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Abstract. The modification of the technology roof bolt supporting of
mine workings in the conditions of increasing the coal mining intensity has
been made. The technological schemes have been developed for the phased
construction of roof bolting and frame support. This schemes make it
possible to temporarily postpone the setting of frames in the mine working
face, reduce the time and labour intensity for covering with a grid of the
mine working arch and setting the bolts, as well as to increase the safety.
The analysis of changes in the stress state of the border massif during the
phased construction of roof bolting and frame support has been made. It is
shown that the technology of phased construction of roof bolting and frame
support ensures the maintaining a stable state of host rocks. In addition, the
time between the extraction of the coal-rock mass and the setting of the
primary support, as well as the distance between the face and the first row
of roof bolts has been reduced to a minimum. The suggested approach
makes possible to ensure the rate of preparatory mine workings
development that are necessary for the intensification coal mining.

1 Introduction

At the present time, the combined roof bolt and frame supporting of mine workings is
actively used in the coal mines of Ukraine in a wide range of geological conditions with
almost no restrictions by the type, purpose, lifespan, section and location of mine workings
in the rock massif [1-4]. As was illustrated by practical experience, despite the advantages,
this type of supporting also has disadvantages. The high concentration of works in the mine
working face constrains the rate of development [5, 6], complicates the implementation of
technological operations and leads to the technology violation and work safety. For
example, in the mine working face, the arch support frames are set first, the grid is being
hanged, but the roof bolts are to be installed with significant delays. All this violates the
principles of bearing roof bolt supporting, reduces the work safety and the effectiveness of
modern resin-grouted roof bolts application and the supporting as a whole [7, 8]. The
importance of time of setting the supporting elements after the face recedes is also shown in
the works [9, 10]. The process of mine workings performance in time and changing the
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mechanical properties of the computational system in the work [10] is modelled with the
use of initial stresses procedure. Therewith, it is shown that the sequence of mining
operations has a significant influence on the stress values in the support elements at the
completion of the mine working development.

To ensure the intensification of mining operations, the existing technologies of the
combined roof bolt and frame supporting should be improved in a such way, in order to
reduce the concentration of works in mine working face, to make the primary roof bolts
setting in the mine working face more convenient without violating the safety rules.
Therefore, the purpose of the work is to develop the technological schemes for the phased
construction of bearing and roof bolt supporting of mine workings.

2 Development of technological schemes for the phased
construction of bearing and roof bolt supporting

The technology of construction of roof bolt and frame supporting consists of a number of
technological operations. It is known from the practical experience that the most time-
consuming and long-term of them are the setting of arch support and bolting-up. These
operations are performed in the mine working face, which complicates their
implementation. Therefore, in order to increase the rate of mining operations, it is proposed
to divide in time the process of roof bolting and frame construction in the mine working
face into several stages:

- setting the primary scheme for the roof bolt supporting (Fig. 1);

- intermediate strengthening of support (Fig. 2) with side roof bolts and, in some cases,
with frames;

- supplementing of the intermediate scheme of the roof bolting and frame support to the
full one (Fig. 3).

Fig. 1. An example of the primary scheme for the roof bolt supporting.

The primary scheme for the roof bolt supporting consists of the minimum required
number of roof bolts and is calculated based on the conditions of maintaining a stable state
of mine working for a period of time until the subsequent support strengthening. The place
and time of setting - in the mine working face, immediately after face advance. The roof
bolts 1-5, set with an inclination to a face, in addition to the advance supporting, have the
functions of temporary support in the area adjacent to the face.

The intermediate strengthening of support consists of additional roof bolts (roof bolts 6
and 7 in Figure 2) and frames and is calculated based on the conditions of maintaining a
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stable state of mine working for an additional period of time prior to the construction of a
complete supporting scheme. The place and time of setting the elements of the schemes for
intermediate strengthening of support is 10-30 m from the mine working face. In most
cases - behind the mining machine. Thus, the rocks extraction by a mining machine is
partially combined in time with the construction of support.

Fig. 2. An example of a scheme for the intermediate strengthening of the roof bolting and frame
supporting.

The bolts B1-B4 (Fig. 3) strengthen the sides of mine working under the stratum and
supplement the already constructed support elements to the complete scheme, which
ensures a stable state of mine working for the whole period of its operation.

Fig. 3. An example of the complete scheme for roof bolting and frame supporting.

