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COMBINED ROOF-BOLTING SYSTEMS OF MINE WORKINGS

INTRODUCTION

At the current level of stope works intensification in coal mines, the task of timeous
preparation of new production sites is extremely topical, one of the directions of which
is to reuse the preparatory mine workings. This technology is widely used in the
mines, but it is not always possible to obtain the desired results in terms of a combina-
tion of resource savings and ensuring the required operating conditions for the reuse
of mine workings. The successful implementation of this combination in technical solu-
tions for the maintenance of reusable mine workings, in our view, is one of the funda-
mentals for intensification of coal mining in the Western Donbas.

Two main perspective components of the technology for mine workings reuse have
been considered.

The first is to reduce the costs for maintaining mine working by involving in the
work not only of border rocks, but also of more distant rocks in order to withstand the
rock pressure forces. This direction has its own history already in terms of the wide
application of load-bearing roof-bolting based on the resin-grouted roof bolt. The bor-
der rocks of the roof and side rocks are subjected to strengthening for a limited dis-
tance into massif, mainly up to 2.4 m, due to the moderate length of the roof-bolts. In
recent years, the so-called “deep” strengthening of adjacent massif with rope bolts up
to 6.0 m in length (mainly) are actively implemented. These bolts already allow form-
ing a certain load-bearing structure not only from the rocks of immediate roof in the
coal stratum, but also involving the underlying seams of rocks in the main roof. The
load-bearing armored-rock structure (plate), formed in this way, takes up a part of the
rock pressure which makes possible to unload the side rocks and the rocks of mine
working bottom, frame support, as well as the elements of security system. Conse-
quently, when using a combination of resin-grouted roof bolts and rope bolts (com-
bined roof-bolting systems) to strengthen the roof rocks of mine workings, there is a
real possibility to reduce the material consumption of traditional fastening and security
systems, as well as the labor intensity of their setting.

The second component of the effective maintenance of reused preparatory mine
workings is caused by the choice of rational parameters for their fastening (first of all)
and then by subsequent protection (secondarily). The substantiation of the fastening
parameters of mine workings is inextricably linked with the peculiarities of rock pres-
sure manifestations, both in the primary operation of mine working as a belt entry, so
in its reuse as a ventilation drift.

Previously, from the experience of maintaining mine workings with the traditional
“frame-support-load-bearing roof-bolting” fastening system, it is necessary to note one
of the main features — the predominant loading on the prop stays of the frame support
with the relatively unloaded state of its cap board. In the opinion of experts, this be-
havior is due to the formation of high oblique and lateral loads on the frame while re-
ducing the vertical rock pressure on the central part of the mine working arch by appli-
cation of load-bearing roof-bolting. Against the background of negative phenomena
(for example, rock swelling of the mine working bottom), like plastic deformation of the
prop stays of the frames with bending into the mine working, to eliminate it with the
preservation of the required horizontal dimensions of the drift is an extremely difficult
and labor-consuming process. If ensuring the height of mine working has been tech-
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nologically worked out and realized through the periodic bottom breaking and setting
the prop stays of strengthening support, then preserving its acceptable width (accord-
ing to operational standards and rules) is a difficult task. Its successful solution is
based, in our opinion, on the study of the displacement processes of coal-overlaying
formation (in the area of mine working location) by performing large-scale visual and
instrumental observations of the drifts condition, revealing the main patterns of the
rock pressure manifestations and the causes leading to their unsatisfactory opera-
tional state. Further, on the basis of generalization of experimental data, the concepts
are formed about the features of the displacement mechanism of an adjacent massif
of laminal rocks with a low hardness, and geomechanical models are developed to
describe this process for a long period of time for primary and repeated use of mine
workings.

At the final stage, the analysis of the results of multivariate computational experi-
ments creates a scientific and technical basis for the development of calculation
methods for the rational parameters of reusable mine workings fastening based on
established and mathematically described patterns of the connection between the
fastening means parameters and the geomechanical factors for maintaining mine
working.

The need for such a sequence of studies is conditioned not only by the tendency
for a more objective and adequate reflection of the geomechanical processes of load-
ing the fastening system elements in mine working, but also by unsuccessful attempts
(in some mining-geological conditions) to preserve the belt entry section for its reuse.
In this regard, it is necessary to investigate the effectiveness of the application of cer-
tain structural and technical solutions for strengthening the adjacent roof rocks with
combined roof-bolting systems.

In addition, despite the almost century-long history of the studying the phenome-
non of bottom rocks swelling and the accumulated production experience in dealing
with swelling, a common understanding of this process, as well as the effective ways
and means for limitation or complete elimination of the negative effects of bottom
rocks swelling, has not yet been formed. At the same time, it should be taken into ac-
count the considerable volumes of repair and restoration works with a low degree of
their mechanization, which requires timely planning of measures to resist swelling, the
manifestations of which are varied and ambiguous in the changing mining and geo-
logical situation of in-seam workings maintenance not only in a specific area of the
mine field, but even within the length of a single mine working. Therefore, in the cur-
rent, actively developing direction of continuous monitoring of coal mining technologi-
cal processes, the task of assessing the bottom condition in the in-seam workings on
a real-time basis and predicting the swelling for proved making technical decisions is
timeous and very important. Thus, the substantiation and development of the method
for predicting the bottom rocks swelling, which would reflect the features of the mining
and geological conditions, is an important scientific and technical task for in-seam
workings maintenance at different depths under conditions of intensive mining of thin
and very thin flat-lying coal seams.

Chapter | was written in collaboration with R. Lysenko and K. Prokopenko.

The authors express their sincere appreciation to O. Malova for preparing the
manuscript for publication and O. Stoliarska for examination the English text.
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1. ANALYSIS OF ROCK PRESSURE MANIFESTATION
IN THE PREPARATORY MINE WORKINGS AT THE
STRUCTURAL TRANSFORMATION OF ENCLOSING
ROCKS BY THE ROOF-BOLT STRENGTHENING

1.1. EXPERIENCE OF COMBINED ROOF-BOLTING
SYSTEMS APPLICATION FOR STRENGTHENING
THE ROOF ROCKS OF MINE WORKINGS

Analysis of the world and domestic trends in the use of roof-bolts in the struc-
ture of fastening systems in mine workings has shown the expansion in the area
and in the volume of application of traditional resin-grouted roof bolts and rope
bolts combination for strengthening the roof rocks as an independent support, as
well as in a combination with other types of standing supports. Such technical
solutions are termed differently, for example, “two-level roof-bolting”, but the term
“combined roof-bolting systems” is more accurate, since, in fact, it is used a com-
bination of two types of roof-bolts that differ in their parameters and in tasks for
strengthening the roof rocks in mine working.

In this regard, a wide range of computational experiments has been conducted
on the calculation of the stress-strain state (SSS) of the massif around the pre-
paratory mine workings (supported behind the stope face) and their fastening
elements which integral components are combined roof-bolting systems in the
roof of the drift. The designs of these schemes differ from each other mainly in the
number of resin-grouted roof bolts in the roof and the parameters of their ar-
rangement in combination with the rope bolts.

The research with the application of rope bolts in the fastening system in the
mining and geological conditions of the “Stepova” Mine, DTEK “Pavlohradvuhillia”
deserves close attention, where the influence of the rate of stope face advance on
the intensity of rock pressure manifestations in the drifts is considered [1]. The
positive effect of the rope bolts application has been obtained to limit the dis-
placements of rocks in the coal-overlaying formation. The refusal from the prop
stays for the strengthening support in the front bearing pressure zone and behind
the longwall face is substantiated, due to the fact that the armored and rock plate
in the roof of the drift is quite capable to limit the rock pressure manifestations and
preserve the mine working section, sufficient for its reuse.

In the conditions of Kuzbas mines, a study [2] has been conducted to assess the
effectiveness of the “two-level roof-bolting”. An attempt was made here to calculate
the parameters of the roof-bolts setting depending on the structure and mechanical
properties of the roof rocks. However, the problem has been solved at the level of
schematic concepts about the formation of rock prisms of sliding and the hypothe-
ses about the arch of ultimate equilibrium, which can be considered as an initial
stage to the description of the geomechanical processes of displacement in the in-
homogeneous coal-overlaying formation, broken by natural and technogenic frac-
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tures into rock blocks and layers. The mining and geological conditions of the
Kuzbas Basin are fundamentally different from those in Donbas. The reliability and
durability of the “two-level roof-bolting” is noted, with a significant reduction in the
material consumption and labor intensity of setting the fastening structures, which
leads to a sharp decrease in the cost of maintaining mine workings.

The combination of frame support with roof-bolting systems is used in most
European coal mines. However, in the work [3] it is asserted that there are no uni-
fied technical solutions for such fastening schemes, since the mining-geological and
mining-technical conditions of coal mining are very diverse. These conclusions are
based on instrumental observations of the mine workings state with various fasten-
ing schemes, including rope bolts.

A number of empirical methods used in Poland for designing the schemes for
the combination of frame support and roof-bolting systems is analyzed. The results
of mining studies indicate a sharp decrease in displacements of the rock contour of
mine workings and their quite satisfactory condition when using the rope bolts sys-
tems. As a result of a three-year measurement period, the high efficiency of using
the combined roof-bolting systems for maintaining mine workings in various mining
and geological conditions for mining the coal deposits has been confirmed.

The roof-bolt support is widely used in the coal mines of China [4]: annually,
about 8 000 km of mine workings are developed, of which 80% are fastened with
the roof-bolts. The choice of setting schemes for the roof-bolts is based on accu-
mulated experience and analogies in identical mining and geological conditions.
For more substantiated recommendations on the parameters setting schemes for
the combined roof-bolting systems, a complex of underground measurements and
computational simulation using the FLAC 3D has been carried out to study the
evolution of stresses in the process of drifting by the longwall face of the experi-
mental site in the preparatory mine working. It is indicated the general similarity of
the results in analytical and mining research, which has made it possible to offer
several variants for combined roof-bolting systems application. Thus, a positive
experience has been described of a computational experiment usage for the se-
lection of rational parameters of setting the resin-grouted roof bolts and rope bolts
in the preparatory mine workings in the zone of stope works influence. It is difficult
to use these recommendations for the mines of other coal deposits, but the prin-
ciple in itself of the combined roof-bolting systems operation is assessed as quite
effective.

At present, a computational experiment on the study of the SSS of a rock
massif around mine workings fastened by combined roof-bolting systems, is be-
coming more and more developed [5 — 8]. This scientific and practical direction
should be considered very promising in view of the wide possibilities of numerical
methods for describing the complex geomechanical processes.

As for taking into account the structural peculiarities of the surrounding massif
(stratification, fracturing), then the mining instrumental observations are used with
some hypothetical concepts [9 — 12] and the accumulated experience of fastening
the mine workings with resin-grouted roof bolts and rope bolts [11 — 14].
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1.2. A MECHANISM FOR INCREASING THE STABILITY
OF MINE WORKINGS BY COMBINED ROOF-BOLTING SYSTEMS

The edge area of the coal seam in the preparatory mine workings is the most
complex multifactorial object of geomechanical processes. Therefore, it seems
expedient to assess the degree of influence of the roof-bolt strengthening on the
mechanism of structural transformation of the roof rocks in the preparatory mine
working.

The classical theory of bending the girders and plate [15, 16] asserts that the
maximum horizontal stresses of tension (compression) o, arise in the surface

areas of the girder (plate), and their value is inversely proportional to the square
of the girder thickness (thickness of the rock layer). For example, if two rock
layers of the same thickness are connected by roof-bolts, then the resistance to
bending of the combined layers increases fourfold, while their total resistance
increases only twice in the case of separate bending. Such a mechanism for
increasing the stability of the bolted roof was studied in the works [17, 18].

Based on the data presented in Fig. 1.1 the mechanism has been illustrated of
increasing the resistance to bending of two rock layers of the immediate roof,
strengthened with the roof-bolts.

In case of separate deformation of rock layers, the tensile stresses have an
increased value (see Fig. 1.1, a), and with a significant bending of the layer, they
exceed the resistance of the rock to tensile stress — the development of the
tension cracks begins on thickness of the layer. At the joint deformation of rock
layers connected by roof-bolts, the moment of resistance of their section
increases, causing a decrease in the stresses o, maxima, including tensile

stresses. The process of formation and development of tension crack is being
slows down and not every alternating bend of immediate roof strengthened with
roof-bolts leads to the partitioning of doubled rock layers into blocks. In addition,
with the increased thickness of the load-bearing girder (plate), its rigidity
increases, which limits the amount of deflection of the layers and reduces the
probability of destruction of this rock volume and the decomposition of the thrust
system into separately descending blocks (see Fig. 1.1, b). The resistance to
bending of strengthened rock layers is provided by the so-called restoring
moment from the action of a pair of forces F as a result of stresses o, in the

holistic area of the cross section. Undoubtedly, the process of partitioning into
blocks also occurs in the immediate roof strengthened with roof-bolts, but with an
increased length and thickness of the blocks.

Consequently, the number of interacting elements in the thrust system of the
roof rocks decreases, and this increases the stability of the roof rocks — the reac-
tion of their resistance to the rock pressure increases and the value of lowering
into the mine working cavity decreases [19].

We note the general patterns of the anomalous zones formation of the state of
coal-overlaying strata near the longwall face, which have been mined over many
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decades of studying this phenomenon and have created the basis for geome-

chanical research, regardless of the mining-geological and mining-technical condi-
tions of coal seam mining.
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and joint ( = =) their deformation

Ahead of the longwall face, a bearing pressure zone is formed, the length of
which along mine working in the Western Donbas mines is assessed in the range of
up to 20—40 m [20]. As the longwall approaches, the concentration of vertical
stresses 0, in the rocks massif increases, reaching a maximum at a distance of
2 — 15 m from the face. The value of the variable depends on the ratio of the rigidi-
ties of the coal seam and the roof rock layers.

The change in the initial state of the massif at the approach of the longwall
face induces the weakening of soft coal-bearing rocks, especially of the immedi-
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ate roof and bottom, and, as a consequence, a sharp increase in their deforma-
tion. At a short distance from the face, the vast majority of the vertical displace-
ments U, is realized by lowering the easily deformable roof layers. The reduced

coal seam deformations contribute the approximation of the rock pressure maxi-
mum to the stope face. The traditional for the Donbas rocks, the so-called “non-
rigid pinching” the rock cantilevers above the longwall face in the Western Don-
bas acquires properties approaching the concept of “rigid pinching” (used in struc-
tural mechanics) with a concentration of the bending moment in the rock cantile-
ver in the area of the face. This induces an intensive gradient of displacements
growth of the rock contour of mine working in a limited area ahead of the longwall
face with length of up to 20 — 40 m [21 — 32]. Here, the rate of the roof and bottom
rocks convergence, as well as the sides of mine working, sharply increases from
a fraction of mm/day to one and even a few tens of mm/day, according to various
studies.

The traditional technology of maintaining the preparatory mine workings in the
bearing pressure zone ahead of the longwall face is connected with setting the cen-
tral prop stays of the strengthening support, mainly in the form of wooden (rigid)
prop stays. The central prop stays of the strengthening support resist to the vertical
rock pressure (in combination with the frame and the bearing roof-bolt fastening),
but do not increase the resistance of the frame to lateral loads.

A number of anomalous areas are formed around the preparatory mine work-
ing, associated with the redistribution of rock pressure and the processes of rock
weakening. This has been established by numerous studies, including the
modeling of the state of the border rocks and support in the zone of the stope
works influence when using the bearing roof-bolt fastening. The peculiarities of the
enclosing rocks state are as follows.

On the one hand, in the border rocks of the roof an area of stratification is

formed from the action of vertical tensile stresses o,, as well as horizontal

stresses o, and o, , which activate the process of weakening. It is known that
the weak rocks, for example, of the Western Donbas have very low resistance to
tensile stress (usually up to 1.5 — 3.5 MPa), moreover, due to the action of factors
weakening the rock, such resistance is virtually absent. Nevertheless, because of
the dense reinforcement grid of the roof with roof-bolts, the area of stratification in
the form of an arch is not so significant, and the weight of rocks inside the arch is
many times less than the resistance of the frame support to vertical loads. In addi-
tion, if the length of the roof-bolts usually exceeds the arch dimensions, then they
themselves (due to the crown runners and the metal grid of the interframe fence)
are quite capable of retaining the volume of the loose rocks.

Another feature of the coal-bearing thin-bedded strata of the soft rocks is the
very weak adhesion over the contact surfaces of the constituent rock layers; in
many areas such an adhesion is practically absent. It should be also taken into
account the action of geostatic anomalies of rock pressure near mine workings,
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which disturb the already weak contacts. The rock layers near mine working are
partially deformed independently of each other [33 — 42].

It has been determined by means of analytical, numerical and experimental re-
search methods that in the sides of the mine working, the increased rock pressure
weakens a certain volume of soft rocks, which increases their mobility. The
descending overlying rock layers load slightly the underlying volumes of rocks,
including the weakened ones in the immediate roof. The coal seam restricts the
vertical displacements of the lateral rocks and their displacement vector changes
the direction into the cavity of mine working, loading the frame prop stays. This
process in the bearing pressure zone is developed more intensively due to the in-
creased vertical component of the rock pressure. The intensification of the “stamp”
effect also occurs in the rocks of immediate bottom. From the side of the longwall
face, similar processes of pressing-out the rocks from the sides and the bottom of
mine working are developed, but they are intensified by the deformation of the rock
blocks. Therefore, there is an asymmetry of the load along the entire perimeter of
mine working, which should be taken into account when constructing geomechani-
cal models and calculating the parameters of the combined fastening system.

A schematic representation of the displacement mechanism of the coal-
overlaying strata in the cross section of the preparatory mine working is supple-
mented with the consideration in its longitudinal direction. There is a generally
accepted pattern of smooth bending of rock layers of the roof ahead of the stope
face and their layer-by-layer collapse into the mined-out space with the formation
of rock cantilevers of variable length [25 — 34, 43 — 49]. For Western Donbas,
there is a characteristic disturbance of contacts between layers of coal-bearing
strata and a very low resistance to tensile forces with developed fracturing
(usually two or three basic systems of fractures) condition some specificity of the
process of deforming the coal-overlaying formation ahead of the stope face. The
increase in the bearing pressure as the longwall face approaches, intensifies the
relatively independent deformation of the inhomogeneous layers of the coal-
overlaying formation, at bending of which horizontal tensile stresses o, occur

(in the upper area of each layer thickness) even on the approach to the maximum
of the bearing pressure. In weak fractured rocks, the extremely small tensile o,

are enough for the nucleation and growth of fractures of technogenic origin. In the
section of the layer where the fracture was formed, the resistance moment de-
creases sharply and further development of fractures is most likely here (as the
longwall face approaches). These fractures eventually join with the area of broken
rocks (due to the concentration of compressive o, ) in the lower parts of each

layer and their partitioning into rock blocks occur.

From the viewpoint of the preparatory mine working stability, the formation of
fractures in the adjacent rock layers ahead of the longwall face increases their
deformation and reduces the resistance to the bearing pressure, which inevitably
leads to an intensification of the process of pressing-out the rocks in sides and
bottom of mine working. Therefore, to improve the reliability of prediction of rock
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pressure manifestations in the geomechanical models being developed, it should
be taken into account the discrete disturbance of rock layers, which is intensified
as the stope face approaches. Here, one of the main questions is how to take into
account this discrete disturbance, for which the fact has been considered of
deformation of a partially disturbed rock plate with curves of horizontal stresses
o, and o, distribution, and due to the action of which a reaction of resistance to

rock pressure occurs (see Fig. 1.1). In this view, between the partially disturbed
rock plates in the bearing pressure zone, a similarity of the thrust system occurs,
which, on the one hand, has increased deformation, and, on the other hand, a
certain load-bearing capacity due to the action of only compressive stresses o,

and o, on the thickness of the layer. In the absence of tensile stresses o, and
o, in the section of the rock plate, its load-bearing capacity is realized due to the

restoring moment from the shoulder of the equivalent forces on opposite trans-
verse planes YX and YZ of the plate as integral values of the compressive o,

and o,, over the areas of their distribution on the end planes. Such a mechanism

of deformation and interaction of adjacent rock layers with discrete spatial distur-
bances is more reliable than the traditional concepts about the continuity of the
massif (in the zone of bearing pressure ahead of the longwall face) and the occur-
rence of some areas with disturbed rocks.

Thus, the conclusions and recommendations have been formulated on the
principles of creating a geomechanical model for the displacement of the massif
and loading of the support in the preparatory mine working in the zone of the
stope works influence.

First, the partial weakening of the rock layers of the coal-overlaying formation
in the form of discrete disturbances in the areas of tensile stresses (mainly hori-
zontal o, and o,) and high concentrations of compressive stresses. This leads

to an increase in the volumes of rocks exposed to active deformations, and their
separation into a system of interacting plates intensifies the process of pressing-
out the partially weakened border massif in the sides and bottom of mine working.
Secondly, the creation and improvement (toward the way of increasing the re-
liability and objectivity) of the geomechanical model should go through a series of
successive stages, reflecting the real process of the origin and development of
discrete disturbances in the thin-bedded coal-overlaying formation of weak rocks.

1.3. THE INTERACTION OF SUPPORT IN MINE WORKINGS
WITH BORDER ROCKS UNDER THE CONDITIONS
OF AREAS FORMATION OF THEIR LIMITING STATE

The development of views and the formation of hypotheses about the interac-
tion of the support of mine workings with the enclosing rock massif has more than
a century of history. By now, there are definite ideas about the parameters of the
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loading process of various types of supports with account of their operating mode
[50]. The term “operating mode of mine working” means [51] the ratio of the re-
pulse reaction ¢ of support with its displacement « under the action of the load

(in principle, the pliability of support). This link is called the deformation-strength
characteristic of the support and is represented as a function q(u) This function

was previously considered in [50] in a two-parameter formulation (parameters ¢

and u ), and later, in the course of the concepts development about the interac-
tion of rock massif and support, more general ones were proposed: three-
parameter formulation (the third parameter is the perimeter of the cross section of
mine working) [51], and the four-parameter scheme [52], where the longitudinal
coordinate of mine working is also used. The conditions were investigated of
maintaining mine working outside the zone of stope works influence, in which the
intensity of the rock pressure manifestations is significantly lower than in the
immediate vicinity of the longwall face. In addition, the areas of disturbed rocks
around a single mine working are quite local in comparison with the zones of
active displacements of the coal-bearing massif in the course of performing the
stope works. Nevertheless, in our opinion, the nature of the occurrence and
course of geomechanical processes has a common basis, regardless of the con-
ditions for maintaining mine workings, for example:

— formation of unloading zones and increased rock pressure in the vicinity of
mine working;

— formation of areas of weakened and broken rocks, their interaction with the
support and holistic massif;

— development of stratification in the planes of weakening, in the thickness of
the lithological variety, and in the planes of laminations of adjacent lithotypes;

— partitioning of the rock layer into blocks by fractures perpendicular to the
planes of weakening and lamination, as well as the interaction of these blocks
during mutual displacement relative to each other;

—an increase in the volume of loosening rocks in constrained conditions of
deformation (generates increased rock pressure with the need for its redistribution);

— zonality of changes in the mechanical properties of the rock massif and its
structural transformations in the vicinity of mine working.

This is by no means all general positions in terms of the mechanism of formation
of the rock pressure on support, but they are enough to use the patterns obtained for
single mine workings in the process of studying the tendencies of connection
between the operating modes of support and the stability of preparatory mine
workings maintained in the zone of stope works influence.

This approach is conditioned by two reasons: firstly, the patterns of the rock
pressure manifestations and the process of interaction between the rock massif
and the support for single mine workings have been studied more thoroughly;
secondly, the processes of interaction of the massif with the support for single
workings are exposed to the influence of fewer factors, and the pathway of
knowledge from a simple phenomenon to a more complex one seems to be the
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most promising in accordance with the classical canons of philosophical thought.

In the light of the foregoing, a scheme is considered (for simplicity, a two-
parameter one), of the interaction between the support of the mine working and
the surrounding rock massif under the conditions of areas formation of its limiting
state. The emphasis on these areas is made because of the increased interest
precisely to the conditions of intensive
rock pressure manifestation. P q

There are two known tendencies [50 —
52] in the formation of the load on the
support, which are illustrated in Fig. 1.2 by
two dependences:

e the process of the rock massif de-
formation into the cavity of mine working
(Fig. 1.2, curve 1), which has a tendency
to reduce the load P (and, accordingly,
the support reaction ¢ ) with increasing its

pliability . In a situation with a certain
value of pliability u,,,,, the load on the

supports disappears; the pattern 7 reflects 94 3
the process of SSS redistribution around l‘fﬁ > .
mine working, when an excess volume of

rocks, which in the superlimiting state
moves in the direction of least resistance,

and, if it is not “interfered” with the help of

support reaction, then there is possible an wy | Uy .
occurrence of a “virtual” equilibrium state Uy Unas U

of P=0atu= Umax 5 Fig. 1.2. Scheme of interaction between

e the process of stability loss by a the support of a single mine working
part of the rock volume in the limiting or and the rock massif
superlimiting state (see Fig. 1.2, curve 2).
To restore their stability, a support reaction is necessary, which tends to grow with
an increase in pliability, since in conditions of quasi-free deformation of the rock
massif, unstable volumes of rocks are distributed along its depth.

Two mutually opposite tendencies predetermine the existence of a minimum
load on the support P, (in Fig. 1.2 it is shown as a point 4 at the intersection of

curves 1 and 2), for the determination of which it is necessary that the deforma-
tion-strength characteristic of the support ¢(u), which is represented by curve 3 in

Fig. 1.2, was passing through the point 4. According to the canons of mathe-
matical analysis, the point 4 with pliability parameters u 4 of the support at its
reaction ¢ ,, reflects the only optimal solution to the problem of minimizing the

load on the support. It is impossible to achieve such an optimal solution in prac-
tice for different structural and technological reasons, which give some variation in
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the values ¢(u). Therefore, it is more correct to speak about a certain range of

fluctuations of the deformation-strength characteristic of the support, shown in
Fig. 1.2 with the shaded area of the spread of the function ¢(x) values.

Within the interval of the function fluctuation, the points 4’ and 4” are singled
out, which are approximated to the point 4 of optimal value; they outline the ar-

eas of the rational values variations of the support reaction ¢/, — ¢’y at its pliability
u’y —u'y (see Fig. 1.2). The point 4’ is determined by the intersection of the verti-
cal at an increased pliability u/; (the vertical passes through the point of intersec-
tion of the lower boundary q(u) with curve 1) of curve 2, since an increased pliabil-

ity of the support (in comparison with the optimal one) leads to an increase in load
in accordance with the second tendency to its reduce according to the first one, in

this case, not dominant. With limited pliability «/j (point 4”), the degree of influ-

ence of both tendencies is changed diametrically opposite: the increased load ¢’; is

shown by curve 1.

Thus, the above scheme of the interaction of the support with the surrounding
rock massif makes it possible to select rational intervals for variation of the sup-
port reaction ¢’ —q”% and its pliability u”% —u’y with the known dependences

(curves 1 and 2 in Fig. 1.2) of the behavior of the weakening adjacent massif and
the formation of the unstable rocks area. It should also be clarified that at the time
of the geomechanical processes development (in terms of parameters ¢ and u ),

proceeding from the mine working stability, it is expedient that the deformation-
strength characteristic of support (curve 3) was located above the curve 2; then,
at any time, the support is capable of bearing the stable rocks.

The presented data are reflected (to a certain extent) in the normative and
technical documentation [53], where the methods for calculating the load on the
support are given, depending on its pliability; i.e., the influence of the deformation-
strength characteristic of the support on the loading process in specific mining
and geological conditions is taken into account. Of particular interest is the
assessment of the influence degree of the structural pliability of the support on the
change in the so-called normative load, according to which its required parame-
ters are subsequently calculated.

When considering this interaction, the four values of the ratio of structural pli-

ability of conditionally rigid %, and conditionally pliable u#, supports are taken as

an example: u, /up =0.1; 0.25; 0.5 and 0.75. For these values, the graphs have
been constructed of the ratio p, /P, of the normative load on more rigid F. and
more pliable P, supports depending on the geomechanical conditions for main-

taining the mine working, which in the normative documents are characterized by
depth H of the mine working location and by the average calculated compressive
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resistance R of adjacent rock massif. The results of the calculations are shown in
Figs. 1.3 and 1.4. They are interpreted as follows: the patterns of ratios p, /P,

and u, /up relation are sufficiently stable regardless of the H /R parameter, and

characterize the general tendency of
reducing the load on support with an
increase in its pliability. Thus, with a
high  rigidity of the  support
(u,/u, =0.1) a load P, is formed on

it, exceeding the load P, on a pliable

support by 7.1 — 7.3 times (like a frame
support from the special SCP profile);
in the process of increasing the pliabil-

ity (till u, /u, =0.75) the ratio of these

loads decreases to 2 — 2.95. The lower
values of the given intervals corre-
spond to more favorable conditions for
maintaining mine working (H /R =21
m/MPa), and the upper ones to the
intense rock pressure manifestation
(H/R=54 m/MPa). However, the
relative deviation of the p / P, pa-

rameter is 3 — 32% for such a wide
range of changes in mining and geo-
logical conditions for maintaining mine
working. Moreover, there is a tendency
to a decrease in deviations with an
increase in the difference in pliability of
the compared supports. The constancy
of patterns, probably, indicates their
sufficient objectivity in predicting the
development of the load on the sup-
port, with account of pliability.

Thus, in accordance with the
performed analysis of the formation of
the load on the support of mine
working, outside the zone of stope
works influence, it is possible to state
that there is a significant effect of the

P,/P,

A\

4 <
S
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2

0 0.2 0.4 06  u/u,

Fig. 1.3. The dependence of the load ratio
P,/P, onto arigid and pliable supports
on the ratio u,/u, of their pliability:

1- H/R=21m/MPa; 2 - H/R=54m/MPa

P,/P,
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Fig. 1.4. The Influence of the geomechanical
parameter H/R on the load ratio P,/P, onto
arigid and pliable supports: 1 — u,/u, = 0.1;
2 -u,/u,=0.25; 3 - u,/u, =0.5;
4 -u,/u,=0.75

operating mode of support on this process. The current ideas about the interac-
tion of the support with the rock massif (in the conditions of the unstable equilib-
rium areas formation) reveal sufficiently the mechanism of the phenomenon and
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generalize both the production experience and the results of analytical studies.

The opinion about the existence of a certain rational mode of support opera-
tion will be very useful when studying the geomechanical processes around the
preparatory mine working, located in the zone of stope works influence. There-
fore, further studies should be done with account of the assessment of the link
between the deformation-strength characteristic of the fastening system of mine
working and the degree of its stability during drifting the stope face in the area
from the bearing pressure zone till the zone of stabilization of the displacement
processes in the coal-overlaying formation behind the longwall face.

Thus, based on the analysis and study of the theoretical basis for the forma-
tion of the main provisions for the occurrence and course of geomechanical proc-
esses around mine workings, the patterns have been obtained of changing the
load on rigid and pliable supports on the basis of solving the problem of support
interaction with border rock massif in the conditions of formation of areas of its
limiting state. The influence dependence has been studied of the ratio of the
depth for maintaining mine working and the average calculated compressive re-
sistance of an adjacent massif, which makes it possible to predict the develop-
ment of the load on the support with account of its pliability.

CONCLUSIONS

The analysis of modern works in the field of maintaining the preparatory mine
workings in the zone of stope works influence by combined roof-bolting systems
testifies that there is a perspective of their wide-scale application:

— firstly, it is very important to take into account the peculiarities of mining-
geological and mining-technical conditions for maintaining mine workings as a
determining factor in the choice of parameters for roof-bolt fastening, as indicated
by most researchers;

— secondly, the most promising method for studying the data of complex ge-
omechanical systems is a computational experiment in combination with the min-
ing instrumental observations;

— thirdly, when performing the computational experiments, the structure of an
adjacent massif, its natural and technogenic disturbances should to be taken into
account obligatory, which will make it possible to increase the adequacy of re-
search and the accuracy of the recommendations being developed for parame-
ters calculation of the combined roof-bolting systems.
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2. RESEARCH AND ANALYSIS OF THE
EXPERIENCE OF THE PREPARATORY MINE
WORKINGS REUSE AT YUBILEINA MINE

2.1. MINING RESEARCH METHODOLOGY

The 590 belt entries and the 592 upper entries of the C, seam mine field have

been selected as an object of mining research performing and being the variants
for various basic schemes for the roof-bolts setting in the roof. The research was
carried out in the area of the eastern wing of the inclined part of the C, seam

mine field, where three panels of 590, 592 and 594 longwall faces were mined.
Mining and geological conditions are approximately the same both in depth of
development and in structure, as
well as the properties of the coal-
bearing strata.

At the baseline of research, the
590 belt entry has been driven with
a internal section of §;,, =15.0 m’,

with setting the TSYS-15.0 support,
with a step of 0.8 m. The resin-
grouted roof bolts according to the
scheme in Fig. 2.1 were set in the
interframe space with a step of
0.8 m. When mining the 590 long-
wall face, the mine working was Fig. 2.1. Scheme for maintaining the 590 belt
used as a belt entry, and in the entry of the C;seam
course of stope works in the adjacent 592 longwall face, the mine working was re-
used as an upper entry. The mine working state was assessed according to indica-
tors of the rock pressure manifestations in the form of movements of the drift con-
tours in key areas of the cross section: general convergence towards the roof — the
bottom and sides of mine working, the change in the height of the drift in the zone of
people’s passage, the diagonal from the angle in the bottom of mine working to the
upper end of the frame prop stay in the opposite flank of the drift, the height from
the lower edge of the coal seam to the bottom of mine working, the degree of the
yielding joists actuation; in addition, a visual assessment was made in the geometry
change of the frame cap board (its flattening or bending in the area of setting the
central prop stay of the strengthening support) and its prop stays in the form of con-
verging their bearings, the SCP profile twisting or rectilinear bending of prop stay
part into the cavity of mine working.

To specify the measurements of the current dimensions of the drift, the corre-
sponding scheme is shown in Fig. 2.2. In time and space, the fixation of the mine
working dimensions was made on a case by case basis. In the area outside the

3340
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zone of the stope works influence (not less than 60 — 80 m to the stope face), the
measurements were made once every 3 — 4 days; in the area of the front bearing
pressure action ahead of the longwall face, in the area of its “window” and behind
the longwall face, at a distance of at least 60 to 80 m, the readings were fixed once
a day; then, in the area of stabilization of the rock pressure manifestations, the
measurements were made once for every 3 to 4 days. Such a technique made it
possible with the use of metering station to reflect more accurately the different in-
tensity of movements development of the mine working contour during the stope
face passage of the drift section.

For the completeness of the
representation about the curve of
the rock contour movements in
mine working and the deformation
features of the frame support, it is
placed a sufficient number of
measurement points (see Fig. 2.2).
Thus, the height # of mine

working from the arch keystone to

[~ the bottom and its width ¢, (at
) ] nearby of the bottom) gives the
Fig. 2.2. The scheme of measuring the current general data on the section loss

dimensions of the preparatory mine workings

as the stope face advances when compared with the design

dimensions of the drifts. The pa-
rameters b, and b3 are not less important to assess the section loss of the drift,

but also for accounting the convergence of its sides in the zone of people’s pas-
sage. In addition, a comparison of the values of the parameters b3 change

makes it possible to identify the areas of the greatest deformations of the frame
prop stays that correspond to the areas of increased rock pressure in the mine
working sides. The measurement of the drift height 4, 5 in the working and non-
mining flanks gives an opportunity to assess two positions at once: the conver-
gence of the roof and bottom in the zone of people’s passage, refining the re-
maining height of mine workings in this place; the degree of asymmetry of the
frame deformation in different sides of the drift. The two more parameters |, are
tending to refine the level of frame unevenness, and they measure the diagonal
from the drift angle to the upper end of the frame prop stays in the opposite flank
of mine working. If initially the same values ¢; and ¢, vary in different ways, this
indicates the non-uniform loading of the frame. In addition to the specified pa-
rameters for assessing the load asymmetry, the overlap value ¢, of a cap board

and a prop stay was fixed in the yielding joists of the frame; at a a; # a,, there is a

concentration of the load from the side of a larger overlap value. In addition, by
the values ¢, ,, the performance of the frame support in the yielding mode is as-
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sessed: how far the joist was actuated, and whether its constructive pliability was
exhausted. At the same time, the quality of the connection is visually assessed
between the cap board and the frame, as well as possible disturbances of the
yielding joist itself. The two dimensions /, s have still remained, which determine

the distance from the lower edge of the seam to the bottom of mine working.
These dimensions indirectly mark the value of swelling the drift bottom rocks with
a certain error, which is conditioned by deformation of the edge part of the seam
under the influence of the bearing pressure.

In general, in our opinion, the described measurements make it possible to
fully reflect the real rock pressure manifestations in the drifts that ensures the
objectivity of a comparative analysis of various schemes for setting the roof bolts
in the roof of mine workings. The measurement results are presented in the form
of graphs of a particular dimension changes depending on the distance z to the
stope face. Thus, the dynamics of the increase in movement of mine working con-
tour is observed, covering all the most characteristic areas of its maintenance.

2.2. ANALYSIS OF MINING RESEARCH RESULTS

The consideration of visual and instrumental observations results of the drifts
state was carried out sequentially, in the process of mining the panels within the
above area of the Cq seam mine field at the “Yuvileina” mine. However, to reduce

the volume of the book, the results are presented of the analysis of the 590 belt
entry state, when mining the 590 and 592 longwall faces of the C4 seam. There-

fore, two series of fixations of the mine working contour movements were made at
the metering stations — during the drifting of the 590 longwall face, and then, after a
long period of time, when approaching and removing the 592 longwall face from the
metering station. Thus, it was possible to assess the state of reusable mine working
during the whole period of its operation.

The metering stations were located at different sites lengthwise the 590 and
592 panels of the longwall faces:

— PK47 was located in the area of the face entry of the 592 longwall face, and
the rock contour movements were fixed here when the longwall face recedes, that
is, during the primary roof caving, and its secondary roof caving happened
already at a sufficient removal from the PK47 and had insignificant influence;
therefore, the period of mine working deformation was estimated at the PK47
behind the stope faces from the active phase not far from the longwall face to the
zone of rock pressure stabilization at its removal for more than 60 — 80 m;

— PK31 was located at a distance of about 290 — 320 m from the face entry and
during the periodic readings fixation, all the characteristic zones for maintaining the
590 belt entry were considered: outside the zone of stope works influence, in the
bearing pressure zone, the “window” of the longwall face, the zone of the unstable
rock pressure in the immediate vicinity behind the longwall face and in the area of
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stabilization of the displacement processes of the coal-overlaying formation;

— the metering stations at PK9 — PK11 were located at the end of the 590 and
592 longwall face areas at a distance of about 60 — 100 m from the stopping lines
of the stope faces and also made it possible to assess most of the above areas
for maintaining the 590 belt entry with some restrictions on the end zones — there
is no stope works influence and stabilization of the rock pressure manifestations.

It is necessary to point out one more feature of making measurements, related
to the technological difficulties of taking some readings due to the equipment
placed in mine working. Therefore, at separate metering stations, it was made
only a partial fixation of the movements available for the measurement. Neverthe-
less, when analyzing the patterns of changes in the rock contour movements of
the 590 belt entry, depending on the distance z to the stope faces, all measured
distances are present, obtained by averaging the readings on individual pickets at
the same equal distance z to the longwall face.

The overall assessment of the 590 belt
entry state has been made, starting from
the top of the extraction panel of the 590
longwall face, that is, during the initial use
of this mine working. A survey of the
590 belt entry, starting from the incline
from the West haulage gate No. 3 to PKS,
has shown its stable state without any
special rock pressure manifestations,
which could draw any attention. It is evi-
denced by the fragment of mine working
in the area of PKO to PK4 (Fig. 2.3). This

. situation is quite expected, since this area

Fig. zgﬁ'tf,;aﬁ':;‘:’f‘:;’,f,‘,'ligig ',Zf('ie""y was located in the protecting pillar of the

main mine workings outside the zone of
stope works influence — even at their end in the 590 panel, the stopping lines of the
590 longwall face was at a distance of not less than 35 — 40 m from the indicated
section of the drift.

At PK9 metering station, the effects of the rock pressure manifestations have
been already fixed, when the mine working fell into the zone of stope works influ-
ence. A few meters before the “window” of the longwall face, the following meas-
urement results were obtained:

— the height of mine working was growing smaller by 690 mm, despite the fact
that ahead of the longwall face the bottom ripping was made by an average of
980 mm; that is, a significant development of vertical rock pressure has been
fixed;

— the yielding joists of the frame have actuated on average for 160 mm from
the value of the initial overlap, and therefore, to a certain extent, thay have fulfilled
their functions of protecting the frame from excessive rock pressure; the assess-
ment of efficiency of their work is ambiguous: on the one hand, after bottom rip-
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ping, its swelling was actively developing due to a very weak compressive resis-
tance (o =4.2-75 MPa) of water-saturated silistone and the above-

compr

mentioned loss of the drift height was partially compensated by bottom heaving,
the value of which could not be fixed (in the area of the longwall face “window” for
technological reasons); on the other hand, the areas of their plastic bending with
loss of the initial form were observed in the cap boards of the frames, and, there-
fore, the actuation of yielding joists for 160 mm was insufficient; in addition, the
wooden central prop stays of the strengthening support obstructed the normal
operation mode of the yielding joists;

— other dimensions according to the
scheme in Fig. 2.2 could not be fixed (at
a given distance to the longwall face)
due to the density of technological
equipment in the mine working area.

In general, despite the proximity of
the longwall face “window”, the drift was
in satisfactory condition according to the
main dimensions and gaps necessary for
performing the technological operations.
Of course, there were disturbances of
the initial geometry of the cap board and
prop stays of the frame because of their
plastic deformations, the gusts of the
interframe fence grid with partial press-
ing-out the side rocks from the side of
the 590 longwall face (Fig.2.4), but
these disturbances did not have a
significant impact on the rate of stope
works operation.

Simultaneously with taking of read-
ings at PK9, the movements of the mine
working contour were fixed at the meter-
ing station PK10, located (at that time) at
a distance of about 11 — 13 m behind the Fig. 2.4. The state of the 590 belt entry
stope face, that is, in the zone of unsta- in the “window” area of the 590 longwall

. ’ ’ . face
ble displacement of the coal-overlaying
formation. Fig. 2.5 shows the fragments of the mine working state in the area of
PK10, in which the following features are observed:

—the frame cap board experienced plastic deformations in the form of its
bending from the side of the mined-out space of the 590 longwall face, which was
induced by two rows of rigid wooden prop stays of the strengthening support;
therefore, there was no proper actuation of the yielding joists in the working flank
of mine working;

— from the side of the non-mining (at that time) flank, some flattening of the
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frame cap board was observed, but these deformations did not interfere with the
actuation of the yielding joists, — an average overlap is 700 mm, which is by
300 mm larger than its initial value;

— visible plastic deformations of the frame prop stays were not observed near
the non-mining flank, and from the side of the 590 longwall face there was a cer-
tain bending of the prop stays into the mine working cavity.

In this section of the drift, only vertical convergences of the 450 mm level have
been fixed, which is 240 mm less than at
PK9 near the “window” of the long wall
face. This can be explained by the fact
that the PK10 was already partially
located in the unloading area over the
mined-out space of the 590 longwall face
in the absence of a front bearing pres-
sure, which loads the cap board of the
frame and causes an intensive bottom
rocks swelling.

The metering station PK11 was already
located at a distance of more than 30 m
behind the longwall face; here, the com-
plete stabilization of displacement in the
coal-overlaying formation has not yet be-
gun, but rheological phenomena have al-
ready begun to develop in the form of
creeping the deformations of mine rocks.
The measurement results indicate the fol-
lowing changes in the frame support ge-
ometry:

—the height of mine working has
decreased by 790 mm, and its width by
630 mm; these movements affected seri-
ously the value of the section loss, but
were not an obstacle to the performance
of technological operations thanks to the

Fig. 2.5. Fragments of the state of the
590 belt entry behind the 590 longwall

face (at a distance of 11 — 13 m, PK10) increased initial dimensions of the 590
in the area of unstable displacement belt entry for the TSYS-15.0 support;
of the coal-overlaying formation from —the yielding joists worked relatively

the side of non-mining (a) and working

(b) flanks of mine working reliably with an increase in the overlap of

the cap board and the frame prop stay up

to 700 mm, that is, to a certain extent they provided “deviation” of the frame from
excessive rock pressure;

— the asymmetry of the support form was weakly manifested: the difference be-

tween the diagonals ¢; and ¢, was only 100 mm; the diagonals themselves de-

creased more significantly: ¢; — by 1070 mm, ¢, — by 970 mm; thus, with a rela-
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tively small asymmetry in the frame deformation from the side of mined-out space
of the 590 longwall face, quite significant movements were observed throughout the
entire contour of the drift.

The specified features of the rock pressure manifestations are confirmed by
the fragments of mine working at PK11, shown in Fig. 2.6 Indeed, the asymmetry
of the frame form is poorly visible, the condition of the yielding joists is quite
working, because of which the plastic deformations of the cap board and prop
stays are low-observable. In general, the state of the 590 belt entry at a distance
of at least 30 m behind the 590 longwall
face can be assessed as satisfactory.

The metering station at PK47 was lo-
cated in the area of the 592 face entry
and in the whole coal in relation to the
face entry of the 590 longwall face.
Therefore, the stope works influence in
the 590 longwall face is not so signifi-
cant. The mine working was in a satis-
factory state with some deviations (from
the initial section) conditioned by the ac-
tion of rheological factors:

— the height of the drift decreased by
490 mm, but here the main contribution
was made by the swelling of soft bottom
rocks;

—the width of mine working has
decreased by 700 mm, which is caused
by the convergence of the frame prop
stays in the area of their bearings during
the horizontal shifts of bottom rocks into
the mine working cavity;

—the overlap of the cap board and
the frame prop stay was 350 mm, that is,

the yielding nodes have not actuated yet, Fig. 2.6. The state of the 590 belt entry
which once again indicated a loss in the at a distance of at least 30 m (PK11)
height of mine working due to its bottom behind the 530 longwall face
swelling.

The metering station at PK31 made it possible to observe the entire range of
rock pressure manifestations as the 590 longwall face advances from the area
outside the zone of the stope works influence till the zone of displacement stabili-
zation in the coal-overlaying formation.

The change in the drift dimensions at the PK31 before the beginning of the
stope works is practically the same as compared to the PK47, which is quite
expected due to the similar geological and mining conditions for maintaining the
590 belt entry in these areas. Such a stability in the state of mine working over its
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length of more than 300 m, made it possible to take it as the initial one when
assessing the stope works influence only, but the impact of geomechanical
processes in the massif before mining the 590 longwall face was not taken into
account. Thus, to objectively analyze the development of the contour movement of
the 590 belt entry depending on the distance z to the longwall face, a separation
was made of directly the stope works influence and the impact of geomechanical
processes that occurred before the beginning of mining the 590 longwall face.

The results are presented in the form

g, mm of graphs of changes (Fig. 2.7) in any
3 fixed dimension depending on the dis-
1500 J-~== | tance z of the specified section from the

590 stope face. Since the measure-
ments were made at several pickets, the

, results obtained were averaged.

e . f/ ! For each fixed dimension of mine
B et el /4 working, two graphs are given:
,/"‘:\' /"\’/ —the dotted line marks the contour
—————— P movements in relation to the initial di-

Z,m 80 -40 0 40 80 zm mensions of the TSYS-15.0 support,

according to the passport of conducting
the 590 belt entry. These data give an
590 belt entry contour on the coordinate Z of idea of the genera| situation of main-
the 590 longwall face position till the measured . ) . . .

. . . . ~taining mine working, including the
section:1- Uy, ;2- U, ;3-U, ;4-U,,; . . .

1 2 need for its periodic bottom ripping;
general movement of the i -th measurement — a solid line shows the contribution
parameter; Shfvfﬂf; m‘;‘::’:::ts from stope to the convergence of the rock contour

of the stope works influence, which was
determined as the difference between the general displacements and movements
that occurred during the maintenance of the mine working section outside the
zone of the stope works influence; such an indicator makes possible to assess
more objectively the effectiveness of counteraction of the drift fastening system to
the rock pressure manifestations in the zone of active displacement in the coal-
overlaying formation.

The analysis of vertical convergences Uh. of the roof and bottom allowed to

Fig. 2.7. Dependences of U; movements of the

establish the following. Outside the zone of the stope works influence, a decrease
has been fixed in the mine working height in the interval of 420 — 470 mm; most of
Uh] is conditioned by the development of bottom rocks swelling, but according to

the value of the yielding joists actuation and the state of the cap board and frame
prop stays, the lowering of the roof rocks is assessed at the level of 120 — 180
mm. At the same time, there is some change in the initial form of the frame due to
the plastic deformations. Hence, it follows that even outside the zone of stope
works influence, the fastening system of the 590 belt entry (with the 7 resin-
grouted roof bolts set within the arch) does not fully cope with the formed load in
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the roof of mine working.

The reason for this situation, in our opinion, is not only in the liability of adja-
cent massif rocks to the phenomenon of creeping the deformations. According to
the information of the mining and geological prediction, the argillites and siltstones
of the main and immediate roof have a developed fracturing, with alternation of
lithotypes and a high probability of moisture saturation. Such conditions are fa-
vorable for the active stratification of the roof rocks and the formation of a vast
arch of weakened rocks. Presumably, the arch's dimensions exceed the length of
resin-grouted roof bolts, and this prevented them to resist effectively to vertical
rock pressure, because the thickness of the adjacent roof being strengthened is
rather limited. If the roof rocks, occurring above the armored and rock structure,
change to unstable state, the load-bearing capacity of the strengthened layer is
not sufficient to protect against excessive loadings of the frame support.

The influence of the approaching stope face of the 590 longwall face was
marked at a distance of z=-34 m; the displacements U, begin to increase

sharply with a fairly constant growth gradient in the area from z=-16 m {ill
z =47 m; this area of the drift is characterized as a zone of active rock displace-
ments in the coal-overlaying formation. Further on, the growth gradient of move-
ments U, decreases, and at z >82 m their growth is not fixed. This mark is the

beginning of the zone of displacement processes stabilization in the coal-
overlaying formation, at which the decrease in the height of mine working is
poorly expressed and is conditioned mainly by the creeping of rocks deformations
of the adjacent massif. In the area of stabilization of the rock pressure manifesta-
tions, the stope works influence is 60 — 70% of the total value of the roof and bot-
tom rocks convergence, which reaches 1400 mm. Such a decrease in the height
of the drift constitutes a danger from the point of view of norms and rules for its
operation. But, here it should be noted that the bottom rocks heaving exceeds, as
a rule, the lowering of the roof rocks; therefore, when performing the bottom rocks
ripping before and after the stope face passing, the mine working height is re-
tained at the level of & =2850 — 3000 mm, which is quite enough for reliable per-

formance of technological operations.

The lowering of the roof rocks can be approximately estimated at up to 300 —
400 mm (when performing the stope works in the 590 longwall face). On the one
hand, this value slightly exceeds the vertical structural pliability of the frame, but,
on the other hand, there is a plastic bending of the cap board and the prop stays
with the arising of some asymmetry in their deformations. Therefore, it should be
noted that according to the vertical displacement factor Uy » there is a moderate

disturbance of the initial form of the frame support.

The tendencies are also considered of change in the mine working width ¢
according to its bottom, and represented by graphs 2 in Fig. 2.7. Outside the zone
of stope works influence, the decrease in the width of mine working in relation to
the initial structural dimensions of the TSYS-15.0 support varies in the interval of
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U, =580 — 600 mm. Such a significant convergence of the sides is conditioned

by the plastic bending of the frame prop stays, which is induced, first of all, by the
rock layer of the immediate bottom moving horizontally in the area of the prop
stays; this phenomenon is caused by the active swelling of the bottom rocks, ex-
tending beyond the width of mine working, where the differently vectored move-
ment of the border rocks has, as well, a horizontal component. The second factor,
which intensifies the prop stays bending, is a significant lateral load as a result of
the bearing pressure impact in the sides of mine working. The third factor — the
vertical load on the frame contributes to the plastic bending of the prop stays,
which have already lost their initial stable form.

Thus, initially, still outside the zone of the stope works influence, there is a sig-
nificant convergence of the mine working sides with a changeover of the stable
form of the prop stays to a less stable one.

The further increase in the convergence of the drift sides is fixed starting from
the mark z=- (20 — 25 m) ahead of the longwall face and is conditioned by the
influence of its front bearing pressure. The growth gradient of movements U, is

stable enough till the mark z =35 m behind the longwall face and represents the
active action of the geomechanical processes of displacement in the coal-
overlaying formation towards the mined-out space of the 590 longwall face. Then,
as the stope face recedes, the value of convergence of the drift sides (under the
influence of stope works) is stabilized in the range of 330 — 410 mm; the total value
of the convergence of the sides for the entire period of maintenance of the 590 belt
entry drift was U, =970 — 1030 mm.

According to the above results, the following should be noted. The value of
convergence of the mine working sides approximately of 1 m in relation to the
initial structural dimensions of the TSYS-15.0 support is quite significant in terms
of the section loss of the drift at its initial use as a belt entry. If the mine working
height can be partly restored by means of the bottom ripping, the increase in
width is caused by the drawing out the rock, retimbering, high additional costs,
and is not advisable in the current situation of applying a larger standard dimen-
sion of the mine working section. At the same time, it is necessary to take into
account the prospect of reusing the 590 belt entry and the accompanying intensi-
fication of the rock pressure manifestations. In addition, it is necessary to pay
attention to the discrepancy of the lateral structural pliability of the prop stay
(100 mm) to the fixed convergence value of its prop stays, which at an average
has five-fold exceeding. This ratio, of course, causes not only a significant plastic
bending of the frame prop stays with the loss of their initial form, but also disturbs
the normal operation mode of the yielding joists with the possible destruction of
some of them.

One of the reasons for this situation is the combination of increased lateral
bearing pressure and very soft rocks of the immediate bottom, which causes both
the formation of a significant lateral load on the frame and the intensification of
the processes of bottom rocks swelling. If it is technically difficult to change the
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mechanical properties of the rocks of the immediate bottom, then the control of
the lateral bearing pressure is real enough; here it is meant the following. In the
applied fastening scheme of the 590 belt entry, seven resin-grouted roof bolts
strengthen mainly the rocks of the central part of the arch along the length of the
cap board, creating the armored and rock structure with certain load-bearing ca-
pacity. But, this structure rests mainly upon the frame support and disturbed bor-
der rocks in the sides of mine working (above the coal seam and above the secu-
rity system). All of the above quasi-bearings have some rate of pliability, espe-
cially the disturbed border rocks of the immediate roof. When lowering (on pliable
bearings), the armored and rock structure induces (due to low repulse reaction)
stratification in the rocks of the main roof and, as a result, forms a vast area of
unstable rocks in the roof, which creates not only an increased load on the frame,
but also a higher lateral bearing pressure. If to concentrate the strengthening on
the rock volumes that perform the functions of bearings in the sides of mine
working, the resistance of the armored and rock structure in the roof will be harder
with the restriction in the stratification of the overlying massif. And, if to add to this
a more “deep” strengthening of the roof rocks with the expansion in the area of
the armored and rock structure bearing, then obviously the intensity of the lateral
bearing pressure decreases many times, which will result in a sharp restriction in
the impact of the negative factors of increased lateral load and bottom rocks
swelling. Therefore, it is advisable, in our opinion, to change both the scheme of
setting the roof-bolts in the arch of mine working, and the principle of strengthen-
ing of adjacent roof rocks.

One of the phenomena that have a negative effect on the stability of the frame
support and the mine working in general, is the asymmetric deformation of the
frame, caused by an increased load from the side of the 590 longwall face. A quan-
titative estimation of the asymmetry degree is represented by measuring the diago-
nals ¢; and ¢, (see Fig. 2.2) and revealing the patterns of their changes as the 590
longwall face advances (graphs 3 and 4 in Fig. 2.7).

In the area outside the zone of stope works influence, the diagonal ¢, decreases

in the range U, =230 — 330 mm, but starting from a distance z=- (40 — 45 m),
ahead of the longwall face, the growth gradient U, begins to increase steadily and

after the stope face passage, the displacement value along the diagonal ¢, is par-

tially stabilized; nevertheless, without taking into account the bottom rocks ripping,
the displacements along the diagonal ¢, reach 1430 — 1580 mm in the zone of stabi-
lization of the rock pressure manifestations (z >40 — 50 m). At the same time, the
share of the stope works influence is also decisive in the area of the displacement
processes stabilization of the coal-overlaying formation and is about 85%. The dis-
placement value U, indicates the formation in the mine working roof behind the 590

longwall face of significant oblique loads (from the side of the mined-out space).
The patterns of change in the diagonal ¢, are as follows. Outside the zone of
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the stope works influence on the extended area up to z =-30 m, the displacement
value varies insignificantly in the interval of 120 — 190 mm, which is much less than
the value U, - Thus, already outside the zone of the stope works influence, some

asymmetry of the frame deformation is manifested. In the zone of the front bearing
pressure of the 590 longwall face, the intensity of the build-up in the displacements

U,, increases, and a decrease in the growth rate of U., occurs behind the long-

wall face, starting from a distance z =40 — 50 m. By absolute value, the decrease
in the diagonal ¢, reaches 1050 — 1100 mm (excluding the bottom ripping). As can

be seen from the graphs, the asymmetry of the frame deformation is intensified as
the stope face recedes, and reaches a value of 370 — 480 mm in the zone of the
displacement processes stabilization in the coal-overlaying formation. The main
share of the asymmetry is conditioned by uneven loading of the frame in the zone
of the stope works influence and amounts to 60 — 70% of the total difference in the
current dimensions of diagonals ¢, and ¢, .

The phenomenon of asymmetry of frame support deformation changes sub-
stantially its initial form and reduces the load-bearing capacity. At the same time,
the normal operation mode of the yielding joists is disturbed, which entails an in-
crease in the load on the fastening system, a more intensive deformation of the
frame and a consequent section loss of mine working. Therefore, even taking into
account the periodic ripping of bottom rocks, the section loss of the 590 belt entry

is quite significant already at the first
Ui, mm stage of its maintenance while mining
the 590 longwall face; this leads to the

conclusion about insufficient effective-
0 ness of strengthening the frame sup-
' ' port by a system of 7 resin-grouted

& | roof bolts set in accordance with the
5 technical documentation by the
S0 4
/ 1
]
0 8|

— scheme shown in Fig. 2.1.
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Let us consider the change in the
auxiliary parameters of the frame sup-

; port movement as the stope face ad-
0 Zm vyances; the corresponding graphs are
Fig. 2.8. Patterns of change in the auxiliary shown in Flg' 2'_8' Th_e first is the dif-
parameters when assessing the state of ference h, —h; in heights 7, and 7,
the 590 belt entry during the period of from the side of the non-mining and

. ';'T;g_tge_szo_";'?'gg_s:e; . working flanks of the drift, measured
2o L R along the verticals from the yielding
4-Uy35-a joists of the frame to the bottom. As

mentioned above, this parameter al-

lows to estimate the degree of asymmetry of the frame deformation in the vertical
direction, but it should be beard in mind some ambiguity of indications conditioned
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by uneven bottom rocks heaving from the side of working and non-mining flanks
of mine working. Outside the zone of the stope works influence, there is a slight
asymmetry of the frame deformation in the vertical direction in the range of 80 —
140 mm, but there is probably an error from the uneven heaving (in the width of
mine working) of the bottom rocks. Starting from an area z=- (30 — 40 m) ahead
of the longwall face, there is a steady increase in the difference 4, —h; at ap-

proximately constant growth gradient up to a mark z=45 — 50 m behind the
longwall face; in the zone of stabilization of the rock pressure manifestations, the
difference in the analyzed dimensions varies in a relatively narrow interval of
420 — 460 mm. Here, it is impossible to explain this difference only by the swelling
unevenness; obviously, an increased oblique load is being formed from the side
of mined-out space of the 590 longwall face, which significantly changes the initial
form of the frame and, to a large extent, of its cap board.

Next, we refer to such auxiliary parameters as b —b, and b —b;, which allow

to assess the deformation degree of the frame prop stays and changes in their
initial form (graphs 2 and 3 in Fig. 2.8). The difference in dimensions 5 —b, in the

area of the drift outside the zone of stope works influence is changed in a narrow
interval of 270 —340 mm; starting from the distance to the longwall face
z=—(30 — 35 m), this parameter gradually decreases to a value of 110 mm at
z =35 m; in the future (in the zone of stabilization of the rock pressure manifesta-
tions), the fluctuations of the value b —b, are in the range of 70 — 120 mm. Thus,

the initial difference in the structural dimensions 5, and b,, as the longwall face

approaches and recedes, is reduced by 200 — 220 mm; such a value of the prop
stays movement exceeds the limits of elastic deformations, which is confirmed by
the development of the plastic state areas in the frame prop stays. In the process
of their bending, the approach to the vertical position of the initially inclined prop
stays of the TSYS-15.0 support happens, which reduces their resistance reaction
to the side loads impact.

The difference in dimensions b, —b; is even more changed in the course of the

590 longwall face advance. This is quite expected, because the dimension b, is
at a higher altitude in relation to 5, and an arm of the lateral pressure forces ac-

tion on the prop stays increases, and with it the bending moment increases, as
well as the corresponding plastic deformations. In the area of the drift, outside the
zone of the stope works influence, the difference in dimensions 5 and b, is close

to the initial one, and the range of fluctuations does not exceed 4%. The decrease
in this difference is due to the anticipatory movement of the prop stay in the area
of its bearing above the movement of the prop stay in the area of the upper edge
of the coal seam; this is observed at a distance of about 60 — 65 m ahead of the
stope face. Further, there is a stabilization of the analyzed parameter within 530 —
610 mm, that is, the convergence of the prop stays in the area of their bearings
exceeded the convergence of the prop stays in the area of the upper edge of the
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coal seam by 630 — 710 mm, which once again confirms the conclusions of visual
observations of significant plastic deformations of the frame prop stays.

In terms of the obtained results of instrumental observations, it is necessary to
emphasize once again the opinion on the relevance of reducing the intensity of
the lateral bearing pressure by choosing the rational schemes for fastening the
roof rocks in mine working by means of roof-bolting systems.

The problem of intensive bottom rocks swelling of the 590 belt entry is solved
by its periodic ripping (at least, before the approach of the longwall face and be-
hind the stope face in the zone of stabilization of rock pressure manifestations). It
was noted previously that the fixation of dimensions /45 (see Fig. 2.2) has a cer-

tain error in estimating the value of swelling. Nevertheless, with a general as-
sessment of the geomechanical situation of maintaining the 590 belt entry, the
information characterizing the behavior of its bottom is also of interest (graph 4 in
Fig. 2.8). Outside the zone of the stope works influence, the value of swelling is
quite stable at a level of 290 — 350 mm. In order to prevent the expected activa-
tion of the swelling processes, a ripping has been made till the zone of the front
bearing pressure of the 590 longwall face. However, the swelling phenomenon
(already after the ripping of the bottom) is not stabilized, but continues to develop
intensively: thus, in a relatively short area of the 35-meter-long drift, up to the
stope face, the bottom heaving was already 440 mm, and it continued to grow
behind the longwall face (with some slowing down of the rate) until the second
ripping; after that it was fixed the bottom heaving by 120 mm at the level of 107 m
behind the stope face.

The last of the fixed parameters, the overlap value «;, (graph 5 in Fig. 2.8),

assesses the degree of compliance of the yielding joists work with the normal
mode. Here it is necessary to clarify that from the side of the working flank of the
drift, in the area of the stope works influence, there are significant frame plastic
deformations are observed in the area of the yielding nodes location, and their
operation mode should be considered unsatisfactory. From the side of the non-
mining flank of the drift, the plastic deformations also occur in the frame, but they
proceed without significant bending of the SCP profile, which causes the yielding
joists actuation. It is for this group of yielding nodes the change in the overlap
value q; is fixed, as the stope face advances.

In the area of the drift, outside the zone of the stope works influence and at the
beginning of the zone of the front bearing pressure from the 590 longwall face,
the overlap value is 350 — 420 mm; that is, within the limits of the design stan-
dards of the TSYS series support. Starting from the mark z=-16 m, at first a
sharp increase in the overlap with length to 700 mm occurs in the area up to 16 m
behind the stope face, and then slowing down of the growth «; with stabilization
at the level of 740 — 750 mm with z>48 m.

Summarizing the analysis of the patterns change in the auxiliary parameters
(depending on the distance to the 590 longwall face), it is necessary to note their
conformity and a useful addition to the similar patterns for the basic displacement
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parameters (see Fig. 2.7). All the main conclusions stated above are confirmed,
including the general assessment of the insufficient effectiveness of the applied
roof-bolting schemes for strengthening the roof rocks of the drift, according to the
main criteria for the maximum possible preservation of its section and the load-
bearing capacity of the fastening system with the subsequent reuse of the 590
belt entry.

When mining the 592 mining site, the 590 belt entry was reused as an upper
entry. The metering stations remained the same, as the technique for the read-
ings fixation of the displacement of the mine working circuit. The presentation of
the measurements results requires, in our opinion, to be adjusted based on the
following considerations. During the initial use of the 590 belt entry in the course
of stope works in the 590 longwall face, the mine working state has already been
fixed by a set of parameters that quite fully characterize the movements of its con-
tour. It is quite expected that the stope works in the adjacent 592 longwall face
(reuse of the 590 belt entry) will activate the rock pressure manifestations, and
the fixed parameters will vary within the range of their value. The simple summa-
tion of readings of the movements will make it difficult, in our opinion, to objec-
tively interpret the results of assessing the degree of influence (on the state of the
drift) of mining of each of the 590 and
592 extraction panels. The quantitative
indicators of the influence of the 590
longwall face drifting are shown in the
graphs of Figs. 2.7 and 2.8 and have 1000 o
already been analyzed. Therefore, it is 4 T
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visually more clear and methodologi- //
cally more expedient to assess the 500| 7 1
degree of the stope works influence in % i
the 592 longwall face separately,

which will allow to systematize pat-

terns, conclusions and recommenda- -zm -80 -40 0 40 80 Zm
tions during _the initial and repeated Fig. 2.9. Dependences of the contour
use o.f the drift. The_refore’ when con- mov-en;e-nts of the 590 belt entry on the
structing and analyzing the patterns of  gistance z to the 592 longwall face (reuse

change in the geometric parameters of of the drift): 1 U, ;2- U, ;3- U, ;
the 590 belt entry depending on the . _5‘ !
distance to the stope face of the 592 = Ueyi3=Usy=Uy

longwall face, we consider it logical to

reflect only the influence of the last one, taking the established dimensions of the
drift as a basis after its initial use. The patterns of changes in the movements
U, (z) of the contour of the 590 belt entry are shown in the graphs of Fig. 2.9.

The tendencies of U; movements development are similar among themselves

in the qualitative terms, but differ in quantitative indicators. The value of the con-
vergence £, of the roof and bottom in the area outside the zone of the stope works
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influence is insignificant (up to 25 — 30 mm) and is determined mainly by the bottom
rocks heaving. The length of the area of the front bearing pressure zone ahead of
the 592 longwall face is 30 — 35 m, judging by the beginning of the more intensive
growth of U,, ; this length of the area is almost the same as that for the 590 longwall

face. When it approaches a distance of z =-20 m, the growth gradient U I sharply

increases and behind the longwall face at a distance of z =25 — 30 m, the conver-
gence of the roof and the bottom is already 720 mm. When, further on, the longwall
face recedes, the growth Uy, intensity decreases and at z=70 — 80 m, there is a

stabilization of the convergence value of the roof and the bottom at the level of
850 — 860 mm.
Compared to the degree of the 590 longwall face influence, the value Uh1 has

decreased by only 70 —80 mm, that, with a certain measurement error from the
swollen bottom rocks, makes it possible to consider the influence of the 590 and 592
longwall faces to be equal. If to sum up the general convergence of the roof and the
bottom rocks over the entire period of the 590 belt entry operation, then it reaches a
value of 2250 — 2280 mm, that is, reduces the height of mine working by 60 — 65%.
However, due to periodic ripping of the bottom rocks in mine working, its height is
maintained at a technologically acceptable level of Uy = 2600 — 2900 mm, and a

decrease in the height of the drift is determined only by lowering the roof of approxi-
mately 600 — 900 mm with the corresponding deformation of the frame support.

The process of reducing the mine working width is activated in the zone of the
front bearing pressure ahead of the 592 longwall face only 20 m before the stope
face. Such a “delay” in the manifestation of the prop stays movements along the drift
bottom can be explained by the presence of the mined-out space from the side of
mined 590 panel; here, the broken rocks have an increased deformability and “ab-
sorb” partially (due to compaction) the vertical displacements of the coal-overlaying
formation (from the influence of the 592 longwall face), and this reduces the intensity
of the lateral bearing pressure and the level of deformation of the frame prop stays.
Nevertheless, the growth gradient Uy, is extremely high near the stope face in the

area from z=-20 m till z=12 m, so that at the end of this area the convergence of
the prop stays reaches 440 mm. Then, the intensity of the Uy, growth gradually de-

creases, but the stabilization of displacements at the level of 660 — 680 mm is ob-
served only at a distance of 75 — 80 m behind the stope face. A more extended area
of the stabilization of the rock pressure manifestations can be explained by the fact
that the stope works in the 592 longwall face expand the area of rocks displacement
in the coal-overlaying formation with the activation of a part of the massif around the
already mined-out 590 longwall face. The processes of “secondary” stratification and
lowering of the massif affect the higher-lying rock layers, the deformation of which
takes place over a longer period of time, during which the 592 longwall face has
enough time to recede further away from the studied section of mine working. Such
considerations refer not only to the patterns of convergence of the drift sides at the
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level of its bottom, but also to other fixed parameters.

