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Abstract: Given this article that investigation of the degree of uniformity of the edge array
during contour blasting. The stability of non-working quarry walls is affected by both the angle
of inclination of the wall and the configuration of its slope. The effect of the slope configuration
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It is known that the stability of non-working quarry walls is affected by both the angle of
inclination of the wall and the configuration of its slope. The effect of the slope configuration is
to redistribute the rock volume of the collapse prism between the active pressure prism and the
stop prism. Due to the fact that the active pressure prism generates shearing forces, and the stop
prism - holding forces, it will be rational to have such 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 the shearing and holding forces is achieved and a reduction in overburden
volume is achieved.

When using rigorous methods for calculating continuum mechanics (the method of limit stress
state), an equally stable slope of a concave or convex curvilinear profile is obtained. Since the
concave profile leads to an increase in the volume of overburden, it is not used in quarries.

A significant disadvantage of the convex profile described by the cissoid is the presence of a
vertical section at the bottom of the slope. Therefore, such a profile is unacceptable if the edge
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massif is composed of inhomogeneous rocks, as well as when cutting weak contacts or
interlayers with a slope angle  greater than the angle of internal friction along the contacts or in
a weak layer ¢'.

Given that real rocks, due to the discreteness and significant anisotropy of various properties, do
not correspond to the conditions of continuum mechanics (continuity, homogeneity of
properties), VNIMI has developed a method for constructing a convex wall in homogeneous
rocks with a trihedral profile.

According to the recommendations of VNIMI [1-194], the edge of a convex profile can be used
in homogeneous rocks, i.e. in the absence of extended unfavorable weakening surfaces and
plastic rocks at the base of the side.

In rock conditions, these limitations apply to tectonic faults with friction clay coinciding with the
surface of potential rock shear.

The allowable extent of unfavorable weakening surfaces should be determined by the steady
state of the considered slope.

In rocks, the main forms of loss of slope stability are: stabbing, collapse and sliding of rocks
along weak contacts and cracks. These processes are caused, on the one hand, by the
heterogeneity of the rock composition of the near-edge massif, the difference in structure and the
presence of structural surfaces that divide the rock mass into separate blocks, side of the quarry.

To characterize the massif, various rock classifications have been developed, in which several
classes of structural heterogeneities are distinguished [1-50].

Zero-order heterogeneities include weakening surfaces in the form of large tectonic ruptures,
which divide the massif into blocks with linear dimensions of more than 10 km.

Heterogeneities of the first order are due to the presence in the massif of rocks of different
composition, structure and texture of large tectonic faults, zones of fracture, hydrothermal
development, metamorphism, etc. The sizes of blocks formed by these heterogeneities are within
tens and hundreds of meters.

Irregularities of the second order break the array into smaller blocks, with sizes from 0.8 to
several meters. This class includes surfaces of rocks weakened within one unit (one layer).

Heterogeneities of the third order lead to the division of the rocks of the weakening surface into
even smaller blocks up to tens of centimeters in size. Such block structures are formed when the
composition of rocks is heterogeneous with developed microfracturing.

Heterogeneities of the 1V order are mainly associated with structural violations of intercrystalline
bonds and in the lattice of rock formation of minerals. Elements limited by such inhomogeneities
are individual crystals or mineral grains ranging in size from fractions of a millimeter to several
centimeters. When predicting the degree of stability of the edge massif, this class of
heterogeneities is not taken into account, since it does not affect the stability of rocks in
outcrops.

For the selected classes of structural inhomogeneities, a regular change in strength characteristics
is observed along the contacts of inhomogeneities. A lower order of inhomogeneities
corresponds to lower rates of specific adhesion at the contacts of interblock surfaces.

The degree of influence of structural inhomogeneities of various classes is determined by the
ratio of the sizes of the objects under consideration and the element of inhomogeneity. With
regard to the near-edge massif, the object under consideration is the length of the line of
intersection of the potential rock shear surface with the vertical plane across the strike of the
quarry wall.
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The size of the element of heterogeneity is considered to be the length of areas of weakening
surfaces (tectonic cracks, weak interlayers, weak contacts between rocks), coinciding with the
line of potential displacement of rocks of the near-edge massif.

When describing the sliding surface in rocks by a round cylindrical surface, the angle of
inclination of the tangents to which varies from emax=45+¢/2 t0 emin=c. - 45°-p/2, where ¢ — is
the average value of the angle of internal friction of rocks; a. — is the angle of inclination of the
pit wall, the alignment of the weakening surface with the potential sliding surface, as a rule,
occurs in areas with limited dimensions, the value of which depends on the angle of inclination
of the weakening surfaces.
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Fig. 1. The nature of the influence of structural inhomogeneities on the deformation of
rocks of the edge massif

If the dimensions of the object under consideration exceed the dimensions of the inhomogeneity
element by more than 100 times, then the medium is considered homogeneous, since the
influence of inhomogeneities will manifest itself only integrally in a certain decrease in the
properties of this medium. In a region with a size ratio of 10-100 times, the medium can be
taken as homogeneous or inhomogeneous, depending on the specific tasks and the accepted
accuracy of their solution.

When the size ratio is less than 10, the medium should be considered inhomogeneous and
structural blocks and their contacts should be taken into account separately in the calculations.
Graphically, the nature of the influence of structural heterogeneities on the deformation of rocks
of the near-edge massif is shown in the diagram (fig. 1).

As can be seen, the edge massif at a quarry depth of up to 850 m can be attributed to a quasi-
homogeneous medium only if the total length of the inhomogeneities, coinciding with the slip
line, does not exceed 7 m.

The practice of mining the Muruntau quarry indicates that the edge blocks of the massif should
be considered as transitional areas from heterogeneous rocks to homogeneous ones. Therefore, to
classify the medium as homogeneous, it is necessary to determine the allowable total length of
inhomogeneities along the slip line, which depends on the accepted accuracy of calculations of
reactive forces that prevent the rocks from moving along the potential shear line.

The following indicators were taken as initial data:
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angle of internal friction of rocks in the massif, o;

>
» angle of internal friction in areas of inhomogeneities, ¢';
» cohesion of rocks in the massif, C;

>

cohesion of rocks in areas of heterogeneity, C'.
The ratio of the entire length of the slip line to the total length of inhomogeneities — n.

The calculation of the reduction in the total value of the reactive forces that prevent the
displacement of rocks is carried out according to the formula:

AR = 3N -tge + L-C—{(l—l)-m tgp+ 3N .tg¢'+(1—1)-L-C+1-L-C'}, 1)
n n n n

where N — sum of normal forces along the slip line of rocks; L — rock slip line length.

If, with the established indicator of heterogeneities, the calculated value of the decrease in
reactive forces is no more than 2% of the sum of the reactive forces of the resistance of rocks to
shear, then the massif is considered homogeneous.

Conclusions

1. The degree of uniformity of the near-edge array during contour blasting is studied, taking into
account the angle of inclination of the side and the configuration of its slope. It has been
established that if, with the established indicator of heterogeneities, the calculated value of the
decrease in reactive forces is no more than 2% of the sum of the reactive forces of the resistance
of rocks to shear, then the massif is considered homogeneous.

2. The effect of layering and fracturing of rocks on the stability of slopes has been studied. It has
been established that the greatest potential danger is presented by cracks oriented parallel to the
slope strike and dipping towards the excavation at an angle of 30+50°.
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