The frame support is being set if it has not been installed at the previous stage. The
place and time of setting 50-100 m from the mine working face, or more, depending on the
stability of the mine working sides and the value of its bottom swelling.

In order to ensure the stability of the mine working face, when using the developed
phased technological schemes of supporting for the period of unproductive time, for
example during on-shift repair work, it is planned to strengthen the primary scheme by
increasing the number of roof bolts.
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3 Methods

A study of changes in the stresses field during the staged construction of the elements of the
roof bolting and frame supporting is performed by means of computational simulation [11].
The unsteady stress state of the rock massif in the vicinity of mine workings is described by
a system of equations [12]:

Ou,
cggzcij,j_‘_Xi(t)’

where ¢, — the damping coefficient, kg/(m’s); u; — the displacements, m; c;,; — the
derivatives of the stress tensor components along x, y, Pa/m; X(¢) — the projections of the
external forces acting on the volume unit of a solid body, N/m’.

The problem is solved in an elastic-plastic formulation. For the mathematical
description of the process of rocks changeover into a disturbed state, the Mohr-Coulomb
failure theory is applied. The initial and boundary conditions for the task are set to the
following:

Ol o= YH; o,

o =MH; u

1=

where A — the side thrust coefficient; H — the mining depth, m; y — the averaged weight
of the overlying mine rocks, N/m’; Q; — the vertical boundaries of the outer contour; Q, —
the horizontal boundaries of the outer contour.

The problem is solved by using the finite element method [11, 13, 14].

To assess the stresses field, the following parameters were used:

- Q = (01-03)/yH characterizes the diversity of the stress field components (o;, o3 —
maximum and minimum components of the principal stress tensor);

- S,a=01/yH characterizes the diversity of the maximum component stress field.

The mine working with cross-section 15.1 m” is analysed given the typical for Western
Donbas mining and geological conditions with a heterogeneous composition of host rocks.
In the roof of mine working at a distance exceeding the zone of roof bolting, there is a coal
interlayer. The properties of rocks are represented in Table 1.

Table 1. Mechanical properties of rock.

. Axial . Deformation | Poisson’s . L.
Rock Thickness, | compressive modulus. E ratio of Cohesion, | Friction
m strength, o, MPa, ’ rock mass C, MPa |angle, deg
MPa

Sandstone 2 46 2.1-10* 0.36 11.9 35.0
Siltstone 3 27 1.2-10* 0.31 7.8 30.0
Coal 0.2 31 0.3-10* 0.25 8.8 30.5
Siltstone 5.6 27 1.2-10* 0.31 7.8 30.0
Coal 1.1 31 0.3-10* 0.25 8.8 32.5
Argillite 9 25 1.1-10* 0.32 7.4 28.5

The depth of mine working development 400 m. The thickness of the coal seam 1.1 m.
The roof bolt length 2.4 m.
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4 Results and discussion

The initial distribution of the stresses field parameters and inelastic deformation zone
prior to the support setting are shown in Figures 4, 5.
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Fig. 4. The distribution of the geomechanical parameters values in the border rocks prior to the
support setting: a — Q; b — S,

Fig. 5. The zone of inelastic deformations prior to the support setting.

In the virgin massif, outside the zone of mine working influence, the mine rocks are in
the conditions of triaxial compression. The vertical component of the stresses field is
determined by the weight of the overlying stratum of mine rocks, and the two horizontal
components - by the side thrust of rocks. Since the side thrust coefficients are close to
unity, the state of mine rocks in natural occurrence is close to uniform compression. The
difference between the principal stresses components in the virgin massif is usually close to
zero. During the development of mine working, the stresses field within the zone of its
influence is changed. The minimum component tends to zero, and the maximum
component increases (Fig. 4). Near the face, the dimensions of the inelastic deformation
zone are insignificant, its depth does not exceed 0.3-0.5 m (Fig. 5).

Let us study the redistribution of parameters of the stresses field and inelastic
deformation zone at the first stage of the support construction, Figures 6, 7. Immediately
after the regular next rock extraction, according to the primary scheme, the main roof bolts
with an inclination to the face are set into the mine working roof (roof bolts 1-5 in
Figure 1).