The total convergences of the frame prop stays (at the bottom level) for the en-
tire period of the 590 belt entry operation reach 1630 — 1710 mm, which amounts
to 31 — 33% of its initial width. Loss of up to one third of the mine working width is
a serious problem for the reliable and stable stope works operation in the 592
longwall face, and in this respect it is necessary to emphasize once again the
importance of limiting the convergence of the drift sides by reducing the intensity
of the lateral bearing pressure, as it was described earlier in studies during the
590 longwall face mining. Then, it was concluded that the applied scheme for
setting the resin-grouted roof bolts is insufficient to create in the roof an armored
and rock structure with a high load-bearing capacity, which would protect the
frame support from excessive loads.

The tendencies of decreasing the diagonal ¢, and ¢, dimensions have been
radically changed in the zone of the stope works influence of the 592 longwall
face in comparison with the period of the 590 longwall face mining. The move-
ments of U, in a diagonal ¢ direction developed to a much lesser extent: their

noticeable growth began at a distance of 20 — 25 m from the stope face of the 592
longwall face and the value Ue, steadily increased with a variable gradient up to

the area at a distance of 75 — 80 m behind the stope face, where the maximum
value of U, =480 — 510 mm was fixed. The value of displacements U, in a

diagonal ¢, direction, on the contrary, developed more intensively, beginning with
the mark z=—(30 — 40 m) ahead of the 592 longwall face up to the mark z =60 m
behind the stope face; though, and in more remote areas, there was a slight
increase of U., up to a value of 1070 mm.

The noted patterns are quite logical, in our opinion, since numerous studies of
the state of preparatory mine workings in various mining and geological condi-
tions indicate the predominant movements of their contour from the side of the
active longwall face. This fact is also fixed in our studies: the displacement Ue,

exceeds the U, by 560 mm, which quite significantly distorts the form of the
frame, which has already been formed when conducting the stope works in the
590 longwall face.

When estimating the total displacement in diagonals ¢; and ¢, direction (see
Fig. 2.2) for the entire period of the 590 belt entry operation, the following results
have been obtained: U, =2030 — 2090 mm, U., =2140 —2170 mm. In relative
values, the dimensions of the diagonals are reduced by 40 — 43% of the initial value,
which is a critical indicator of the section loss of the drift. However, due to the peri-
odic bottom rocks ripping, the diagonal dimensions increase and the displacement
U, and U, are limited to no less than by half, which makes it possible to achieve

a satisfactory operational state of mine working by a factor of its dimensions along
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the diagonals.

It should also be noted that as a result of the 592 longwall face mining, the fi-
nal difference in displacement has been decreased to 80 — 110 mm. But, this
does not mean that the form of the frame has returned to its initial position: the
plastic deformations of the cap board and frame prop stays, that have occurred,
are irreversible and lead to a significant loss of the load-bearing capacity of the
frame support, despite the approximate equality of the diagonals ¢; and ¢,. In

Uy mm terms of the direction for limiting the

plastic deformation of the frame, it is
necessary to reduce the asymmetry of

3 its loading, first from the side of the 590

— T~ longwall face, and then from the side of
e — 4 >< the 592 longwall face when reusing the
1 X drift. This can be achieved by forming a

. Q\,’_ powerful armored and rock structure in
the mine working roof, which could
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take up most of the rock pressure.

The patterns of change in the
auxiliary parameters (Fig. 2.10) com-
plement the general idea of the 590
Fig. 2.10. Patterns of change in the auxiliary ~ Pelt entry state when it is reused during
parameters when assessing the state of the  the period of stope works operation in

590 belt entry during the period of the 592 the 592 longwall face. In qualitative
longwall face mining: 1 - h,—h3 ;2= b —b,;  terms, the presented patterns are par-
3-b—by; 4= U, tially similar to those established for the

590 longwall face, but in quantitative

-500

terms there are some differences.

The difference in vertical dimensions 7/, —h; over the expanded area to
z=-42 m remains slightly (40 — 80 mm) less than during the drifting of the 590
longwall face, which, in fact, has induced this asymmetry of the frame form. But,
the approach of the 592 longwall face contributed to the change in the curve of
loading with the concentration from the side of its working flank. Therefore, the
dimension #, decreased more rapidly than the dimension 75 (see Fig. 2.2) and

their difference h, —h; decreased in the zone of the stope works influence of the
592 longwall face, starting from the mark z=-42 m till 12 m behind the stope
face; further, the dimension h, —h; difference was stabilized at a level of
80 — 110 mm, repeating completely the asymmetry values when measuring the
diagonals ¢; and c¢,. Thus, the asymmetry of the frame form has been reduced,
but with a much smaller residual section and significant plastic deformations of
the cap board and the prop stays.

The difference b, —b, in horizontal dimensions, when reusing the 590 belt entry

to the mark z=-20 m, has changed in the range of 90 — 150 mm and slightly
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exceeded that (70 — 90 mm), fixed in mining the 590 mining site; this discrepancy is
conditioned by a long time interval (between the previous measurements and the
last), during which the error is introduced in the rheological process of creeping the
deformations of adjacent rocks. When the 592 longwall face approaches to a dis-
tance of less than 20 m, the dimension difference b —b, has decreased to such

an extent that at z=-3 m it is equal to zero, and has already taken negative
values approximately of 90 — 110 mm behind the stope face. This indicates that
the frame prop stays in the bearings convergence each other by such a value that
the residual distance b between them becomes smaller than the residual dis-

tance b, at the level of the seam lower edge. Such a curvilinear form of the lower

part of the prop stays sharply reduces their load-bearing capacity, which again
indicates the need to limit lateral shifts of the border rocks.
The difference in horizontal dimensions & —b; to the mark z=-32m

remained practically constant (560 — 610 mm), slightly exceeding the residual dif-
ference of 440 mm during the period of the 590 longwall face mining. The ap-
proach of the 592 longwall face has led to a further plastic bending of the prop
stays, as a result of which the difference b —b; decreased to 270 mm with

z =42 m behind the stope face.

If to summarize the results of measurements of horizontal convergences of the
frame prop stays, then it is necessary to point out their significant plastic deforma-
tions, which reduce sharply the load-bearing capacity of the frame support and
the stability of mine working in general. Therefore, special attention should be
paid to limiting the convergence of the mine working sides by reducing the inten-
sity of the lateral bearing pressure.

The bottom heaving value Up, » after the previous ripping, has stabilized at the

level of 420 — 460 mm outside the zone of the stope works influence. Before the
zone of the front bearing pressure from the 592 longwall face, the bottom rocks rip-
ping has been made to a depth of about 0.6 m, after which a gradual increase in the
bottom heaving occurred with the highest intensity from the mark z=-32 m ahead
of the longwall face to the mark z=12 m behind the stope face; the maximum
fixed value of the bottom swelling was 520 mm.

CONCLUSIONS

The main conclusions from the results of observations of the 590 belt entry state
during its repeated use are as follows. In the studied mining and geological condi-
tions, the significant displacements of the mine working contour in all fixed direc-
tions are developed and it is necessary to have a reserve section of the drift in order
to preserve it for repeated use. Therefore, the technical decision on the 590 belt
entry mining, with a section inside 15.0 m? (for the TSYS-15.0 support) is fully justi-
fied. Nevertheless, it is critically important to limit the convergence of the mine
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working sides; one of the ways to solve this problem is in reducing the intensity of
the lateral bearing pressure impact by forming above the mine working an armored
and rock structure with high load-bearing capacity. This will protect the frame sup-
port from excessive rock pressure and limit the negative impact of the asymmetry of
the frame deformation to preserve its load-bearing capacity at the highest possible
level. It is advisable to implement such a direction by choosing the rational parame-
ters for resin-grouted roof bolts setting, but also “deep” strengthening of the roof
rocks with the help of rope bolts.



Chapter |. RESEARCH INTO STABILITY OF REUSABLE IN-SEAM 37
WORKINGS WHEN MINING THIN COAL SEAMS

3. THE COMPUTATIONAL EXPERIMENT
SUBSTANTIATION AND STRESS-STRAIN
STATE ANALYSIS OF BORDER ROCKS, AS
WELL AS OF THE BASIC FASTENING SYSTEM
OF PREPARATORY MINE WORKINGS IN THE
ZONE OF STOPE WORKS INFLUENCE

3.1. CONSTRUCTION OF GEOMECHANICAL
MODELS IN CONDUCTING THE COMPUTATIONAL
EXPERIMENTS

The computational experiments based on the finite element method (FEM) were
carried out with the use of the recommendations [20, 54 — 58] of modeling the
geomechanical processes of the coal-bearing massif displacement in the vicinity of
the preparatory mine workings. The modeling technology assumes the synthesis
of a common geomechanical system of two components: a model of the coal-
bearing massif and the scheme for mine working fastening. With the purpose of
objective assessment, the last one is performed in two variants: the existing fas-
tening system according to the technical documentation for mine working
development, which is called the “basic” scheme and the improved fastening
scheme, which is substantiated on the basis of studies of the rock massif state
and the experience of maintaining the reusable mine workings.

In the methodical plan, the components of the study are represented as follows:

— generalization of ideas about the mechanism of displacement in the coal-
overlaying formation and loading the fastening system in the preparatory mine
workings;

— analysis of SSS of the rock massif in the vicinity of mine working;

— assessment of SSS of the load-bearing elements in the basic fastening sys-
tem;

— development and substantiation of the improved fastening scheme;

— calculation and analysis of SSS of the geomechanical system “massif —
frame — combined roof — bolt support”;

— establishing the patterns of the main geomechanical factors influence on the
SSS of the load-bearing elements of the combined roof-bolting system when
strengthening the mine working arch and in combination with the TSYS support;

— development of a methodology for calculating the parameters of the roof-
bolting system in the preparatory mine workings;

— carrying out and analysis of underground tests of the developed fastening
system of reusable mine workings.

To implement this research scope, a general geomechanical model and its
components have been created using the following main provisions.
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The first is the substantiation of the general model dimensions and the condi-
tions on its boundaries. For this, a test calculation has been made of a general
geomechanical model, differing in its increased dimensions by coordinates: y —

height, x — width and z — thickness along the axial coordinate of mine working.
Here, the SSS perturbations are considered, which are conditioned by mine work-
ing developed in the mine field. To establish the boundaries of anomalies in the
stress components distribution, it is necessary to compare them with those of the
virgin massif. In this regard, the substantiation of the model dimensions is inextri-
cably linked with the conditions of its boundaries loading, which are conditioned
by the choice of the initial state model of the virgin massif.

In the existing mining and technical literature [49 — 61], there is no common
understanding of the initial state of the virgin massif: hydrostatic (ay =0,=0,)0r

non-hydrostatic (o, # o, =0 ). In the solved geomechanical problems, the non-

hydrostatic initial state has been chosen as prevailing in the description of the
coal-bearing massif behavior. The authors of the work use the model of a non-
hydrostatic initial state of a virgin massif, characterized by the following initial
conditions:

o, =9yH,; (3.1)

P & (3.2)

X Z_l—,u

where H - the depth of mine working’s location; y — the weight-average unit

specific gravity of the rocks in the coal-overlaying formation till the daylight area;
1 — the Poisson'’s ratio (lateral deformation) of mine rock.

According to the data of the geological service of the mine, the maximum
depth of the mine working development area was chosen and its weight-average
unit specific gravity was calculated in accordance with the coal-overlaying forma-
tion structure, and then, using the formula (3.1), the initial vertical stresses of the
virgin massif have been determined.

The horizontal stresses o, = o, will differ for each lithological variety due to
the different values of the Poisson’s ratio. This circumstance was taken into ac-
count with reference to the method developed in the FEM of introducing the
‘symmetry’ condition along the vertical boundaries of the model. With that, the
horizontal stresses o, =0, calculation is performed automatically according to

the values u assigned for each lithotype. The information on the coefficient u is

taken from the data of the geological service of the mine, and the missing infor-
mation is obtained from the results of studies of the physical and mechanical
properties of the Western Donbas rocks, described in the works [62, 63].
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Thus, on the upper horizontal boundary of the model, a uniform calculated
geostatic pressure o, is applied, and on the vertical boundaries there are

stresses o, =0, in accordance with the formula (3.2). The lower horizontal sur-

face of the model rests on a rigid base in accordance with the developed recom-
mendations [64 — 67].

Based on substantiated boundary conditions, a test calculation has been made
of the massif model with a hole in the form of mine working for the TSYS support
without its setting, since the influence of the support extends only to the adjacent
border rocks. The test model dimensions were intentionally outsized, in order all
the SSS anomalies, caused by mining operations, are guaranteed to be placed in
it. In addition, the experience of performing the computational experiments dem-
onstrates the occurrence of SSS anomalies in the area of the model boundaries,
which are caused by the application of the load and the action of other borderline
conditions. These edge effects disappear in the movement to mine working and, if
the model dimensions are chosen appropriately, then the influence of the edge
effects and mine working is not imposed upon each other.

Based on the above conditions, the test calculations were performed on the
model with dimensions: height y =60 m, width x =70 m, thickness z=8 m, based

on the calculation of modeling in the future of ten sets of frame support. The re-
sults of test calculations have shown that it is quite sufficient for the model height
y =40 m, widths x =40 m, but as for thickness z of the model, the edge effects

distribute for less than 1.0 m into the massif. Therefore, at the first stage of test
calculations, z=6 m is accepted with a certain margin.

The structure of the rock massif model fully corresponds to the structure of the
coal-bearing strata in the area of mine working location and its orientation relative
to the seam Cg. To increase the reliability of calculations, the real processes of

contacts disturbance along the planes of bedding the adjacent lithological varie-
ties are simulated in the model [55, 56, 67, 68].

The listed provisions are the content of the second stage of test studies. As for
the coal-bearing massif structure, there is no need for any substantiation, and the
model was constructed in accordance with the data of the prediction geological
sheet of mine workings.

A more important structural feature was the determination of the degree of
contacts cohesiveness of adjacent lithological varieties, since it is known from the
work [55] that the disturbance of contacts between the rock layers drastically
changes the SSS of the massif surrounding the mine working.

The research method consists in comparing the value of shearing stresses 7,

and 7,., which act in the plane of contact of any pair of adjacent layers with the

value of the maximum permissible shearing stresses 7, , which, according to the

p H
Mohr-Coulomb failure theory, are determined by the formula
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Tp:C+0y'fﬁ,, (3.3)

where C - the adhesion value along the plane of bedding the layers; ff, — the

friction coefficient of adjacent lithotypes in the contact plane.

From the data of the mining and geological prediction, it follows that the struc-
ture of the coal-bearing strata, adjacent to mine working, is characterized by a
regular alternation of the rock layer (argillite and siltstone) with coal seams Cg

and Cé or coal interlayers with a thickness of 0.1 m. That is, a coal seam or inter-

layer occur in any of the contacts. It is known from works [62, 63] that in the con-
ditions of Western Donbas there is practically no adhesion of coal with other
rocks. Therefore, with some margin in the “minus” of the massif stability, a value
of adhesion can be take as equal to zero (¢ =0) and the formula (3.3) will be ex-
tremely simplified. The value of the friction coefficient f;. of coal against the argil-

lite (siltstone) is taken from the studies [69, 70] and reduced by 50% in accor-
dance with the recommendations [71], by reason of wetness or water content of
the contacts.

With the use of above-mentioned methodology, the contacts extension has
been revealed, where the conditions of their integrity are not satisfied

T <Tps
e (3.4)
ryz<rp.

By the area of these disturbed contacts, the condition “frictionless media” is
adopted, which simulates the slip regime of adjacent lithotypes relative to each
other at their deformation. As a result, a model of the massif structure in the vicin-
ity of mine working has been constructed, which is as much as possible adequate
to the real conditions of its maintenance.

The physical and mechanical properties of each lithological variety of the model
correspond to the data of the mining-geological prediction and experimental studies
of the lithotypes characteristics of Western Donbas [62, 63]. The strength properties
of rocks of the immediate and main roof and bottom are introduced into the model
with account of the moisture saturation according to the IGTM test data. For other
lithological varieties, the water content of the rocks was taken into account in accor-
dance with normative documents [71, 72], and fracturing and rheology also from
documents [71, 72] and studies represented in [62, 63].

The third stage of geomechanical model preparing for conducting a computa-
tional experiment was to substantiate the physical and mechanical properties of
each lithotype of the coal-bearing massif based on the data obtained from the
above-mentioned sources. Here, in the first place, it was necessary to determine
the choice of the model of the mine rock state: elastic, elastic-plastic, visco-
plastic, with or without account of weakening and loosening at the superlimiting
stage of deformation. The simplest and the most reliable, when performing calcu-
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lations (the minimum number of so-called “failures” of the computational process),
is an elastic model of mine rock behavior in which the inelastic deformations are
taken into account by using the deformation modulus instead of the elasticity
modulus in the linear diagram of stresses and relative deformations correlation
[67]. However, the elastic model does not reflect the process of formation and the
influence of areas of the limiting and superlimiting state of the rock on the change
in the SSS of the surrounding massif. The model of a complete mine rock defor-
mation diagram and the rheological model are very complex [73], and are charac-
terized by a low degree of reliability due to constant “failures” of the computational
process for reasons of software imperfections or a lack of computing resources.

The way out of this situation was found in a compromise approach, taking into
account the specific mining and geological conditions of the computational ex-
periment performance. Sufficiently hard roof rocks contribute to the weakening
areas localization in small volumes of border rocks. In proportion to these vol-
umes, there is an impact on the SSS change in the coal-bearing massif. The de-
gree of influence of local weakening areas can be assessed as insignificant in the
adjacent relatively hard roof rocks and the coal seam rocks. Nevertheless, the
state of these small volumes of disturbed rocks is modeled by the condition of
plastic flow, which is very typical for clay rocks [74]. Siltstone and argillite, occur-
ring in the immediate and main bottom, have extremely low strength characteris-
tics, both in naturally-wet and water-saturated states. Therefore, these lithotypes
are very liable to plastic flow. The displaying of the plastic flow state is provided
by a bilinear diagram of mine rock deformation, which is used in computational
experiments. The first linear section models the prelimiting stage of loading with
the use of the value of deformation modulus of each lithotype as deformation
characteristic. The limiting and superlimiting stages are simulated by the plasticity
condition when the elementary volume of mine rock is constant [74]. As a result,
this model of the coal-bearing massif behavior adequately reflects the real condi-
tions of its deformation and is relatively stable in the technological process of the
computational experiment performance.

The principle of displaying the mechanical characteristics of the rock is as fol-
lows. In the model of each lithotype, the following physical and mechanical indica-
tors are used: the uniaxial compressive strength o, uniaxial tensile strength o, ,
the deformation modulus E, Poisson’s ratio x# and the unit specific gravity y.

This information is taken from the data of the geological service of the mine and is
supplemented with the results of studies of the mechanical properties of the
Western Donbas mine rocks [62, 63].

When performing the calculations, the effect of factors weakening the rock was
taken into account: water content, fracturing and rheology by introducing the cor-
rection factors in accordance with the effective normative document [71] and with
works [53, 58, 59, 64].

The calculated compressive resistance R of the rock and the calculated

deformation modulus £, were determined by the formulas [71]

cal
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R=o0, K, K, -K,; (3.5)

E, =E-K?, (3.6)

[&

where K, — the coefficient, which takes into account the “additional disturbance

of the rock massif by the weakening surfaces without adhesion and by low coher-
ence”, is determined according to the Table 3.1; K, — the coefficient, which takes

into account the “weakening of the water-flooded rocks as a result of filtration
along the water column of aquifers”, is determined according to the Table 3.2;
K, — the coefficient, which takes into account the decrease in the mechanical

characteristics of the rock under long-term loading; is calculated by the formula

K, = /1—%, (3.7)

here % — the rheological index, which is determined in accordance with the

works [62, 63] by the formula

X
5= 0.8—0.326lga, .

Table 3.1
COEFFICIENT OF STRUCTURAL WEAKENING OF ROCKS
Average distance between surfaces of rocks K
weakening, m ¢
More than 1.5 0.9
1.5-1.0 0.8
1.0-0.5 0.6
0.5-01 04
Less than 0.1 0.2
Table 3.2
COEFFICIENT OF WATER-FLOODED ROCKS WEAKENING
Type of rocks K,
Sandstones and siliceous shales 0.8
Limestone sandstone and limestone 0.7
Clayey sandstones and siltstone 0.6
Argillites and marls 0.5
Clays 04-0.5
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The third stage is the final in the complex of test calculations for the creation of
a geomechanical model of the massif; based on their results, the model of the
coal-bearing strata in the vicinity of the studied mine working is fully substantiated
and prepared for the computational experiment.

The next (fourth) compulsory
stage in the preparation of a
computational experiment is the
substantiation and testing of the
second component of the general
geomechanical model — fastening
system of mine working and the
conditions for its interaction with
the surrounding massif.

The basic fastening scheme
(Fig. 3.1) has been modelled fully
in accordance with the passport
of mine working development.
The mechanical characteristics of
the fastening materials are taken
from works [16, 19].

To most accurately reflect the
work of the fastening system, the
methodical developments [57, 58,
75, 76] were used.

Studies of the fourth stage to
substantiate the geomechanical
model included the following
scope of works.

The orientation of mine work-
ing relative to the seam C, was

made in full accordance with the
technical documentation for its
development. The cross section
of mine working is oriented along
the strike of the seam, the longi-
tudinal section is to the dip. A
combined ripping of the immedi-
ate roof and bottom of the seam

Fig. 3.1. The models of the “basic” variant of the

scheme for mine working fastening: ahead of the

longwall face outside the zone of (a) the bearing
pressure and in it (b)

C¢ have been fulfilled. Along the contour of the frame support with the interframe
fencing, as well as the rock contour with the interframe fencing, the normal and

tangential forces act.

Thus, the real geometric parameters are completely reflected, including, the
cross section of the SCP profile is reproduced. For this purpose, the grid of the
SCP coating with finite elements had a scale that was different by two or more
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orders of magnitude from the scale of coating the rock massif. This ensures high
accuracy in determining the stress components in the frame support. The model-
ing of the yielding nodes of the frame was carried out according to the recom-
mendations [75], the essence of which is as follows. The accurate reflection of the
yielding joists construction in the model of the TSYS support does not cause any
fundamental difficulties. However, because of structural imperfections in terms of
geometric, the cap board of the frame has local contact areas with the prop stay,
especially in the yielding mode of support, when the area of these contacts is
changed in arbitrary way. Thus, some static imbalance of the structure arises with
an increase in the degree of freedom of movement of the prop stay coupling with
the cap board in any direction. Due to the inconsistency of these movements with
the incremental step of stresses and deformations in the finite-element grid of the
frame, the “failures” of the computing system arise steadily. In order to eliminate
these drawbacks in this model of the TSYS frame support, a simulator of the
yielding node in the form of a SCP part with a constant cross section geometry,
but with a different yield limit of material has been used, compared to the St.5
steel, from which the SCP special profile is usually manufactured. By the length of
the yielding joist, the mechanical properties of the SCP steel remain unchanged
except for its yield limit. Thus, the complete compliance of the constructive pliabil-
ity of the real frame and the model has been achieved without distorting the na-
ture of the process.

As for the mechanical characteristics of the frame support material, the SCP
profile is made of steel St.5 and its mechanical characteristics are implemented
into the model according to the data [19]. Since plastic bending of the cap board
or frame prop stays is often observed, an elastic-plastic model of steel behavior
was used to display it, the deformation diagram of which, when changing to the
yield segment, is displayed quite reliably through the condition of perfect plastic-
ity, used in the computational experiment performance.

To model the resin-grouted roof bolts and rope bolts, an even finer finite ele-
ment grid was used than for the frame support. This is conditioned by the struc-
tural features of resin-grouted roof bolts and rope bolts, which are fully reflected in
the model. A bearing rod with mechanical characteristics according to data [16],
but a quick-hardening polymeric composition with mechanical characteristics
according to the manufacturer’s technical documentation with additions from the
data of the work [74]; back plate with tension nut with the properties of steel St.3.

The parameters of roof-bolts setting are used from the technical documenta-
tion for the maintenance of mine working, and at the new (experimental) site —
according to the improved fastening system. In both variants, the roof-bolts are
set in the middle of the interframe gap length.

From the point of view of displaying the real operation mode of resin-grouted roof
bolts and rope bolts, the analysis of mining and technical literature, as well as the
experience of operating mine workings with support fastened by the roof-bolts, indi-
cates its rather rigid deformation-strength characteristics. This means that the roof-
bolts do not permit any significant lengthening or sliding relative to the rock walls of
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the bore hole because of the high adhesion of the polymer to the rock or metal.

Therefore, the modeling of the rigid contact of the roof-bolt reinforcement with
the rock walls of the bore hole is the most objective, which has been performed in
the computational experiment.

According to the data, the work of the fastening system has been modeled as
a whole and a test calculation has been performed, pursuing two goals.

The first is the identification of any fundamental contradictions in comparison
with the results of modern studies of geomechanical processes in the vicinity of
in-seam working. The test results confirm the existing ideas about the displace-
ment processes of the coal-bearing massif around mine working outside the zone
of the stope works influence.

The second is to substantiate the thickness of the model (according to the
coordinate Z ) with account of the frame support and roof-bolts setting. Therewith,
it was found that the distortion of the model's SSS near its vertical boundaries
(along the planes YX ') occurs no deeper as till the second frame, starting from the
boundary plane. Then, all subsequent frames will be sufficiently objective in dis-
playing the nature of their SSS. It was decided to model five sets of frames and
six rows of roof-bolt support in the longitudinal section of mine working. The cen-
tral frame and the adjacent rows of roof-bolts were outside the zone of influence
of the SSS model anomalies adjacent to a border. Thus, all the provisions of the
research plan for the fastening system have been implemented.

In addition, performing of the assigned tasks required a change in the parame-
ters of the geomechanical model compared to the area of maintaining the pre-
paratory mine working outside the zone of the stope works influence. On the one
hand, the stress state of the surrounding rock massif is changed as compared to
that in the area outside the zone of the stope works influence — the anomalies of
the rock pressure occur around mine working caused by the stope works. The
accounting for the impact of stope works (in the area of the longwall face ap-
proach) in substantiation of geomechanical and constructed models of prepara-
tory mine working has been made on the basis of the following provisions.

First, the support zone ahead of the longwall face is characterized by increased
vertical stresses o, in the coal-bearing massif, the concentration of which is en-

hanced as it approaches the coal seam [51, 77 — 85]. With that, the question arises:
what concentration value oy should be set as a borderline condition when con-

structing and calculating the geomechanical models.
Secondly, the areas of bearing pressure on the sides of the preparatory mine
working are also characterized by concentration of o, , which increases as it ap-

proaches to mine working and to coal seams, but the value o, is different for the

left and right flanks of mine working and is different in the zone of bearing pres-
sure ahead of the longwall face. Here, the same question arises concerning the
concentration o, used in the model.

Therefore, it is necessary to match these anomalous areas for the most ade-
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quate and reliable reflection of the stope works influence in the model. This match-
ing has been made on the basis of the analysis of the field o, in the work [53],

under the following conditions:
o
— firstly, the areas with the same concentration criterion & =—> should be dis-

tributed into the roof of the coal seam at approximately equal height in the bearing
pressure zone ahead of the longwall face and in the areas of bearing pressure in
the sides of mine working;

— secondly, the height (according to the coordinate Y) of the distribution of the
concentration criterion should exceed the total thickness of the main roof layers,
which form the load both on the end parts of the powered support and on the fas-
tening system of the preparatory mine working, and this does not change their SSS.

Simultaneous satisfying the specified conditions is achieved in the basic model
at a height of 18.5 — 18.9 m from the coal seam, where the concentration criterion
is k=1.8 — 2.1. According to these parameters, the borderline conditions of the

model loading are substantiated: the initial vertical stresses o, =241 act on the up-

per boundary of the model, passing through the siltstone and sandstone contact at a
height of 18.95 m; the other borderline conditions remain unchanged.

The other side in the geomechanical model change concerns the introduction
of additional fastening elements:

—ahead of the stope face at a distance of not less than 20 m, the central
wooden prop stays of the strengthening support are set under the cap board of the
frame with a slight shift towards the working flank of mine working;

— in the area of the yielding joist of the frame, an additional roof-bolt 2.4 m long
is set at an angle of 10 — 20° to the horizontal. This roof-bolt is intended to main-
tain the roof directly above the drift berm after passing the longwall face.

3.2. ANALYSIS OF STRESSES INTENSITY IN THE
BORDER ROCKS OF THE PREPARATORY MINE
WORKING IN THE BEARING PRESSURE ZONE
AHEAD OF THE LONGWALL FACE

The stress intensity analysis was performed separately for the rock massif
surrounding the preparatory mine working and for its fastening system, which
contributes to a more detailed and accurate study of the stresses fields.

The considerable changes in the stresses fields were taken into account as
the longwall face approaches the studied mine working section. The part of the
mine working length, where the bearing pressure from the approaching longwall
face acts, is relatively small, and the measures to strengthen the fastening system
are carried out in the area — not less than 20 m. With a stable longwall face op-
eration, this distance is passed in 4 —7 days. During this time, the rheological
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processes are in the initial stage. But, considering the increased stress intensity
of the massif, three states are modeled at different distances to the longwall face:
at the beginning of the bearing pressure zone (concentration criterion 1.1); in the
middle of the bearing pressure zone (k =1.65); near the stope face (£ =2.0).

The main component of the resulting assessment of the state of the rock massif
adjacent to mine working is the stresses intensity o.

At the beginning of the bearing pressure zone, the curve ¢ is characterized by
a slight asymmetry of distribution (relative to the vertical axis of mine working) to-
wards the approaching longwall face. The unloading zones affect the first layers of
the main roof and bottom with a level of acting stresses ¢ =1 — 3 MPa. In the sides
of mine working, the concentration of o =14 — 17 MPa has a very limited distribu-
tion up to 0.4 m, and the width of the o =10-13 MPa action does not exceed
1.9 m in the upper part of the immediate bottom. Also, a low concentration of
0 =10-14 MPa acts under the bearings of the frame support prop stays. The
specified data indicate a weak influence of the bearing pressure zone in the initial
period of its impact, which is quite consistent with experimental studies on the
measurement of the rock contour displacements of the preparatory mine working.

As the longwall face approaches to the studied mine working section, its influ-
ence increases:

— the degree of unloading o in the roof and bottom is reduced and localized in
small areas, and in the remaining volumes of rocks the value oc=5-7 MPa
already slightly exceeds the initial state of the massif;

—in the sides of mine working, the asymmetry of o distribution increases: if
from the side of the adjacent area the stresses value ¢ =11 - 12 MPa extends to
a height of up to 13 — 16 m and a width of up to 7 — 8 m, then from the side of the
approached longwall face such stresses reach the model boundaries;

—in the border lateral rocks, the destructive concentrations o =20 - 70 MPa,
spreading across the width up to 2.1 m, act on the entire height of mine working
and under the bearings of the frame prop stays.

Thus, there is a rather unstable state of the border rocks in the sides of the
preparatory mine working, which occupy a significant volume and for this reason
are capable of creating an increased lateral load on the fastening system. It takes
the notice the active border rocks stratification of the bottom to a depth of 0.8 m,
which induces its swelling.

3.3. RESEARCH AND ANALYSIS OF THE STRESSES
INTENSITY OF THE BASIC FASTENING SYSTEM

IN THE BEARING PRESSURE ZONE AHEAD OF
THE LONGWALL FACE

The purpose of this chapter is to assess the SSS of the fastening system in
the preparatory mine working in the area falling into the front part of the bearing
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pressure zone. The stresses components analysis has been performed in each
load-bearing element: frame support, roof-bolts and central prop stays of the
strengthening support.

The final component, subjected to research in the fastening system of the pre-
paratory mine working, is the stresses intensity o.

At the beginning of the bearing pressure zone ahead of the longwall face, the
field in the fastening system elements is characterized by the following features.
In the frame support (as in the area outside the zone of the stope works influence)
the prop stays are the most loaded. The cap board of the frame, thanks to the
roof-bolting and bearing fastening and the central prop stay of the strengthening
support, is in a relatively unloaded state:

— in the central part of the arch, the ¢ make up only 52 — 70% of the yield limit
of steel St.5;

— near the spring the stresses increase to ¢ =200 — 260 MPa and approach to
the limiting state;

—in the local area of contact of the central prop stay of the strengthening sup-
port with the cap board, the concentrations o =180 — 250 MPa act, which further
lead to active bending of the cap board with the loss of its initial form.

In the frame prop stays, especially along the length of the rectilinear part,
o =260 — 300 MPa cause a plastic state (or close to it) of their material.

The nature of ¢ distribution along the SCP section indicates the areas of ac-
tive bending of the prop stays:

— into the mine working cavity at a height of 1.8 — 2.2 m;

— in the direction of the lateral rocks at a height of 1.4 — 1.7 m;

— into the mine working cavity at a height of 0.7 — 1.3 m;

—in the direction of the lateral rocks in the area of the prop stay bearing at a
height of 0.3 — 0.5 m.

Such an alternating bending causes the stability loss of the frame prop stay
and requires its strengthening.

The central prop stay of the strengthening support is characterized by a fairly
uniform distribution of ¢ along the length and in the cross section; the level
of 0 =20 — 40 MPa indicates its stability in general, but the upper limit of o have
already reached the compressive strength of pine along the fibers.

The roof-bolts in the roof-bolting and bearing system do not yet experience a
significant load (o =50 — 90 MPa) for the most part of their length and only in the
areas close to the contour of mine working, o =110 — 140 MPa. The exception is
an additional roof-bolt from the side of the longwall face, where the maxima
o =180 — 210 MPa are already approaching the estimated yield limit of the roof-
bolt reinforcement.

As the longwall face approaches (near the stope face), the following patterns
of changes are observed in the stresses intensity in the fastening system of the
preparatory mine working. The cap board of the frame support flattens out with
appearing the limiting state (o =260 —290 MPa) in the upper part of the SCP
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cross section, and in the area of contact with the central prop stay of the
strengthening support, the plastic deformations develop even more intensively
(o =290 MPa), which causes the bend of the cap board and indicates once again
the negative effect of setting the rigid central prop stays of strengthening support.

The prop stays of the frame support almost along their entire length change to
a plastic state and require strengthening in the lateral direction.

The stresses intensity in the central prop stay of the strengthening support is
not changed significantly, however, in its upper part, where the maximum bending
of the cap board is observed, the local areas with destructive stresses of o =45 —
55 MPa appear. The providing of the central prop stays of the strengthening sup-
port with constructive pliability would allow performing two positive functions: re-
duce stresses and flexure strain in the prop stays themselves and at the same
time limit plastic deformations in the cap board and its bend in the area of contact
with the prop stay of the strengthening support.

In the roof-bolts of roof-bolting and bearing support, especially peripheral
ones, there is an increase of o up to values of 200 — 260 MPa in the areas of
their length adjacent to mine working. In the additional roof-bolt, the increased
stresses (up to 290 MPa) act over a longer part of its length. The curve O of
stresses intensity in the roof-bolts (near the stope face) indicates almost complete
loading of the peripheral roof-bolts, but the central vertical roof-bolt of the roof-
bolting and bearing fastening is the least loaded.

3.4. THE STRESS INTENSITY OF BORDER ROCKS
IN THE ZONES OF BEGINNING OF PROTECTIVE
STRIP RESISTANCE AND STABILIZATION OF THE
ROCK PRESSURE MANIFESTATION

After the first passage of the longwall face, the change in the stresses intensity
field o has been studied from the area of the beginning of the security system
work to the area of stabilization of the rock pressure manifestations. After erection
of the security system, it begins, as a more rigid element, to take up the increased
load from the side of lowering rock layers of the roof and transfer it to mine work-
ing berm with the formation of appropriate concentrations o in the rocks of the
immediate roof and the bottom of the coal seam. In the immediate roof above the
security system, the concentration of destructive stresses o =30 — 80 MPa act
only in local areas above the more rigid rows of wooden prop stays. These places
of 0., do not present a significant danger, since beyond their limits the value

o =18 — 23 MPa has not yet exceeded the compressive resistance of the rock.
With an increase in the rock pressure manifestations in these areas, the
immediate roof begins to destruct with the development of increased vertical
loads on the fastening system. The mechanism of this process is conditioned by
the increased pliability of the weakened rock volume above the security system.
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Therefore, the lowering layers of the main roof will predominantly load the
fastening system. It is therefore important to limit the volumes of weakening the
immediate roof above the part of the security system close to mine working, and
transfer the main load into the depth of mined-out space.

Similar processes occur in the rocks of the immediate bottom under the secu-
rity system. Here the concentrations of o =30 — 50 MPa still have an even more
limited distribution, but a number of places arise in the area of the frame prop
stays, which subsequently form an increased lateral load. That is, it is advisable
to unload the border rocks of the berm again by introducing a variable rigidity into
the design of the security system.

From the side of the virgin massif, the local areas of hazardous concentrations
are formed only in the border rocks of the immediate bottom along the height of
its ripping. And here there is the prospect of increasing the lateral load on the
frame support prop stays.

These assumptions are confirmed by the calculation of the field o in the adja-
cent massif in the area of stabilization of the rock pressure manifestations after
the passage of longwall face. Indeed, there is an expansion of the bearing pres-
sure zones with increasing the concentrations o of the level 30 — 49 MPa. Thus,
from the side of virgin massif, the noted concentration ¢ is distributed over the
entire height of the bottom ripping and below the bearings of the frame prop stays
and into the sides at a distance of 0.8 — 1.0 m. There definitely will be a destruc-
tion of even the water-free rock with the formation of an increased lateral load on
the frame support prop stays. In the rocks of the immediate roof and bottom in the
area of security system location, the above destructive concentrations repeatedly
expand the area of their action. For example, in the roof, the width of the weaken-
ing zone reaches 2.0 — 2.2 m, and the height — 1.2 — 1.4 m. The weakened rock
partially “overworks” the security system, penetrating into existing cavities and
voids. The reaction to the rock layers of the main roof decreases, and when they
are lowered, the rock pressure on the fastening system increases. In the rocks of
the immediate bottom, along the entire height of the berm to a width of 1.8 — 2.0 m,
it is destroyed with movement into the cavity of mine working and with the deforma-
tion of the frame prop stays.

3.5. THE STRESS INTENSITY ANALYSIS IN BASIC
FASTENING AND PROTECTION SYSTEMS BEHIND
THE LONGWALL FACE

After the passage of the longwall face and the erection of the protection sys-
tem, the field of stresses intensity distribution in the fastening system is partially
changed as compared with the bearing pressure area ahead of the longwall face,
retaining the common features (Fig. 3.2).

The cap board of the frame is the least loaded with the formation of plastic
contact with the prop stay of the strengthening support. The relative uniformity of
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o distribution in the frame prop stays is disturbed by occurring the flexure strains:

— from the side of virgin massif, the bending of the frame prop stays is less
intensive and directed into the cavity of mine working in the central part, and in
the bearing of the prop stay — towards the massif;

— from the side of mined-out space, a more active bending of the frame prop
stay occurs with a regular change in the curvature sign: into the cavity of mine
working at the level of extracted coal seam; towards the massif along the height
of the berm and in the area of the prop stay bearing.

The stresses o in the central prop stay of the strengthening support are suffi-
ciently uniform and remain at the same level (o =20 — 40 MPa) as compared with
the bearing pressure zone ahead
of the longwall face.

Among the roof-bolts, an addi-
tional roof-bolt is the most loaded,
set in the roof above the protection
structure; in its reinforcement, the

stress intensity exceeds the yield ? " _——
limit o ,,, of steel in the middle \ _I'[![[
part of the length, and in the buried ‘

part they approach or equal to “

0 el - 1HiS is caused by the high ‘_I

intensity of stresses and displace-
ments in the bearing pressure area
above the protection structure. Fig. 3.2. The curve of stresses o intensity

The rest of the roof-bolts are in in the basic fastening and protection systems

. . in the initial period of its resistance

an elastic state. The peripheral

roof-bolts are the most loaded, where in the buried areas and in the areas close
to mine workings contour, the value ¢ approaches the yield limit of steel of the
reinforcement. Such a feature of ¢ distribution along the length of the roof-bolts
corresponds to the existing ideas about the mechanism of resin-grouted roof bolts
operation and indicates the process of their displacement into the cavity of mine
working together with strengthened rocks of the immediate roof. These rocks are
stratified more intensively in the border part of mine working and less intensively
in the buried part of the length of the roof-bolts. It also follows that the active dis-
placements of the roof rocks extend beyond the roof-bolts length of 2.4 m: the
condition of the roof from the side of the longwall face (especially above the pro-
tection structure) requires not only a dense reinforcement grid, but also its deeper
distribution.

One of the technological solutions to this problem is setting the rope bolts,
which can perform the function of deeper strengthening of the roof rocks, limiting
its stratification. If to set two rope bolts (with a step of L =1.6 — 2.0 m) in the cross
section symmetrically at 0.8 — 1.0 m from the vertical axis of mine working at an
angle of 70 — 80° to the horizontal, so they strengthen the roof volume to the width

7AY
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of 7.5 —-8.0 m. This width of the strengthening zone is not enough to completely
overlap the bearing pressure area above the protection structure, but the in-
creased stability of the rock cantilevers does not require this, because of the di-
mensions’ constraint of the limiting state zone.
In the security structure, a rolling-on chock and overlapping girders are only in
a sufficiently stable state with a slight contortion of the wood. All wooden prop
stays are exposed to stresses o, by 1.5 — 3 times exceeding their compressive
resistance. For this reason, they are actively deformed, and the process of press-
. ing into the rocks of bottom and
roof in a certain way protects the
prop stays from total destruction.
With further operation of mine
working in the zone of stabilization
of the rock pressure manifesta-
tions, a number of changes are

™ observed in the stresses o inten-
-ﬂ.“- sity field (Fig. 3.3) with a general

\ tendency of a certain increase in

- the loading on the fastening and

i <_I security systems. This relates to

the following load-bearing ele-
ments. In the frame prop stay, from
Fig. 3.3. The curve of stresses o intensity the side of mined-out space, at a
_in the basic fasteqipg gnd protection systems height of up to 0.7 m from the bot-
in the zone of st::n:;lr:?fa::t):t;fnt:e rock pressure tom, the stresses ¢ and the cor-
responding dimensions of the area
of single-valued plastic deformations (o >300 MPa) increase up to 10 — 15%.
The load on the central prop stay of the strengthening support, which is almost in
its entire volume in the limiting or close to the limiting state, increases most sig-
nificantly. Also the O increase significantly in two peripheral roof-bolts of the roof-
bolting and bearing support and, especially, in the additional roof-bolt from the
side of mined-out space. This once again emphasizes the expediency of intense
strengthening the volume of the roof rocks above the security system, the shifts of
which occur for quite a long period. This is also indicated by the increase in the
load in all elements of the security structure:

—in arolling-on chock the stresses o are almost in entire volume close or equal
to resistance of pine to compression, and in the corner parts they exceed it noticea-
bly; however, because of the contortion of wood, a low ratio of the chock height to
the rest its dimensions (less than unity), pressing into the rocks of bottom and roof,
the rolling-on chock continues to function as a bearing part of the security system,
but at the same time its height decreases and, as a consequence, the height of the
preparatory mine working decreases;

—in all wooden prop stays, the already high stresses o increase by 10 — 20%
and are capable of destroying them, despite the influence of other factors.
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Thus, a tendency has been established for the long-term development of the
roof rocks lowering from the side of mined-out space, which results in an increase
in the loading of the security system, the rocks of berm and frame prop stays, as
well as the central prop stays of the strengthening support and roof-bolts from the
side of mined-out space. The remaining load-bearing elements of the fastening
system (central roof-bolts in the arch, the cap board of the frame and its prop stay
from the side of virgin massif) practically do not change their stressed state after a
long period after the passage of the longwall face.

CONCLUSIONS

In general, based on the research results of the effectiveness of the basic fas-
tening and security systems, the following conclusions have been made:

1. The greatest danger to the stability of the fastening system is constituted by
the frame prop stays, especially from the side of mined-out space — they are
deformed plastically along the entire length; the cap board of the frame flattens
out with a bend into the cavity of mine working in the central part and with arising
the limiting state (o =260 — 290 MPa) in the upper SCP part, and in the area of
contact with the central prop stay of the strengthening support, the plastic defor-
mations develop even more intensively (o >290 MPa); among the roof-bolts, an
additional roof-bolt, located in the roof of mine working above the protective strip,
and partly the peripheral roof-bolts are the most loaded, but the central roof-bolts
in the mine working arch are underloaded; the central prop stays of the strength-
ening support (wooden) are in the limiting state in their entire volume, and on con-
tact with the cap board of the frame — in the superlimiting state.

2. The peculiarity of o distribution along the length of the roof-bolts corre-
sponds to the existing ideas about the mechanism of resin-grouted roof bolts op-
eration and indicates the process of their displacement into the cavity of mine
working together with strengthened rocks of the immediate roof, which are strati-
fied more intensively in the border area of mine working and less intensively in the
buried part of the roof-bolts length. It also follows that the active displacements of
the roof rocks extend beyond the length of the roof-bolts of 2.4 m: the state of the
roof from the side of the longwall face (especially above the security structure)
requires not only a denser reinforcement grid, but also its deeper distribution. One
of the technological solutions to this problem is setting the rope bolts, which can
simultaneously perform the function of deeper strengthening of the roof rocks,
limiting its stratification. Thus, if to place two rope bolts (with a step of 1.6 — 2.0 m,
that is, through two frames along the length of mine working) in the cross section,
symmetrically 0.8 — 1.0 m from the vertical axis of mine working at an angle of
70 — 80° to the horizontal, they strengthen the roof volume to a width of 7.5 - 8.0 m,
which is enough to increase the stability of the rock cantilevers and to constraint
the dimensions of the limiting state zone of border rocks.
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4. RESEARCH AND ANALYSIS OF THE STRESS
STATE OF THE LOAD-BEARING ELEMENTS

IN THE PREPARATORY MINE WORKING “MASSIVE -
FRAME - COMBINED ROOF-BOLTING SYSTEM”

4.1. STRESS STATE OF ROCKS ENCLOSING MINE
WORKING IN THE AREA OF STABILIZATION OF ROCK
PRESSURE MANIFESTATIONS

The carried out multivariate computational experiments are quite extensive,
which does not allow putting all the obtained diagrams in the scope of this paper.
Therefore, one of the variants of the combined roof-bolting systems (two resin-
grouted roof bolts in the central part of the arch and two rope bolts in its peripheral
area) has been selected, which is compared with the traditional scheme for main-
taining the belt entry, for example, in the conditions of mining the seam Cg .

For this variant, the results have been stated of a comparative analysis of the
three main stresses components (vertical o, horizontal o, and stresses inten-

sity o) distribution in the massif and the fastening system; but, the utmost
importance is placed on the peculiarities of the stresses intensity o distribution
curve, as a generalizing characteristic of t'he stressed state of any mining and
engineering object.

Analysis of the stresses intensity curve in the massif surrounding mine work-
ing, with the use of a combined roof-bolting system instead of the basic scheme
has shown a number of changes in the state of adjacent rocks.

In the roof of the belt entry, an unloading zone o is formed, which is different
from that of the basic fastening scheme in its form and dimensions. Firstly, the
unloading practically does not affect the rocks of the immediate roof. From the
side of mined-out space, a local area is formed with a value o corresponding to
the state of the virgin massif. Above the central part of the arch, there is an area
in the rocks with concentration o of level 1.6 — 2.0 from the initial state of the
virgin massif. By absolute value, this concentration is not dangerous, since it is
3.0 — 3.8 times lower than the compressive resistance of the sandstone in the
immediate roof. It is necessary to pay attention to this fact for the following rea-
son. Usually, including the basic fastening scheme, an unloading zone is formed
in the immediate roof above the mine working, where the lowered o characterize
the deflection of the rock layer into mine working with its corresponding horizontal
shifts. If the rock layer is holistic, then its horizontal shifts do not reduce the resis-
tance to the vertical rock pressure. As a rule, the immediate roof is broken by ten-
sion cracks into the rock blocks, and if the rock blocks come out of contact with
each other, then at their deflection the thrust structure is not formed, and the rock
blocks collapse on the frame support [11, 15, 72]. If there is a horizontal thrust,
the rock blocks resist vertical rock pressure, namely, a small concentration of o
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indicates an increased horizontal thrust of rock blocks. The described state of an
immediate roof was formed owing to its connection with the main roof by means
of rope bolts, — a very thick armored and rock plate has been formed with a high
load-bearing capacity.

Secondly, the nature of o distribution in the first layer of the main roof (repre-
sented by a thick siltstone) indicates the possibility of a partially independent de-
flection of the main and immediate roof with some horizontal shifts relative to
each other owing to the limited rope pliability by the effect of its elongation under
tension. The possibility of horizontal displacements of the layers of the immediate
and main roof relative to each other contributes to occurrence in the main roof of
the local unloading area with dimensions in the plane of the section 0.7x1.0 m.
The unloading level is 0.4 — 0.8 of the initial state of the virgin massif. This indi-
cates the preservation of a part of the horizontal thrust within this local area,
above which the siltstone state returns to its initial state. At half the thickness of
the rock layer of the main roof, the concentration o of the level 1.2 — 2.0 acts.
This concentration characterizes the action of thrust forces in the resistance to the
deflection of the lower layer of the main roof, and the absolute values of o are
1.75 — 2.91 times lower than the compressive resistance of siltstone.

Thus, the following conclusion can be made: it was not possible to achieve the
absolute rigidity of the armored and rock plate from the main and immediate roof.
But this is not necessary because of their joint and active resistance to the rock
pressure within the range of stresses o, which are very far from destructive
values. At the same time, in the basic fastening scheme, the unloading zone
passes through the entire thickness of the immediate roof with a very likely its
collapse.

A negative circumstance is the occurrence of weakened rocks area to a depth of
0.15 - 0.20 m near the contour from the side of virgin massif. However, this cannot
significantly affect the resistance of the immediate roof to the rock pressure. The
concentration of o once again emphasizes the active involvement of the immedi-
ate roof rocks into resistive action against the displacement processes of the coal-
overlaying formation.

In the adjacent lateral rocks from the side of virgin massif, one more peculiarity
is observed in the stresses intensity distribution — the lowered o in comparison with
the basic variant of fastening. Thus, the concentration of ¢ is 1.6 — 2.0 across the
width into massif of up to 2.1 m, which is many times less than the compressive
resistance of both the immediate roof rocks and the coal seam; in weak rocks of the
immediate bottom, such a concentration causes their weakening and induces the
intensification of the swelling process.

If to compare the lateral bearing pressure when using a combined roof-bolting
system, it is 2 — 3 times lower than in the basic fastening variant. Obviously, this
is because the formed armored and rock plate in the roof has an increased area
of bearing on the side rocks; then, their stress intensity decreases. Higher
concentrations of o are observed only in border rocks with a width of up to 0.3 —
0.7 m, but neither for the immediate roof rocks, nor for the coal seam, they consti-
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tute a danger in terms of weakening.

From the side of mined-out space, above and under the protection structure,
high stress concentrations are formed, conditioned by a relatively small area of
bearing in the form of a protection system, which induces the weakening of cer-
tain volumes of rocks in the immediate roof and bottom.

The increased hardness of the immediate roof rocks restricts the area of
weakening. On a contact with the protection structure, the weakening is predicted in
full its width, and at the border with the main roof the width of the rocks weakening
does not exceed 0.3 m. In the immediate bottom rocks, the depth of weakening
reaches 6.5 m with a width of up to 3.1 m, which, of course, generates an active
displacement of the bottom rocks of the seam into the cavity of mine working.

From the above information, it follows that in order to increase the rigidity of
the bearing from the side of mined-out space, it is necessary to restrict the area of
weakening above and under the protection structure. But, this is a different, sepa-
rate task, which is studied in the work [80]. It should be noted here that across the
width of the rope bolt influence (from the side of mined-out space) in the immedi-
ate roof rocks adjacent to mine working, the stresses concentration is not destruc-
tive, as well as in the lower layer of the main roof. The integrity of the armored
and rock plate, formed by the combined roof-bolting system, is predicted. There-
fore, this plate will actively resist to vertical rock pressure.

In the soft bottom rocks of mine working, across its width, an unloading zone is
formed, which extends to a depth of 5.5 m. In the corner parts of mine working,
destructive stresses act in vast areas of bottom rocks. These areas will contribute
to the movement of rocks into the unloading zone and further into mine working.
Therefore, it is possible to predict a sufficiently intensive swelling of the bottom
rocks of the drift. Here the effect of the combined roof-bolting system is observed
to a lesser extent. The main factor of swelling is a very low hardness of the bot-
tom rocks. Nevertheless, the dimensions of weakening areas in the bottom is no-
ticeably lower than in the basic variant of fastening, and the main reason for this
is not the intensive bearing pressure in the sides of mine working.

Summarizing the peculiarities of stresses intensity distribution in an adjacent
rock massif, it should be noted the positive effect of the combined roof-bolting
system on the roof rocks state, where an armored and rock plate with a high load-
bearing capacity is formed. A satisfactory state of mine working is predicted under
its protection.

Positive peculiarities, which emphasize the process of formation with the help
of a combined roof-bolting system of an armored and rock plate in the roof, are
quite clearly manifested in the curve of horizontal stresses o, . The area of their

concentrations is distributed across the entire width of the arch and the thickness
of the immediate roof. The value o, <18 — 25 MPa is high in comparison with the

initial state of the virgin massif (concentration coefficientis £, =5.2 — 7.3). It is not

caused by the weakened rocks of the immediate roof. The increased horizontal
compressive stresses act throughout the thickness of the layer, creating such a
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thrust in the rock blocks of the immediate roof, which does not allow its significant
deflections into the cavity of mine working. In the lateral areas (in relation to mine
working) of the immediate roof, there is also a relatively non-uniform distribution
field of the compressive o, through the thickness — here, again, there is a thrust

of the rock blocks. As a result, a thrust block system in the immediate roof is not
only stable, but also actively resists to the load from the side of the main roof.

In the rock layers of the main roof, there is a bend through the thickness of
each lithotype. From the side of mined-out space, a change in the curvature sign
of the layers determines the direction of the complete displacements surface
(downward movement of the main roof blocks to the collapsed rocks of the imme-
diate roof), in accordance with the existing ideas about the displacement proc-
esses in the coal-overlaying formation in the stope extraction [29, 86]. The begin-
ning of this surface is outside the width of the protection system and removed to-
wards the mined-out space at a distance of 2.5 — 3.0 m. In this area, the bending
of the rock layers of the main roof with the occurrence of small tensile o, up to

1.0 — 2.5 MPa in the upper part of each layer is observed. The tension is limited
and amounts to 5 — 10% of the layers’ thickness. Consequently, the probability of
the tension cracks development in the layers of the main roof is also limited. The
compressive stresses, which ensure the stable state of the layers by means of the
thrust, act throughout their thickness. In most areas of the main roof, the stress
varies in a range close to the initial state of the virgin massif, and is lower than the
resistance of lithotypes to compression.

Thus, according to the factor of the component o, distribution in the rocks of

the roof, their stable state is predicted; this especially concerns an immediate
roof, where the combined roof-bolting system creates high thrust forces between
the rock blocks, then connects them with the rocks of the main roof and thus pro-
vides sufficient resistance to vertical rock pressure.

The armored and rock plate, formed in the roof, has an expanded area of
bearing on the rocks in the sides of mine working. This is evidenced by the almost
uniform stresses field o, with the exception of local areas of border rocks to width

of up to 0.8 m. In the basic variant, the anomalies of horizontal stresses extend to
4.0 — 4.5 m in the side of mine working.

From the side of mined-out space, in the rocks of the immediate bottom (in
depth of the lower ripping of the drift), the perturbations of the horizontal stresses
are not as developed as in the basic fastening variant and in most parts of this
area they have small deviations from the initial state of the virgin massif. Here, it
is possible to assume a lowered lateral bearing pressure owing to the fact that the
rock blocks of the main roof, which move down into mined-out space, have a cer-
tain thrust with the rock layers above mine working and, by means of it, they retain
a part of the load-bearing capacity in order to resist the vertical rock pressure.

In the bottom rocks area, directly under the mine working, the stresses anoma-
lies are also not so high, but there is an area of tension with a depth to 0.6 m,
where the stratification and movement of rocks into mine working occurs.
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Based on the results of analysis of the horizontal stresses field distribution, it
can be confirmed that the combined roof-bolting system contributes to the crea-
tion of sufficient thrust forces to maintain the stability of the immediate roof, on the
one hand, and, on the other, by combining the immediate roof with the main roof,
it creates an armored and rock plate with high load-bearing capacity.

In conclusion of the SSS analysis of the adjacent rock massif, the peculiarities
of vertical stresses o, distribution have been studied.

In the roof of the drift, the zone of unloading from vertical stresses o, differs

significantly from the basic fastening scheme in the direction of reducing the
dimensions of the zone and the degree of unloading:
— the unloading of &, =0.47 —0.83 level extends into the roof of up to only

1.8 m against 4.3 m in the basic fastening scheme;
— the deeper degree of unloading (&, =0.10 — 0.47) occurs in the border rocks

to a height of 0.6 m and a width of up to 1.9 m. In the basic fastening scheme,
these dimensions are 2.0 and 3.5 m, respectively. This indicates the distribution
of very deep unloading throughout the thickness of the immediate roof and for the
most part of the width of mine working arch;

—the complete unloading (o, =0) with the occurrence of tensile vertical

stresses is practically not observed, unlike in the basic fastening scheme.

The above data indicate the absence of arch of ultimate equilibrium, which is
formed during the stratification of the roof rocks due to the action of tensile stresses.
This is conditioned by the formation (with the help of rope bolts) of a thick armored
and rock plate, which prevent significant deflections above mine working, and the
local stratifications in the central part of the arch are prevented by two resin-grouted
roof bolts.

Another peculiarity is the less evident bearing pressure zone from the virgin
massif. Here, the concentration of compressive (k,=1.2—-1.9 41 ) stresses is

observed, and only in the local areas of border rocks to a width of 0.2 — 0.5 m the
increased concentrations act of the level (k, =3.0 —4.2 1 ). Such a behavior of

rocks in the side of mine working is explained by the increased bearing area of
the armored and rock plate in the roof, which distributes the vertical load more
uniformly. From the side of mined-out space, there is a high concentration
(ky =3.0—-4.2yH ) above and below the protection structure, but this area ex-

tends in height into the roof by 1.7 times and in depth into the bottom by 2.1 times
less than in the basic fastening scheme.

The main reason here is in the partial preservation of the thrust forces be-
tween the rock blocks above mine working and from the side of mined-out space.
These forces make it possible to create a resistance to the vertical component of
the rock pressure and distribute it over a larger area, including the area towards
the mined-out space. A large area of its distribution reduces the concentration.
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In the bottom of mine working, the unloading zone o, is also smaller, both in

y
dimensions and in value, if compared with the basic fastening scheme. This is
conditioned by a decrease in the parameters of bearing pressure zones in the
sides of mine working.

Thus, the analysis of the state of the coal-bearing massif around the prepara-
tory mine working convincingly proves that the application of combined roof-
bolting systems makes it possible to use more effectively the load-bearing capac-
ity of the roof rocks by means of preservation of thrust forces between the rock
blocks and an armored and rock plate formation. Acting upon analogy with the
“chain reaction”, the intensity of the SSS anomalies in the sides and bottom of the
preparatory mine working decreases. The conclusion follows from this about the
positive effect of combined roof-bolting systems on the stability of the surrounding
rock massif, which restricts the rock pressure manifestations in mine working.

4.2. THE STRESS STATE OF FASTENING SYSTEM
ELEMENTS IN THE PREPARATORY MINE WORKING
AND COMPARISON WITH THE BASIC VARIANT OF
ITS FASTENING

Analysis of the behavior of massif in the vicinity of the preparatory mine work-
ing made it possible to assume that the combined roof-bolting system provides for
the creation of such thrust forces that allow to consider the immediate roof and
the lower layer of the main roof as an armored and rock plate, which takes up the
most of the vertical rock pressure and, thereby, protects the frame support from
excessive loads.

The next stage of the research consisted in a comprehensive assessment of
the state of all the fastening elements of compared variants (basic and proposed)
of mine working, guided by the curves of vertical o,, horizontal o, stresses

distribution and there intensity o. First of all, the stresses intensity field has been
studied, since this parameter includes a certain combination of all stress compo-
nents and is an integral indicator of the state of one or another fastening element.
The stresses intensity curve is shown in Fig. 4.1.

The cap board of the frame support is in an unloaded state, which is very often
determined when performing the computational experiments for the conditions of
the Western Donbas mines. However, the degree of underloading of the cap board
when using the combined roof-bolting system differs significantly from that for the
basic fastening variant, which being studied in more detail. The peripheral area of
the cap board near the yielding joists is characterized by minimal intensity
(o £20 - 25 MPa), which is quite conditioned by normal mode of their operation.
In the basic fastening variant, in the end part of the cap board from the side of
mined-out space, the stresses intensity value is already 47 — 93 MPa, that is, it
increases several times. From the side of virgin massif, the end part of the cap
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board is exposed to action of o =185-270 MPa; the upper limit of this range
already corresponds to the estimated yield limit of St.5 steel, from which the spe-
cial SCP profile is usually made. Such a high intensity of stresses indicates the
occurrence of a rigid operation mode of the junction node between the cap board
and the prop stay due to depletion of the vertical pliability of the frame. Further,
when moving to the central part of the arch (in the basic fastening variant), the
stresses intensity decreases to
70 — 185 MPa from the side of vir-
gin massif and increases from the
side of mined-out space. In the
place where the cap board is bear-
ing on the central (wooden) prop
stay of the strengthening support,
there an area arises of its plastic
state, which extends up to 0.7 m.
Thus, along the length of the cap
board in the basic fastening vari-
ant, together with the unloading
areas, the areas of its limiting state
are observed, where it is possible
the cap board plastic bending with
a change in its initial form. A dif-
ferent situation is observed in the

cap board when setting a com-
Fig. 4.1. The curve of stresses ¢ intensity in

th . ; bined roof-bolting system. Here
e fastening elements of the preparatory mine . . .
working when using a combined roof-bolting there is a smooth increase in the
system stresses intensity to 83 — 104 MPa
in the central part of the arch.
It should be noted that these values are significantly lower than in the basic fas-
tening variant and is only 31 — 39% of the estimated yield limit of SCP steel, that
is, the cap board state is far from the limiting state over its entire length. In our
opinion, the main reason for the revealed differences in the cap board state is the
action of a reduced vertical load caused by the armored and rock plate formation
(combined roof-bolting system) with the proper thrust forces in the immediate roof
and in the lower layer of the main roof.

In contrast to significant differences in the state of the frame cap board, the
distribution of o in its prop stays is quite similar for both compared fastening
variants. The main feature of this similarity is the high loading (at the level of the
limiting state) of the frame prop stays, but there are also some differences in the
stresses intensity distribution.

Firstly, in the frame prop stay from the side of mined-out space, the stresses
intensity is close to the estimated yield limit of SCP steel (92 — 98%), but does not
exceed it; that is, a state close to the limiting state is observed. For the most part
of the prop stay length, the stresses intensity distribution is uniform in its cross
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section, which indicates the absence of any significant bending moment. The
exception is the lower part of the prop stay at a height of up to 0.7 m from the bot-
tom, where it bends into the cavity of mine working. In the basic fastening system
there are several such areas of the prop stay bending, and they have different
direction and are located along the entire height of the prop stay from its
curvilinear part to the bearing. Furthermore, in the basic variant, the value of the
stresses intensity is higher by 10 —40%, so that the prop stay is in the limiting
state throughout its height and requires strengthening to resist the lateral rock
pressure.

Secondly, in the frame prop stay in the proposed variant, from the side of vir-
gin massif, the stresses intensity is either equal to, or exceeds the estimated yield
limit of SCP steel. The stresses intensity is distributed uniformly, and the bending
moment acts only in the area of the prop stay bearing to a height of 0.4 m from
the bottom. In the basic fastening variant, a bending moment of variable sign
(although reduced value) arises along the entire length of the prop stay, and the
value o increases to 30%.

Thus, it should be noted the increased load of the frame prop stays in the
basic fastening variant, which confirms the claim of reducing the vertical load on
the frame support when using a combined roof-bolting system in the roof of mine
working.

Consider the roof-bolts state in the mine working roof in the basic fastening
scheme — the five resin-grouted roof bolts, set along the arch contour within the
length of the frame cap board, have different degrees of load. In the central part
of the arch, three roof-bolts are exposed to stresses ranging from 8 — 26% to
34 — 51% of the estimated yield limit of steel of the roof-bolt reinforcement. Two
peripheral roof-bolts are loaded to a greater extent:

—in the border part of the roof-bolt length up to 0.4 m (from the side of the
virgin massif) the o act of the level 68 — 85% of its load-bearing capacity. This
indicates active stratification of the rock massif in the area of the roof-bolt setting,
and the rest of its length is loaded to a lesser extent;

— the peripheral roof-bolt from the side of mined-out space, on the contrary,
experiences an increased load (77 — 100% of the yield limit of steel) in the buried
area of up to 0.5 m in length. This is conditioned by the resistance of the roof-bolt
to horizontal shifts of the rock blocks in the immediate roof, which move down on
the protection structure, and the rest part of the roof-bolt length also remains low
loaded.

Thus, in the basic fastening scheme, there is an increased resistance to rock
pressure only in the peripheral roof-bolts set in the area of the frame yielding
joists.

In the combined roof-bolting system, in the mine working arch, the following
peculiarities of the stresses intensity distribution are observed. Two resin-grouted
roof bolts, set in the central part of the arch, are predominantly loaded in the
buried area of their length, which is about 52% for the roof-bolt from the side of
mined-out space, and the roof-bolt from the side of virgin massif is loaded along



62 Chapter I. RESEARCH INTO STABILITY OF REUSABLE IN-SEAM
WORKINGS WHEN MINING THIN COAL SEAMS

its entire length. The stresses level in these areas corresponds to 31 — 77% of the
estimated yield limit of the roof-bolt steel. From the side of virgin massif, there is a
limited area, where the stresses develop up to 84 —92% of its load-bearing
capacity. If to compare the level of resistance of the central resin-grouted roof
bolts, then it is much higher in the combined roof-bolting system, which indicates
their more efficient work in creating a thrust structure from rock blocks in the
immediate roof.

The setting of rope bolts also actively resists to the rock pressure develop-
ment, and this refers to parts of their length located in the lower layer of the main
roof. Thus, for a rope bolt from the side of virgin massif, in the area up to 75% of
its length, the stresses from 60 to 90% of the load-bearing capacity act. For a
rope bolt from the side of mined-out space, the length of the area with active
resistance is slightly lower (up to 70%), but at its buried part, the area of almost
full load of the roof-bolt expands to 100% of the load-bearing capacity.

Here it is possible to compare the intensive work of the combined roof-bolting
system and the reduction of the SSS anomalies in the rock massif, especially in
the roof of mine working. These processes, of course, are interrelated and prove
the validity of the application of combined roof-bolting systems in the roof of mine
working.

There is one more indirect
argument in favor of combined roof-
bolting systems — the degree of
Eines loading of the  protection

[ construction of mine working.
i : Individual wooden prop stays on

-2,66677

the berm of the drift and the prop

\ stays of the breaker-prop rows are
loaded by 1.5 — 1.7 times less than
e in the basic variant of fastening.
~ This confirms the previously stated

/ \ _ ~ assumption about a partial

- \ preservation of the thrust between

e the rock blocks above mine
working and blocks that move

down on the collapsed rocks into

mined-out space. Such a partial

Fig. 4.2. The curve of horizontal stresses o, thrust makes the rock blocks of the
in the fastening elements of the preparatory main roof to take up a certain
mine working when using the combined . .
roof-bolting system fraction of the vertical rock

pressure, which reduces the load

B: Static Structural
o

e
=S

on the protection structure.

To develop an evidence base of objectivity for the expedient use of combined
roof-bolting systems, the peculiarities have been studied of horizontal stresses
o, (Fig. 4.2) distribution in the fastening elements of mine working.
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In the cap board of the frame, the distribution of o, is the most informative in

terms of identifying the bending moments. In this regard, it should be noted, that
different horizontal stresses act in each part of the cap board, but in the cross
section of the SCP the o, are distributed rather uniformly. Therefore, it is possi-

ble to define the absence of any significant bending moment along the length of
the cap board. This is one of the signs of a reduced vertical load acting on the
frame. By their value, the decreased o, up to 8 —15 MPa are distributed in the

peripheral areas of the cap board, which indicates the development of small hori-
zontal forces near the yielding joists and indirectly indicates the limited horizontal
shifts of the immediate roof due to resistance of the combined roof-bolting system.
In the central part of the arch, the compressive o, increase from 25— 35 MPa to

70 — 80 MPa in the arch keystone. The stresses values are many times lower than
the limiting values of SCP steel for support, but nevertheless, they characterize a
certain load of the cap board, despite the creation of a load-bearing armored and
rock plate in the roof.

If to compare the represented data with the basic fastening variant, then there
are no significant differences in the value of compressive o, however, there are

two areas in semi-arch from the side of mined-out space, where the action was
observed of an average value of the bending moments with different signs.
Nevertheless, these perturbations do not play a decisive role in the occurrence of
the limiting state of the cap board of the frame.

In the prop stays of the frame, the reduced horizontal stresses act for both
compared fastening variants of mine working with differences that do not make a
significant contribution to the stability of the frame support; nevertheless, we note
the main ones.

Firstly, in the curvilinear part of the prop stay from the side of virgin massif in
the basic fastening variant, the compressive o, =30—-70 MPa act, and in the

recommended variant — the alternating o, of tension from 10 — 15 MPa near the

yielding joist and up to 15 — 35 MPa of compression from below of the curvilinear
part of the prop stay. These results indicate a reduced lateral pressure (when us-
ing a combined roof-bolting system) due to a decrease in the concentrations of
bearing pressure in the side of mine working. In the rectilinear part of the prop
stay, the value of compressive stresses turned out to be somewhat lower in the
basic variant than in the recommended variant. Their absolute value has almost
no effect on the stability of the prop stay.

