018)
confirm that stratification of boundary rocks depend upon
previous bolt tightening. If the previous loading is minor
(i.e. 2 -3 tons), then stratification takes place gradually
from the mine working boundary to the depth of the rock
mass. In this context, the shears increase in proportion to
the depth. Deformation of boundary rocks is of decaying
nature with shear velocity slowdown after 21 — 27 days
the mine working was driven. After 51 days when the
mine working was out of mining affect, deformation of its
border was 0.117 m; it was 0.045 —0.047 at 0.5 m depth
from the border. 2.3 m depth limited the stratification
zone. Increase in previous bolt tightening up to 8 — 9 tons
factored into shear decrease within the boundary zone
with 0—0.5m depth. The shears decreased down to
0.04 m both within the border and at 0.5 m distance from
it; stratification depth decreased down to 2 m.

Similar extensometric measurements were carried
out in Moranbah North mine (Central Queensland, Aus-
tralia) (Shen, 2013). 5.2x3.2 m square mine working
was driven within a seam floor with 5.5 m thickness.
The mine working was supported with the help of 2 m
anchor bolts. Probes were pressed into wells drilled from
parallel entry into the mine working roof before it was
driven. Rock stratification was registered down to 4.5 m
depth after a day of its construction. It has been deter-
mined that the anchored rock mass stratifies in a form of
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a single block; when a month past after the mine con-
struction, rock fault at station 1 was 0.017; as for the
station 2, rock fault was 0.051 m.

Hence, analysis of field observations, made in diffe-
rent world coal basins, confirm that deformation of a
mine working border is of decaying nature. Active phase
of deformations and stratifications within mine working
takes place in a month after their construction. In this
context, depth of the stratification zone, registered by
mechanical benchmarks, is 2.0 -2.3 m; it is almost
4 — 5 m according to the data by extensometers. Within
the stage, deformation velocity was 4.0 — 4.5 mm/day.
Increase in the dimensions of rock failure zone around a
mine working slows down.

Within a zone of active effect of a stope, which bor-
ders are 30 to 100 m, depending upon mining and geo-
logical conditions, velocity of vertical boundary shifts is
more than 4.0 — 5.5 mm/day; in turn, stratification depth
and total boundary deformations are more than 6 and
0.8 m respectively. Failure zone increases actively. Shifts
become active within the area of similar length (i.e. 30 to
100 m) in a zone of subsequent effect of a stope; howe-
ver, absolute shift values are much greater to compare
with those in front of the longwall one.

The study task involves:

— visual observations of the conditions of development
mine workings within western longwall 11 of cig seam;

— instrumental measurements of parameters of the
mine workings within their typical areas;

— instrumental measurements of deformations of sup-
porting components;

—visual observations and instrumental observations
of roof rocks within terminal sites of the longwall.

2. RESEARCH METHODS

Instrumental observations in the context of deve-
lopment mine workings of MM “Pivdennodonbaske No. 17
were applied as the research methods. The measurements
were carried out within typical sites of development mine
workings of western longwall 11 (seam cig) which were
supported subsequently out of area affected by the longwall,
within abutment pressure zone, in cross-section with the
longwall, and behind it along with the longwall approaching.

The mine workings were selected on the basis of
complicated conditions of seam mining, impossibility to
provide baseline minimum horizontal section of ventila-
tion raise for its reuse, and necessity to minimize expens-
es connected with construction of the mine workings and
their support in the context of ¢ seam.

Within mining site of western longwall 11 (seam c3),
coal seam is of simple and of complex structure consis-
ting of two patches. Thickness of upper patch is
0.6 — 0.8 m; thickness of lower patch is 0.3 —0.4; and
thickness of intermediate rock is 0 to 1 m. The seam
occurrence is undulating; seam inclination is 6 — 8°. Roof
bond is satisfactory; floor bond is loose.

