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Abstract

Purpose. The method development and research on controlling the floor heave of mine roadways located in the zone of
increased stresses by local strengthening the rocks with mixtures expanding in the solid phase.

Methods. The work uses the following research methods: analysis and generalization of previously performed research on
the process of heaving the floor in mine roadways; full-scale mining studies, which include instrumental measurements at
benchmark stations, rapid measurements, photo-fixation of floor rock cuts in the areas of dinting.

Findings. It has been determined that the problem of heaving the floor is relevant for most of the temporary roadways
located in the zones of increased stresses, for example, in the zone of longwall face impact, both Ukrainian and foreign coal
mines. The conducted full-scale mining studies have revealed that the floor rocks in the zone of increased stresses are in a
destroyed state and can be represented as a block-discrete medium. A method for controlling the floor heave in mine roadways
has been developed, which is based on the formation of locally strengthened zones of a special shape in the mine roadway
floor. The strengthening effect is achieved by consolidating the rocks due to their compression by mixtures expanding in the
boreholes drilled into the floor of the mine roadway. The method parameters have been calculated which make it possible to
set the necessary expansion pressures for the formation in the mine roadway floor of a stable strengthened zone of a specified
shape. Studies on the formation of local strengthening of floor rocks with mixtures expanding in mine conditions substantiate
the fundamental possibility of rock consolidation.

Originality. The ideas about the consolidation of a block-discrete medium by compression and the formation of stable
strengthened zones with mixtures expanding in the solid phase have been developed.

Practical implications. A method for controlling the heaving of floor rocks and a methodology for determining the method
parameters have been developed. The results obtained can be used to ensure the stability of mine roadways in zones of

increased stresses.
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1. Introduction

Over the last 20 years, great progress has been made in
the means of fastening the coal mine roadways and ensuring
their stability. Active implementation of two-level rock-
bolting systems, improvement of the shotcrete process, de-
sign, geometry of the arch support and headboard contribute
to a significant increase in the stability of the roof and sides
of mine roadways at great depths. However, the mine road-
way floor in most cases still remains unfastened. Therefore,
the floor rocks experience significant destruction, especially
in mine roadways maintained in the zone of longwall face
impact at great depths. This phenomenon is typical for dif-
ferent coal basins, which is noted in the works of scientists
from different countries [1]-[6].

As a result of the destruction of the mine roadway floor
rocks, their heaving into the cavity of the drifts is observed.
The presence of water in the rocks leads to the activation of
deformation processes. This causes problems that arise when
transporting rock mass, delivery of materials and equipment,

ventilation of mine roadways and movement of miners. Res-
toration of the operational state of such mine roadways is
becoming an important task of underground mining.

The heaving of the floor rocks is observed at all stages of
the mine roadway existence and occurs with different intensi-
ty. The peculiarity of this complex process is that its nature
depends on the mining-geological conditions in which it
occurs. That is why there is still no single theory that de-
scribes and fully explains the heaving process.

The results of monitoring for the temporary roadways in
Ukraine show that 19-23% of them are in unsatisfactory
condition. The share of site roadways with a service life of
up to 3years, in which repair work is conducted, exceeds
75% of the total volume of roadways being repaired. These
data have been obtained for mines with one or two longwall
faces. For roadways serving the stope face, 90% of the de-
formations are associated with being in the zone of longwall
face impact, while about 86% of the repair work is accompa-
nied by dinting of the floor rocks [7].
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Despite more than a hundred years of scientific and in-
dustrial experience in maintaining mine roadways, in fact,
almost the only way to control the floor heave today is dint-
ing. The use of rock-digging machines, although it is the
most progressive solution for mechanizing the rock dinting,
unfortunately, is not always convenient in roadways in which
belt conveyors and haulers are located, operating almost
around the clock. In addition, dinting, conceptually, is not a
means of controlling the floor heave, but only a way to elim-
inate the consequences of pressing out the rocks into the
mine roadway cavity.

The reasons that form the floor heave, mainly include:
swelling of rocks, pressing out of rocks from under the
stamp, transition of rocks into a plastic (and viscous-plastic)
state, creeping of rocks, destruction and pressing out of de-
stroyed rocks, as well as a combination of these factors.
Different mechanisms of heaving the floor rocks have led to
different methods for controlling this phenomenon.

World experience in underground mining has made it
possible to accumulate a large number of theoretical and
practical solutions underlying the methods and means of
ensuring the floor rock stability. It is expedient to reduce the
main conceptual directions to the following:

—use of closed support structures (frame, prefabricated,
monolithic);

— destressing the mass from increased stresses;

— strengthening of floor rocks in a mine roadway (me-
chanical, physical-chemical);

— combined methods.

The simplest solution to the problem of heaving the floor
is to use closed types of supports, such as a ring or a back
arch support [8]-[10].