Secondly, in the prop stay of the frame from the side of mined-out space, the dis-
tribution curve o, is changed insignificantly (in comparison with the opposite prop

stay) for the application of the combined roof bolting system. For the basic fastening
variant in the curvilinear part of the prop stay, a curvature sign is changed actively
due to the impact of the alternating bending moment. This is caused by the high
concentrations of bearing pressure in the area of the protection structure, which are
partially smoothed when using a combined roof-bolting system in the roof.
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The regular reference to the efficiency of the combined roof-bolting system is
confirmed by the analysis of o, distribution in resin-grouted roof bolts and rope

bolts. For both types of roof-bolts, despite their predominantly vertical arrange-
ment, there are small tensile o, within the thickness of the immediate roof, which

indicates the restriction of its horizontal shifts by means of a combined roof-
bolting system. In the basic fastening variant, three resin-grouted roof bolts in the
central part of the arch do not participate in the resistance to horizontal shifts of
the immediate roof, and the tension of the reinforcement by o, forces is mani-

fested only in the border area of the peripheral resin-grouted roof bolts.

In general, the results of analysis of the horizontal stresses distribution in the
fastening elements of mine working confirm the more favorable state of the frame
support when setting the combined roof-bolting system.

In conclusion of the SSS

analysis of the fastening structures

e / elements of mine working, the
g vertical stresses o, distribution

/

has been studied, the diagram of
o \ which is shown in Fig. 4.3.

i / In both of the considered fas-

NV tening structures, the cap board of

\ , the frame is in a relatively

unloaded state, but there are dif-

ferences in both the degree of

\‘ . " unloading and the nature of o,
. . distribution along the length of the
cap board and in its cross section.
|

The minimal loading of the cap

board with rock pressure from the

Fig. 4.3. The curve of vertical stresses g, side of rocks is observed when

in the fastening elements of the preparatory setting a combined roof.bolting

mine working when using the combined system in it. Throughout the length
roof-bolting system .

of a cap board, the o, varies from

15 -20 MPa of tension and up to 25— 30 MPa of compression. This is mani-
fested in a limited area of up to 0.6 m in the central part of the arch, somewhat
displaced in the direction of a virgin massif. There is a small bending moment,
directed towards the roof rocks. On the remaining length of the cap board, the
distribution of o, in its cross-section is sufficiently uniform without the occurrence

-9,5859¢8 Min

of any significant bending moment. In the area of yielding joists location, there are
local centers (up to 100 — 150 mm in size) of tensile ¢, <40 — 50 MPa, which is

caused by elastic deformations of the cap board junction with the prop stays of
the frame.
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In the basic fastening variant, for the most part of cap board length, the value

o, is also small — from 25 MPa of tensile to 75 MPa of compression, and its de-

y
flection into the cavity of mine working is observed almost throughout the central
part of the arch. The anomalies of o, actin the area of the cap board bearing on

the central prop stay of the strengthening support. Here, the concentration of

compressing o, increases to 150 —200 MPa, and in certain local centers it

reaches the estimated yield limit of SCP steel, which induces the plastic bending
of the cap board. In the peripheral areas, there is also an increase in the com-
pressive o, to the level of 100 — 150 MPa. This fact is very significant. The com-

pression of the cap board in the joist part of yielding indicates a flattening when
the central part of the arch is deformed into the cavity of mine working. Although
this process is mainly at the elastic stage of deformation, it characterizes the
increased vertical load on the cap board of the frame from the side of the roof
rocks. Therefore, it can be noted that, by the factor of the cap board state, there is
a decrease in the vertical load on the frame when using the combined roof-bolting
system.

The prop stays of the frame are very loaded with vertical stresses for both fas-
tening variants, and there are some differences. In the variant of application of the
combined roof-bolting system, the substantial part of the prop stays length is
loaded enough uniformly in their cross section. That is, the bending moment is
practically absent, except for the areas of prop stay bearings up to 0.4 m in height
from the side of mined-out space and up to 0.3 m from the side of virgin massif.
Here, there is a bending of the bearing part of the prop stays into the mine
working cavity.

In the basic fastening variant, the distribution of o, in the prop stay from the

side of virgin massif is very similar to the above described. Throughout the height
of the prop stay, from the side of mined-out space, there are four areas of plastic
bending towards the mine working. These areas can significantly change the
geometry of the prop stay in the direction of reducing its stability and a significant
loss of load-bearing capacity of the frame support as a whole. Thus, the analysis
of the state of the frame prop stays by the factor o, also confirms the beneficial

effect of the combined roof-bolting system.
Further, the distribution of o, is studied in the roof-bolts placed along the contour

of the mine working arch. In all five resin-grouted roof bolts of the basic fastening
scheme, a more or less identical stresses pattern is observed. In the border part of

the roof-bolts, there are tensile o, act up to 50 — 75 MPa along the armature length

of 0.25—-0.70 m. Moreover, the lower value refers to the central roof-bolt, and the
higher — to the peripheral roof-bolt from the side of mined-out space. These data
indicate the resistance to stratification of the border part of the rocks in the
immediate roof, since the buried part of the roof-bolts is free of tensile forces.
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In the combined roof-bolting system of the arch fastening, the tensile o, actin

the areas adjacent to mine working, both in resin-grouted roof bolts and rope
bolts. The length of these areas is much larger and varies in the range of
1.1 — 1.8 m with some increase in the roof-bolts located from the side of virgin
massif. Here, the system resists stratification on almost entire or the most part of
thickness of the immediate roof. Consequently, its continuity and the ability to re-
sist vertical rock pressure are preserved to a greater extent.

Summarizing the performed SSS analysis, we state a comprehensively sub-
stantiated fact of reducing the stress intensity of the frame support when setting a
combined roof-bolting system in the roof. This fact is quite understandable, taking
into account the patterns of changes in the stress state of an adjacent massif in
the direction of increasing the stability of the roof rocks due to the formation of an
armored and rock plate with high load-bearing capacity.

CONCLUSIONS

As a result of the performed SSS studies of the coal-bearing stratum
surrounding the preparatory mine working, as well as the fastening and protection
systems, the following conclusions have been made.

1. In roof rocks, by means of a combination of rope bolts and resin-grouted
roof bolts, an armored and rock plate is formed, the high load-bearing capacity of
which is achieved by retaining the horizontal thrust forces even in case of parti-
tioning of rock layers into rock blocks. The concentrations of all stress compo-
nents are reduced to a level below the strength characteristics of lithotypes, and

the occurrence of tensile stresses o and o, has a local nature. Therefore, a

thick armored and rock plate in the roof protects the fastening system of mine
working from excessive vertical rock pressure.

2. A decrease has been established in the stress intensity of the cap board
and the prop stays of the frame support when using the combined roof-bolting
system in the roof. This decrease has been substantiated by the fact that the
armored and rock plate formed in the roof takes up a fraction of the vertical rock
pressure owing to to the active resistance of resin-grouted roof bolts and rope
bolts to the displacement processes of the coal-bearing massif.

3. A decrease in the stresses concentrations and dimensions of weakening
areas in the sides of mine working has a positive effect on the level of bottom rock
stress intensity, which makes it possible to predict less intensive development of
the swelling process.
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5. ESTABLISHING AND ANALYZING THE
PATTERNS OF GEOMECHANICAL FACTORS
INFLUENCE ON THE RESISTANCE OF THE
COMBINED ROOF-BOLTING SYSTEM

TO ROCK PRESSURE

5.1. SUBSTANTIATION OF THE CRITERION
FOR ASSESSING THE LEVEL OF THE ROOF-BOLTS
RESISTANCE TO THE ROCK PRESSURE MANIFESTATIONS

The resistance of the combined roof-bolting system is determined by the level
of action of the stresses ¢ intensity and the extent of the most loaded areas of
resin-grouted roof bolts and rope bolts set in the roof of mine working. The greater
o and longer the area of its distribution, the more actively the system resists the
displacement of the roof rocks into mine working. The patterns of connection be-
tween the resistance parameters of a combined roof-bolting system and the ge-
omechanical factors, which characterize the conditions for maintaining the pre-
paratory mine workings, are established on the basis of a series of multivariate
computational experiments that have the ultimate goal of determining the rational
parameters of the combined roof-bolting system setting, depending on the mining
and geological conditions for maintaining mine working. In this connection, the
first stage of research is to determine the degree of influence of a number of ge-
omechanical factors on the resistance level of resin-grouted roof bolts and rope
bolts. With their low resistance, the question is legitimate about the expediency of
using the combined roof-bolting system in these mining and geological conditions.
It is quite likely that it is enough the use of traditional fastening schemes.

At the second stage of research, it is necessary to determine the number of
roof-bolts, sufficient to form an armored and rock plate in the roof, which protects
reliably the preparatory mine working from the manifestations of rock pressure.
Therefore, it seems extremely important to outline the terms of effective applica-
tion of combined roof-bolting systems based on the established patterns of the
degree of the roof-bolts loading and the influence of geomechanical factors that
characterize the conditions for maintaining mine working.

On the basis of a general algorithm for the rational parameters search of set-
ting the combined roof-bolting systems as a part of the scheme for maintaining
mine working in general, a number of geomechanical factors have been identified
and substantiated that have the greatest influence on the degree of loading the
roof-bolts. These include: the depth of mine working location H, the average cal-
culated compressive resistance R of adjacent coal-bearing rocks, the ratio of the
calculated compressive resistance of the immediate roof rocks of the coal seam

R

to its thickness R—IR. For a better perception, the accepted ratio is expressed

m
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through 5;, , which is applied in the obtained dependences.

To assess the degree of the roof-bolts loading, it is necessary to substantiate
the corresponding criterion, which is a difficult task due to significant fluctuations
in stresses intensity o along the length of the roof-bolts. The most objective
characteristic is the length of an area where the roof-bolt is loaded at the level of
its load-bearing capacity, that is, it works with maximum efficiency. Of course, it is
necessary to recognize the sufficient efficiency of the roof-bolt performance when
it resists to rock pressure at a level, for example, 70 — 90% of its load-bearing ca-
pacity. But, then there is a multi-criteriality and a certain ambiguity in assessment
of its strengthening action. In addition, the areas of the roof-bolt length with the
specified degree of load are always adjacent to the areas of the limiting (plastic)
state (100% loading) of its reinforcement (bearing member). Therefore, the condi-
tion for occurrence of plastic state areas of the bearing member automatically
includes the areas of prelimiting state with a high degree of resistance.

Also, it should be taken into account the different lengths of the roof-bolts in
the combined roof-bolting system. The use of such a relative parameter as the
ratio of the length of the plastic state area of the bearing member to the entire
length of the roof-bolt will be the most objective. As a criterion for assessing the
effectiveness of the roof-bolt performance, as part of the combined roof-bolting
system, the relative length of the plastic state area of the bearing member (the
reinforcement in resin-grouted roof bolts and the rope in rope bolts) is proposed,
which is expressed as a percentage.

Among other things, the question arises about the grouping of roof-bolts, espe-
cially when there are quite a large number of them in the mine working roof. This is
done on the basis of results of the previous studies on the stresses components
distribution along the length of the roof-bolts. The grouping (where it was possible)
was performed by the condition of the degree of their SSS similarity and the similar-
ity of tendencies in the geomechanical factors influence. As a result, the following
criteria parameters have been accepted for study:

— A — the relative length of the plastic state of the bearing member of the
resin-grouted roof bolts in the central part of the mine working arch;

— 477 — the relative length of the plastic state of the bearing member of the

rope bolts in the roof from the side of mined-out space and virgin massif, respec-
tively.

5.2. THE INFLUENCE OF THE DEPTH
OF MINE WORKING LOCATION

The tendencies of influence of the preparatory mine working location depth H
on the degree of loading the roof-bolts in the central part of the arch are shown in
Fig. 5.1 for one of the series of SSS calculations of the studied geomechanical
system. The general pattern for all roof-bolts in the combined roof-bolting system
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is an increase in the relative length of the plastic state areas with an increase in
parameter H. All patterns are close to linear functions 4(H) and 4,77 (H).

There is a different degree of , joe o
loading of resin-grouted roof bolts ;
and rope bolts. Thus, in this series of
calculations, mentioned as one of the
examples, the areas of plastic state
in resin-grouted roof bolts appear,

20

S\

beginning with the depth H =428 m, 10 ‘

and develop to 4=13.7% at the %{,p/(

boundary depth of H =600m per- © "

forming the computational experi- 2% 300 400 00 Hm
ments. For a rope bolt, located from  Fig. 5.1. Dependences of change in the relative
the side of mined'OUt space, the length A4 and the plastic state 4" areas
areas of plastic state with value of the roof-bolt bearing member on the depth

4,°P¢ = 3.3% are already present at a H ' of mine working location

depth H =200 m and increase to

470P¢ =29.5% at H =600 m. From the side of virgin massif these areas occupy an
intermediate position. The plastic state of the rope occurs at a depth of H =293 m
and the length of the area increases to 4,°7° = 26.7% with the boundary value of

calculations H =600 m.

The above data allow to make a number of conclusions in addition to the al-
ready noted tendency of increasing the plastic state areas of the bearing member
with increasing the depth of mine working location.

Firstly, the rope bolt from the side of mined-out space is more loaded than from
the side of virgin massif, which is explained by a more intensive displacement of the
coal-overlaying formation above the mined-out space.

Secondly, there is a stable tendency for a reduced load on resin-grouted roof
bolts. This can be explained by their shorter length (2.4 m) compared with the rope
bolt (6 m). It is known that the roof-bolt is loaded with tensile forces due to the differ-
ence in the displacement of the massif on the mine working contour and in the bur-
ied area. The longer the roof-bolt, the farther the buried area from the contour of
mine working, and the greater is the indicated difference in displacements. But, there
is one more constantly repeating factor. The closer the resin-grouted roof bolt to the
vertical axis of mine working, the less it is loaded. Thus, at different coordinates of
the resin-grouted roof bolts location along the length of the frame cap board, the line
A(H ) will take a different position. The tendency of a reduced value A with respect

to 4,°P¢ remains stable.

Thirdly, summing up the above, it should be noted a high level of resistance of
rope bolts at any depth of mine working location (within 200 m < H <600 m the
range of performing the computational experiment), while resin-grouted roof bolts



70 Chapter I. RESEARCH INTO STABILITY OF REUSABLE IN-SEAM
WORKINGS WHEN MINING THIN COAL SEAMS

actively resist to rock pressure, starting from the depth H =400 m for the described
series of calculations.

5.3. INFLUENCE OF THE AVERAGE CALCULATED
ROCKS RESISTANCE TO COMPRESSION OF
THE ADJACENT MASSIF

The second geomechanical factor
significantly influencing the degree of
load of the roof-bolts as a part of the
combined roof-bolting system, is the
value of the average calculated
resistance to compression R of the
rock layers of the adjacent coal-
bearing stratum; one of the fragments
of the influence patterns is shown in
Fig. 5.2.

The general tendency for all roof-

4, 4%¢ %
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Fig. 5.2. Dependences of change in the

relative length A and the plastic state A"

areas of the bearing member of the roof-bolt
on the average calculated resistance to
compression R of the adjacent massif

bolts is an increase in the relative
length of the plastic state areas 4,

A4°%¢  when the parameter R de-

creases, but the dependences A(R)
and 4/77¢(R) differ significantly from each other. Thus, for resin-grouted roof

bolts, the plastic state area occurs only at R<14.5 MPa and with a further
decrease in R, there is a rather intensive growth of 4 by an obviously nonlinear
dependence: at R =6.6 MPa the value 4 is already 12.7%.

rope

A different pattern of the function 4, (R) change is observed for a rope bolt

set from the side of mined-out space. In this example, in the range of
14.3< R<32.1 MPa, the value 4 is sufficiently stable and ranges in the inter-

val 47¢ =14.9 - 18.1%. At R <14.3 MPa, there is some increase in the relative

length of the plastic state area with a maximum of 4/’ =26.7% at R=6.6 MPa.
For a rope bolt set from the side of a virgin massif, the pattern of connection
4,°P¢ and R is qualitatively similar, but quantitatively the graph is below the

dependence 4,77¢(R). So, in the range of 14.3<R<32.1 MPa, the value 4,*

l,m
is close to zero, with a maximum of 3.3% at R=14.3 MPa. If R is below the
specified value, then there is an increase in the parameter 4,°7¢, which reaches
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a value of 21.2% at R=6.6 MPa.

When revealing the described patterns, it was confirmed that the degree of
loading the resin-grouted roof bolts decreases when they are set closer to the
vertical axis of mine working and, on the contrary, 4 increases when the coordi-
nates of setting the resin-grouted roof bolts are shifted to the peripheral areas of
the cap board.

Noteworthy is another conclusion on the analysis results of dependences

A(R) and 4%¢(R). There is a certain value of the parameter R, below which the

load of all the roof-bolts in the combined roof-bolting system develops quite inten-
sively. In this example it is R =14.3 MPa. Such a phenomenon can be explained
by the partial loss of stability of the thrust system from the rock blocks of the
immediate roof. The created thrust cannot keep its weight from collapse due to
the thrust forces. Additional efforts are required from the roof-bolts to maintain the
stability of the thrust block system in the immediate roof.

5.4. INFLUENCE OF THE RATIO OF THE AVERAGE
CALCULATED RESISTANCE TO COMPRESSION OF
THE IMMEDIATE ROOF ROCKS TO ITS THICKNESS

Analysis of the computational experiments results has shown that the degree
of loading the roof-bolts in the combined roof-bolting system is significantly influ-

enced by the ratio of b,, calculated resistance to compression RlR of the immedi-

ate roof rocks to its thickness mt. A0 %
A

The fragments of dependences 4b),

are shown in Fig. 5.3.
Here, the already traditional ratio
rope

50

between the parameters 4 and 4

1,m rope
has been partially disturbed. Thus, up ” MQ\A!\
to a value of b, >7.5— 8.3 MPa/m, the AN |
relative length of the plastic state area 0 20 40 6 bk””%
of the resin-grouted roof bolt is no- Fig. 5.3. Dependences of relative lengths A
ticeably less than that for the rope and A" of the plastic state areas of the

bolts. The plastic state areas in resin-
grouted roof bolts appear only at

by, <20 MPa/m. When the parameter

bearing member of the roof-bolt on the
parameter b,, change

b,, decreases below the marked boundary of 7.5 — 8.3 MPa/m, the relative length
of the plastic state area of the reinforcement of the resin-grouted roof bolts A
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increases sharply, exceeding the corresponding values Alr;pe and reaching a value

of 64.4% at b), = 1.4 MPa/m; with that, the dependence 4b;, itself is highly nonlin-
ear. The explanation for such rapid growth of A, in our opinion, is quite obvious.
Low values of parameters b,, characterize the conditions for the occurrence of a

very weak immediate roof at a sufficiently high its thickness, which induces an
intensive stratification of the rocks adjacent to mine working to a considerable
distance into the roof. Therefore, the resistance of resin-grouted roof bolts to the
active lowering of the roof rocks affects most of the roof-bolt length with the occur-
rence of extended areas of the plastic state of their reinforcement.

For rope bolts set from the side of mined-out space, the dependence 4,7 is
somewhat different. Here, the plastic state area of the rope occurs at any value of
b,, from 10.6% at b,, =80 MPa/m and till 22.0% at b, =20 MPa/m. In this range

of b,, values, the relatively slow growth of 4% at decreasing the parameter b;,;
with a further decrease in the ratio b,,, the growth gradient 4/ increases sig-
nificantly nonlinearly, reaching 4/’ = 50% at b,, = 1.4 MPa/m.

In rope bolts set from the side of virgin massif, the dependence of 4,%¢ on

b,, takes, as usual, an intermediate position, both in value of 4,%¢, and in the
degree of nonlinearity of these parameters ratio. The plastic state areas of the
rope appear at b, <40 MPa/m and their length increases rapidly to 36.1% at

by, =1.4 MPa/m. The marked intensive growth of the plastic state areas of the
ropes from both sides of mine working is explained by the same instability of the
immediate roof rocks at low values of b5,,.

The active stratification of a soft and sufficiently hard immediate roof increases
the load on the rope bolts fastened in the main roof. This component of the roof
experiences smaller movements in the direction of mine working and, due to the
ropes tensioning, it keeps the rocks of the immediate roof from collapsing. There-
fore, a part of decrease in the stability of immediate roof is shifted to an increase
in the load on the rope bolts, and the length of the plastic state areas of the ropes
increases.

The revealed patterns give an assessment of the degree of geomechanical
factors influence on the loads of all roof-bolts included into the combined roof-
bolting system, which is one of the bases when developing a method for calculat-
ing its rational parameters, depending on the conditions for maintaining the pre-
paratory mine workings.
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CONCLUSIONS

1. The dependence has been determined of the coordinates of setting and the
gradient angle of the resin-grouted roof bolts in the arch of the preparatory mine

working from the intensity of the rock pressure »” with account of its manifesta-

tion in the immediate roof rocks, depending on the extracted seam b,, thickness.

The effectiveness of the resistive action of the armored and rock plate against
vertical rock pressure increases by reducing the rock stress in the sides of mine
working, which are bearings for the thrust system in the roof.

2. The criterion for assessing the level of resistance of roof-bolts as part of a
combined roof-bolting system has been substantiated, which is used to determine
the most influencing geomechanical factors in terms of the degree of the system
loading: the depth of mine working location, the average calculated compressive
resistance of adjacent rock massif, the ratio of the calculated compressive resis-
tance of the immediate roof rocks to its thickness.

3. The dependences have been established of the degree of the roof-bolts
loading (differentiated) in the combined roof-bolting system from the main influ-
encing geomechanical factors. The gradation has been proved of the resistance
level of the roof-bolts to the rock pressure manifestations: the maximum resis-
tance is created by rope bolts set from the side of mined-out space; the minimum
resistance — by resin-grouted roof bolts.

4. The stresses components o, o, and o, in all elements of fastening

y
schemes, are practically unaffected by the reaction of the central pliable prop
stays of the strengthening support, with the exception of local areas in the frame
cap board near the place of their joint contact. This indicates the expediency of
excluding the central prop stay of the strengthening support with a rigid perform-
ance.

5. The rational coordinates of the roof-bolts location in the central part of the
mine working arch and the gradient angles have been established, depending on
the standard size of its section. The obtained patterns are the basis for the search
for rational parameters of a combined roof-bolting system with the ultimate goal of
developing a methodology for selecting its parameters depending on the mining
and geological conditions for maintaining mine working.
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6. DEVELOPMENT AND SUBSTANTIATION
OF THE PARAMETERS CALCULATION OF
THE ROOF ROCKS STRENGTHENING BY

A COMBINED ROOF-BOLTING SYSTEM

IN THE PREPARATORY MINE WORKINGS

In accordance with the general strategy of selecting the parameters of the fas-
tening system elements in the preparatory mine working, depending on the geo-
logical and mining conditions for its maintenance, the main task of this chapter is
to determine the rational parameters for the resin-grouted roof bolts and rope
bolts location that strengthen the roof rocks of the in-seam working. The rational
parameters of resin-grouted roof bolts and rope bolts are those that realize two
conditions: on the one hand, the roof-bolts together with the strengthened roof
rocks should maximally unload the frame support to effectively limit the loss of the
mine working section; on the other hand, the roof-bolts in the roof should work
with the maximum resistive reaction to the rock pressure, that is, to be set in a
minimum sufficient quantity.

6.1. SUBSTANTIATION AND CALCULATION

OF THE PARAMETERS OF THE RESIN-GROUTED
ROOF BOLTS LOCATION IN THE ROCKS OF MINE
WORKING ARCH

A separate consideration of resin-grouted roof bolts and rope bolts in the roof
of mine working is dictated by the following circumstance.

Firstly, the length of the rope bolts two or more times exceeds the length of the
resin-grouted roof bolts, which predetermines the different areas of the border
rocks strengthening.

Secondly, their functions differ significantly from each other. When strengthening
the rocks of immediate roof of the mine working arch, the resin-grouted roof bolts
restrict its stratification and together with the side roof-bolts create connections
between the individual rock blocks. Ultimately, a rock plate is formed, which takes
up a part of the rock pressure, thus reducing the load on the frame support.

The rope bolts connect the immediate and main roof, which increases the sta-
bility of both one and the other rock volumes above mine working, and they pro-
tect the support from the rock pressure.

The set of parameters for setting the resin-grouted roof bolts, located in the roof
of mine working along the contour of the frame cap board, consists of determining
the gradient angle g; of the roof-bolt to the horizontal axis of mine working and its

load-bearing capacity (expressed through the diameter d; of the “reinforcement”).
The length of the resin-grouted roof bolts /; (2.4 m) is specified, which is conditioned
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by their function in the formation of the load-bearing armored and rock plate in the
roof of mine working. The dimensions of the arch of ultimate equilibrium in the roof
(in the zone of stabilization of the rock pressure manifestations) are such that in most
cases this length is not enough to fasten their joists in stable rocks, thus, this function
is delegated to rope bolts. The fourth parameter is the coordinate of setting each
roof-bolt x;, which is measured horizontally from the vertical axis of mine working.

When identifying the relation of the coordinates x; of the resin-grouted roof bolts

setting with geomechanical factors according to the conditions formulated above,
the patterns of change in the degree of the roof-bolts loading were used. The
strength potential of resin-grouted roof bolts in the roof is realized only with the in-
tensive manifestation of the vertical component of the rock pressure. This is impor-
tant for the conditions of Western Donbas, where the depth of mine working depos-
iting is H >400-450 m and the soft rocks of the adjacent coal-bearing massif
(R <10 - 15 MPa), as well as low compressive resistance of rocks of the immediate

roof with its increased thickness (5], < 15 — 20 MPa/m). Here, the resin-grouted roof

bolts actively resist to the processes of stratification and lowering the rocks of mine
working roof, which implies an increased density of their arrangement. In practice,
this mining and geological situation is characterized by placing in the mine working
roof of about 7 — 9 roof-bolts. In more favorable geological conditions, the number
of roof-bolts in the roof is significantly reduced (up to 3 — 5 roof-bolts), since they
remain unloaded, as it is shown by the results of computational experiments [20].
The question of the minimum required number of resin-grouted roof bolts in
the roof is combined with the search for the coordinate x; of each roof-bolt loca-

tion. At the same time, the search of calculation variants is simplified significantly
based on the following considerations.

Firstly, it has been established that the degree of the roof-bolts loading is
directly proportional to the depth H of mine working location and inversely pro-
portional to the value of the average calculated compressive resistance R of the
adjacent coal-bearing strata. This term refers to the radius of mine working influ-
ence on the surrounding rocks, which is 3 — 5 times of the mine working width.
Thus, the known tendencies are confirmed of the rock pressure development, the

intensity of which is traditionally associated with the ratio % , which for simplicity

is indicated as »". In addition, due to the gradual increase in the parameter H
(according to the technology for calculating the elastic-plastic problem), in a single
computational experiment, a set of values can be obtained by the degree of the
roof-bolts loading.

Secondly, using the research data [20], the variants with an increased number of
resin-grouted roof bolts in the roof are calculated only for a limited range of complex
mining and geological conditions mentioned above.

Thirdly, with a significant underloading of any roof-bolts, they are excluded
from consideration while maintaining their results. At the same time, the load
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taken up by the underloaded roof-bolts is taken into account when increasing the

intensity of stresses due to the reserve of resistance conditioned by the segment
and the stage of strengthening of any steel of the roof-bolt reinforcement.

Using this approach, the graphs

< of dependences have been obtained

\ SNC of the coordinates x; of the resin-

AN grouted roof bolts setting on the pa-

rameters b»" and b,,, which are

shown in Fig. 6.1. It has been prelimi-
nary established that it is not rational
to set more than six roof-bolts in the
X central part of the roof because of their
low loading. This is confirmed both by
a series of multivariate SSS calcula-
tions of the fastening system [20], and
by the experience of maintaining the
preparatory mine workings. Then, at a
symmetric (with respect to the vertical
xi axis of mine working) scheme for the
roof-bolts setting, it is necessary to
analyze the change in three coordi-
nates x;(i=1, 2, 3) depending on the
0 0.4 0.8 12 x;, M mining and geological conditions.
Fig. 6.1. The dependence of coordinates There is an inverse proportional
x;( =1,2,3) of the resin-grouted roof bolts relation between the coordinates x;
setting in the central part of mine working arch
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and the value of the ratio »”, which
on the parameter 5" : —b;, =4.8 MPalm; 5 consistently repeated for all calcu-
— — b’ =10.2 MPa/m; — - - b, =156 MPa/m lation variants, regardless of the
number of the roof-bolts in mine

working arch. With a large ratio of 4" (the increased depth of mine working loca-
tion with a reduced hardness of rock of the surrounding massif), it is advisable to
set the resin-grouted roof bolts closer to the arch keystone, which is dictated by
the very intensive stratification of the roof mainly in the middle of the mine working
span, that is, in the central part of its arch. With an increased stability of the en-

closing rocks (a decrease in the value 5" ), the coordinates of the roof-bolts set-
ting move closer to the spring, and the number of roof-bolts in the roof decreases,
which does not contradict the existing concepts and recommendations. The roof-
bolts, for which the coordinate x; reaches or exceeds the coordinate of location of
the frame yielding joist, and then changes to a different quality — the upper side
roof-bolts, and their rational parameters have already been determined in [35]. In
this case, the number of roof-bolts in the roof is reduced.
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In a different way, the coordinates of the resin-grouted roof bolts setting are
influenced by the ratio 5,,. With an increase in the hardness of the roof rock, the

load on the roof-bolt decreases, and their number is advisable to reduce, which
corresponds to an increase in the distance between the roof-bolts (the displace-
ment of coordinates of their setting from the arch keystone to the spring).

The revealed patterns of relation between the rational coordinates of the resin-
grouted roof bolts setting in mine working arch and the geomechanical parameters of
its maintenance made it possible to obtain a set of regression equations for calculat-
ing the values x;, x,, x3

X =—58102p ln(0.0ISbr fo.sz) , m; (6.1)
X, =10728, {4.8—10.9111(0.015[)’ —0.52)} m; 6.2)
3 =10724, {12.6— 17.21n(0.0155" —0.52)} ,m. 6.3)

In the above expressions, the index “1” denotes the coordinate x; of setting

the resin-grouted roof bolt at a minimum distance from the vertical axis of mine
working, and the index “3” — at the maximum distance. If the value x; exceeds

the horizontal coordinate of location of the yielding joist of the frame support, then
the outer roof-bolt is excluded from the roof-bolt setting scheme in mine working
arch. Similarly, the expediency is considered of setting the resin-grouted roof
bolts with coordinates x, and x; in mine working arch. Then, in a certain domain

of geomechanical parameters ratio, there is no need to set the roof-bolts along
the contour of the arch in the area between the yielding joists of the frame. The
validity of this statement is that a stable roof does not load the roof-bolts to the
level of their active work on resisting to rock pressure. The length of the roof-bolts
also influences, when there are different displacements of the roof rocks in the tail
joint and in the area of the yielding joist. With an increased length of the roof-
bolts, the difference in the indicated displacements increases, which contributes
to their full load. The peculiarities should be noted of work of the frame support for
maintaining the roof of mine working. The cap board is less loaded than its sup-
port prop stays, especially in favorable mining and geological conditions of coal
mines [20].

Thus, there is an area of mining and geological conditions, when there is a low
efficiency of strengthening the roof rocks with resin-grouted roof bolts within the
central part of the mine working arch. To determine the boundaries of this area,
the following ratios of geomechanical parameters for the preparatory mine work-
ings with TSYS support have been obtained:

— for TSYS-11.0 (11.7)
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b <34.7+466.7 exp(—n.zb,;) , m/MPa; (6.4)

—for TSYS-15.0
b <34.7+66.7 exp(—19.8b,;) , m/MPa; (6.5)

— for TSYS-17.7
b <347+66.7 exp(—22.4b;1) , m/MPa. (6.6)

If the value b" is less than calculated by formulas (6.4) — (6.6), it is not rec-
ommended to set the resin-grouted roof bolts in the central part of an arch. Oth-
erwise, the coordinates of the roof-bolts location and their number are determined
by the formulas (6.1) — (6.3).

For the operational assessment of
the expediency of the roof-bolts setting
in the central part of mine working

| / arch, the graphs were constructed that

SMEU-LOGLT) determine the boundaries of these ar-

/ / eas according to the ratios of geome-

s / chanical parameters »" and b,
/ which are shown in Fig. 6.2.

Installation|of anchors The followin arameters for the
isadv'sable/ SMU17.7 gnp

b, m/MPa

60

resin-grouted roof bolts setting in the
SMU-15.0 mine working arch are their gradient

40
% angle 5, and diameter d; of the

Installation|of anchors bearing rod. During the study, the fact

is not recommended

of underloading of the considered
30 group of roof-bolts was constantly
0 5 10 15 1',, MPa/m  noted. It is inappropriate here to use
Fig. 6.2. he area of expedient location of the roof-bolts of a conventional con-
the resin-grouted roof bolts in the central struction, the load-bearing capacity of
part of the preparatory mine working arch which is estimated to be of the order of
200 kN [4, 87, 88]. The constructions

with a reduced diameter of “reinforcement” in the range of d; =15—-18 mm are

recommended, the tear resistance of which is up to 2 — 2.5 times lower than that
of conventional structures. This is quite enough for the formation of load-bearing
armored and rock plate in the roof of mine working. Therefore, for this group of
roof-bolts, it is inappropriate to perform a study on identification of the patterns of
relation between the “reinforcement” diameter and the geomechanical parameters
of maintaining mine working. The diameter value d; is chosen to be constant for

the whole group of roof-bolts within the above-mentioned range.
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The situation is different with the
choice of rational gradient angles p;

of resin-grouted roof bolts to the hori-
zontal axis of mine working. This pa-
rameter is associated with the coordi-
nate x; and is variable for the roof-

bolts, set in the central part of the
mine working arch. The maximum
effect of strengthening the massif is
achieved when the longitudinal axis of
the roof-bolt coincides with the vector
of roof rocks displacements at a given
coordinate x; [42]. In accordance with
the general tendency of changes in
the vector of rocks displacement from
the vertical in the arch keystone to
oblique in its spring, the patterns have
been obtained of relation between the
gradient angle f; of the roof-bolt and

the coordinate x; of its setting, which
are shown in the graphs of Fig. 6.3.
There is a stable alternating decrease
in f;, when the point of roof-bolt set-
ting is displaced (the increase in the
coordinate x;) towards the yielding
joist of the frame. This stability is con-
firmed by the insignificant influence of
such geomechanical parameters as

the ratio of »” and 5,,.

Thus, if the parameter 5" is in-
creased by 2 times, the range of
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Fig. 6.3. The relation of the gradient angle
pi of the resin-grouted roof bolt to the co-

ordinate x; of its setting in the arch of the
preparatory mine working for different val-

ues of b" : ——b" = 40 m/MPa;
— — b" =80 m/MPa; 1 - b}, = 4.8 MPa/m;
2- !, =15.6 MPa/m

variation of the gradient angle of the roof-bolt is 0 — 10% with a maximum devia-
tion of 11.8%. When the parameter b,, is reduced by 3.25 times, the maximum
deviation f; does not exceed 10%. The above data indirectly emphasize the ob-

jective criterion for choosing the gradient angle of the roof-bolt along the vector of
the surrounding massif displacement in the direction of mine working cavity. The
use of the correlation-dispersion analysis of the computational experiment results
made it possible to obtain the following regression equation

B = 90(1 - 0.4lx?’8) , deg.

(6.7)
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The usefulness of the expression (6.7) in combination with the formulas (6.1) —
(6.3) is in the possibility of a reasonable choice of the parameters for setting the
resin-grouted roof bolts along the arch contour of the preparatory mine working.

Fig. 6.4. The stresses intensity o curves
in fastening and security systems of the
preparatory mine workings in Western
Donbas: a — Samarska Mine; b — Heroiv
Kosmosu Mine; ¢ — Stepova Mine

6.2. SUBSTANTIATION AND
CALCULATION OF STRENGTHENING
THE ROCKS IN THE ARCH OF MINE
WORKING WITH ROPE BOLTS

The rope bolts perform the main func-
tion in the process of maintaining the pre-
paratory mine working in the area of stope
works influence. The deep strengthening
of the roof rocks, the main effect of which
is to restrict the stratification of a thick
structure of rocks of the immediate and
main roof, not only prevents their lowering
into mine working, but also increases the
resistance to the rock pressure.

The above function of rope bolts fun-
damentally distinguishes them from the
resin-grouted roof bolts. To confirm this
thesis, the stresses intensity curves o of
fastening and security systems of the
preparatory mine workings in three
mines of the Western Donbas are shown
in Fig. 6.4. In the mine working arch, a
higher loading is observed of rope bolts
as compared to the resin-grouted roof
bolts, regardless of the geological condi-
tions for maintaining mine working, the
scheme of the roof-bolts setting and the
security method used.

Based on the above, a method for
calculating the rational parameters has
been developed for rope bolts, including:

rope bolt length [/7P¢, rope diameter

d47°pe rope

coordinate x and gradient

angle p"°P¢ of its setting. It is assumed

that the rope bolts should be set sym-
metrically in the cross section relative to

the vertical axis of mine working. This decision is substantiated by the fact that
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the main argument is the prospect of reusing the preparatory mine working and
the leveling the asymmetry of the geomechanical processes during the approach
of the second longwall face.

The rational length /"°P¢ of the rope bolt is chosen by the condition of fasten-
ing its joist part outside the arch of ultimate equilibrium, that is, in relatively stable
rocks of the main roof. This condition is written in the form

e 2 ljoist + blr + ltail d (68)

where [,
the roof-bolt that extends into the cavity of mine working; usually it is taken as
l; =0.1 m; b/ — the width of the area of the lateral rocks weakening, which is

determined by the formula [58]

— the length of the roof-bolt joist; /,,;, — the length of the tail part of

ail

0.73
41097

b W{lexp(5.9«10_3H” . (6.9)

There 1, , —is the width of the protective strip.

In formula (6.8), only the length of the joist remains of the undetermined
parameters. By means of calculations and tests, it has been established that the
load-bearing capacity of a resin-grouted roof bolt of about 200 kN is provided by a
joist with a length of Ligist = 0.6 — 0.7 m. At least not less load-bearing capacity of

the rope bolts is achieved with a joist length of not more than 1.0 — 1.1 m.

In order to determine the minimum sufficient length of the rope bolt, it is
necessary to know the boundaries of the contour of the arch of ultimate equilib-
rium, which has been the subject of many studies, beginning with prof. M.M. Pro-
todiakonov [89], prof. P.M. Tsymbarevych [90] and ending with modern methods
of geomechanical processes modeling [55, 73, 91]. These classical concepts are
so well reasoned that they are included into a number of normative documents
[71, 72, 92, 93], including the industry standard [71]. However, in this document,
along with the calculation of the height of an arch, the width of the area of weak-
ened rocks in its sides is not taken into account, which has been proven in the
work and determined by the regression equation (6.9). Taking into account the
areas of weakening in the sides of mine working, the dimensions of the arch of
ultimate equilibrium increase significantly, which is substantiated by prof.
P.M. Tsymbarevych. To clarify the dimensions of the arch, it is suggested to use
the following combination:

— the height % of the arch of ultimate equilibrium is determined by document
[71];

— the width of the area of weakening in the sides of mine working is deter-
mined by (6.9);
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— the shape of the contour of the arch is determined by the parabola equation
according to prof. M.M. Protodiakonov

4x?

y=h|l- (6.10)

(B+2b{)2 ’

where y and x — the vertical and horizontal coordinates with a reference point
located in the arch keystone of mine working; B — the width of mine working
during drifting; 5 — is determined by the formula (6.9); this parameter is accepted
for calculation as the maximum width of the weakening area in the side of mine
working from side of the longwall face, which goes to a certain margin of reliability
of calculations, and when the mine working is reused, the dimensions 5, and b,,

will become equal in their values.

The condition for fastening the joist part of the rope bolt beyond the boundary
of the arch of the ultimate equilibrium is transformed with respect to formula (6.8)
without changing its physical significance. The calculation of the minimum length

[""¢ of the rope bolts (set symmetrically relative to the vertical axis of mine work-
ing) is made by the formula
h,—H%  Z,-Z,

P —]. . 4+ .+ ,
Joist tail Sinﬂmpe cos ﬁi’Ope

(6.11)

where h, — the height of mine working during drifting; 4"7¢ — the height of set-

ting the rope bolt from the bottom of mine working; p"°’¢ — the gradient angle of

the rope bolt to the vertical axis of mine working; Z; and Z, — the auxiliary geo-
metric parameters determined by formulas

7, = x"Pe +(hW —h"’pe)ctgﬁ"’pe, (6.12)
(8421 ) i
7, = g2 prove +L2(h+zlzgﬁ"ope) —1gB™P¢|. (6.13)
(B+2b[ )

rope

In the formula (6.12), the symbol x indicates the distance from the vertical
axis of mine working to the place of the rope bolt setting. The problem of choosing
the rational values of the parameter x"” is solved by a search of variants of SSS
calculation of the studied geomechanical system, taking into account the previously
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established patterns. By analogy with the choice of parameters x; for resin-

grouted roof bolts, the criterion of the rationality of values is the combination of
conditions for the maximum resistance of rope bolts and the minimum loading of

the frame support. The patterns of x"”° change are such that the influence of
geomechanical parameters is assessed ambiguously due to the action of oppo-
site tendencies.

Firstly, some noticeable influence has been revealed of only two geomechani-
cal parameters that determine the dimensions of the ultimate equilibrium, — the
depth H of mine working location and the average calculated compressive resis-
tance R of an adjacent massif. This fact seems quite logical:

— the depth of mine working location determines the total stress of massif, on
which the dimensions of the arch of ultimate equilibrium and the degree of the
rope bolts loading depend;

— parameter R characterizes the resistance of an adjacent massif to the
boundaries distribution of the arch of ultimate equilibrium.

The parameters R and m| of the immediate roof are included as compo-

nents in a more general indicator R, since the increased length of rope bolts also
affects other rock layers of the roof to a technically developed height of up to 9 m.

Therefore, the ratio 5" most fully characterizes both the dimensions of the arch of
ultimate equilibrium, and the degree of resistance of rope bolts to lowering the
roof of mine working.

Secondly, the influence of the ratio »” on the coordinate x"°?¢ is determined

by the action of a number of opposite tendencies. The greater the height of the
arch, the greater the load in its central part and for the active resistance of the
rope bolts they should be concentrated closer to the arch keystone (decrease in

the coordinate x"°7¢). With an increase in the height of the arch, its width also
increases, that is, the volumes of unstable rocks increase in the sides of mine
working — thus, the load in this part of the arch contour increases, as well as an
expediency of location here of the rope bolts (the increase in the coordinate
x'ope )

The result of the action of these opposite tendencies leads to some mutual
compensation and stabilization of the rational coordinate of rope bolts setting in a

rather narrow range of x"°”° =0.8 — 1.1 m. The smaller of the values x"°’¢ corre-
sponds to the smaller standard size of mine working section (for example, for the

TSYS-9.5 support), and the larger of the values x — to an increased mine
working dimension (e.g., for TSYS-15.0 support). In general, it is recommended to
place the tail joint of the rope bolt at a distance of 1.0 m from the vertical axis of
mine working for the section of mine workings for TSYS-11.7 (11.0) support.

A similar situation has been revealed when determining the rational gradient

angle p"P¢

rope

of the rope bolt to the vertical axis of mine working. There are two
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main factors. The first is the narrow range of variation of the rational coordinate

x"°P¢ of the rope bolt setting predetermines a limited range in the values of its
gradient angle. The second factor is conditioned by the increased length of the
rope bolt about 6 —9 m. The vector of its movements is changed. It was noted
earlier that the roof-bolt most effectively resists the displacement of massif when
its longitudinal axis coincides with the displacement vector of the enclosing rocks.
The peculiarity of the roof rock displacements along its height is that the change
in their vector (across the width of arch) from vertical to oblique is most active in
the border rocks. With the removal from the contour into the depth of the roof, the
intensity of the change in the displacement vector direction is weakened. At the
buried end of the rope bolt (taking into account the coordinate of its setting

x"P¢ = 0.8 — 1.1 m) the displacement vector is directed closer to the vertical posi-
tion than on the mine working contour. It is not technically possible to bend the
roof-bolt (by drilling a curved bore hole) to such an extent that its longitudinal axis
always coincides with the displacement vector. It is advisable to specify the aver-
age direction to the rope bolt as the arithmetic average of the vectors of the mas-
sif displacement at its buried end and on the mine working contour. This proce-

dure was carried out for the above range of the coordinate x"*’° changes and the
interval of variation of the rational gradient angle p"P¢ =65 — 80° of the rope bolt

has been obtained for different mining and geological conditions of maintaining
the preparatory mine workings. This interval is significantly different from the gra-
dient angles f; of resin-grouted roof bolts for the same coordinate x;. A lower

rope rope

value p corresponds to x =1.1 m and to more favorable mining and geo-

rope rope

logical conditions; a higher value f corresponds to x = 0.8 m and to more

complex mining and geological conditions.
The last of the required parameters of rope bolts is the rational value of their
resistance to the roof rocks displacement, which is expressed through the mini-

mum sufficient diameter d"°¢ of the “reinforcement” of the rope bolt. The crite-

rion for choosing the rational values of 4"°’° remains the same (as for resin-
grouted roof bolts) and its essence is to realize the maximum possible loading of
the rope of a bolt within the limits of permissible tensile stress.

An analysis of the results of multivariate computational experiments has
shown that two geomechanical parameters most significant influence on the de-
gree of the roof-bolts loading — the depth H of mine working location and the
value of the average calculated compressive resistance R of the adjacent coal-

bearing strata. The ratio b), has a certain influence in the range of b5, <0 -

15 MPa/m. Here, the value R is changed significantly, since the immediate roof of
the increased thickness is the nearest to mine working. According to the results
presented in [71], this parameter has the maximum influence on the value of the
average calculated compressive resistance of massif. It contains the effect of low
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values of the ratio »), and there is no ¢"%mm

T
need to separate the influence of this
parameter on the degree of the rope “
bolts loading. The specified patterns \
are confirmed by the results of the per- 24| 1
formed series of computational “
experiments, as well as the fact that
the influence of each of the remaining ,,
geomechanical parameters (H and

R) must be determined by separate

dependences, since the ratio »” does \
not give a close correlation. \
Based on the results of the \
performed studies, the dependences N
have been obtained of the relation of |, N
the minimum sufficient diameter of the S~
rope of a bolt with geomechanical ~
parameters H and R, which are
shown in Fig.6.5. With an increase in

the depth H , the diameter d"°7¢ of the
rope increases close to a linear law and
inversely proportional to the parameter Fig. 6.5. The patterns of change inthe
R . The main range of variation of the minimum sufficient diameter of tl_1e rope 0_1”'
minimum sufficient diameter of the rope ~ °f 2 Polt from the depth H of mine working

\
\
|
\
\
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location ( ) and the average calculated
bolt is limited by the value d"7¢ =15 — compressive resistance R (= =) of the
16 mm, which is well correlated with adjacent coal-bearing massif

mine observations for assessing the
stability of mine workings, in the roof of which the rope bolts are set with a diameter

d"P¢ =15.2 mm. However, at a very low value of R<5—7 MPa, the load on the
rope bolts sharply increases (the boundaries of the arch of ultimate equilibrium are
expanding intensively), which requires an increase in the diameter of their rope to
20 — 28 mm in the studied scheme of setting.

The processing of the results of multivariate calculations made it possible to
obtain a regression equation for predicting the minimum sufficient rope diameter

0.5

139 , mm. (6.14)

drore — 22
t
o

(1.7+9.1-10_3H)[£+0.66]
RI.S

The equation (6.14) has been obtained when considering the variant of setting

two rope bolts with a steps of P =3.2 m along mine working, that is, in the
interframe space for every three frames to the fourth, which, in turn, being set with
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a step of L =0.8 m. The rope bolts are available in standard diameters d./”* (the
most common d;’¢ = 15.2 mm) of a limited number of standard sizes. Therefore,

if the calculated value d"°P¢ (6.14) allows to choose the nearest larger standard

size d;’, then it is that which is accepted for use in the fastening system of

mine working. If the calculated value d"°P° exceeds the standard value d;”¢ of

available ropes, the number »"?¢

according to the formula

of rope bolts for 1 m of mine working increases

rope

n"P¢ =0.625

rope” pes/m, (6.15)
st

where d;/"¢ — the diameter of rope bolt used in a certain mine working, mm.

The results of multivariate computational experiments and their correlation-
dispersion analysis made it possible to determine all the parameters necessary
for the effectively maintenance of the roof of the preparatory mine working with
rope bolts.

6.3. ALGORITHM FOR CALCULATING THE
PARAMETERS OF THE COMBINED ROOF-BOLTING
SYSTEM FOR STRENGTHENING THE ROCKS OF THE
ARCH IN THE PREPARATORY MINE WORKINGS

The complex of performed research has created all the prerequisites neces-
sary for the development of methodology for calculating and selecting the
parameters of the fastening system of the preparatory mine workings in condi-
tions of intensive coal seams mining. The methodology provides the following
sequence of calculations:

1. Grouping the source data used in the calculations performing. This item is
aimed to determine the calculated value of each of the parameters involved in the
calculations.

The group of geomechanical parameters includes:

— the calculated depth H of mine working location;

— the average calculated compressive resistance R of adjacent rocks of roof
and bottom;

— the thickness mj and calculated compressive resistance R| of rocks of the
immediate roof;

— the thickness mlb and calculated compressive resistance Rlb of rocks of the
immediate bottom.
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The listed initial parameters are determined from the data of geological service
of the mine, by studies [58, 59] and by normative documents [67, 68]. The group
of mining and technical parameters:

— the standard size of section of the preparatory mine working and its support;

—the width /, ; of protective system;

—the width B and height #,, of mine working during drifting.

The specified initial parameters are determined by the normative and technical
documentation when preparing the passports for drifting and fastening of mine
workings.

From the mechanical characteristics of the fastening materials, the yield limit
of the bearing rod of the roof-bolt is used, which is determined from the reference
data [16, 19], depending on the steel grade of the manufacturer of the used roof-
bolts.

2. The determination of the dimensions of the unstable rocks area around

mine working is characterized by parameters # and &; . The height of arch # of

ultimate equilibrium is calculated by document [71]. The width 5/ of unstable

rocks area in the roof of mine working is calculated by the formula (6.9).

3. The choice of the type of frame support and calculation of the step of its set-
ting is made according to document [67] for the area of mine working outside the
zone of the stope works influence.

4. The calculation of the parameters of the combined roof-bolting system in the
arch of the preparatory mine working is made in the following positions:

— the resin-grouted roof bolts in the central part of mine working arch;

— the rope bolts in the immediate and main roof.

5. The calculation of location parameters of the resin-grouted roof bolts in the
central part of mine working arch.

The assessment of the expediency of the resin-grouted roof bolts setting for
the most widely used standard sizes of frame support in the preparatory mine

workings is carried out by the values of ratio »” and b;,, and in accordance with

the graphs in Fig. 6.2, or by the formulas (6.4) — (6.6): if the actual value »” is
less than the calculated, the setting of the resin-grouted roof bolts in the central
part of the arch of mine working is not recommended.

The coordinates X, 3 of resin-grouted roof bolts setting along the contour of
the arch (horizontal distance from the vertical axis of mine working to the tail joint
of the roof-bolt; i — number of the roof-bolt with distance from the arch keystone)
are determined by formulas (6.1) — (6.3). If the calculated coordinate X; exceeds
the horizontal coordinate of the yielding joist location of this standard size of

frame support, then this pair of resin-grouted roof bolts is excluded from their set-
ting scheme in the arch of mine working.
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The gradient angle /3,5 of resin-grouted roof bolts to the horizontal axis of

mine working is calculated by the expression (6.7) separately for each pair (i =1,
2, 3) of symmetrically located roof-bolts. For the diameter of “reinforcement” of the
resin-grouted roof bolts in the central part of the arch of mine working, it is
recommended to take lower values d; =15 —18 mm.

6. The choice of rope bolts parameters includes the following items.
The rope bolts in the cross section of mine working are recommended to be

set at a distance of X" =0.8 — 1.1 m from its vertical axis. The smaller values
of the interval correspond to the reduced standard size of the cross section, and
the upper limit of the interval corresponds to the increased standard size of the
section of mine working.

The gradient angle of rope bolts to the horizontal is recommended to take

B°P¢ =65 —80°. A smaller value corresponds to X"’ =1.1 m, a greater — to

XP¢ =0.8 m.
In the longitudinal section of mine working, the rope bolts are set with a basic

step of P =3.2 m, that is, in every fourth interframe space. With the complica-
tion of mining and geological conditions, the number of rope bolts per 1 long me-
ter of mine working length is calculated by the formula (6.15) and the nearest lar-
ger whole number is taken. To perform the calculations by formula (6.15), the
required diameter of rope bolts is calculated by formula (6.14).

The length of the rope bolt is determined by the formula (6.11) with the calcu-
lation of the intermediate parameters by the formulas (6.12) and (6.13), which
include the dimensions of the arch of ultimate equilibrium in paragraph 2 of this
algorithm for selecting the rational parameters of the fastening system for the
preparatory mine working.

7. The represented calculation algorithm provides a choice of rational parame-
ters of load-bearing elements of the combined roof-bolting system depending on
the mining and geological, as well as mining and technical conditions for main-
taining the arch of the preparatory mine workings in mines that develop thin-
bedded coal seams in soft rocks.

CONCLUSIONS

1. By means of multivariate calculations the efficiency has been proved of
using the rope bolts in the fastening system of the preparatory mine workings,
which have a multifunctionality of work in the “deep” strengthening of roof rocks,
increasing the stability of the frame support and intensifying the terminal opera-
tions in the junction area of the longwall face and mine working.

2. It has been established that the ratio 5,, influences the coordinates of the
resin-grouted roof bolts setting. With an increase in the thickness of the roof rock,
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the load on the roof-bolts decreases, and their number should be reduced, which
corresponds to an increase in the distance between the roof-bolts (the displace-
ment of coordinates of their setting from the keystone to the spring of the arch).

3. The recommendations have been developed and calculation expressions
have been obtained for choosing all the necessary parameters for the combined
roof-bolting system setting in the preparatory mine workings.

4. The area of expedient location has been determined of the resin-grouted
roof bolts in the central part of mine working arch, as well as the relation of the
gradient angle p; of the resin-grouted roof bolt with the coordinate x; of its set-

ting in the arch of mine working for different values of the parameter 5" .

5. The evidence base has been substantiated for cardinal limitation of the rock
pressure manifestations by formation in the roof of a thick armored and rock plate
using a combined roof-bolting system. This plate is designed to protect the frame
support from excessive loads and to create the conditions for reuse of the pre-
paratory mine workings.
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7. THE INFLUENCE OF THE CENTRAL

PROP STAYS OF THE STRENGTHENING
SUPPORT ON THE FASTENING SYSTEM
STRESS-STRAIN STATE OF MINE WORKING

7.1. ANALYSIS OF THE OPERATION MODES OF THE
CENTRAL PROP STAYS OF THE STRENGTHENING
SUPPORT IN THE PREPARATORY MINE WORKINGS

In the mines of Donbas, in particular in its western region, the central prop
stays of the strengthening support (hereinafter — prop stays) are widely used to
maintain mine workings in the zone of the stope works influence. They differ in
construction: wooden, hydraulic and friction prop stays from the special SCP pro-
file. The main function of the central prop stays (single and double) is the
strengthening of the frame support to resist to the vertical rock pressure, which
increases dramatically from the bearing pressure zone ahead of the longwall face
and up to the area of stabilization of geomechanical processes in mine working
behind the stope face. Moreover, an important function of the central prop stays is
to maintain the cap board of the frame in the area of dismantling its stump near
the ‘window’ of the longwall face.

When analyzing the stress-strain state of the prop stays, the criterion has been
substantiated for assessing their loading by the resistance reaction when lowering
the rocks of the coal-overlaying formation. The most objective parameter here is the
deformation-strength characteristic of the prop stay, which describes the relation of
its resistance to longitudinal pliability.

The friction prop stays from the special SCP profile and hydraulic prop stays
work in a mode close to the mode of constant resistance: to a certain value of
resistance they are in a rigid mode with an insignificant pliability, mainly condi-
tioned by the elastic deformations of the material; after, the yielding mode occurs
and then the resistance of the prop stay varies within a certain range around the
average value, which practically does not depend on the lowering of the roof
rocks. This operation mode is provided by the yielding node in the friction prop
stays from the special SCP profile or by the periodic actuation of the safety valve
in the hydraulic prop stays.

As a rule, the yielding mode of the prop stays structures occurs even before
the approach of the longwall face, in the zone of its front bearing pressure, which
is caused by the processes of lowering the roof. Therefore, in the zone of stabili-
zation of the rock pressure manifestations, the friction prop stays and hydraulic
prop stays operate in the mode of constant resistance, at which the load on them
is enough constant. This means that the stress state of the prop stays will also be
relatively stable regardless of the geomechanical processes occurring around the
preparatory mine working and conditioned by the depth of its location, by the
structure and properties of the adjacent coal-bearing massif.
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Thus, it is impossible to observe the influence of geomechanical factors on the
state of the prop stays, working in the mode of constant resistance. The formu-
lated conclusion is consistently confirmed by the calculation results of the stress-
strain state of geomechanical models
with different variants of fastening and
security systems, where the central
prop stays of the strengthening sup-
port with the studied structures are
used. Thus, the range of stresses in-
tensity variation is up to 20 — 25%.

This variation depends on the action
of the oblique load (bending with
compression), as well as on the
occurence of local areas of stresses
concentration due to the influence of
contact stresses in the places, where
the prop stays bear on the footing rocks
of mine working and their junction with
the cap board of the frame. In the
process of research, there were no
significant changes in the stress-strain
state of the prop stays when they were
set in one or two rows both in the
central part of the cross-sectional area
of mine working and in some their
displacement towards the longwall
face.

A slightly different situation arises
in the case of setting the wooden cen-
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tral prop stays of the strengthening
support. They also have some pliability
due to:

— elastic-plastic longitudinal defor-

Fig. 7.1. The general view of the fastening
system in the preparatory mine working
behind the longwall face: a - flattening and

plastic deformations of the frame cap boards;

b — destruction of the central (wooden) prop

mations of wood;

— contortion of wooden substrates
under the prop stays in the contact with the mine working footing and the frame
cap board;

— pressing the prop stays into the mine working footing;

— bending of the prop stays with loss of stable shape.

The last component of pliability is observed in cases of setting the wooden
prop stays with a diameter of not more than 15— 16 cm in the conditions of in-
tense vertical rock pressure. The deformation of the wooden prop stays occurs in
accordance with the classical ideas of loss of the rod stability under the action of
a compressive load. The specific load Q induces the occurrence of both the first

stays of the strengthening support
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and the second forms of stability loss according to Euler. In both cases, the areas
of the prop stays section with the maximum bending represent the greatest dan-
ger due to loss of stability with subsequent destruction. The process is promoted
additionally by the oblique load, which, as a rule, acts at an angle to the vertical
a =10 — 20°. The bending of the central wooden prop stays of the strengthening
support with their destruction is often observed in the practice of maintaining the
preparatory mine workings (Fig. 7.1). To limit this phenomenon, the central prop
stays are often set at a slight angle to the vertical.

The considered components of the wooden prop stays pliability cannot be ad-
justed (in comparison with the friction prop stays from the special profile or hydraulic
prop stays), therefore their operation mode remains uncontrollable, which compli-
cates the development of any recommendations for choosing the parameters of the
prop stays. Nevertheless, for the prop stays with a diameter of 20 — 22 cm, some
patterns of relation are observed with such geomechanical parameters as the depth
H of the mine working location and the average calculated compressive resistance
R of rock layers of the adjacent coal-bearing stratum.

As can be seen from Fig. 7.2, these

patterns are not so evident and are

e limited by the possibility of destroying
///// - the prop stay, on the one hand, and its
uncontrollable pliability, on the other. At
—————————— e the same time, the general tendency to
75 e increase the load Q on wooden prop

e stays with respect to their maximum
load-bearing capacity is manifested
with an increase in the depth of mine
50 working location and a decrease in the

200 300 400 00 Hm  gstrength properties of an adjacent
coal-bearing massif.

The performed analysis of the
stress-strain state of the central prop

Q/ Qmax, %

-t
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Fig. 7.2. The patterns of influence on the
degree of loading Q/0Q,,,. of the central

wooden props of the strengthening support:
1-depth H of mine working location;
2 - average calculated compressive resistance

stays allows to substantiate the calcu-
lated positions for determining their
rational parameters: the distances x

R of adjacent coal-bearing stratum horizontally from the vertical axis of

mine working; the gradient angle g of

the prop stays to the vertical axis of mine working and diameter d of wooden
prop stays of the strengthening support; for all types of prop stays structure, a
minimum sufficient reaction of a prop stay is defined.

The need to set the central prop stays of the strengthening support is in-
creased by intense rock pressure manifestations in complex mining and geologi-
cal conditions, for example, in the presence of a weak, water-flooded thin-bedded
massif of the main roof with a thickness of 8 — 10 m and more. Under the condi-
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tions of a very unstable main roof, a vast arch of ultimate equilibrium is formed,
the rocks of which create a great load on the fastening system of mine working.
The situation is complicated by the removal of the boundaries of the arch of ulti-
mate state from the mine working contour, which makes it impossible to fasten
the joist of the roof-bolt (of the required length) in more stable rocks. This
weakens the effect of strengthening the roof, especially in the area of dismantling
the frame stumps near the ‘window’ of the longwall face.

The processing of the results of a series of computational experiments by the
methods of correlation-dispersion analysis made it possible to obtain a regression
equation that determines the critical depth H_. of mine working location, more

than which the prop stays setting is recommended:
0.8
H, =742R"". (7.1)

In studies, the asymmetry has been noted of the fastening system loading in
the zone of the stope works influence, which is manifested in the formation of an
increased oblique load from side of approaching or receding the longwall face.
This phenomenon is confirmed by the experience of conducting the terminal
operations in strengthening the fastening system in the place of junction of the
long face with the preparatory mine working, when, as a rule, the prop stays are
shifted towards the longwall face by some distance relative to the vertical axis of
mine working. The search for the rational coordinate x of the prop stays setting
was carried out by the condition of maximum unloading of the frame support,
according to which the stresses intensity o. was the determining parameter.
Moreover, it is not the cap board that needs unloading more, but the stumps of
the frame support, especially from the side of the longwall face. The necessity to
shift the strengthening support of the prop stays in the direction of the longwall
face with a sufficiently stable value of x=0.4—-0.6 m has been determined by
calculations. A lower value corresponds to a reduced standard size of the section
area of mine working and to a reduced overhang of the rock cantilevers from the
side of mined-out space, and an increased value — to an increased standard size
of the cross section area of mine working and to an increased length of the
hanging rock cantilevers.

The gradient angle S of the central prop stay of the strengthening support to

the horizontal axis of mine working is important, since the oblique load from the
side of the roof rocks (eccentric compression) activates the loss of its stability, so
the load-bearing capacity of the prop stay decreases sharply. To avoid eccentric
compression, the longitudinal axis of the prop stay should coincide with the direc-
tion of the displacement vector of the roof rocks in the place of their junction. The
calculations of the stress-strain state of the fastening system have shown, that
with a recommended coordinate of x=0.4 — 0.6 m, the value S ranges within

75— 85°. The value S =80° is recommended when setting the central prop stays
of the strengthening support, regardless of their structure, as well as mining and
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Fig. 7.3. The curves of stresses intensity
o in the fastening system of the
preparatory mine working with an
increased (a), moderate (b) and reduced
(c) rigidity of the wooden prop stay of
the strengthening support of the frame

geological conditions of mine working
operation.

The last of the required rational
parameters of the prop stays is their
minimally sufficient load reaction, the
rationality criterion of which is the
condition of maximum unloading of the
frame, on the one hand, and exclusion of
bending of the frame cap board in the
place of its contact with the prop stay, on
the other. This circumstance (the
possibility of occurrence of a plastic hinge
in the cap board) is important for
maintaining the stable shape of the mine
working arch, especially in the area of
dismantling the frame prop stays in the
area of ‘window’ of the longwall face.

The revealed peculiarity of stress-
strain state (SSS) of the frame cap board
on the contact with the prop stay of the
strengthening support is shown in the
curves of Fig. 7.3, where the schemes are
presented for fastening and security sys-
tems for different mines in Western Don-
bas. It has been established by multivari-
ate computational experiments that the
occurrence and development of plastic
deformation areas in the place of contact
between the cap board and the prop stay
is possible in different mining and geo-
logical conditions, and is mainly deter-
mined by the deformation-strength char-
acteristic of the prop stay, that is, by the
dependence of the load reaction on the
pliability of the support during the resistive
action to the roof lowering.

With an increased rigidity of the
wooden prop stay (d =24 cm), its in-
creased reaction causes, if pliability is
low, an active bending of the frame cap
board at the point of contact, as evi-
denced by the occurrence of a sufficiently
extensive area of stresses intensity o,

exceeding the yield limit of steel of St.5
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grade, — the plastic flow of steel occurs (in the entire cross section area of the
SCP profile) with a sharp decrease in the cap board resistance (see Fig. 7.3, a).

If the diameter of the wooden prop stay is reduced to 20 cm, its resistance re-
action decreases, and pliability increases, also due to significant deformations
(see Fig. 7.3, b). The area of the plastic state of the frame cap board is noticeably
reduced and no longer extends over the entire cross section area of the SCP, —
the reduction in the load-bearing capacity of the cap board is low. If the central
prop stay of the strengthening support has a low diameter (d =16 cm), then it
works on the verge of stability loss (see Fig. 7.3, ¢), and the two half-waves of
transverse bending are observed in its lower part — the second form of stability
loss according to Euler. Moreover, the pliability of the prop stay increases sharply
with a decrease in its resistance reaction. As a result, in the place of contact of
the prop stay with the cap board, the stresses intensity o is only 50 — 60% of the
yield limit of steel St.5 and such operation mode of the prop stay does not
generate additional perturbations of the stress-strain state in the cap board of the
frame, and the intermediate bearing increases sharply the load-bearing capacity
of the frame support as a whole.

The results of the conducted studies confirm the expediency of applying the
rigid and pliable operation mode of the prop stays of the strengthening support
with the maximum approximation to the mode of their constant resistance, which
is characterized by the following conditions:

— minimum pliability (within the elastic deformations of the material) with the
growth of the resistance reaction;

— changing to the constant resistance mode after reaching the value Q; with a

slight reaction fluctuation with an increase in pliability until the equilibrium state of
the entire geo-mechanical system to maintain the mine working.
In addition, the problem has been solved of establishing a rational reaction O,

depending on the mining and geological conditions of maintaining the preparatory
mine working. According to the results of multivariate computational experiments
(Fig. 7.4), two main parameters make a significant influence on the formation of
the dimensions of the arch of ultimate equilibrium of mine working: the depth H
of mine working location and compressive resistance R of adjacent roof rocks.
The patterns of relation are such that with an increase in the depth of mine
working location, a practically linear law of the required reaction Q; growth of the

prop stay, and with the parameter R an inversely proportional dependence is
revealed that tends to zero (the setting of central prop stays of the strengthening
support is impractical) with an average calculated compressive resistance of the
adjacent roof rocks R>12 — 15 MPa. With highly unstable roof rocks (R<5 -
7 MPa), the required load-bearing capacity of the prop stay increases to 100 —
200 kN. In practice this is achieved by selecting the diameter of the wooden prop
stay, the standard size of the friction prop stay or hydraulic prop stay.

By static processing of the calculation results of the stress-strain state of the
fastening system, an equation has been obtained for determining the required
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0. kN resistance reaction of the prop stay:

0=620/R"7 (1+2.1-10*3H (7.2)

When calculating, it is also neces-
\ sary to take into account the recom-
mended constant-resistance mode
during the prop stays operation.
In order to provide a reliable mode
of constant resistance, it is recom-
\ mended to use the friction prop stays
made of SCP or hydraulic prop stays
with a load-bearing capacity corre-
sponding to the loading from the side
1 of rock massif, and it is rational for
2 them to control the resistance Q.

50
\ The structural features of the fric-
tion prop stays from the special SCP

\ profile and the hydraulic prop stays,
\ which provide the operation in the
constant resistance mode, give them
0 5 10 R,MPa  versatility in the management by the
Fig. 7.4. The relation of Q load on the central ~ frame support loading in the optimal
prop stay of the strengthening supportwithan ~mode. The non-controllable rigid
average calculated compressive resistance R operation mode of the wooden prop
of adjacen.t roof roc.:ks at the depth of mine stays of the strengthening support
"";’k';‘lg_':;;t'm_‘; - I’;f 62:: m often leads to the loss of their stable
- AsARm S A=RTm form and to destruction, that is, their

original functions for strengthening the fastening system are lost.

150

100

7.2. THE RESEARCH OF THE FASTENING SYSTEM
STRESS-STRAIN STATE OF MINE WORKING WITH
THE YIELDING PROP STAY IN THE STRENGTHENING
SUPPORT

In the course of performing the previous stages of the SSS analysis of various
variants of the fastening systems of the drifts being overworked, a negative effect
was observed (on the frame cap board) of the work of a rigid wooden prop stay of
the strengthening support. To check the recommendations for improving the sta-
bility of the cap board of the frame support, the computational experiments have
been carried out with the setting of a central hydraulic prop stay while maintaining
all other equal conditions of the fastening system “frame-resin-grouted roof bolts
and rope bolts in the roof”.
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The analysis of the fastening system state has been carried out in three main
components: vertical ,,, horizontal o, and stresses intensity o.

7.2.1. ANALYSIS OF VERTICAL
STRESSES COMPONENTS

The curve of vertical stresses o, distribution in the elements of fastening

system with a central hydraulic prop stay is shown in Fig. 7.5 and characterized
by the following features.
The cap board is exposed to the [ =
strongest influence of the operation |t s
mode of the central prop stay of the @mma

438478 Max

strengthening support. This influence

233337

has a different intensity along the length i

of the cap board. In its peripheral areas

-1 led
(near the yielding joists), the curve o, is Vi
-1,0e8

changed insignificantly in comparison T
with the variant of setting the wooden = ™™
prop stays of the strengthening support. o

Thus, the main range of o, variation is N/

from 1 — 2 MPa of tension to 20 — 25 MPa
of compression, which does not exceed
7—-9% of the value of estimated yield
limit of the SCP steel. The bending ‘
moment is minimal: in the area below the
coordinates of the rope bolt tail joint lo- . )

cation, the bending is directed towards F:cg'r Z:' The °':'tr"ft‘;‘f"fe't;"f"'.:"essfsm”y
the roof rocks; in the area above the tail ° wifhvsg:tra|°hyd$a:|?cepr'°§ :ty:ye
joint — there is a deflection into the drift

cavity. In general, a sufficient uniformity of o, distribution in the cross section of

SCP and their low absolute values indicate a high degree of the cap board
stability (by the factor of vertical stresses action) in peripheral areas with a length
of up to 0.6 m from the side of the stope face and up to 0.7 m from the side of
virgin massif.

