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Abstract. Operation of vertical mine shafts in complex mining and geological conditions is associated with a number 

of features. One of them is a radial displacement of the concrete shaft lining, caused by the influence of mining pressure 

on the stress-strain state of the mine workings. A rigid reinforcing system with shaft buntons fixed in the concrete lining 
thus experiences elastoplastic deformations, their value increases with time. It results in deviation of conductors from 

design parameters, weakening of bolt connections, worsening of dynamic properties of geotechnical system “vehicle – 

reinforcing”, increase of wear rate of reinforcing system elements, increase of risks for creating an emergency situation. 

The article offers a comprehensive assessment of displacements of characteristic points of the bunton system based on 

approximate engineering relations, numerical modeling of the deformation process of the bunton system and laser 

measurements of the convergence of the inner surface of the concrete shaft lining. The method was tested on the  

example of the reinforcing system of the skip-cage shaft of the potash mine. Displacement of the characteristic points 

of the reinforcing system is determined by the value of radial displacements of the surface of the concrete shaft lining. 

Evaluation of the radial displacements was made using monitoring measurements and profiling data. The results ob-

tained make it possible to justify the need and timing of repair works. It is shown that the deterioration of the reinforcing 

system at different levels occurs at different rates, defined, among other things, by mechanical properties of the rock 

mass layers located at a given depth.   

 
Keywords: mine shaft; concrete lining; rigid reinforcing; deformation assessment method; profiling 

 
Received: 16.03.2023                  Accepted: 27.12.2023                  Online: 28.02.2024               Published: 25.04.2024 

 

 

Introduction. Vertical mine shafts are considered to be of the first class of importance, as their 

failure to operate properly can lead to shutdown of the entire company (SP 91.13330.2012). The main 

factor of reliable and accident-free operation of a mine shaft is the serviceability of its reinforcing 

system, consisting of a system of structures ensuring the movement of the vehicles under specified 

modes of operation of the lifting unit during the entire operating life of the shaft [1]. Calculation of 

rigid reinforcing is performed according to the conditions of dynamic stability of the movement of 

the vehicles in the conductors and is carried out at the stage of mine shaft design. Besides, the ele-

ments included in the reinforcing are calculated for compliance with the stiffness and strength charac-

teristics [1-3]. The other loads are considered insignificant, so they are neglected in the calculation or 

some reserve coefficients are taken into account when determining the loads from the vehicles [4]. 

Simplifying the calculation scheme may lead to inaccurate determination of the parameters of rigid 

reinforcing of potash mine shafts, therefore, it is necessary to take into account the complex time-

varying interaction of the geotechnical system “rigid reinforcing – shaft lining” [4].   

It is known from field observations [5], that during the operation of potash mine shafts, corrosion 

and mechanical wear of buntons and guide conductors inevitably occurs. Wear of the reinforcing 

JOURNAL OF MINING INSTITUTE 
Zapisk i  Gornogo inst i tu ta

 

Journal homepage: pmi.spmi.ru  

ISSN 2411-3336; е-ISSN 2541-9404 

 



 

 

Journal of Mining Institute. 2024. Vol. 266. P. 305-315   

© Vladislav V. Tarasov, Valerii N. Aptukov, Oleg V. Ivanov, 2024 

306 

This is an open access article under the CC BY 4.0 license  

elements results in changes in their geometric parameters – reduction of conductor and bunton wall 

thickness and reduction of stiffness of the entire reinforcing system. If the shaft is in complex mining 

and geological conditions (unstable rock mass, loading from additional excavations, etc.), then defor-

mations of some sections of the lining and, consequently, of the reinforcing occur. Deformations in a 

concrete monolith can reach such a magnitude that at a certain point a situation arises, at which it is 

impossible for the vehicle to pass freely in the conductor track. It results in deterioration of dynamic 

properties of the system “vehicle – reinforcing” and reduction of operation parameters [5, 6]. To 

eliminate the failure, the deformed section of the bunton is replaced with a straight section of the 

bunton, whereby it is previously released by pressing the bunton end embedment out of the concrete 

lining [6]. Each bunton embedment point is opened to the size necessary to bring the conductor 

track to the base, design position. If necessary, not only the concrete lining is removed, but also the 

salt rock is stripped to sufficient length and width. A detailed description of the working conditions 

of the rigid shaft reinforcing with a list of the main load types and their effect on the reinforcing is 

presented in the papers [7-9].  