Closed supports are widely used in capital roadways with
a long service life. Rigid and yielding concrete, reinforced
concrete, block, tubing supports are also widely used. Fas-
tening of site roadways, located in the zone of longwall face
impact, with metal supports, circular closed supports, ovoid
and arched with a back arching cannot withstand the pressure
from the floor and, therefore, are not practically used in do-
mestic mines. The main reason for this is considered to be
too large deformations of the site roadway floor.

During destressing of the border rocks, the increased
stresses are removed from them. To achieve this effect,
destress cavities are artificially formed in the floor or sides of
the mine roadway, such as grooves, wells or holes. Pressure
relief grooves are built in the floor from one or both sides of
the mine roadway [11], [12]. The destressing effect depends
on the shape, size and method of their implementation. With
the drilling and blasting method of forming the grooves, side
rocks are additionally destroyed, which helps to reduce the
level of stresses not only in the floor, but also in the sides of
the mine roadway.

In addition to drilling and blasting method, the drilling
and cutting method is also used to built depressurization
holes in the mine roadway floor. The last two methods are
technically quite complex. The hole is usually located in the
center of the mine roadway floor, and its depth is much
greater than that of the grooves and reaches several meters.
To create a hole without using the drilling and blasting
method of rock destruction, it is necessary to drill boreholes
with a small spacing, which is technically difficult. Some-
times, instead of holes, wells drilled at a small spacing are
used as destress cavities. At mechanical cutting a hole in the

floor with hard rocks, technical difficulties also arise [11].
Destress cavities, usually wells, are created in the sides of the
mine roadway, which also reduces the floor heave.

In modern conditions, when mining the coal deposits,
destressing of the mass with holes is almost never used. This
is conditioned by the high technical complexity of the meth-
od implementation and the disappearance over time of the
destressing effect when closing holes as a result of the rock
mass deformation.

In recent years, methods involving the strengthening of
floor rocks have become most widespread.

Strengthening can be conducted with the use of chemical
mixtures with or without preliminary dinting, as well as
rock-bolting systems. When using chemical strengthening,
an artificial beam [13], [14] or arch [15], [16] is formed in
the floor. The quality of strengthening in this case depends
on the water saturation of rocks and can be improved by
dehydrating them [17], [18].

Chemical strengthening is effective at different stages of
mine roadway operation, but its disadvantages include the
relatively high cost of materials and equipment for perform-
ing work, as well as the bearing structure rigidity. Due to the
fundamental infeasibility of deformations, the destruction of
the formed bearing structure in the zones of high rock pres-
sure occurs. Such cases are typical for mine roadways locat-
ed in the zone of stope operations influence.

The necessary yielding property is provided by methods
of strengthening the floor rocks in the mine roadway using
rock bolts [13], [19], [20]. With all the positive characteris-
tics of rock-bolting, strengthening the floor with the rock
bolts in the zones of increased rock pressure is quite com-
plex. First of all, the floor rocks are not monolithic, therefore,
fastening of the destroyed rocks with rock bolts is ineffec-
tive. In zones of longwall face impact, the degree of destruc-
tion of the floor rocks can be such that individual rock frag-
ments have sizes ranging from a few centimeters to tens of
centimeters. In addition, clay rocks and argillites, especially
in the presence of water, are characterized by plastic defor-
mations that are not restrained by either rigid steel bolts or
flexible glass-polymer and rope bolts.

The combination of rock-bolting and strengthening tech-
nologies is by far the most effective method for reducing the
floor heave in coal mine roadways [21].

In recent years, combined fastening technologies have
been widely used, which are based on joint use of back arch-
ing made of metal frames and concrete layer with rock-
bolting of floor rocks with resin-grouted roof bolts [22], [23]
or flexible rope bolts [24], [25].

Such technological solutions minimize the floor heave,
but they require large capital expenditures and significantly
increase the labor intensity of mining operations.

It follows from the above analysis that the most promis-
ing direction for ensuring the stability of the floor rocks in
mine roadways in the zones of increased stresses is the
strengthening of rocks. The main reserve for ensuring the
stability of the floor is in the advanced technologies of rock-
bolting and injection of binding substances of a new level.
Thus, the development of new conceptual solutions and ways
to control the floor heave is an urgent scientific task.

The purpose of this work is to develop and study a method
for controlling the floor heave in mine roadways, located in
the zone of increased stresses, by local strengthening of rocks
with mixtures expanding in the solid phase.
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2. The research methods

The development of effective measures to control the
floor heave is possible only in the conditions of a clear un-
derstanding of the mechanism for the development of this
process. Full-scale mining studies conducted in the Donbass
mines indicate that the border zone rocks during dinting are
predominantly in a discrete state. In order to determine the
dynamics of deformation processes around the mine road-
way, as well as the physical state of the floor rocks, the au-
thors have conducted full-scale mining studies.