In the central part of the cap board, the situation is changed drastically: certain
disturbances o, appear with some asymmetry in the direction of the stope face of

the longwall face; this area occupies a length of 0.7 — 0.8 m. When approaching a

central hydraulic prop stay, the tensile stresses o, of up to 40-70 MPa

increase, which is only 15 — 26% of the estimated yield limit of steel and does not
constitute a danger to the stability of the cap board. Moreover, there is a
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differently vectored bending: from the side of virgin massif — into the cavity of
mine working; from the side of the stope face — in the direction of the roof. Directly
in the area of contact with a hydraulic prop stay (across the width of up to
300 mm), the direction of bending is observed towards the roof, however, the

concentration of compressive o, is low — only up to 50 — 80 MPa (19 —30% of

the estimated yield limit of steel).

Thus, it is established that when setting a hydraulic prop stay (yielding mode of
operation), there is no ‘traditional’ bending in the cap board of the frame, as it was
observed in the variants with a rigid wooden prop stay of the strengthening sup-
port. The level of acting concentrations o, is more than 3 times less than the

estimated yield limit of the SCP steel, which not only indicates the stable state of
the cap board of the frame, but also confirms the expediency of using the yielding
prop stays of the strengthening support, for example, hydraulic prop stays, during
the drifting of the longwall face. Consequently, the account of the modes of the
fastening system elements interaction (the peculiarities have been revealed by
the results of the computational experiment) allows to change radically the state
of the cap board by the factor of the vertical stresses action.

In the prop stays of the frame, there are no significant changes in the curve
o, when comparing the variants with the wooden prop stay and hydraulic prop

stay of the strengthening support in the upper part of the prop stays (in the area of

the yielding joists) with a length of 300 — 350 mm, where the o, increases from

the low tensile (up to 20 — 30 MPa) to significant stresses (80 — 190 MPa) of com-
pression. And with a transition to the rectilinear part of the prop stays o, , it

reaches 80 — 90% of the estimated yield limit of the SCP steel. In the rectilinear
part of the prop stays, the vertical stresses are stable and close, but do not reach
the estimated yield limit of the SCP steel. Such a state, close to the limiting state
of the prop stays of the frame, indicates their high degree of loading. However, an
almost uniform distribution of o, in the cross section of the SCP minimizes the

bending moment until its complete disappearance; this argument somewhat
improves the prediction of the prop stays stability. In their lower part, at a height of
up to 0.5 m, a significant bending moment occurs, and this makes possible to
predict a high probability of bending in the area of the prop stays bearings into the
cavity of mine working.

The hydraulic prop stay, due to its work in the mode of almost constant resis-
tance, is characterized by extreme homogeneity of the curve o,. The uniformity

of the vertical compressive stresses up to 30 MPa indicates a complete absence
of bending moment and any concentrations of o, : the hydraulic prop stay works

in favorable loading conditions, and its resistance reaction corresponds to the
technical characteristics.
The combined roof-bolting system actively resists the lowering of the roof
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rocks, and the distribution parameters o, are slightly different from those in the

variant of setting the rigid wooden prop stays of the strengthening support.

It is quite natural that a yielding hydraulic prop stay, providing a certain pliabil-
ity of the cap board of the frame, promotes the redistribution of a part of its resis-
tance to a combined roof-bolting system. There is an increase of 15 — 20% in the

tensile stresses o, of resin-grouted roof bolts and rope bolts, but this is mani-

fested only in the adjacent rock layer of the roof at a distance of 0.6 — 0.9 m, and

further along the length of the roof-bolts the differences in the curves o, de-

crease. This fact can be explained as follows: it is well known that the most active
roof stratifications occur near the mine working contour and it is here that if the
cap board of the frame ‘deviates’ from the increased rock pressure, this difference
should be compensated by the resistance of other fastening elements, which in
this case are resin-grouted roof bolts and rope bolts.

In general, based on the results of the analysis of the curve of vertical stresses
distribution, two factors have been established related to the replacement of a rigid
wooden prop stay with a yielding hydraulic prop stay of the strengthening support:

— the state of the cap board of the frame is radically improved, and its bend in
the area of contact with the central prop stay is not predicted, since the maxima
o, are more than 3 times lower than the estimated yield limit of the SCP steel;

— the distribution of o, in the remaining fastening elements is changed either
insignificantly, or in the limited areas of the roof-bolts length.

7.2.2. THE STUDY OF THE CURVE OF THE
HORIZONTAL STRESSES COMPONENTS

To illustrate a comparative analysis of the horizontal stresses distribution with
two variants of the central prop stay of the strengthening support, the curve o, is

shown in Fig. 7.6.

The most significant differences are observed in the cap board of the frame,
which is quite predictable, since it is in contact with the central prop stay, the
resistance mode of which has been changed fundamentally; in addition, the hori-
zontal stresses most informatively describe the process of bending of the cap
board under the influence of rock pressure. The local areas of the cap board (with
length of 200 — 250 mm) near the yielding joists of the frame are exposed to the
action of a bending moment directed into the mine working cavity. However, the
level o, (from a tension of about 10 — 30 MPa to compression in the range up to

50 — 70 MPa) does not allow to judge any danger from the point of view of the
plastic flexure strains occurrence, since o, does not exceed 19 — 26% of the es-

timated yield limit of the SCP steel. Further on, when moving to the central part of
the cap board, only compressing stresses act: in the lower part of the SCP section,
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about 40 — 75 MPa, in the upper part — 70 — 90 MPa. The height difference o, of

the SCP section is low, which indicates a reduced bending moment, and the
maxima o, themselves are 3 times less than the estimated yield limit of steel.

In the central part of the arch, in the
area of contact with the hydraulic prop
stay, the direction of bending of the cap
board is changed: the tendencies of its

9,9308¢8 Max

bending around the hydraulic prop stay
Sgmme are observed. Thus, in the upper part of
sty the SCP section, there are the

-4.5eT . .
2 compressing o, =55-70 MPa, in the
-7,25¢7

yTui] lower part of the section o, =90-

S * 110 MPa. These data point out two
e facts: firstly, the relat|v_ely low difference

’ 1 o, on the outer and inner surfaces of

\ the SCP indicates the action of a very

limited bending moment; secondly, the
maxima o, do not exceed 41% of the

estimated yield limit of steel. As a result,
: the state of the cap board (by the factor
of o, action) should be assessed as

Fig. 7.6. The curve of horizontal stresses

o, for a variant of the fastening system very stable V\{IthOUt ?ny S|gns of t,he
with the central hydraulic prop stay occurrence of its plastic bending relative

to the central prop stay. Consequently, a

hydraulic prop stay, due to its work in the constant resistance mode, eliminates the
dangerous concentrations o, and the very possibility of the occurrence of plastic

deformations in the cap board of the frame support.
There were no significant changes in the curve o, of the prop stays of the

frame support connected with the replacement of a rigid wooden prop stay with a
yielding hydraulic prop stay. There is a relatively uniform (in the cross section of
SCP) distribution of o, , with the exception of an area of prop stays to a height of

0.6 m. In the curvilinear part of the prop stays, the compressing o, are changed
in the range of 30 — 45 MPa and the separate local decreases of o, up to 0 —

10 MPa are observed only in the area of yielding joists of the frame. In the recti-
linear part of the prop stays, the compressing o, decrease to 20 — 25 MPa and

only in the area of prop stays bearings, there are some disturbances o, with the
occurrence of tensile o, up to 10 — 30 MPa. In general, the level of acting hori-
zontal stresses is very low and by the distribution factor o, it should be pointed
out the stable state of the frame support.



Chapter |. RESEARCH INTO STABILITY OF REUSABLE IN-SEAM 101
WORKINGS WHEN MINING THIN COAL SEAMS

A very uniform distribution of o, is observed in the cross section of hydraulic

prop stay, which once again emphasizes the peculiarity of “self-balancing” of the
load across the section area due to the pliability of the prop stay and its “deviation”
not only from the increased vertical load, but also from its oblique action. In the
most part of the prop stay height (89%), the value o, is minimal in the range from

0.8 MPa of tension to 8 MPa of compression and only in the rest area the tensile
stresses up to 5 — 6 MPa appear, which can be explained by the known effect of the
transverse deformations development at the longitudinal compression.

In the combined roof-bolting system, the effect of replacing the wooden prop
stay with a hydraulic one is insignificant as a whole and is observed only in the
border area of the roof-bolts length:

— in rope bolts, the minimum level of o, (from 0.8 MPa of tensile to 8 MPa of

compression) is observed in the border area with length 0.8 — 1.0 m; further on,
as it approaches to the buried area of the rope bolt, the compressing o, increase

to 17 — 25 MPa, which is obviously due to an increase in horizontal stresses in the
rock walls of the bore hole and the surrounding massif as a whole;

—in the resin-grouted roof bolts (due to their decreased gradient angle), the
tensile o, are more evident, which indicates the active resistance of the roof-bolts

to lateral movements of the border massif; so, at the length of 0.9 — 1.1 m of the
border area of the resin-grouted roof bolts, the tensile o, reach 30 — 50 MPa and

prevent stratification of the rock.

In general, based on the analysis of the horizontal stresses distribution in the
main elements of the fastening system, it is possible to make such conclusions
regarding the central hydraulic prop stay setting:

— the maximum influence is made on the cap board of the frame in terms of
eliminating the concentrations o, and high bending moments; the probability of

occurring the plastic deformations is completely excluded;
— the remaining fastening elements are not affected by the operation mode of
the hydraulic prop stay in terms of a significant change in the horizontal stresses.

7.2.3. ANALYSIS OF STRESSES
INTENSITY

The result of changes in the curves of stresses components when setting the
hydraulic prop stay is summarized by studying the stresses intensity field ¢ in the
main elements of the recommended fastening system of mine working (Fig. 7.7).

As approaching the central part of the mine working arch, the stresses intensity
increases to 140 — 180 MPa (52 —67% of the estimated yield limit of the SCP
steel), but these values are far from dangerous. In addition, a high degree of uni-
formity of o distribution over the SCP section area indicate the absence of any
significant bending moment in these areas of the cap board.
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] A very moderate bending moment ap-
” pears in two areas of the cap board:
i directly in the area of contact with the
PO hydraulic prop stay and in an area of
300 — 350 mm in length, adjacent to the

2,07698

et hydraulic prop stay from the side of the

e stope face. Here the difference o in
height of the SCP section is only 50 —
il 60 MPa, which is not able to form a sig-
nificant bending moment, but a change in
its sign is clearly observed: from the side
of the stope face, the bending is directed
into the cavity of mine working, and di-
rectly on contact with the hydraulic prop
stay — towards the roof rocks. In these
areas, the maximums are 0=190 -
210 MPa, which is 70 — 78% in relation to
the estimated yield limit of SIP steel.
Fig. 7.7. '!'he curve of stre§ses intensity.a Summarizing the represented data, it is
fora ;’::22:13;?16 Larztuel'i‘é"gr:yztt‘;m with — hossible to state about a sufficient degree
v prop stay of stability of the cap board with a consid-
erable safety factor, which is not ob-

served when setting the rigid wooden prop stays of the strengthening support.

The prop stays of the frame support are practically not affected by the opera-
tion modes of the hydraulic prop stay in terms of a change in the curve of stresses
intensity o distribution. In the upper area of the prop stays, near the yielding
joists of the frame, there is a reduced value of o in the range of 40 — 120 MPa,
but as approaching the rectilinear area of the prop stays, the stresses intensity
reaches the dangerous values, accounting for 85 — 96% of the estimated vyield
limit of the SCP steel. However, the distribution of o in the SCP cross section is
very uniform (up to the area of the prop stays bearings), which indicates the
absence of any significant bending moment and allows to predict the stable state
of the prop stays, although close to the limiting one. In the area of bearings to a
height of up to 0.4 m, the disturbances o appear in the SCP cross section, which
fix the occurrence of a significant bending moment, deforming the prop stay into
the cavity of mine working. In general, the noted parameters of o distribution
practically do not differ from the variant of setting the rigid wooden prop stay of
the strengthening support. This fact is explained by the fact that the hydraulic
prop stays (regardless of the yielding operation mode) provide an active resis-
tance to vertical rock pressure, helping to the prop stays of the frame support at
the same level as the central wooden prop stay.

The distribution of o in a hydraulic prop stay is characterized by extremely
high uniformity both in cross section and in its height. The yielding operation mode
contributes to a more complete “adaptation” of the prop stay to the nature of the
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rock pressure manifestations, which almost eliminates the occurrence of any
stresses concentrations. This peculiarity enables the hydraulic prop stay to develop
a “normal” resistance force in accordance with its technical characteristics.

In the combined roof-bolting system, the distribution of the stresses intensity is
very similar to that of the central wooden prop stay. It should be noted the high
efficiency of rope bolts in resisting the displacements of the roof rocks of the drift.
In the buried area (with length 52 — 57% of the total length of the roof-bolt), the
stresses intensity is 77 — 98% of the calculated yield strength of the rope, and in
the remaining its length it also actively prevents the stratification of the roof rocks.

The resin-grouted roof bolts in the boundaries of mine working arch work to
restrict the stratifications of the lateral rocks and create relatively holistic end ar-
eas of the armored and rock plate above the entire mine working and beyond its
width in the sides.

Thus, the SSS analysis results of the fastening system with the use of a
central hydraulic prop stay as a strengthening support prove convincingly the
expediency of its applying in order to increase the stability of the cap board,
without damaging the rest fastening elements.

CONCLUSIONS

As a research result of changes in the SSS of fastening system when setting a
hydraulic prop stay (yielding operation mode), the following conclusions have
been made:

— the plastic bending of the cap board of the frame, which was previously
observed (when setting rigid wooden prop stays of the strengthening support),

does not occur; the level of acting concentrations of vertical stresses o, is more

than 3 times less than the estimated yield limit of the SCP steel, which proves the
expediency of using the yielding prop stays of the strengthening support. The
changes in o, distribution in other elements of the fastening structure are not

dangerous for its stable resistance to vertical rock pressure;
— a hydraulic prop stay, due to its work in the constant resistance mode, elimi-
nates the dangerous concentrations of horizontal stresses o, and the very possi-

bility of occurrence of plastic deformations in the cap board of the frame support.
There was no significant influence of a change in the operation mode of the prop
stay of the strengthening support on the curve of o, distribution in the frame prop

stays and in combined roof-bolting system;

— the resulting assessment of the fastening structure in terms of the stresses
intensity confirmed the conclusion about the sufficient stability of the cap board of
the frame (it resists to rock pressure with a considerable safety factor), which is
not observed when setting the rigid wooden prop stays. In general, the obtained
results prove convincingly the expediency of using the central yielding prop stays
of the strengthening support with their setting in the stope face ahead of the zone
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of frontal rock pressure manifestation, as well as their dismantling behind the
longwall face in the zone of rock pressure anomalies stabilization.

SYNTHESIS OF THE RESEARCH
RESULTS TO CHAPTERI

Based on the established patterns of change in the stress state of the rocks
around the preparatory mine working, depending on the geomechanical factors
and the location of the resin-grouted roof bolts and rope bolts in the system of
combined roof-bolting, the technological parameters of mine workings reuse have
been substantiated.

1. It has been established that in the adjacent roof rocks, by means of a com-
bination of rope bolts and resin-grouted roof bolts, an armored and rock plate is
formed, the high load-bearing capacity of which is achieved by maintaining the
horizontal thrust forces even when the roof layers are being broken into rock
blocks. Due to the formation of a thrust system in the roof, the concentrations of
all stresses components are reduced to a level many times lower than the
strength characteristics of lithotypes composing it, and the occurrence of tensile
vertical and horizontal stresses is of exclusively local nature. Therefore, a thick
armored and rock plate in the roof protects the fastening system of the prepara-
tory mine working from excessive vertical rock pressure.

2. The geomechanical model has been substantiated of the computational ex-
periment of the fastening systems in the preparatory mine workings with resin-
grouted roof bolts and rope bolts, which made it possible to establish the forma-
tion of armored and rock plate which resists to the rock pressure with concentra-
tion criterion of stresses intensity no more than 2.0. This provides the holistic
state of most of the lateral rocks of the roof and coal seam, reducing the stresses
concentration and expanding the area of the armored and rock plate bearing in
the roof of mine working.

3. The patterns have been established of the influence of the depth of mine
working location, the average calculated compressive resistance of the adjacent
rock massif, the ratio of the calculated compressive resistance of the immediate
roof rocks to its thickness on the degree of loading the system of resin-grouted
roof bolts and rope bolts. The criterion has been substantiated for assessing the
level of resistance of roof-bolts as part of a combined system, which is used to
establish the most influencing geomechanical factors.

4. The dependence has been determined of the coordinates and the gradient
angle of setting the resin-grouted roof bolts in the arch of mine working on the
intensity of rock pressure manifestation, when it is considered in the rocks of the
immediate roof depending on the thickness of the extracted seam. The decrease
in the stresses concentrations and sizes of the rocks weakening areas in the
sides of mine working has a positive effect on the level of the bottom rocks
stress — the area of its probable weakening is being reduced. The range of
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changes has been specified for the parameters of the rope bolts setting in the
combined system, depending on the standard size of the section of the prepara-
tory mine working.

5. The criterion for assessing the level of resistance of roof-bolts as part of a
combined roof-bolting system has been substantiated, which is used to determine
the most influencing geomechanical factors in terms of the degree of loading the
system: the depth of mine working location, the average calculated compressive
resistance of adjacent rock massif, the ratio of the calculated compressive resis-
tance of the immediate roof rocks to its thickness. Thus, the increased loading of
the elements of the combined roof-bolting system protects the frame support from
the rock pressure, thereby reducing the cross section loss of mine working.

6. The patterns have been established of the roof-bolts loading (differentially)
in the combined fastening system depending the main influencing geomechanical
factors. The gradation value of the level of the roof-bolts resistance to the rock
pressure has been established: the maximum resistance is created by rope bolts
set from the side of mined-out space; minimum — the resin-grouted roof bolts. The
pattern has been revealed of increasing the resistance reaction of the resin-
grouted roof bolts as the coordinates of their setting are changed in the direction
of the peripheral areas of the cap board of the frame support. The received
results became the basis for substantiating the rational parameters of the com-
bined roof-bolting system.

7. The dependences of a change in the relative length A and 47 of the

plastic state areas of the bearing member of the roof-bolt on the average calcu-
lated compressive resistance R of an adjacent massif have been established.
The criterion has been specified for assessing the level of resistance of resin-
grouted roof bolts and rope bolts in the combined system from the depth of mine

working location and parameters " and b,,. The calculated expressions have

been obtained that determine all the necessary parameters for strengthening the
roof of the preparatory mine workings with a combined roof-bolting system: the
coordinates of the roof-bolts setting, their gradient angles, the diameter of the
bearing rod and the length of the roof-bolt. The boundary of the areas of expedi-
ent use of resin-grouted roof bolts has also been substantiated.

8. The underground investigations of the rock pressure manifestations in the
preparatory mine workings, fastened by the recommended combined roof-bolting
system, have proved its advantages compared with the traditional roof-bolting
fastening, which are as follows:

— the convergence of roof and bottom rocks reduced by 35%, the convergence
of the prop stays of frames decreased by 43%, the displacements along the di-
agonal dimension from the side of working flank of mine working reduced by 34%,
from the side of non-mining flank — by 27%;

— the asymmetry of the diagonal dimensions is reduced by 2 times, and the
vertical — by 3.62 times;

— the value of bottom rocks heaving is reduced by 1.5 — 2 times.
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8. GEOMECHANICAL AND METHODICAL
ASPECTS OF RESEARCH INTO STABILITY
OF THE REUSABLE MINE WORKINGS WHEN
OVERWORKING AND UNDERWORKING A
PARTING IN SEAMS C§' AND C,

8.1. GEOMECHANICAL PECULIARITIES
OF Cy' SEAM MINING

One of the main peculiarities of Cé seam mining, is its overworking when

extracting the overlaying seams Cy and Cj,. The distances between these

seams vertically vary within a fairly narrow range of 22 - 28 m with the occurrence
of mainly soft rocks between the partings with a strength coefficient f=1-2 ata

periodic occurrence of a harder sandstone ( /' =3 —6) with different thickness.

The sandstone, coal seams and interlayers are water-flooded and are the main
source of mine water supply to the stope faces and development faces. This is
additionally facilitated by the moderate fracturing of sandstones (3 — 5 cracks per
meter) and the very strong fracturing of coal seams (18 — 25 cracks per meter).
The argillites and siltstones are predominantly horizontally layered, a part of
which belongs to unstable rocks, reducing sharply the strength characteristics
when being moistened and are prone to swelling. The contacts between adjacent
lithological varieties are soft and easily lose adhesion when being outcropped or
under intense deformations of the massif.

Due to a combination of foregoing, it is possible to predict the unstable state of
the overworked parting at its undermining with intensive stratification and the forma-
tion of extensive zones of the weakened massif. However, it is premature to make a
conclusion about the significant influence of overworking on the stability of extrac-

tion mine workings of the Cé seam. Here, the main reason is the sufficient parting

thickness, which “absorbs” the rock pressure disturbances while the stope works
operation in the overlying seam. This is substantiated by similar studies of identify-

ing the degree of influence of the longwall face drifting through the Cj, seam on the
stability of the preparatory mine workings of the Cy seam: at about the same min-

ing and geological situation, there was not revealed any significant influence of
the overworking in studies by method of computational experiment. The same
results have been obtained in sufficiently equivalent mining and geological condi-
tions of overworking in mine workings in other mines of the Western Donbas.
Therefore, it is possible to assume reasonably that the disturbance of the rock
pressure is localized (during the stope extraction) within the thickness of a parting
and exclude the influence of the overworking when mining the overlying seams.
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Another main peculiarity is the variability of the geological structure of the coal-
bearing strata along the length of the panel, for example, the 861 longwall face;
wherein, the variation of the structure mainly concerns the roof rocks of the seam

Cé . Therefore, an important task is to assess the structure of the coal-overlaying

formation along the length of a panel in order to identify the most dangerous ar-
eas of the 861 belt entry in terms of predicting the most intense manifestations of
rock pressure.

According to the mining and geological survey along the length of the panel of
the 861 longwall face, in the technical documentation several zones have been
distinguished with increased rock pressure (IRP), in which the most unfavorable
situation in terms of the 861 belt entry stability will obviously develop. Based on
the analysis of the mining and geological sheet, the following conclusions have
been formulated.

Almost along the entire length of the panel of the 861 longwall face, there is a

sufficiently mature bedding of Cé and C§ seams with a relatively low thickness
fluctuation of a parting (argillite) in the range of 3.6 — 3.85 m. The compressive re-
sistance of argillite in the sample is 0, =9 —20 MPa, but, enclosed between two

coal seams, it is likely to be moist with a decrease in strength of 2 — 2.5 times ac-
cording to [53]. With account of fracturing of the argillite and its tendency to creep-
ing [62, 63], the value of calculated compressive resistance decreases by 4 -5

times, making up R. =2.0 — 5.0 MPa. Such low strength characteristics, the pres-

ence of complexity of the structure and poor contact with coal seams Cé and C§

allow to predict an unstable state of argillite (constituting the immediate and lower
parts of the main roof), which will collapse immediately after its outcropping. To this

thickness of unstable rocks, the thickness of a highly fractured coal seam Cg

(0.66 — 0.8 m) should be added; then the total height of the probable roof arch will
be 4.3 — 4.65 m. From the point of view of the vertical load on the fastening system
of the 861 prefabricated drift, the weight of the specified rock volume creates a
pressure of about 100 — 110 kPa, which is equivalent to a load of 450 — 500 kN per
1 long meter of mine working and corresponds to the boundary of the maximum
load-bearing capacity of the TSYS supports. Thus, even without taking into account
the stope works influence, the frame support needs to be strengthened with other
fastening elements.

In the main roof of the seam Cé , @ more significant change is observed in the

structure along the length of the panel of the 861 longwall face with a very signifi-
cant fluctuation in thickness of lithotypes and their replacement. In the lower part
of the panel under the thick sandstone (4.3 — 15.6 m), siltstone occurs (with thick-
ness of 5.2 — 9.1 m) replaced by argillite with thickness of up to 5.5 m. Here, the
overlying sandstone serves as a source of moistening of argillite and siltstone,
but, most likely, only for some part of their thickness, as the properties of water-
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proof rocks make it possible to leave a part of the thickness of argillites and silt-
stones in the naturally wet state without loss of strength properties. On the other

hand, a fairly hard sandstone (o, = 30 — 60 MPa), due to its thickness, is able to

restrict the displacement of the coal-overlaying formation, especially if it concerns
the volume of the massif above the 861 belt entry (on the extraction panel bound-
ary). Under the protection of sandstone, the relatively stable state of the underly-
ing argillite and siltstone can be predicted. Thus, in the lower part of the panel,
there are no developments of the arch of ultimate equilibrium (above the 861 belt

entry) above the seam Cg . The exception is the area of replacement of argillite

and siltstone in the area of PK 185 — PK 195, where it is quite likely the loosening
of the argillite with thickness of up to 1 m thick and the load of the fastening sys-
tem due to it up to 20 — 23%.

In the upper part of the panel in the main roof of the seam Cé , argillite with suffi-

ciently high thickness (up to 8.6 m) and siltstone (up to 7.2 m) occur under the pro-
tection of sandstone with an medium thickness of 2.0 m. This part of the main roof
rocks is predicted as stable at the lateral border of the panel in the area of location
of the 861 belt entry.

The least stable state of the main roof is predicted in the area of the
PK 128+1 — the PK 132+8, which was identified by the geological service of the
mine in the mining-geological sheet (Fig. 8.1) and an explanatory note to it. This
area is located in the region of periodic replacement of siltstone with water-

flooded sandstone. Here above the seam (g there is a layer of argillite with me-

dium thickness (about 2.5 m) and sandstone (up to 2.5 — 3.0 m), but in the pe-
ripheral area of the sandstone it is of a lens-shaped form. The adhesion between
the layers is weak, and the layer of argillite is also moistened with two watery

lithotypes (bottom layer Cg', above — with sandstone). Its low strength character-

istics with account of the effect of factors weakening the rock, allows to predict an
unstable state with a probable load of the fastening system of the 861 drift up to
50 — 60%. To this the probability of an unstable state of sandstone at the edge of
its lens should be added, which increases the possible load on the fastening sys-
tem by half with the spread of the arch of ultimate equilibrium to 9 — 10 m. Such
loads will obviously require the so-called ‘deep’ strengthening of the massif using
the rope bolts and the creation of a fastening system with high load-bearing ca-
pacity.

This area of the 861 prefabricated drift, as the most dangerous from the view-
point of intensity of the rock pressure manifestations, has been adopted for mod-
eling by performing a computational experiment.
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8.2. DEVELOPMENT AND SUBSTANTIATION
OF THE GEOMECHANICAL MODEL OF
THE 861 BELT ENTRY

In accordance with the developed method for performing a computational ex-
periment to study the displacement of the coal-bearing massif in the vicinity of the
drifts in the zone of the stope works influ-
ence [55-58], a geomechanical model
has been constructed (Fig. 8.2), which
includes all necessary and sufficient posi-
tions for reflecting the state of the object:

— the coal-bearing massif to the height
in the roof, to the depth into the bottom,
width along the strike of the seam, suffi-
cient to reflect completely the parameters
of the rock pressure anomalies in the
zone of the stope works influence;

—the zone of scattered collapse from
the side of mined-out space with parame-
ters substantiated in [38, 55, 7, 94];

—the zone of hinged-block displace-
ment above the mined-out space with
thickness according to the recommenda-

Fia. 8.2. The qeneral aeomechanical tions [38, 94] and peculiarities of blocks

mo%el'o; resegrch intg stability of the interaction according to the studies [55 —

861 belt entry 58];

— the zone of smooth deflection of the
layers without discontinuity [38, 94], and modelling of contact disturbances along
the laminations surfaces of adjacent lithological varieties, which is substantiated
in [55, 67];

— the location of the 861 belt entry relative to the seam Cé according to the

technical documentation for the panel mining of the 861 longwall face;

— adequate reflection of the structural and technological peculiarities of the fas-
tening and security systems of the 861 drift according to the methodological de-
velopments [55 — 58, 67, 95].

The calculation of the stress-strain state (SSS) has been performed in an elas-
tic-plastic formulation with the representation of the “stress — relative deformation”
diagram of each lithological variety and fastening materials by a bilinear function.
This allowed, when considering the plastic deformations of the geomechanical
system elements, to avoid significant failures in the calculation technology and to
increase the reliability of its implementation.

The mechanical characteristics of lithological varieties are taken from the min-
ing-geological survey for the 861 belt entry; some of the missing deformation
properties have been replenished according to the studies [62, 63, 74]. The influ-
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ence of factors of fracturing, watering and rheology, weakening the rock, have
been taken into account in accordance with the normative documents [53] and the
results of studies [62, 63]. The mechanical characteristics of the fastening materi-
als were calculated in accordance with the data of reference books [19, 96].

The scheme of fastening and security of the 861 belt entry is shown in Fig. 8.3.
It has both common and distinctive features in comparison with the maintenance
passport (the so-called “basic”
scheme), which is conditioned by
the following considerations.

Firstly, a particular way of mine
working security has been as-
sessed, providing for the setting of
only one row of wooden prop stays
with small diameter (10 —12 cm)
on the berm of the drift; it is ap-
proximated to the mine working
contour at a distance of 0.7 -1.0
m. There are no other security
structures (for example, chocks,
cast strips, etc.). Obviously, the
low load-bearing capacity of this
security method implies its short-
term operation in a rigid mode in
the near area behind the longwall

. . z Fig. 8.3. The model of the recommended
face with the main task to facilitate scheme for maintaining the 861 belt entry

(induce) the collapse of the imme-
diate roof and the lower layers of the main roof. The preliminary assessment
shows that a single breaker-prop row is able to withstand the collapse of the roof

to the coal seam Cy inclusive. The further development of the main roof lowering

(as the longwall face recedes) leads to the contortion (destruction) of a single row,
but already at some distance behind the stope face. At the same time, the thick-

ness of the collapsed rocks (including the seam Cy ) is quite enough [94] to cre-

ate an active bearing to the overlying layers of the roof, that is, a similarity of a
rubble band with extensive dimensions is formed, which resists further to vertical
rock pressure.

Secondly, in order to bear the rocks of the main roof to the height of the
hinged-block displacement zone in the border zone of massif from the side of
mined-out space, three rows of lateral wooden prop stays of strengthening sup-
port should be set. Their limited-yielding mode of operation is intended to collapse

the rock cantilevers in the layers above the seam C§ and, thereby, to reduce the

concentration of both vertical and lateral rock pressure in the area of location of
mine working.
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These two positions in the scheme of maintaining the 861 belt entry are con-
sidered quite reasonable and correspond to the predicted (so far at the expert
assessment level) nature of displacement of the coal-overlaying formation. There-
fore, these technical solutions are used in the recommended scheme of fastening
and security of the drift. Now let us focus on the specific aspects of the recom-
mendations in relation to the basic scheme for maintaining the drift for its reuse.

Thirdly, the studied most dangerous area of the drift is characterized by an
unstable main roof with a very likely development of stratifications and intensive
deformation to a height of up to 12 — 15 m into the roof. In the case of formation of
an extensive arch of limiting state, it is possible to predict high vertical and oblique
rock pressure, since the width of the arch will definitely spread beyond the mine
working limits. Therefore, it is evident the intention to strengthen maximally the
frame support (along the contour of its arch) with the central wooden prop stays of
the strengthening support (with a diameter 18 — 20 cm) in the amount of 4 pieces
per a frame. With a high-quality setting of the central prop stays of the strengthen-
ing support, the load-bearing capacity of such a fastening system will be
increased (presumably) by no less than 2 times. However, there is a number of
disadvantages caused by the technological difficulties of high-quality setting of the
prop stays, their dismantling during the subsequent bottom ripping, providing the
necessary distances and clearances, reducing the effective section for air supply
and, finally, high consumption of timber.

Fourthly, despite the significant strengthening of the frame support, there is no
confidence in preserving the required drift section for its repeated use. The rea-
son for this is the probability of exceeding by the vertical load (from the weight of
unstable rocks) of total load-bearing capacity of the basic fastening system. An
alternative to direct resistance to vertical loads is the strengthening of the roof
rocks by combined roof-bolting systems that, on the one hand, “remove” part of
the rock volume from the process of load formation, and, on the other hand, to
create an armored and rock structure with high load-bearing capacity, resisting to
the remaining volume of rock pressure. In this regard, the recommended combi-
nation of resin-grouted roof bolts and rope bolts implies the creation of an
armored and rock plate in the roof with a thickness of up to 6 m, which (even
when partitioning the roof into blocks) is capable of keeping up a load many times
exceeding the total load-bearing capacity of the basic fastening system.

Fifth, the location parameters of the roof-bolting system (see Fig. 8.3) are de-
signed to perform a number of tasks:

— to create a load-bearing thrust system, resting on a rock massif outside the
width of mine working and protecting it from excessive rock pressure;

— for “expanding” the bearings of the load-bearing structure beyond the width
of mine working, certain gradient angles of the resin-grouted roof bolts and rope
bolts are provided so as to strengthen the rock volumes above the lateral prop
stays of the strengthening support and above the breaker-prop row; then the
wooden prop stays will not be “overworked” and the most likely collapse of rock
cantilevers will occur beyond the boundary (vertically) of a breaker-prop row,
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while a relatively monolithic rock plate (slab) will be preserved in the roof of mine
working;

— the rope bolts, connected with the peripheral part of the frame cap boards by
means of flexible longitudinal crown runners, increase sharply a load-bearing
capacity of the cap boards and allow them to be stable in the area of the longwall
face “window” when dismounting the frame prop stays; this makes possible not to
use the central prop stays of the strengthening support;

—the lateral horizontal roof-bolts in the immediate bottom of the seam Cé

(in depth of bottom ripping of the drift) strengthen the rock volumes of the soft bot-
tom to create a more rigid prop stays for load-bearing plate in the roof; moreover,
the lateral roof-bolts in the immediate bottom of the coal seam contribute to the
reduction of swelling intensity as a factor of section loss of the drift.

In view of the above considerations, a scheme has been developed for
fastening and security of the 861 belt entry, included into the model of the general
geomechanical system, which has become an integral part in the model
of general geomechanical system, by which a computational experiment was
carried out.
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9. RESEARCH AND STRESS-STRAIN STATE
ANALYSIS OF THE ROCK MASSIF ENCLOSING
THE 861 BELT ENTRY AT THE BASIC AND
RECOMMENDED SCHEMES OF MAINTAINING

It is well known [38, 55 — 57, 62, 63, 79] that the most intensive rock pressure
manifestations develop after passing the stope face and this very area of the drift
is very relevant in terms of its reuse. The algorithm for studying the behavior of
the geomechanical system includes the primary assessment of anomalous SSS
zones in the rock massif surrounding mine working and a subsequent study of the
elements state of the basic fastening and security schemes in order to create the
basis for the recommendations development.

9.1. ANOMALIES OF THE ROCK PRESSURE
MANIFESTATIONS IN THE ROCK MASSIF
IN THE VICINITY OF THE 861 BELT ENTRY
AT THE BASIC SCHEME OF MAINTAINING

This paragraph presents a consistent study of the vertical o, and horizontal

o, stresses components, as well as the stresses intensity o.

9.1.1. ANALYSIS OF VERTICAL STRESSES
COMPONENTS DISTRIBUTION

The curve of vertical stresses is
shown in Fig. 9.1 and is characterized
by a number of parameters that quali-
tatively correspond to modern results
of modeling the behavior of massif
around extraction mine working be-
hind the stope face [55 — 58]. In quan-
titative terms, the following peculiari-
ties are observed.

From the side of the mined-out
space, there is an extensive area of
unloaded rocks of the roof and bottom

of the seam Cé with a range of
0, =2.3 - 6.7 MPa. In relation to the

Fig. 9.1. The curve of vertical stresses g, initial non-hydrostatic state of virgin
in the coal-bearing strata around the if o th d :
861 belt entry massif o, =){, the degree o
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unloading is 0.21 — 0.61. This area extends into the roof up to 16.6 m, affecting
the top layer of sandstone, which is the boundary between the hinged-block dis-
placement zone and the zone of smooth deflection of layers without discontinuity.
Into the bottom of the layer, the zone of unloading extends to the entire depth of
the model, i.e., more than 18.4 m. Inside the specified area, within the thickness
of the hinged-block displacement zone, the places occur of full unloading (o, ~0)

with the changeover to tension up to 2 MPa. Such a phenomenon does not con-
tradict the existing concepts [38, 55, 94] on the displacement of the coal-bearing
strata in the vicinity of the stope face.

The weight of stratifying and collapsing roof rocks creates a certain concentra-

tion o, in the areas of security and support elements location that resist the pro-

cess of displacement: a single-row breaker props, the rows of lateral and central
prop stays of the strengthening support. However, the concentration value is rela-
tively low (O'y /¥ =1.40 — 1.79), which is caused by a small resistance reaction

of only one row of wooden prop stays of the breaker props and due to the pliabil-
ity the prop stays of the strengthening support; this behavior of a very ‘lightweight’
security structure was predictable in the technical documentation for maintaining
the 861 drift.

From the side of virgin massif, a zone of lateral bearing pressure is formed. Its
dimensions with a relatively low concentration coefficient (o, /# =1.40 — 1.79)

extend to the roof up to 14.2 m, and to the bottom — to the entire depth of the
model. The concentrations of 1.79 — 2.18 level reach a height of 10.0 m in the
roof and a depth of 5.3 m in the bottom. Such concentrations are already destruc-
tive (according to the factor of o, action) for argillite of the immediate roof and

bottom, as well as argillite of the main roof, occurring below the sandstone. The
width to the massif of the area of possible weakening reaches 6.6 m and it is quite
likely the formation of considerable oblique and lateral loads. In this regard, it be-
comes relevant the combined strengthening (rope and resin-grouted roof bolts) of
the roof rocks and the rocks of mine working sides, and also the strengthening of
the frame prop stay in the lateral direction.

The concentrations of o,/ # =34 -6.0, which definitely destroy the border

rocks, are located in the side of mine working to a width of up to 1.8 m and to a
height of up to 4.5 m. Of particular danger is the limited area with o, / #1 24.5 —

5.0, the dimensions of which are 1.9 m in height and 0.8 m in width. Its negative
impact is in the location — under the coal seam at the depth of the bottom ripping
and further under the bearings of the frame prop stays. Here, the destroyed rocks
create (from lateral pressure) a high bending moment, acting on the lower part of
the prop stays, on the one hand, and, on the other hand, they create conditions for
the intensive pressing of bearings of the prop stays into the bottom of the drift with a
corresponding loss of its section. The revealed factor also indicates the expediency
of strengthening the rocks of the immediate bottom (in depth of drift ripping) by hori-
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zontally placed roof-bolts and their connection by means of pliable binders with the
lower part of the prop stays to increase their resistance to lateral loads.
Of interest is an area of concentration o, /#1 =3.8 —6.0, which is somewhat

remote from mine working, located in the sandstone at the lateral boundary of the
zone of inelastic deformations (according to the data of the mining and geological
survey), approximately coinciding with the lateral boundary of the hinged-block dis-
placement zone and the stope works. Sandstone, as a more rigid and hard rock, is
a stress concentrator because of its increased resistance, and this is in complete
agreement with the existing concepts in rock mechanics. But, this area with a height
of up to 4.5 m and a width of up to 1.4 m, with its destruction induces a loss of con-
tinuity of the higher-lying rock layers; they can be deformed quite freely and the
thrust system of rock blocks (in the hinged-block displacement zone) sharply loses
its resistance to the rock pressure. Then, the entire vast volume of rocks in the main
roof (up to 10 — 12 m high) will create with its weight the load on the fastening sys-
tem (several times higher than the load-bearing capacity of the frame support),
rather than resists to it at least partially. Therefore, it is critically important to pre-
serve the conditions for joint deformation of rock zlayers and blocks by means of
their binding (for example, with rope bolts) into a single load-bearing system.
According to the analysis of the curve o, the strengthening of the roof rocks (up to

the boundaries of the identified area o, ) can fully be provided by rope bolts of 6 m

length, located at an angle of 60 — 70° to the horizontal. The established factor also
testifies the use of the so-called “deep” strengthening of the rocks of the immediate

and main roofs of the seam Cé .

In terms of assessing the stability of bottom rocks (according to the factor of

o, action), it is possible to predict an increased swelling intensity from the side of

virgin massif, where lateral bearing pressure plays a primary role in this process.

All the noted features of o, distribution indicate the need for significant

strengthening the frame support of the drift, which has been done in the basic
variant of its maintenance; however, in our opinion, it is more expedient here not
to withstand the rock pressure with the help of numerous central wooden prop
stays of the strengthening support, but to strengthen the adjacent massif with
combined roof-bolting systems, which excludes vast rock volumes from the
process of forming the load on the fastening system of the 861 belt entry.

9.1.2. DISTRIBUTION OF HORIZONTAL
STRESSES COMPONENTS

Further on, the distribution of horizontal stresses o, is analysed, the diagram

of which is shown in Fig. 9.2. The horizontal component most clearly reflects the
deflection of the rock layers and its direction, which is quite clearly observed in
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the main roof of the drift. The sandstone layers are intensively loaded as more
rigid and hard lithotypes. Thus, in a sandstone located at a height of 5.0 - 5.5 m
from the contour of mine working arch, an extensive area of concentrations of
compressive stresses o, is formed (by 8.7 — 13.2 times higher than the initial state

of virgin massif), which extends along the thickness of the layer up to 1.8 m, and
along the plane of bedding — up to 8.4 m. The deflection of the sandstone layer is
directed towards mine working, and
the high concentration of o, indicates

its active resistance to rock pressure.
In case of the sandstone stability loss,
the overlying siltstone (with a high
probability of water saturation) can
also be intensively weakened (there
will not be sufficient backing from be-
low). And then a variant of the devel-
opment of height of the arch of ulti-
mate equilibrium to the next (in height)
sandstone layer is possible, and this
distance is 14.0 — 14.5 m to the mine
working contour. In such a negative
case, not a single, even strength-
ened, frame support can resist to the Fig. 9.2. The curve of horizontal stresses o,
rock pressure. in the coal-bearing strata around the

To increase the stability of sand- 861 belt entry
stone, it is necessary to create an
appropriate bearing from the side of underlying layers and most likely from the
water-flooded argillite layers, as well as from the side of a very fractured coal

seam Cy . These rocks are mainly in varying degrees of unloading from stresses
o, , which indicates their low resistance to the rock pressure and the possibility of

providing any significant backing for the overlying sandstone. Here also the low
deformation characteristics of argillite and coal is a decisive factor, which is fur-
ther reduced due to fracturing. It is possible to increase the rigidity of these litho-
types and their resistance to deformation by combining separate layers and
blocks into a single load-bearing structure with the use of rope bolts. Owing to
their length, the rope bolts are able to connect with each other the rock layers with
a thickness of 4 —5 m or more, and the rigidity of any plate (arch) increases in
proportion to the square of its height [96]; consequently, it is possible to form a
sufficiently rigid armored and rock structure, which will prevent the development
of an arch of ultimate equilibrium to a considerable height into the main roof.
Thus, according to the factor of horizontal stresses action, it is advisable, in
our opinion, to strengthen the roof rocks (up to the lower sandstone layer) with
rope bolts; their direction in the roof (60 — 70°) is determined by the coordinates of
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location (relative to the drift) of o, concentrations area in the sandstone.

In the side of the drift from the side of mined-out space, an area of almost
completely unloaded rocks is formed with occurrence of tensile stresses o, up to

3 -5 MPa. Considering that a zone of uncontrolled collapse and a zone of
hinged-block displacement are located here, the action of tensile stresses o,
even more intensifies the disintegration of rocks and creates something like a
rubble band of extensive sizes. Therefore, the assumption (implemented in the
technical solution of the mine) has the right to exist about the collapse (caused by
single-row breaker props and three rows of side prop stays of the strengthening
support) of the immediate roof and lower layers of the main roof in order to create
a backing when lowering the overlying roof. Moreover, there is a relatively low
gradient of o, change in height of the roof (from the side of mined-out space) up
to the coordinates of the sandstone occurrence at the boundary of the zone of
layers smooth deflection without discontinuity. This relative homogeneity of o,
distribution (with the exception of hard sandstone) indicates the low-intensity de-
flections of the main roof layers, and, consequently, the similarity of the rubble
band of the collapsed rocks performs its functions of creating a proper backing.

In the side of the drift from the side of virgin massif against the general low
concentration of o, (in the range 1.0 — 2.8), two local areas are of interest with a
concentration coefficient o, up to 4.0 —5.0. The upper area is located near the
spring of the arch (yielding joists of the frame). Its strengthening (by resin-grouted
roof bolts as in the basic variant of fastening) is completely substantiated, since it
creates a more holistic bearing, which supports the overlying rock layers; in addi-
tion, the strengthening of this area reduces the negative impact of the oblique
load on the frame. The lower area of o, concentration is located near the bear-
ings of the frame prop stays and, in our opinion, it also needs the strengthening
by the roof-bolts in order to: reduce the lateral rock pressure in the depth of the
immediate bottom ripping and prevent (at least partial) the pressing of the frame
prop stays into the bottom of the drift.

In the bottom of the drift, a sufficiently uniform field o, is observed, which

breaks the local areas of unloading and small areas of o, concentration, caused

by different-sized rigidity of argillite, sandstone and seam Cé in case of their de-

flection in the direction of the mine working cavity. Therefore, in general, it is pos-
sible to predict according to the factor of o, , quite moderate swelling of the bot-

tom rocks, but with a predominance from the side of massif.
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9.1.3. RESEARCH OF STRESSES INTENSITY

The revealed peculiarities of the massif SSS around the 861 belt entry are
generalized by analyzing the distribution of the integral characteristic — the
stresses intensity o, the curve of which is shown in Fig. 9.3. The main features
of the o distribution are as follows.

In the roof of mine working the con-
centration of o extends up to the
sandstone, occurring at a distance of |B&™
14.0 — 14.5 m from the drift. The area &

3461667

of o concentrations has an irregular g

230787

shape with a predominance from the i

side of virgin massif in the adjacent g«

layers of the roof and a more symmet- =~

rical shape in the remote layers of the

roof. The dimensions of the area make

it possible to predict the development

of high rock pressure on the fastening

system; the shape of the area indi-

cates the predominance of the oblique

load from the side of virgin massif. . . .

This according to the curve of o . is F|9.9.3. The curve of stresses intensity o
- . ’ in the coal-bearing rock strata around

conditioned by two main factors. the 861 belt entry

The first factor — from the side of
mined-out space, in the adjacent layers of the roof, an unloading area is formed
up to 8.2 m, where the reduced rock pressure has been formed through the
yielding mode of operation of the extensive zone of collapsed rocks. Therefore, it
is fair to say about the expediency of a technical solution to create a single-row
breaker props and three rows of side prop stays of the strengthening support for
the protection of mine working.

The second factor is the formation from the side of virgin massif (at a distance of
4.7 -6.5 m) of a zone with high concentrations of o =45 — 70 MPa, where the
destruction of rocks definitely occurs. If this volume of broken rocks will have the
opportunity for relatively free expansion and movement due to stratification, defor-
mation and lowering of adjacent rock layers and blocks from the side of mine
working, then in the rock layers the thrust load-bearing system is not formed, but
there a gradual (step-by-step) lowering occurs and collapse of the layers onto mine
work support and the border rocks. Then, the most of the volume of disturbed rocks
in the roof will create a differently vectored load on the support. Therefore, there is a
need for a “deep” strengthening of the roof rocks up to the zone of destructive con-
centrations, so that a relatively holistic armored and rock plate in the roof retains a
horizontal thrust and, owing to it has such a load-bearing capacity that withstands
not only its own weight, but also the pressure of the overlying roof rocks. Then the
fastening system will be protected from excessive rock pressure.

T
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The geomechanical processes described in the formation of an armored and
rock plate in the roof are unattainable without creating a reliable backing from the
border rocks in the side of mine working from the side of virgin massif. Here, it is
clear an impact of self-destructive concentrations of o across the width of 0.7 —
0.9 m, as well as hazardous concentrations across the width of up to 1.8 — 3.0 m,
which are capable to weaken the rocks of the immediate roof and the bottom rocks
of the coal seam along the height of the upper and the depth of the lower ripping of
the drift. The task of strengthening the immediate roof is performed with the use of
two resin-grouted roof bolts in accordance with the passport for maintaining the
drift, and for strengthening the immediate bottom it is necessary to introduce an
additional horizontally located roof-bolt along the depth of the lower ripping.

With regard to the rocks of the bottom (according to the stresses intensity dis-
tribution factor), the previously noted peculiarity of the predominant swelling de-
velopment from the side of virgin massif is confirmed, where the bearing pressure
in the side of mine working contributes to the concentration of ¢ and weakening
of the immediate bottom to a depth of 2.1 m. In the rest of the mine working width,
there is an unloading area o and the bottom weakening is not predicted.

Summing up the results of the performed analysis, it is necessary to focus on
the prediction of a sufficiently intensive development of geomechanical processes
of displacement in the coal-overlaying formation and active manifestations of rock
pressure against their extreme asymmetry relative to the vertical axis of mine
working. Extensive and remote areas of SSS anomalies lead to the refusal of the
“standard” methods of resistance to rock pressure by strengthening the fastening
system, and involving the methods of combined roof-bolting strengthening of ad-
jacent roof rocks to a distance of up to 6 m and more to create armored and rock
load-bearing structures.

9.2. RESEARCH AND STRESS-STRAIN STATE
ANALYSIS OF COAL-BEARING MASSIF AROUND
THE 861 BELT ENTRY AT THE RECOMMENDED
SCHEME OF ITS MAINTENANCE

It is generally accepted that one or another scheme for maintaining the mine
working has some influence only on the border rocks, and the more distant areas
of massif are not exposed to any significant impact. Nevertheless, the need to
assess the SSS of the surrounding massif at the recommended fastening scheme
is dictated by the fact that this scheme uses the rope bolts, which perform the
so-called “deep” strengthening of rocks, and this case needs to be tested.

The analysis of the SSS of an adjacent massif has been made on three com-
ponents of stresses: vertical o, , horizontal o, and stresses intensity o.
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9.2.1. ANALYSIS OF DISTRIBUTION
OF VERTICAL STRESSES COMPONENTS

The curve of vertical stresses, shown in Fig. 9.4, is characterized by the follow-
ing peculiarities of anomalies distribution of vertical rock pressure around the 861
belt entry.

From the side of mined-out space,
a sufficiently homogeneous field of o,

distribution is observed, which is
changed mainly in the range of 2.3 —
6.7 MPa, and this indicates the unload-
ed state of the rocks with a value of
0.21 - 0.61 from the initial value yH of

virgin massif. The most uniform distri-

bution of o, occurs in the bottom

rocks over the entire depth (not less
than 18.4 m) of a model, and in the
lateral direction extends to its vertical
boundary and occupies a width of
17.1 to 20.9 m. In the side of mine

L . Fig. 9.4. The curve of vertical stresses o,
working in height of up to 7.7 m, there i, the coal-bearing strata around the 861 belt

are local foci o, = 11.0 - 15.3 MPa, entry at the recommended scheme of its
maintenance

which influence on the fastening and

security systems of the drift. Here the concentration of compressive stresses o,

is only 1.0 — 1.39 and only the upper value of this range corresponds to the com-
pressive resistance of argillite to the rocks of the immediate roof and bottom.
There is another very limited area above a single row of wooden prop stays of the
security system, where o, =15.3 — 19.7 MPa; in this area, weakening of soft ar-

gillite (compressive resistance range is 9 — 20 MPa) is more likely, but its small
size (in height up to 1.4 m, in width — up to 0.4 m) do not have a significant impact
on the overall unloaded state of the immediate roof rocks from the side of mined-
out space. In the rocks of the main roof, against the unloading, mainly at the level
of 0.21 — 0.61, rather limited tensile areas of up to 2 MPa are formed, along with

even more local areas of compressive stresses o, concentration to a value of

1.39. These areas of vertical stresses of different signs have arisen due to the
partitioning of rock layer of the main roof by fractures into blocks and their interac-
tion with each other during the process of lowering into mined-out space. Here,

the main factors of the different “outbursts” of o, are contact stresses over the

surfaces of the interacting blocks and their flexure strain under the influence of
overlying rock layers. In general, these local areas of the component o, pertur-
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bations do not have a significant impact on the overall picture of the unloaded
state of the main roof rocks to a height of up to 16.6 m.

From the side of virgin massif, a zone of lateral bearing pressure is formed,
which has the following peculiarities of concentrations distribution of the compres-
sive stresses o, . The manifestations of lateral bearing pressure are distributed in

the roof above the mine working to a height of up to 13.1 m. Here the concentra-

tion of o, is only 1.39-1.79; the area is extended into the roof and has an

irregular shape with asymmetry in the direction of virgin massif; only in certain
local areas, the concentration of vertical stresses reaches a value of 2.18, and in

the absolute value it does not exceed 24 MPa. The area of o, concentrations is

restricted by the thickness of the zone of hinged-block displacement, not reaching
the sandstone, located at a height of 14.4 m from the arch of the drift. Compari-
son of the strength characteristics inside this area with the acting concentrations

of o, indicates that mainly the argillite of the immediate roof is exposed to weak-

ening, and the coal seam (g, sandstone and siltstone of the main roof are in the

prelimiting state, which is sufficiently stable.

The similar conclusions can be made relative to the other areas of the lateral
bearing pressure, located outside of some zone near mine working, which is
formed in its side and occupies a position in height of up to 9.7 m, and in width —
up to 7.2 m. In this area, the concentrations of o, 1.79 —2.18 level are destruc-

tive for argillite of the immediate roof and bottom, and the coal seam Cg, inter-

layer cho , sandstone and siltstone of bottom remain in a holistic state. Inside the
studied area, a subarea is formed with a concentration of o, in the range of

3.75 - 4.15 to a width of up to 1.2 m and over the entire height of the drift, where
definitely the intensive destruction of border rocks of the immediate roof and bot-
tom, as well as the weakening of the coal seam occur. This subarea needs to be
strengthened with resin-grouted roof bolts in both the roof and the bottom of the
seam, which is implemented in the recommended scheme of fastening the drift.

An attention should be paid to another area of o, concentration, located in the

main roof and extending in height of up to 7.0 m and in width of up to 3.1 m. This
area includes the coal seam Cy, argillite and sandstone of the main roof and is

2.5 to 3 m away from the contour of mine working in the direction of virgin massif.
Its function is as follows. Firstly, the area is located within limits of reach of
strengthening by rope bolts or strengthening of those rock layers of the main roof
that are included in its composition. Secondly, it is from these rock layers of the
main roof the load-bearing armored and rock structure is formed (by rope bolts),
designed to protect the frame support of the drift from excessive rock pressure.
Thirdly, if there is a significant discontinuity of the presented lithotypes, then the
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width of this area of 3.1 m is quite enough to cause such shifts in the thrust sys-
tem from the rock blocks of the main roof, at which it would lose stability; then the
task of forming an armored and rock plate in the roof would not have been com-
pleted and the whole load of the weight of unstable rocks would have effect on
the frame support. Such a negative situation is considered unlikely on the basis of
a comparative analysis of the field o, distribution and the strength characteristics

of lithotypes in the studied area. Indeed, the vast majority of the area is experienc-
ing o0, =19.7-24.0 MPa and only in certain limited areas of o, =37 —46 MPa.

Consequently, it can be concluded that the upper layer (sandstone) and the un-
derlying seam Cg of the studied area will be in a stable state (according to the

factor of o, action), since their compressive resistance is by 1.3 -3.0 times

higher than the value of vertical stresses in the main volume of rocks. The argillite
located between the coal seam Cg and sandstone, will be in the initial stage of

weakening, so it is advisable to strengthen it by connecting the rope bolts into a
single load-bearing structure with more stable adjacent lithotypes.

The above considerations on the analysis of the field of vertical stresses distri-
bution sufficiently substantiate the expediency of strengthening the main roof by
rope bolts. As for the resin-grouted roof bolts, their positive strengthening effect
contributes to increasing the stability of the immediate roof rocks in two areas of

location of relatively low concentrations of o, on the lower part of the end sec-

tions of the armored and rock plate and in the sides of mine working: above the
security system from the side of mined-out space and from virgin massif. These
areas serve as a kind of backing for the armored and rock plate and the degree of
their stability depends on the efficiency of the load-bearing armored and rock
structure to restrict the rock pressure manifestations in the belt entry.

9.2.2. DISTRIBUTION OF HORIZONTAL
STRESSES COMPONENTS

Further on, consider the peculiarities of the distribution field of horizontal
stresses o, (Fig. 9.5) at the recommended scheme of maintaining the 861 belt
entry. It is appropriate here to recall that the curve o, rather clearly reflects the
flexure strain of the rock layers and their direction.

From the side of mined-out space, the “deep” unloading of rocks from the
action of horizontal stresses is observed along the entire thickness of the uncon-
trolled collapse and the hinged-block displacement. If not yet to take into account
the rock cantilevers hanging above the mined-out space, then the remaining area is
characterized by a uniform field of tensile stresses ¢, =0.5-5 MPa; in a harder

and more rigid sandstone, the tensile stresses o, increase to 10 - 15 MPa and
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definitely divide it into rock blocks by vertical tension cracks. In the area of hanging
rock cantilevers, a predominantly initial stress state is established with separate
local areas of tensile stresses o, action of up to 5 MPa and the concentrations of

compressive stresses o, of up to 13 MPa, which is conditioned by some bending

of the rock layers in the process of their hanging above the mined-out space.
Therefore, a relatively uniform field o, is established with limited anomalies

within the immediate roof and underlying layers of the main roof (up to the sand-
stone); here, the value o, is close to

the initial state of virgin massif and
extends above mine working both in

— - the direction of the hanging rock canti-
g a ‘ levers and towards the massif at a

distance of up to 4—5 m from the
mine working contour.

gt Such a distribution of &, in the im-
mediate roof and lower layers of the
main roof uniquely affects their stability,
if to consider the components o, and

o, in combination with each other. In

the rock cantilevers hanging above the
mined-out space, the absence of sig-
Fig. 9.5. The curve of horizontal stresses o, nificant concentrations Oy 1S combined

in the coal-bearing strata around the 861 belt with unloading o, and even soft argil-
entry at the recommended scheme of its Y

aintenance lites do not experience destructive ef-

forts. On the contrary, from the side of

virgin massif there is a lateral bearing pressure with rather high concentrations of
o, ; under these conditions, the action of relatively low compressive stresses o,

5T
-5,8489¢9 Min

contributes to an increase in the difference o, —0o, and, correspondingly, to an in-

crease in the probability of weakening a certain volume of border rocks.
It should be especially focused on the distribution of o, in the sandstone of

the main roof, which actively resists to the rock pressure due to its hardness

(0compr =30 — 60 MPa) and thickness of 3 m. These parameters of the sandstone

indicate its sufficient rigidity, owing to which the reduced flexure strains load the
underlying rock layers to a lesser extent (a relatively homogeneous field o, has
previously been noted) and limit the deflections of the overlying layer of siltstone:
the field o, in the siltstone is close to the state of virgin massif.

This behavior of siltstone is also favored by the overlying sandstone with a

thickness of 1.7 m; despite the fact that this sandstone belongs to the group of
lithotypes of medium thickness, it also makes a certain contribution to the resis-
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tance to displacement in the coal-overlaying formation.

The sandstone layer adjacent to mine working, when resisting the rock pres-
sure, forms a cantilever of 6.0 — 6.5 m in length from the mine working contour.
This cantilever protects the underlying rock layers without significant field o, per-
turbations, which contributes to a decrease in the intensity of the oblique and lat-
eral load action on the fastening system from the side of mined-out space.

From the border of the cantilever, in the direction of the mined-out space, ten-
sile stresses up to 5 MPa are acting (along the most part of the sandstone thick-
ness), and in its lower part — up to 10 — 15 MPa. Given that the resistance of

sandstone to tension o, = 1.6 MPa, it is possible to predict in this area the

separation of sandstone into smaller pieces and blocks.

Along the length of cantilever the tensile stresses o, are practically absent,
and compressive stresses o, by 6 — 12 times less than the compressive resis-
tance of sandstone, — the console is in a holistic state.

Above the mine working in the lower part of sandstone thickness, a concentra-
tion of compressive stresses o, is formed, which indicates its some deflection
into the cavity of mine working; the vast majority of the rock volume in this con-
centration area o, is in a holistic state due to the increased strength properties of
the sandstone. Therefore, when sandstone is involved into a single armored and
rock structure (by means of the rope bolts), its sufficiently stable state will contrib-
ute to increasing the load-bearing capacity of the entire volume of the roof rocks
from the mine working contour to the sandstone location; this thick rock plate, by
our predictions, is capable to take up the most of the vertical rock pressure.

A more distant into the roof and less thick layer of sandstone will obviously be
exposed to partial weakening by small (up to 2 — 3 MPa) tensile stresses o, from
the side of virgin massif and by the limited concentration area of compressive
stresses o, from the side of mined-out space.

In vast volumes of rocks from the side of virgin massif, a very homogeneous
field of o, =8 — 13 MPa acts, which is not able to weaken any of the lithotypes
located there.

In the bottom of the drift, against a relatively uniform distribution of o, over
long distances into the depth of massif in its part, which is the nearest to mine
working, there are local “outbursts” of low tensile stresses o, up to 2—-3 MPa

and compressive stresses o, up to 10 — 15 MPa; but, they are typical for the

harder lithotypes (sandstone and interlayer Céo) and do not play any significant
role in the development of swelling in the bottom of the drift.
In general, according to the factor of horizontal stresses o, action, it can be

stated that the state of the rock massif around the drift is fairly stable when using
the recommended scheme of its maintenance.
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9.2.3. RESEARCH OF STRESSES INTENSITY

At the final stage of the SSS study of the massif around the 861 belt entry us-
ing the recommended scheme for its maintenance, the distribution field o
stresses intensity has been analyzed, the curve of which is shown in Fig. 9.6.

From the side of mined-out space,
there is an extensive unloading area
o, extending in the sides and bottom
to the corresponding boundaries of
the model, and in the roof — mainly to
the height of sandstone occurrence
(about 7.5 -8 m). This is quite natu-
ral, since the stresses intensity o is a
characteristic that generalizes all the

components, and two of them (O'y

and o,) have the minimal values in

the mined-out space.

In the rocks of the main roof, start-
ing from sandstone with a thickness
of 3 m and higher, a relatively uniform

Fig. 9.6 The curve of stress intensity ¢ field of o =15 — 30 MPa is formed. In

in the coal-bearing strata around the 861_ belt height, this area is located between
entry at the 'e;c;?}nir;iiischeme ofits two layers of sandstone, and in width
it is extended to 18 — 25 m, and in the
sandstones themselves — to the boundaries of the model (with a width of 50 m).
The specified value (on average) is far from destructive for sandstone, and for silt-
stone it can be estimated either as close to the limiting state, or corresponding to
initial stage of its weakening. The prospect of this siltstone state depends to a con-
siderable extent on the degree of integrity of the lower and overlying layers of
sandstone: in their holistic state, the conditions of the “constrained” siltstone defor-
mation are preserved, with the exception (or greater restriction) of the possibility of
displacing the rock volumes of siltstone in an arbitrary direction when the stage of
its weakening occurs. Therefore, any movement of the rock volumes of siltstone
will generate an appropriate reaction aimed at restoring its integrity.

In light of the above, it should be noted that the distribution of o in the lower
layer of the sandstone, in general, is many times lower than the value of its com-
pressive resistance. An exception is the limited area, located from the side of vir-
gin massif, where o =35 — 50 MPa approximately correspond to the hardness of
the sandstone. However, the sizes of these areas of the sandstone state, which is
close to the limiting, are small and do not have a decisive influence on its stability.

In the upper layer of sandstone, two areas of ¢ concentrations are observed.
From the side of virgin massif, the concentration of o extends across the width
up to 12 m, and along the thickness of sandstone — up to 1.3 m. The value of the
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concentration o =35 —40 MPa suggests to preserve its integrity. From the side
of mined-out space, the dimensions of the concentration areas o are somewhat
less, but there is a subarea with a height of up to 0.4 m, where the value o =45 —
55 MPa is close to or equal to the value of sandstone compressive resistance.
Here, a certain weakening of the sandstone is possible, but its sufficient distance
from mine working and location above the mined-out space does not allow pre-
dicting any significant influence on the formation of the load on the fastening sys-
tem of the drift.

From the side of virgin massif, in the zone of the lateral bearing pressure,
there is an extensive area of increased stresses ¢ =15 — 30 MPa, affecting both

the rocks of the main roof, and the main bottom of the seam Cé. With regard to

their state, it is possible to predict the partial destruction of weak argillites, a
limiting state and some weakening of siltstones and a stable prelimiting state of
sandstones, coal seams and interlayers. In the zone closest to mine working, with
a width of up to 1.0 m and a height of up to 4.5 m, the concentrations ¢ =38 —
42 MPa act with very local foci up to 50 MPa. This area is definitely exposed to

weakening of the coal seam Cé and the destruction of argillites of the immediate

roof and bottom, and, therefore, it is recommended to strengthen it with resin-
grouted roof bolts. Approximately the same level of o concentration acts in the
previously mentioned area of the main roof, which is located in the lateral its part
at a distance of 2.5 — 3 m from the mine working contour. It affects the lower layer
of sandstone, which, due to its increased compressive resistance, is in a holistic
state; and also it extends into the underlying argillite to most part of its thickness,
and across the width of up to 2.5 m. As noted above, in this area it is necessary to
restrict the horizontal movements of rocks in order to maintain the stability of the
thrust system of the rock blocks. At the specified values o, the destruction of
argillite will certainly occur, but a positive moment is the relatively limited area of
the destroyed state, which is deformed under constrained conditions, and also
that part of the argillite's thickness is in a stable state and is capable of providing
the thrust for block system of strengthened rocks of the main roof.

Summarizing the analysis results of the SSS components, it is possible to note
the increase in the stability of some areas of adjacent massif when applying the
recommended scheme for maintaining the 861 belt entry. To specify the changes
in the massif SSS through the use of a new fastening system, a comparative
analysis has been performed of the stresses components distribution relative to
the variant of the basic scheme of the 861 prefabricated drift setting.
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9.2.4. COMPARATIVE STRESS-STRAIN STATE ANALYSIS
OF THE ENCLOSING ROCK MASSIVE WITH DIFFERENT
SCHEMES OF MAINTAINING THE 861 BELT ENTRY

The degree of influence of the recommended fastening system of the 861 belt
entry on the change in the SSS of adjacent massif are assessed by vertical o,

and horizontal o, components, and the final conclusions have been made on the

basis of differences in the stress intensity o distribution, which are an integral
parameter in the reflection of the state level (prelimiting, limiting and superlimiting)
of one or another rock volume.

In the comparative analysis of the curves of vertical stresses distribution, the
following points should be noted. From the side of mined-out space, no significant

changes in the curve o, are observed. The same conclusion can be made re-

garding the bottom rocks of the seam Cé. Such a situation is quite expected,

since neither from the side of mined-out space (the security system), nor from the
side of the bottom rocks were made any changes (except for the lateral resin-
grouted roof bolts in the depth of the bottom ripping) to the scheme for maintain-
ing the 861 belt entry.

In the rocks of the immediate and main roof of the seam Cé, a number of
changes is observed. Firstly, the previously continuous concentration area o, of

1.39 — 1.79 level is no longer integral, but consists of several fragments separated
by a value of o, close to the initial state of virgin massif. The volume of rocks of

the main roof, which was exposed to the above concentration of o, , decreased
at an average by 25-33%. Secondly, the concentration o, of the level

1.79 — 2.18, which weakens the argillite, at the recommended scheme of setting
mainly in the immediate roof and compared with the basic variant of the drift fas-
tening, the height of this area is reduced by 4.2 — 4.6 times if to take as the refer-
ence point the vertical coordinate of the arch keystone of a frame. Thirdly, the
concentration value o, has changed significantly in the rocks of the main roof,

located at a distance of 2.5 — 3 m from the contour of mine working from the side
of virgin massif. Intensively destroying concentrations of 4.5 or more have practi-
cally disappeared here, and concentrations of the level 3.3 to 4.1 are also signifi-
cantly restricted.

The revealed changes make it possible to predict a more stable state of the
roof rocks in general and its lower layers, in particular, which, in our opinion, is
caused by the formation of an armored and rock plate in the roof by rope bolts.
This factor, in combination with resin-grouted roof bolts, made it possible to re-
duce the concentrations o, in the border rocks of the sides of the drift from the

side of virgin massif. Thus, the area of deliberately destructive concentration of
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more than 4.5 units has disappeared at all, and with the basic fastening scheme,
it occupied in the immediate bottom a width of up to 1.3 m and a height of up to
2.5 m. The same level of concentration in the spring area in the immediate roof is
restricted in the sizes of distribution by 15 — 20%. Thus, according to the factor of
vertical stresses distribution, there is an undeniable increase in the stability of a
number of rock volumes around the 861 belt entry, at the recommended scheme
of its fastening.

When comparing the fields of horizontal stresses distribution, two main
changes should be distinguished against the general constancy of parameters of
o, distribution for most part of the areas in the surrounding massif. Both differ-

ences relate to the adjacent and more distant sandstone in the space above the
mine working and from the side of virgin massif.