Slightly micaceous cross-bedding gray aleurite is the
main of immediate roof. The aleurite is fissured. Frequen-
cy of the fissures and their strike coincide with the seam
fracturing. In terms of lithological properties, it belongs to
Bs category. Thickness of the layer is 2.5—5.0 m. Ac-
cording to Protodiakonov, hardness coefficient is 3.
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Quartzitic fine-grained gray sandstone is the main
share of the main roof. Contact is sharp. In terms of litho-
logical properties, it belongs to A, category. Sandstone
with 0.7 m thickness and 3 —4 hardness occurs within
adjacent stratum at local sites; in a greater degree of the
sites, aleurite prevails. Its upper layer share with up to
0.35 thicknesses is vulnerable to soaking. Floor has a
tendency to its rise. It belongs to P, category; while soak-
ing, it demonstrates P, — Picharacteristics.

Extraction pillar was mined to the dip by means of
the combined system. The stope was equipped by pow-
ered system 1 MKD-90. Conveyor incline of western
longwall 11 was driven behind the stope with construc-
tion between the mine working and mined-out area with-
in a site where continuous chokes were observed. Con-
veyor incline of reused western longwall 12 was ventila-
tion raise for the longwall; it was driven with the help of
upper blasting and lower blasting. Packed line, made of
cement-mineral mixture TEKHARD, was applied to
protect observation areas.

KMP-A3 roof bolting with 11.2 m? finished section and
0.8 m spacing was used to support the mine workings.
Within a zone, affected by mining, wooden props were set
centrally under girders of each tie frame. Within ventilation
raise, the props were set at 30 m length site in front of the
longwall; they were set throughout the length of the belt
roadway. Additionally, two anchors were set in the ventila-
tion raise from girders of the basic support frames. Accord-
ing to recommendations by AURIRMMS, boundary meas-
urement stations were engineered within the mine work-
ings. 12 stations with 10 m spacing were prepared in belt
roadway; in the ventilation raise, spacing was 8 m.

The observations took 40 days. 971 measurements
were carried out. During the period, the stope advance
was 30 m. Within the boundary stations, measurements
were performed by means of flexible ruler (with
0.5 mm measuring accuracy). The measurements were
performed twice a week. Moreover, photographic re-
cording of ge-neral view of the mine workings within
cross-section, supporting elements, and natural out-
croppings was applied within areas of typical defor-
mations in the mine workings and at finite areas of the
longwalls. Furthermore, distances between fissures
were measured as well as their crack openings, depths,
and orientation towards the stope line. Besides, certain
frames were drafted.

3. RESULTS AND DISCUSSION

Instrumental observations in the ventilation raise have
demonstrated that within mine workings, supported in
front of the longwall, period of intensive shifts correlated
with the period when the mine working gets to abutment
pressure area. That coincides with common idea of de-
formation processes within mine workings being sup-
ported in a zone of longwall affect (Ma et al., 2018a; Ma
et al.,, 2018b; Nehrii, Nehrii, & Piskurska, 2018). It is
possible to determine general characteristic of the mine
working deformation while analyzing its height varia-
tions depending upon distance to the longwall (Fig. 1a).
Convergence intensification is observed at 80— 60 m
distance to the longwall; vertical convergence is more
than 1 m. Drafts of the mine working cross-section show
general deformation dynamics (Fig. 1b).
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Figure 1. Graph of belt roadway height (h) of western
longwall 12 (c1s) dependence upon distance to
longwall L (a); drafts of the mine working cross-
section at the distance of 229 (b) and 20 (c) meters

Processing of the results of the measurements, con-
cerning shears of the mine working boundary on bench-
marks, helped obtain graphs of changes in total vertical
shifts according to stations (Fig.2a) as well as defor-
mations of the floor rocks (Fig. 2b) within 65 — 6 m area
in front of the longwall. Figure 3 demonstrates summary
measurement results in the form of graphs illustrating
dynamics of floor and roof shifts in a belt roadway of
western longwall 12 (in terms of the Figure 3, measure-
ment at 65 m to the longwall is taken as the defined zero).