The place of research is the site of the 12" western
longwall face of cig seam, DP Shakhtoupravlinnia Pivden-
nodonbaske No. 1. The longwall face was mined to the seam
dip using a combined mining system, the conveyor passage
of the 12™ western longwall face was used repeatedly, and
the conveyor passage of the 11% western longwall face was
mined out behind the longwall face (Fig. 1).
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Figure 1. Copying from the plan of mine roadways indicating the
place of experiments

Coal seam c1g has a simple and complex two-band struc-
ture with parting in the lower part of the seam. The thickness
of the upper band of the seam is 0.60-0.80 m, the average
thickness of the seam is 0.75 m, the lower band is 0.30-0.40 m,
the thickness of the rock interlayer is from 0 to 1 m and
more. The occurrence of the seam is gently undulating, the
dip angle is 6-8°.

In the immediate roof of the seam, there is mainly gray
siltstone, weakly micaceous with horizontal stratification.
Fractured siltstone Bs. Dry. Layer thickness is 2.5-5.0 m. The
hardness coefficient by M. M. Protodyakonov scale is 3.0.
The main roof is presented by gray fine-grained quartz sand-
stone. At the beginning of the layer it is dense, at the end of
the layer it changes into a laminal carbonized detritus. The
contact is clear. According to lithological properties — A,. In
the immediate floor of the seam, in local areas, there is a dark
gray sandstone in the upper part —underclay” with a thick-
ness of 0.7 and hardness coefficient of 3-4 by M.M. Pro-
todyakonov scale. In most of the area, sandstone is replaced
by siltstone, in which the upper part of the layer up to 0.35 m
thick is able to soak. It is prone to heaving — P,.

The measurements are carried out at special measuring
points, built in mine roadways. Each measurement is repeated
three times, results are recorded in the observation log. The
average value is taken for calculations and analysis.

In the conditions of the conveyor passage of the 12%
western longwall face of cig seam, a control site 30 m long
(52 PK + 6 m — 53PK +16 m) is planned, where 4 measuring
stations are set with a spacing of 10 m. Each station consists
of 4 reference benchmarks set in the roof (reference bench-
mark 1), floor (reference benchmark 2) and sides (reference
benchmarks 3, 4) of the drift. The reference benchmarks are
markers on the support frame, in the form of a kerve in the
frame, into which a piece of steel wire is rolled. Observations
at the stations have been conducted for three months.

Each time of taking the measurements, the state of the
mine roadways is photographed using a digital camera. In
addition, along the entire length of the mine roadways in
which the research is conducted, the height is rapidly meas-
ured, which makes it possible to obtain and analyze the gen-
eral nature of convergence.

3. Results and discussion

3.1. Results of full-scale mining studies

After processing the research results, it has been revealed
that in the mine roadway, maintained before the longwall face,
the period of intensive floor heave correlates with the time it
enters the bearing pressure zone. For the conditions of con-
veyor passage of the 12" western longwall face of Cig seam,
the general characteristic of deformations can be traced by
analyzing the profile of the mine roadway height (Fig. 2a).
Convergence intensification is observed in the area of 80-60 m
before the face. It can be seen from the sketches of mine
roadway cross section (Fig. 2b, ¢) and general dynamics of
deformations, the vertical convergence is more than 1.0 m. In
this case, the heaving of the floor predominates.
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Figure 2. Conveyor passage height of the 121" western longwall
face of c1s seam before the longwall face (@) and sketches
of the mine roadway state 229 m before the longwall
face (b) and 20 m before the longwall face (c)
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The floor heave dynamics in the zone of intensive displace-
ments, determined from measuring stations, is given in Figure 3.
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Figure 3. Vertical displacements of the conveyor passage floor of

the 12™ western longwall face of c1s seam obtained from
measuring stations (65-14 m from the longwall face)

The floor heave at the passage site of 65-14 m before the
longwall face is about 130 mm. That is, only during this
period, the zone of destroyed rocks increases by at least
1.3 m, and judging by the total value of heaving the floor for
the entire period of mine roadway existence, the size of this
zone, when the mine roadway is located in line with the
longwall face, exceeds 7.0 m. Analyzing the dynamics of
heaving, it can be concluded that the rate of heaving the floor
at the control site is on average 2.9-3.1 mm/day. At the same
time, it is obvious that the rocks around the mine roadway
are already destroyed, even before they enter the zone of
intense deformations. The floor in the face of dinting, 229 m
before the longwall face approach, is already represented by
a small-block medium (Fig. 4), the place of dinting corre-
sponds to the sketch in (Fig. 2a, b). In the zone of intense
deformations before the longwall face, the zone of destroyed
rocks develops deep into the mass in proportion to the de-
formation of the mine roadway contour, and within the zone,
the rocks are additionally stratified and destroyed.