The increase in the stability of adjacent sandstone (at the recommended
scheme of the drift fastening) is conditioned by a general decrease in the concen-
trations of compressive stresses o, by 20 — 25% in the area occupying the lower

half of its thickness and extending over the mine working to a distance of up to
8.9 m; here there are only three separate places of o, concentration up to

50 MPa, which are rather small in size and do not influence on the stable state of
the sandstone.

In the more distant layer of sandstone, the concentrations of tensile stresses
o, decrease (up to 15 — 30%), and in the underlying layer of siltstone, the tensile

stresses disappear completely in the part of their thickness adjacent to the sand-
stone.

Thus, according to the factor of the horizontal stresses action, it should be
noted a general increase in the stability of the hardest layers of the main roof. In
our opinion, this was due to the formation by rope bolts of the thrust system with
the rock blocks in the lower layers of the main roof.

At the final stage of the comparative analysis, the main differences in the
distribution of stress intensity ¢ have been identified, which indicate a decrease
in the intensity of rocks in the main roof, sides and bottom of the drift from the
side of virgin massif.

In the rocks of the main roof, including the more distant layer of sandstone (the
height of this area is up to 14.3 m) there was a decrease in the concentration of
o up to 40 — 60%, which has provided the prelimiting state of all the lithotypes
located there, with the exception of argillite experiencing partial weakening.

In the remote layer of sandstone, the concentration of o decreased by
19 — 43% and this ensured its integrity along its thickness. A similar decrease of
o occurred in the adjacent sandstone and in the underlying argillite in the lateral
area (from the side of virgin massif), which was considered problematic from the
point of view of the formation of a stable thrust system from the rock blocks of the
lower layers of the main roof.

In the rocks of the immediate roof and bottom, the decrease of o occurred by
10 to 12%, which somewhat has restricted the intensity of their destruction. In the
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part of the side rocks adjacent to mine working, the stresses intensity decreased

by 30 — 40%, which changes the coal seam Cé from the superlimiting state to the

closest to limiting state and reduces the degree of rocks destruction in the imme-
diate roof and bottom of the coal seam.

In the rocks of the main bottom, in addition to decrease in o by 10 — 15%, the
width of their concentration area decreased by 50 — 80%.

The above results convincingly show a general decrease in the massif inten-
sity around the 861 drift when using the recommended scheme of its mainte-
nance. Therefore, it is reasonable to predict a decrease in the intensity of the rock
pressure manifestations and the preservation of operational characteristics of
mine working for its reuse.

9.2.5. STRESS-STRAIN STATE ANALYSIS
OF A PARTING ROCKS OF SEAMS C' AND G,
IN THE AREA OF THE 861 BELT ENTRY LOCATION

In the Western Donbas mines, the coal seams in the series are mined jointly in
two, less often — in three adjacent layers by descending order. At the same time,
the stope works in the upper layer, as a rule, are ahead of the lower seam extrac-
tion by several panels for the separate mining of mining sites [94]. However, in
very difficult mining and geological conditions, the descending sequence of min-
ing of two adjacent layers should take into account the geomechanical processes
of influence of the overworking on the state of parting rocks when extracting the
lower layer. A certain disturbance in the bottom rocks of the upper layer during
the passage of the stope face (front and lateral bearing pressure) in difficult condi-
tions may cause the activation of rocks displacement in the coal-overlaying forma-
tion when mining the lower layer. A particularly dangerous situation arises when,
in the process of mining the lower layer, the hinged-block displacement zone in
the roof is connected to the area of disturbed bottom rocks of the overlying layer,
which by this time has already been extracted [57]. Then, the height of unstable
rocks increases many times, which includes: the zones of uncontrolled collapse
and hinged-block displacement at the boundary with the mined-out space of the
lower layer; the area of disturbed bottom rocks of already mined-out upper layer;
the zones of uncontrolled collapse and hinged-block displacement in the mined-
out space of the upper layer. In such conditions, an extensive area of stabilization
of the rock pressure manifestations (around the already mined-out upper layer),
which has long been in equilibrium, can again be removed from it with the corre-
sponding vertical and horizontal movements of the massif to a considerable
height (30 — 50 m and more) into the roof of the mined lower layer. The load from
the displacement of stratum of this massif exceeds the load-bearing capacity of
the support sections of the mechanized complex and, especially, of any fastening
system of extraction mine workings; that is, an extremely dangerous emergency
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situation arises, the study of which has been carried out on the example of mining

the two adjacent layers Cé and Cy in the descending order at the West Donbas
Mine of “DTEK Pavlohradvuhillia” PJSC.
For a quantitative assessment of the stress-strain state of parting rocks of the

seams C, and Cé, a computational experiment has been performed using the

finite element method, which simulates the conditions for mining the seam Cé

after the completion of stope works in this area of the mine field along the seam
Cq. The mining and geological situation has been studied in the area of a parting

located above the 861 belt entry of the seam Cé. Based on the calculation re-
sults, the graphs have been constructed (Fig. 9.7) of changes in the concentration
coefficients of vertical K, and horizontal K, stresses along the height » of a
parting. The concentration coefficients are determined by expressions
c
K :—y; KX: O-x

Yo Il

and o, — vertical and horizontal stresses, respectively; H — the depth

where o,

of mine working location; y — the weight-average unit specific gravity of the coal-

overlaying formation to the earth’s surface; 1= —H_ _ coefficient of lateral thrust;

I—p
i — Poisson’s ratio.
The dependence of the change in coefficient K, of vertical stresses concen-

tration is characterized by a number of peculiarities. Immediately, it should be
noted that the above dependences X, . (h) are constructed for the most intense

area of the 861 belt entry located from the side of virgin massif, the vertical axis of
which is spaced at a distance of 1.0 - 2.5 m from the contour of the drift.

Directly throughout the height of mine working, the concentration coefficient
K, varies in the range of 4.6 -5.9 and certainly causes the weakening and
destruction of rock, which is confirmed by comparing the compressive resistance
of lithotypes occurring here and the value of stresses intensity o according to the
Mohr-Coulomb failure theory.

In the rocks of the immediate roof, because of weak compressive resistance of
argillite (o, = 14.5 MPa), its weakening develops throughout the height up to

the coal seam Cy . It should be noted here that the height of the area of weaken-

ing and destruction is shown by the columns in the right-hand side of Fig. 9.7, but
also it is necessary to consider a certain limitation of these areas along the strike

of the seam. Along the thickness of the coal seam (g, the weakening does not
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occur because its resistance (o =30 MPa) exceeds the acting value of

compr
stresses intensity o.
In the argillite of the main roof X, =1.8 —3.8 and this concentration is sufficient

= 16 MPa).

The area of weakening extends into the overlying sandstone, despite its rela-
tively high (for the Western Donbas environment) hardness (o =45 MPa), as

there K, = 3.8 — 6.2. But, the weakening of sandstone is not developed to its full

for its weakening due to the weak compressive resistance (o,

compr

thickness, which is caused by a decrease in the stresses intensity ¢ in the upper
part of the sandstone thickness.

The overlying siltstone closes the hinged-block displacement zone and
K,=24-51 acts in it. Despite the increased compressive resistance

(0compr = 21 MPa) of siltstone, it is exposed to weakening along its thickness.

Above the siltstone there is a sandstone of medium thickness and, being a more
rigid lithotype (in relation to adjacent lithological varieties), it takes up an increased
rock pressure with a deflection towards the mine working. Therefore, in the upper
part of its thickness, the weakening value of stress intensity ¢ develops. It should

be borne in mind here, that a small concentration of Ky =1.4-25 is considered in
combination with significant horizontal tensile stresses o, (the coefficient K, be-

comes negative to -2.6). And according to the Mohr-Coulomb failure theory, the
combination of compression with tension is the most dangerous for the integrity of
any rock.

The overlying siltstone is already in a stable state with a concentration coeffi-
cient K, , decreasing from 1.4 to 1.0, that is, on vertical stresses o, there is a

changeover to the state of virgin massif. A similar situation is for argillite, which
represents the bottom of the seam Cj.

Thus, the absence of weakening in the most stress direction (vertically) is ob-
served to a depth of 8.4 m in the bottom of the seam Cj.

The concentrations of horizontal stresses K, play a partly subordinate role,

but, nevertheless, are important in terms of formation of the destructive value of
stresses intensity o according to the Mohr-Coulomb failure theory. The value of
the concentration coefficient K, has higher values, since this dimensionless

parameter is determined with respect to horizontal stresses o, of virgin massif,
which are usually 40 — 50% of the vertical stresses o,,. In addition, by reason of
bending of the rock layers, rapid changes in the coefficient K, occur even along
the thickness of one lithotype, and the arising of tensile stresses o, in certain
rock layers determines the negative values of K .
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In the argillite of an immediate roof, because of its intensive bending, the coef-
ficient K, varies from 1.7 at the boundary with the seam Cé , then it increases to

3.8, and on the boundary with the seam Cg turns into negative values of
K, =-1.6. A negative value of K, indicates a deflection of the argillite into the
cavity of mine working, the maximum of bending stress o, is located at a dis-
tance of 1.5 — 2.0 m from the mine working contour from the side of virgin massif.

The coal seam Cy, despite its low thickness of 0.7 m, is experiencing an al-
ternating concentration of K, from -2.2 to 1.9. This is due to the increased com-
pressive resistance of coal, which contributes to the ability to take up an in-
creased load. The argillite, lying in the roof of the seam (g , is also bending inten-
sively; here, the concentration coefficient K, varies from -0.9 to 3.8.

The hardest and more rigid sandstone with a thickness of 3.0 m is most
heavily loaded; therefore, the maximum value of the concentration coefficient
K, =11.8, which decreases at the boundary with the underlying argillite to

K,=04.
The thick siltstone overlying the sandstone is less prone to bending and the
concentration coefficient in it varies in the range K, =0.2-6.9. At the upper

boundary of the siltstone, the zone of hinged-block displacement is over and the
interval of fluctuations of K, is being narrowed due to less intensive deflection of

layers without discontinuity. Although, in the hard and rigid sandstone, overlying the
siltstone, the fluctuations of K, remain significant: from -2.6 to 0.2. The changes of

K, along the thickness of the overlying siltstone are still significant: from -2.3 to
3.8. Then, in the argillite of the seam C, bottom, the concentration coefficient K,
gradually decreases from 1.8 to 1.0 as it approaches the seam Cq.

Thus, the dependences of changes in the concentration coefficients of vertical
K, and horizontal K stresses along the height of a parting are assessed, condi-

tioned by the seam Cé mining. Here, the most interesting are not the concentra-

tions K, ., as such, but the areas of weakening and destruction of rocks in the

most intense area from the side of virgin massif. Next, an influence is considered
of the previously mined seam C, and the corresponding concentration coeffi-
cients K, . are shown in the form of graphs numbered 2 in Fig. 9.7.

In the argillite of the immediate and first layer of the main bottom of the seam
Cy, the concentration X, is maximum and varies from 3.5 at the boundary with

the coal seam to 1.8 at the boundary with the underlying siltstone. The decrease
(in depth of the bottom of the seam Cy) in the concentration coefficient K, of
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horizontal stresses also occur smoothly without any perturbations from a value of
K, =3.9 at the boundary with the seam C, to K, =2.6 along the planes of bed-

ding with siltstone. It should be emphasized that along the entire thickness of the
argillite, the intensity of stresses o exceeds its low compressive resistance

(0. =14.5 MPa), which causes the weakening of the argillite along the entire

thickness.
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The underlying siltstone is in a
holistic state due to its increased
strength, on the one hand, and on
the other hand, a gradual decrease
in concentration K, from 1.8 to

1.6 at the border with a the sand-
stone lying deeper. The concentra-
tion coefficient of horizontal
stresses along the thickness of
siltstone varies in the range
of K, =2.5 - 3.5; however, a com-

bination of concentrations K, and

K, is not capable of generating

destructive stresses o.

Further on, over the bottom
depth, there is a sandstone, which
is more loaded because of its in-
creased strength and rigidity.
Therefore, there is an outburst of
concentrations of horizontal bend-
ing stresses: in the lower part of
the sandstone thickness K, =4.2,

while in the upper K,>2.6. The

concentrations of vertical stresses
gradually decrease from K, = 1.6

to Ky =1.4. The influence of the

mined seam Cy is such that it

cannot cause the weakening of sandstone, in contrast to the impact of mining op-

erations in the seam C}.

Below the sandstone, there is a thick silistone, which is the upper boundary of
the hinged-block displacement zone. Along its thickness, the concentrations of
K, . gradually decrease to a value of 1.0, which characterizes the state of virgin
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massif according to the factor of impact of the Cy seam mining.

As a result, the peculiarities have been revealed of the distribution (along the
thickness of a parting) of the concentration coefficients of vertical X, and hori-

zontal K, stresses with an appropriate assessment of the state of the constituent

lithological varieties in terms of their integrity. From this point of view, an attention
should be paid to the column on the right-hand side of Fig. 9.7, where the height
is marked of the areas of weakening and destruction in each lithotype of a parting.
These areas of disturbed rocks are not interconnected with each other, but the
intervals of the entire massif are rather limited, which causes a certain probability
of joining with each other of the disturbed rocks areas and the formation of a sin-
gle zone of weakening along the thickness of a parting. Despite the fact that,
along the strike of the seams, the area of disturbed rocks is rather limited, never-
theless, the obtained results change the concepts about the mutual influence of
the jointly mined seams in the series of strata: according to the value of a parting

thickness /7 =23 — 26 m, the seams Cy and Cé do not belong to the contiguous

seams; nevertheless, their mutual influence is very likely and is represented in the
form of the following mechanism for the geomechanical processes development.
Once again it should be noted, that the areas of weakening, shown in Fig. 9.7,
are restricted along the strike to several meters, but there are also wider areas of
disturbed rocks. Most of them are located in the zone of hinged-block displace-
ment and the zone of smooth deflection of the layers without discontinuity during

the Cé seam mining. The stable state of the rocks in these zones is determined

by the horizontal forces of the thrust, especially of the rock blocks in the area of a
parting which is the closest to mine working. With the destruction of a certain
volume of rocks in the zone of hinged-block displacement, it becomes possible for
relatively free horizontal movements of the rock layers and the thrust forces
dramatically decrease; along with them, the stability of thrust rock structures
decreases (or disappears at all). Their collapse is developed sequentially from the
underlying layers to the overlying ones. In the process of collapse, the backing
from the side of underlying layers disappears and under the influence of the verti-
cal rock pressure, the overlying layers become unstable. According to such a
scheme, there is a probability of a “chain reaction” of the collapse development
along the entire thickness of a parting; then no one fastening system of the belt
entry can cope with the vertical mining pressure and a serious emergency situa-
tion arises at the extraction site.

In conclusion, it should be noted that the performed studies show the possibility
of significant interaction of adjacent seams (at their joint downward scheme of
mining), even if they are not contiguous according to the existing classification.
Therefore, in each specific complex mining and geological situation, it is recom-
mended to assess the probability of stability loss of parting rocks under the condi-
tions of a joint downward mining of two adjacent seams in the series of strata.
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10. RESEARCH AND ANALYSIS OF THE
STRESS-STRAIN STATE OF FASTENING

AND PROTECTION BASIC SYSTEMS ELEMENTS
OF THE 861 BELT ENTRY OF THE SEAM Cy'

10.1. ANALYSIS OF VERTICAL
STRESSES COMPONENTS

The vertical stresses distribution o, has been studied, the curve of which is

shown in Fig. 10.1. The frame support cap board is under the action of alternating
stresses oy, which indicates its multidirectional bending. Thus, in the central part

of the frame arch with a length of up to 1.0 m, there is a concentration of o,

caused by the reaction of two vertically located central (wooden) prop stays of the
strengthening supports, and this
corresponds to the results of other
~ | studies [57, 58]. Despite the

- ~ | impact of rigid central prop stays,
ya ~ / / the bending of the cap board is
/ directed toward the cavity of mine
i working: in the upper part of the
" ] m SCP section, the distribution of o,

C: Copy of Statie Structural

is not critical (in comparison with

the yield limit of St.5), but indicates

a significant bending moment.

Fig. 10.1. The curve of vertical stresses o, When mOVing from the arch key_

in the elements of the basic scheme fory St?”e of the drift towards th,e
maintaining the 861 belt entry mined-out space, the stresses in

the cap board decrease in abso-

lute value and reach the minimum values +10 — 20 MPa near the yielding joist of
the frame. In the peripheral area of the cap board from the side of virgin massif,
there is a change in the sign of the bending moment with the action towards the

roof, and the value o, remains at the level like for the arch keystone. Such

anomalies of o, in the cap board, obviously, are connected with the oblique load

y
from the side of virgin massif and the SSS anomalies that arise in the main roof.
These results indicate the predominant loading of the frame cap board from the
side of virgin massif.

The previous conclusion about the dominant oblique load from the side of vir-
gin massif has been confirmed during the study of the state of the frame prop
stays. The prop stay from the side of massif is in an overloaded state for most of
its length. A significant bending moment is not observed (with the exception of the
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area of the prop stay bearing at the height of 0.15 — 0.20 m), however, it should
be considered that even a small bending moment is capable of disturbing the sta-
ble state of the prop stay. Therefore, it is expedient to increase the resistance of
the frame prop stay in the lateral direction by means of its yielding mechanical
connection with the lateral roof-bolts.

The frame prop stay from the side of the mined-out space is extremely

unloaded: in the rectilinear part of the prop stay the values o, vary from 20 —

35 MPa of compression to 10 — 30 MPa of tension; a small bending moment does
not constitute any danger. In the curvilinear part of the prop stay, the bending
moment increases with the deflection towards the cavity of mine working, but the

value of the tensile o, in the SCP section does not exceed 70 — 90 MPa, which

is only 26 — 33% of the estimated yield limit of steel.

Thus, the asymmetry of loading the frame support is clearly observed, which
makes an impact at the state of the resin-grouted roof bolts in the immediate roof.
So, from the side of virgin massif, the roof-bolts are more loaded with tensile
stresses o, than the roof-bolts set from the side of mined-out space. This indi-

cates more active displacements of the roof rocks from the side of virgin massif,
which was previously noted in the study of the SSS of adjacent coal-overlaying
formation. In detail, the relative length of areas of tension is 21 — 33% from the
side of massif in comparison with 0 — 11% from the side of mined-out space. The

location itself of areas of tensile stresses o, in the central part of the length of

the roof-bolts indicates the predominance of displacements of border rocks over
the displacements in more remote areas of rocks; that is, there is an active sup-
pressing of displacement by resin-grouted roof bolts of the most weakened border
part of rocks in the immediate roof. Therefore, the expediency of setting two pairs
of roof-bolts in the area of the curvilinear part of the props stays is beyond doubt.
Here we need, in our opinion, to make an insignificant modification of coordinates
of the tail joints location of the roof-bolts, as well as their angles of gradient in ac-
cordance with the vectors of the greatest border rocks displacements.

Concerning the loading and efficiency of four central wooden prop stays of the
strengthening support, the following has been determined. Two vertical prop stays
and one inclined one from the side of mined-out space are exposed to a very uni-
form action (without noticeable bending moments) of compressive stresses
o, =20 — 30 MPa, which is 50 — 75% of the calculated resistance of pine to com-

pression; that is, the prop stays are in the prelimiting state, performing their func-
tions to resist vertical rock pressure. Similar is, at first glance, the result of a very

weak (mainly up to 8% of the load-bearing capacity) stresses loading o, of an

inclined prop stay from the side of virgin massif, because in this very direction the
greatest oblique rock pressure acts. The reason for this phenomenon is in the
nature of lowering the rock blocks of the lower layers of the main roof: the blocks
rest on the border rocks from one side and on the central part of the frame arch
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(through the direct roof), from the other side. And in the middle of the span, where
the load is minimal (on the immediate roof and frame), an inclined wooden prop
stay is just set. In contrast, the prop stay of the frame support “collects” most of
the load along the width of mine working and therefore is extremely loaded.

From the above results of vertical stresses o, distribution, it follows that it is

not expedient to set an inclined wooden prop stay from the side of virgin massif;
moreover, the remaining central wooden prop stays are not fully loaded and their
resistance to rock pressure can be assessed as medium effective.

The direct opposite is the state of three rows of side wooden prop stays of the
strengthening support and a breaker-prop row. All of them are overloaded, but
there are differences. The side wooden prop stays of the strengthening support
work either at the limit of the load-bearing capacity or beyond its limits. From the
destruction, these prop stays are being “saved” by their yielding property, caused
by contortion of wooden substrates (girders) and pressing into the bottom rocks of
mine working. At the same time, the multiple overloading of the prop stays of the
breaker-prop row unambiguously predicts their destruction after the longwall face
recedes at a certain distance. The last result, obviously, is laid in the technical
solution for the forced collapse of adjacent rock layers and the formation of simi-
larity of a rubble band with extensive dimensions.

In general, the results of research on the vertical stresses o, distribution in

the elements of the basic fastening system are as follows:

— asymmetric loading of the frame and resin-grouted roof bolts is observed with
the prevailing rock pressure from the side of virgin massif; moreover, the frame prop
stays need to be strengthened to resist lateral loads;

— the central wooden prop stays of the strengthening support are underloaded,
and the inclined prop stay from the side of virgin massif is characterized by a very
weak resistance, which calls into doubt the expediency of their usage to maintain
the drift;

— the side prop stays of the strengthening support work very effectively for the
forced collapse of the rocks in the immediate and main roof;

— a breaker-prop row performs its functions to induce the collapse of the im-
mediate roof and create a ‘bed’ in order to bear the lowering coal-overlaying for-
mation.

10.2. DETERMINATION OF HORIZONTAL
STRESSES COMPONENTS

The second main component characterizing the state of the fastening system,
is the horizontal stresses o, , the curve of which is shown in Fig. 10.2. Its analysis
made it possible to obtain the following results.

In the frame cap board, along its length, there is a somewhat asymmetric nature
of the compressive stresses o, distribution; the asymmetry itself is directed
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towards the virgin massif. In the peripheral areas of the cap board (near the yielding
joists), the minimum compressive stresses o, <12 MPa act with the occurrence of

local areas of tension up to 50 MPa; here, there is a cap board deflection towards
the roof rocks. When moving to the central part of the arch, the compressive
stresses increase to 200- 250
MPa, and in certain areas it ‘
reaches the estimated yield limit of [ /

Time: 1
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of the bending moment maxima
with a constant alternation in the
direction of the cap board bending.
Moreover, in its central part with a
length of up to 1.3 m, the level of Fig. 10.2. The curve of horizontal stresses o,
o. is such that the occurrence of in elements of the basic scheme for

x maintaining the 861 belt entry
plastic bending is possible. That is,
despite the reaction of two vertically located central wooden prop stays of the
strengthening support, the frame cap board is in a state close to the limiting one
with the occurrence of plastic deformation areas according to the factor of o, ac-
tion.

The frame prop stays are in differently loaded state depending on their location:
from the side of virgin massif or from the side of mined-out space. The most loaded
is the prop stay from the side of massif. In its curvilinear part, the o, act, approach-
ing the estimated yield limit of steel, and form a bending moment capable of caus-
ing the plastic bending. In the area of a contact of the frame prop stay with an in-
clined wooden prop stay of the strengthening support, the local areas occur of con-
centrations of tensile stresses o, up to 50 — 80 MPa and compressive stresses
o, up to 200 — 250 MPa; here, in spite of the reaction of the wooden prop stay,
the bending of the frame is directed towards the mine working cavity. That is, the
reaction of the inclined wooden prop stay has not given the desired results. In the
rectilinear part of the frame prop stay, the component ¢, =80 — 110 MPa is fairly
uniformly distributed both along the length and in the cross section of the SCP
without the occurrence of any significant bending moment. The area of the prop
stay bearing to a height of up to 0.6 m is an exception, where alternating signs o,
are observed, causing the bending into the cavity of mine working. Therefore, it is
expedient to strengthen it in this area of the frame prop stay by means of a me-
chanical connection with a horizontally located roof-bolt in the immediate bottom

of the seam Cé .

1
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The frame prop stay from the side of mined-out space has significant differen-
tials in the curve o, along its entire length. In its rectilinear part, the uniform com-

pressive stresses o, act with minimum level (10 — 30 MPa); in the curvilinear

area, a transition is observed to the tension area (30 — 80 MPa); high concentra-
tions o, with different signs occur in the area of contact with the inclined wooden

prop stay, the value of which approximates to the estimated yield limit of steel.
From these data it follows an ambiguous conclusion about the feasibility of using
inclined wooden prop stays of strengthening support from the side of mined-out
space:

—on the one hand, the rectilinear part of the frame prop stay is almost com-
pletely unloaded;

—on the other hand, in the curvilinear part of the frame prop stay, a perfectly
permissible bending moment acts, but at the contact with the inclined wooden prop
stay, the occurrence of plastic deformations of SCP is very likely, which leads to a
disturbance of the normal operation mode of the yielding joist of the frame.

In the resin-grouted roof bolts set in the immediate roof in the sides of mine
working, an asymmetry of loading is manifested. The roof-bolts from the side of
virgin massif are more loaded; in their reinforcement (similar to the curve o, ), the

areas of considerable expansion (30 —80%) of tensile stresses o, action are

observed, which indicates the active resistance of the roof-bolts to the rocks
displacement of the immediate roof into the cavity of mine working. From the side
of mined-out space, the roof-bolts are loaded to a lesser degree, but their reaction
ensures the preservation of continuity of the strengthened rock volume, which is
especially important for efficient load transfer from the armored and rock plate in
the roof onto the prop stays of the breaker-prop row and in the side of mine
working. Thus, according to the factor of the component o, action, it is necessary

to note the efficiency of the resin-grouted roof bolts in the basic variant of main-
taining the 861 prefabricated drift.

As for all the central wooden prop stays of the strengthening support of the
basic scheme for maintaining the drift, they do not experience significant horizon-
tal stresses. This is partly explained by their small lateral dimensions and the
condition for free expansion, and partly by their vertical location. Low compress-
ing stresses of o, <12 MPa in inclined wooden prop stays indicate their weak

efficiency in strengthening the frame support.

In general, based on the analysis results of the horizontal stresses distribution
in the elements of the basic scheme for maintaining the 861 belt entry, the follow-
ing conclusions were formulated:

— the strengthening of the frame cap board by two rows of vertical central
wooden prop stays has not lead to the expected result: the cap board is under the
action of an alternating-sign bending moment (not less than five maxima in length),
some of which are capable of causing the plastic deformation of the cap board;

— the curvilinear part of the frame prop stays, despite the different degree of
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their loading as a whole, is in a state close to the limiting one, which is largely
caused by the reaction of the inclined central wooden prop stays as concentrators
of stresses;

— weak loading of inclined central wooden prop stays raises doubts about the
expediency of their setting;

— lateral resin-grouted roof bolts in the immediate roof showed their high per-
formance;

—the wooden prop stays of the breaker-prop row and in the sides of mine
working cannot be assessed by the component o, because of their vertical

arrangement.

In the final part of the e
assessment of the basic variant [
effectiveness for maintaining the |
861 belt entry, the analysis results [Hze
are represented of the stresses |Hi:
intensity o distribution (Fig. 10.3). B

The cap board is loaded asym-
metrically and an extended area
(up to 1.1 m long) of the limiting
state (or close to it) of steel is
formed in it; this area is shifted
towards the virgin massif and
represents a danger from the point
of view of loss of the cap board
stable form. Two rows of central
wooden prop stays of the strengthening support do not improve the state of the
cap board, and its plastic bending is predicted under the influence of vertical rock
pressure.

The frame prop stays from the side of virgin massif along their entire length
are in a limiting state with a high probability of plastic bending into the cavity of
mine working. The prop stay needs to be strengthened for increasing the resis-
tance to lateral loads. Therefore, it is recommended pliable mechanical connec-
tion of the lower part of the prop stay with the lateral roof-bolts, which also
perform the functions of strengthening the side rocks and reducing, thereby, the
lateral rock pressure.

The wooden central prop stay with an inclination towards the massif is loaded
less than 50% of its load-bearing capacity and does not influence the limiting
state of the frame prop stay and its cap board. The same level of loading relates
to two vertical central prop stays, bearing the cap board. Their insufficient resis-
tance to rock pressure calls into doubt the expediency of using them in mining
and geological conditions under consideration.

The frame prop stay from the side of mined-out space is very weakly loaded
(up to 8 — 10% of the load-bearing capacity) in its rectilinear part. In the curvilinear
part, the intensity of stresses O increases up to 60 — 85% of the estimated yield

20772¢7
32912 Min

Fig. 10.3. The curve of stresses intensity o
in the elements of the basic scheme for
maintaining the 861 belt entry
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limit of SCP steel, and in the area of contact with the inclined central prop stay in
the area of up to 0.6 m, a transition to the limiting state is observed. That is, the
reaction of the inclined central prop stay of the strengthening support induces the
transition of the upper part of the frame prop stay to the limiting state. For this
reason, as well as according to the factor of the overall low loading of the frame
support, it is doubtful whether it is expedient to use an inclined central prop stay
of the strengthening support. Although, it should be noted that this particular
wooden prop stay is loaded in separate areas at the level of the load-bearing ca-
pacity, that is, it actively resists to the rock pressure.

The resin-grouted roof bolts in the sides of mine working in separate areas are
loaded up to 100% of their load-bearing capacity and their setting is completely
substantiated. Given the complete compliance with the vector of the lateral rocks
displacement, it is recommended to reduce by 10° the angle of gradient to the
horizontal and slightly change the coordinates of the tail joints location of the
roof-bolts.

Three rows of wooden side prop stays of the strengthening support in the side
of mine workings are overloaded, but they are being saved from destruction by
their yielding property, caused by contortion of wooden substrates (girders) and
pressing into the bottom rocks of the drift. These maintaining elements very effec-
tively resist to rock pressure and are recommended for use.

The single-row breaker-prop will definitely be collapsed, but at some distance
behind the stope face, where an area of uncontrolled collapse with sufficient
thickness and rigidity is formed to create a proper bearing for the lowering layers
of the coal-overlaying formation.

Summarizing the research results, it should be noted that some of the
elements of the basic fastening scheme (single-row breaker-prop, three rows of
wooden side prop stays of the strengthening support in the working flank of mine
working, resin-grouted roof bolts in the immediate roof) are recommended for use,
and all the central wooden prop stays of the strengthening support do not work
effectively to resist to rock pressure.
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11. RESEARCH AND ANALYSIS OF THE STRESS-
STRAIN STATE OF FASTENING AND PROTECTION
RECOMMENDED SYSTEMS ELEMENTS FOT
MAINTAINING THE 861 BELT ENTRY OF

THE SEAM ¢/

In accordance with the previously substantiated geomechanical model
reflecting the loading condition of the fastening and protection systems of the 861
belt entry after drifting of the 861 longwall face, a set of SSS calculations for each
of the constituent elements has been performed. The parameters of the SSS
anomalies of the coal-bearing massif in the vicinity of mine working (the zone of
bearing pressure and unloading) qualitatively correspond to the known results
[55 — 58], and the features of the quantitative indicators are most evident when
assessing the state of the fastening and security systems of mine working. There-
fore, a detailed analysis of the SSS of each of the main elements of the recom-
mended scheme for maintaining mine working in terms of the main task solving —
to ensure the conditions for its reuse.

The SSS analysis of fastening and security systems of mine working has been

performed by the components of stresses: vertical o, , horizontal o, and

stresses intensity o.

11.1. ANALYSIS OF VERTICAL
STRESSES COMPONENT

The curve of vertical stresses oy /
distribution is shown in Fig. 11.1, |sescms
during the analysis of which the follow- =2 -
ing results have been obtained. Com- T /
ponent o, in the frame support re- | 3. /
flects the following distribution fea- [ i :

tures, characteristic of the mining and
geological conditions of the Western Do\
Donbas. Thus, the cap board is in an N
unloaded state with the action of alter-

nating-sign stresses o, in the range [

from 30 MPa of compression to 30
MPa of tension, which in relation to the

value of the estimated yield limit of
SCP steel is only 11%. At the same
time, the prop stays of the frame are

Fig. 11.1. The curve of vertical stresses o,
distribution for the recommended scheme
of maintaining the 861 belt entry
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subjected to the action of a uniform compression stresses field with a value corre-
sponding to or exceeding the estimated yield limit of St.5 steel. The uniformity of
the field o, indicates the absence of any significant bending moment in the prop

stays, but their limiting state predicts a high probability of plastic bending into the
cavity of mine working. Therefore, we consider it expedient to bind the frame prop
stays with the side roof-bolts by means of longitudinal pliable binders [95].

Rope bolts are characterized by different distribution of o, depending on

place of their setting — from the side of massif or from the side of the mined-out
space. Along the length of the rope bolts set from the side of massif, there is a

periodic alternation of areas with high tensile stresses o, (about 30 — 80% of the

load-bearing capacity) with the areas of compression of the similar level. This
phenomenon is conditioned by the different-sized deformations of individual rock
layers and blocks relative to each other along the length of the rope bolt, which
indirectly confirms the significant shifts in the roof rock volumes, on the one hand,
and the active resistance to the lateral bearing pressure acting from the side of
massif as a result of stope works performance, on the other. The rope bolt from
the side of mined-out space is exposed (by 90% of its length) to the action of
compressive stresses o, ; this indirectly indicates the attempt of the roof-bolt to

connect the rock layers and blocks into a integrate formation, since there are no

sharp differentials of o, along the length of the roof-bolt. Thus, it can be stated

that rope bolts form in the roof a certain similarity to a holistic rock plate with con-
siderable thickness (up to 5.0 — 5.3 m), which is capable of sustaining a vertical
load many times exceeding the load-bearing capacity of the frame support.

The work of resin-grouted roof bolts in the immediate roof of the seam Cé

should also be assessed positively. Such a conclusion arises from the “smooth”

nature of the change in the compressive stresses o, along the length of the roof-

bolts, which indicates the reliable binding of rock layers and blocks in the lower
part of the armoured and rock plate at its end sections outside the width of mine
workings. This ensures the formation in the roof of mine working of a sufficiently
holistic load-bearing armoured and rock structure.

Lateral roof-bolts located in depth of the bottom drift ripping (in the immediate

bottom of the seam Cé ), are very weakly loaded with vertical stresses o, since
they are oriented horizontally. Their work effectiveness will be assessed when
considering the curve of horizontal stresses o, distribution.

Three rows of lateral wooden prop stays of the strengthening support differ by
a very uniform distribution of the component o, and in quantitative terms, the

vertical load, as a rule, exceeds the calculated resistance of pine to compression.
But, in general, the stable state of the prop stays is predicted thanks to their ‘de-
viation’ from excessive rock pressure by contortion of wooden substrates (longitu-
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dinal girders) and pressing into the rocks of the immediate bottom.
In a single breaker-prop row, the level of o, many times exceeds the calcu-

lated resistance of pine to compression and it is possible to quite confidently pre-
dict the destruction of the prop stays in the course of development of displace-
ment in the coal-overlaying formation behind the stope face.

Assessing in general the curve of vertical stresses o, distribution in the ele-

ments of the fastening and security systems, it can be concluded that it is advis-
able to use the recommended scheme for maintaining the 861 belt entry.

11.2. HORIZONTAL STRESSES
COMPONENTS DISTRIBUTION

The curve of horizontal stresses is shown in Fig. 11.2, from the analysis of
which the results were obtained, which correspond in general to the previously
expressed considerations on the rather intense manifestations of the rock pres-
sure in the vicinity of the 861 belt entry after drifting of the 861 longwall face.

The cap board is exposed to
action of component o, with a high

(X B
gradient of change along the entire [Scudussn
length. As for instance, the peripheral | =

areas (near the frame’s yielding joists) B /
are unloaded: here o, arise with dif- '

ferent signs up to 10 — 15 MPa with a
fairly uniform distribution in the cross
section of the SCP, which indicates
the absence of any significant bend-
ing moment. When approaching the
arch keystone, the compressive
stresses increase in the range of 50 —
140 MPa, and in the very central part
of the arch, 1.2-1.3 meters long, ) ]
compressive stresses o, reach 65— %12 The curve of arizota sresses .
85% of the estimated vyield limit of taining the 861 belt entry
steel. In this case, there is an impor-
tant feature of o, distribution — there are no significant bending moments almost
along the entire length of the cap board. This indirectly confirms the expediency of
creating additional bearings for the cap board by means of longitudinal flexible
connections with rope bolts.

In the prop stays of the frame support from the side of massif, the compres-
sive stresses o, =100 — 130 MPa are also relatively uniformly distributed in the

cross section of the SCP; the special profile bending is observed in the area of
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the curvilinear part of the prop stay, where two vertical lateral resin-grouted roof
bolts are located. The bending is directed towards the cavity of mine working, and
the spatially-yielding connection of the lower lateral roof-bolts with the frame prop
stays effectively endeavors to its elimination [95]. This confirms the loading of the
roof-bolt by tensile forces o, . In the prop stays from the side of mined-out space,

there is an similar pattern of o, distribution but increased in the range of 140 -
220 MPa. Thus, it is expedient to bind the frame prop stays with the lower side
roof-bolts set in the immediate bottom of the seam C} .

The rope bolts from the side of massif actively resists the horizontal shifts of
the rock layers and blocks, binding them into a relatively holistic structure. This is
evidenced by a periodic change in sign o, along the length of the roof-bolt. The

rope bolt from the side of mined-out space also prevents the horizontal shifts of
the rock layers and blocks relative to each other, but here the fluctuations of o,

occur within compressing stresses.

Resin-grouted roof bolts in the immediate roof are loaded more uniformly
along entire length, which indicates their moderate resistance to horizontal dis-
placements of massif in this area; in addition, their predominantly vertical ar-
rangement does not allow the horizontal component o, to fully assess the effec-

tiveness of their work. This cannot be said of the lower side roof-bolts in the im-
mediate bottom: almost along the entire length they are exposed to tension and
actively resist the displacements of the immediate bottom rocks into the cavity of
mine working.

The rows of lateral wooden prop stays of strengthening support and a single
breaker-prop row are unloaded from horizontal stresses (from 8 to 12 MPa of
compression), which is conditioned by their free transverse deformation and small
transverse dimensions.

In general, the results of the field o, analysis do not contradict the previously

stated concepts about the rational operation of the proposed fastening and secu-
rity systems of the 861 belt entry.

11.3. STRESSES INTENSITY RESEARCH

In the final part of the analysis, the stresses intensity curve o (Fig. 11.3) is
considered as the most informative and generalizing parameter. The revealed
peculiarities of o distribution confirm in general the previously stated concepts
(by scientific assessment) on the intensity of the rock pressure manifestations and
expediency of using a combined roof-bolting system consisting of resin-grouted
roof bolts and rope bolts that strengthen the adjacent massif along the whole
frame contour. The results are presented for each element of the recommended
scheme for maintaining the 861 belt entry.

As it is known [55 — 58], the peculiarity of deformation of frame supports of
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mine working from the special SCP profile in the conditions of soft coal-bearing
rocks of the Western Donbas is the predominant loading of the prop stays with
relatively unloaded cap board. This is the main trend with a wide range of
variations in the degree of loading of the cap board up to its plastic bending. An
essential contribution to this pattern is the so-called supporting roof-bolting
fastening widely used in the Western Donbas, which takes up a part of the rock
pressure thanks to the roof rocks strengthening. On the other hand, the central
wooden prop stays of the strengthening support, set in the area of the stope
works influence ahead of the longwall
face, induce the plastic bending of the
cap board. This information will help |Eise /
to objectively assess the state of the 2005710

278

frame in the proposed scheme of [ /

2,0763e8

fastening the 861 belt entry. et /
In general, the cap board is in a peg /

stable state with a different level of \

loading along its length. The central N \ / / ”
area near the arch keystone with a = =" \. =
length of 0.8—-1.0 m is exposed to N\ /
action of o =200 — 240 MPa, which is .

74 — 89% of the estimated yield limit |

of St.5 steel. In the peripheral areas
of the cap board, the stresses inten-
sity gradually decreases from 120 —
190 MPa to 20 — 80 MPa in the area Fig. 11.3. The curve of stresses intensity o,
of the yielding joists. There is a sig- d'St";’f”:‘:‘;'i‘nftg'ir:i':]zrfh°e°géTi';fte:nf:’yheme
nificant influence (on a decrease of

o ) of additional bearings in the form of pliable binders, connected with rope bolts.
Nevertheless, despite the shortened cap board, for the most part of the length of
its span it is loaded by more than 50%. The active resistance to the vertical rock
pressure of the roof-bolting system should also be taken into account. The com-
bination of these factors indirectly confirms the previously stated assumption of
the formation in the roof of an extensive arch of ultimate equilibrium caused by an
unstable state of the main roof layers. This conclusion is supplemented by the
high loading of the prop stays of the frame support along almost their entire
length. The predominantly limiting state of the prop stays of the frame requires
their strengthening to avoid plastic bending and deformation into the cavity of
mine working. It is therefore advisable, in our opinion, to apply the well-known [95]
technical solution for connecting the side roof-bolts and frame prop stays with
longitudinal spatially-yielding connection.

Analysis of stresses intensity distribution in rope bolts shows their high load-
ing, the level of which substantially exceeds the results of computational experi-
ments conducted for other mining and geological conditions [55 — 58]. More spe-
cifically, we note that the rope bolts operate at 85 — 100% of their load-bearing
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capacity along the length, which is 75 — 80% of the active length of the roof-bolts
located in the main roof of the seam Cé, consisting of soft fractured argillites and

a very fractured coal seam Cg . The high loading of rope bolts indicates the effec-

tiveness of their work on the formation of an armoured and rock plate in the roof
and the appropriateness of the selected parameters of setting. If to assume that
the rope bolts managed to fasten these lithotypes of the main roof into a single
plate, then, even with account of their breaking into blocks, tension crack, the load-
bearing capacity of such a thick armoured and rock structure is by 3 -5 times
higher than that of the frame support according to the most understated estimates.
Then the conclusion is obvious about the expediency of using rope bolts in this
complex mining and geological situation of unstable rocks of the main roof.

The immediate roof of the seam Cé and part of the lower layer of the main

roof strengthen the resin-grouted roof bolts in the sides of mine working. They, as
previously noted, are designed to create relatively holistic and stable bearings in
the sides of mine working for effective resistance of the rock plate in the roof. The
loading of resin-grouted roof bolts is very high, both from the side of massif and
from the side of mined-out space; that is, they actively resist not only to the verti-
cal, but also to the oblique rock pressure. The specific quantitative values of this
resistance are as follows:

—the upper resin-grouted roof bolt in the immediate roof from the side of
mined-out space is 80 — 100% (from the load-bearing capacity) loaded along 40%
of its length adjacent to mine working; the remaining its buried part resists with
forces of 30 — 75% of the maximum;

— the bottom roof-bolt in the immediate roof from the side of mined-out space is
90 — 95% of its length has a load in the range of 80 — 100% of the load-bearing
capacity;

— from the side of massif, the upper lateral roof-bolt is similarly loaded at 50%
of its length located in the buried part of the roof-bolt, and on the rest length adja-
cent to mine working, the relative resistance is 40 — 75%;

— the bottom lateral roof-bolt in the immediate roof from the side of massif is
least loaded (up to 70 — 80% of the load-bearing capacity).

The data represented again focus on the rational choice of the parameters for

the side resin-grouted roof bolts setting in the immediate roof of the seam Cé , as

well as indirectly indicate a high probability of intense oblique rock pressure.
Given the equal-sized load-bearing capacity of the resin-grouted roof bolts and
inclined wooden prop stay of the strengthening support (in compliance with the
passport of maintaining the 861 drift), a simple technological solution of assem-
bling the longitudinal spatially-yielding couplings between these roof-bolts and the
frame prop stays [95] will allow to refuse from setting the inclined wooden prop
stays, which clutter up a section of a drift.
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The need to set lateral roof-bolts along the bottom ripping depth of the drift (in
the immediate bottom of the seam Cé) is substantiated by their considerable load-

ing by stresses ¢. The level of stresses intensity in the roof-bolt from the side of
mined-out space makes up 30— 55% of the load-bearing capacity, which is ex-
plained by the relative unloading of the border area of the drift berm: it is loaded
only by one breaker-prop row and consolidated collapsed rocks. At the same time,
the lateral rock pressure from the side of massif contributes to 100% loading of the
corresponding roof-bolt at 40 — 45% of its length, adjacent to mine working. Such
results confirm the expediency of roof-bolt strengthening of the immediate bottom of
the drift along the depth of its ripping, especially with account that these roof-bolts
actively resist to horizontal displacements of the border rocks of the immediate bot-
tom into the cavity of mine working: this is evidenced by the analysis results of the
horizontal stresses curve.

Thus, the SSS calculation data confirm the operational efficiency of the com-
bined roof-bolting system as a whole: rope bolts (and partly the resin-grouted roof
bolts) create an armoured and rock plate with high load-bearing capacity, and the
rest lateral resin-grouted roof bolts provide reliable bearings for it.

In terms of reliability of the armoured and rock plate bearing from the side of
mined-out space, its strengthening is assessed by three rows of lateral wooden
prop stays. All of them are loaded enough uniformly both along the length and in
the cross section with a high reaction of resistance, equaling to their load-bearing
capacity or exceeding that. Protection of wooden prop stays from destruction is
provided by pliable substrates, as well as by the phenomenon of pressing the
prop stays into soft bottom rocks. The work of all three rows of lateral wooden
prop stays at the level of their load-bearing capacity indicates the effectiveness of
such a technical solution to counteract high loads from the side of roof rocks. It
can be stated that the lateral wooden prop stays perform their function of induced
collapsing the layers of the main roof and creating a reliable bearing for the
armoured and rock plate in the roof.

A single breaker-prop row made of wooden prop stays is one of the most
loaded elements of the scheme for maintaining the 861 drift. Here the level of act-
ing stresses ¢ is many times higher than the calculated resistance of pine to
compression and it quite predictably destroys the prop stays even taking into ac-
count their pliability due to pressing into the rocks of the immediate roof and bot-
tom. As previously assumed, the breaker-prop row performs the function of
breaker timbering in the restricted area behind the longwall face; further on, as
the longwall face recedes, the rocks of the zone of uncontrolled collapse, consoli-
dating, create sufficient bearing to the lowering of the overlying layers of the main
roof and stabilize the process of displacements of the coal-overlaying formation.

Based on the complex of SSS studies of the fastening and security systems, it
is advisable to apply this scheme for maintaining the 861 belt entry for its
repeated use while mining the adjacent extraction site.
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11.4. RECOMMENDATIONS FOR SELECTING

THE PARAMETERS OF THE FASTENING AND
PROTECTION SYSTEMS OF REUSED MINE
WORKINGS THROUGH THE EXAMPLE OF MINING
THE 861 LONGWALL FACE

Based on the analysis of mining and geological conditions for maintaining the
861 belt entry and the results of a computational experiment for calculating the
SSS of the geomechanical system under research, recommendations have been
developed on the choice of the parameters for fastening and securing of mine
working for the purpose of its repeated use. The proposed technical solution is
presented in Fig. 8.3 and is characterized by the following parameters.

Frame support of the TSYS series is set in accordance with the passport of
maintaining the 861 belt entry.

The rope bolts with length of 6.0 m are being arranged symmetrically (in cross
section) with respect to the vertical axis of mine working, with an angle of gradient
65° to the horizontal. In terms of extraction mine working, the rope bolts are set in
increment of L., =3.2 m, that is, every four frames in the middle of the inter-

frame gap. For the most dangerous area (PK 128+1 — PK 132+8), the step of the
rope bolts setting is reduced by half (L., =1.6 m). In the cross section of mine

working, the distance between the tail joints of rope bolts is 1.4 m (0.7 m from the
vertical axis of mine working). This scheme of setting will allow to perform the so-
called “deep-seated” strengthening of the rocks in the main roof and form a load-
bearing armoured and rock plate, bearing on the strengthened (by resin-grouted
roof bolts) rocks of the immediate roof and bottom, rows of lateral wooden prop
stays of the strengthening support and a single breaker-prop row of prop stays
from the side of mined-out space.

The connection (along the mine working) of the cap board of the frame by
means of pliable binders (for example, from previously used ropes) will provide a
number of technological advantages:

— strengthening of the cap board of the frame, especially when dismantling the
prop stays in the area of “windows” of the longwall face, which increases the
safety of work in the junction area;

— there is no need to dismantle and mount the wooden prop stays of strength-
ening support during the subsequent bottom ripping after drifting of the 861 long-
wall face;

— the “live” section of the drift increases and the resistance to the movement of
the air jet reduces, which increases the efficiency of ventilation of the extraction
site;

— It is easier to ensure distances and clearances in accordance with safety
norms and rules.

The resin-grouted roof bolts with a length of 2.4 m, are set in the immediate

roof of the seam Cé in the middle of the interframe gap. The setting parameters:
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lower roof-bolts — at a distance of 0.3 m from the edge of the coal seam at an an-
gle of 50° into the roof; upper roof-bolts — at a distance of 0.4 m from the lower
roof-bolts at an angle of 60° into the roof. Such a scheme of roof-bolts arrange-
ment ensures the formation of a holistic rock bearing transferring the load from
the armoured and rock plate in the main roof to the three rows of lateral wooden
prop stays of the strengthening support and to a single breaker-prop row. The
increased resistance of the bearings constraints the lowering of the armoured and
rock plate in the roof and reduces the section loss of the drift.

In the immediate bottom of the seam Cé, the resin-grouted roof bolts with

length of 2.4 m are set horizontally in the interframe gap in the middle of the depth
of the bottom ripping of the drift. Along the length of the drift, the tail joints of the
resin-grouted roof bolts are connected with pliable binders to the frame prop
stays. This ensures:

— the creation of a sufficiently rigid lower part of the bearing for armoured and
rock plate by strengthening the soft rocks of the immediate bottom;

— constrain of bending of the frame prop stays into the cavity of mine working
and reducing the intensity of swelling, which contributes to decrease in losses of
the drift section.

Three rows of lateral wooden prop stays of the strengthening support are fully
loaded and provide induced collapsing of the rock cantilevers of the main roof
beyond the width of mine workings, which reduces the loading intensity of the fas-
tening system.

A single-row breaker-props perform temporary functions in the junction area
and in a limited area behind the longwall face; its task is to provoke a collapse of

the immediate and lower layer of the main roof (up to the seam Cé ), to create a

bearing of collapsed rocks, sufficient to stabilize the rock pressure behind the
stope face with a small distance of its withdrawal.

In the area of the belt entry with intensive rock pressure manifestation (ahead
of the longwall face in the bearing pressure zone and behind the longwall face to
the zone of its stabilization), it is recommended to set under the cap board of
each frame a demountable yielding central prop stay of the strengthening support,
for example, a two-segment one made of the SCP segments connected by the
yielding nodes and synchronously triggered by an appropriate amount with the
yielding joists of the frame.

The above recommendations, in our opinion, will ensure the repeated use of
the prefabricated drift as a marginal adjacent extraction site with a minimum
amount of necessary repair and restoration works.
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SUMMARIZING THE RESEARCH
RESULTS TO CHAPTERII

1. Analysis of mining and geological conditions of downward and joint mining
of seam Cy and Cé, has revealed the probability existence of transition of rocks

of a parting into unstable state in separate areas of the extraction panel, which is
conditioned by the emergence of a series of emergency situations both in the

stope face and in the drifts when mining the underlying seam Cé. This mining-

engineering situation is not occasional, but is stably repeated at a number of mine
fields in the Western Donbas. Therefore, the relevance of the problem of assess-
ing the stability of a parting is obvious, although the seams being mined cannot
be assigned to the category of contiguous coal seams by their classification
characteristics. The assumption itself of the loss of stability of a sufficiently thick
(22 — 28 m) parting that have prompted a complex of computational experiments
in order to study the state of the constituent rock massif, the fastening and secu-
rity systems of the drifts.

2. The performed studies have substantiated the possibility of a significant mu-
tual influence during mining the coal seams, even if they are located at a distance
of more than 20 m. The essence of mutual influence is in structural transforma-
tions of a parting affecting the bottom in the process of mining the overlying layer,
as well as the roof — when mining the underlying seam. When the areas of unsta-
ble rocks are being coupled, an extremely high rock pressure develops in the
parting. Therefore, in each specific complex mining and geological situation, it is
recommended to assess the probability of loss of stability by the rocks of a parting
in conditions of a descending order of joint mining of two seams in the series of
strata.

3. A geomechanical model has been developed and substantiated of the
enclosing massif behavior, as well as of the fastening and security systems of
mine working in the period after drifting the stope face, and which is maintained
for its repeated use. The elastic-plastic formulation of the computational experi-
ment (for each lithological variety and fastening materials) has approximated the
conditions for geomechanical system deformation to real ones, as well as reflec-
tion of the geometric parameters of the ways and means of fastening and security
in full compliance with the mine working passport. As a result, the results of SSS
calculation can be assessed as sufficiently adequate and reliable.

4. Contrary to popular belief about the insignificant influence of the fastening
structure resistance on the SSS of the surrounding massif, a complex of studies
has been carried out for two variants of the fastening schemes, which are condi-
tionally called “basic” and “recommended”. This intentional search for differences
in the states of the massif is intended to clarify the degree of influence of the fas-
tening system parameters in the previously unexplored conditions of the possible
loss of stability by a parting, since the negative development of events leads to
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the formation of a load many times exceeding the load-bearing capacity of
existing fastening structures.

5. A comparative analysis of the SSS of the enclosing rock massif with
different schemes of maintaining the drift has created an evidentiary basis for two
new concepts in the conditions of probable loss of stability by a parting:

— an essential change in the fastening scheme of mine working is capable to
influence significantly on the stresses components distribution not only in the
border rock volumes but also in quite remote ones;

— the combination of resin-grouted roof bolts and rope bolts plays a decisive
role in the stresses field transformation in the massif surrounding the drift; their
rational parameters make it possible to create an armoured and rock structure
capable of controlling the rock pressure in the direction of increasing the stability
of a parting.

The positive impact of the combined roof-bolting system is manifested both in
the rocks of the roof and sides, and the bottom of the drift: dangerous concentra-
tions of stresses components decrease from 10— 15% to 30 —40%, and their
areas of action — up to 50 — 80%, in some zones — up to 4.2 — 4.6 times.

Based on the obtained results, it is quite substantiated to predict a decrease in
the intensity of the rock pressure manifestations and maintenance of the opera-
tional characteristics of mine working for its repeated use.

6. A comparative analysis of the state of the basic and recommended fasten-
ing systems by the main stresses components has confirmed the expediency of
using a combination of resin-grouted roof bolts and rope bolts in combination with
the used security method to maintain the belt entry for its repeated use.

It has been revealed that some of the elements of the basic fastening structure
insufficiently effectively resist to the rock pressure and in the case of loss of
stability by rocks of a parting, such a fastening system is not capable of protecting
mine working.

The increased efficiency of the combined roof-bolting system is confirmed by
data for calculating its SSS: an armoured and rock structure with high load-
bearing capacity is created in the roof, and lateral resin-grouted roof bolts provide
reliable bearings for it.

As a result, the recommendations have been developed on the choice of the
parameters for the fastening and security schemes of the belt entry, which will
ensure its repeated use as a marginal adjacent extraction site with a minimum
amount of necessary repair and restoration works.
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12. ANALYSIS OF THE PROBLEM
OF PREDICTING THE BOTTOM ROCKS
HEAVING OF MINE WORKINGS

12.1. TECHNICAL AND ECONOMICAL ASPECTS
OF MINE WORKINGS MAINTENANCE DURING
ROCKS HEAVING

Increasing the competitiveness of coal mining in Ukraine is directly associated
with a decrease in the prime cost of final products by main cost objects, from which
the cost of maintenance of mine workings is significant. A modern analysis of the
production activity of mines in Ukraine [97] indicates that repair work in mining
operations is by 60% related to the elimination of the consequences of bottom rocks
heaving, where about 42 thousand of underground workers are employed. Accord-
ing to other estimates [98], such a geomechanical phenomenon as a heaving of
bottom rocks is the determining factor in the performance of repair and renewal
operations in 40 — 50% of mine workings in an unsatisfactory operational state.

At the turn of the 21st century, in the “Dobropilliavuhillia” LTD, the measures of
bottom ripping accounted for about 75% of the total volume of repair and renewal
operations [99]. The miners of the Vorkuta coal field, where the annual volume of
mine workings being retimbered reaches 60 — 70% for the main reason — the bot-
tom rocks heaving, face similar problems.

The situation has not changed even in the present period of time — so, it is
noted that the costs of repair and renewal operations in heaving rocks are often
comparable to the cost of conducting new mine workings. The processing of in-
formation from the geological and surveying services of the Donbas coal mines
made it possible to conclude [100] that the probability of heaving the bottom rocks
in the preparatory mine workings is 70 — 80% and will increase in the future with
increasing depth of mining operations.

The problem of bottom rocks heaving is the most acute in the Western Don-
bas, where a thin coal-bearing massif is prone to plastic flow, and the process of
bottom rocks heaving is already intensively developing at low depths. In in-seam
workings, which have the greatest total length, the heaving is activated by the
so-called “stamp effect” [67, 68], when the stronger and harder coal seam, under
the influence of the bearing pressure presses out the rocks of the immediate bot-
tom not only into the sides, but also into the bottom of the drift.

Bringing the drift bottom into proper operational condition causes not only sub-
stantial material and labor costs, but also the level of mechanizing the bottom rip-
ping processes is 6.3%, which is not comparable with the high degree of mecha-
nization of driving operations. Here there is another technological problem — the
bottom ripping is associated with difficulties in the functioning of transport, which
along with other factors of maintaining the exploitation state of in-seam workings,
puts the task of protection from heaving into a number of priorities.
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On the other hand, in different mining, geological and mining-engineering con-
ditions, the intensity of bottom heaving has significant differences, which requires
a differentiated approach to the measures to restrict this geomechanical phe-
nomenon. After all, even within the limits of a single mine field for a specified
seam, its bottom is characterized by a considerable variety of structure under lo-
cal influence of weakening factors (mainly, water-cut provoked by both the tec-
tonic of the field and performance of mining operations), which in total create
conditions for a significant fluctuation in the intensity of the rock pressure manifes-
tations in the bottom of in-seam workings. Therefore, the diversity of structure and
properties of adjacent rock layers requires an assessment (monitoring) of their
stability along the entire length of in-seam working; accordingly, recommenda-
tions for improving the stability of the mine working bottom in its certain areas
should be developed differentially, depending on the structure and properties of
the bottom rocks and, conditioned by them, heaving intensity.

For the reasons stated above, it becomes especially relevant to predict the
state of bottom rocks of in-seam workings in different areas of the mine fields for
each mined-out seam within the entire geological and industrial region, for exam-
ple, the Western Donbas region. This will allow not only in advance (even at the
design stage) to provide for a complex of measures to avoid heaving, but also to
perform their systematization and zoning, depending on the degree of influence of
the main geomechanical factors on the development of heaving process of the
bottom rocks in in-seam workings.

12.2. ANALYSIS OF CONCEPTS OF THE
MECHANISM OF OCCURRING THE BOTTOM
ROCKS HEAVING AND FACTORS AFFECTING
ITS DEVELOPMENT

Any prediction of the rock pressure manifestations is based on a certain
amount of mine observations, laboratory and analytical studies of the geome-
chanical process. The history of the concepts formation of ideas about the
mechanism and reasons for the occurrence of heaving of bottom rocks in mine
workings dates back to the 20’s — 30’s of the last century, when a number of well-
known scientists paid close attention to the problem of bottom rocks swelling
(heaving) of underground structures for various purposes. Along with observing
the heaving process and searching for ways and means to avoid it, at that time
attempts were already made to explain the nature of this geomechanical phe-
nomenon and to determine the factors that have the most significant influence on
the development of heaving the bottom rocks in mine workings. Several hypothe-
ses have been put forward on the occurrence of heaving, which can be grouped
as follows:

— heaving is conditioned by swelling and increase in the volume of clay rocks
lying in mine working bottom;
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— heaving is a consequence of the transition of the potential energy accumu-
lated in the border massif of the initial stressed state into the kinetic energy of its
movement into the cavity of mine working including from the side of bottom;

— occurrence in the bottom of some similarity of thrust systems from the rock
layers and blocks, which lose their stability under the action of horizontally
directed forces;

— pressing-out the bottom rocks as a consequence of the bearing pressure
acting in the sides of mine working.

These concepts were developed at the beginning of the second half of the
20th century. So, for example, in the works of V.M. Gorodnichev, an attempt was
made to disclose the mechanism of bottom rocks heaving on the basis of a com-
plex of laboratory and mine research, followed by a generalization of the results
based on the techniques of continuum mechanics. However, the insufficient
development (at that time) of the mathematical apparatus for solving such a com-
plex visco-plastic problem forced the use of elasticity theory, which significantly
distorted the physical sense of the phenomenon. Nevertheless, the author in his
classification of the reasons for heaving the bottom rocks in mine workings was
not limited only to the action of internal forces in the border massif, but also
pointed to other groups of factors mentioned above. In particular, with regard to
the swelling factor of watered clay rocks, a number of specialists agree that this
reason is secondary, and not decisive.

Different representation and understanding of the heaving mechanism have
formed (in a subsequent period of time) the two main directions describing this
process:

— development, based on the static of the granular medium, of the schemes for
pressing-out the rocks of the sides and the bottom of mine working under the influ-
ence of vertical rock pressure or on the basis of structural mechanics — the
schemes for the stability of thrust systems from rock layers and blocks in the bottom
of mine working;

— the use of continuum mechanics techniques to simulate the plastic flow of
coherent mine rocks into the cavity of mine working from the side of bottom.

The first direction includes the works [101, 102], where attention is focused on
the quasi-brittle fracture and stratification of rocks in the coal-bearing Donbas
stratum, including argillites and siltstones. Therefore, the continuity of bottom
rocks is disturbed, it acquires a block structure and in these conditions the tech-
niques of structural mechanics are more applicable than that of the continuum
medium. This view is opposed by the works [103, 104], where it is stated that
heaving is a rheological process, which is developed for a long time, and the main
factor here is the creeping of deformations in a coherent continuous medium. As
an argument for this understanding of the heaving phenomenon, the mine obser-
vations of upheaving the bottom of mine workings over time are presented. The
earlier engineering and geological surveys of the Donbas rocks [105], where three
forms of behavior of bottom rocks are distinguished, combine these contradictory
representations: plastic flow, brittle fracture and swelling of water-saturated rocks.
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The predominant influence of one of the forms depends on the type of rock and
mining-geological conditions for maintaining the mine working.

To complete the review of concepts of the directions of describing the process
of heaving the bottom rocks of mine workings, it is necessary to single out a
group of researches [98, 99], where a combined approach is used: first, by the
continuum mechanics techniques, the area of limit equilibrium of the massif in the
vicinity of mine working is determined. And then, based on schematic representa-
tions of the loss of stability by the thrust rock system in the bottom, the process of
heaving itself is simulated.

As for the factors provoking the heaving of bottom rocks, one of the founders
of research into this phenomenon [106] in the 20s of the last century distinguished
the following:

— displacement of the mine working contour when unloading an adjacent massif;

— pressing-out the rocks of sides and bottom of mine working under the action
of bearing pressure;

— increase in the volume of water-saturated rocks.

At present, the opinion of a number of specialists has not changed greatly,
taking into account some details of the brittle fracturing the bottom rocks and
forming the thrust systems in it. Of special note is the work [100], in which, based
on the analysis and systematization of information on the 699 Donbas mining
areas, the 34 mining-geological factors and phenomena have been identified.
Based on the correlation-dispersion analysis, the 11 most influential factors were
selected, which are recommended to be taken into account when assessing the
state of the bottom rocks. Such a probabilistic approach deserves attention due to
the generalization of the various mining and geological conditions of Donbas and
a large number of factors, which characterizes a high degree of accuracy. There-
fore, it is considered expedient to take into account in these researches a number
of key indicators, such as: the depth of mining, resistance of bottom rocks to
compression and their thickness; such parameters as the extraction thickness of
the coal seam and its angle of incidence for conditions, for example, in the West-
ern Donbas, are quite constant and their influence can be estimated by the aver-
aged indicators.

12.3. ANALYSIS OF PREDICTION
TECHNIQUES OF THE BOTTOM ROCKS
HEAVING IN MINE WORKINGS

Based on a review of existing concepts about the factors that have a signifi-
cant impact on the process of formation and development of bottom rocks
heaving, it seems necessary to analyze modern techniques for predicting this ge-
omechanical phenomenon in underground mine workings. The main criteria for
assessing a particular technique accuracy is an adequate reflection of mine
observations results of the rock pressure manifestations, structural and techno-
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logical parameters for maintaining mine working and an appropriate application of
the mechanics of deformable solids. From this point of view, the variety of
approaches developed to date has been considered, which are expedient to com-
bine into several groups according to the essence of modeling the process of
heaving of the bottom rocks of mine workings.

The first group of techniques uses the main provisions of the static of the
granular medium, in particular, on the formation and displacement of sliding prism
into the cavity of mine working. A positive feature is an attempt to take into
account the experimentally established relation between the bearing pressure in
the sides of mine working and the pressing-out the bottom rocks. This interrela-
tion is suggested and substantiated by many experts on the basis of various
research techniques, both analytical and modeling on equivalent materials, as
well as indirectly confirmed by mine observations. Therefore, in our opinion, the
prerequisites laid down into the basis of the first group of techniques are a definite
contribution to the discovery of the mechanism for the development of the proc-
ess of the bottom rock heaving in mine workings. Nevertheless, a high degree of
schematic representation and the use of techniques of static of the granular
media predetermine a number of disadvantages in this group of prediction tech-
niques, despite the simplicity and availability of final expressions for assessing the
bottom rocks state.

The first position is a modelling by flowing medium or quasi-flowing medium of
the mine rock massif adjacent to mine working, using such strength characteris-
tics as the angle of internal friction ¢ and adhesion c¢. Of course, the border

massif is exposed to various degrees of weakening and even loosening, but it
only concerns certain rock volumes, while other areas in the vicinity of mine
working are in a partially coherent or completely holistic state. That is, the real
conditions for maintaining mine workings are characterized by the physically
heterogeneous behavior of the surrounding massif and its description within the
framework of any one model is not objective enough. Moreover, there are prob-
lems with determining the parameters ¢ and ¢ at different stages of mine rock

deformation.

The second position — a modelling of the border rocks as a homogeneous me-
dium does not reflect the real laminal structure of the coal-bearing stratum with
essentially different mechanical properties, both between lithological differences
and along the planes of their laminations. Therefore, in order to increase the
accuracy of the prediction one has to use a set of characteristics ¢ and ¢ for

different computational areas, which significantly complicates the task. Hence, the
initial advantage in simplicity and accessibility of the technique is neutralized. In
addition, as a rule, there is not enough information on the parameters ¢ and ¢,

at least on the structure of the coal-bearing stratum adjacent to mine working,
which makes it difficult to assess the bottom rocks state.

The third position is the schematic representation of the processes of rock
prisms displacement into the cavity of mine working. The assumption of flat
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sliding surfaces of border rock volumes of an idealized geometrically regular
shape does not correspond to reality. The introduction of the curvilinear sliding
surfaces into the computational schemes significantly complicates the calcula-
tions, which again reduces the level of the initial simplicity and accessibility of this
group of techniques, along with a sharp restriction of the domain of accurate
process reflection. Attempts to use the techniques of correlation-dispersion analy-
sis of the calculation results lead to a multiple increase in the volumes of calcula-
tions, the awkwardness of the final expressions without eliminating the above
disadvantages.

Based on the above mentioned data, the first group of techniques can only be
considered as a first approximation in assessing the bottom rocks state of mine
workings.

The second group of techniques is based on the concept of the formation in
the bottom of a certain similarity of the thrust rock system in the course of weak-
ening and stratification (of varying degree and depth) of the originally holistic rock
volume of the immediate and main bottom [99, 101, 102]. Displacement of bottom
rocks in mine workings induces a contact loss between its layers, which are de-
formed relatively independently of each other. In this case, the rock layer is repre-
sented in the form of a beam (or plate), pinched (with varying degree of rigidity)
along the sides of mine working. Under the pressure of the underlying layers, the
beam bends into the cavity of mine working with the occurrence of the bending
moment maximums in the central and lateral sections in accordance with the
classical concepts of structural mechanics [15, 16]. In these sections, first of all,
the fractures develop in the areas of horizontal tensile stresses o, action (x —

the horizontal coordinate of the mine working width) and the total moment of re-
sistance to the rock beam bending is decreased by two or more times, depending
on the ratio of deformation moduli of the specified mine rock for tension and com-
pression [107]. Residual resistance to the bending moment is realized only by
means of the compressive stresses o, that create the so-called restoring mo-

ment FJ, as shown in Fig. 12.1, a (F — the resultant thrust force, 6 — the shoul-
der of the force F action). When the maximum o, exceeds the value of resis-

tance to compression O

compr
tion (in the area of compression) will collapse and the rock beam will be divided
into two blocks. A thrust system will be formed, the stability of which is determined
by the ratio of the bending moment from the active forces action (the pressure of
the underlying rock layers) and the restoring moment from the resultant horizontal
forces F action that summarize the stresses o, in the formed so-called quasi-

plastic hinges.

Such representations have certain advantages in comparison with the previ-
ous ones, since they initially consider a continuum medium (homogeneous or
laminal), and the process of its discontinuity (using such a mechanical character-

istic as rock resistance to compression O ) to some extent reflects the phe-

compr

of the rock layer, part of sections under considera-
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nomena observed in practice of preferential swelling of bottom in the central part
of mine working in comparison with the lateral parts. However, there are also sig-
nificant disadvantages caused, in our opinion, by the high degree of schematic
description of the actual process of the bottom rocks heaving.

