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Abstract  

The paper presents the results of the analysis of rational designs of non-working sides of the quarry and investigated the impact of blasting 
in the bordering zone on the state of the slopes of the ledges. A method has been developed to increase the stability of the sides of the quarry by 
forming a concave profile of the slope of a high ledge, ensuring the quality of the slope of the ledge, the complete safety of the contour array and 
the safety of mining operations.
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Introduction

At present, significant progress has been made in the 
world in the field of the using of contour blasting in surface 
mining, however, a number of key issues related to the choice 
of rational parameters of contour blasting, predictive evaluation 
and the choice of methods to improve the efficiency of special 
technology for cutting ledges have not been resolved. One of the 
most significant drawbacks is that the requirements of stability 
are not taken into account when choosing the parameters of 
drilling and blasting operations (DBO). The influence of special 
methods of conducting DBO on the stability of the slopes of 
ledges is only ascertained after the work is completed. In this 
regard, it is necessary to pay special attention on solving the 
issues of minimizing the destructive effect of mass explosions on 
the structural array and maintaining the stability of the slopes of 
ledges and their sides.

The existing methods of calculating the stability of slopes of 
ledges and sides of quarries allow us to determine the parameters 
of slopes of concave, convex and flat shapes (Figure 1) [1, 2]. 
Equally or unequally stable profiles of the sides of the quarry can 
be obtained by solving the problems of slope stability. In the first  

 
case, the reserve coefficient for the weakest surfaces remains 
constant regardless of the depth of the surfaces. In the second 
case, the reserve coefficient is variable with depth and, while 
ensuring the overall stability of the entire slope, is determined by 
the change in structural and technological factors in the height of 
the slope.

A number of researchers [3-10] have established the 
expediency of dividing the side into zones, considering changes 
in the physical and mechanical properties of rocks, surfaces of 
weakening and fracturing. In each zone of the side, considering 
the time factor, the angles of stable slopes are determined, the 
contours of which fit the optimal profiles. Such zones can be layers 
of strong rocks (С >20 MPa), medium strength (2 MPa ≤ С ≤ 20 
MPa) and weak (С <2 MPa).

In addition to the three main forms of slopes, according to the 
condition of stability of individual zones, a fourth is possible - a 
combined form. The combination of individual forms in the zones 
gives a complex configuration of the side as a whole, which with 
some approximation can be attributed to one of the main forms. 
The choice of the optimal configuration of the profile of the quarry 
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side must be carried out according to the condition of the stability 
of individual zones and the side as a whole, i.e., the safety of work, 

and the exclusion of unproductive costs for the separation of the 
sides.

а - concave; б - flat; в - convex; αб - the angle of the side of the quarry; Hб - side height

Figure 1: The main types of profiles of quarry sides according to the condition of stability.

Calculations of a flat slope profile have become the most 
widespread in mining practice. Due to the different service life 
of the sections of the side of the quarry, such a design does not 
satisfy the effective development of the deposit and is associated 
with unproductive excavation of overburden rocks on the lower 
horizons.

The use of optimal methods for cutting ledges in the extreme 
position will allow you to create ledges of great height by 
combining several technological ledges into one.

It is known that the creation of a shielded gap in highly 
fractured rocks or in rocks that have undergone residual 
deformations from the effects of mass explosions does not protect 
the onboard array from the crushing and seismic effects of mass 
explosions. Therefore, it is necessary to carry out the doubling 
and straining of stationary ledges in these conditions according to 
various technological schemes, considering mining and geological 
conditions. Analysis of studies on the use of special methods of 
conducting DBO in the design of ledge slopes has shown that 
the most effective way to limit the deformation zone behind the 
design separation surface is the use of pre-crevice formation [11].

The use of pre-crevice formation is associated with additional 
costs for drilling contour wells, charging and blasting them 
using additional explosives and explosive devices. Therefore, 
the question of the expediency of this cutting method should 
be decided on the basis of a technical and economic calculation. 
This calculation is based on the condition that the cost of cutting 
should be less than the cost of the extracted volumes of rocks that 
are formed when the angle of inclination of the side increases [1].

The depth of the quarry at which it is economically feasible to 
use preliminary crevice formation is determined by the formula 
[9]:
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where С3 - the cost of cutting 1 m2 of slope, considering the 
costs of drilling and blasting a contour row of wells, sum; Св - cost 
of extraction of 1 m3 of overburden rocks, sum; α - the angle of 
inclination of the side of the quarry without contour blasting, deg.; 
α3 - angle of inclination with the use of contour blasting.

Considering the above, the design depth of the quarry is an 
important factor that should be considered when zoning the 
border area. Analysis of studies on the selection of parameters 
of contouring charges for creating a screening gap revealed 
the absence of a methodology that allows reasonably and 
unambiguously recommend the parameters of the DBO for 
specific mining and geological conditions. The currently known 
dependences allow only a rough estimate of the relationship 
between the main parameters of the contouring charges [12].

Due to the lack of theoretical dependencies for calculating the 
maximum permissible loads on the structural array, according 
to the condition of maintaining the stability of the slopes, it is 
necessary to work out the parameters of the DBO for each site that 
differs in the structure of the array or the physical and mechanical 
properties of rocks. To increase the stability of the slopes of the 
sides of the quarry, a method has been developed for forming a 
preliminary gap in the limiting contour of the sides of the quarry 
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by forming a concave profile of the slope of a high ledge, which 
reduces violations of the massif and cracking, as well as reducing 
scree formation and landslide.