The floor rocks have higher fracturing than the rocks in
the sides and roof, even in places with low water inflow.

The floor rocks in the face of dinting have a marked dis-
crete state. The linear size of the rock partings to be dinted is
in the range of 0.15-0.4 m. About 80-85% of heaving occurs
during the period of intense deformations.

In addition to the above results of observations at measu-
ring stations, the physical state of the floor rocks is studied
during the survey of mine roadways and the photographs are
shown in Figure 5.

Analysis of photographs and measurement results indi-
cates that the floor rocks within dinting have a small-block
structure. This allows, in the first approximation, to represent
the rock mass in the mine roadway floor, at least to a depth
equal to half the depth of destruction zone, as a discrete or
block-discrete mass relative to the drift width.

3.2. The idea formation of a method
for controlling the floor heave

Laboratory studies, the results of which are presented
in [7], prove that the formation of locally strengthened zones
of a special shape in a mass, represented by a discrete me-
dium, makes it possible to reduce the compaction of rocks
under the mine roadway by 20% and the heaving of floor
rocks by at least 40%.

(b)

Figure 4. Floor rock sections when dinting in the conveyor pas-
sage of the 12t western longwall face of Cis seam, DP
Shakhtoupravlinnia Pivdennodonbaske No. 1

Figure 5. Floor rock sections during dinting: () drainage drift on Cis
seam, DP Shakhtoupravlinnia Pivdennodonbaske No. 1;
(b) conveyor passage of the 11" western longwall face of
cis seam, DP Shakhtoupravlinnia Pivdennodonbaske No. 1
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Based on the results obtained during the research, a
working hypothesis has been formulated to ensure the stabi-
lity of the floor by creating locally strengthened zones, which
is given below. It is expedient to implement the proposed
approach under conditions of intensive floor heave in cases
where the border rocks are in the zone of inelastic defor-
mations and represent a block-discrete medium. Under such
conditions, the floor heave can be reduced by forming a
locally strengthened zone in the form of a straight prism with
the apex of its base triangle facing the mine roadway floor
and a height that approximates the vector of maximum
stresses in the floor. In this case, the angle at the apex of the
prism base triangle should be 55-95 degrees.

After the method implementation within the zone of de-
stroyed rocks (DRZ) (1) (Fig.6a) with a radius Ry, a
strengthened zone is formed in the floor (2). A change in the
equilibrium state around the mine roadway, which is caused,
for example, by the longwall face approach and the transition
of surrounding mass into the zone of bearing pressure, leads
to an increase in DRZ by the value of dR, to radius R
(Fig. 6b). The destruction of rocks within the zone dR (3) is
accompanied by an increase in their volume, which creates
an external pressure on the rocks within DRZ until the be-
ginning of its growth and contributes to their displacement
towards the mine roadway (4). This leads to a floor heave in
the mine roadway by a value of Uy (Fig. 6¢).

(b)

Figure 6. The mechanism for implementing the method of ensu-
ring the floor stability in the mine roadways by creating
locally strengthened zones: Ri — the initial radius of the
zone of destroyed rocks; Rz — the radius of the zone of
destroyed rocks after its growth; Un — floor heave 1 — the
zone of destroyed rocks; 2 — the strengthened zone; 3 —
the area of an increase in DRZ in case of the stress-strain
state disturbance; 4 — mine roadway; 5 — wedge “seat”

The displacement of the strengthened zone (2) in the di-
rection of the mine roadway floor leads to the initial prop-
ping of rocks in the floor and sides of the mine roadway.
This makes it possible to form a mechanical system in the
border rocks, which props when the rocks displace towards
the mine roadway floor and provides increasing resistance to
the floor heave. The greater the load acting on the system,
the greater the effect of propping, compaction of border
rocks and, accordingly, resistance to heaving.

The triangle base of the strengthened zone foot (2) acts as
a wedge in the floor. The wedge “seat” (5) is formed in the
sides of the mine roadway (5), which ensures reliable prop-
ping of the floor rocks and prevents the displacement of the
strengthened zone towards the mine roadway floor.

Since the vector of maximum deformations can differ
from the vertical, orientation of the locally strengthened rock
zone in the form of a triangular prism is chosen so that its
height approximates the vector of maximum stresses in the
floor. This makes it possible to maximize the use of wedge
effect in the “strengthened zone — floor rocks” system.

3.3. Method of forming the locally strengthened zones
in the floor with the use of expanding mixtures

The developed method is based on forming the locally
strengthened zones from consolidated destroyed rocks using
self-expanding mixtures. Consolidation of rocks by compres-
sing them with mixtures expanding in the solid phase makes it
possible to ensure the stability of the floor rocks while main-
taining the mine roadway, including in conditions of high
fragmentation and in the zones of high rock pressure, with a
minimum amount of drilling operations. As these mixtures, it
is proposed to use compounds, the increase in the volume of
which is based on the hydration process of converting calcium
oxide into hydroxide. An example is non-explosive destruc-
tive mixtures, the pressure and deformation characteristics of
which have been studied in detail in the works [26], [27].

