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Abstract. The extraction of solid minerals is associated with the 
penetration of man into the subsoil by creating either relatively simple or 
extremely complex structures. All mining operations can be safely and 
efficiently carried out only on the basis of calculating the stability of these 
structures, which is based on knowledge of the physical and mechanical 
properties, the stress state of the rock mass and the patterns of their 
redistribution and formation in mountain structures. The presented studies 
confirmed the regularities of the formation of natural stresses in the rock 
mass, which is the sum of gravitational, static tectonic and variable 
components, which are formed as a result of uniform periodic volumetric 
expansion and contraction of the Earth. The problem of shaft stability is 
due to the need to solve problems to determine the level of stress-strain 
state and strength properties in concrete lining. The parameters of stresses 
in the shaft lining and monitoring of their changes were determined using 
the method of measuring unloading deformations. When analyzing the 
stresses obtained experimentally by analytical means in the concrete lining 
of mine shafts, a connection was established with the results of 
measurements in the rock mass on the basis of 50 meters. Based on the 
experiment, it was confirmed that theoretical and experimental studies 
prove that a hierarchically blocky massif of magmatic and metamorphic 
rocks behaves as an elastic and isotropic medium and changes in natural 
stresses in the massif Δ on the basis of 5-7 ranks of geoblocks, on the 
contour of the trunk based on 2 –3 ranks of geoblocks and in the concrete 
lining of mine shafts Δσb obey this law. Key words: concrete lining of 
shafts; stress-strain state; drooping; sustainability; crevice unloading; 
unloading deformation; physical and mechanical properties. 

1 Introduction 

At present, a large-scale reconstruction of the shafts of the underground mine of PJSC 
Gaysky GOK has been carried out. In order to increase the productivity of the Gayskoye 
underground mine, a strategic project for the development of the plant "Opening and 
development of deep horizons at the -830 ... -1310 meters underground mine floor" was 
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developed. This project addresses the issues of opening and development of deep horizons 
of an underground mine, development of new ore delivery schemes, reconstruction of mine 
shafts and their deepening up to -1420 meters from the surface [2-3]. 

Since 2013, the Gayskoye underground mine has been monitoring the stress-strain state 
of the shaft lining. In 2020, studies of changes in stresses in the lining of the Kletovaya 
shaft and the rock mass at different horizons continued. 

At this stage of research, the changes in stresses acting in the lining of the Kletovaya 
shaft were determined at the field. The measurements were taken at bases of different 
lengths and different horizons. 

The stations are installed in the running compartment of the Kletovaya mine shaft at 
elevations of -830 m, -910 m, -990 m, -1070 m and -1390 m. 

Studies of the geomechanical state of the rock mass 
Geomechanical field studies in the operating shaft of the Kletovaya mine at the Gaysky 

underground mine, conducted since 2013, are aimed at establishing the patterns of 
influence of time-variable stresses on the stress-strain state of the concrete lining and rock 
mass in the anchored space. For this purpose, every three months, measurements of the 
change in stresses in the concrete lining were carried out for their subsequent forecast until 
2024. 

The structure of the Ural geosynclinal system determined the complex nature of the 
stress state of the intact rock mass of the Ural deposits. The most objective characteristic of 
the stress state of the rock mass is the information obtained in natural conditions on the 
parameters of the stress tensor in the intact rock mass, due to the peculiarities of the 
geological conditions during the formation of deposits. 

In the process of research at the Gayskoye field, field determination of the stresses of 
the rock mass was carried out by the slotted unloading method [1], which has proven itself 
well for determining the stress state in the monolithic concrete lining of shafts in the 
conditions of the mines of the Gaysky GOK [11]. 

2 Methods for measuring and calculating the pulsating 
component of tectonic stresses 

The essence of the method is to measure the deformation with a dial indicator between the 
benchmarks before and after unloading. During the research, the slotted unloading method 
was significantly modernized due to the use of the latest generation gas cutters as cutting 
tools. 

It was decided to use a saw with a diamond disc (circle) as a cutting tool. This 
equipment is completely autonomous, does not require connection to compressed air mains, 
connection to electrical networks and water supply, which allows to significantly increase 
the number of experimental measurements for obtaining field data, because the time for 
taking measurements does not exceed 20 minutes, and also expands the possibilities of 
choosing places for conducting research. Anchors have also undergone changes, instead of 
removable collet, it became possible to use permanent pewter. This made it possible to 
reduce the cost of their production, as well as it became possible to measure changes in the 
stress state in time [5-10]. 

