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ABSTRACT: In this paper, we propose an analytical method for determining the stability state of an array around 

horizontal underground mine workings, taking into account the influence of normal and tangential stresses. 
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 I.INTRODUCTION 

 

In order to predict the manifestation of rock pressure in a dynamic form, there are currently a large number of 

theoretical methods for determining the stress state of the massif around underground mine workings, depending on the 

shape of the underground mine workings. 

This article proposes a solution to this problem based on the application of a mathematical model of the stress 

distribution around horizontal workings, based on the fundamental solutions for calculating structures on an elastic base. 

 

A. Calculation model. Consider a heavy half-plane G with a cut, as shown in Fig. 1. The stress at each point of the 

region G will be determined by superposing the solution for a heavy half-plane without a cutout and a weightless half-

plane loaded along the contour of the workings by fictitious forces P(S) and Q (S) distributed so as to ensure that the 

initial boundary conditions on the contour of the workings are met. At the same time, we have a solution: 

 

      
     

      
        (1) 

           
      

where S - is the coordinate along the contour of the cutout, 
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Fig. 1. Calculation scheme of the problem. 

 

          – stress components for heavy half-plane without cutout. 

          – stress components of a weightless half-plane loaded along the contour of the cutout. P(S) and Q(S). 

The solution of the first problem has the form: 

  
     , 

  
      ,                                                    (2) 

   
   , 

where   
 

   
 -  the coefficient of lateral expansion, which determines the Poisson's coefficients ( ). 

The solution to the second problem will be found by setting the following distribution of fictitious forces on 

the contour of the cutout: 

 

               
 ,          (3) 

               
 , 

 

where              -  unknown factors, the values of which can be determined from the boundary conditions on the 

production circuit. The stresses at the point (x, y) of the weightless half-plane can be defined as integrals along the 

output contour: 
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http://www.ijarset.com/


   
  

 
ISSN: 2350-0328 

International Journal of Advanced Research in Science, 

Engineering and Technology 

Vol. 8, Issue 2 , February 2021 

 

Copyright to IJARSET                                                    www.ijarset.com                                                    16727 

 

 

                                            

 

 

 

where L – the contour of production. 

   ,    ,     ,    ,     ,     – fundamental solutions for a weightless half-plane that determine the corresponding 

stresses at the point (x, y) of the half-plane from the action of unit forces (vertical direction – Р and by horizontal lines - 

Q) at the point (S) of the production contour. For the analytical representation of these functions, we will use the 

expressions given in [1, 2]. 

 

B. Illustrations of calculations for two types of support outlines are carried out for the following conditions. 

 

The parameters of arch support Circular support Tent support 

The width of the workings on the soil (B), m. 3,75 4,45 

Working height (h), m. 3,00 2,91 

The radius of the upper layer (r), m. 2,73 2,64 

Rack radius, m. 2,10 --- 

The length of the strut, m. 2,45 2,45 

 

Arch support resistance Ns=220 Кн. 

Characteristics of the rock mass: 

Bulk weight: γ=2,6 т/м
3
, 

Density: γ=2,6 т/м
3
 

Depth of the working location H=435 м. 

The system of oblique cracks with an angle of incidence:45
0
. 

 

C. Boundary conditions on the production circuit. 

For points in the contour, Figure 1 shows the transformation formulas from the coordinate system (x, y) to the local 

coordinate system (ν,τ) have the form: 

 

                   
                   

                                                            (5) 

                                  
         , 

where  – the angle between the x and ν axes, counted counterclockwise. 

Consider two cases of boundary conditions: 

а) Free contour: at the same time  

        .                                             (6) 

 

б) A working circuit that receives a uniform pressure R from the support: 

     ,                                                  (7) 

     . 

To estimate the maximum R of names (at the attachment density of 2); for the conditions  

       
 

 
   

  

 
 

   

 
 , либо 

 

Type of support R, КПа 

Circular 234,67 

Hipped roof 197,75 

 

The boundary conditions (7) are replaced by one integral condition, when the sum of the squared deviations 

along the entire contour is minimal, i.e.: 
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By the minimum condition in (8) and taking into account the dependencies (1) – (5), we obtain a system of resolving 

equations for determining               
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The conditions for a free counter (6) are obtained from (9) by putting: R=0. 
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To solve the system of equations (9, 10), as well as to manipulate the knowledge of stresses of type (4), it is 

necessary to develop a special computer program. 

According to the proposed method, a calculation model is constructed to determine the stress state of the array 

for horizontal workings with vaulted supports. 

II.CONCLUSIONS 

 

The article presents an analytical method for determining the stress state of a rock mass around a horizontal 

underground mine by a mathematical method, which consists in constructing a calculation model, then illustrating the 

calculations for two types of outlines and determining the boundary conditions on the contour of the mine. According 

to this method, there are prerequisites for creating a computer software product that allows you to quickly and with 

high accuracy determine the stress state of the array around the horizontal underground mine workings of a vaulted 

shape. 
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