A method for controlling the floor heave includes drilling
the boreholes in the floor rocks of the mine roadway, filling
the boreholes with a hardening solution, which is used as a
self-expanding mixture in the hydration process, thereby
sealing the boreholes. The boreholes are drilled in two rows,
so that the expansion of the hardening solution in them cre-
ates in the floor between the boreholes locally strengthened
zone of compressed rocks in the form of a triangular prism
with the apex of its base triangle facing the mine roadway
floor. The length of the boreholes is calculated in such a way
that the widest part of the formed strengthened zone extends
beyond the vertical projections of the mine roadway sides by
0.08-0.15 half-span of the mine roadway. The essence of the
method is explained in Figure 7.

Figure 7. Method for controlling the floor heave: 1 — mine road-
way; 2 —borehole; 3 — floor rocks; 4 — the angle at the
prism base triangle apex of strengthened rocks; 5 —
strengthened zone; 6 — self-expanding hardening solu-
tion; 7 — sealing material

A differential peculiarity of the proposed method is that,
with a minimum consumption of a fast-hardening composi-
tion, a consolidated rock zone with specified parameters is
created in the mine roadway floor. At the same time, not the
entire rock volume within the formed zone is strengthened,
but only a certain area. The strengthening effect is achieved
by compressing the rocks and increasing the friction between
the rock fragments during self-expansion of the mixture
filled in the boreholes.

To implement the method, it is necessary to set the re-
quired pressure of the expanding mixture to form a stable
strengthened zone. The limit equilibrium method is used to
solve these problems.
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It can be argued that a consolidated strengthened zone in
the form of a triangular prism is stable, provided that it is
stable in the most dangerous section. This section for our
problem is the area of rocks at the triangle base of the prism
foot, where there is a maximum distance between boreholes
with expanding material. The calculation scheme for the
described case is given in Figure 8.

? fffﬁo

Q

Figure 8. Calculation scheme for the formation of forces within
the consolidated zone: 1 — mine roadway floor; 2 — bore-
holes; 3 —expanding mixture; 4 —locally strengthened
zone; P —the pressure creating an expanding mixture,
MPa; Fq" — friction force along the horizontal bounda-
ries of the blocks, kN; F# — friction force along the ver-
tical boundaries of the blocks, kN; Q — pressure from
the rock expansion with an increase in size of the
destruction zone, MPa; b —the rock block length, m;
a —the angle between the boreholes, degree

Let us consider the problem for a single thickness d.

The equilibrium state of the rock mass area along the
width L is ensured by applying a distributed load P (expand-
ing mixture pressure) along its edges in the area of length y.
In this case, the total friction forces along the vertical boun-
daries of rock blocks F; are balanced by their weight, tak-

ing into account the additional load created by pressure from
the growth of the destruction zone Q.
This condition is written in the form:

Q

pPsin %
—~_=YF{ +
Lg = y-d

Friction forces acting on the boundaries of rock blocks
are equal to:

M

(04
PcosE .
_Ffr 'kfr'(n+1), (2)

\'
I:fr =

where:
Pcos% —the pressure projection of the material that

expands and compresses the rock blocks along the horizon-
tal area, Pa;

F r;r — the horizontal friction forces along the boundaries

of the compressible block, N;

ki — the rock-to-rock friction coefficient;

n —the number of blocks into which the rock layer
is divided.

. a
Psin—

h . a
Fir = y'dz’kfr"'y'd’S'nE’L'?"kfr- 3

Then the equilibrium condition (1), given (2) and (3),
takes the form:

Q Pcos® | Psin% o
= 2 _ 2-kfr+y-d~sin—><
L-d y-d y-d 2
; 4)
Psin %
L-y-k Kee - (n+1)+
ok ||t
Q L a 2
——+y-d-sin—-L-y-kf (n+1
P:[L~d y 2 e fr( )V
a .« . a ' ®)
cos— smE ) smE
—£& £ ki (n+l)+—=
y-d yd r(nel)

To determine the load Q from the growth of the destroyed
rock zone, let us solve the following problem.

The mine roadway of a round shape (Fig. 9) with a radius
r. is driven at a depth of H and fastened by a support with a
load-bearing capacity Py, operating in a constant resistance
mode. It is assumed that the rocks containing the mine road-
way are homogeneous and isotropic, the stresses in the virgin
mass are taken as hydrostatic — yH .