As a result of the calculations, it was possible to establish the patterns of the formation 
of the stress-strain state of the rock mass around the unloading slot (Figure 1), as well as to 
establish the patterns between the stresses acting in the rock mass and displacements on the 
excavation contour with distance from the slot. Based on the obtained concentration 
coefficients, the method for calculating the initial stresses acting in the rock mass was 
corrected when using a disc with a diameter of 350 mm as a cutting tool. 
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Fig. 1. Scheme for voltage measurement by the method of slot unloading. 

Assessment of the gravitational-tectonic and time-variable component of the natural 
stress field of the rock mass at the Gayskoye field. 

The conditions for determining natural stresses at the Gaysky underground mine were 
considered, where they were measured by the method of slotted unloading at horizons of -
830 m, -910 m, -1075 m, -1390 m. The time-variable stresses were determined at a special 
test site in the near-shaft yard of the -830 m horizon.The instrumentally determined stress 
parameters are presented in Table 1. 

Table 1. Values of the initial stresses acting in the rock mass of the field. 

In order to calculate the stresses in the array at the moment of time of interest to us, we 
need to know the magnitude of the initial stresses. For this, it is necessary to subtract the 
time variable component [12-16] of the moment in time when the measurements were made 
from the measurement results (Table 1), and add it at the moment of interest. 

Year of 
measure
ments 

Depth, 
Н, m 

Submeridional, 
σ1, МРа 

Sublatitudinal, 
σ 2, МРа 

Vertical,  σ z, 
МРа 

Time-varying 

stresses, АФ
, МРа 

1998 -830 -19 -40 -22 -7 

2004 -910 -20 -42 -25 -4 

2008 -1075 -32 -49 -33 -9 
2019 -1390 -55 -67 -37 -17 
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The values of the initial gravity-tectonic stresses without taking into account the time-
variable stresses are presented in Table 2. 

Table 2. Values of the initial gravitational-tectonic stresses, excluding time-varying 
stresses 

Year of 
measurements 

Depth, 
Н, m 

Submeridional, 
σ1, МРа 

Sublatitudinal, σ 2, 
МРа 

Vertical,  σ z, 
МРа 

1998 -830 -12 -33 -22 

2004 -910 -16 -38 -25 

2008 -1075 -23 -40 -33 
2019 -1390 -38 -52 -37 

Figure 2 shows a graph of the change in these stresses with depth. 

 
Fig. 2. Graph of changes in gravity-tectonic stresses with depth. 

Taking into account the given graphs, gravity-tectonic stresses can be represented in the 

form of dependencies:   ННо
х

п
xгт 027,012027,0)(   ; 

  ННо
х

п
угт 027,06027,0)(   . 

Based on the above, we can conclude that significant gravitational-tectonic and time-
variable stresses are acting in the rock mass of the "Underground mine" Gaysky GOK. 

One of the factors most influencing the manifestation of rock pressure in dynamic forms 
is the effect of significant gravitational-tectonic stresses in the rock mass. 

To conduct long-term observations of the change in the stress-strain state in the lining 
of the Kletovaya shaft, in 2013, observation stations were installed on the basis of 1600 
mm. The stations were installed at a depth of -830 m, -910 m, -990 m, -1075 m and -1390 
m in the running compartment of the trunk in two positions to determine horizontal and 
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vertical deformations. The change in stresses was also recorded according to the 
benchmarks established during slot unloading at bases 70 mm.   
 

 
Fig. 3. Graph of stress changes in the concrete lining of the Kletovaya shaft at the horizon -1390m  

According to the obtained results of the design stresses in the concrete lining of the 
shaft of the Kletovaya mine, maximum stresses can occur, the values of the design stresses 
are close to the standard strength of concrete. 

3 Conclusion 

Thus, the stress state of the concrete lining of mine shafts is formed as a function of the 
design parameters of the shaft, the full tensor of gravitational-tectonic stresses and time 
variables acting in the rock mass at the time of the start of research. It is also mandatory to 
take into account the physical and mechanical properties of the rock mass, the modulus of 
concrete elasticity, which depends on the rate of withdrawal and additional stresses caused 
outside the zone of influence of mining by a cyclic change in natural stresses, and in the 
zone of influence of the mined-out space - by a change in the secondary stress field. 

Based on the results of field measurements at the lower horizons of the Gaisky 
underground mine, the following values of natural stresses at a depth of -1390 m were 
established: horizontal, acting across the strike of the ore body are equal to minus -67.3 
MPa, along the strike minus -55.2 MPa. Vertical stresses are on average minus -37.0 MPa. 

The established regularities of the distribution of the initial stresses of the rock mass are 
recommended to be used as boundary conditions for engineering calculations of the 
technogenic stresses of the structural elements of the operational blocks.
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