Firstly, there is some uncertainty in the choice of thickness m" of the bottom
rock layer that can lose stability (according to the scheme in Fig. 12.1, a) and
move into the cavity of mine working. Typically, the value m"* is determined from
the boundary of adjacent planes of bedding or by the surface of mine working bot-
tom, as well as by the boundary of separation between the immediate and main
bottom. Here it is assumed that, within the mine working width, along the contact
of the considered layer surfaces, the adhesion is lost simultaneously in all points,
and the rock layer itself is endured by thickness, that is, the value m* does not
depend on the coordinate X. Such idealization does not fully correspond to the
actual process, since, on the one hand, the disturbance of the contacts of the
considered lithological variety occurs over certain separate areas of the surface of
bedding. On the other hand, the disturbance can primarily develop somewhere
inside of the layer, since both silistones and argillites have an open laminal tex-
ture with very weakened bonds on the contact surfaces. As a result, the probabil-
ity of a partial (in some areas of contact) separation of a rock layer with a stepped
shape of the boundaries and a variable thickness y;(i =1,...,5) across the width of

mine working is high, as shown schematically in Fig. 12.1, b. In this regard, it is
appropriate to recall that the moment of resistance to the rock layer bending is in
a quadratic dependency on its height y;, which determines the significant influ-

ence of the parameter y; on the stability of the bottom rock layer. A similar de-

gree of influence is conditioned by the presence of contact areas of adjacent lay-
ers, where their coherency is not completely disturbed.

Secondly, there is no certainty that the thrust system will only be represented
by two rock blocks across the width of mine working, as shown in Fig. 12.1, a.
Indeed, in the idealized representation of bending a beam (plate) with constant
thickness and having physical homogeneity [15, 16], the maximum of the bending
moment appears in the central and lateral sections, independently from the de-
gree of pinching rigidity on its ends. Therefore, it is assumed that the integrity of
the beam is violated in the mentioned sections and the formation of two rock
blocks occurs. The factors of changing (across the width of mine working) the
height y; of the beam, the non-uniformity of the disturbance of contacts with ad-

jacent layers, the presence of planes of weakening (for example, in the form of
natural fracturing), etc., transform both the curve of bending moment and the co-
ordinates of the most dangerous beam cross sections. This causes the change
not only in the rock blocks length, but also in their quantity (see Fig. 12.1, b),
which is especially important in further assessment of thrust system stability. It is
well known [15] that the stability of hinged beams depends on the quantity of
these hinges (change in the span of a rock block) and with their growth the stabil-
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ity of the thrust rock system in the bottom decreases. Thus, uncertainty arises
when assessing the degree of stability of the thrust system, since the number of
rock blocks composing it is unknown. There is another uncertainty, conditioned by
the degree of opening the fractures (contacts) between blocks in the areas of the
previously acting tensile stresses o, ; the position of the resultant force F; de-
pends on it (Fig. 12.1, b shows an example for the third rock block), as well as its
value, which sets the height of the shoulder §; of the resultant forces F; action
and directly influences the value of the restoring moment in the thrust system. In
addition, with the analyzed ap-
proach, the mechanism of cleav- a
age of the rock prisms in the area mine working width

O

of the blocks contacts in the areas
CTX

of the compressive stresses action Oy
o, is not usually disclosed, when || §
pressure of underlying rock

the resultant forces F, and the
[ Tl T T 1

shoulder o; of their action are

changed in the course of their de-
struction (when o, >0, .). Thus,

compr
according to the factors consid-
ered, the degree of accuracy of the ¥
techniques for predicting the bot-
tom rocks heaving, which are
based on the hypothesis of the x
formation of thrust systems, also
raises doubt.

Thirdly, the forces exciting
bending of an arbitrary layer of the
bottom rocks, which act from the
side of the underlying layers are
very schematically represented
(see Fig. 12.1, a). Here, there are P(x,y)
various variants from a complete
lack of effort o, from the side of

underlying rock layers (due to the Fig. 12.1. Schemes for ass_essing ghe stabi!ity
supposed separation of the inves-  “joie ISt sk Sren i e Pt vk
tigated layer with complete loss of

contact) to a predominantly uniform (across the width of mine working) curve of
vertical rock pressure. Obviously, none of these variants corresponds to the
actual process of interaction between bottom rocks layers in mine workings.
When using the techniques of structural mechanics, it would be necessary to cre-
ate a procedure that takes into account the force interaction of the layers during
the bottom heaving by analogy with the works [107, 108] on layer-by-layer
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lowering of the roof. Then, it would be possible to argue about a certain degree of
a model adequacy to the real process. As regards the curve of loading the rock
beam with the underlying bottom layers, it should be noted here the works [67,
68, 73] on computer modeling of the displacement processes of massif in the vi-
cinity of in-seam working: the obtained curve of complete displacements clearly
shows how the oblique displacement vector in the sides of mine working changes
the direction to horizontal (coordinate X) in the immediate bottom under the
bearings of prop stays of the frame support. But, as the horizontal displacements
move to the central part of the mine working width, they are first transformed into
oblique (into the mine working cavity) and in the middle of mine working they are
in almost transformed into vertical. Thus, a complex curve of loading is observed,
for example, of a layer of immediate bottom, in which not only the uneven load
(from the side of the adjacent bottom areas) occurs, but also the varying vector of
this load, as shown in Fig. 12.1, b.

Summarizing the results of the analysis of the second group of techniques for
predicting the bottom heaving of mine workings, it is necessary to draw a general
conclusion about the high degree of idealization of the real process, the sche-
matic description of which in most positions predetermines a significant error in
assessing the bottom rocks state.

The third group of techniques [99, 109] is based on the basic principles of the
mechanics of deformable solids with the description of SSS of the massif in the
vicinity of mine working as a continuous coherent medium, which enables to
assign this group of techniques to exclusively analytical studies with the following
advantages and disadvantages, inherent in them when predicting the rock pres-
sure manifestations. In this regard, consideration of not the local area of border
rocks, but the general field of stresses and displacements around the mine work-
ing should be regarded as a positive side — the SSS in the roof, sides and bottom
is analyzed with an appropriate assessment of the state of these areas and their
mutual influence. That is, the whole pattern of displacement of the rock massif
enclosing mine working is analyzed as a coherent medium that obeys the condi-
tions of continuity of displacements and deformations. Disadvantages are also
conditioned by the capabilities of the existing mathematical apparatus when
solving the problems of calculating SSS around mine workings, the main ones are
as following.

The first factor is the reflection of the structure of the coal-bearing stratum in
the vicinity of mine workings. As a rule, a homogeneous rock massif is studied
with constant mechanical characteristics in the entire design area, since it is ex-
tremely difficult to describe the actual lamination at least in the form of a division
into lithological varieties (microlamination) using the available mathematical appa-
ratus. This assumption substantially distorts the fields of distribution of stresses
and displacements according to the studies [55, 67, 68, 73], since the strength
and deformation characteristics of the lithotypes constituting the massif differ from
each other up to several times, and in existing normative documents [71, 94], the
accounting of mechanical properties at a distance of up to 20 m from the central
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axis of mine working is compulsory. In addition, studies [55, 67] have revealed
that accounting the discontinuity along the planes of laminations of adjacent
lithological varieties (stratification) cardinally changes not only the stresses distri-
bution curve in the border rocks, but also the value of their displacements into the
mine working cavity. Thus, the idealization of the coal-bearing rock massif struc-
ture used in these techniques cannot be considered satisfactory when describing
the heaving process, since the constructed models are not sufficiently adequate
to the real object.

The second factor is the reflection of the mechanical properties of lithological
varieties composing the coal-bearing stratum. In the analyzed group of predicting
techniques, advantageously either an elastic or elastoplastic problem for calculat-
ing SSS in the vicinity of mine working is being solved. It is well known [50, 74]
that the elastic model of mine rock behavior under load is sufficiently adequate
with values of stresses much lower than the corresponding values of compressive
resistance of the rock, and in weak rocks the linearity of the stress-strain relation
is valid only for relatively low loads. By themselves, the elastic displacements of
border rocks are not of practical interest due to their smallness compared to the
actual values of bottom rocks heaving observed in mine workings, conditioned by
the processes of weakening and loosening the separate volumes of adjacent
massif. Consequently, the elastic model of mine rock behavior does not reflect the
actual state of massif in the area of weakly metamorphosed rocks, which is of
great interest, and it can be used as a starting point in the SSS analysis. The on-
set of the plastic state is usually reflected by the condition of the elementary vol-
ume constancy in accordance with the classical concept of an incompressible
medium. The onset of the limiting state of an elementary volume is established on
the basis of some theory of failure; the lineal envelope of Mohr’s circles is used
most often to simplify the solution. An intermediate parameter in solving this class
of problems is the size of the plastic deformations zone, which is represented by
either a circle or an ellipse depending on the accepted initial stress state of the
massif. In accordance with the classical solutions of elastic-plastic problems,
around mine working of usually a circular shape, the size of inelastic deformations
. (x,y) zone is directly proportional to the value of the bottom rocks heaving,

which, nevertheless, does not reach the values observed in practice. This is con-
ditioned by several reasons for the correspondence of the model to the real object
of research; but, as regards the reflection of the mechanical properties of mine
rocks, one of the reasons is to use the deformation characteristics of the holistic
medium, which do not describe the complete diagram of the rock deformation,
namely, the weakening and loosening stages. In this respect, there are solutions
[74] that take into account the mentioned stages of mine rock deformation, how-
ever, they are not directly aimed at predicting the bottom rocks heaving, and their
sketchiness and high degree of idealization of the process (homogeneous massif,
round shape of mine working, no support, etc.) do not allow to recommend for
practical use.
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It should be noted separately the solutions [109], where the superlimiting stage
of rock deformation is considered using a parameter called ‘the average value of

the relative increase in rock volume 6, in the zone of inelastic deformations’,

which describes in some averaged way the phenomenon of loosening the massif.
These solutions can be called combined, because they combine the classical cal-
culation of the SSS of the elastic-plastic problem with the so-called elastic-plastic
stability scheme of the border massif, which is essentially a scheme for the limit-
ing state of the thrust system formed in the bottom from the loose rock volumes.
Consequently, the disadvantages characteristic of this and the previous group of
techniques are combined. In terms of the accuracy of the mechanical properties
reflection of the massif enclosing mine working, the expediency of averaging the

phenomenon of weakening and loosening by a single parameter Hav is question-

able, since the zone of inelastic deformations has a wide distribution around mine
working (as indicated by the solutions being analyzed — the value r; usually

amounts to 2 — 3 radii of mine working) and in each of its points the superlimiting
state differs from that at neighboring points. Figuratively speaking, the state of the
massif on the outer boundary of the inelastic deformation zone is fundamentally
different from its state on the mine working contour.

The third factor is the reflection of the shape and dimensions of mine working,
its fastening system, the mechanical properties of the materials used and the
structural features of the support elements. As already noted above, the solution
of the plane problem for mine working with a round shape is characteristic for this
group of techniques, because of serious mathematical difficulties in reflecting its
real shape. It is well known that even in a homogeneous massif, the fields of dis-
tribution and displacements of the stresses components for a real shape of mine
working and for a shape of a circle are fundamentally different [67, 73]. And it is
precisely the parameters of the massif's SSS generate the development of the
bottom rocks heaving. The round shape of mine working, together with the as-
sumption of homogeneity of the massif, predetermines the closed and smooth
shape (circle or ellipse) of the inelastic deformations zone (with the distance r;

from the mine working contour). While, the more rigorous solutions [67] indicate
essentially different forms of the inelastic deformations zone and its dimensions,
including discontinuous (local) along the mine working contour. The parameter r;

has been paid close attention due to its decisive influence on the value of the
predicted heaving of bottom rocks in the group of techniques under consideration.
In addition, these techniques do not simulate the support and, accordingly, do not
consider its effect on the processes of heaving — mainly unfastened mine working
is studied and only in some cases a support reaction is introduced, which is uni-
form along the mine working contour, independent of the deformation processes
of the enclosing rocks, and therefore not reflecting the real nature of the interac-
tion between the elements of the “massif — support” system. Modeling of struc-
tural peculiarities of the mine workings support is not considered at all. In this re-
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gard, it should be recalled such phenomenon as the pressing into of the frame
prop stays into soft rocks of the bottom. According to the results of mine observa-
tions [102] and computational experiments [68, 73], the value of pressing the
frame prop stays into can reach several hundreds of millimeters and significantly
affect the sizes of the section loss of mine working and its operational state in
general. In analytical techniques, the reflection of the phenomenon of pressing
the prop stays of frame support into the bottom rocks is practically impossible.

From the above, there is an obvious conclusion about the low description
adequacy of the real conditions of the bottom rocks heaving process in mine
workings when predicting the phenomenon using the third group of techniques.

The ways to increase the accuracy of techniques for predicting the bottom
rocks heaving, as well as other geomechanical phenomena, are seen in the
application of a multifactor computational experiment on the basis of modern
software for calculating the geomechanical systems state; such studies are
combined into a fourth group of techniques. The potential opportunities of the
computational experiment are extremely large, the most widely used finite
element method (FEM) eliminates the majority of disadvantages in the previ-
ously described predicting techniques:

—representation of the real structure of the coal-bearing massif with
modeling the disturbance of contacts between lithological varieties and other
weakening surfaces (for example, fracturing);

— modeling of all stages of the complete diagram of deformation of each
lithological variety composing the investigated geomechanical system;

— a reflection of the actual form of mine working, the structural peculiarities of
its fastening system using mechanical characteristics within the framework of
the elastic-plastic fastening materials behavior.

In this direction, a number of techniques have been developed [99, 109],
which for some factors or another have not fully realized the above advantages
of FEM. So, many solutions are made in an elastic setting, often for mine
workings of round shape, and with most of them without support. Also, the pos-
sibility of reflecting the real geometry of the frames, the cross section of the
SCP special profile, the structural peculiarities of yielding joists, the supporting
plates under the prop stays, the discrete setting of the frames along mine
working (i.e., the solution of the spatial problem), the parameters of the inter-
frame fencing, and the like are have not used. These solutions can be described
as “halved”, since not always the reasonable assumptions and idealizations on
individual positions give in the total significant discrepancies with the practically
observed value of bottom rocks heaving, as the authors themselves sometimes
notice.

Another side of the FEM study is the “discreteness” of the computational
experiment conditions with a certain set of specific parameter values included in
the calculation. To generalize the recommendations for a certain range of
mining-geological and mining-engineering conditions, it is necessary to identify
a set of patterns of each parameter influence, which necessitates conducting
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the large-scale multifactor computational experiments, and then processing the
obtained results by the techniques of correlation-dispersion analysis. This
requires considerable expenditure of time and careful planning of the algorithm
for conducting the research, but in return the degree of the geomechanical
model objectivity and the accuracy of the subsequent predicting the bottom
rocks heaving in mine workings are being increased. This direction for solving
the geomechanical problems seems to be the most promising, taking into
account the need to reflect and generalize the peculiarities of the bottom rocks
heaving of mine workings in, for example, the Western Donbas mines, where
the characteristics of the coal-bearing stratum differ significantly from other
Donbas regions. The technique of generalizing the results of multifactor compu-
tational experiments is expedient to use in combination with a constant com-
parative analysis of data of existing experimental studies of the bottom rocks
heaving manifestations, analytical-experimental and statistical techniques, as
well as recommendations of regulatory documents [71, 94].

12.4. STRUCTURE, PURPOSE AND OBJECTIVES
OF RESEARCH IN THE GEOLOGICAL AND
INDUSTRIAL WESTERN DONBAS REGION

The successful implementation of the chosen direction in the development
of a technique for predicting the bottom rocks heaving in mine workings is
based on the substantiation of the strategy for performing the research, which
is more clearly represented by the structural-logic scheme in Fig. 12.2. It con-
sists of separate blocks and tasks, the relationship of which is subordinated to
a single goal — to create a base for planning science-based technical solutions
for mines in the Western Donbas by monitoring the state of the bottom rocks
on the basis of a technique development for predicting the processes of its
heaving development.

The first group of tasks, combined in block I, is aimed at substantiating and
developing such a geomechanical model of the process of bottom rocks heav-
ing that would most fully reflect the peculiarities of the phenomenon that are
typical for the conditions of maintaining the in-seam workings in the Western
Donbas mines, with the most adequate modeling of the main structural ele-
ments of the fastening system. This formulation has required a very balanced
approach to the choice of research strategy using a set of techniques:

—the basic technique is a multivariate computational experiment using
modern FEM software;

— multivariance and multifactority of calculations are substantiated by
detailed analysis and systematization of structural features and properties of
coal-bearing stratum in the area of in-seam workings, as well as the need for
accurate reflection of the fastening system structural elements;
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— the degree of the results accuracy is tested by means of a comparative
analysis with the data of existing mine studies of bottom rocks heaving in mine
workings of the Western Donbas mines;

— the results of multivariate calculations serve as the initial database for
constructing the regression equations describing the patterns of the develop-
ment of the heaving process.

Purpose is predictive monitoring of the condition of
in-seam workings bedrocks at the Western
Donbas mines

T —

Generalization of
experimental studies of
the process of
workings bottom
heaving

1 :
1 Research sjzrategles > Analysis and
selection

1 systematization

of structure and properties [~

features of coal-bearing
seam

!

Substantiation of the massif behavior geomechanical model
around in-seam working

Multivariate SSS calculations of geomechanical model

Disclosure of the features Establishment of regularities in

of development the connection of heaving value
mechanism of bedrocks

heaving process
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with geomechanical factors I

I

Prediction method of the bedrocks heaving manifestation
m the in-seam working of the Western Donbas mines

Fig. 12.2. Structural-logic scheme for the research purpose realization
at the Western Donbas mines

The final result of the block | research is a comprehensive substantiation of the
geomechanical model of behavior of the soft rocks laminal massif around in-seam
working.

Block Il includes a range of tasks to create a database for the development of
a technique for predicting the bottom rocks heaving in in-seam working at the
Western Donbas mines:
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— compiling a set of variants for the values of the initial model parameters to
comprehensively reflect the geomechanical conditions for maintaining the
in-seam workings;

— conducting the multivariate SSS calculations of the massif (based on the
computational experiments results) and the disclosure of the mechanism of the
process of the bottom rocks heaving, depending on the structure and properties
of the coal-bearing massif;

— the establishment of patterns of connection between the value of the bottom
rocks heaving and the geomechanical parameters of maintaining the mine
working and their separation according to the nature of the process development.

The last of the block Il tasks is the final research result and is directly related
to the ultimate goal — to develop a technique for predicting the bottom rocks
heaving at the Western Donbas mines (see Fig. 12.2), which should be com-
pleted as an independent document that allows an early assessment of the bot-
tom rocks state over the entire period of mine working under the changing mining-
geological situation. In addition, the achieved commonality of decisions and
recommendations makes it possible to monitor the manifestations of the bottom
rocks heaving in a wide range of mining-geological conditions at the Western
Donbas mines, which contributes to the timely planning and implementation of
scientifically based measures to neutralize the negative consequences of this
geomechanical phenomenon.



Chapter lll. RESEARCH INTO HEAVING OF MINE WORKINGS BOTTOM 169
WHEN MINING THE FLAT-LYING SEAMS OF THE WESTERN DONBAS

13. CONSTRUCTION OF GEOMECHANICAL
MODEL OF THE “MASSIF — IN-SEAM WORKING”
SYSTEM

13.1. STRUCTURE OF ADJACENT COAL-BEARING
ROCK STRATUM OF THE MINED-OUT COAL SEAMS
OF THE WESTERN DONBAS

13.1.1. GENERAL PROVISIONS

A substantiated and adequate to real conditions modeling of the structure and
properties of the coal-bearing massif in the vicinity of mine working is a basis for
obtaining accurate results for assessing the state of the “massif — in-seam work-
ing” system.

According to large-scale geological surveys of the past century, the Donbas coal
deposits are mainly represented by terrigenous rocks — sandstone, siltstone and
argillite, among which coal seams and limestone layers are enclosed in the form of
thin layers. The terrigenous rocks in the coal-bearing stratum compose 90 — 95%, in
some series argillites and siltstones are sharply predominant, which compose up to
80%. Carbonate rocks are mainly represented by limestones, which among coal-
bearing deposits of the Donbas play a subordinate role, amounting to 0.2 — 5% in
the sections of separate series. Coals and carbonaceous-argillaceous rocks usually
make up 0.5 — 2% of the total series thickness. From the above data follows a suffi-
cient objectivity of modeling the coal-bearing stratum, consisting of coal seams and
rock layers of argillite, siltstone and sandstone.

The coal-bearing deposits of the Western Donbas correspond to general pat-
terns, but when reflecting the structure of the coal-bearing massif of the model, the
question arises first of all of the dimensions (in height) of the simulated stratigraphic
column. In other words, what height into the roof and how deep into the bottom of
the coal seam, and most importantly — what structure of the coal-bearing rock stra-
tum is viable to model? Here one should also turn to the extensive and long-lasting
(half a century as minimum) studies of the last century, which unambiguously con-
firm that outside the zone of the stope works influence, the stability of in-seam work-
ing is determined by the state of adjacent rocks of the roof and bottom: analytical
and experimental studies show that the SSS perturbations extend to a height
(depth) of 10 — 15 m; in industry normative documents, this area is limited from one
and a half widths of mine working when drifting to a distance of 20 m from its central
part, which correlates well with analytical and experimental studies. Finally, the de-
cision on the rational coal-bearing massif model dimensions will be made based on
the results of the forthcoming test calculations. But at the stage of its construction
(as a first approximation) the maximum dimensions (15 m in the roof and bottom
and 10 m on each side in the sides) are accepted and for them, an analysis of an
adjacent coal-bearing massive structure of coal seams of the Western Donbas has
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been made, the most characteristic parameters of which are reflected in the com-
puter model.

A number of researchers [102, 110] agree, that the development of rock heaving
in mine working is influenced not only by the mechanical rocks properties, but also
the structure (thickness ratio) of the adjacent rock layers of the bottom. In addition,
many experts believe that the heaving intensity also depends on the thickness and
properties of rocks in the immediate roof and adjacent layers of the main roof in in-
seam working; certain patterns of this connection for the Western Donbas are pre-
sented in [111]. Thus, it is necessary to analyze the information on the most accu-
rate variants of the roof and bottom rocks structure to a depth of up to a maximum
of 15 m (in details up to 10 m). Such studies for the Western Donbas were con-
ducted on the basis of processing information on 553 geological exploration wells of
the Pavlohrad-Petropavlivsk region and are particularized in [110]. Our task is to
develop, based on the data [110], the variants of the most characteristic structures
of the rock layers of the roof and bottom adjacent to the coal seams, which will be
adopted for modeling the SSS of the “massif — in-seam working” system.

13.1.2. LITHOTYPE AND THICKNESS
OF ADJACENT ROOF ROCK LAYERS
OF COAL SEAMS

The lithological composition of the rocks of the immediate and adjacent main
roof of the mined coal seams of the Western Donbas is not very diversified and
according to the studies of [110] is represented by the following varieties:

— immediate roof: argillite — 52%, siltstone — 36%, sandstone — 12%;

— main roof: siltstone — 45%, argillite — 33%, sandstone — 22%.

The probability of occurrence of one or another lithological variety in the main
roof of the coal seam is not stable and depends in some degree on the lithotype
of the immediate roof rocks, which will be considered when modeling the proper-
ties of the in-seam working roof rocks.

For analyzing the thicknesses m; of the immediate and main roof rock layers,

a breakdown into the following intervals was proposed [110]:

— immediate roof: less than 1 m, from 1 to 2 m and from 2 to 4 m;

— main roof: less than 4 m, from 4 to 8 m and more than 8 m.

Thus, the total thickness of the prospected roof layers completely reflects the
possible height of the SSS perturbations in the roof caused by conducting mine
working. The probability distribution of the rocks structure of the immediate and
adjacent main roof is as follows:

— immediate roof: less than 1 m — 25%, from 1 to 2 m — 31%, from 2 to 4 m — 44%;

— main roof: less than 4 m — 26%, from 4 to 8 m — 41%, more than 8 m — 33%.

In addition, a harmonic law of a change in the roof rock layers’ thicknesses has
been established [110], with the removal from the coal seam, which is character-
ized by a period that is a multiple of two layers. This means an increased prob-
ability of such combinations:
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— reduced thickness of the first and third layers with increased thickness of the
second and fourth;

— increased thickness of the first and third layers with reduced thickness of the
second and fourth. But, as the distance from the coal seam increases, the har-
monic law of the thickness fluctuations of adjacent layers fades.

Based on the available material sample, the variants have been constructed
(Table 13.1) of the structure of adjacent roof rocks, which simultaneously satisfy the
harmonic character of changing the layers’ thicknesses throughout the roof height
and the probability of thickness distribution within a single layer. In addition, the set
of variants should ensure sufficient reliability of the subsequent correlation-
dispersion analysis.

Table 13.1

VARIANTS FOR THE STRUCTURE OF ADJACENT ROCK LAYERS OF THE ROOF

g m m m m g m m m m Y m m m m
1 0.5 1.5 3 8 8 1.5 1.5 8 4 15 2 1 6 4
2 0.5 2 4 4 9 1.5 0.5 4 8 16 2 6 2 6
3 0.5 3 2 6 10 | 1.5 8 1.5 2 17 3 0.5 6 3
4 1 3 2 8 11 1.5 4 4 4 18 3 3 3 3
5 1 1 8 2 12 2 4 4 2 19 3 2 4 6
6 1 2 4 6 13 2 1 6 3 20 4 2 8 2
7 1 4 1 4 14 2 2 2 8 21 4 8 1 2

Table 13.1 shows the possibility of dividing: the immediate roof — into two rock
layers, where lower is often a ramble; the adjacent main roof — into two or three
rock layers, which is often found in the structure of the coal-bearing rocks stratum of
the Western Donbas.

Also, in Table 13.1, the designation of the roof rocks thickness m/ with the

numbering of layers (i =1, 2, 3, 4), starting from the coal seam are introduced.

13.1.3. STRUCTURE AND THICKNESS
OF MINED COAL SEAMS

To simulate the most accurate structure of the coal seam, the structure of all
the mined seams in the Western Donbas has been analyzed on the basis of pro-
cessing the data of the works [112, 113], which are summarized in Table 13.2.

The analysis of the coal seams structure was carried out in three directions:

— the probability of distributing the total thickness of the seams to identify the
most characteristic interval of its change;

— thickness and lithotype of interlayers in the seams with complex structure;

— probability of distributing the thickness coal bands and their number in
seams with complex structure.
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Table 13.2

PARAMETERS OF COAL SEAMS DEVELOPED AT THE WESTERN DONBAS MINES

Ind Total thickness, m Structure of the seam
Mine or; tﬁ; range of upper (mid- lower [thickness of| lithotype
seam chagnge medium dle) coal coal rock inter- | of rock

band, m band, m | layers, m |[interlayers
C! | 070-1.01 | 086 - - - -

Ternivska C, | 084 -115| 1.00 - - - -

Cgl 1.59-1.69 1.64 0.75-0.85 | 0.80-0.87/0.02-0.03 | Argillite
Cs 0.96-1.00 | 0.98 - - - -

Yuvileina 1
¢l | o073-086 | 080 | 0.13-0.18 [0.58-0.660.02—0.03 | Argilite
Ce | 075-1.00| 088 - - - -
Stepova
¢! | 055-074 | 065 | 0.02-008 |0.47—0.640.03—0.04 |S2NdStoNe
6 Argillite
Cs | 085-119 | 1.02 _ _ _ _
Pavlohradska
Ce | 095-126 | 1.11 - _ - -
¢ | 081-093 | 087 Z _ Z -
Samarska C, | 079-092 | 086 - _ Z -
Cs | 091-1.10 | 1.01 - _ _ -
Co | 102-102 | 102 - _ - -
Heroiv C* | 080-100| 090 | 0.60-1.00 |0.00-0.260.00-0.02| Kaolin
Kosmosu 0.06-0.13 002-004
Cii | 080-084 | 082 | 000”075 |037-042 005 00s| Kaolin

Cé 0.74-0.86| 0.80 0.07-0.12 | 0.63-10.710.02 — 0.03 |Sandstone
Dniprovska C; 0.70-1.17| 0.94 0.02-0.82 | 0.00-0.840.00-0.26 | Argillite
Ch 1.05-1.25| 1.15 - - - -

C/ | 097-1.05| 1.01 | 0.13-0.14 | 0.77 - 0.8]0.03 - 0.03 |Sandstone
C¢ | 056-0.67| 0.62 - - - -

CY | 075-075| 0.75 - - - -

Cs | 093-1.05| 099 | 0.084-1.05 -  [0.00-0.14 | Coal slate
M.I. Stashkova| Ces | 0.60-0.86 | 0.73 | 0.52-0.86 |0.00-0.220.00-0.10 | Argilite
G | 1.05-1.10 | 1.08 - - - -

Cy 0.90-1.22| 1.06 0.00-0.37 |0.45-1.02| 0.00-0.28 | Argillite
Cs 1.10-1.27 1.19 - - - -

Zakhidno-
Donbaska

Blahodatna

The total thickness of coal seams mined in the Western Donbas varies from
0.56 to 5.54 ft, and its average values (for each seam within a certain mine field)
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have an interval of 0.62 m< m® <1.64 m. To assess the most characteristic range
of the total thickness fluctuations of coal seams, the intervals have been distin-
guished according to the existing classification: less than 0.7 m, from 0.7 to 1.2 m
and more than 1.2 m.

The probability of distribution of the total thickness of coal seams mined in the
Western Donbas is the following: very thin — 7%, thin — 89% and layers with
medium thickness — 4%. Thus, modeling of only thin layers (in the interval
0.7 m<m<1.2 m) is represented as quite substantiated, within which more

narrow interval 0.8 m<m‘ <1.1 m is the most probable (83%). This is taken into
account in the compilation of variants for calculating the SSS of the “massif — in-
seam working” system.

The second direction of analysis, concerning the lithotype and rock interlayers
thickness in coal seams with a complex structure, provides the following results.
The number of seams with a complex structure is up to 37% in the total number of
mined coal seams. Mainly (77%), the rock interlayers are represented by soft rocks
(argillite — 54%, kaolin — 18% and carbonaceous-argillaceous shale — 5%) and to a
lesser extent (23%) — by sandstones. The rock interlayers of sandstone are very
consistent in thickness in the range from 0.02 to 0.04 m with a sufficiently stable
average value of 0.03 m (67%). Obviously, an interlayer of sandstone with a such
low thickness will be weakened (in the zones of high rock pressure) simultane-
ously with the coal seam disintegration since their strength properties are close to
each other, and the increased deformation characteristics of the sandstone cause
the formation of an increased load on it. Soft rock interlayers are not stresses con-
centrators due to their reduced deformation characteristics (at one level with a
coal seam). Presumably, the influence of the interlayer will depend on its thick-
ness, which varies from 0 to 0.28 m. The main range of fluctuations of the rock
interlayer thickness from 0.02 to 0.04 m occurs in 73% of cases, and in other con-
ditions of increased rock interlayer thickness, it is not constant within the mine
field, but stably degenerates until complete disappearance. From the analysis
results it follows that the most objective will be modeling in the test calculations of
the most probable rock interlayer thickness of 0.03 m, represented by argillite.

As for the third direction of analysis, the coal seams with a complex structure,
mined in the Western Donbas, are characterized by 91% with double coal band
structure. The exception is the seam Cj; within the “Heroiv Kosmosu” Mine field,

where the upper coal band has a thickness of just from 0.06 to 0.13 m with an un-
derlying interlayer of kaolin with a thickness from 0.02 to 0.4 m with deformation
characteristics close to coal characteristics. In the remaining coal seams with a
complex structure, the thickness of the upper coal bands varies from 0.00 to 1.05
m, of the lower ones — from 0.00 to 1.02 m. And there is no distinct prevailing range
of thickness changes of the upper and lower coal bands. Therefore, the decision
has been made to distribute the rock interlayer into three variants — in the upper,
middle and lower parts of the coal seam and, based on the test calculations of the
SSS of “massif — in-seam working” system, to finally form the coal seam model.
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Based on the results of the structure analysis of coal seams being mined at
the Western Donbas mines, it is considered expedient for previous test calcula-
tions to form the following variants of coal seam structures:

— a simple structure with a thickness of 0.7, 1.0 and 1.2 m;

— a complex structure with a constant total thickness of 1.0 m, a rock interlayer
of argillite with a thickness of 0.03 m and three variants of its location (lower surface
of an interlayer relative to the seam bottom): 0.30, 0.50 and 0.70 m.

As a result of subsequent test calculations of the system’s SSS, the structure of
the coal seam will be finally substantiated to study the rock pressure manifestations in
in-seam workings of the Western Donbas mines.

13.1.4. LITHOTYPE AND THICKNESS
OF ADJACENT ROCK LAYERS OF THE
COAL SEAM BOTTOM

The rocks of the bottom of the coal seams developed in the Western Donbas
are represented mainly by the same terrigenous rocks as the roof — argillite, silt-
stones and sandstones. The structure of the bottom rocks, of interest to us, up to
a depth of 10 — 15 m includes, as a rule, no more than four layers, which have
been studied in detail in the work [110]. The common pattern of the periodic
change (similar to the roof of the coal seam) of the lithologic composition with
increasing of distance from the bottom of a seam has been determined. This is
represented by the fact that the increased probability of argillites occurrence is
observed in the odd rock layers (the first and the third), and the harder siltstone
and sandstone are in the even-numbered rock layers. More specifically, the
following probability of lithotypes distribution has been revealed [110] for four ad-
jacent rock layers of the bottom, which should be taken into account when model-
ing the variants of bottom rocks structures of in-seam working:

— the first rock layer: argillite — 76%, siltstone — 15%, sandstone — 8%;

— the second rock layer: siltstone — 54%, sandstone — 23%, argillite — 13%;

— the third rock layer: argillite — 46%, siltstone — 21%, sandstone — 15%;

— the fourth rock layer: siltstone — 45%, argillite — 23%, sandstone — 21%.

This specified lithological composition of the bottom rocks substantiates the
expediency of forming the following modeling positions:

— the first rock layer is composed of 91% argillite and siltstone, which can be
characterized as soft rocks prone to slaking with very evident rheological proper-
ties; therefore, in the future, the first layer of bottom should be modeled with
reduced strength and deformation properties;

— the second rock layer is composed of 90% siltstone, sandstone and argillite,
which at an average have higher strength and deformation characteristics. This is
facilitated by the increased probability of a harder sandstone occurrence and the
fact that, when removed from the coal seam, the mechanical characteristics of the
softest argillite, as a rule, increases; weakening factors of humidification and
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rheology act less intensively because of the increased probability of the sand-
stone occurrence and a reduced probability of the argillite occurrence;

— the third rock layer is represented by terrigenous rocks by 82% and the
increased probability of the argillite occurrence predetermines a decrease in the
mechanical characteristics according to the above factors; but the probability
of the argillite occurrence is much less than in the first layer, and for this reason
the third layer occupies an intermediate position by the average properties
between the first and second layers;

— the fourth rock layer of the bottom is composed of 89% terrigenous rocks,
the probability of occurrence of each of the lithotypes is somewhat leveled, and in
terms of mechanical properties, the fourth layer is similar to the second one.

Describing in general the lithologic composition of adjacent bottom rocks, it
should be noted two conclusions. Firstly, the modeling of only terrigenous rocks is
substantiated, since the probability of their occurrence is from 82% (third layer) to
91% (the first layer without sandstone — 8%). Secondly, the coal interlayers (the
second layer — 10%, the third — 18%, the fourth — 11%) by their strength charac-
teristics occupy an intermediate value between siltstone and sandstone, and by
deformation properties — between argillite and siltstone; therefore, they do not
make a significant heterogeneity in the nature of mechanical characteristics distri-
bution of the bottom rocks, and their accounting when calculating the SSS of the
“‘massif — in-seam working” system will bring the adequacy of modeling the
second, third and fourth bottom layers to 100%.

The next step is to assess the most probable variants of the adjacent bottom
rocks structure on the basis of a data analysis of the work [110], where it is pro-
posed to split the entire range of variation in the thicknesses of the rock layers
into five intervals: less than 1 m, from 1 to 2 m, from 2.1 to 4 m, from 4.1 to 6 m
and more than 6 m. The probability of their occurrence in each of the four studied
rock layers of the bottom was determined by these intervals (Table 13.3).

Table 13.3
DISTRIBUTION BY THE THICKNESS OF ADJACENT ROCK LAYERS
OF THE COAL SEAM BOTTOM
Thickness of a layer, m
Number of a layer 1< 12 51-4 21-6 >6
m 43% 25% 21% 9% 2%
my 16% 32% 27% 14% 11%
my 22% 29% 24% 10% 15%
my 20% 26% 28% 11% 15%

Table 13.3 introduces the designations of the bottom rocks thickness m with

the numbering of layers (i =1, 2, 3, 4), starting from the coal seam.
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From Table 13.3 it follows that if to consider when modeling the first four inter-
vals of variation m" (from less than 1 m to 4.1 — 6 m), a very significant range of

variation in the thickness of adjacent bottom rocks of the coal seam will be covered:
the first rock layer is 98%, the second rock layer — 89%, the third and fourth rock
layers — 85%. Such a solution provides a high degree of accuracy in the modeling
of the bottom rocks structure of the coal seam. The second principle of selecting the
structure variants is in reflection of the probability of the particular interval distribu-
tion of m variation for each particular layer of bottom rocks. The third principle of

improving the modeling accuracy is the inclusion of coal interlayers into the variants
of changing the thickness of the second, third and fourth rock layers of the bottom —
then, in these layers the lithotype of the bottom rocks will be reflected 100%.

In addition to ensuring a high adequacy of the models structure to the real ob-
ject, it is necessary to find a compromise in the multivariate combinations of
thicknesses of the adjacent rock layers of the bottom:

—on the one hand, it is required to provide an opportunity to identify the pat-
terns of the thicknesses m;" influence of adjacent rock layers of the bottom on the

SSS of the “massif — in-seam working” system;

—on the other hand, a certain limitedness of the calculation variants is neces-
sary to provide a “reasonable” time frames for conducting the calculation experi-
ment and the subsequent analysis of its results.

The formulated principles have become the basis for drawing up the variants of
the bottom rocks structure of the coal seam, adopted for the SSS study (Table 13.4).

Table 13.4

THICKNESSES miR VARIANTS OF ADJACENT LITHOLOGICAL

VARIETIES IN THE BOTTOM OF THE COAL SEAM
E mt, | mi, | mf, | my, E mt, | my, | m, | my, E; A I T )
S m|m|m|m/|[Z|m m m m g mMm|im m
110515 2 5 11| 1 3 |15 3 [21] 2 4 105115
2 105 | 2 4 2 |12] 1 4 2 2 |22 3 (05| 4 1
3 /05| 3 [15] 4 [13] 1 6 [ 15 |15 23| 3 1 1 4
4 105 4 6 |[05|14[15]05 | 5 4 124 3 3 3 3
5105 5 3 1 [156]15 |15 |15 | 4 [ 25| 4 [05] 2 2
6 105 6 1 |05|16(15| 3 |05 | 3 [ 26| 4 |15]| 3 |05
7 ({0505 1 6 (1715 ] 5 1 15 127 | 4 1 1 4
8 1 105] 3 5 [18] 2 |05 | 4 2 | 28] 5 1 15| 1
9 1 1 1 6 [19] 2 2 2 2 29| 5 4 4 105
10| 1 2 |05] 6 |20 2 (15| 5 |15]30| 6 15| 6 1

The final moment when substantiating the structure of an adjacent coal-
bearing stratum is the establishment of the most probable conditions for contact
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of adjacent lithological varieties along the planes of laminations. It is known
[102, 110] that the coherence of lithological varieties in the coal-bearing stratum
is characterized as weak, especially in the conditions of the Western Donbas.
Mining operations induce perturbations in the initial field of the massif SSS,
which leads to deformation of the rock layers (in the vicinity of mine workings)
and their shifts, including in the horizontal direction. Thus, there is a high prob-
ability of coherence disruption between lithological varieties near mine workings,
and it is generally known that deformed rock layers with abnormal contacts in-
tensify the rock pressure manifestations. Therefore, at the stage of preliminary
testing the models of the “massif — in-seam working” system, a research has
been performed comparing the adhesion forces and the value of shearing
stresses over the contact surfaces of layers near mine working, on the basis of
which an adequate character of coherence of the lithological varieties along the
planes of laminations was modeled.

13.2. MODELING THE SOFT MINE ROCKS
DEFORMATION IN THE VICINITY OF
IN-SEAM WORKING

Having assessed the structure of the adjacent coal-bearing stratum of coal
seams being mined in the Western Donbas, the most characteristic mechanical
properties for the region should be set for each lithotype. The determining factors
of this task are:

— lithotypes distribution of terrigenous rocks over the layers of the adjacent
roof and the bottom of the coal seam;

— the choice of the most adequate model of rock deformation: elastic, elastic-
plastic, limiting and superlimiting state;

— setting the ranges of changes in the mechanical properties of argillites, silt-
stones, sandstones, and coals, characteristic of the Western Donbas, within the
chosen model of lithotypes behavioral within coal-bearing stratum.

The first factor concerning the lithotypes distribution is partly described in
§13.1, which is expanded in terms of substantiating the ranges of change in the
rock layers’ hardness with increasing distance from the coal seam. Here, the data
are used of direct geological surveys on a number of mine fields, as well as stud-
ies [102, 113], the analysis of which allowed to formulate the following provisions:

—the coal seams mined in the Western Donbas have a fairly narrow range of

hardness changes — uniaxial compressive strength of coal consists o, —=30-—

compr
40 MPg;
— the rocks of the immediate roof are represented predominantly (88%) by soft
argillite and siltstones, for which the most adequate interval for changing the com-

pressive resistance is 5< acron " <20 MPag;
1

p
—in the main roof, siltstones are prevailing (45%), which together with sand-
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stones (22%) slightly increase (at an average) the strength characteristics; how-
ever, due to the occurrence of soft argillites (33%), the most objective interval of

change in the compressive resistance will be 10 < a{fompr‘ <40 MPa;

— the first rock layer of the bottom is represented by 76% soft argillite, which
together with soft siltstone (15%) causes its low compressive resistance and the
most adequately reflecting interval is 520 MPa;

— the second, third, and fourth rock layers of the bottom are characterized by a
decrease in the probability of the soft argillite occurrence (13 — 46%) and an in-
crease in the probability of composition by harder sandstones and coal interlayers
(32 — 33%), which is accompanied by an increase (at an average) in strength
properties with the most expedient interval change in the compressive resistance

10 <ok <40 MPa.
compr2’3’4

The formed intervals of change in the compressive resistance of adjacent rocks
of the coal-bearing stratum unambiguously indicate a high probability of forming
the areas of the limiting and superlimiting state in the vicinity of in-seam working
with the corresponding depth of its location. Therefore, the study of the second
factor is significant — the substantiation of the model of the soft rocks behavior in
the Western Donbas.

The half-century history of studies of various mine rocks lithotypes deformation,
conducted both in Ukraine and abroad, has led to a fairly unambiguous
interpretation of the rock behavior under load. Typically, a graphical illustration of
mine rock deformation is given for uniaxial loading [74, 114], and the parameters of
the diagram in the coordinates “stress o] — relative deformation ¢, ” are considered

to be the main rock characteristics, which are used for studies of three-dimensional
SSS in conjunction with a theory of

Ao mine rock strength. The line de-
eompr E =g = Zeomr. scribing the state of the rock in the
:A o coordinates “o1—¢;” from the be-

M =ighy == ginning of the sample loading to its

complete destruction is usually
called the total deformation dia-
B gram. Most experts consider that
the reflection of the real diagram of
the rock behavior by means of

rel
Ocompr

oy

0 Eq4 €8

three linear sections is quite ade-

Fig. 13.1. Approximation of the complete quate (Fig. 13.1 ): 04 - stage of
diagram for mine rock deformation: . . . .

OA - the prelimiting state; AB — the stage of elastic-plastic deformation (prelimit-

weakening; BC - the stage of fragmentation ing state); point 4 — is the limiting

state under uniaxial compression;
AB — is the area of reduction of compressive resistance of the rock (the stage of
weakening); BC — an area of the so-called “ruinous” destruction of the rock, ac-
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companied by its increase in volume (the stage of fragmentation). The piecewise
line approximation of the complete deformation diagram is characterized by four
parameters: the deformation module E , defined as the quotient of the compressive

resistance division o,,,,,. by the value of elastic-plastic deformation ¢, accumu-

lated before the beginning of the rock destruction; the uniaxial compressive strength

dcompr Of the rock, characterizing the beginning of its limiting state; the decreasing

module M , defined as the quotient from division of value (o, faggfnpr) by the

value of the relative deformation ¢5 of the beginning of the rock fragmentation after

rel

deformation ¢,; residual strength o,  of the destroyed rock, which is slightly

dependent on the value of deformation at the stage of fragmentation, that is, the
increase of the rock in volume. Usually, the superlimiting stage of rock deformation

rel
compr

is characterized by relative indicators: — the relative residual strength and

O compr

% — the relative module of decreasing, which are used in further studies.

Another peculiarity of the soft rocks of the Western Donbas is their tendency to
creeping, expressed in very long processes of development of rock pressure
manifestations in underground mine workings. The most striking rheological prop-
erties are observed in argillites and siltstones, to a lesser extent — in sandstones
and coal. Therefore, to increase the adequacy of modeling the geomechanical
processes in the vicinity of in-seam workings, the rheological formulation of prob-
lem has been analyzed with account of the time factor.

In many modern computer programs, the rheological model of the body is de-
scribed by a generalized creep equation of the form

81 :€e+C10'1C2tC3 y (21)

where ¢, — the elastic component of the relative deformation; for the approxima-
tion used (see Fig. 13.1) ¢, =¢,; ¢t — the time of loading the rock sample; C;, C,
and C; — the coefficients of approximation of the real creep diagram obtained

experimentally.

The form of equation (13.1) is different from the approximation of M.l. Rozovskyi
widely used for rocks and the equation of hereditary plasticity of Yu.M. Rabotnov.
However, by selecting the coefficients C; and Cj, it is possible to describe quite

accurately the experimental diagram of a particular rock lithotype creeping accord-
ing to the corresponding Fisher similarity criteria.

Thus, an attempt was made to simulate the main peculiarities of the laminal
massif behavior of soft rocks in the vicinity of in-seam working.

The third component of the problem is in selecting the most adequate ranges of
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changing the mechanical characteristics of the Western Donbas rocks and con-
structing the necessary quantity of variants for mechanical properties combinations
of the adjacent coal-bearing strata to assess accurately. All the variety of variants is
divided into three positions: coal seam, rock layers of the roof and bottom.

For coal seams, the characteristics of prelimiting state are sufficiently stable:

ol =30-40 MPa, E° =(0.30 — 0.35)-104 MPa; the characteristics of superlim-

compr
iting state have been studied to a much lesser extent, but, taking into account the
results of certain experiments and the increased brittleness of coal, it is possible to

c rel
(acompr )

O compr

=0.05-0.10; M—=2—3.
EC

assess the variation intervals in this way:
Three variants (Table 13.5) of the mechanical coal characteristics have been con-
structed according to these intervals, which were used for the preliminary testing
of the model “massif — in-seam working” system.

The adjacent rock layers of the roof and the bottoms of the coal seam are repre-
sented by the same lithological varieties, so the ranges of fluctuations of mechanical
characteristics will be the same for the roof and bottom. Analysis of the data from a
large number of tests of the rock samples made it possible to determine the most
adequate intervals for changing the mechanical characteristics of the prelimiting and
superlimiting state of terrigenous rocks of the Western Donbas (Table 13.6).

Table 13.5
VARIANTS OF THE COAL SEAM MECHANICAL CHARACTERISTICS
Mechanical characteristics
Variants ¢ re
I Ocompr » MPa E°-10* , MPa (o'f-ompr) ]/Ugompr M*/E*
1 30 0.30 0.10 2.0
2 40 0.35 0.05 3.0
3 35 0.33 0.08 2.5
Table 13.6

RANGES OF CHANGING MECHANICAL CHARACTERISTICS OF COAL-BEARING ROCKS

Mechanical characteristics
Type Of rOCk O-cc'ompr ’ MPa EL‘ ]04 y MPa O{ginpr /0-60171}71‘ M / E
Argillite 5-25 0.2-1.0 0.10 — 0.25 05-17
Siltstone 10-35 04-1.5 0.08 - 0.20 1.0-3.0
Sandstone 30-45 0.8-2.0 0.05-0.15 2.0-5.0

Variants of the mechanical characteristics combination in the roof and bottom
(Tables 13.7 and 13.8), intended for calculating the SSS of the “massif — in-seam
working” system, in addition to involving the main range of variation, correspond to
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the probability of the lithotypes distribution along the adjacent rock layers an provide
the possibility of subsequent correlation-dispersive analysis.

Table 13.7
VARIANTS OF MECHANICAL CHARACTERISTICS OF ADJACENT ROCK LAYERS
OF THE COAL SEAM ROOF
Rock layers of the roof
£ First Second
g rel rel
;E O-::umpr] s Elr -1 04, (GZOmpr] ) er O-Ly‘omprz > Eﬁ 1 04’ (O-‘r'omp’Z ) M£
MPa | MPa Lo Ef MPa MPa lopmpr E;
1 5 0.3 0.2 0.5 5 0.3 0.2 0.5
2 5 0.6 0.15 1 10 0.6 0.15 1
3 5 0.3 0.25 0.5 40 2 0.15 2
4 10 0.6 0.2 1 10 0.6 0.2 1
5 10 0.6 0.2 1 20 1 0.15 2
6 10 0.6 0.2 1.5 30 1.5 0.1 3
7 10 0.3 0.25 0.5 5 0.3 0.25 0.5
8 10 0.6 0.2 1 10 0.6 0.2 1
9 20 1 0.15 2 5 0.3 0.2 0.5
10 20 1 0.15 1.5 10 0.6 0.2 1
11 20 1 0.15 2 20 1 0.15 2
12 30 1 0.05 3 10 0.6 0.2 1
13 30 1.5 0.1 3 20 1 0.15 2
14 40 2 0.05 5 40 2 0.05 5
Continuation Table 13.7
Rock layers of the roof
‘UE) Third Fourth
@© rel rel
(>‘e Crompry» |5 -10%,, (Uiomm ) MY | Olomprar | Ej-10°, (Gﬁomm) My
MPa | MPa oo E3 MPa MPa Clrompry Ej
1 10 0.6 0.15 1.5 10 0.6 0.15 1.5
2 20 1 0.1 2 40 2 0.05 5
3 10 0.6 0.2 1 20 1 0.15 1.5
4 30 1.5 0.1 3 30 1.5 0.1 3
5 20 0.6 0.2 1.5 10 0.3 0.25 0.5
6 40 2 0.05 5 10 0.6 0.15 2
7 30 1 0.15 3 30 1 0.10 3
8 10 0.6 0.2 1 10 0.6 0.2 1
9 20 1 0.15 2 20 0.6 0.15 1
10 30 1.5 0.15 3 20 1 0.15 2
11 20 1 0.15 2 20 1 0.15 2
12 10 0.6 0.15 1.5 40 2 0.05 3
13 10 0.6 0.2 1 10 0.3 0.2 0.5
14 40 2 0.05 5 40 2 0.05 5
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Table 13.8
VARIANTS OF MECHANICAL CHARACTERISTICS OF ADJACENT ROCK LAYERS
OF THE COAL SEAM BOTTOM
Rock layers of the bottom

g First Second
(] rel rel

MPa | MPa O Ef MPa MPa O Ef
1 5 0.3 0.2 0.5 10 0.6 0.15 2
2 5 0.3 0.25 0.5 20 1.5 0.1 3
3 5 0.6 0.15 1 20 1 0.15 2
4 5 0.3 0.2 0.5 10 0.6 0.15 2
5 5 0.3 0.25 0.5 40 2 0.05 5
6 5 0.3 0.2 0.5 40 2 0.1 3
7 10 0.6 0.15 1 10 0.6 0.15 1
8 10 0.3 0.2 0.5 10 0.6 0.15 1
9 10 0.3 0.2 1 10 0.3 0.2 1
10 10 0.6 0.15 1.5 20 1 0.15 2
11 10 1 0.15 1.5 20 1.5 0.15 3
12 10 0.3 0.25 0.5 40 2 0.05 5
13 10 0.6 0.15 1 40 1.5 0.1 3
14 20 1 0.15 2 40 2 0.1 3
15 20 1.5 0.1 3 10 0.3 0.25 0,5
16 20 1 0.2 1 40 2 0.1 3
17 20 1 0.15 1 10 1 0.15 1
18 20 1 0.2 1 40 2 0.1 3

Continuation Table 13.8
Rock layers of the bottom

g Third Fourth
(] rel rel
% Jﬁmpg > Ejfe '104’ ’ (O-CIE""P'B) M73R o-imprél’ Ef '104a (0-‘5’"7!7’4) Mi“R
| MPa | MPa | of | Ef | MPa | MPa ok | EF
1 10 0.6 0.2 1 10 0.6 0.15 2
2 10 0.3 0.2 0.5 20 1 0.15 2
3 20 1 0.15 2 20 1 0.15 2
4 40 2 0.1 3 40 2 0.1 3
5 20 0.6 0.2 1.5 10 0.3 0.25 0.5
6 10 0.6 0.2 1 40 2 0.1 3
7 10 0.6 0.15 1 10 0.6 0.15 1
8 10 0.3 0.2 0.5 40 2 0.05 5
9 40 2 0.05 5 40 2 0.05 5
10 40 1 0.15 3 20 1 0.15 2
11 10 0.3 0.2 0.5 20 1.5 0.15 3
12 10 0.3 0.25 0.5 40 2 0.05 5
13 40 1.5 0.1 3 10 0.6 0.15 1
14 40 2 0.1 3 20 1 0.15 2
15 20 1.5 0.1 3 40 2 0.05 5
16 10 0.6 0.2 1 10 0.6 0.15 2
17 10 1 0.15 1 20 1 0.15 1
18 20 1 0.2 1 40 2 0.1 3
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As a result, the structure and properties of the adjacent coal-bearing stratum
have been substantiated, which most adequately reflect the mining-and-geological
conditions of the coal seams mined in the Western Donbas. The variety of variants
for calculating the SSS of the system, generated by a large number of considered
parameters, is preliminarily tested for the detection of factors that do not signifi-
cantly affect the rock pressure manifestations in in-seam working, and, thus, having
limited the set of calculation variants to the technically feasible volume.

13.3. SUBSTANTIATING PARAMETERS OF
IN-SEAM WORKINGS AND THEIR SUPPORT

Object of research — preparatory in-seam workings have a number of general
parameters, conditioned by their purpose in the technological scheme of the coal
mine functioning.

At first, all mine workings are conducted (to the dip, to the rise and along the
strike) along the coal seam with overbreaking (roof) or more often with a com-
bined roof and bottom ripping. This means that in the sides of mine working there
is a coal seam with a gradient angle in its cross section from 0° (mine workings,
having conducted to the dip and to the rise of the seam) to 6° — the maximum
angle of incidence of the seams in the Western Donbas (mine workings, having
conducted along the strike). The value of the bottom rocks ripping of the main
preparatory mine workings usually does not exceed 1 m, (extraction drifts —
1.5 m). Thus, the orientation of in-seam working relative to coal seam is charac-
terized by the following ranges of changes: the gradient angle of the seam in the
cross section of mine working o = 0 — 6°, the depth of the bottom ripping 4, =0 —

1.5 m. In the work [115], the influence of these parameters was analyzed by
means of test SSS calculations of the “massif — in-seam working” system and it
has been concluded that they insignificantly impact within the marked ranges of
variation. Therefore, it seems expedient to fix the gradient angle of the seam
a =0° in the cross section and the depth of the bottom ripping #,, =1.0 m for

further studies.

Secondly, the shape of the preparatory in-seam working and the corresponding
types of supports in the Western Donbass mines are not diverse. The metal three-
link arched support of demountable pliable series with elongated prop stays TSYS
series has been widely distributed (up to 82.7%). Typical sections of preparatory
in-seam workings for various purposes (from extraction drift to main drifts,
cundies, gravity inclines and dipping drifts) as a rule vary in the range from TSYS-
9.5 to TSYS-20.2, accepted to study for adequate modeling of mining-engineering
conditions. In Fig. 13.2 and in Table 13.9, the dimensions are given of the typical
sections, which will be reflected in all the details of the demountable form. The
requirement to accurately reflect the real design features of the support and inter-
frame fencing consists in accurate modelling:
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— geometry of the SCP special profile, from which the TSYS support is made;
the SCP-19, 22, 27, 33 is used depending on the purpose of the preparatory mine
working and the degree of the enclosing rocks stability in the Western Donbas

mines;

— the construction of the yielding joist, which provides a rational mode of the
support interaction with soft enclosing rocks;

_— —

Fig. 13.2. Scheme of mine working with

the frame support of the TSYS series

—the design of the backing plate
(step bearing) under the prop stays of
the frame, limiting their pressing into
soft bottom rocks;

—incremental step of the frame
support along mine working, which is
usually 0.5, 0.8 and 1.0 m;

—the construction of interframe
fencing.

Thirdly, the general principle of
modelling the properties of the elements
of the “massif — in-seam working” sys-
tem and, in particular, the support with
interframe fencing is the description of
all the stages of the materials behavior
of (from the elastic state to the complete
destruction). Thus, for the fastening

materials the complete “o; — £, ” deformation diagrams are also used, which is con-

ditioned by actually observed in practice the processes of plastic state areas occur-
ring in the frame, and the destruction of the interframe fencing.

Table 13.9
PARAMETERS OF TYPICAL SECTIONS ACCEPTED FOR STUDY
TSYS H,, A, B, B, erss-sectional area, m’ R, R,
size mm mm mm mm project rock inside mm mm
section
9.5 3240 3040 4350 3880 11.2 8.8 1650 2110
10.5 3500 3300 4520 4050 11.8 10.5 1580 2060
11.0 3290 3090 4940 4470 12.7 11.2 2030 2445
11.7 3660 3460 4780 4310 13.1 11.8 1775 2110
12.1 3640 3440 4880 4410 13.4 12.1 1800 2990
13.6 3660 3460 5410 4940 15.6 13.8 2280 2700
14.4 4093 3880 5226 4730 16.0 14.4 1850 2445
15.0 3853 3640 5676 5180 17.1 15.3 2380 2700
17.7 4403 4190 5856 5360 19.6 17.7 2240 2700
20.2 4633 4420 6196 5700 22.7 20.7 2530 3100

For the frame support, a real diagram of St.5 steel loading (from which a spe-
cial SCP profile is made) is modeled using the data [16, 114]: the elastic charac-
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teristics of the prelimiting stage — elastic modulus EX =21-10* MPa, Poisson’s
ratio ,uF =0.3; the stage of almost perfect plasticity (the yield segment) occurs
when the stresses intensity o increases to level of the yield limit o,,,;; = MPa;

with further increase of o, St.5 steel passes into the stage of strengthening to the

value of the temporary tear resistance ¢’ =500 — 620 MPa.
The deformation peculiarity of the interframe fencing headboard is in the fact
that when testing under load a free deflection into the cavity of mine working (be-

tween adjacent frames), when the limiting state happens (o = ag)mpr’ ;). its brittle
fracture occurs in the area of the median span section. Then, as a result of it, the

headboard practically loses its load-bearing capacity (here denoted by ofompr’, -

resistance to compression of the reinforced-concrete headboard stone and resis-
tance to tension of wooden lagging). Therefore, for the headboard materials, it is
advisable to use the model of ideally brittle body characterized in the superlimiting
state by zero residual strength and a slump modulus tending to infinity. The re-
maining mechanical characteristics of the headboard are as follows: reinforced-

concrete — deformation modulus E? =2-10* MPa, Poisson’s ratio uf =0.17,
uniaxial compressive strength o”

compr

=20 MPa; wooden (pine) — deformation

modulus E” =1.4-10* MPa, Poisson’s ratio #” =0.20 ultimate tensile strength
o’ =80 MPa.

The fastened area is modeled with an average width of 0.17 m (as it is
accepted in the project documentation) and has mechanical characteristics in
accordance with the materials used:

—when filling the fastened area with hardening mixtures, the mechanical
characteristics of the hardened stone are determined depending on the mixture
formulation according to the recommendations [51];

— when filling the fastened area with a quarry stone, the “o; —¢g;” diagram is

directly used of compacting the destroyed rock in cramped conditions [73], which
is constructed on the basis of the experimental studies results [78] of the defor-
mation of the protective rubble bands at the Western Donbas mines.

Thus, the substantiated parameters of in-seam workings and their fastening are
the final stage of the preliminary construction of a general geomechanical model of
the “massif — in-seam working” system, which is a subject to further modernization
on the basis of the forthcoming testing.

CONCLUSIONS

1. The mathematical model has been substantiated, which reflects the geome-
chanics of the coal-bearing massif behavior of soft rocks in the Western Donbas
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in the vicinity of preparatory in-seam working, fastened by a frame yield support of
the TSYS series. The adequacy and accuracy of the subsequent SSS calcula-
tions of the “massif — in-seam working” system is provided by a phased and de-
tailed development of the entire set of peculiarities that significantly influence on
the force interaction process of component elements: ranges of changes in the
structure of adjacent rocks of roof and bottom, conditions at lithological varieties
contacts, ranges of changes in the structure of coal seams, the most accurate
reflection of rock and coal properties along the full diagram of their deformation
with the corresponding ranges of changes in mechanical characteristics, model-
ling of the real construction of the support and interframe fencing with substantia-
tion of necessary idealizations to provide the sustainability of the procedure for
the FEM calculation and other positions.

2. Adjacent rock layers of the coal seams mined in the Western Donbas (to the
height of the roof and to the depth into the bottom up to 10 — 15 m) are mainly
composed of soft argillites and siltstones, and to a lesser extent of sandstones
with medium strength, the patterns of structural changes of which are considered
in the developed model. For this purpose, a massif of structures calculation vari-
ants has been constructed that simultaneously reflects the probability of lithotypes
distribution and their thickness over the rock layers of the immediate and main
roof and bottom, which maximally approximates the geomechanical model to the
real mining and geological conditions for maintaining in-seam workings in the
Western Donbas mines.

3. In accordance with the probability of lithological varieties distribution along
the adjacent rock layers of the coal seams roof and the bottom, a massif of calcu-
lation variants of mechanical characteristics has been developed, describing the
complete diagram of the Western Donbas rocks deformation, most adequately
reflecting all stages of the rock state from elastic-plastic to loosening.
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14. TESTING THE MODEL OF
THE GEOMECHANICAL SYSTEM
“MASSIVE - IN-SEAM WORKING”

The substantiation of the system parameters that most adequately reflect the
real mining-geological and mining-engineering conditions of the in-seam workings
operation has led to the appearance of an extremely large number of variants of
various parameters combinations due to an attempt of their simultaneous
accounting. Therefore, the first task of preliminary model testing was to identify
those parameters which (at a given degree of accuracy of mining-engineering
calculations) can be averaged. The criterion for assessing the degree of influence
of a particular parameter is the subject of research — the process of heaving
development of the in-seam working bottom. The second task is to substantiate
the objective parameters of the force interaction of elements of the “massif — in-
seam working” system, for example, the degree of contact disturbances between
adjacent layers, the mode of the yielding support operation and its interaction with
the boundary rocks through the interframe fencing, etc. The third task is a qualita-
tive assessment of the conformity of test SSS calculations of the system to the
current concepts of massif deformation in the vicinity of mine working. The formu-
lated tasks are divided into two main system components — the enclosing massif
and in-seam working with a support and the interframe fencing.

14.1. THE SUBSTANTIATION OF PARAMETERS
OF THE COAL-BEARING ROCK MASSIF

The first stage of testing the model of the “massif — in-seam working” sys-
tem is the substantiation of its minimum permissible sizes in space, which, on
the one hand, allows obtaining reliable calculation results, and on the other
hand, saving the computing resource for the required detail of reflecting the
system elements peculiarities. The condition for choosing the minimum model
dimensions — the fluctuations of the stresses components on its surfaces,
conditioned by the edge effects from the boundary conditions of loading,
should not introduce a significant error into the SSS of the border rocks and
mine working support. When performing the mining-engineering calculations,
an error of 10% is considered quite permissible, which is caused by some un-
certainty due to mechanical properties variation of massif in the space. In this
case, it is necessary to take into account quite a stable pattern: the fluctua-
tions of stresses components on the surfaces of a model affect the SSS of the
border rocks and support rocks, as a rule, by an order less, which in many
ways ensures a minimum error in the computational experiment.
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For an example of the foregoing provisions implementation, the curves of
the specific stresses o intensity (Fig. 14.1, a) are chosen as an integral pa-
rameter, most fully reflecting the state of the massif, which is determined in
accordance with the Mohr-Coulomb failure theory of testing the rocks. The first
task is to estimate the distance in the plane XY, to which the perturbations o
are distributed, caused by conducting
the mine working. At the same time,
the SSS system calculations are per-
formed in an elastic setting, which gen-
erates, as it is known, maximum distri-
bution and value of stresses o con-
centration. Total exception of mine
working influence is observed: at a
height of 12.1 m in the roof, at a depth
of 16.0 m in the bottom and across the
width of 10.4 m in sides. If to limit the
dimensions of the model across the
width to X =13 m and at a height to
Y =18 m (with account of mine working
dimensions), then the fluctuations o
along the side vertical surfaces reach
14%, and over horizontal surfaces — up
to 20%; however, these fluctuations
introduce an error into the SSS of the
border rocks no more than 1.7%, which
is quite acceptable. Nevertheless, tak-
ing into account the variation in the
structure and properties of the adjacent
coal-bearing stratum (an increase in
the area of mine working influence is
possible) with a certain reserve of
accuracy and reliability of calculations,
the model dimensions throughout the
Fig. 14.1. Curves of stresses ¢ intensity in height ¥ =30 m and across the width

case of undisturbed.(a) and. disturl.)etli (b) X =20 m have been chosen for further

contacts between lithological varieties investigations. The model thickness
(according to the axial coordinate Z of the mine working length) is selected
according to the same criteria, and here a decisive role is played by the frame
support discretely set along mine working, which generates perturbations of
the SSS field in itself and in the border rocks. The calculations have shown
that when modeling five frames along the mine working axis (the thickness of
the model is up to 4 m), three central frames have fluctuations o (relative to
each other), not exceeding 7.2%, and in the border rocks along the length of
the three central frames, the differences o are not more than 3%.

a
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Thus, based on the test SSS calculations of the “massif — in-seam working”
system, it is proved that sufficient accuracy of calculations is ensured by the follow-
ing model dimensions: Y =30m, X=20m, Z=4m.

The next stage of testing was to study the contact conditions over the sur-
faces of lithological varieties and substantiation of modeling the parameters of
force interaction along the planes of laminations in the vicinity of mine working.
This question for the mining-geological conditions of the Western Donbas has
been studied in detail in [115], where the distribution field of tangential stresses

7, including the planes of laminations, was analyzed in three variants of the

structure and various combinations of the deformation characteristics of adja-
cent rock layers of the coal-bearing stratum. It is shown that already at the
depth of 200 m only the action of some tangential stresses leads to disturbance
of coherence and slippage of the layers relative to each other at the distance of
6 — 10 m from the mine working contour.

To the tangential stresses z,,,, the action (in series of areas) of tensile vertical

o, and horizontal o, stresses is added, to which the contacts of the rock layers

with reduced strength properties practically do not resist, and with increasing
depth of mine working location, these processes are intensified. As a result, the
authors of [115] came to the conclusion that for the coal-bearing rock thickness of
the Western Donbas strata, the modeling of disturbed contacts between the rock
layers in the vicinity of mine working is the most objective, although this formula-
tion of the problem substantially increases the required computing resources.

The adequacy of modeling the geomechanical processes in the vicinity of
in-seam working is of interest, first of all, from the point of view of the degree of
influence of the coherence disturbance between rock layers along the planes of
laminations on the system SSS. To assess this influence, the same massif struc-
ture in two variants has been calculated: with disturbed and undisturbed contacts
between layers. The comparative analysis of the field o in the rock massif
enclosing in-seam working, has shown the following results. First of all, the
differentials of o are clearly observed (which are mainly generated by horizontal
stresses o, ), when changing from one lithological variety to another, which is

conditioned by the partially free deflection of each of the layers in the case of
disturbance of contact between them. This, on the one hand, confirms the corre-
spondence of the model to the classical provisions of the mechanics of deform-
able solids, and, on the other hand, indicates a general increase in the intensity of
perturbations and the degree of their non-uniformity in the vicinity of in-seam
working.

The deflection of the immediate roof, which has lost its adhesion to the main
roof, expands the discharge zone in the roof of mine working by 1.4 — 1.6 times,
and geostatic pressure is transferred to the rocks in the sides, which is especially
evident in the coal seam and rock layers of the bottom: at a distance of more than
the width of mine working, the specific stresses o in the coal seam are increased
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by 1.5 -2.5 times, and the concentration o=11.5-12.5 MPa is propagated in
the second rock layer of the bottom to a width up to 3 times and to a depth up to
2.7 time greater than that with undisturbed contacts between layers. The concen-
tration of stresses ¢ >20 MPa in the sides of mine working is propagated to a
width of up to 0.6 m in the immediate bottom and up to 1.5 m in the coal seam,
which is not observed with contacts cohesiveness between the layers; and the
previously unloaded bottom of mine working (o <3 MPa) is exposed to up to o
12 MPa, which, in soft rocks, intensifies its heaving. This result of an increase in
the stresses intensity in the sides and in the bottom of mine working is explained
(in accordance with the energy conservation law) by redistributing of a part of
geostatic pressure from the unloading zone in the roof to the side rocks, and from
them to the mine working bottom. Another conclusion of this phenomenon is that
one cannot ignore a significant increase in SSS in the sides and bottom of mine
working, and for this it is necessary to model the contacts disturbance between
lithotypes in the vicinity of mine working.

In general, the nature of the stresses components distribution corresponds to
the existing concepts of the processes of the coal-bearing strata displacement in
the vicinity of mine working: the zones of unloading are formed in the roof and

bottom, with occurrence of tensile stresses o, and o,; the zones of increased

rock pressure are formed in the sides; the changes in the sign of tangential

stresses 7, relative to the vertical axis of mine working and mirror reflection of

the field z,, relative to the axis inclined at an angle of 45°, which is conditioned

by the horizontal bedding of the seam close to the horizontal, and the coincidence

of the vectors of the principal stresses o; and o3 with the vectors o, and oy.