Pn

Figure 9. Scheme for calculating the stresses around the mine
roadway: Pn— horizontal pressure, MPa; Py — vertical
pressure, MPa; Po — support resistance, MPa; ri— radius
of fracture zone, m; rr — radius of mine roadway, m; rs,
rst —plastic flow zone before and after growth, m;
dR — increase in the size of the plastic flow zone

The possibility of replacing the mine roadway of any
cross-sectional shape with a round one in analytical research
has been substantiated in the works of prof. I.L. Chernyak. In
this case, the possible error does not exceed 10%.

By the time the work began, a brittle fracture zone of size
rir (DRZ — zone 1) had formed around the mine roadway, and
a plastic flow zone continues to form. Its size is r3. As a
result of rock deformation in the zones of brittle fracture and
plastic flow by the value dR to rst, the displacements occur in
the mine roadway contour and its radius decreases to r";.

To solve the problem, limit equilibrium method is used.
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The state of rocks in zone | is described by expression:
og —(22+1)-0y =0y, (6)

where:
oe1 and oy — tangential and radial acting stresses, respectively;
/. — side thrust coefficient;
on"® — residual rock strength in the zone I.
The residual rock strength can be determined from the
expression:

o’ =(2/1+l)~ar+cro—E*~8b, (7

where:

E” —deformation characteristic describing the inclination
angle of the descending section of the complete deformation
diagram. It is determined according to the data of experi-
mental studies from the expression:

__res

Er=20"% | (8)
€p

where:

g'p:gl'—superlimiting longitudinal rock deformation in

zone |.
The distribution of radial and tangential stresses in zone |
is described by the expression:

CTreS CTreS
= P+ .rzj_L; 9
Th [0 ZAJ 21 ©
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%, =( )[0 21 27 (10)

According to the accepted working scheme, loading of
the strengthened zone occurs by radial stresses or1. There-
fore, as a first approximation, it can be taken:

res res
lof o
_ - p, 4 %n 'rZA_ n_ 11
Q=0 (0 uj 21 ()

then the equilibrium condition takes the form:

res res
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As an example, Figure 10 shows the dependence of the
required expansion pressure on the degree of the mass de-
struction in the strengthened zone in the form of a prism with
triangle base of 4.8 m foot, angle at its apex 60 degrees,
friction coefficient 0.45.

It can be seen from the graphs that the greatest required
expansion pressure to maintain the strengthened zone shape in
a stable state for the modeled situation reaches 43 MPa. But
even with an imbalance in the widest part, the strengthened
zone performs its function, since a more compacted consoli-
dated zone is formed inside it, due to a decrease in the dis-
tance between the boreholes filled with expanding material.
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Figure 10. Dependency graphs of the required expansion pressure
on the number of rock blocks in the lower part of the
strengthened zone with the final strength of rocks with-
in the DRZ: 1 - 10 MPa; 2 — 20 MPa; 3 — 30 MPa

3.4. Research on the creation of local strengthening
with expanding mixtures in mine conditions

Before experimental testing of the proposed method for
controlling the floor heave, it is necessary to study the pro-
cess of forming the compacted zones around the boreholes
with expanding mixtures in mine conditions.

Therefore, the research purpose in mine conditions is to
analyze the compression effect of the destroyed floor rocks
in the near-borehole zone of an individual borehole using
mixtures expanding in the solid phase.

The observations are conducted in the main ventilation
crossdrift at the 824m level of DP Shakhta im. M.S. Surhaia
PK 4 + 8-PK 5.

In the immediate floor of the seam, there are mainly
siltstone and sandstone, with a hardness coefficient accor-
ding to M.M. Protodiakonov scale f=1-2 — 7%, f=2-4 —
53%, f=3-5 — 40%. The mine roadway is fastened with a
metal arch support KMP A5-15.5 with a spacing of 2 frames
per meter. The mine roadway section before dinting was
4.1 m?, after repair — 10.0 m2,

Operations on dinting and replacing emergency frame el-
ements are carried out only in the mine roadway. The floor
rock state is highly disintegrated (Fig. 11a). The experiment
is performed as follows. The boreholes with a diameter of
42 mm and a length of 1.5 m are drilled in the crossdrift
floor. The inclination angle of the boreholes is in the range of
85-90 degrees. After drilling, the boreholes are blown out of
the dust with compressed air. Then they are filled with a
prepared solution of a non-explosive mixture, self-expanding
upon hydration. Because of crystallogenesis, the rock mix-
tures around the borehole are exposed to compression. The
experiment is conducted on a section of 2-5m before the
repair work plane (Fig. 11b) for the subsequent cutting of the
borehole with an expanding mixture, dinting the face, as well
as visual and instrumental examination.

Visual observations of the results of expanding the mix-
ture in the boreholes, which were performed on rock cuts
during dinting, have revealed that large rock blocks move
along the sliding planes due to the mixture expansion
(Fig. 12a). This is evidenced by open interlayer contacts.
Compaction of fine-grained rocks has also been recorded.