Results of the instrumental and visual observations,
performed in a belt roadway of western longwall 12,
made it possible to determine the following:

—during the whole operation period of the mine
working, convergence of its floor and roof rock is 1.2 m
on average;

—a value of a footwalling is up to 76% of total con-
vergence;

—a velocity of the footwalling in the mine working
within 6 — 65 m area in front of longwall was 3 mm/day
on average;

— the floor rocks are represented as a discrete medium
with small-section structure (Fig. 4).

Analysis of drafts, concerning the mine working
state, has helped determine that changes in its boundary
have characteristics of comprehensive asymmetric pres-
sure. Much lighter stage of boundary deformation and
breakage of support elements is observed from the
mined-out area of previously extracted longwall.
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Figure 3. Summary graphs of floor rocks shift (a) and roof
rocks shift (b) of a belt roadway in a western
longwall (seam cis) at the distance of 6 — 65 m in
firont of the longwall

From the side, deformations of support legs and their
pushing-out into a cavity of a mine working are local
phenomena. From the side of coal rock mass, pushing-
out of frame support legs is observed; the process de-
pends upon rock crushing, and its shifting to a cavity of a
mine working which results from the progress of a zone
of broken rocks, their expansion, and abutment pressure
action. From the side of a roof, subsidence and defor-
mation of arching roof beams are seen; they result from
shifts of rocks which vectors are perpendicular to a plane
of rock stratification, i.e. left vertical 7 — 80 mine wor-
king deviation takes place.
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Figure 4. General view of floor rocks shear of a belt roadway
of western longwall 12 of seam c1s

Anchoring influenced roof shifts positively since it
reduced them; however, the anchoring had kinematic
connection with frames, and had harder mode than the
frames. Thus, they produced deformations and breakage
of the frame support elements. Taken as a whole, nonuni-
formity of rock shifts within the mine working boundary
resulted in substantial deformation of the frames. In this
context, fasteners from one side and another one were the
basic nodes within which the processes took place (i.e.
exhausted flexibility, sliding of fasteners along support
legs, breakage of clamps and connectors, disconnection
of roof beam and a leg in the point of their overlapping).
Footwalling towards vertical axis of a mine working was
asymmetric; prevailing pressing-out was observed closer
to the lag, mounted from the side of the rock mass.
Hence, inclination angle of the floor plane towards hori-
zontal plane was almost 8°. Moreover, pressing of wood-
en reinforcement props into the mine working floor as
well as protective packed line into rock, occurring under
it, was also observed.

The major shifts in a belt roadway of western
longwall 12 of seam c;3 took place after the first longwall
passage; pressing of support legs from the side of the
mined-out area as well as deepening of protective struc-
tures into floor rocks confirm that. The abovementioned
data result from the fact that floor rocks are represented
by soft aleurite having raising tendency; moreover, it
soaks if moisture is available. Hence, packed lines with
limited flexibility were ineffective under the conditions
and worked as dies.

During the observations, a belt roadway of western
longwall 11 did not experience significant changes. The
mine working is in satisfactory condition. No apparent
deviations of cross-section from the design parameters
are registered. During the observations, maximum shifts
were 0.26 m at the distance of 15 m from the stope. A
zone behind the mine working, affected by abutment
pressure, extends to 50 m where intensive shifts of the
mine working boundary rocks were observed. In this
context, floor shifts were registered at the distance of
20 — 50 m; they were registered at 5 — 30 m distance if
it was roof. Their stabilization and decay took place at
the distance of more than 50 m from the longwall.
The obtained results are similar to the results in
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(Solodyankin, Mashurka, Dudka, & Kuziaieva, 2015)
confirming their reliability and correctness of the ac-
cepted research methods.