The next stage of testing is an assessment of the influence degree of the thick-
ness and structure of coal seams mined in the Western Donbas. The influence (in

the range of m® =0.7 — 1.7 m) of coal seams thickness on the SSS of the rocks
enclosing in-seam working, as well as the frame support was investigated in [115],
where the change in each stresses component in the most significant areas has
been studied: in the zones of unloading in the roof and bottom, increased rock
pressure in the sides of mine working, frame support, etc. The most representative

range of changes, 0.7 m<m® < 1.2 m, more specific than the one in [115], which is
substantiated, is about the permissibility of averaging the seam thickness with a

value of m“ =1 m, all the more is fair in the study of problem set.

The second part of the stage is an assessment of the influence of the complex
coal seam structure (37% of cases in the Western Donbas). To do this, a geome-
chanical model has been constructed with the most “extreme” combination of
parameters of the coal seam structure (an interlayer of sandstone with a thick-
ness of 0.12 m is located in the upper third part of the seam thickness) to identify
the maximum possible SSS perturbations. On the curve of these stresses o, an
increased rock layer intensity is clearly observed, which is caused by: a significant
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difference (up to six times) of the deformation modulus of sandstone and coal,
when a more rigid element (sandstone interlayer) takes up an increased load; the
low interlayer thickness, which backs onto the base (coal) with reduced rigidity,
hence, the significant bending stresses occur. However, SSS perturbations have
a very limited distribution and are localized practically in the very rock interlayer:
there have not been any significant changes in SSS within the border rocks and in
the frame support. Taking into account that the coal seams (see Table 13.2) with
the complex structure in the Western Donbas are not predominant, and the rock
interlayer is most often represented by argillite (coal-like deformation characteris-
tics) with the most probable thickness of 0.03 m, it has been decided to ignore the
rock interlayers when modeling the coal seam parameters.

The performed test calculations have revealed the fact of insignificant
influence of mine working on the SSS of the extreme (fourth) layers of the roof
and bottom, the parameters of which can be averaged and excluded from the set
of calculation variants in further studies. On the other hand, the collected statistics
of calculations do not yet allow us to finally conclude about the insignificant
influence of the extreme layers of bottom and roof on the heaving process and the
frame support stability. Therefore, the question of averaging the parameters of the
extreme layers of the model will be solved based on the results of the subsequent
group of computational experiments when modeling the complete diagram of the
elements deformation of the “massif — in-seam working” system with a different
mechanical characteristics combination. Then, the confirmation of the assumptive
fact will significantly reduce the number of calculated variants of combining the
system parameters.

The final stage of testing the enclosing massif SSS concerns consideration of
its rheological properties. Here, a series of SSS calculations of the “massif — in-
seam working” system has been carried out using the Solid Works 2009 Simula-
tion program. It takes into account the rheological properties of mine rocks
according to the equation (13.1), thus, the following facts have been revealed.
Firstly, consideration of the time factor significantly complicates the task, which is
difficult due to the detailed reflection of the design parameters of the system ele-
ments, the description of their mechanical properties according to the complete
deformation diagram with the condition of contacts disturbances between
lithological varieties. This setting requires a significant increase in computing
resources, and the time of calculating one variant increases to 100 — 150 hours or
more. Secondly, there is a low reliability of the calculation process itself, when the
program fails at any time interval and it is necessary to repeat again and again the
calculation of the same variant of original data. Together, these factors have led to
a situation in which several “successful” calculations required time expenditures
comparable to the period of creep development in the Western Donbas. Despite
the sufficient adequacy of the obtained modeling results to the in-situ observa-
tions of the creep process development in the vicinity of mine working, this situa-
tion cannot be considered as satisfactory, since to determine the geomechanical
patterns a set of design variants is required, at least two orders of magnitude
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greater than obtained as a result of long test calculations. The way out of this
situation has been found on the basis of a compromise solution of accounting the
rheological factor by decrease in values of mechanical characteristics of rock
during long loading on the basis of studies [62, 110]:

— long-term strength limit of rock

r,R
(onk ) =ark 1—(% ; (14.1)
compr; | compr; ﬂ

i

— long-term deformation modulus

(£p%) =B {p(%)lm] (14.2)
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where (i] — rheological index, for which a correlation relationship has been
i
set with the uniaxial compressive strength of rock
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The reduced mechanical characteristics are set into calculation, and, thus, in an
integrated form a final impact of a rheological factor on a condition of “massif — in-
seam working” system is considered.

14.2. PARAMETERS SUBSTANTIATION OF
THE IN-SEAM WORKING AND SUPPORT

The tasks of this stage of testing the geomechanical model of “massif — in-
seam working” system include determination of a level of influence of the follow-
ing factors on heaving of mine working bottom and its support state: angle of
seam gradient in a cross section of mine working, depth of seam bottom ripping,
models of the yielding joist of a frame and interframe fencing.

Influence of the first factor was studied on two models — with parallel seam
arrangement relative to the mine working bottom (the preparatory mine workings
driven to the rise and to the dip of the seam) and with angle of gradient 6° to the
corresponding maximum angle of seam incidence in the Western Donbas (the
preparatory mine workings driven along the strike of the seam). An insignificant
increase in the specified stresses o (up to 7 — 12%) has been set in the border
rocks of mine working sides to a width of 0.4 — 0.7 m from the side of a seam rise.
Some asymmetry arises in the form of unloading zones in the roof and bottom of
mine working (relative to its vertical axis), but practically without change in their



Chapter lll. RESEARCH INTO HEAVING OF MINE WORKINGS BOTTOM 193
WHEN MINING THE FLAT-LYING SEAMS OF THE WESTERN DONBAS

sizes. In the frame support, the influence of the angle of seam gradient is mani-
fested only in the areas of prop stays bearings, but is insignificant. This result is
partly consistent with works [73, 111, 115] in that more essential (up to 15 — 18%)
asymmetry of mine working bottom heaving and deforming the prop stays of
frames is manifested only under the conditions of extremely unstable enclosing
rocks, when the section loss of mine working reaches 40 — 50% and more. Given
the analysis results of the system SSS in case of the maximum angle of seam
incidence 6°, which in the Western Donbas is not widespread, the conclusion has
been drawn about sufficient relevancy of mine working modeling with parallel
arrangement of coal seams relative to its bottom.

The influence of value of the bottom ripping was analyzed in the range of
0-1.5 m and the following patterns have been determined. The process of
bottom rocks heaving practically in the least depends on the ripping value, and is
conditioned mainly by a structure and properties of adjacent rock layers. The
curves of complete border rocks displacements show that their vector changes
the direction by 180° from the predominantly vertical in the roof, horizontal in the
sides to vertical in the bottom with the opposite sign. That is, the process of
heaving affects the considerable rock volume not only in the bottom, but also in
the sides of mine working and partly in the immediate roof. Hence, some reposi-
tioning of mine working (connected with the ripping value) relative to coal seam
does not change the essence of heaving phenomenon. The same reasons influ-
ence on the process of frames prop stays deformation, especially their lower part,
therefore, the ripping value does not significantly influence on the SSS of the
frame support in the studied range.

At the first stage of the yielding joist modeling, an attempt was made to accu-
rately reflect its design with respect to the TSYS-15.0 support. As a result of the
very time-consuming and lengthy process of the software adaptation to the pecu-
liarities of the real joist design, initial and boundary conditions of its modeling, the
SSS of the “massif — in-seam working” system has been calculated, but only in
the elastic approach until the support is settled (yielding joist actuation), which is
characterized by small displacements of mine working contour. An attempt to
model complete diagrams of all system elements deformation has revealed the
instability of the procedure for performing the calculations by the FEM, because
of, as it seems to us, the static imbalance of the frame in the area of the joist joint.
The analysis of this situation has revealed that due to the “point” end sections
contact of the profiles of the prop stay and cap board with each other in the joist,
as well as the small area of this contact, it arises an ability of the frame deforma-
tion (displacements) by a larger amount (along the X, Y and Z coordinates)
with a very small load increment, which causes malfunctions in the program and
termination of the SSS calculation. The situation is even more aggravate by
modeling the process of joist yield, when with the cap board sliding with respect to
the prop stay, due to the existing frame geometry, the area of their contact in the
joist area decreases and the degree of freedom of the frame displacement (static
imbalance) increases in an arbitrary direction. It should also take into account the
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prospects of this geomechanical model development in terms of reflecting the
possibility of plastic metal flow, the occurrence of not only areas of weakening,
but also of loosening in the adjacent rock massif. These factors lead to the
geomechanical model complication, which will objectively enhance the instability
of the procedure for performing the SSS calculations and uncertainty in time to
overcome these modeling difficulties.

In a situation where there is no possibility to quickly and accurately model a
real object, substantiated constructive idealizations have been introduced, which
allow stable continuation of the SSS calculations of the “massif —in-seam
working” system. However, the simplification of the joist design should not distort
its deformation-strength characteristics when working in the yielding mode. This
condition, in our opinion, made it possible to adequately model the work of the
yielding joist.

Modeling of the idealized design of the yielding joist was carried out in two
stages. At the first stage — in the area of the joist location, a gasket from easily
deformable material was laid, which provided its yielding property under the
action of compressive forces in the frame. At the same time, the stability of the
calculation process of the system SSS according to complete diagram of its
elements deformation was achieved, and analysis of stresses curves showed
their compliance with the classical provisions of the underground structures
mechanics: modeling of driven joints with easily deformable material does not
significantly distort the qualitative pattern of the frame support loading.

The second stage of the joist modeling was performed to achieve the ade-
quacy to the real process of yielding in quantitative terms. In this connection, the
deformation-strength joist characteristic is the dependence of its resistance reac-
tion P on the yielding value U, (as a rule, in the vertical direction along the Y

coordinate). A number of existing laboratory tests of a frame three-tiered
yielding support indicates the operation nature of the joist from the SCP profile,
which approaches to the constant resistance mode. The same experiments have
revealed that if the joist is correctly assembled, the frame support changes into a

yielding mode with resistance P, = (0.7-0.8) P, , approaching to the maximum

max

load-bearing capacity P__ of the frame. The described mode of quasi-permanent
resistance of the yielding joist can be represented rather adequately by the
diagram of ideal plasticity of the material located in the frame in coordinates of
joists setting. The material parameters should reflect the real deformation-
strength characteristic of the joist for a specific typical section and the number of

SCP profile. Therefore, the yield point ¢’.;; of the joist simulator is picked up as

such that at an average normal stresses on cross-sectional area of SCP (in the
middle of the joist length), when the load on the frame is 80% of its load-bearing
capacity, the material of model passed into a state of ideal plasticity and provided
yielding for the support.
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The joist simulator in the form of the cross-section with the corresponding
number of SCP profile is located in coordinates of the frame joists with a real
length of 400 mm. It has enabled to model a frame as integral (from the left sup-
port to the right one) along the support contour with two inserts from material of
the joist simulator, which is different from mechanical characteristics of the St.5
steel only by the lowered yield point. Such idealization of the yielding joist has
provided stability of the procedure of the SSS calculation of “massif — in-seam
working” system according to the complete diagram of deformation of its elements
materials.

Along with other factors, the influence of interframe fencing type (a cyclone
fencing, a wooden or reinforced concrete lagging) was studied, which can be
assessed as very insignificant (within the accuracy of the FEM calculations)
during the development of a bottom heaving process and deformation of the
frame support.

Summing up the results of testing “massif — in-seam working” system model, it
is possible to state the fact of its comprehensive substantiation on ensuring ade-
quacy of the description to real geomechanical process in the vicinity of
in-seam workings.

CONCLUSIONS

1. Based on the analysis of coal seams structures, a number of test models of
SSS calculation of the “massif — in-seam working” system has been developed,
the results of which have testified the insignificance of rock interlayers influence
(37% of cases of coal seams with complex structure) in the stresses field and suf-

ficient adequacy of modeling the coal seam with averaged thickness (m© =1 m) —
an error from such averaging (when assessing the bottom rocks heaving and
support prop stays deformation) is not beyond the allowed accuracy of FEM
calculations.

2. Test calculations of the SSS of “massif —in-seam working” system have
proved emergence of contact disturbances of lithological varieties along the
planes of beddings within the studied areas of massif in the vicinity of mine
working. This is reflected in the development of geomechanical models of a
system.

3. The parameters of the preparatory in-seam workings and their support have
been substantiated, which are most adequately reflecting mining-engineering
conditions of their maintenance. Test calculations of SSS of the system have
substantiated an insignificance of influence of the angle of seam gradient relative
to the mine working bottom and the depth of its ripping under the conditions of the
Western Donbas mines. Therefore, a decision was made quite reasonably to
model the parallelism of the seam and the bottom of mine working with an
averaged ripping value of 1.0 m, that does not reduce the reliability of calculations
for assessing the rock pressure manifestations in in-seam working. The adequacy
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of a yielding joist model of the frame support to its real operating mode has been
proved in the qualitative and quantitative terms.

4. The complex of test SSS calculations of the “massif — in-seam working”
system made it possible to work out the geomechanical model for all the key
parameters to the level of its adequate reflection of geomechanical processes in
the vicinity of mine working that leads to a high degree of studies reliability to
predict the rock pressure manifestations.
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15. RESEARCH AND ANALYSIS OF INFLUENCE
OF STRUCTURE AND PROPERTIES OF THE
COAL-BEARING ROCK STRATUM ON THE
STRESS-STRAIN STATE OF THE “MASSIF -
IN-SEAM WORKING” SYSTEM

In chapter 13, the base of structure and properties variants of adjacent
coal-bearing rock stratum of the Western Donbas has been developed and sub-
stantiated, which most adequately and accurately reflects the real mining-and-
geological conditions. The primary test SSS calculations of the massif — in-seam
working’ geomechanical system have completely proved all its geometrical,
mechanical and strength parameters. However, the obtained diversity of the
calculations has required further studies in terms of identification and averaging
the parameters insignificantly influencing the general patterns of development of
the bottom rocks heaving of mine working. This task was solved during the
second stage of test calculations in accordance with the variants of Table 13.7
and 13.8.

15.1 SUBSTANTIATION OF VARIANTS OF STRESS-STRAIN
STATE CALCULATION OF “MASSIF — IN-SEAM WORKING”
SYSTEMS AND THE METHODOLOGY OF CONDUCTING
THE COMPUTATIONAL EXPERIMENT

The testing (through a complex of SSS test calculations) of the geomechanical
system was begun with an analysis of the structure influence of the immediate
and main roof of the coal seams. In the works [73, 111], besides the main pat-
terns of the rock pressure manifestations in in-seam workings of the Western
Donbass mines, the so called “stamping effect” has been revealed, when the rock
seam of an immediate roof with an increased rigidity and hardness “presses-out”
the softer bottom rocks into mine working cavity due to formation of the increased
rock pressure (IRP) zones in its sides. This influence of rigidity and hardness of
the immediate roof is not dominating in the mechanism of heaving development.
However according to data [111], the value of a bottom heaving can fluctuate up
to 19.2% depending on the deformation modulus of the immediate roof rocks and
up to 72.9% depending on the value of compressive resistance, which is very es-
sential factor. The data provided characterize the influencing maximum when
sandstone with a thickness about 4 m occurs in the immediate roof, which, be-
cause of its rigidity and hardness, without collapsing acts as a stamp, pressing-
out the bottom rocks into a mine working cavity.

From such positions, the structures of adjacent rock seams of the roof in the
Western Donbas mines have been analyzed. The case of bedding in the immedi-
ate roof of sandstone with thickness (up to 5 m) takes place in Yuvileina Mine.
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However, it is an exception of the general patterns of coal-bearing stratum struc-
tures, is not widely spread and is not characteristic. This is confirmed by the stud-
ies [83] of structure in general across the Western Donbas which assess the
probability of sandstone occurrence in the immediate roof up to 12%, and the
probability of bedding the thick sandstone is even less. Thus, there is a low prob-
ability of an intensification of the rocks heaving process due to the influence of
thick sandstone in the immediate roof. The following structure of the immediate
roof rocks and adjacent rocks of the main roof is the most probable. In the imme-
diate roof, the probability of bedding the argillite prevails, thickness of which has
the main range of fluctuations from 1 to 6 m with predominant interval of 2 — 3 m.
These data do not contradict the studies [110], where the probability is set of 52%

argillite occurrence with a thickness of m{ =1 -4 m (76%) in the Western Don-

bas. Here it should be noted that argillite by its deformation and strength charac-
teristics is not capable to create the rigid and strong rock plate in the immediate
roof acting as a stamp on the bottom rocks. The stated facts substantiate the ex-
pediency of the immediate roof structure “unification”, having presented it by argil-

lite with a constant thickness of m; =2 m that will significantly reduce the volume

of variants of further structures calculation without loss of objectivity of real min-
ing-and-geological conditions reflection.

The structure of the main roof, from the point of view of influence on the proc-
ess of bottom heaving is not of interest, as according to the data [73, 110], an es-
sential influence of the main roof is not observed. However, in order to adequately
represent the overall process of displacement of coal-bearing stratum into mine
working cavity, it is necessary to substantiate also the structure of adjacent rock
layers of the main roof. Based on the second stage results of test calculations of
the system SSS, it is expedient to model two lower layers of the main roof from
argillite and siltstone with a thickness of 4 m. Then, the roof rocks in general are
modelled with a total thickness of 10 m which is enough [73, 110] for total distur-
bance reflection of the massif SSS caused by mine working operations.

The coal seam parameters are modelled on the basis of substantiation per-
formed earlier.

The analysis of the degree of influence of the bottom structure on process of
its heaving has allowed to make the following decision regarding the geome-
chanical model of the “massif — in-seam working” system: the first and fourth rock
layers of the bottom are characterized by the range of changing the thickness

mf4 =0.5-4 m; the second and third — m§3 =1-4m.

Thus, the most characteristic structure has been revealed of an adjacent coal-
bearing stratum of coal layers which will be reproduced in a complex of the mod-
els variants of the “massif — in-seam working” systems.

The degree of adequacy of the computational experiment results directly
depends on reliable reflection of the mechanical properties of the adjacent coal-
bearing stratum. First of all, the objectivity of research depends on the chosen
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model of mine rock behavior, which (as it has been specified earlier) describes all
stages of its deformation: elastic-plastic, weakening and loosening. However, as
for a real object, there is a lack of information here about its mechanical charac-
teristics of a complete deformation diagram. In fact, in geological surveys, only
compressive resistance of this or that lithotype is defined, other characteristics
are determined when conducting special enough labor-consuming laboratory test-
ing. Such studies were conducted by experts [62, 74] for all lithotypes of the
weakly metamorphosed Western Donbas rocks, the results of which are used in a
computational experiment. For this purpose, the most characteristic ranges of
mechanical characteristics fluctuations of specific lithotypes have been analyzed
and reduced in Table 15.1.

Table 15.1
MECHANICAL CHARACTERISTICS OF ADJACENT ROCK LAYERS
OF ROOF AND BOTTOM OF THE COAL SEAMS
Type Of rOCk O-cc'lompr ’ MPa E'104 3 Mpa Gzygf'np) /o-campr M /E

Argillite 6-—11 02-04 0.20-0.25 0.5-1

Siltstone 18.2-20.6 06-1.2 0.12-0.15 1.5-25

Argillite 13-20 0.3-0.6 0.15-0.20 0.5-1

Coal seam 30-40 0.30-0.35 0.10 3

Siltstone 13.8-30 04-1 0.15-0.20 1-2

Sandstone 40 - 51 1.5-2 0.08 -0.10 3-5

Argillite 49-21 02-04 0.20-0.25 0.5-1
Low-thickness coal 30 - 40 0.30-0.35 0.10 3
seam and interlayers

Siltstone 8-30 0.8-1.5 0.15-0.20 1-2

Note: some lithotypes can be absent or the order of their location in vertical coordinate
is changed.

In the conclusion of the analysis of mining-and-geological conditions of pre-
paratory mine workings arrangement, an angle of the seam incidence «o = 3.5°
was accepted and the depth of bedding is changed within # =300 — 500 m. Con-
cerning the parameter H, it is also necessary to take into account that at the
used step-by-step task solution of the complete diagram of rock deformation, the
depth changes smoothly to a maximum, so that it is not difficult to fix calculations
at any value of H and determination of the SSS of the “massif — in-seam work-
ing” system within and outside the specified range of changes in the depth of
mine working location.

The following main task is to construct an algorithm for a computational experi-
ment to set the patterns of the bottom heaving depending on its structure and prop-
erties. In this regard, variants of the system models are substantiated, which should
include the most representative ranges of changes both in the structure and proper-
ties only of the seam bottom rocks, since the structure and properties of the roof
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rocks have already been substantiated in the previous subchapter. It has been set
that argillite and siltstone bedding almost everywhere in the roof cannot have any
significant influence on the development of the heaving process in terms of its
intensification or, conversely, its limitation. Therefore, the roof rocks of a seam are
modelled with constant parameters for all calculation variants (see Table 15.1):

— the first rock layer of the roof — m{’ =2 m

(O-r )}"@l .
o’ =15MPa, E[ =0.4-10° MPa, 2?1 _g2 M _¢g;
compn r r
o E;
compn
— the second rock layer of the roof — mjy =4 m
(O-crompr )rel M}
o’ =19 MPa, E, =0.9-10* MPa, ~——21__-0.15, =2 =2;
comprz Er
compry 2
— the third rock layer of the roof — mj =4 m
rel
o’ r
o' =8MPa, E} =0.3-10° MPa, M: 0.20, X5 _ o35,
compry O'r Er
compry 3

The coal seam of a simple structure is modelled with thickness of m© =1.0 m
with the mechanical characteristics specified in Table 15.1.

To adequately reflect the bottom rocks structures, the following factors are
considered:

— first, the amount of variants of the bottom rocks structures is limited, on crea-
tion and processing of which a lot of time is spent;

— secondly, in already modelled structures, a technique has been introduced
for elimination (if necessary) of a slipping condition of adjacent layers relative to
each other, then with their identical mechanical characteristics a thicker rock layer
is formed (as the sum of two adjacent layers); thus it is possible to transform one
basic structure into several with the minimum time expenditures;

— thirdly, for the same structure model, a group of the mechanical characteris-
tics variants for each rock layer is calculated, that reflects not only the range of
changes in the lithotype properties, but also the variation of lithotypes alternation
along the depth of the coal seam bottom (this operation also does not require a
significant time expenditures).
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The stated methodological technique has allowed to significantly reduce the
time expenditures for performing the complex of computational experiments with-
out compromising the reliability and adequacy of the patterns determination of the
bottom heaving development in in-seam workings. As a result, it has been cre-
ated a minimum sufficient number of variants of the models of the “massif — in-
seam working” system, the bottom structure of which is reflected in Table 15.2,
and mechanical characteristics — in Table 15.3.

Table 15.2
CALCULATION VARIANTS OF ADJACENT ROCKS
STRUCTURE OF THE COAL SEAMS BOTTOM

Thickness of bottom rock layers, m 1 Numbgrs of the ;tructure \;ariants 5
First, m[ 2 0.5 4 1 3
Second, my 2 3 1.5 1 4
Third, my 2 1.5 3 4 1
Fourth, mf 2 4 0.5 3 1

In Table 15.2, the basic variants of the bottom structure are presented, which
are selected in such a way that, firstly, the structure in general is changed from uni-
form (according to layer thickness) to extremely non-uniform with layer-by-layer and
group alternation of thin and thick layers; secondly, in each rock layer there are five
variants of various thickness values. Paired and tripled combining of adjacent layers
gives six more bottom structures inside each basic one, then, if necessary, one can
obtain a total of 35 structures of adjacent rocks of the seam bottom, which in total
quite adequately reflect the mining-and-geological conditions for maintaining the
preparatory mine workings in the Western Donbas mines.

Given the calculation variants of combining the mechanical characteristics of
the adjacent rock layers of the bottom (Table 15.3) for setting the patterns of the
heaving development, it is required to carry out 35 SSS calculations of the system
according to basic structure variants and at most 75 variants (if it is necessary), of
derivatives of the basic structures. The patterns are determined on the basis of
techniques of correlative-dispersion analysis [116] of curves of the bottom
displacements, which are obtained by each separate calculation of the system
SSS and in total develop an initial database for creating the regression equations.

Research is conducted with the fixed angle of seam incidence «=3.5° and
depth of mine working location H =400 m; SSS of the system at # #400 m is
calculated automatically with the used step-by-step technology of calculations.
Thus, for accounting the parameter H influence, additional calculations are not
required, and the construction of the regression equations, including the parame-
ter H , is carried out by the same techniques of correlative-dispersion analysis.



202 Chapter lll. RESEARCH INTO HEAVING OF MINE WORKINGS BOTTOM
WHEN MINING THE FLAT-LYING SEAMS OF THE WESTERN DONBAS

Table 15.3
CALCULATION VARIANTS OF COMBINING MECHANICAL CHARACTERISTICS
OF ADJACENT ROCK LAYERS OF THE COAL SEAMS BOTTOM
m my
Number rel rel
of variant Ocompr » O compr E-10% s % Ocompr » O compr E-10* , %
MPa O compr MPa E MPa O compr MPa E
1 5 0.25 0.3 0.5 5 0.2 0.4 1
2 5 0.25 0.3 0.5 10 0.15 0.6 2
3 20 0.2 1 1 40 0.1 2 3
4 5 0.25 0.3 0.5 10 0.15 0.6 2
5 20 0.2 1 1 40 0.1 2 3
6 5 0.25 0.3 0.5 40 0.1 2 3
7 20 0.2 1 1.5 20 0.15 1.5 2
Continuation of Table 15.3
- -
Number rel rel
Of va riant O-compr ’ O’mmpr E- 104 y M O-compr ’ O-compr E- 104 ) %
MPa O compr MPa E MPa O compr MPa E
1 20 0.15 1 2 20 0.2 0.6 1.5
2 10 0.2 0.6 1 10 0.15 0.6 2
3 20 0.2 1 1 30 0.1 0.3 3
4 40 0.1 2 3 40 0.1 2 3
5 10 0.2 0.6 1 10 0.15 0.6 2
6 10 0.2 0.6 1 30 0.1 0.3 3
7 5 0.25 0.3 0.5 5 0.2 0.4 1

In the methodological term, the following research algorithm has been developed:

— calculation of the SSS of the basic models “massif — in-seam working” sys-
tem from Table 15.2;

— analysis of curves of stresses and displacements of mine working bottom ac-
cording to the variants of mechanical characteristics distribution from Table 15.3;

— construction at first approximation of patterns of relationship of bottom dis-
placements with geomechanical parameters of the system;

— establishment of mining-and-geological conditions for the ambiguous inter-
pretation of patterns of the bottom heaving manifestation;

— performing additional calculations for other variants of the bottom structure,
which are derivatives from basic variants;

— detailing of patterns influence of the bottom structure and properties on the
process of its heaving;

— construction of regression equations for predicting the bottom heaving of
preparatory mine workings.
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15.2. STRESS-STRAIN STATE ANALYSIS OF THE
BOTTOM ROCKS IN IN-SEAM WORKING

According to the developed algorithm of conducting research, at the first stage
the calculation of basic models has been made for five bottom structures (see
Table 15.2) with seven variants of their mechanical characteristics distribution
over rock layers (see Table 15.3). The preliminary analysis has revealed (with the
fixed depth of mine working location) some ambiguity of influence of structure and
properties of adjacent bottom rocks on the heaving process: on the one hand, the
well-known tendency is confirmed of decreasing the bottom displacements with
increase in the rock strength characteristics; on the other hand, the process is
exposed to the influence of considerable inhomogeneity of the properties (in a
number of mining — and — geological conditions) of adjacent rock layers (for
example, the moistened siltstone and sandstone), which is amplified with a wide
range of fluctuations of their thickness and the possibility of destruction of thin
sandstone. Such situation requires a detailed analysis of the curves of stresses
components and, on its basis, disclosing the features of the mechanism of the
bottom rocks displacement depending on its structure and properties.

15.2.1. ANALYSIS OF VERTICAL
STRESSES COMPONENTS

The SSS analysis of the bottom rocks of in-seam working has been made

beginning with a curve of vertical stresses o, with the identical thicknesses of

layers (variant No. 1 of the bottom structure according to Table 15.2). Regardless
of mechanical characteristics of rock layers of the bottom, the curve o, has com-

mon feature (Fig. 15.1): the area of the reduced compressive stresses o, , which

change into in tensile stresses (is closer to the surface of the mine working bot-
tom), considerably exceeds that in the roof. This is typical for the Western Donbas
conditions where manifestations of heaving are, as a rule, more intensive, than
manifestations of rock pressure in the roof of mine working.

Tensile stresses o, form the area of weakening in the bottom (as the Western

Donbas rocks almost do not resist the tensile forces taking into account the
weakening factors of watering, stratification, fracturing and rheology), the depth of
which in variants No. 2 and No. 6 (see Fig. 15.1, a, c) of very soft rocks bedding
in the immediate bottom reaches borders of the third layer, that is makes about
4 m. The feature here is that in variant No. 6 the second rock layer is presented
by hard sandstone, but this factor insignificantly promotes the limiting of a
weakening zone depth. Obviously, the influence of others stresses components is
shown here, and in some cases — significant inhomogeneity of mechanical prop-
erties of adjacent rock layers. In variant No. 3 (see Fig. 15.1, b), the stronger
rocks limit the depth of the weakening area to 2.5 m, which completely fits into the
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framework of existing ideas of manifestations of the bottom heaving though this
tendency is not so evident: to reduce the depth of weakening to 40%, a four-fold
increase in the value of compressive resistance is required. On the other hand, if
to allow some small resistance of sandstone to the tensile forces, then within its

thickness, the exception of weakening from tensile stresses is possible o, and

this area will be limited only by the first rock layer of the bottom.

Among other variants of ratios of mechanical characteristics it should be noted
that the bedding of more soft rocks in the third and fourth layer in comparison with
harder rocks of the first and second layers practically does not change the curve

o, (as in the qualitative, and quantitative plan), though a part of more soft remote

rocks is in the limiting state. Obviously, the first harder layers constrain the proc-
ess of the heaving development. In the opposite variant No. 4, the bedding of
harder rocks in the third and fourth layers also insignificantly influences the curve

o, in comparison with variant No. 2 (see Table 15.3) of bedding in the bottom of

only soft rocks. Thus, for structure No. 1 of the bottom rocks, the ambiguity of in-

fluence of mechanical characteristics of its layers on the curve o, is in that, on

the one hand, the properties of the remote layers insignificantly influence on the
curve o, ; on the other hand, — approximation of sandstone to the immediate bot-

tom also does not limit the depth of the weakening zone along with the fact that
the bedding of harder rocks in the first and second layers significantly limits the
depth of the weakening zone.

The following variant No. 2 (see Table 15.2) of the bottom structures is character-
ized by alternation of less thick (odd) and more thick (even-numbered) rock layers
and the analyzed variant is essentially different from the previous, that allows to
assess the influence of the bottom rocks structure (other things equal). In the soft
rocks of the bottom (for all four layers — variant No. 2 from Table 15.3), the depth of
acting the tensile stresses decreases (in comparison with the previous structure) and
is about 3.2 m (Fig. 15.2, a) that corresponds to the depth of the bottom weakening
zone. When the second layer is presented by sandstone with the increased thick-
ness of 3 m (variant No. 6 from Table 15.3), there is a decrease in the depth of
weakening zone to 2 m (see Fig. 15.2, ¢). Therefore, an increased rigidity and
strength of the second layer increase the stability of the bottom that is caused also
by decrease in the thickness of the first (soft) rock layer in comparison with the pre-
vious structure where sandstone's influence was practically absent. Such tendency
is quite natural and is confirmed by the curve o, for variant No. 3 from Table 15.3

(see Fig. 15.2, b) when with the same sandstone in the second layer, the first is pre-
sented by harder siltstone; but because of its small thickness, the influence is insig-
nificant. Thus, the general tendency of rocks hardness influence remains, but its
intensity increases to 60% that can be explained by an increased thickness up to
3 m of the second rock layer, when it is presented by sandstone; other combina-
tions of mechanical characteristics only confirm the revealed pattern.
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The third analyzed structure (variant No. 3 from Table 15.2) of the bottom
rocks (Fig. 15.3) is characterized by alternation of layers with decreased (even-
numbered) and increased (odd) thickness, but, in reverse order, if compare with
the previous structure. Here, in terms of a depth fluctuations of the weakening
zone, the following features stand out:

— at soft rocks in all layers (see Fig. 15.3, and — variant No. 2 from Table 15.3),
the depth of weakening reaches 4.9 m that exceeds that for the previous structures;

—the depth of weakening is further increased for variants No. 6 from Table
15.3 (see Fig. 15.3, ¢) which extends to 5.6 m;

—in stronger rock layers according to variant No. 3 of Table 15.3 (see
Fig. 15.3, b), the depth of weakening decreases to 2.5 m that corresponds to
structure No. 1, but exceeds the depth of weakening for structure No. 2.

Such result is explained by action of the following factors:

— firstly, it is obvious that in soft rocks of the first layer with an increase in its
thickness, the volume of the rocks weakening increases which are loaded by
underlying layers and the depth of weakening in general increases;

— at the increased thickness of the soft first rock layer and bedding in the
second layer of sandstone with the lowered thickness, a considerable loading is
formed on it, and the load-bearing capacity is insufficient and it is partly
weakened, delivering a part of load to the third softer rock layer;

—an increased rigidity of sandstone in the second layer (with reduced
thickness) to a lesser extent compensates the deformation of the first soft
layer and partially deformation is delivered to the third layer that causes some
increase in a depth of weakening in variant No. 6 if compare to variant No. 2
(see Table 15.3);

— with an increased rocks hardness in variant No. 3, the first rock layer from silt-
stone has nevertheless smaller hardness if compare to the sandstone, hence, an
increased thickness of siltstone promotes some increase in a depth of weakening.

Thus, it is established that the field of vertical stresses g, is influenced not only
by mechanical characteristics, but also structure of the bottom rocks of
in-seam working.

15.2.2. ANALYSIS OF HORIZONTAL
STRESSES COMPONENTS

The curves of horizontal stresses o, distribution in adjacent rock layers of in-

seam working bottom has been analyzed beginning with No. 1 structure (see Ta-
ble 15.2), where all four rock layers have the same thickness of 2 m (Fig. 15.4).
When bedding the soft rocks in all layers (see Fig. 15.4, and — variant No. 2 of
Table 15.3), a rather uniform field o, in the bottom is observed, although it is the

horizontal stresses, most evidently reflecting a bending of layers, are exposed to
considerable differentials of o, (from positive value to negative one) within each

of the layers and the entire thickness in general. Obviously, the reduced gradient
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of o, changing is caused by formation of zones, considerable in sizes, of limiting
and superlimiting state, when plastic deformations smooth the stresses concen-
trations from the preceding elastic state. This conclusion confirms the almost all-
round action of compressive stresses in all rock layers except for very limited
areas with tensile stresses o,. The compressive horizontal stresses in all four
layers exceeds, as a rule, resistance of rocks to compression and induces the
process of their weakening that, in turn, intensifies heaving of mine working bot-
tom (as it will be shown further).

A diametrically opposite pattern is observed in variant No. 3 of bedding in the
bottom of the rocks with an increased strength (see Fig. 15.4, b) where the following
peculiarities of horizontal stresses distribution are manifested. To some extent, the
field o, is stable without significant perturbations because of bedding rather uni-
form rock layers in the bottom; however, the bending stresses are still manifested,
especially in sandstone (as a stronger and rigid lithotype), where the increased
compressive stresses o, in the lower part of a layer decrease up to zero in the
upper part of a layer, that is more evidently expressed around a vertical axis of mine
working. In the first rock layer, where the influence of mine working is the strongest,
in its upper part the tensile stresses o, develop, however, the depth of this area is
insignificant — to 1.2 m. Except for the limited area of tensile stresses o, in the rest
volume of rocks (over all bottom layers) the value of compressive stresses o, is
less than resistance to compression of the bottom rocks, hence, they are in
prelimiting state and their heaving is insignificant.

The intermediate variant No. 6 (see Fig. 15.4, c¢) is of interest when sandstone
occurs in the bottom below the first soft layer: here, the peculiarities of o, distri-
bution are combined of the previous variants of mechanical rock layers ratio in the
bottom of in-seam working. In the first layer (with low hardness), the gradient of
o, changing over its thickness is rather insignificant, and the value of compres-

sive stresses o,, as a rule, exceeds resistance of rocks to compression, and the

overwhelming volume of rock is in limiting and superlimiting states. Underlying
sandstone has a significantly increased strength and rigidity, therefore, according
to classical concepts, it takes up an increased load from the deformable softer
bottom rocks. This is evidently manifested in curves o,., where an intensive

X

sandstone layer bending generates considerable concentration of stresses o,

with differential within the layer thickness from -20 MPa to +20MPa. In the curve
o, , the sandstone bending into the cavity of mine working is observed (generally

across its width), and beyond its limits (in the sides), the axis of a bending
changes a sign of curvature and tensile stresses o, arise in the lower part of

sandstone, and compressive stresses o, — in its upper part. If the value of com-
pressive stresses o, is much less than the resistance to compression, then ten-
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sile stresses o, exceed considerably the sandstone resistance to tension o, and

in the area of their action there is a sandstone weakening. Therefore, despite its
increased hardness, it nevertheless is exposed to partial destruction. Obviously,
this process induces not only a soft first rock layer, but also the soft third layer of
bottom which is bedding below sandstone. The field o, is even more uniform in

it, and their value either corresponds, or exceeds the resistance of rock to com-
pression. Therefore, the partially limiting state of the third layer also forms an in-
creased load on sandstone that leads to its local weakening.

Obviously, under such conditions the heaving of the bottom will be moderately
manifested that is caused, on the one hand, by a limiting (superlimiting) state of
soft rocks of the first and third layers and partially by holistic state of sandstone.
On the other hand, it is caused, to a certain extent, limiting displacement of rocks
into the cavity of mine working. The similar qualitative pattern is observed also for
variant No. 4 (see Table 15.3), when the first two soft layers are in partially limit-
ing and superlimiting states, and the third layer from sandstone is locally weak-
ened from action of the tensile stresses o, in its upper part.

In the structure No. 2 (see Table 15.2) which is characterized by alternation of
low-thickness layers (odd) and thick (even-numbered) in the bottom, similar ten-
dencies with the previous structure are partly observed in terms of influence of re-
sistance to compression of separate rock layers and their arrangement relative to
the bottom of mine working (Fig. 15.5). However, there are also some peculiarities,
connected with changing the thickness of rock layers, composing an adjacent bot-
tom. So, in variant No. 2 (see Table 15.3) of soft rocks bedding over all studied
thickness (see Fig. 15.5, a), rather uniform distribution of compressive stresses
o, =10 - 16 MPa takes place throughout all the area, except for the limited zones

adjoining directly to the surface of mine working bottom — here the rock is more
unloaded and the curve o, characterizes a bending of the second rock layer into

mine working cavity. Increased compressive stresses o, (related to the initial non-

hydrostatic state) points to a changeover of a part of rocks to limiting and superlimit-
ing states; however both the value o, and the sizes of these zones are less, than
in the previous structure that is caused by the low thickness of the softest first layer.
In general, even when bedding of soft rocks, they are more stable in connection
with reduction of the first rock layer thickness.

When the mechanical characteristics are distributed according to variant No. 3
(see Table 15.3) of bedding the rocks with increased hardness, their stable state
throughout all studied depth of the bottom is provided, except for a bordering to
mine working part of the first and second rock layers to a depth of 1 m (see Fig.
15.5, b) where tensile stresses o, act. Here the influence of the structure is shown

in two positions: firstly, in the top part of the second layer, presented by sandstone,
the tensile stresses ¢, increase; secondly, in the sandstone of the second and the

fourth layers the compressive stresses o, decrease in their lower part.
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However, these features are not essential for the field of horizontal stresses
o, and their influence on the bottom stability.

More considerable changes of the curve o, are observed in variant No. 6 (see

Table 15.3) of bedding in the second layer of the sandstone with the increased
thickness (3 m) at the soft low-thickness immediate bottom (0.5 m). A decrease in
the thickness of the first rock layer radically changes the curve o, in all underlying

rock layers (see Fig. 15.5, ¢):
— stresses o, decreases under the sandstone deflection, and outside the mine

working width, the more uniform field o, is observed, that reduces the area of
sandstone weakening from tensile stresses o, and increases its stability; this is

conditioned by a sudden reduction in the thickness of the soft first rock layer (which
is in the superlimiting state) and, consequently, the sandstone loading;

— the third rock layer from weak argillite has, nevertheless, almost uniform distri-
bution of ¢, and is characterized also by a prelimiting state that is caused by an

increased thickness of the overlying sandstone protecting, to some extent, from
excessive loadings;

— for the same reason, the fourth rock layer is also in the more unloaded state.

Thus, except for the soft and low-thickness immediate bottom, and also a local
zone of the sandstone upper part heaving, the rest volume of the bottom rocks is
in a steady state that predetermines the sharp restriction of the heaving manifes-
tation in in-seam working. Other variants of the mechanical characteristics distri-
bution over the bottom rock layers (see Table 15.3), confirm a positive tendency
of increasing the bottom stability with a decrease in the thickness of the soft im-
mediate bottom and the sandstone bedding in the main bottom.

The following structure of the bottom rocks according to the variant No. 3 (see
Table 15.2), when low-thick even-numbered layers alternate with thick odd layers,
even more expands and reveals the emerging tendencies of influence on the field
of the horizontal stresses o, distribution (Fig. 15.6) and the process of heaving
development in general.

In the variant No. 2 (see Table 15.3) of the mechanical properties distributions
over the bottom rock layers, their low hardness conditions the limiting and super-
limiting state almost everywhere (see Fig. 15.6, a) to all the studied depth, how-
ever, the level of acting o, was slightly lower, than in the structure No. 1, that is
explained by an increase in rigidity of the first layer due to an increase in its thick-
ness (from 2 to 4 m). At the same time, relative to the structure No. 2, the value of
o, is overestimated that is conditioned by the increased thickness of the most
soft rocks of the immediate bottom and the lowered thickness of the second rock
layer, the hardness of which is twice higher in relation to the first layer.

With an increased hardness of rocks in all bottom layers (variant No. 3
according to Table 15.3), their state is stable (see Fig. 15.6, b) at rather uniform
field of o, stresses and differs insignificantly in the qualitative and quantitative

plan from the previous structures.
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The variant No. 6 of the sandstone bedding in the second layer at the soft
immediate bottom, has both the common features and some features connected
with the structure — the thick and soft immediate bottom and the sandstone with
the lowered thickness (1.5 m). The immediate bottom through all the thickness
(4 m) is in the limiting and superlimiting states that intensifies the process of rocks
displacement into the mine working cavity, on the one hand, and, on the other
hand, — increases the load on the sandstone of the second layer. The less thick
(than in the previous structures) sandstone is exposed to an intensive bending
and the high gradient o, of stress changing is observed in it.

The area of tensile is developed both under the mine working, and in the side
parts of a seam almost to a half of its thickness that generates the development of
extensive areas of the sandstone weakening. Therefore, the second layer is not
capable to tale up all the load and transfers its part to the third weaker layer which
changes into a limiting state: here, to a certain extent, an analogy is observed
with the structure No. 1 and significant differences arise in relation to structure
No. 3. In general, a limiting (superlimiting) state of low-thick and thick first and
third rock layers should intensify the bottom heaving, as well as a partial sand-
stone weakening in the second layer; nevertheless, the sandstone provides some
resistance to the heaving development that will be analyzed later.

As a result, the analysis of the curve o, has revealed a number of features of

the SSS formation of the bottom rocks, which should be considered when predict-
ing its heaving in in-seam workings.

15.2.3. ANALYSIS OF THE SPECIFIC
STRESSES COMPONENTS

It is expedient to devote the final part of the SSS analysis of the laminal bottom
of in-seam working to the study of the field of the specific stresses o distribution,
the value of which (according to the Mohr-Coulomb failure theory) makes possible
to assess the rock state from the total action of the stresses components in the
area of the compressive efforts. By analogy with the previous studies, the curves
o have been analyzed beginning with the structure No. 1 (see Table 15.2) of
bedding in the bottom of the rock layers with the same thickness (see Fig. 15.7).

In variant No. 2 (see Table 15.3), extremely soft rocks occur over the entire
studied depth of the bottom (see Fig. 15.7, a). The softest first layer is character-
ized by very uniform field of o =4.2 — 6.3 MPa distribution, which only in the local
zones corresponds to the prelimiting state, and the main volume of rocks is in the
limiting and superlimiting states. The second, third and fourth layers are charac-
terized by approximately equivalent curve o : near the vertical axis of mine work-
ing, the zone of relative unloading is located, where the value of the specific
stresses either lower or corresponds to the resistance of the rocks to compres-
sion; when moving along the axis X to the lateral parts of the bottom, the limiting
and superlimiting states are observed in all layers. Such a mining-and-geological
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situation of the predominant weakening of all four rock layers of the bottom leads
to an intensification of heaving manifestation.

In variant No. 3 (see Table 15.3), of bedding in all layers of the harder rocks,
the curve ¢ is significantly transformed (see Fig. 15.7, b):

— the unloading zone increases, both in size and in reduction of o, which
affects all rock layers;

— within the mine working width, the value of acting o is several times less
than resistance of rock to compression that indicates its stable state;

—in the sides (outside the mine working width), only in the first rock layer
under the bearings of the support prop stays, the local areas are formed of a
limiting state.

Thus, in variant No. 3, it is possible to characterize a state of the bottom as
stable, which predetermines insignificant manifestations of heaving in in-seam
working.

The option No. 6 (see Table 15.3) of alternating the soft and harder bottom
rock layers has its distinctive features (see Fig. 15.7, ¢) from the above described
curves o :

— the first soft rock layer practically throughout the entire thickness is in limiting
and superlimiting states, and its curve o is identical to that for variant No. 2,
therefore, the mechanical characteristics of the second (harder) layer do not
influence on a state of the overlying layer;

— the curve ¢ for the third (also soft) layer is mainly similar to the curve o for
variant No. 2 and its state similar to limiting state or is already limiting state does
not depend on the overlying sandstone; these results state that there is high
degree of independence of the lithological variety state under study on a state of
an adjacent rock layer;

— mentioned above is confirmed — mainly the prelimiting state of the second
layer and particularly stable state of the fourth layer; in the second layer, the local
areas of a limiting state of sandstone are observed only on its surfaces and have
very limited areas of distribution.

In general, it is possible to make a conclusion that heaving caused by
weakening of the soft first and third layers is considerably limited by harder
(generally holistic) sandstone and is rather moderately manifested in mine working.

In the structure No. 2 (see Table 15.2), the odd layers have reduced thickness,
and even-numbered — the increased thickness (in comparison with the structure
No. 1) and how much this change has influenced on the field of the specific
stresses in the bottom is of interest (Fig. 15.8).

The variant No. 2 (see Table 15.3) of bedding exceptionally soft rocks in all four
layers has a curve o (see Fig. 15.8, a), with some exceptions, very similar to the
previous structure. So, the first thin rock layer from argillite is unloaded across the
entire width of mine working, and weakening occurs only beyond its limits in the
sides. In the remaining rock layers, the qualitative picture of the field ¢ is similar to
the previous structure, but the zone of a prelimiting state (or similar to limiting)
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extends almost to the sizes of mine working width, and the rock weakening also
occurs only in the lateral areas and the volumes of the weakened rocks decrease.
Obviously, such peculiarities may decrease the displacement of the bottom rocks
into the cavity of mine working and are quite regular: the thickness of the softest
rock layer is low and, therefore, the volume of weakened rocks is less, and the
second (harder) rock layer, due to its increased thickness, acts as the limiter of
heaving. Thus, despite the soft bottom as a whole, the thickness of the least hard
first rock layer make a certain impact on the curve of the specific stresses.

The variant No. 3 of bedding in the soil of rocks with an increased hardness
(see Fig. 15.8, b) converts a curve o practically to an elastic form, where very
limited plastic areas are located only under bearings of the prop stays; the curve
o itself is insignificantly different from that for the previous structure. Therefore,
in the conditions of bedding of more hard siltstone along with sandstone, the
thickness, both the first, and underlying rock layers influences insignificantly on
the specific stresses distribution.

The conclusion made is not applicable to variant No. 6 of alternating soft (odd)
layers with sandstone (see Fig. 15.8, c¢). In the first and third soft layers, the curve
o is similar to the previous structure and variants where soft layers occur; a dif-
ference is only in sizes of the areas of prelimiting and limiting state. On the con-
trary, the second rock layer (sandstone) due to an increased thickness completely
eliminates the zones of the limiting state in it, but also it limits those in the third
(soft) rock layer. This factor induces sharp increase in bottom stability and insig-
nificant manifestations of heaving in mine working.

The structure No. 3 (see Table 15.2) is characterized by the reduced thickness
of even-numbered layers and the increased thickness of odd layers; this one,
being the direct opposite of the previous structure, will allow to expand the con-
cepts of influence patterns on the curve ¢ of thickness of adjacent bottom rocks
at various variants of their mechanical characteristics distribution (Fig. 15.9).

In variant No. 2 of bedding only soft rocks (see Fig. 15.9, a), the first rock layer
through the entire thickness is in the superlimiting state that in total with its
increased thickness (4 m) causes an intensive heaving development. The zone of
relative unloading in underlying layers corresponds approximately to structure
No. 1, and in the lateral areas (with respect to the vertical axis of mine working)
the zone of the limiting state is slightly increased that also strengthens the
heaving manifestations.

In variant No. 3 of bedding everywhere the rocks with an increased hardness
(see Fig. 15.9, b), the bottom structure does not significantly influence on the
curve o, with the exception of the increased unloading zone sizes in the immedi-
ate bottom across the width of mine working.
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As it was before, in variant No. 6 of bedding substantially non-uniform adjacent
layers (see Fig. 15.9, ¢), the most significant changes of the field o are observed
connected with change in thicknesses of bottom rock layers:

— the first softest layer is characterized by superlimiting state everywhere with
almost uniform field of specific stresses ¢ that intensifies the heaving process of
the bottom;

— the third rock layer is also characterized by wider area of the limiting state
that increases the load on the second rock layer from sandstone;

— the second, harder rock layer, has the reduced thickness (1.5 m), and the
load on it is increased as from the first, so from the third rock layers; it leads to a
considerable bending and weakening of sandstone that intensifies an unstable
state of the bottom.

Thus, in case of bedding the sandstone in the main bottom, the development
of the heaving process is essentially dependent on thicknesses of adjacent rock
layers.

Other structure variants (see Table 15.2) and ratios of mechanical characteris-
tics (see Table 15.3) of rock layers of in-seam working bottom confirm and sup-
plement the revealed patterns which should be substantiated in terms of studying
the mechanism of the heaving development depending on the structure and
properties of rocks of the adjacent laminal bottom.

CONCLUSIONS

The study of the patterns of the bottom heaving manifestations in the prepara-
tory mine workings of the Western Donbas mines has made it possible to general-
ize the research results, to reveal the mechanism of geomechanical processes
occurrence in the bottom and to create a basis for their predictive assessment.

1. The geomechanical model “massif — in-seam working” system has been
substantiated comprehensively as part of performance of the main condition — the
most reliable reflection:

— the structure and properties of adjacent rocks of the roof and the bottom of
coal seams in the full range of their fluctuations with the complex use of these
geological surveys, predictive assessment of changes in parameters, analysis of
existing results of studies of physical and mechanical properties of the coal-
bearing rocks;

— accurate reproduction of the passport of conducting and fastening of mine
working with modeling of design peculiarities of the support elements;

— modeling of mechanical properties of all “massif — in-seam working” system
elements according to the complete diagram (limiting and superlimiting state of
rock, plastic flow of steel) of their materials deformations.

2. The technique has been developed of a computing experiment including
seven consecutive stages of the SSS calculation of a system and its analysis for
the most objective reflection of the system behavior in the range of changing its
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parameters, which are typical for mining-and-geological and mining-engineering
conditions of the preparatory mine workings maintenance in the Western Donbas.
For this purpose, a set of variants has been developed in a tabular form for com-
bining the geomechanical parameters of the system where the principle of divid-
ing a limited number of basic variants (each of them) into a group of sub-variants
was used. This made it possible, on the one hand, to consider an extensive varia-
tion of conditions, and on the other hand, to save the computing resource and the
time required for calculations as much as possible.

3. The analysis of the SSS calculation results of the system has revealed the
ambiguity of influence on the heaving process of the structure and properties of
adjacent rocks of the bottom: on the one hand, the well-known tendency to
reduce the bottom displacements U, with increasing resistance of rocks to

compression is confirmed; on the other hand, the process is influenced by
considerable inhomogeneity of properties (in certain areas of mine fields) of adja-
cent rock layers (for example, the flooded siltstone of the immediate bottom and
much harder sandstone of the main bottom); this effect is enhanced with a wide
range of fluctuations (along the length of mine working) in thickness of adjacent
layers and a possibility of destruction of low-thickness sandstone. Different
tendencies of the heaving development have been established with increasing
volumes of weakening rocks of the bottom, where one of the main factors is the
peculiarities of its structure, which should be substantiated in terms of revealing
this geomechanical process development.
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16. PECULIARITIES OF THE HEAVING
DEVELOPMENT MECHANISM OF THE
BOTTOM ROCKS OF IN-SEAM WORKING

Based on the analysis of fields of the stresses component distribution, some
patterns have been revealed of influence on the type of state of laminal rocks of
the bottom, its structure and mechanical properties. Changing the rock state
parameters generates development of its displacements in the direction of free
surfaces, that is, into the cavity of mine working, which is of most interest in terms
of assessing its stability. Therefore, the main attention is focused on manifesta-
tions of heaving as a result of displacements development in depth and across
the width of adjacent rock layers of in-seam working bottom.

The concepts that have developed in geomechanics about the mechanism of
occurrence and development of bottom rocks heaving state that the main factor is
the increased rock pressure in the sides of mine working, acting like a stamp onto
the bottom rocks. The process of pressing-out the soft rocks in mine working bot-
tom is very clearly shown in [73], where by means of vectors, the change is illus-
trated in the direction of complete displacements of the border rocks from vertical
in the roof, oblique in the sides, almost horizontal near the bearings of the support
prop stays to oblique and vertical in the bottom (with the opposite sign) closer to
the vertical axis of mine working. A similar vector representation has been also
obtained in the present work, since the physical mine rock model was used, which
reflects the complete diagram of its deformation, namely, the stages of weakening
and a loosening are decisive in the process of a plastic flow development in the
bottom rocks.

The ambiguity of the bottom rocks structure and properties influence of on its
SSS predetermines the ambiguity of heaving manifestations in the bottom of
in-seam working. An extremely integrated approach is required here for interpre-
tation of patterns; the analysis of the bottom displacement curves is supported by
the reasons identified from the analysis of peculiarities of the field of each
stresses component distribution. Such methodology of the analysis has made
possible to reveal and explain a number of basic diagrams of the heaving
development of the bottom in the preparatory mine workings. It should be noted
that the determined patterns of heaving development, connected with structure
and properties of adjacent bottom rocks of the coal layer, do not contradict but
supplement and concretize the developed concepts [102] about the mechanism of
this process development. The SSS analysis of the “massif — in-seam working”
system has revealed three common factors that generate manifestations of heav-
ing in mine workings:

— influence of vertical tensile stresses o,, forming a zone (in the form of “over-

turned” dome of natural equilibrium) of rocks stratification of the immediate bottom
and the upper part of the main bottom;
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— pressing-out the very soft rocks which are at a stage of weakening and a
loosening into the mine working cavity under the influence of harder coal layer
forming similarity to the zone of bearing pressure in the sides of mine working —
so-called “stamp effect”;

— formation in harder siltstone and sandstones of relatively small thickness of
quasi-plastic hinges (under the influence of tensile stresses and increased hori-
zontal compressive stresses o, ), which increase mobility of this layer and can

intensify the heaving process.

All listed factors are present constantly in a varying degree, however the pre-
vailing action of one of them is put into the principle of dividing the heaving proc-
ess of the bottom rocks into four possible variants of development, reflecting the
real mining-and-geological conditions for maintaining the in-seam workings in the

Western Donbas mines.

a The first group of mining-and-
geological conditions is character-
ized by rather stable state of the bot-
tom of in-seam working, when its
adjacent layers are presented by
lithological varieties, different in
thickness and mechanical proper-
ties, but all of them have an in-
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stresses o), which is not amplified by other factors. Indeed, the lateral areas of

v)
the bottom rocks (outside the width of mine working) are in a stable state: the ten-
sile horizontal stresses o, do not arise in the lower part of each layer thickness;

in the upper part of each layer, both compressive stresses o, and specific

stresses o are far from the value of resistance of rocks to compression 0'5; o
1

Thus, in these areas, the bottom rocks actively resist the bearing pressure from
the coal seam, hence, the “stamp effect” is not observed. On the other hand, the
rock layers, underlying the stratification area (as a rule, the maximum depth near
the area of vertical axis of mine working does not exceed 2 — 2.5 m) under the
mine working, are also stable for the above reasons: in the upper part of each
layer, the tensile stresses o, do not appear, and in the lower part, the compres-

sive stresses o, and specific stresses ¢ do not exceed the value of O'CIZ i (see
1

Fig. 16.1). Therefore, there are no quasi-plastic hinges in the rock layers, and
their state is far from the limiting one. As a result, the heaving of the bottom is
generated by exclusively limited area of action of tensile vertical components o,

which are not capable of creating any significant displacements of the bottom into
the mine working cavity, and in different variants of the bottom structure it does
not lead to an excess of U, =20 — 30 mm.

The peculiarities of influence of the bottom rocks structure are as follows. The
area of tensile stresses o, distribution is rather constant: with a thin first layer,

the tensile stresses oy penetrate into the second thicker layer of bottom; with a

thick first layer, the tensile stresses o, are localized in it only; lithological varie-

ties of the Western Donbas rocks resist equally weakly to tension, so that the
process of stratification and displacement of rocks is changed not so significantly.
Siltstone and argillite as softer rocks (in comparison with sandstone of the second
and third layers) with the increased deformation properties are the main source of
the bottom rocks deformations, however, their stable state does not allow devel-

oping of displacements outside the area of tensile stresses 0, , which can be
clearly seen on the diagrams (see Fig. 16.1, b). With an increase in siltstone

thickness from 0.5 to 2.0 m, there is an increase in the bottom displacements U,

by only a few millimeters — this means that the main contribution is made by the
zone of stratification from tensile stresses o, . But, since the absolute values U,

are low, their relative increase (in relation to the maximum (U,)  at m‘=7m)

max
grows more significantly by 25 — 35%. With a further increase in thickness of silt-
stone, the intensity in the growth of the bottom displacements decreases even

more and almost attenuates at m >4 m.
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In general, it can be concluded that with the calculated compressive resistance
of at least 20 MPa (that is, taking into account the weakening factors) of the adja-
cent rock layers of the bottom, there are no significant manifestations of heaving
in the areas of in-seam working, which are located outside the zone of the stope
works influence. Therefore, the first
group of mining-and-geological
conditions is not of practical interest
in terms of planning the actions to
counteract the heaving of the bot-
tom rocks; based on this factor, the
operational state of mine working is
predicted as quite satisfactory, and

bearing pressure area

stretching area o,

-

/ ~—_ the analyzed group of mining-and-
\ area of ultraboundary ( geological conditions is not studied
state 0 < Geompr in further research.
\ 3 3 N / The second group of mining-and-
_____ I geological conditions is the diametric
b opposite of the first one, since it
L~ reflects the mining-and-geological
~ B - situation when the adjacent rock
layers of the bottom are represented
by argillites and siltstones with small
hardness which, moreover, are quite
often water-flooded. Potentially, this
is the most dangerous (from the
point of view of the bottom rocks
0 0 stability) group of mining-and-
oz 3 s by geological conditions; the corre-
Fig. 16.2. Scheme (a) of the adjacent bottom sponding mechanism of the bottom
rocks deformation with a decreased rocks deformation is represented in
compressive resistance of p; and patterns (b) Fig. 16.2, and to systematize further

com

of displacements U, development with the grow- research, th“e formed concepts were
called as “Scheme | of heaving

development”.
Ups == Up/(Up) The roof rocks create an in-
creased load in the sides of mine
working, which the coal seam perceives as the hardest element, and transfers
this load to the softer rocks of the bottom, which leads to the occurrence of exten-
sive areas of limiting and their superlimiting state. The rock layers experience
bending into the mine working cavity, during which they are destroyed, firstly, in
the areas of the maximum bending moments action (see Fig. 16.2, a — in the cen-
tral sections of each layer and in the lateral ones — in the zones of bearing pres-
sure), and then throughout the span width of the rock plates. Their unstable state
is facilitated by the increased horizontal compressive stresses o, in the bottom
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under the bearing pressure zones, which, taken together, create the additional
overturning moment relative to the neutral axis of each rock layer. The condition
for occurrence of the increased compressive stresses o, is the changeover of

rock into the limiting and superlimiting states, caused by their low resistance to
compression. Thus, the low hardness of rocks (including that caused by action of
the weakening factors, such as water-cut, the fracturing, etc.) at first creates the
conditions of an intensive rock layers deflection, then intensifies a bending due to
an increased horizontal stresses, and, as a result, the entire rock volume from
one zone of an increased rock pressure (in the left side of mine working) to an-
other (in the right side) changes into the limiting and superlimiting states, which
are characterized not only by the weakening, but also the loosening of rock,
which, increasing in volume, moves in the direction of the lowest resistance, that
is, into the mine working cavity. This conclusion about the formation of extensive
zones with the limiting (superlimiting) state of bottom rocks is convincingly con-
firmed by a series of the SSS calculations (see §15.2) for different structure vari-
ants, when the value of heaving U, consistently exceeded 300 — 400 mm (for the

thickness of the first layer mlR =1.5 -2 m and more) in the absence of sandstone

in the lower layers.
At the same time, if the first softest rock layer has insignificant thickness

(mlR =0.5-0.8 m), and a stronger siltstone or argillite is behind it, then the heav-

ing is relatively small (up to 150 — 200 mm). But, with an increase in mlR, there is
a sharp intensification of heaving (see Fig. 16.2, b), caused by an increase in the

volume of the loosening rocks. Nevertheless, the gradient of the function U (mlR)

growth tends to attenuation already at mlR >2 m (80 — 85% of displacement from

the maximum value of (Ub)max at mlR =7m, and at mlR >4 m, the heaving is

almost stabilized. This phenomenon is conditioned, in our opinion, by two rea-
sons: firstly, with an increase in the distance from mine working, the value of the
massif SSS perturbations decreases; secondly, the increasing volume of the
loosened rocks is partially compensated by compression of more remote rocks,
which are less weakened, but, nevertheless, are still significantly deformable.

In these conditions (with the calculated compressive resistance

O-L{f)mpr <10 MPa), the plastic flow of the bottom rocks is evidently manifested in

classical understanding of the heaving phenomenon, which influences on not only
adjacent, but also on more remote rock layers.

The mechanism of heaving development is significantly different at rather
widespread mining-and-geological situation of bedding the siltstone and argillite
with low thickness and underlying harder sandstone in the adjacent bottom of

in-seam working, where the key influencing parameters are: thickness mlR of the
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first layer, thickness m§ of the second sandstone layer, resistance to compres-

sion of
comprs

of the third layer presented by argillite or siltstone; also the variant of
sandstone bedding is possible in the third layer after argillite or silistone of the
second layer.
a Fig. 16.3, a shows the basic
bearing pressurc area 1 diagram of the most characteristic
vl : structure of the bottom rocks, when
the weakened argillite or siltstone
occurs in the first layer, and it is
followed by sandstone and the
harder (than the rocks of the first
e oook | layer) siltstone or argillite. This
— - o L group of mining-and-geological
_ . ﬁ _ conditions is reflected by “Scheme |
fracture cracks 72 Ceompn "} of heaving development’. An in-
creased load in the bearing pres-
b sure zone, which is perceived by
—_ - the harder coal layer is transferred
T to the immediate bottom from
. P " weakened (for example, water-
flooded) argillite or siltstone. Low
calculated compressive resistance

of the first layer (o® <10 MPa)
mpry
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induces to development in it of an
o 1 23 4 05 6 ., 0 extensive area of the limiting and

e superlimiting state which due to the
rocks loosening generates the sig-

Fig. 16.3. Scheme (a) of substantially
non-homogenous adjacent bottom rocks

deformation and the patterns (b) of nificant bottom heaving. For the

displacements v, development with an same reasons, the resistance to

increase in thickness m{t of the first layer while rock pressure In the first rock Iayer

maintaining the stability of the underlying _decreases and the most load part

sandstone: Ups = = Uy 1(U,) is transferred to sandstone, the
max

thickness of which is such that it
keeps its stable state. In the sandstone rock plate under the influence of an exter-
nal load, the concentrations of horizontal stresses o, (characterizing the plate
bending) are formed near the vertical axis of mine working and in its sides: in the
center of the rock plate span, the tensile stresses o, are locate in the upper part

of a layer, and the increased compressive stresses o, — in lower part; in the lat-

eral areas of the plate (under the zones of bearing pressure), the curvature of its
bending line changes a sign and tensile stresses appear already in the lower part
of a plate. As it is known, the Western Donbas rocks have very low tensile



Chapter lll. RESEARCH INTO HEAVING OF MINE WORKINGS BOTTOM 229
WHEN MINING THE FLAT-LYING SEAMS OF THE WESTERN DONBAS

strength and in the areas of acting tensile stresses o, , the tension cracks are

formed, as shown in Fig. 16.3, a. Nevertheless, due to the compressive stresses,
a pair of resultant forces F is formed, creating the restoring moment, and the
rock plate is in a stable state provided that the specific stresses o (in the areas of

acting compressive stresses o) do not exceed the sandstone resistance to
compression o®
comp.
(third and fourth), there are similar processes of occurring the tension cracks in
them only in the areas of acting tensile stresses o, which do not entail the loss

of stability of the main bottom.

In these conditions, the heaving development mechanism is significantly trans-
formed because of the location of a weak weakened layer of the immediate bot-
tom between two strong layers: from above — coal layer, from below — rigid sand-
stone. The weakened argillite or siltstone has considerable mobility (similarity of a
plastic flow) and under the influence of “a rigid stamp” (coal layer) are deformed in
the vertical and horizontal directions that is prevented (besides stable rocks in the
remote areas of mine working sides) by holistic and rigid sandstone in the main
bottom. Then, the siltstone displacements do not extend deep into the soil, and
their vector changes the direction from oblique to the depth of the bottom to
oblique towards the mine working: there happens a kind of ‘reflection’ of the direc-
tion of the weakened and the loosened siltstone displacements from a rigid ob-
struction in the form of sandstone with sufficient thickness. That is, rigid sand-
stone in the second rock layer strengthens the heaving manifestations due to cre-
ating a directed flow of the disturbed rock into the cavity of mine working.

Such an idea about the mechanism of the heaving process development is
confirmed by a series of calculations for different adjacent bottom structure (see

- With a sufficient strength of the underlying rock layers

Fig. 16.3, b). Here, the thickness of the first layer mlR plays more essential role in

comparison with the previous schemes, since the excess volume of the weak-
ened and loosened rock directed by the sandstone towards the mine working,

depends on parameter mlR. Thus, unlike the previous scheme (see Fig. 16.2,
where at mft =2 m, 80 — 85% of U, displacements from the maximum value are
realized, and at mlR =4 m, the growth of U, practically stops), sandstone induces
further growth of U, : at mIR =2 m only 55 — 60% are realized, and at mlR =4 m-
about 85% of the maximum value are realized. Nevertheless, the function
U, (mlR) tends to flattening at mlR >4 m. In general, it is possible to conclude that

the heaving process (in these mining-and-geological conditions) is mainly influ-
enced by two factors: activation of displacements of soft argillite or siltstone due
to the rigid footing presented by sandstone; restriction by rigid sandstone of dis-
placements of underlying bottom rock layers.
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In the presented patterns, a significant role is also played by the value of sand-
stone removal from the mine working contour in terms of its placement, for exam-
ple, in the third layer. And the layer of harder (water-free) argillite or siltstone occurs
between the disturbed layer and sandstone. Here the general tendency is shown of
decreasing the “rigid footing effect” with an increase in the depth of sandstone bed-
ding, which predetermines the decrease in the intensity of pressing-out the rocks of
the first layer. The influence of a second more stable argillite layer, which partially
absorbs deformations of the first layer, is added to this process that in total leads to
the reduced heaving, on the one hand, and to an increased heaving ‘realization’ at
the thicknesses of first layer up to 2 m, on the other hand, that is, the mechanism of
heaving development is approaching Scheme |.

One more variant of heaving de-
a velopment of the bottom rocks is
bearing pressure area__—"7"~ significantly different from consid-
ered and characterized by the fol-
lowing structure: the rocks with low
hardness occur in the immediate
bottom, the second rock layer is pre-
irea of ultraboundary | sented by sandstone with thickness
- sate 0> oo | up to 1.5 — 2 m, and the soft silt-
oo mﬁr stone or argillite occurs in the third
— r— 2P layer. The behavior of such a struc-
Vs, state &> o romrs ture (which is actually occurs in the
- coal seams bottom) with alternating
layers of reduced and increased
1=~ strength is characterized by a rela-
240 75 tively independent [73, 111] transi-
tion of each rock layer to the limiting
and superlimiting states that have
also been confirmed by the per-
formed calculations. With very soft
yd rocks of the first and third layers,
0 7 2 3 7 5 5 7 0 sandstone is a rigid plate loaded
. e both from the side of its roof and
honf(;gg.eli)-ﬁ-ssazr;:;?\t(ab)oﬁ;:ﬁitsl?stI32¥or::1r;tion from the _Side_ of Fhe b.Ottom’ and the
and the patterns (b) of displacements v, load distribution is quite unfavorable
development with an increase in thickness mft from the point of view of sandstone
1 ™ .
of the first layer when forming the quasi-plastic stability. Indeed, in th_e central part
hinges in the sandstone: of the plate span, an increased ver-
Ups == Uyl (Up),,, tical load acts (in the direction of
mine working) from the weakened
third layer, which bends the plate and reveals fractures in the area of acting ten-
sile stresses o, . In the lateral parts of the sandstone, a predominantly vertical

load acts from the plastic flow of the first rock layer (Fig. 16.4, a), which forms

coal seam

160 = 50
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quasi-plastic hinges in plate bearings, pressing them into the weakened third
layer. Thus, there are significant bending moments in the sandstone (that is evi-
dently observed on the curves o, in §15.2), which are capable of destroying it

into sections where the bending moment reaches a maximum — in the plate bear-
ings and in the central part of the span. This occurs at a relatively small thickness

of sandstone m§ <1.5 -2 m and the similarity of thrust system is created from its

blocks, which, nevertheless, has some reaction of resistance to rocks displace-
ment towards the bottom of mine working. The occurrence of a thrust system in

sandstone depends not only on its thickness m§, but also on the thicknesses of

the first mlR and third m§ soft rock layers. The graphs show the influence of first

layer thickness mlR on the value of heaving U, and this pattern characterized by

the slow growth of function U, (mlR) , the form of which is approaching linear. The

explanation of this pattern can be explained, in our opinion, by two factors: in-
creased mobility of the thrust system in the sandstone, which enhances the inten-
sity of the first layer displacements towards the mine working; increased move-
ment of the thrust system in sandstone due to the plastic flow in the third rock
layer. Thus, when both factors act in the same direction, the value of heaving is
directly related to the excess volume of rocks from loosening, which depends, first
of all, on the thickness of the first layer. Such behavior of the bottom rocks is sin-
gled out in a separate “Scheme Il of heaving development”.