The main roof bolts, in addition to the advance leading supporting, perform the function
of temporary support in the area adjacent to the face. The bearing armoured-rock beam
(Fig. 6a) is formed in the mine working roof, which contributes to the rock strengthening,
prevents their possible stratification and the collapse of potentially dangerous rock blocks.
For a certain period of time, the increase in the zone of inelastic deformations is blocked

(Fig. 7).
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a) b)

Fig. 6. The distribution of the geomechanical parameters values in the border rocks and roof bolts, the
primary scheme of the support setting: a — Q; b — S,

Fig. 7. The zone of inelastic deformations, the primary scheme of the support setting.

In the soft rocks, the roof bolting and rock overlapping formed in the roof, works as a
rigid inclusion. When the face recedes, the loads in the roof and sides of mine working
increase. To maintain the overlapping in a stable state, it is necessary to distribute the load
on the mine working sides. For this purpose, at the second stage of the support construction,
the additional roof bolts (roof bolts 6, 7 in Figure 2) are being set and, if it is necessary, the
frames are set. The horizontal projections of the additional roof bolts should extend beyond
the line of the mine working sides of not less than 1 m. The specific schemes of
strengthening are calculated based on the conditions of maintaining a stable state of mine
working for an additional period of time prior to the construction of complete schemes of
roof bolting and frame supporting. The distribution of parameters of the stresses field and
inelastic deformation zone with an additional setting of one roof bolt in the upper part of
mine working sides is shown in Figures 8, 9.

a) b)

Fig. 8. The distribution of the geomechanical parameters values in the border rocks and roof bolts, the
intermediate scheme of the support setting: a — Q; b — S,
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Fig. 9. The zone of inelastic deformations, intermediate scheme of the support setting.

At the third stage, the formation of a complete roof bolting and frame structure is being
completed. The additional roof bolts are set into the sides of mine working (near the bottom
roof bolts B1-B4 in Figure 3), strengthening the bearings for the roof bolting and rock
overlapping in the roof. The frames are also being set if they have not yet been installed at
the previous stage. The distributions of the stresses field parameters are shown in
Figures 10, 11 after the face recedes at a distance of 60 m, as well as the setting of bottom
roof bolts and a frame.
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Fig. 10. The distribution of the geomechanical parameters values in the border rocks and roof bolts,
the complete scheme of the support setting: a — Q; b — S,

Fig. 11. The zone of inelastic deformations, the complete scheme of the support setting.

With the setting of the roof bolts B1-B4, the process of pressing-out the coal in the sides
of mine working is blocked, the formation of fractures is almost not developed. The values
of the averaged geomechanical parameters in these zones are changed: the application of
side roof bolts lowers the value of Q parameter and significantly increases the value of the
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minimum component of the principal stresses tensor. This indicates that the possibility of
rocks destruction in the sides of mine working, which serve as a bearing for the roof bolting
and rock overlapping in the roof, decreases.

The performed studies have shown that there is a possibility to effectively distribute in
time the order of setting the roof bolting and frame support, while maintaining mine
working in a stable operating condition and ensuring the necessary rate of its development.
Such a technological approach makes it possible to successfully prepare the stope works
area in the conditions of intensified coal mining.

Conclusions

The modification of the technology developed at the Institute for bearing and roof bolt
supporting of mine workings in the conditions of increasing the coal mining intensity has
been made. The technological schemes have been developed for the phased construction of
roof bolting and frame support, which allows to:

- postpone temporarily the setting of frames in the mine working face;

- reduce the time and labour intensity for covering with a grid of the mine working arch
and setting the roof bolts;

- increase the degree of rocks strengthening;

- increase the safety of mining operations;

- increase the rate of mining operations using the existing equipment.

The changes have been studied in the stress state of the border massif during the
elements staged construction of roof bolting and frame support. The performed studies have
shown the possibility to effectively distribute in time the order of setting the roof bolting
and frame support, while maintaining mine working in a stable operating condition. The
technology of phased construction of roof bolting and frame support ensures the
maintaining of the stable state of rocks. In addition, the time between the extraction of the
coal-rock mass and the setting of the primary support, as well as the distance between the
face and the first row of roof bolts are reduced to a minimum. In this case, the border rocks
of the non-fastened part of the roof and sides of mine working do not have time to unload
from the rock pressure and their integrity will be maintained to the full.

The proposed technology has been tested in the conditions of the Pavlogradska Mine
and Stepna Mine, where the setting of frame supports and side roof bolts has been made
with a certain lagging. The new technological approach has made it possible to ensure the
rate of preparatory mine workings development, which is necessary for the stope works
performance in the conditions of intensified coal mining.
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