Analysis of deformation processes within terminal
sites of the longwall, adjoining development mine wor-
kings, is also important since stability of natural outcrop
as well as operational safety within the sites depends
upon support parameters and mine working protection.
Terminal sites and their communications with mine
workings, driven behind longwall, are of critical im-
portance. It is stipulated by the fact that under such con-
ditions, support pattern involves cutout mining, timber-
ing of vast areas using individual supports, construction
of protective means as well as construction of a deve-
lopment mine working and its supports. That is, a num-
ber of operations to provide stability of wall rocks within
the sites are performed in limited space; the operations
are performed slowly involving a great share of muscular
work. The conditions coincide completely with the con-
ditions of conveyor incline of western longwall 11 and
terminal site adjoining it.

Observations of roof rocks shifts within a terminal
site have shown that their subsidence at the level of the
last support of a face area was 21%. Its maximum value
was 32% which was observed at the distance of 15 m
from the seam edge along the mine working when flexi-
bility of protective means and floor rocks is exhausted,
i.e. at the distance of 7.5 m from its erection area. Thus,
flexibility of continuous chokes and rocks under them
was 41%. Significant flexibility was negative for the
conditions of roof rocks and floor rocks within terminal
site of the longwall.

Comparison of measurements of floor rock shifts
within the mine workings, and roof rock shift along pro-
tective structure made it possible to conclude the follow-
ing: intensification of floor rock pressing-out of a con-
veyor incline of western longwall 11 started from the
moment when flexibility of continuous chokes and rocks
under them is exhausted as well as when protective
means start operating as a die. Observations of immedi-
ate roof within terminal site helped determine boundaries
of potential caving.

Boundaries of the caving zone were determined ac-
cording to artificial roof fracturing resulting from mining
processes. The parameters differed in face area width.
Tight fractures were registered at the distance of 2 m
from the seam edge. One and two fractured zones could
be identified within the zone. One of the systems was at
the distance of 0.8 m from the edge and fissures, parallel
to the face length, prevailed. Sometimes, their angle to
the longwall length was 45°. Distance of the two other
systems was 0.8 — 2.0 m from the seam edge. Moreover,
fissures form different systems cut each other at the angle
being close to straight one (Fig. 5). Locally, three frac-
ture systems were observed; however, they were of a
random nature and not pronounced. Nevertheless, at the
distance of less than 2 m from the seam, within the site of
prop stay 3, fracture opening and intensive roof rock
deformation were observed. The process was followed
by relative shift of rock blocks, and rock inrushes be-
tween roof beams.
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Figure 5. Photos of natural roof outcrops at the distance of
0.8 — 2.0 meters from the seam edge including frac-
ture systems orientation as for the stope length

Visual and instrumental observation of roof rocks
condition within the terminal site of western longwall 11
of seam c;3 (Fig. 6) have helped determine that the most
dangerous inrush rock area is between 3™ and 9" prop
stays of the face space, i.e. at the distance of more than
2.4 m from the seam edge.

Height measurements of the face space on the indi-
vidual supports stays made it possible to obtain depen-
dences of total convergence of roof rocks and floor
rocks, and floor rocks shift separately upon the distance
from the seam edge (Fig. 7). Taking into the fact that
critical shits of the roof rocks U. are 0.09 m (Nehrii,
Sakhno, Nehrii, & Kolomiiets, 2017), the closest bounda-
ry of a zone of their caving is at /, = 2.7 m distance from
the edge (Fig. 7). That rock caving zone coincides with
the face space area where the main operations are per-
formed. Thus, it is the place where caving should be
prevented. Moreover, it is possible to reduce the likeli-
hood of staff injury if cavity boundary zone is transferred
beyond face space area, i.e. to protective means. Then,
taking into account the fact that flexibility of protective
construction as well as support parameters of terminal
site effects its roof rock shift value (Frith, Reed, &
McKinnon, 2018), it is possible to transfer cavity area
boundary from the seam beyond the face space at the
expense of reduced flexibility of protective means and
prevention from its forcing into floor rocks.