Overall, the SSS analysis results of “massif — in-seam working” system have
been logically explained in the proposed heaving development mechanism (in the
preparatory mine workings) which is reflected in three basic diagrams in view of
the fact that the uniform behavior of diverse and non-uniform structure of the bot-
tom cannot exist conditioned by the nature of geomechanical processes itself.
Therefore, the following necessary stage of research is the expansion of the cal-
culation base in terms of involvement of really existing diverse structures and
properties of adjacent bottom rocks for a more complete disclosure and specifica-
tion both the mechanism and the patterns of heaving development.

CONCLUSIONS

1. The ambiguous tendencies in the bottom heaving development of the pre-
paratory mine workings have been explained on the basis of an integrated ap-
proach, where the analysis of the curves of the bottom displacements is sup-
ported by the reasons revealed when studying the peculiarities of the field of each
stresses component distribution. It is this methodology has allowed to establish
three general factors generating the heaving manifestations, which are constantly
present, but the prevailing action of one of them is put into the principle of dividing
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the heaving process into three possible variants of development:
—influence of the vertical tensile stresses o, forming a stratification zone of

rocks of the immediate bottom and upper part of the main bottom;

— pressing-out the very soft rocks, which are at a stage of weakening and
loosening, into the cavity of mine working under the influence of harder coal seam,
forming a similarity of a bearing pressure zone in the sides of mine working — the
so-called “stamp effect”;

— formation in sandstones and harder siltstones of a relatively small thick-
nesses of quasi-plastic hinges (under the influence of tensile stresses and in-
creased horizontal compressive stresses o, ), which increase the mobility of this

layer and can intensify the heaving process.

2. The noted factors have been logically explained in the proposed heaving
development mechanism, which is reflected in three basic diagrams that reveal
the nature of geomechanical processes in a very non-uniform and diverse struc-
ture of the bottom rocks.
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17. STUDY OF PATTERNS RELIABILITY
OF RELATION OF THE BOTTOM ROCKS
STRUCTURE AND PROPERTIES WITH ITS
HEAVING

17.1. DEVELOPMENT OF A COMPUTATIONAL
EXPERIMENT TECHNIQUE

Being guided by the general research methodology and the results of the previ-
ous calculations, it is advisable to develop the technique of a computational experi-
ment in terms of detailing and systematization of the initial geomechanical parame-
ters for obtaining the reliable quantitative patterns of the heaving manifestation in
the bottom of the preparatory mine workings. The development of a technique is
implemented in two main directions: detailing the structure of bottom rocks adjacent
to the coal seam and specifying the range of changes in the calculated compressive
resistance of rocks layers, depending on the intensity of action of their weakening
factors (water-cut, fracturing, rheology, etc.). Both directions are conditioned by the
revealed three diagrams of the heaving development depending on the structure
and properties of rocks of the immediate bottom and adjacent main bottom.

The first direction is related to the set tendencies in the thicknesses mf’ of rock

layers influence on the manifestation of heaving. Moreover, a noticeable influence is
made by layers occurring at a depth to 6 m — this fact is clearly consistent with the
normative methodology [94], where lithological varieties with a depth of bedding up
to one width of mine working in drivage are taken into consideration (relative to our
research area — 5.5 — 6 m). Thus, the main contribution to the heaving process is
made by 2 — 3 rock layers, excluding low-thickness (0.1 — 0.3 m) rock interlayers
and coal interlayers, the probability of occurrence of which at a depth of 6 m is low.
To increase the reliability of setting the patterns of relationship between the value of

heaving U b and thicknesses m,” of adjacent rocks layers of the bottom, it is neces-

sary to provide a sufficient number of variants of changing the thickness of each
rocks layer. This ensures the basic structural variants (see Table 15.2) which
generate a set of sub-variants by combining two-three layers into a single thicker
layer by eliminating the boundary condition for the separation of lithological varieties
in a specific model.

In chapter 15, the nonlinear link of parameters U’ and mlb is set that conditions
the need for calculations (with a variable mlb ) in the number of at least five-six
values in the range of 0.5 mSmf’ <5.5 m. It is easy to perform using basic struc-
tures according to Table 15.2;

- mlb =0.5 m — structure Ne2;



234 Chapter lll. RESEARCH INTO HEAVING OF MINE WORKINGS BOTTOM
WHEN MINING THE FLAT-LYING SEAMS OF THE WESTERN DONBAS

mlb =1 m — structure No4;

=2 m — structure Ne1;

=3 m — structure No5;

=4 m — structure Ne3;

=5.5 m — structure Ne3 when combining the first two rocks layers.

The second rock layer, taking into account the sufficient probability of bedding
both low-thickness (about 1 m), and thick (up to 5.5 m) sandstone, it is expedient

to calculate in an interval of 1 m< mé’ <5 m, which can be realized in the following
structures:

— mb =1 m — structure Ne4;
— mb =1.5 m — structure Ne3;
— mb =2 m — structure Ne1;
- mé’ =3 m — structure Ne2
— mb =4 m — structure Ne5;

- mé’ =5 m — structure Ne4 when combining the second and third layers of the

bottom.
The third rock layer is usually presented by argillite or siltstone with different
thickness, and taking into account the depth us to 6 m which is of interest, the

interval of changing m3 is accepted the following 0.5 m<m3 5.5 m; with thick

first two layers, the third rock layer is low-thickness, and in the opposite case, the
third layer has an increased thickness. The structures realizing the specified
interval are taken:

- mé’ =0.5 m - structure Ne3 when combining the first two rocks layers;
- mé’ =1 m — structure Ne5;
- m3 =2 m — structure Ne1;
- m3 =3 m — structure Ne3;
- m3 =4 m — structure Ne4;

- m3 =5.5 m — structure Ne2 when combining the third and fourth layers.

The listed values of the thickness of the first three rock layers in their combina-
tion are limited by the previously substantiated depth of the studied bottom.
Therefore, with the low-thickness first (second) layer, the combination is calcu-
lated with the more thick second (third) layer and vice versa — the number of the
studied structures in such a way is significantly limited, without reducing amount
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of discrete values m,” for creation of correlation dependences. As a result, based

on five basic structures, seven variants, which are accepted to the SSS research
of the bottom rocks, are selected and are presented in Table 17.1

Table 17.1
VARIANTS FOR THE STRUCTURE OF BOTTOM ROCKS
AT THE FINAL STAGE OF CALCULATIONS
Number of variant 1 2 3 4 5 6 7
mf 0.5 1 1 2 3 4 55
mf, m mb 3 1 5 2 4 15 3
ms 5.5 4 3 2 1 3 0.5

The second direction is connected with a more detailed substantiation of the
range of changing the calculated resistance Rf’ of the bottom rocks caused not

only by a variation of uniaxial compressive strength ofompr' of rock in a sample, but
1

also by an extent of the weakening factors influence: water-cut, fracturing and
rheology.

The geological survey data testify that only three lithological varieties occur in
the bottom of the seams (with rare exception of coal interlayers occurrence with
thickness of 0.1 — 0.3 m): argillite, siltstone and sandstone.

The calculated resistance of the bottom rocks to compression Rib according to
the guiding normative documents [94] is determined by a formula
R’ =K K, K,c"

compr;

, (17.1)

into which an additional coefficient K, is introduced, considering the rheological
factor of decreasing the compressive resistance over time, which is very relevant
for the soft rocks of the Western Donbas, characterized by significant creeping.
According to the listed normative documents, the ranges of changing have
been determined for lithological varieties of the bottom rocks of the coefficient K.
of the structural weakening (considering average distance between the surfaces
of weakening the rocks in the massif) and the coefficient K,,, considering the

weakening of the water-flooded rocks (Table 17.2).

The range of changing the coefficient K, considering the rheological factor is
determined on the basis of large-scale researches [62] of the Western Donbas
rocks creeping and its value are presented in Table 17.3.
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Using the data in these Tables 17.2 and 17.3, the intervals of changing the calcu-
lated resistance to compression Rl-b of the bottom rocks (Table 17.4) are determined

by the formula (17.1).

Table 17.2
VALUES OF COEFFICIENTS FOR STRUCTURAL
WEAKENING K. AND WATER-FLOODED MASSIF K,,
Type of rock K. K,
Argillite 04-09 0.5
Siltstone 06-0.9 0.6
Sandstone 0.8-0.9 0.8
Table 17.3
VALUES OF THE COEFFICIENT K, CONSIDERING RHEOLOGICAL FACTOR
Type of rock Rheological factor K/ S K,
Argillite 0.2-0.5 0.71-0.89
Siltstone 0.2-0.5 0.71-0.89
Sandstone 0.1-0.3 0.84 — 0.95
Table 17.4

INTERVALS OF THE CALCULATED RESISTANCE TO
COMPRESSION OF THE BOTTOM ROCKS OF IN-SEAM WORKINGS

Calculated resistance to compression
(water-free / water-flooded) R’ , MPa

3.1-224
1.6-11.2
6.0 —36.0
3.6-21.6
26.9-51.3
21.5-41.0

Type of rock

Argillite

Siltstone

Sandstone

The analysis of these data in Table 17.4 indicates a significantly wide interval
of changing the calculated resistance to compression Rf’ of each lithological
variety:

— argillite — R =1.6 — 22.4 MPa;

— siltstone — R =3.6 — 36.0 MPa;

— sandstones — Rib =21.5-51.3 MPa.
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To limit these intervals, the results of modeling were used in terms of delimita-
ting the mechanism of development of the bottom heaving according to three
schemes and mining-and-geological conditions, when the value of heaving the
bottom rocks requires additional measures to ensure its stability. Therefore, firstly,
the variants for combining the calculated resistance to compression R,-b across
the three rock layers of the bottom should be distinguished separately for each of
the three schemes of heaving development; secondly, variants of combinations
R,b should be considered only for cases when the value of heaving exceeds the

permissible norms for safe mine working operation. Being guided by the above
considerations, the following variants have been developed for combinations of
the calculated resistance to compression R,-b of adjacent three rock layers of the

bottom.

The “Scheme | of heaving development” involves the occurrence of relatively
uniform in mechanical characteristics rocks with small hardness (soft argillite and
siltstone) in three adjacent rock layers of the bottom, since the modeling results and
mine observations indicate sufficient stability of the bottom at the calculated resis-

tance to compression Rl-b > 10 MPa. Therefore, we are interested in the state of the

bottom rocks at Rf’ <10 MPa, for which the following variants for combining the

calculated resistance to compression of three adjacent rock layers (Table 17.5) are
developed.

Table 17.5
VARIANTS OF VALUES OF CALCULATED RESISTANCE TO
COMPRESSION R:’ OF THE BOTTOM ROCKS OF MINE WORKING AT
“SCHEME | OF HEAVING DEVELOPMEN”
Variants 4, B, C D, E, F,
R 3 3 5 5 10 10
R’ ,MPa RS 5 10 3 10 3 5
R} 10 5 10 3 5 3

The “Schemes Il and Il of heaving development” provide for the occurrence
of sandstone in the second rock layer, which either maintains continuity, or a
thrust system of rock blocks is formed in it. Therefore, the second rock layer has
an increased value of the calculated resistance to compression, which is most
expedient to reflect with two values of 30 and 50 MPa. It was also taken into
account that the heaving of dangerous value is developed with very soft rocks of
the first and third layers, which is limited by the above condition of
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ng, <10 MPa. According to these provisions, six variants of the parameter Rf’

combinations have been developed, which should be studied (Table 17.6).

In conclusion should be noted, that the remaining mechanical characteristics
of the complete rock deformation diagram correspond to the modelled lithological
varieties and were substantiated earlier in Chapter 15.

Table 17.6

VARIANTS OF VALUES OF CALCULATED RESISTANCE TO

COMPRESSION R,-b OF THE BOTTOM ROCKS OF MINE WORKINGAT

THE “SCHEMES Il AND Il OF HEAVING DEVELOPMENT”

Variants A i By r Com Dy iy Eym Firm
R 3 3 5 5 10 10
RY, MPa RS 30 50 50 30 30 50

R 3 10 3 10 3 10

17.2. ESTABLISHING THE PATTERNS OF STRUCTURE
AND PROPERTIES INFLUENCE OF BOTTOM ROCKS OF
THE COAL SEAM ON HEAVING MANIFESTATIONS

IN IN-SEAM WORKINGS

17.2.1. RELATIVELY UNIFORM MECHANICAL
PROPERTIES OF ADJACENT ROCK LAYERS
OF THE BOTTOM

In accordance with the provisions of the methodology, the computational
experiment has been conducted by seven structures (see Table 17.1) of the bot-
tom rocks and by six variants of the ratios of calculated resistance to compression

Rib of the rocks for the “Scheme | of heaving development” (see Table 17.5).

The results of a computational experiment according to the “Scheme | of heav-
ing development” of the bottom have been analyzed when it is represented by
relatively uniform in mechanical characteristics soft lithological varieties with a

resistance to compression Rf’ <10 MPa.

The patterns of changing the value of heaving U’ with an increase in thick-
ness mlb of the first rock layer are presented in Fig. 17.1. First of all, different ten-

dencies come under notice of U’ and mf’ relation, depending on the calculated

resistance to compression Rf’ of the first rock layer. So, with the softest first rock
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layer (Rlb =3 MPa), with an increase in its thickness, there is a steady increase in

the value of heaving for both variants 4; and B; (see Table 17.5) of the ratio Rib

over the adjacent layers. This growth tendency is explained by the fact that the
softest first rock layer, being in the superlimiting state, makes the main contribu-
tion to the heaving development and

with an increase in mlb, the volume of

£
rocks increases at the stage of loosen- 8
ing, and, consequently, the intensity of = //'(
their displacement into the cavity of mine ;5
working increases. As can be seen from

the graphs, the pattern Ub(mf’) is of -/ Ci

attenuated nature: with an increase in o0 J
5

mlb , the growth gradient U” decreases \§

and at mlb >4 m the further increase of / \4\\

U? is low and is stabilized around 940 —

) b 250
960 mm. This means that at m; 24 m,

the strength characteristics of the under-
lying rock layers have already an insig-
nificant influence on the value of heav-
ing, as evidenced by the convergence of 0 2 4 mP.m
the graphs by variants 4; and B; of Fig. 17.1. Patterns of changing the value

s . _ of heaving (according to “Scheme | of
distributions over the layers of calcu heaving development”) depending on the

. . b
lated resistance to compression R; . At thickness m{’ of the first rock layer for

mlb <4 m. the influence of sz and Ré’ is variants of combinations of calculated
’ . . b .
more significant — a difference in vari- compressive resistance K;' of adjacent

ants 4; and B, is: 30.6% at m1b=0.5
m, 19.6% at 1 m, m’ =5.1% at m’ =2 m, 9.4% at m’ =3 m and —1.1% at 4 m.

The specified difference is conditioned by a ratio of Ré’ =5 MPa, Ré’ =10 MPa for

rock layers according to Table 17.5

variant 4; and sz =10 MPa, R3b =5 MPa for variant B;. It is even more ampli-
fied by the different thickness of the second and third layers — structure No. 2 is
not involved in the graphs plotting (m§ =1m, mé) =4 m — Table 17.1), for which,

relative to the structure No. 3 (mé7 =5 m, mf =3 m), the difference of displace-
ments is — 23.6%, that is, in total (19.6% + 23.6%), the influence of parameters
R}3 and mj; has made 43.2% at m{ =1 m.
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The pattern ub (mfj) is significantly changed at R{’ =5 MPa (variants C; and
D, of a ratio according to Table 17.5) and here the main reason is that the calcu-
lated resistance to compression Rlb of the first layer is no longer the smallest of
three adjacent rocks layers — it takes an average value in relation to R§,3 =3 MPa
and 10 MPa. With an increase in mlb, there is some increase of U” from 460 mm
(mlb =0.5 m) up to 600 mm (mlb =5.5 m) for variant B; and from 500 to 585 mm

for variant D; . In percentage terms, the growth of U’ is — 30.4% for variant C;
and 17% for variant D;, which is significantly less than the corresponding growth

of U? (50% for the variant A4; and 91.8% for the variant B;) at R{’ =3 MPa. The

pattern U’ (mlb) is also exposed to the influence of parameters Ré’j (a deviation

of 28.9% at mlb =1 m) and m§,3 (deviations — 31.1% with the opposite sign).
Thus, even at Rib =5 MPa, there is a significant influence of the structure parame-
ters and resistance to compression of the underlying rock layers at mf’ =4 m de-

spite a low gradient of Ut (mlb) change.
Another type of pattern U’ (mlb ) is observed when the first rock layer is com-

posed by the hardest rock (Rlb =10 MPa) with respect to the underlying layers
(Ré”3 =3 and 5 MPa). Here, the variants E; and F; of the ratio of the calculated
resistance to compression R{’ from Table 17.5 are used, the difference U’ be-

tween which in value U’ is already less significant than that of the above vari-
ants; obviously, the predominant influence of the harder first rocks layer is
affected. The maximum of heaving about 485 mm (variant £;) and 500 mm (vari-

ant F; ) is observed at a minimum thickness of mlb =0.5 m and this is quite natu-

ral, since there is a minimal influence of a harder rock layer takes place, and the
underlying softer rock layers make the main contribution to the heaving develop-

ment. The fact of the minimum difference in displacements U’ at mf’ =0.5 m for
all variants of R’ distribution is also natural, regardless of the value of the calcu-
lated resistance to compression Rlb of the first rock layer, which indicates the

relationship of its influence intensity with thickness mlb. Further, with an increase
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in mf’ the influence of the first rock layer increases, that is realized in decrease

in the value of heaving, which at mf’ >4 m tends to a stable value of U’ =295 —

305 mm.

Based on the results of the revealed
patterns according to the “Scheme | of
heaving development” of bedding the
soft and rather uniform rocks in adjacent
bottom layers, it is possible to make the ;5
following conclusions:

U”, mm

— different extent of parameters Rlb

and mlb influence, depending the thick- .,

ness m’ of the first rocks layer is ob- N
served; U 52980 TN N

1

—with a low thickness m1b=0.5 m, s

the influence of Rlb is minimal, and the

value of heaving is determined by the
parameters of the underlying layers;

0

— with an increased thickness of the 2 4 6 8 R’,MPa
first rocks layer (mlb >4 m), the influence Fig. 17.2. Patterns of changing the value
of underlying layers is minimized and of heaving v’ from the calculated com-
the defining factor in the heaving devel- pressive resistance R} of rock of the first

opment is only resistance to compres-

layer at varying its thickness m?
sion Rlb of the first rocks layer;
—intherange of 0.5m < mlb <4 m, the value of heaving is influenced by all the

studied parameters Rl-b and mf’ but with a different specific contribution to this
process.
Based on the conclusions formulated, the tendencies of the parameters R’

and m! influence on the heaving value U® are analyzed, which form the basis for

predicting this phenomenon by constructing correlation relationships. At mlb >4 m,
only one parameter (besides depth H of the mine working location) — the calcu-
lated resistance of the first rock layer to compression Rlb has a decisive influ-

ence. Fig. 17.2 clearly shows an inversely proportional link of U” and Rlb at dif-
ferent values of mf’: at mf’ <2 m, an inversely proportional link is expressed less

obviously as there is a significant influence of parameters Ré’s and m§,3 of the
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underlying rock layers (see Fig. 17.1); with an increase in mlb, this influence is
weakened and at mlb >4 m, it practically disappears. In this area, other parame-

ters do not introduce significant distortions into the pattern of U’ and Rlb linking,

which causes the reliability of its approximation by an equation of the form (a
dashed curve in Fig. 17.2)

v (&) =222 mm, (17.2)
Rb
1

To substantiate the link function U” and mlb, the graphs in Fig. 17.1 are also
used, which indicate the necessity to choose the approximating equation providing
stabilization of value U’ at mlb >4 m regardless of other parameters values.
Here, the function with one of the terms in the form of an exponential with argu-

ment mlb is the most suitable, which gives an asymptotic approximation of the

equation Ub(mf’) with high mlb to a certain constant value

b( b\_ 4
v (ml )_1+a2 exp(—a3m1b)’ (173)

where a;, a,, a3 —approximation coefficients.
Now let us assess the influence of parameters R§’3 and m§’3 of the underlying

rock layers in the range of mlb <4 m. In the guideline normative documents [71,

94], the averaged calculated compressive resistance of rocks of the non-uniform
bottom is calculated as the “weight-average” value by summing the product of the

resistance to compression R,-R by the coefficient of each layer influence, which is

determined depending on its thickness mf’ and the distance of location of the

mine working bottom from the surface. That is, there is an assumption of neces-
sity to consider the extent of the underlying rock layers’ influence by the combined
parameter

P= ¢(R§’3,m§,3) , (17.4)

the expediency of using which is verified by the results of a computational experi-
ment.

The influence of the “weight-average” calculated resistance of the second and
third layers is assessed in relation to the calculated compressive resistance of the

first layer RIR; thus, a certain generalized parameter P is formed
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_ KomyRS + Kym3 RS

P ’
(Kym3 + Kymd | RY

(17.5)

indicating the specific weight of resistance to compression Ré”3 of underlying
layers in relation to the first layer Rlb (here K, and K; — coefficients of the thick-

nesses m§’3 influence of the second and third rock layers; changes in the range

of 0<K,3<1). Also, it has been determined that the influence of the listed

parameters on the heaving value substantially depends on the thickness mf’ of

the first rock layer in the range of mlb <4 m; therefore, the patterns of link are

observed between the heaving U’ and the generalized parameter P for different

discrete values of mlb according to the studied variants of the bottom structures

(see Table 17.1). Moreover, not the
absolute, but the relative value of
change in heaving will be the most mi=0smy |
informative value exposed to influence

of parameter P /

A, %

b b 2m
U, -U
A=—2—":100 %, 17.6
. %, (17.6) n ’jm/
b : 0 —
where U” —an instantaneous value of 0 y p P
heaving for a specific value of thickness

mlb of the first rock layer; Uf —the

steady-state value of heaving at

mlb =5.5 m (variant No. 6 of structure
according to Table 17.1).
The patterns of change A(P) are

shown in Fig. 17.3 (at K, =K3=1) for 0

Fig. 17.3. Relative change 4 in the value

X . b .
five values of thickness m; of the first of heaving depending on the generalized

layer, which confirm earlier revealed parameter P of the underlying rock layers
tendency of decreasing the intensity of influence at varying thickness u? of the
the underlying rock layers influence with first layer

an increase in the thickness of the first
layer. It can be seen from the graphs that at mlb =4 m the influence of parameter
P can be assessed as insignificant — deviations in the value of heaving are
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0 — 5.8% for all variants of the ratio of the calculated compressive resistance Rl-b

from Table 17.5. At mlb =3 m, certain increase of A is already shown (with an
increase in P ) from — 6.7% (variant F;) to 9.6% (variant B;, see Table 17.5).
A further decrease in the thickness of the first layer leads to an increase in the
gradient of increasing the function A(P) with simultaneous expanding the range
of a deviation 4 fluctuations: thus, at mlb =1 m the value of 4 varies in the range

from 41% (variant E;) to 40.4% (variant B;); at mlb =0.5 m, the range of 4
increases from — 66.7% (variant F; ) to 47.9% (variant B;).

At low values of the parameter P (is determined by the lowered values of R§’3

in comparison with Rlb ), the influence of underlying rock layers tends towards an

increase in heaving, which is quite explainable and consistent with the existing
expectations and regulatory techniques of prediction; with the increased values of
P, the influence of underlying layers tends towards a decrease in heaving that
also does not contradict well-known studies. Such general features in patterns of

A(P) at different thicknesses of m! draw attention:
— firstly, more intensive growth of function A(P) in the area P<1.1-1.5 and
some flattening of A(P) in the area P>1.1 - 1.5;

— transition from negative values of A (increase in heaving) to positive values
(decrease in heaving) occurs in the range of 0.9 < P <1.1 (except for the graph for

mlb =4 m, where the influence of underlying layers is practically absent); the value
of P =1 characterizes the same value of calculated compressive resistance of all
three layers, that is, the homogeneity of the bottom by factor Rib and in this case,

a change in the thickness of some layer in favor of another should not influence
on the value of heaving.

The fairly constant nature of the patterns A(P) at different thicknesses of the
first layer indicates that the generalized parameter P according to formula (17.5)
quite objectively reflects the influence of parameters m§,3 and Ré’j of the

underlying layers, which was used to derive regression equations for predicting
the heaving of the bottom rocks of in-seam working according to the “Scheme I”
of this process development.
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17.2.2. SUBSTANTIALLY NON-UNIFORM
MECHANICAL PROPERTIES OF ADJACENT

ROCK LAYERS OF THE BOTTOM

The “Schemes Il and Ill of heaving development” in the bottom of in-seam
working are characterized by placement of sandstone with different thickness

directly under soft argillite or siltstone.

The presence of sandstone in the second bottom layer significantly changes

the patterns of development of the heaving value U’ with increasing the thick-

ness mlb of the immediate bottom, represented by soft argillite (Fig. 17.4). Here,

unlike the “Scheme I”, there is a stable
pattern of increase in U’ with increasing

thickness m! of the immediate bottom,
regardless of its calculated compressive
resistance Rlb, the lower the growth

gradient U’ , which is caused by a de-
crease in the volume of loosened rocks
of the first layer “pressed-out” by rigid
coal seam and sandstone into the mine
working cavity. An increase in function

Ub(mf’) is explained by the fact that,

with the soft immediate bottom an

increase in its thickness mlb contributes

to an increase in the volume of the most
mobile weakened rocks, which, when
moving deeper into the bottom (from
rigid coal seam), change the direction of
displacements thanks to rigid sandstone
and an excess of their volume (from
weakening and a loosening) has one
free direction of movement — the cavity
of the mine working. The influence of

thicknesses mlb with its increase is
weakened and, just as in case of the

U’, mm

750

500

250

/(B 11, 111
Dy,
A
I~ /
/ Aum
=
0 2 4 b

my, m

Fig. 17.4. Patterns of changing the value
of heaving (according to schemes Il and Il

of its development) depending on the
thickness m? of immediate bottom for
variants of combinations of calculated

compressive resistance R,~” of adjacent

layers according to Table 17.5

“Scheme | of heaving development”, it can be assessed as insignificant increase

of U’ at mlb >4 m — the explanation for this phenomenon was offered earlier in

§17.2.1.
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In the general sufficiently stable pattern of ub growth with increasing mlb , two

areas of the function U” (mfj) perturbation at mlb =0.5-1mand mf’ =3—-4mare

observed regardless of Rlb distribution over the adjacent rock layers. In our opinion,

these disturbances (a sharp increase in heaving Ul ) are conditioned by the low
thickness of sandstone (m§ =1 m at mlb =1 mand m¥=15m at m" =4 m),

which, under the influence of the overlying and underlying soft weakening layers,
loses continuity and, to a lesser extent, resists to bottom heaving. This process of
loss of continuity by the sandstone of the main bottom under the influence of rock
pressure manifestations requires additional study in terms of determining the
conditions for the occurrence of this phenomenon.

It is noteworthy that with some combinations of the bottom structure mf’ and

calculated compressive resistance Rib of adjacent rock layers, including soft argil-
lite, the manifestation of heaving are not so significant and are within the admissi-

ble value Ufl’dm , Which is assessed by experts at the level of

Ub, <200 -300 mm. (17.7)

adm

£
g
=ls. It has been set that all the studied pa-

rameters Rib and mlb , the specific contri-

bution of which should be studied in more
detail, make an influence on the restriction
of heaving.

500 In Fig. 17.5, the main attention is
N focused on the impact of the calculated

% \
Zm(\x \ RN compressive resistance Rlb and thick-
|

750

250 ness mlb of the immediate bottom on the

— value U”. Similarly to the “Scheme | of

heaving development” at mf’ >4 m, the

o2 - influence of structure and properties of

8 R.MPa  the underlying layers becomes insignifi-
Fig. 17.5. Patterns of changing the value
of heaving U® depending on the calcu-

I
o

cant: thus, at mlb =5.5 m, an increase in

b f b
lated compressive resistance R} Ry from 30 to 50 MPa and in R; from

of rocks of the immediate bottom at its 3to 10 MPa leads to a change in the
varying thickness m?, structure and value of heaving within 0-6.1%. It is
properties of the main bottom also noteworthy that with an insignificant

(see Table 17.1 and 17.6) influence of underlying layers of the bot-
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tom, the pattern ub (Rf’,mfj) is described by the same equation (17.2), as by the

“Scheme | of heaving development” (see Fig. 17.2 and 17.5, a dashed line). At
mlb <4 m, the influence of the underlying layers increases, and the value of heav-

ing decreases to an admissible value Ufjdm due to the harder sandstone occur-
ring in the main bottom (the second layer): with an increase in Ré’ from 30 to

50 MPa, the heaving decreases to 43% at m) =0.5 m and to 31.3% at m{ =2 m.

Here, the most representative is a
comparison of variants No. 2 and No. 3 of
the structure of the bottom according to
Table 17.1, for which the thickness of the

(m’y=1 m)
immediate bottom is constant (mlb =1 m), \/

and the thicknesses of the underlying lay- 400
ers are different, as well as their resis-
tance to compression according to the
variants from Table 17.6.

The patterns of influence (Fig. 17.6) of \
the generalized parameter P are not so
explicitly expressed, as in the “Scheme |
of heaving development”, since in the (,,,1211‘53,“)
schemes Il and Ill (with a small thickness
of the immediate bottom), a significant
impact is made by sandstone of the main 200 /\

bottom, moreover, both the value of its \\/ \j \

No. 2

U%, mm

300

calculated compressive resistance Ré’

and the thickness m’j. This influence is

superimposed also by variable parame-

ters Ré’ and mé’ in total with different 0 4 8 P

Fig. 17.6. On an assessment of influence
on the value of heaving U’ of the struc-

value of Rlb (according to Table 17.6).

Nevertheless, the pattern of the con- ture and resistance to compression of
siderable restriction of heaving is clearly the rocks of the main bottom at a re-
observed, when the sandstone occurring duced thickness (m! =1 m) of the imme-
with a thickness of mé’ =5 m in the main diate bottom (structures Ne2 and Ne3 of

. Table 17.1)
bottom: at any ratios of other parameters,

U? decreases from 1.53 times (variant Dyy 1) to 1.94 times (variant Cy; ), and
the value of this decrease is relatively stable (in the specified range) for all vari-
ants of the ratio Rib according to Table 17.6.
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Moreover, in case of Ré’ =50 MPa, the value of heaving is stably less than

200 mm for all variants of the ratio Rib ; it should be recalled here that according
to geological prediction, on separate areas of mine fields, the thickness of the
sandstone is mé’ >5 m, so that this study has a real reflection in geological
structures.

The maxima of U, according to graphs in Fig. 17.6, correspond, as a rule, to
the reduced resistance to compression of sandstone of Ré’ =30 MPa along with

the reduced strength of other layers — considerable ranges of fluctuations U’ in
different variants of combinations R{’ have appeared from here.

In addition, a preservation of the sandstone continuity for variant of structure
No. 3 (m12> =5m) and mainly the discontinuity of sandstone in variant No. 2

(m12> =1 m) can be clearly observed on the stresses components curves, which

ultimately results in increase in the bottom heaving (see Fig. 17.6).

Based on the analysis of the modelling results according to the three schemes
of heaving development, a number of immediate tasks arise to ensure the reliabil-
ity and accuracy of predicting the manifestations of the bottom heaving in in-seam
working:

— conducting the correlation and dispersive analysis with the construction of
regression equations for calculating the value of heaving;

—identifying the areas the bottom with satisfactory operational condition,
where special measures are not required;

— delimitating the areas according to Schemes |, Il and Il of heaving develop-
ment to increase the reliability and accuracy of predicting heaving.
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18. ASSESSING THE STATE
OF BOTTOM IN IN-SEAM WORKINGS

18.1. CONSTRUCTION OF REGRESSION
EQUATIONS FOR CALCULATING THE VALUE
OF HEAVING IN THE BOTTOM ROCKS

To implement the above tasks, first of all, it is necessary to construct the regres-
sion equations for calculating the value of heaving U’ as functions of parameters

R? and m!. Such an operation was performed on the basis of calculation data for

modelling the geomechanical processes according to variants of the bottom struc-
ture (Table 17.1) and by the variants for combining the rocks strength properties

R,-b for the Scheme | (Table 17.5), Schemes Il and Il (Table 17.6) of heaving
development.
It has been previously determined that at mlb >4 m the influence of the

parameters Ré’j and mé’j of the main bottom is insignificant, and the pattern of

changing the heaving depending on parameters Rf’ and mlb of the immediate

bottom is most reliably described by the functions (17.2) and (17.3). This fact is as
indirect confirmation of the modelling accuracy, since it reflects the unified nature
of the process, when, regardless of Schemes |, Il and lll of the heaving develop-
ment, with the thick immediate bottom, the differences in the structure and proper-
ties of bottom rocks are leveled and combined into a single geomechanical proc-
ess of heaving of the bottom rocks in in-seam working.

With a reduced thickness of the immediate bottom, a significant influence is

revealed of parameters Ré’s and m§)3 of the main bottom on the value of heaving

U’ as a characteristic of which a generalized parameter P is offered according to
the formula (17.5). This parameter can be presented as an analogue of the relative
‘weight-average’ calculated compressive resistance of three adjacent rock layers of
the bottom, and the coefficients K, and K3 reflect the thickness influence of the

main bottom layers and their removal from the surface of mine working bottom. The
correlation-dispersion analysis of results of the SSS calculations of the bottom rocks
has revealed the most accurate values of these coefficients (with a reliability of
0.82), at which the generalized parameter takes the form

b b pb
pP= 067’}12 +0.4WZ3R3 (181)

(0.6m5 +0.4m} ) RY '
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The analysis of patterns of the parameters Rib and m,” influence on the value of

heaving U’ has led to the main conclusion taking into account (18.1): not only in
qualitative, but also partially in the quantitative terms, these patterns are of the
same type, which reflects the uniform nature of the heaving phenomenon. The
differences between themselves of the revealed Schemes |, Il and Ill of heaving
development are in the peculiarities of influence of the immediate bottom thickness

mf’ , Which is most expedient to present

ash ab falc):tor to a constant function § | / %
U (Rl ,M; ) _5» ///;
7
More clearly the peculiarities of mlR 400 ~ //
influence with different schemes of heav- / 74
ing development are shown in Fig. 18.1, ,Z’I”/
where, with identical parameters ng and ’
b bl b 200
my’3, the dependences U (ml) for all A ’

three schemes are given. It can be seen
from the graphs that sandstone
(R} =40 MPa) in the main bottom re- 0 2 4 6

stricts the development of heaving, and
this process is more intensively restricted
when the sandstone retains continuity

mf, m
Fig. 18.1. To the comparative analysis of
dependences yb (m{’) for three schemes |,

(Scheme II) as a result of its increased Il and Il of the heaving development in
. b . in-seam workings: taking into
thICkneS§ n Th? dashed lines ShOV\_/ a account effect of “reflection” at loosening
hypothetical situation of lack of loosening of the immediate bottom; — — - lack of

of the immediate bottom, then the effect loosening of the immediate bottom

of “reflecting” by sandstone of displace-

ments of heaving first layer disappears, and the very value of U’ becomes even
less that quite reflects the nature of heaving phenomenon. Thus, there is a double
influence of the sandstone of the main bottom: on the one hand, it restricts heaving
due to its increased hardness, on the other hand, it intensifies heaving of the imme-
diate bottom due to the effect of “reflection” of its displacements in the direction of
mine working cavity; but, the first kind of sandstone influence is prevailing. The uni-

formity or similarity of patterns ub (mf’) for all three schemes of heaving develop-

ment also draw attention.

As a result, the following regression equations with a sufficiently high coefficient
of multiple correlations (0.69 — 0.76) are received that characterizes the reliability of
the revealed dependences for predicting the value of heaving of the bottom rocks in
in-seam working:
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29800, 1 i KuKs

Ub = , (18.2)
» [0.6m5RE +0.4mbRY b
R+ 5 5 -R exp(—O.Sml )
O.6m2 +0.4m3
where @; =1 —for Scheme I, @ =1+0.5exp(—1.2m1R) —for Scheme II;
@y =1+0.5 exp(—l.Smlb) —for Scheme Ill; Ky - coefficient considering the

influence of depth H of mine working location; K¢ — coefficient of a standard size

influence of the mine working section, determined according to work [68] depending
on the cross-sectional area Sg;, in the clear to subsidence; for the types

TSYS-9.5-17.7 and MYS-A3 — 9.2 — 18.3 of supports, which are the most widely
applied in the Western Donbas; values of coefficient are changed within the range
of K¢ =0.74 —1.23 and are determined according to table [68].

18.2. THE LINK OF VALUE OF THE BOTTOM
ROCKS HEAVING WITH THE DEPTH OF MINE
WORKING LOCATION

Almost all known studies of the heaving processes of the mine workings bottom
and existing techniques for predicting this phenomenon, including normative docu-

ments, indicate a close link of parameters U’ and H , for example:
— in the works [67, 68], a parabolic function U’ (H) is recommended;

—in normative documents [94], — non-linear combined function U” (H) is

recommended with an increase in a growth gradient U® in case of increasing H ,
which is qualitatively similar to the previous one;

—in the modern guideline document [71], the linear relation of U’ and H is
used.

In these studies the set dependence (18.2) has been obtained at a depth
H =400 m of the mine working location. But, earlier, a peculiarity of modelling the
heaving processes according to the complete diagram of rock deformation (taking
into account its weakening and a loosening) was noted, which is characterized by
the fact that when calculating, the depth A of the mine working location is a vari-

able parameter and it was enough to fix the value U’ for specific values of the
current parameter H within one and the same design variant. This was realized
during the research. Here, the well-known methodological technique was used for
introducing a correction coefficient for different depth H of the mine working loca-
tion: incase of H=400m Ky, =1.0;incaseof H#400m Ky #1.
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An analysis of plans for mining operations in the Western Donbas mines today
and for the near future has allowed to substantiate the most objective interval of
changing the mine working depth of 200 m< H < 600 m for which the correspond-
ing calculations have been performed. The calculation results are summarized in
Table 18.1.

From the Table 18.1 it is evident that there is some nonlinearity of the function

Ut (H), which is intermediate between the linear relation [71] and nonlinear
dependences [67, 68, 94], which indirectly testifies the accuracy of the deter-
mined patterns.

Table 18.1

VALUES OF THE COEFFICIENT K, FOR ACCOUNTING
THE DEPTH H OF MINE WORKING LOCATION

Average depth of mine
working location, H, m

Ky 043 | 056 | 0.7 085 | 1.0 | 114 | 1.3 | 1.47 | 1.65

200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600

Thus, using the data from Table 18.1, according to the formula (18.2), the pre-
dicted value is calculated of the bottom heaving for the corresponding range of
the depth H of in-seam workings location at the Western Donbas mines.

18.3. SEPARATION OF MINING-AND-GEOLOGICAL
CONDITIONS ACCORDING TO THE NATURE OF
HEAVING DEVELOPMENT AND DEGREE OF THE
BOTTOM ROCKS STABILITY

An equally important task is to differentiate the mining-and-geological condi-
tions of in-seam workings operation by the factor of necessity (or its lack) to hold
measures for resisting the heaving of bottom rocks. The determination of the ar-
eas of satisfactory bottom state of mine working is based on the obtained regres-
sion equations (18.2), and the criterion is the upper boundary of the condition

(17.7), that is Ugdm <300 mm according to modern studies and existing recom-

mendations for flat-lying Donbas seams.

As a result of the joint solution of the equations (18.2) and a condition (17.7),
the following dependence has been obtained that determines the conditions of
satisfactory state of the bottom

0.6m3 RS +0.4m5 RS -1
RY =] 9.93exp(0.8mf )y K py K g ——— 22323 [exp(O.Smlb)—l] . (18.3)
0.6m2 +O.4m3
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According to the formula (18.3) for the analysis of the determined patterns, an
example of calculating the minimum value of calculated compressive resistance

RIR of the immediate bottom depending on its thickness for the following initial

data has been performed:
— Scheme I: Ré’} =5 MPa, mlj’} =3m;

—Scheme Il: R2 =40 MPa, R =5MPa, m5 =3 m, m{ =3 m;
—Scheme Ill: RS =40 MPa, RY =5 MPa, mb =1m, m =3 m.
For the “Scheme | of heaving development’, an intensive increase in the re-

quired value Rlb at mlb <2 m is observed (Fig. 18.2) to maintain the bottom in a
satisfactory state. This is conditioned by two reasons: firstly, the main bottom is

represented by soft rocks (R§,3 =5 MPa),

for restriction of their heaving it is
required a rather stable immediate bot-
tom, and, with decreasing thickness, the
stresses during bending increase and a
higher rock hardness is required; sec-
ondly, with a decrease in mfj, the soft
rocks of the main bottom influence more
significantly on heaving manifestations in
mine working, as they approach to its
contour. With a significant thickness of

the immediate bottom (m1b>3 m), the
value Rlb is stabilized at the level of

R{’ =10 MPa, which provides a satisfac-

tory state of the mine working bottom.
A different picture is observed with the
“Scheme Il of heaving development” —

here, at m]b <1 m for almost any hard-
ness of the immediate bottom, sufficiently
thick sandstone (mé7 =3 m) provides a

satisfactory state of the mine working
bottom; with an increase in the thickness
of the immediate bottom, the calculated

R\", MPa

10

satisfactory
I condition

M unsatisfactory
condition

0 2 4 mlb’ m

Fig. 18.2. Example of predicting (in terms
of parameters R{’ and m{’ ) the areas

of satisfactory state of the bottom rocks
of in-seam working for three schemes |,

Il and Ill of heaving development

compressive resistance of its rock increases, the value of which asymptotically

approaches to Rlb =10 MPa increases.
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The “Scheme lll of heaving development” takes an intermediate position —
here, low-thickness (mé’ =1 m) sandstone restricts the heaving, but even at

Rlb =0.5 m to maintain the mine working bottom in a satisfactory state, its Rlb

reaches 7.9 MPa; with an increase in the thickness of the immediate bottom, its
necessary resistance to compression increases with a low gradient up to a stable

value of R =10 MPa.

In general, the formula (18.3) for predicting the state of the in-seam working bot-
tom quite logically explains different situations of heaving manifestation depending
on the structure and properties of the rocks of the immediate and main bottom. The
inequality (18.3) has a simple recording form, which enables making prompt calcu-
lations in an explicit form and deciding the need to hold measures for resisting the
heaving of bottom in the preparatory mine workings.

The final task in this subchapter is to determine which of these schemes (I, Il
or Ill) of the process of the bottom heaving will take place in specific conditions of
mine working operation with the purpose of predicting this phenomenon and de-
veloping the measures for its restriction. The Scheme | does not need any criteria
of its identification, since it is characterized by lack of sandstone in the bottom,
which is composed of soft rocks, relatively uniform in mechanical properties (argil-
lite, siltstone). A different situation arises when separating the Schemes Il and llI
of heaving development, which differ from each other only by a condition of conti-
nuity or disturbance of sandstone in the main bottom. Therefore, the condition for
maintaining the continuity of the sandstone by determining its minimum thickness

(m)
min

as the criterion for identifying the Scheme Il or Scheme lll, according to which the
process of heaving development can be predicted.

The task set has been solved on the basis of correlation-dispersion analysis of
modelling results in a detailed study of all stresses components curves in sand-
stone. It has been determined that the closest link of minimum permissible sand-
stone thickness is observed with the following parameters: the calculated compres-

b

sive resistance of sandstone Ré’ , the ratio m—z for the immediate bottom and the
Ry

, at which the disturbances in the sandstone do not occur was accepted

b
ratio m—z for the layer of the main bottom located under the sandstone. The analy-
3

sis results are presented in Fig. 18.3, where the dependency graphs are provided,

dividing the areas of maintaining the sandstone continuity (Scheme Il) and its dis-

turbance (Scheme lll). The revealed patterns are such that with an increase in the
b

sandstone strength Ré’ and a decrease in the parameters m+)’3 (increase in ng or
R
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decrease in mlb3 ), the minimum sandstone thickness (mé’) decreases at which it
’ min

maintains the continuity.

These patterns are quite logical and
explainable from the point of view of the
geomechanics of the heaving develop-
ment: the higher the hardness of the rocks,
the less intense heaving; the lower the

thicknesses mf3 of the weakest rock lay-

Scheme II

o (12" Yaam, MPa

‘ \\\
AL

3
i
X _ = =
ers, the smaller the volume of the weak- JL*%, ////.
ened rocks is involved in the heaving 2 = |- \ == _
process, and it is easier to restrict it with //f’/%é/‘/_/
harder sandstone. Thus, at AT
%
m3 . 2L
—b’:0.1 m/MPa in the range of ! ol
Ri3 \/
V
b . 1 Scheme 11T
R; =30 - 50 MP, the sandstone continuity
is maintained at its thickness of
0 0.25 0.5 075 mb
(mlz)) - =0.85-1.1 m; with an increase in E’WMPa
min

Fig. 18.3. Separation of conditions for

thickness mf3 and a decrease in com-

pressive resistance ng of the softest

heaving development in mine working
according to Schemes Il or lll:
b

S

m
. m_ . )
layers, the load on the sandstone in- 1- = 01 mMPa; 2 - = 0.5 m/MPa;
creases and with an increase in the mini- ! , !
1 m
mum  sandstone thickness up to 3_ F}=1 m/MPa; —— Rr? = 30 MPa,
(mlz)) - =2.69-3.48 m, its destruction is 1
min
prevented. - — Rb=40MPa,- - - R} =50 MPa

In addition to a graphical illustration of
separation criterion for Schemes Il or Ill of the heaving development, a regression
equation is obtained on the basis of correlation-dispersion analysis that deter-
mines the minimum value of the sandstone thickness at which it maintains its

continuity (Scheme II)
b b
(m3) =36 lb 21758 m
min R2 Ie1 R3

Thus, all the basic patterns for creating a methodology of the prediction of the
heaving manifestations in the bottom rocks in the preparatory mine workings have
been determined.

(18.4)
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19. TECHNIQUE FOR PREDICTING AND
MONITORING OF BOTTOM IN IN-SEAM
WORKINGS OF THE WESTERN DONBAS
MINES

19.1. GENERAL INFORMATION AND
CALCULATIONS ALGORITHM

Monitoring the state of bottom along the entire length of in-seam working
based on the predicting the value of its heaving is an actual practical task for the
timely planning of measures to ensure proper standards and the implementation
of the rules for the safe mining operations. The mining and geological situation of
the mine working maintenance, which changes along its length, requires (among
other conditions) a preliminary assessment of the bottom stability and identifica-
tion of areas that are problematic from this point of view. Here, in addition to the
traditional bottom ripping, the preliminary planning is possible with the subsequent
implementation of measures to increase the bottom stability, including during the
period of mine working operation. For example, with a soft immediate bottom with
a thickness of up to 1.5 -2 m, an increase in the depth of ripping is possible to
reduce the volume of unstable rocks, if other technical standards permit this for its
operation. Also, it is necessary to study the expediency of restricting water inflow
in areas with water-flooded bottom, where more intensive heaving is predicted. It
is not necessary to ignore the measures to strengthen the bottom, strengthen the
prop stays of the frame support and the side rocks with roof-bolts, erecting an
arched floor and the like. All these technical solutions are provided on the basis of

performing the calculation complex of the value U of the bottom heaving in each
of the mine working area, where the mining and geological conditions of its main-
tenance change significantly. The calculation of the value of the bottom rocks
heaving and its assessment is carried out in the following sequence.

1. Based on the mining and geological prediction, the mine working is divided
into sections with essentially different conditions of its maintenance: a change in
the structure of rocks of the main and immediate bottom (lithotype, thickness of
the layers, the degree of water-cut, the intensity of fracturing), and variation in the
strength characteristics of adjacent rock layers. For each selected area, the initial

data on the parameters are compiled: the thickness of the layer m,b the resis-
tance to compression of its rock O'é’ompr , the degree of water-cut, and the inten-

sity of fracturing.
2. The calculated compressive resistance of the rocks of the adjacent three

bottom layers is determined using the formula Rlb23 (17.1), Tables 17.2 and 17.3.

3. A preliminary assessment of the bottom state is conducted according to the
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condition: when the calculated compressive resistance of the rocks of all three
adjacent layers is not less than 10 MPa, the bottom is sufficiently stable and does

not require any measures to resist heaving; if the condition of Rf’ >10 MPa is not

fulfilled, the state of at least one of the three adjacent bottom layers should be
further assessed.

4. Based on the data on the structure of the main bottom, the scheme of
heaving development is determined:

— Scheme | — the absence of sandstone in the adjacent layers of the main
bottom;

— Scheme |, lll — the presence of sandstone in the adjacent layers of the main
bottom.
The choice of Scheme Il or Scheme lll is made according to condition (18.4)

by comparing the boundary value (mlz’) with the actual value of the sandstone
aam
thickness.
5. The final assessment of the degree of bottom stability is made according to

the expression (18.3): at a value Rlb not less than calculated according to the

formula (18.3), the state of the bottom rocks is satisfactory; if the condition (18.3)
is not fulfilled, appropriate measures should be taken to ensure the stability of the
bottom rocks in in-seam working.

6. The predicted value U of the bottom heaving is calculated by the formula
(18.2) to specify the measures to resist heaving; for example, the scope of works
for the bottom ripping is determined.

The developed algorithm for assessing the state of bottom rocks is recom-
mended to be used in combination with the current normative document [94] on
the choice of the mine working support for the adoption of complex technical
solutions on their effective and safe maintenance.

19.2. FORMATION OF THE INITIAL DATA
BASE FOR PERFORMING CALCULATIONS

The following geomechanical and mining-engineering parameters are used in
the developed technique for predicting the heaving of the bottom rocks in in-seam
workings:

— calculated depth H of mine working location;

— thickness mlb2 3 and calculated compressive resistance Rlb23 of three adja-

cent layers of the immediate and main bottom of the coal seam;
— the cross-sectional area S, of mine working in the clear to subsidence.

Formation of the initial data for predicting the state of the bottom rocks of in-
seam working is performed on the basis of information on geological survey (min-
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ing and geological prediction) for a specific mine working, technical documenta-
tion for its construction using the main provisions of the normative document [71]
and the results of studies [68].

The calculated depth H of mine working location is determined by the formula

H=Hpy, -k, m, (19.1)

where H —is the design actual depth of mine working location or its section from the
daylight area; & — a coefficient that takes into account the difference in the
stressed state of the rock massif from the initial one, formed by the deadweight of
the coal-overlaying formation to the daylight area; for ordinary conditions outside
the zone of the stope works influence and tectonic disturbances & =1; while main-
taining mine working in disjunctive breaks or curves of folds k& =1.5; in the zones
of increased rock pressure, the value & is determined according to the conclusion
of Ukrainian Research Development Surveying Institute.

The thickness mf23 of the three adjacent rock layers of the immediate and

main bottom of the seam is determined from the mining data and geological pre-
diction of the conditions for maintaining a specific mine working. Since the task of
prognostic monitoring is to assess the state of the bottom rocks over the entire
length of mine working, its length is divided into areas with a relatively consistent
structure of the bottom rocks. When replacing the lithological varieties (changing

the structure of bottom rocks) in at least one of the three layers mf’z 3, this area is

allocated as an independent one for a separate calculation of the expected value
of heaving of the bottom rocks.

The calculated compressive resistance Rlb2 3 of the rocks of three adjacent lay-

ers of the immediate and main bottom is determined by the formula (17.1) using
Tables 17.2 and 17.3. In formula (17.1), the uniaxial compressive strength of rocks

in a sample o

compr, , ,

tion. From the point of view of fulfilling the tasks of monitoring the state of the bot-
tom rocks of mine working, it is divided into additional sections (to those already

is selected according to the data of mining-geological predic-

available in terms of parameters mf)23 ), where a sharp (more than 30%) change in
the intensity of fracturing or water-cut of the bottom rocks is predicted.
The cross-sectional area S, of mine working in the clear to subsidence is de-

termined from the technical documentation for the construction of a specific mine
working. When changing S fin along its length, these areas are subject to addi-

tional calculation in the course of performing prognostic monitoring of the bottom
rocks state. The coefficient kg of the standard size influence of the mine working

cross-section is determined according to the studies [68] by the Table 19.1.
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Table 19.1
VALUES OF COEFFICIENT Kg OF THE STANDARD SIZE
INFLUENCE OF MINE WORKING CROSS-SECTION
Type of support Cross-sectional area in the clear to subsidence S, , m*
MYS - 43 9.2 11.2 13.8 15.5 18.3
kg 0.74 0.86 1.00 1.09 1.23
ISYS 9.5 10.5 11.7 12.1 14.4 17.7
kg 0.76 0.82 0.89 0.91 1.03 1.20

19.3. ASSESSMENT OF THE STATE OF BOTTOM
ROCKS AND PREDICTION OF THE VALUE
OF ITS HEAVING

In accordance with the calculation algorithm according to §19.1, the calcula-
tions are performed in the following sequence.

1. Mine working is divided into sections with significantly different structure and
properties of the rocks of the immediate and main bottom; a preliminary selection
of sites is performed on which the unsatisfying state of the bottom rocks is possi-
ble, regardless of its structure: with a calculated compressive resistance of less
than 10 MPa of at least one of the three adjacent rock layers of the immediate
and main bottom, a calculation procedure should be performed to predict the
value of heaving.

2. A scheme is selected of heaving development of the bottom rocks, depend-
ing on its structure according to §19.1. In the absence of sandstone in the three
adjacent rock layers of the bottom, the peculiarities of heaving development are
reflected by the Scheme I. In the presence of sandstone in the three adjacent
rock layers of the bottom, its behavior is described by the Schemes Il and Il of
heaving development. To separate the schemes Il and lll, criterion (18.4) is used,

b

which determines the boundary value of the thickness (m2 of the second

)min
layer represented by a sandstone. The thickness of sandstone mg in the speci-

b

fied section of mine working length is compared with the value (m2 calcu-

)min

lated from formula (18.4). If mg 2(m]23) ~, the sandstone retains its continuity
min
and the heaving process is developed according to the Scheme Il of heaving de-

velopment; if mé’ <(m§) _, the sandstone is divided into blocks with the forma-
min

tion of a thrust system, — the development of heaving is developed according to
the Scheme IlI.

3. In the studied mine working area, the state of mine working bottom is tested
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for the suitability for operation under the condition that the predicted value of

heaving UP does not exceed the permissible value of 300 mm. The condition
(18.3) is the criterion for assessment: if the value of calculated compressive resis-

tance of the immediate bottom Rlb exceeds that calculated by the formula (18.3),

then the predicted value of heaving does not exceed the permissible standards of
mine working operation; otherwise, it is necessary to take measures to restrict the
value of heaving or to eliminate its consequences.

4. To substantiate the measures against the bottom rocks heaving, its pre-

dicted value U” is calculated using the formula (18.2). The calculations are per-
formed for each of the sections of the mine working length where the unsatisfac-
tory state of the bottom rocks is predicted according to point 3 of this subchapter.
The final monitoring result is presented in the form of a list of mine working areas
with an unsatisfactory bottom state, in which the length of the area and the pre-

dicted value U? of heaving are recorded. According to these indicators, the types
are determined and the volumes of maintenance and repair works for ensuring
the stability of the bottom rocks in in-seam working are calculated.

19.4. AN EXAMPLE OF A PREDICTIVE CALCULATING
THE BOTTOM ROCKS HEAVING OF IN-SEAM WORKING

1. Initial data. It is planned to construct a belt entry with a cross section in the
clear to subsidence of S;, =11.7 m? under the frame support TSYS-11.7. The

drift is carried out to the rise of the coal seam (with an average incidence angle of
3.5°) outside the zones of tectonic disturbances at a depth of H,,, =340 — 490 m.
The structure and properties of the adjacent rock layers of the belt entry bottom

are characterized by the following parameters.
The immediate bottom is represented mainly by argillite with a thickness of

m{’:O.5—2.7 m with an average compressive resistance in the sample of

aé’ompr =18.2 MPa; the intensity of fracturing — 5 — 8 cracks per running meter;

in the areas between PKO - PK12, PK48 - PK71, PK106 - PK112, the rocks of the
immediate bottom are water-flooded. In the areas PK72 — PK105, argillite is pre-
dicted to be replaced by siltstone with a thickness of mf’ =1.8-33 m,

O'b = 20.6 MPa; the rocks are non-fractured, water-free.
compr,

Main bottom. When calculating, the parameters of the structure and properties
of the two rock layers adjacent to mine working with a thickness of m§3 and
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compressive resistance in the sample O'é’ompr are taken into account. The sec-

ond rock layer (relative to the bottom of mine working) is represented by siltstone

with a thickness of m} =2.1-5.7m, ¢”  =20.6 MPa with replacement within
compr,

the area PK48 — PK112 with sandstone with a thickness of mé’ =09-43 m,

ofompr =41.0 MPa. Both lithotypes are not fractured, and their water-cut is

predicted in the areas between PKO — PK12, PK48 — PK71, PK106 — PK112. The
third rock layer is represented by non-fractured argillite with a thickness of

ml=26-67 m, o’ =145 MPa. In the areas between PKO — PK12,

compr,
PK48 — PK71 and PK106 — PK112, argillite is water-flooded.

We determine the calculated depth of the mine working location in accordance
with the formula (19.1). Since, according to the conditions of the example, the belt
entry is located outside the zone of tectonic disturbances, then we take £ =1 and
the calculated depth H coincides with the design depth H

H = Hy,, -1=340 — 490 m.

We calculate the calculated value of the compressive resistance R11?2,3 of three

adjacent layers of the immediate and main bottom, taking into account the action
of factors weakening the rock in accordance with formula (17.1), Tables 17.2 and
17.3.

Ry = KCKWK,afompn (i=1,2,3).

For the convenience of calculations and the systematization of the subsequent
prediction, the results are summarized in Table 19.2 for selected areas of the
length of mine working. The areas are divided according to two factors: replace-
ment of lithological varieties and degree of water-cut. In total 6 areas have been
identified, for each of which, for each lithological variety, the values of the coeffi-
cients K., K,,, K, of weakening are determined.

The depth of mine working location ( H = H,,,) is determined according to the

plan of mining operations for each of the identified areas of mine working. The
average value of the coefficient Ky (see Table 18.1) is determined from the

depth influence values; the results are summarized in Table 19.3.
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Table 19.2
EXAMPLE OF DIVIDING THE MINE WORKING INTO AREAS
FOR CALCULATING HEAVING OF BOTTOM ROCKS
Number of the bottom layer
Picket 1 2 3
No. | num- Weakening 5 Weakening 5 Weakening .
ber factors R, factors R, factors Rs,
_ argillite siltstone argillite
1 m?z 9 2.91 8.90 9 5.22
04 | 05 [ 08 09 [ 06 |03 09 [ 05 | 08
_ argillite siltstone argillite
2 ﬁﬁj‘? 9 5.82 14.83 9 10.44
04 | 10 | 08 09 | 1.0 | 08 09 | 1.0 | 08
_ argillite sandstone argillite
3 l'zﬁ‘;? 9 2.91 26.57 9 5.22
04 | 05 |08 09 | 08 | 0.9 09 [ 05 | 08
_ argillite sandstone argillite
4 ﬁﬂ& 9 14.83 33.21 9 10.44
09 | 10 [ 08 09 [ 10 | 09 09 [ 10 | 08
_ argillite sandstone argillite
5 Em?g 9 2.91 26.57 9 522
04 | 05 [ 08 09 [ 08 | 0.9 09 [ 05 | 08
_ argillite siltstone argillite
6 ﬁmég 9 5.82 14.83 9 10.44
04 | 10 |08 09 [ 10 |08 09 [ 10 | 08
Table 19.3
AVERAGE VALUES OF THE COEFFICIENT K, FOR AREAS
Picket PKO - PK13 - PK48 — PK72 — PK106 — PK113 -
number PK12 PK47 PK71 PK105 PK112 PK123
Ky 1.24 1.15 1.05 0.95 0.87 0.84

The coefficient kg of the standard size influence of the mine working cross-
section is determined from Table 19.1. For the section under the TSYS-11.7
support, the value is kg =0.89.

Thus, the initial database has been completely formed for performing the pre-

dictive calculation of heaving of the bottom rocks in the belt entry.
2. We make a preliminary assessment of the bottom rocks stability in terms of

the calculated compressive resistance Rlb23 of the three adjacent layers: at

RE. . >10 MPa, the bottom rocks are in a stable state. Only one area of the six

123 =

selected — from PK72 to PK105, satisfies the preliminary condition of stability; the
remaining five areas require further assessment.
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3. We determine a scheme for development of heaving of the bottom rocks in
mine working in each of the five areas, depending on the structure of the immedi-
ate and main bottom.

In the three areas between PKO — PK12, PK13 — PK47 and PK113 — PK123,
the three rock layers adjacent to mine working are represented by argillite and
siltstone with sufficiently similar mechanical properties, that is, the structure of the
bottom can be characterized as relatively homogeneous. Therefore, these areas
belong to the “Scheme | of heaving development” of the bottom rocks.

In the remaining two areas (PK48 — PK71 and PK106 — PK112), sandstone is
present in the second rock layer, the mechanical properties of which are signifi-
cantly different compared to argillite and siltstone. Here, the development of heav-
ing of the bottom rocks occurs according to the Scheme Il or lll. To select a par-
ticular scheme, a condition with the initial data according to the Tables 19.2 and

19.3 is used. The intervals of change in the thicknesses m,b of the rock layers for
each area of the mine working length are determined from the data of mining and
geological prediction and are given in Table 19.4. Here is a line with the calcu-
lated values of the parameters m,b (used in all calculations), which are selected

from the above interval of change in m,b according to the following rules. Studies

have revealed that the most intensive heaving of the bottom rocks is observed at
a combination of the minimum thickness of the hardest layer and the maximum
thicknesses of the less harder layers. Therefore, for a harder sandstone, the
minimum thickness value in each area of the mine working length is chosen as

the calculated thickness mé’; the maximum values within the specific ranges of

changes are used for argillite and siltstone mf’3 .

According to the condition (18.4), we determine a scheme for development of
heaving of the bottom rocks in the areas of the mine working length.

PK48 — PK71:

b b
m m

(m) 236 | 1Tk k17 72
min Ré’ Rlb Ré’

36m >3.6
2.91 5.22

! 11 2.5 +17 3.9 =3.29 m;
26.57

3.6 m > 3.29 m — the condition of the sandstone continuity is fulfilled; conse-
quently, the development of heaving of the bottom rocks takes place according to
the Scheme II.
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Table 19.4

DATA ON THE RANGES OF CHANGES AND THE VALUES OF CALCULATED
THICKNESS mllfz;, OF THE BOTTOM ROCK LAYERS IN THE AREAS OF MINE WORKING

Picket PKO — PK13 - PK48 — PK106 — | PK113-—
number PK-12 PK47 PK71 PK112 PK123
mR | 23-27 | 06-23 | 06-25 | 05-07 | 0.7-11
Thickness R
interval m | ™ | 25-32 | 32-57 | 36-43 | 09-15 | 21-28
mf | 31-44 | 26-44 | 26-39 | 50-67 | 49-67
mit 2.7 2.3 25 0.7 1.1
Calculated R
thickness. m | ™2 2.5 3.2 36 0.9 2.1
my 4.4 4.4 3.9 6.7 6.7

PK106 — PK112:

09m 23.6\/ ! (11 0.7 +17 6.7 j =345 m;

26.57\ 291 5.22

0.9 m<3.45 m — the condition of the sandstone continuity is not fulfilled, the
development of heaving of the bottom rocks takes place according to the
Scheme Il

As a result, for each of the five “problematic” areas of the mine working length,
a specific scheme of development of heaving of the bottom rocks has been de-
termined.

4. We test the state of the bottom rocks of mine working for the suitability for
operation under the condition (18.3) of limited heaving, not exceeding the permis-
sible value of 300 mm.

PKO - PK12:

b pb b pb
0.6m5 Ry +0.4m; R -1
Rle 9'93eXp(0~8mf)(DI,[],[HKHKS_ 2 i 2 3 [exp(OBm{))—l} )
0.6my +0.4my
@; =1 for the Scheme |, (D”=1+O,Sexp(—l.2m1R) for the Scheme Il and

Dy =1+0.5€xp(—1.5m]R ) for the Scheme Il of development of the bottom rocks
heaving.

2.91>{9.93exp(0.8-2.7)1-1.24-0.89 —
0.6-2.5+0.4-4.4

0.6‘2.5-8.90+0.4-4.4-5.22}<

x[exp(0.8-2.7) 1] =11.49;
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2.91 MPa<11.49 MPa — the condition of the permissible value of compressive
resistance of the bottom rocks is not fulfilled, — it is necessary to make a predic-
tive assessment in this area of the intensity of the bottom rocks heaving, and,
based on the results, provide for appropriate measures to restrict it.

According to the above example, the following results have been obtained for
the remaining areas of the mine working length:

— PK13 — PK47, PK48 —PK71, PK106 — PK112 — the condition of the permis-
sible value of heaving is not fulfilled and it is necessary to plan measures to resist
heaving of the bottom rocks in these areas;

— PK113 — PK123 — the condition of the permissible value of heaving is fulfilled

(Ub =264 mm); hence, mine working remains suitability for operation without any
additional measures to restrict heaving of the bottom rocks.

5. Determine the value of heaving Ut by the formula

2980@1,1],]11KHKS

bpR b pb ’

. Ry +0.4m3 R

Rlb+ 0.6m) 2b 0 mz 3 —Rlb exp(—O.Smlb)
O.6m2 +0.4m3

Ul =

In the area PKO — PK12:

Ub = 2980-1-1.24-0.89 967 mm.

501 +(0.6.2.5.8.9+0.4.4.4.5.22 _2.91)exp(_0.8'2.7)
0.6-2.5+0.4-4.4

Similar to the above calculation, the following results were obtained in other areas:
PK13 — PK47: U? =435 mm;
PK48 — PK71: U? =583 mm;

PK106 — PK112: U” =430 mm.

Thus, according to the results of monitoring the state of the bottom rocks of the
belt entry, four areas have been identified where the predicted value of heaving
exceeds the permissible value. Particular attention should be paid to the area
between PKO — PK12 with a predicted value of heaving of the bottom rocks of
about 1 m.

Summing up the research results, it is possible to state the fulfilment of the
main purpose of the work — the creation of a scientifically grounded base for
advance planning of measures to limit the negative consequences of heaving of
the bottom rocks in in-seam workings.
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CONCLUSIONS

As a result of the implementation of the research tasks, a technique for
predicting heaving of the bottom rocks in in-seam workings has been developed,
reflecting the specific character of the deformation of the adjacent coal-bearing
stratum of the Western Donbas. The main conclusions are as follows.

1. The continuity of the previous studies results made it possible to develop a
methodology for conducting a computational experiment to a level that takes into
account the action of the main weakening factors of the massif (water-cut, fracturing,
rheology), while maintaining the multivariate geomechanical calculations for creat-
ing a database to determine the multiparameter dependences, characterizing the
manifestations of rock pressure in the bottom of in-seam workings.

2. A comprehensive substantiation has been performed for the patterns of the
main geomechanical factors influence (rock structure and properties, depth of
location) on the manifestations of heaving of the bottom rocks of mine workings.
For each of the three determined schemes for the development of rock heaving
process, the correlation dependences have been obtained for calculating the
value of heaving with a sufficiently high coefficient of multiple correlation. These
dependences take into account the distribution of thickness and compressive
resistance of the rock layers over the depth of the immediate and main bottom,
but are distinguished by the simplicity and availability of use when predicting bot-
tom heaving under different scheme variants of its development. Division of the
mining and geological conditions according to the nature of heaving development
in the rocks has been brought to the criterion equation, which enables to numeri-
cally determine the process scheme.

3. It has been proved that with a value of the calculated compressive resistance

Rib >10 MPa of the rocks of all three adjacent bottom layers at a depth of at least

6 m, the rocks are sufficiently stable, and the limited value of heaving (up to 200 —
300 mm) does not significantly influence on the operational characteristics of mine
working as a whole. The boundaries of areas with satisfactory and unstable state of
the bottom rocks have been determined and a criterion equation for separating
these areas has been obtained, which makes possible to identify the problem areas
along the length of mine working at the design stage and substantiate the measures
to restrict or eliminate the negative influence of heaving in the bottom rocks.

4. Based on the research results, a technique and an algorithm for predicting
heaving of the bottom rocks in in-seam workings of the Western Donbas mines
have been developed, which make it possible to quickly assess its state and de-
velop technical solutions to ensure the proper operational parameters of mine
working as a whole. Therefore, the proposed predicting technique is recom-
mended to be used as an addition to the existing normative documents on main-
taining mine workings and, on its basis, to carry out prognostic monitoring of the
geomechanical phenomenon of heaving of the bottom rocks, which is extremely
relevant for the conditions of the Western Donbas mines.
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