Statement of problem. Studies by various authors have established that during the operation of a 

mine shaft in complex mining and geological conditions, deformation of the concrete lining is observed 

as a result of change of the rock mass containing the shaft [10-12]. Deformation of the concrete lining 

is transmitted to the rigid reinforcing, resulting in the disruption and design change of the buntons and 

conductors [13-15]. Various aspects of the effect of undermined areas on shaft geometry and perfor-

mance are discussed in the papers [16, 17].   

The following problems accumulate and occur during continuous operation of the mine shaft 

lining and reinforcing system [18-20]: 

• changes in the track geometry of the guide conductors which can lead to out of track or jamming 

of the vehicles. It threatens to cause an emergency situation with severe consequences; 

• due to intensive abrasion of the conductors and buntons, accumulation of fatigue stresses and 

corrosion wear, the service life of the reinforcing elements decreases; 

• cost of operating the shafts, related to time-consuming regular inspections and labor-intensive 

repairs of the reinforcing fixing points, increases. 

To solve these problems, it is necessary to perform a comprehensive assessment of the technical 

state of all the elements of the rigid reinforcing as a single frame structure, taking into account the 

convergence of the concrete lining. 

Thus, the task of the research is to study the features of joint deformation of the geotechnical 

system “rigid reinforcing – shaft lining” followed by the assessment of critical deformations and their 

influence on the choice of structural and technological solutions for reinforcing vertical shafts.  

Methods. To settle out the given problem both the engineering approach and numerical approach 

were used – finite element method (FEM) using ANSYS application program package. It is necessary 

to determine the relationships between the magnitude of the concrete lining convergence and the 

magnitude of deformation (displacements) of the rigid reinforcing by the example of the skip-cage 

mine shaft of the potash mine. In practice, instrumental methods of investigation and control of rein-

forcing systems and vehicles using modern measuring tools [21-23] and monitoring [24] are widely 

used. As calculation methods, primarily the engineering method is applied [25-27], based on approxi-

mate approaches of theoretical mechanics and resistance of materials [28, 29]. Approaches based on 

numerical solution of such problems by the finite element method are also developed [30-32]. Some 

of them consider box steel structures with corrosion taken into account [33-35]. Note that only indi-

vidual elements of reinforcing systems have been considered by numerical modeling methods so far, 

although it seems to the authors that this method, combined with instrumental monitoring methods, 

has significant promise.  

This paper offers a comprehensive approach to the study of joint deformation of the geotechnical 

system “rigid reinforcing – shaft lining”, including engineering and numerical methods, as well as 
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instrumental measurements of the lining deformation. Approximate relations are presented and a  

3D-numerical model has been developed to assess deformations of the rigid shaft reinforcing system 

with respect to the convergence of the concrete shaft lining. The stress-strain state and displacements 

of the reinforcing system were determined by the example of the skip-cage shaft of the potash mine.  

A predictive assessment of the reinforcing performance under the constant effect of the convergence 

factor of the concrete lining in salt rocks is presented.  

Engineering problem statement. The main task for engineering evaluation of the reinforcing 

performance under the effect of the convergence factor of the inner diameter of the concrete lining is 

an analysis of the displacements of characteristic points for the complex bunton system over time.  

It is impossible to formulate equations for analytical determination of the displacements of the charac-

teristic points for the complex bunton system with respect to all interfaces and fixing points. Here we 

shall take only approximate (engineering) estimates of the displacements within the framework of the 

following assumptions. All the fixing points of the reinforcing levels in the concrete lining are moved 

radially by the magnitude ΔR, determined by the lining convergence during salt rock creep under the 

effect of rock pressure and dependent on time. 