According to this method, when mining operations approach 
the final contour of the quarry, a ledge with a height of 30m is 

divided into approaches with horizons I, II and III (figure 2). Each 
horizon explodes separately. Horizon I explodes first, horizon 
II explodes next, and horizon III explodes last. As a result of the 
mathematical modeling carried out when dividing a high ledge 
into three sub-steps, rational heights and angles of slopes of each 
sub-step are established.

1 - the final contour of the quarry; 2 - the slope of the ledge of the quarry; 3 – the inclined contour well; I - the upper horizon; II - the middle 
horizon; III - the lower horizon

Figure 2: The scheme of cutting of ledges in the contour zone of the quarry.

At the first mass explosion, a number of inclined wells at 
an angle of 79o with a depth of 8m and a diameter of 110 mm 
are drilled by a drilling rig at a distance of 1 m from the design 
contour of the quarry at the upper ledge (horizon I) with a height 
of 7m, taking into account the prism of a possible collapse (<2.5 
m) at a distance of 1m from the design contour of the quarry. The 
distance in a row between contour inclined wells is 2m.

During the second mass explosion, a number of inclined wells 
at an angle of 77o with a depth of 9m and a diameter of 110mm 
are also drilled in the middle ledge (horizon II) with a height of 
8 m before crushing the array with downhole explosive charges. 
The distance in a row between contour inclined wells is also 2m. 
During the third mass explosion, a number of inclined wells at an 
angle of 64o with a depth of 17m and a diameter of 110mm are 
drilled in the lower ledge (horizon III) with a height of 15m before 
crushing the array with borehole explosive charges. The distance 
in a row between contour inclined wells is 2m.

Charges in all contour wells are formed from intermediate 
detonators with an emulsion explosive and a detonating cord 
in the form of garlands with a specific flow rate of 2kg/m. The 
formation of slope angles of high ledges up to 70° is possible 
in various geological, mining and climatic conditions. The 

application of the proposed sequence and parameters of the ledge 
construction ensures the quality of the ledge cutting, the complete 
safety of the contour array and the safety of mining operations.

References
1. Silkin AA, Koltsov VN, Shemetov PA, Jiyanov Yu A, Inozemtsev SB 

(2005) Management of long-term stability of slopes in Uzbekistan 
quarries -Tashkent: Fan pp. 229.

2. Instructions for observing deformations of sides, slopes of ledges and 
dumps at quarries and developing measures to ensure their stability / 
Approved by the Board of Gosgortehnadzor of Uzbekistan Registered 
by the Ministry of Justice of Uzbekistan pp. 649.

3. (1987) Methodological guidelines for monitoring the deformation 
of the sides of sections and dumps, identifying their results and 
predicting stability.

4. Popov IM, Okatov RP (1980) Fighting landslides in quarries. M Nedra 
pp. 239.

5. Kopach PI, Krasnopolsky IA, Polishchuk SZ, Shapar AG (1988) 
Managing the state of arrays in open-source developments. Kiev: 
Naukova dumka pp. 288. 

6. (2012) Methodological guidelines for determining the angles of 
inclination of the sides of the slopes of ledges and dumps of quarries 
under construction and operated. S Pb pp. 162.

7. Ilyin AI, Galperin AM, Streltsov VI (1985) Management of long-term 
stability of slopes at quarries. Moscow: Nedra Pp. 248 .

http://dx.doi.org/10.19080/IMST.2022.03.555617


Insights in Mining Science & Technology

How to cite this article:   Zairov Sh Sh, Nomdorov RU, Ashuraliev UT. Increasing the Stability of the Sides of the Quarry by Forming a Concave Profile 
of the Slope of a High Ledge. Insights Min Sci technol.2022; 3(4):555617. DOI: 10.19080/IMST.2022.03.555617004

8. Malgin ON, Rubtsov SK, Shemetov PA, Shlykov AG (2003) Improvement 
of technological processes of drilling and blasting operations in open-
pit mining. ‒ Tashkent: Fan, pp. 199.

9. (2003) Designing the boundaries of open–pit mining: Uch. pos. / O.V. 
Shpansky, D.N. Ligotsky, D.V. Borisov. - St. Petersburg pp 90.

10. Astafyev Yu P, Popov RV, Nikolashin Yu M (1986) Management of the 
state of the rock mass during open-pit mining of mineral deposits. – 
Kiev, Higher School.

11. Zairov Sh Sh, Urinov Sh R, Ravshanova M Kh, Nomdorov RU (2020) 
Physical and technical assessment of the stability of the sides of 
quarries taking into account the technology of drilling and blasting 
operations. Monograph. ‒ Bukhoro: publishing house “Bukhoro” pp. 
175.

12. Zairov Sh Sh, Urinov Sh R, Tukhtashev AB (2020) Analysis of the 
technology of conducting open-pit mining and rebuilding of the sides 
of quarries // National News Agency of Uzbekistan UZ. Department of 
Science (electronic journal). – Tashkent  pp. 1-15.

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/IMST.2022.03.555617

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                Track the below URL for one-step submission 
https://juniperpublishers.com/online-submission.php

http://dx.doi.org/10.19080/IMST.2022.03.555617
http://dx.doi.org/10.19080/IMST.2022.03.555617
https://juniperpublishers.com/online-submission.php

	Increasing the Stability of the Sides of the  Quarry by Forming a Concave Profile of the  Slope of a
	Abstract
	Keywords
	Abbreviations
	Introduction
	References