It has been instrumentally determined that the opening of
interlayer contacts at a depth of 0.5-0.7 m from the floor
contour before dinting reaches 0.7-1.0 cm and is formed due
to vertical heaving of blocks towards the crossdrift floor,
which is caused by the presence of fold in the floor.
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Figure 11. The floor rock state (@) and pouring the expanding
mixture into the boreholes (b) during the experiments
in DP Shakhta im. M.S. Surhaia

The high degree of rock destruction does not allow to ob-
tain a high compaction effect. The following disadvantages
have been revealed:

— the actual consumption of the mixture in the boreholes
exceeds the calculated ones by 2.5-3 times, which is condi-
tioned by unforeseen losses of the mixture in the fractures
crossing the boreholes (Fig. 12a, b);

— the spreading zone of the mixture exceeds 5 diameters
of the borehole (Fig. 12b, ¢);

—in the conditions of rocks with high fracturing, there is
an additional rock destruction (Fig. 12c);

— due to the rock destruction and the formation of cavi-
ties, recrystallization of the mixture into powder is some-
times observed (Fig. 12c).

The main disadvantage of the presented technology in the
conditions of rocks with a high degree of destruction is the
loss of the mixture in cavities and fractures. To eliminate this
effect, it makes sense to fill an expanding mixture into am-
poules or other shells before placing into the boreholes. This
can prevent the mixture from flowing outside the predeter-
mined contour, thereby increasing the efficiency of the
method implementation. To prevent the pressing out of the
near-contour part of the rocks into the mine roadway cavity,
it is expedient not to fill the mouth area of the boreholes with
the working mixture, but to seal it.

An imaginary model for the method implementation to
control the floor heave in the experimental mine roadway is
presented in Figure 13.

zone of mixture
spreading £216mm

(©)

Figure 12. Photofixation of floor cuts from a borehole with a
mixture expanding during experiments in DP Shakhta
im. M.S. Surhaia: (a) cross-sectional view of the mine
roadway, which is refastened; (b), (c) fragments of
boreholes with an expanding hardened mixture: 1 —the
borehole axis; 2 —the zone of the mixture spreading
beyond the borehole contour
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Figure 13. Imaginary model of forming the locally strengthened
zones in the experimental mine roadway floor:
1 —borehole; 2 — expanding mixture; 3 — sealant

After eliminating the identified disadvantages in the for-
mation of consolidated zones from destroyed rocks, the pro-
posed method for controlling the floor heave can be tested in
mine conditions. This is the immediate perspective of the
authors’ research.

4, Conclusions

Analysis of the state of coal mine roadways in Ukraine
indicates that the problem of heaving the floor is relevant for
most temporary roadways, especially in the longwall face
impact zone. A review of the literature confirms the presence
of a similar phenomenon in the coal mine roadways around
the world. The most promising method to control the floor
heave is to strengthen the rocks.

The performed full-scale mining studies on the nature
of the mine roadway contour deformation and analysis
of the floor cuts in the places of dinting in the Shakhta
im. M.S. Surhaia make possible to suggest that the
floor rocks in the zone of increased stresses are a block-
discrete medium.

The authors have developed a method to control the floor
heave in mine roadways, which is based on forming the lo-
cally strengthened zones of special shape in the mine road-
way floor. Strengthening effect is achieved by consolidating
the rocks due to their compression with mixtures expanding
in boreholes drilled into the mine roadway floor.

The method parameters that make it possible to set the
necessary expansion pressures for the formation of a
stable strengthened zone of a certain shape in the mine
roadway floor have been calculated. Known mixtures
based on calcium oxide, expanding in the solid phase, can
develop the necessary pressures in the limited space of
borehole charges.

Studies on the creation of local strengthening of floor
rocks with mixtures expanding in mine conditions have con-
firmed the fundamental possibility of rock consolidation.
However, a number of disadvantages have also been re-
vealed. The main disadvantages are associated with an un-
controlled increase in the mixture flow rate in boreholes due
to leakage through cavities and fractures, which leads to a
decrease in the strengthening effect.

After eliminating the identified disadvantages in the for-
mation of consolidated zones from destroyed rocks, the pro-
posed method for controlling the floor heave can be tested in
mine conditions. This is the immediate perspective of the
authors’ research.
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Crnoci0 60poTh0M 3 MiIAHATTAM MiJOIIBY IPHAYUX BUPOOOK y BYTJILHAX IIAXTAX
I. Caxno, f. JIsamok, C. Caxno, O. IcacHkoB

Mera. Po3poOka i nocmimkeHHs croco0y 00poThO0H 3 MiAHATTSM MiJOIIBY TPHUYUX BUPOOOK, SIKi 3HAXOIATHCSA B 30HI MiIBUILECHUX Ha-
TIPY>KEeHb, IUITXOM JIOKAIBHOTO YKPIIUICHHS [IOPiJ] CyMilllaMy, 1[0 PO3LIMPIOIOTHCS B TBEPIiH (asi.

