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Abstract: An engineering method for calculating the stability of slopes in quarries is considered, the
slope angles of high ledges and the height of sub-ledges are established when forming a concave slope
profile of a high ledge.
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INTRODUCTION

With the increase in the depth of quarries, there is an urgent need to ensure the stability of non-
working sides and slopes of ledges. It is known that the stability of non-working quarry sides is affected
by both the angle of inclination of the side and the configuration of its slope. The study of the stressed
state of the slope depending on the profile of the side is of great importance when choosing the final
contours of the sides of quarries and it is advisable to divide the side into zones, taking into account
changes in the physical and mechanical properties of rocks, weakening surfaces and fracturing. In this
regard, it is necessary to pay special attention to resolving issues improving the design of the sides by
increasing the height of the bench and giving rational shapes to the slopes at the limit contour, as well as
developing effective parameters for contour blasting to increase the stability of non-working benches in
quarries.

Scientific research is being conducted around the world on improving the technology of drilling
and blasting operations in quarries, managing the process of rock destruction and developing effective
parameters for contour blasting, rationalizing the energy characteristics of the borehole charge,
increasing the degree of use of explosion energy to destroy rock in the zone of separation from the massif,
establishing the influence of blasting in the boundary zone of the quarry on the stability of slopes sides
and the development of methods for conducting drilling and blasting operations that ensure the stability
of slopes of ledges and sides of quarries. In this regard, special attention is paid to the introduction of
more progressive methods that provide for ensuring the quality of the slope of the bench and the complete
safety of the edge mass, preventing the need for additional spacing of the sides, increasing the safety of
mining operations, creating the widest possible shielding gap with a given limitation of the power of the
zone of violation of interblock connections in near-slope part of the massif.

In the Republic, a number of scientific and practical works are being carried out on shielding the
perimeter zone of the quarry from massive explosions using various blasting methods, strengthening and
spreading the sides in order to restore transport berms on the maximum contour of the quarry, developing
methods for conducting blasting in the perimeter zone of the quarry, ensuring minimization of the
destructive effect massive explosions on the contour massif and maintaining the stability of the slopes
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of ledges and their sides.

An analysis [1-201] of studies of the influence of blasting in the boundary zone on the condition
of the slopes of benches was carried out, technological schemes for oversloping benches to ensure the
stability of the boundary zones of the quarry were investigated, the degree of homogeneity of the edge
massif during contour blasting was investigated, the influence of layering and fracturing of rocks on the
stability of slopes and An analysis of the rational designs of the non-working sides of the quarry was
carried out.

As a result of the analysis of studies of the influence of blasting operations in the contour zone on
the condition of the slopes of benches , it was established that the most favorable geological and structural
characteristics, allowing to achieve high slope angles of benches, have the host rocks of deposits of class
3 and the first group of class 2, somewhat worse (from - for inconsistent orientation of fracture systems)
are the rocks of the first class deposits, and the worst are the rocks of the second group of deposits of the
2nd class. Deposits of classes 1, 3, 4 and the first group of class 2 are characterized by the absence of
cracks undercutting the slopes of ledges, with the exception of certain areas along the lying side. Under
these conditions, the maximum achievable slope angles of quarry sides are entirely determined by the
width of the transport berms and the slope angles of the benches, which significantly depend on the
degree of disruption of the near-slope part of the massif by blasting operations.

When studying the degree of homogeneity of the edge massif during contour blasting, it was found
that the stability of the non-working sides of quarries is influenced by both the angle of inclination of the
side and the configuration of its slope. The influence of the slope configuration is the redistribution of
the volume of rocks of the collapse prism between the active pressure prism and the abutment prism.
Due to the fact that the active pressure prism generates shear forces, and the stop prism generates holding
forces, it would be rational to have a slope configuration in which the mass of the stop prism increases,
and the mass of the pressure prism decreases in such volumes that a complete balance of shear and
holding forces is achieved and a reduction in the volume of overburden is achieved.

Analysis of rational designs of non-working quarry sides showed that Existing methods for
calculating the stability of slopes of benches and sides of quarries make it possible to determine the
parameters of slopes of concave, convex and flat shapes . The advisability of dividing the edge into zones
has been established , taking into account changes in the physical and mechanical properties of rocks,
weakening surfaces and fracturing. The most widespread in mining practice are calculations of a flat
slope profile. Due to the different service life of sections of the pit wall, this design does not satisfy the
effective development of the deposit and is associated with unproductive excavation of overburden rocks
on the lower horizons. Currently, practical improvement of side structures is taking place in the direction
of increasing the height of the ledge and giving rational shapes to the slopes on the maximum contour,
and the use of inclined safety berms.