Roof-bolting principle, which should meet the above
requirements, is as follows: anchors in a borehole have to
be fastened at the expense of their pressing throughout
the length by means of mixtures, expanding while hard-
ening, rather than at the expense of adhesion. First of all,
calcium oxide-based unexplosive destructive mixtures
(UDM) are promising.
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Figure 6. Photos of natural roof outcrops when distance from
the seam edge is more than 2 m (photographing di-
rection is from the seam to protective structure;
numbers indicate stays across the width of the face
area of terminal site)
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Figure 7. Graphs of total convergence A m/total, and roof
shifts A m/r across the width of the face space to
determine roof rock cavity boundary

During a process of hydration hardening, they can in-
crease threefold when free; under the conditions of con-
strained deformations, arising within a borehole with
anchor, they can develop up to 30— 50 MPa pressure
extension. Characteristics of such mixtures are studied
rather thoroughly (Herezy, 2015b).
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Use of the mixtures to fasten anchors results in the fol-
lowing: the expanding substance presses them between
borehole walls regardless of their quality, and availability
of dust and moisture. The mixture expanding factors into
the changes in stress field around the anchored borehole;
among other things, radial directions are available. That
increases corresponding components of the stress field
restricting progress and formation of fissures and any line
defects within the rock mass as well as closure of fissures,
oriented normally to vectors of radial stresses, favouring
increased stability of a mine working.

In the context of the described concept, fastening self-
expanding mixtures are innovative component. Specific
requirements are applied to them. Such a mixture should
develop 30 — 40 MPa expanding pressure under the condi-
tions of constraint deformation; its share strength should
be similar to the strength of coal formations; it should not
be broken up within a borehole by changes in geomechan-
ical stresses being typical for roofs of mine workings; and
initial pressure of the mixture should be developed as
quick as possible. Laboratory conditions were used to
develop and study the modified mixtures.

4. CONCLUSIONS

Study of kinetics concerning deformations of bounda-
ry rocks in the development mine workings of western
longwall 11 of seam c3 has made it possible to formulate
following conclusions:

— within reused mine working, length of abutment pres-
sure affect in front of longwall achieved 80 m where shifts
of roof and floor rocks were 1.2 m on the average (share of
floor rock shift was 76%); as for the mine working, driven
behind the longwall, length of abutment pressure affect was
50 m and maximum convergence was 0.26 m;

— changes in the boundary of a mine working, sup-
ported behind the longwall, result from comprehensive
rock pressure; its distribution was not uniform as for ver-
tical axis of the mine working; thus, deformation of sup-
port elements and footwalling from rock mass prevailed;

—under the conditions of soft underlying floor rocks,
pressing of protective means is observed. The process is
followed by shifts of roof rocks; the shifts achieve up to
41% of the mined seam thickness;

— exhaust of flexibility of protective means and rocks,
underlying them, factors into intensified pressing of
adjoining mine working floor rocks;

— parameters of roof rock caving within terminal sites
of longwalls have been determined; the parameters de-
pend upon the parameters of the mine working and ter-
minal sites timbering and protection.

The obtained results may be used to develop tech-
niques and means which will provide stability of deve-
lopment mine workings and prevent from rock caving
within terminal longwall sites. To do that, it is necessary
to take into consideration uniformity of rock pressure
distribution around the mine working within the zones
affected by mining, and give special priority to the
measures which will help provide stability of floor rocks
of the mine working as well as those underlying protec-
tive means.
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JOCJII)KEHHSA KIHETUKN JE®@OPMYBAHHSA
INPUKOHTYPHHUX IIOPIA I'TPHUYHNX BUPOBOK

C. Herpiii, C. Caxno, 1. Caxno, T. Herpiit

Mera. Arani3 xapakrepy JegopMyBaHHS TipCHKUX TOPIiJ Ta eKCIePIMEHTAIbHA OIiHKA CTaHy TipHHYHUX BUPOOOK,
10 TMiATPUMYIOTHCS B 30Hi BIUIMBY OYHCHUX POOIT i3 BUIIMaHHS BYT1/UIA.