Metoaunka. Y po6oTi BUKOPHCTaHO HACTYIHI METOAW IOCIHI/DKEHHS: aHAJI3 1 y3araJbHEHHs paHillle BUKOHAHHX JOCII/DKEHb IPOIECy
HITHATTS MiIOMIBU TiPHUYUX BUPOOOK; IMIAXTHI HATYpHI CIIOCTEPEKEHHs, 0 BKIOYAIHM iHCTPYMEHTAIbHI BUMIPH Ha PENEpPHUX CTaHIIX,
eKkcrpec-BuMipH, (hotodikcarliro 3piiB MOPIi/ MiJOIMIBYA B MICI[SIX BEJCHHS MiPUBKH.

PesyabTaTtu. Bcranosneno, mo npo6iemMa MiAHATTA HiIOUIBH € aKTYaJIbHOIO JUI OUIBIIOCTI MiATOTOBYMX BHPOOOK, IO 3HAXOIATHCS B
30Hax MiJBUIIECHUX HANpY>KEHb, HAPHUKIIAJ B 30HI BIUIMBY JIaBH, IK YKPaiHCHKHX, TaK i 3aKOpJOHHUX BYTUIBHUX MIaxT. HalOimbin nepcmek-
TUBHHUM CIIOCOO0M OOpOTHOM 3 MiTHATTAM MiJOIIBY € YKpiruieHHS nopin. [IpoBeneHi maxTHi HaTypHi crioctepeskeHHs B ymosax JII1 “Illaxrta
iMm. M.C. Cypras” cBiq4aTh, 10 IOPOIH IiJOIIBY B 30HI MiABUIIECHUX HAMPYKEHb 3HAXOIATHCA y 3pyHHOBAaHOMY CTaHi 1 MOKYTh OyTH Ipes-
CTaBJICHI SIK OJIOYHO-JUCKpETHE cepenoBHIne. Po3pobieHo crocié 60poThOU 3 MiJHATTSAM MiJOIIBY TiPHHYUX BHPOOOK, IO IPYHTYETHCS Ha
CTBOPEHI JIOKAILHO YKPIIUICHUX 30H CHeliadbHOi (OpMH y migoniBi BUpoOKU. EQekT ykpiruieHHs IpU bOMY JOCSATAETHCS IIUITXOM KOHCOJIi-
Janii mopiz BHACIIIOK 1X CTHCHEHHS CyMilllaMH, IO PO3IIMPIOIOTECS Y LIITypax MpoOypeHuX B MifomBy BUpoOkH. [IpoBeneHi po3paxyHKH
HapaMeTpiB croco0y JO3BOJIMIN BCTAHOBUTH HEOOXiZHI THCKH PO3LIMPEHHS, Ul YTBOPEHHS CTIHKOI YKPIIUIEHOT 30HH BU3HA4YEHOi (HOpMHU B
MiOMIBI BUPOOKH. Bimomi cymimi Ha OCHOBI OKCHAY KaJbLilo, IO PO3IIMPIOIOTHECSA B TBEpAil (azi, MOKYTh PO3BUBATH HEOOXiTHI THCKHU B
00MEKEHOMY HPOCTOPI IIMYyPOBHX 3apAmiB. JlOCHimKEeHHS CTBOPEHHS JIOKAJBHOTO YKPIIUIEHHS MOPiJ MiJOMIBH CyMIIIaMH, IO PO3IIUPIO-
FOTHCS B MIAXTHUX YMOBaX MiATBEPAWIN NPUHINIOBY MOXJIMBICTD KOHCOJIAAIIT Opi.

HaykoBa HoBu3HA. PO3BUHYTI yABICHHS MPO KOHCOJNIAAIiI0 OJIOYHO-AUCKPETHOTO CEPENOBUINA CTUCHEHHAM 1 (hOpMyBaHHS CTIHKHX
YKPIIUICHUX 30H CyMillIaMH, 1[0 PO3IINPIOIOTECS B TBepAil dasi.

IpakTnuyna 3naunmMicTs. Po3pobieno crocié 60poTeOM 3 MiAHATTSAM HOPiA MiZOIIBH i METOJVKa BH3HAUYEHHS MapaMeTpiB crocoly.
OtpuMaHi pe3ysbTaTH MOKYTh BUKOPHUCTOBYBATHCS IUIsl 3a0€3NeUeHHs CTIKOCTI FipHUYHX BUPOOOK B 30HAX ITiIBUIICHUX HAIPYKCHb.

Knrwuoei cnosa: waxma, niowsmms nioowsu, nioeomoeua eupooxa, 30Ha RIOBUWEHUX HANPYIHCEHb, 1A6d, NOPOOU
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