METHODS

Using the method of algebraic addition of forces of a round-cylindrical and monotonic curved
surface, the stability of the quarry sides was assessed by establishing the stability coefficient.

It has been established that the stability of a ledge slope in rocks is determined by the stability of
individual rock blocks, contoured, on the one hand, by the slope surface, and on the other, by one or
more weakening surfaces, which include long-range cracks, layer contacts, and tectonic disturbances.
The dimensions of these surfaces must be commensurate with the height of the slopes of the ledges.

The minimum height of the slope h minat its given angle of inclination using the formula

h _ 2c'cosg'sin a

min v, m, (1)
)
2

v sin 2 (o —

where ¢’ - is the adhesion of rocks at the weakest contact, kPa; ¢'— angle of internal friction of rocks at
the weakest contact, degrees; o— slope angle, degrees; y— volumetric weight of rocks, t/m®.

The dependences of the height of the slope of the ledge H and the width of the prism of a possible
collapse r on the angle of incidence of the layering Aand the angle of repose o for a massif with given
characteristics have been established (Fig. 1).
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Mathematical modeling of the formation of a concave slope profile of a high ledge was carried out
by dividing it into three sub-ledges and rational heights and angles of slopes of each sub-ledge were
established, the diagrams of which are shown in Fig. 2-4.

It is recommended to determine the rational angle of repose of the first substep using the formula

B, = arctyg (\/le tga), deg., (2)

where hz is the height of the first substep, m; a is the designed slope angle of the ledge, m; h — total height
of the ledge, m.
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Fig. 1. Dependences of the height of the slope of the Iecigg .I:|”and the width of the possible collapse
prism r on the angle of incidence of the layering A at a= 50, 75, 80 °(a ) and the angle of repose a
at A= 65, 74, 85 °(b) for a massif with the following characteristics: C = 0,2 MPa; C'=0.012 MPa;

¢=30°; ¢'=27°
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It is recommended to determine the rational angle of repose of the second substep using the formula

N ) ®
| /g__ fl | |
h h J
where hzis the height of the second substep, m.

It is recommended to determine the rational angle of repose of the third substep using the formula
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hstg

Bs = arctg , deg., (4)

where h 3 is the height of the third substep, m.
The rational height of each substep is dﬁtermined by the formulas

h=",m 5)
'R

=, m
"3
h

h="m ()
3 15

Thus, by dividing a high ledge into three sub-ledges, rational heights and slope angles of each sub-

ledge were established for different slopes of the ledge and formulas for their engineering calculation
were obtained.

h (6)

CONCLUSION

1. As a result of studying the degree of homogeneity of the edge massif during contour blasting, it was
established that the stability of the non-working sides of quarries is influenced by both the angle of inclination
of the side and the configuration of its slope. The influence of the slope configuration is the redistribution of
the volume of rocks of the collapse prism between the active pressure prism and the abutment prism. Due to
the fact that the active pressure prism generates shear forces, and the stop prism generates holding forces, it
would be rational to have a slope configuration in which the mass of the stop prism increases, and the mass
of the pressure prism decreases in such volumes that a complete balance of shear and holding forces is
achieved and a reduction in the volume of overburden is achieved.

2. Analysis of rational designs of non-working quarry sides showed that existing methods for calculating the
stability of slopes of benches and quarry sides make it possible to determine the parameters of slopes of
concave, convex and flat shapes. The advisability of dividing the edge into zones has been established, taking
into account changes in the physical and mechanical properties of rocks, weakening surfaces and fracturing.

3. Using the method of algebraic addition of forces of a round-cylindrical and monotonic curved surface, the
stability of the quarry sides was assessed by establishing a stability coefficient.

4. It has been established that the stability of a ledge slope in rocks is determined by the stability of individual
rock blocks, contoured, on the one hand, by the surface of the slope, on the other, by one or more surfaces of
weakening, which include long-range cracks, layer contacts, and tectonic disturbances. The dimensions of
these surfaces must be commensurate with the height of the slopes of the ledges.
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