Metoauka. JlocmipkeHHS TPOBEACHO METOIOM HATYPHUX IHCTPYMEHTAIBHUX CIOCTEPEKEHb HA BUMIPHHUX CTaHIII-
X, 00JIaJJHAaHUX KOHTYPHUMH pernepamu. [IpoBeneHi BUMipu BUCOTH 1 IIMPUHN BUPOOKH €KCIPEC-METOOM, B XapaKTe-
PHHX OIISHKAX MIATPUMAHHS HAKPECICHO CCKi3W Ta 3po0JieHO CBITIIMHU. JIOCTIKEHHS MPOBEICHO B KOHBEEPHIH 1
BEeHTWIALIIHIA BupoOkax 11-oi 3aximnoi naBu miacra cig JI1 “Ilaxtoynpasninus “TliBagenHogon6ackke Nel” Ta ix
CIIOJIy4YEHHSIX 3 JIABOIO.

Pe3yabraTu. BcraHoBieHO, 1110 30HA BIUIMBY JIaBH Y BUPOOL, 1110 MiATPHUMY€ETHCS, OBTOPHO CTaHOBUTH 80 — 60 M
nepesi BUOOEM, BepTHKAIbHA KOHBEPICHIIS B I[ii 30HI OUIbie 1 M, IOJIS MIAHATTS MiJONIBH OJH3bKO 76%, IIBHIKICTH
3cyBiB Oinblie 3 MM/100y. BusBieHo, o B 30HI BIUIMBY JIaBH CIIOCTEPIraeThCs JIOKAJIbHE PYHHYBaHHS aHKEpPHOI Byp-
HiTypu Ta 6im3pko 70% nehopmyBaHHS eleMEHTIB paMHOTo KpiruieHHs. Ha kiHuesiit 1insHIi 1aBu 3 00Ky KOHBEEPHOT
BHUPOOKH BCTAHOBJIEHO, 1110 HMOBIpHa 00J1aCTh BUBAJIB IOPi 3HAXOIUTHCS MIXK 3-010 Ta 9-010 cTifikaMu PUBHOIHHOTO
KpiTuteHHs, TOOTO Ha BiJICTaHI BiJl KPOMKH IUTacTa Oinbie, HiX 2.4 M. JloBeieHO, 0 3aCTOCYBaHHS YKOPCTKUX OXOpPOH-
HUX CHOPYZ B yMOBaX CJIA0KUX MOPiJ MiZomBH 0e3 JOAATKOBUX 3aX0/diB Hee(PeKTHBHE, OCKITTPKH OXOPOHHI KOHCTPYKIIii
MPamo0Th K mraMnu. CTaH KOHBEEPHOI BUPOOKH, IO MIPOBOIUTHCA Ta MiATPUMYETHCS 3a JIABOIO, 330BIIBHAH, 1edo-
pMalii KOHTYpY 3HaXOSTHCS B MEeXKax MiJAJATIMBOCTI KPIIUICHHSI.

HaykoBa HoBH3Ha. BcTaHoBieHI 3aK0HOMIPHOCTI JiehOpMyBaHHS KOHTYPY TIpHUYUX BUPOOOK B yMOBaX HECTIMKHX
6iunux mopina wiacra ¢ig JI1 “Ilaxroymnpasninns “TliBreHHomonb6ackke Nel”, 10 mpoBOAATHCS Ta MiATPUMYIOTHCS O-
3aJly OYMCHOI'0 BUOOIO Ta B MOAAIBIIOMY BUKOPHCTOBYETHCS IOBTOPHO JUIsl HACTYITHOI JIaBH. BcTaHOBIIEHI 3aKOHOMIPHO-
CTi BU/IABJIIOBAHHS IIOPiJl y MOPOXKHUHY BUPOOKH 3-T1i1 OXOPOHHUX KOHCTPYKIIIH, 110 CHOPY/PKYIOThCS y3/I0BXK BUPOOKH
Ha MeXi 3 BUPOOJICHNM MPOCTOPOM Ta 3aKOHOMIPHOCTI BEPTHKAIBHOI KOHBEPTeHIIIT MOPi/] Ha KIHIEBUX JIUISTHKAX JIaBH.

[pakTuune 3HaYeHHs. BUKOpHCTaHHS pe3ysbTATIB JOCTIKEHHSI € OCHOBOIO Ul PO3POOKH CIOCO0IB Ta 3aco0iB
3a0e3MnevyeHHs CTIMKOCTI MiATOTOBYMX BHPOOOK B yMOBaX HECTIHKMX OIYHHMX IODil, a TakoX 3aco0iB 3amoOiraHHs ix
0oOBaJIEHHSAM Ha KIHIIEBUX JUITHKAX JIaB.

Kntrouosi cnosa: cmiiikicme 8upo0ok, 2ipcokuil macus, oegpopmayii, KpinieHHs, KOHEeP2eHYis

HNCCJIEJOBAHUE KNHETUKHA JE®@OPMUPOBAHUS
IMPUKOHTYPHBIX IOPOJ I'OPHBIX BBIPABOTOK

C. Herpeii, C. Caxuo, 1. Caxno, T. Herpeit

Heab. AHanu3 xapakrepa Ae(OpPMUPOBAHUS TOPHBIX MOPOA M 3KCIEPUMEHTAIbHAs OLIEHKAa COCTOSIHHS TOPHBIX BBI-
pabOTOK, MOAEPKUBAEMBIX B 30HE BIUSHHS OYUCTHBIX padOT 110 BEIEMKE YTJIA.

MeToauka. VccienoBanue MpoBeICHO METOAOM HAaTYPHBIX MHCTPYMEHTAIbHBIX HaOMIOJCHUI HA M3MEPUTEIbHBIX
CTaHIIMAX, 000PyIOBaHHBIX KOHTYPHBIMH perniepamu. [IpoBeieHbI n3MEPEHNS BBICOTHI U INUPUHBI BEIPAOOTKHU dKCIpecc-
METOJIOM, B XapaKTEPHBIX YYacTKax MOANEpKaHNsl HauepueHbl 3CKU3bI U clienanbl ¢portorpaduu. Mccnenoanue npose-
JICHO B KOHBEWEpHOW M BEHTHISILIMOHHOM BhIpaboTKax 11 3amaxHol nasel miacta cig [Tl “IllaxToynpasienue “lOxHo-
noHOacckoe Nel” ¥ MX CONPSKEHHSX C JIABOM.

Pe3yabTaThl. YCTaHOBICHO, YTO 30HA BIMSHUS JIaBbl B BBIPAOOTKE, IOAJEPKMBAEMOW IOBTOPHO, COCTAaBIISET
80 — 60 M mepen 3a00eM, BepTUKAIbHAS KOHBEPTEHIIHS B 3TOH 30HE Oosee 1 M, IO HOAHATHUS MOIOMIBEI OKOJIO 76%,
CKOPOCTb CMeIleHnH Oosee 3 MM/CyTKH. BBIsBIEHO, UTO B 30HE BIIMSIHUS JIaBbl HAOIOAaeTCs JIOKAJIbHOE pa3pylleHNe
aHKepHOH (ypHUTYpHI U okoso 70% nedopmanuy 31EMEHTOB paMHOTO KperuleHus. Ha KOHEYHOM ydacTKe JIaBbl CO
CTOPOHBI KOHBEHEPHOI BRIPAa0OTKH yCTAaHOBJICHO, YTO BEPOSATHASI 00JIaCTh BRIBAJIOB MOPOJ HAXOIUTCS MEXIY 3-t U 9-i
CTOHKaMH Tpru3a00HHOMN Kpenn, TO €CTh Ha PAaCCTOSHUHM OT KPOMKH ITacta 0ojbie, 4eM 2.4 M. JlokasaHo, 94TO mprmMe-
HEHHE KECTKUX OXPaHHBIX COOPY)KCHUH B YCIOBHAX CJIA0BIX IOPOA MOYBEI G€3 JAOMOIHUTENBHBIX Mep Hea(PEeKTHBHO,
MIOCKOJIbKY OXpaHHBbIE KOHCTPYKIHMM paboTaroT Kak mramibsl. COCTOSIHUE KOHBEHEpHOI BbIPAOOTKH, MPOBOAUMOMN U
MO IEPKUBAEMO}! 32 JIaBOH, yIOBIETBOPUTENBHOE, Ae(OpPMAINK KOHTYpPa HaXOIATCS B IIPEeIax MOJaTINBOCTH KPETIH.
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Hayuynasi HoBH3HA. YCTaHOBJIEHBI 3aKOHOMEPHOCTH JIe(pOpPMHUPOBaHUSI KOHTYypa TOPHBIX BBIPAOOTOK B YCIIOBHSAX
HeyCcTOW4YMBBIX O0KOBBIX mopo/ miacta cig I'T] “Illaxtoynpasnenue “lOxHononbacckoe Nel”, mpoBOIUMBIX M MOIAEP-
JKMBaEMbIX 03371 OYMCTHOrO 32005 M B MOBTOPHO HCIIOJBb3YEMBIX ISl IIOCIEIYIOIIEH JIaBbl. Y CTAHOBJICHBI 3aKOHO-
MEpPHOCTH BBIAABIMBAHMS IIOPOJ B MOJOCTH BHIPAOOTKH M3-110]] OXPAaHHBIX KOHCTPYKIHMH, COOPYKAEMBbIX B/IOJIb BBIpa-
0OTKM Ha TpaHulle ¢ BEIpaOOTAaHHBIM MPOCTPAHCTBOM U 3aKOHOMEPHOCTH BEPTUKAIFHON KOHBEPTeHIMH MOPOJ HA KOH-
LIEBBIX Y4aCTKaXx JaBbl.

IpakTHyeckoe 3Ha4YeHHe. Vcronb30BaHNE PE3yIbTaTOB HCCIIEIOBAHUS SBISIETCSI OCHOBOI JUTs Pa3pabOTKH CIIOCO-
00B M cpencTB 00ECIeUeHNs] YCTOMYMBOCTH TOJTOTOBUTEIBHBIX BHIPAOOTOK B YCIOBHUSIX HEYCTOHUYMBBIX OOKOBBIX MO-
PO, a TaK)Xe CPEJICTB MPEAOTBPAIIECHHS NX O0PYIICHHS Ha KOHIIEBBIX YIaCTKaX JIaB.

KiroueBsble cJI0Ba: ycmouuusocms 8bipabomox, 2opHull Maccus, degpopmayuu, KpenieHus, KOH8ep2eHyus

ARTICLE INFO

Received: 11 May 2018
Accepted: 6 December 2018
Available online: 20 December 2018

ABOUT AUTHORS

Serhii Nehrii, Candidate of Technical Sciences, Associate Professor of the Department of Mineral Deposits, Donetsk
National Technical University, 2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: serhii.nehrii@donntu.edu.ua

Svitlana Sakhno, Senior Instructor of the Geological Exploration and Enrichment, Donetsk National Technical University,
2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: svitlana.sakhno@donntu.edu.ua

Ivan Sakhno, Doctor of Technical Sciences, Professor of the Department of Mineral Deposits, Donetsk National
Technical University, 2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: sahnohuan@gmail.com

Tetiana Nehrii, Senior Instructor of the Department of Mineral Deposits, Donetsk National Technical University,
2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: tetiana.nehrii@donntu.edu.ua

123