Let us introduce the ОХY coordinate system with the coordinate origin located in the centre of the 

shaft (Fig.1). Here letters A, B, …, I, J mark the points of fixing the shaft buntons R1-R8 to the 

concrete lining, and letter B1 marks a new position of point B at radial convergence of the shaft lining. 

Based on the geometrical dimensions of the bunton system, for each fixing point we can determine 

the angle between radial direction (the segment connecting the shaft centre and the given point, the 

segment shown by the dotted line) and the axis OX. Figure 1 as an example shows an angle φB for the 

fixing point B. Through these angles, for each fixing point, we can find displacements of the corre-

sponding point along the coordinate axes, e.g. 

ΔUBX = – ΔRcosB;  ΔUBY = – ΔRsinB.                                               (1) 

Based on the displacements of all the reinforcing fixing points, it is necessary to evaluate new 

positions of the junction points of longitudinal and transverse buntons (points M, N, Q, S, V, W).  

In general, it is a complex nonlinear problem that needs to take into account both the change of the 

angles in the points of fixing and junction of 

the buntons and their possible bending in the 

horizontal plane due to loss of stability. In case 

of bending, the central part of the bunton span 

receives additional displacement. Considering 

all these factors when obtaining engineering 

estimates requires additional assumptions. 

Let us take the bunton R5 as an example. 

This bunton has junctions with the bunton R6 

in the point M and the bunton R7 in the point N 

(Fig.1), with possible bending, resulting in 

maximum displacement along the X axis of the 

middle of the bunton at the connection point 

with the conductor P3.  

The point М at the shaft lining convergence 

will turn to the point М1, and the fixing points B 

and C – to the points B1 and C1. We assume that 

the bunton segments maintain their lengths  

BM = B1M1 and CM = C1M1 (in this case, the 

BMC junction angle may change). Therefore, 

the coordinates of the new fixing points  
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(by the example of the skip-cage shaft) 
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1B B BXX X U  ;   
1B B BYY Y U  ; 

1C C CXX X U  ;   
1C C CYY Y U  ;                                               (2) 

cosφCX CU R   ;   sinφCY CU R   .                                           (3) 

Let us say that 

1MX ≈ XC + ΔUXC;    
1MY ≈ YM + ΔUYB.                                            (4) 

It should be noted that the position of the point M1 will be also influenced by other displacements 

of the points D, E, as well as by the junction points of the buntons R5 and R7. In addition, large 

bunton spans between the fixing points and/or the junction points may bend in the horizontal plane.  

We shall estimate the bending deflection of the bunton R5 in the section М1N1, assuming that 

there is a loss of stability of the bunton at its compression in the direction along its axis. As we know, 

when the critical compression force is reached, the beam loses stability and takes a new (in the special 

case, flat) sinusoidal shape [36]. The number (or fraction thereof) of sinusoidal waves depends on the 

boundary conditions of the beam fixation. In our case, the compressive forces do not act strictly co-

axially, since for the considered cases the buntons are embedded in the concrete lining, which deforms 

radially over time, creating two projections of bunton end displacements: along and across its axis.  

Following the article [36], we assume that the bending curve of the clamped beam at loss of 

stability represents a half-wave of the sinusoid shown in Fig.2, where half of the bent curve of the 

beam is shown, the dotted line shows its initial position.  

The initial length of the bunton is L. The bunton bends with a bending deflection С, which should 

be estimated after displacement of one end of the beam along its axis relative to the other (fixed) end 

by the value of Δ. The condition for determining the bending deflection C is the equality of the initial 

length of the bunton half L/2 and its length S in a bent state. As we know* the length of the curve is 

defined by the integral [37] 

 
2

0

  1

a

S y dx  ,                                                                 (5) 

where a – integration length; у′– derivative of x. 

In our case y = 0.5Csin (πx/a); a = 0.5 (L – Δ). By entering a new variable m = – (0.5Cπ/a)2, 

we link together the relation (1) and the full normal Legendre elliptic integral of the 2nd type E2(m), 

having no expression in quadrature*,1  

   

π

2
2

2

0

2 2
1 sin .  

π π

a a
S m t dt E m

   
     
   

                                            (6) 

At small m (the bending deflection is signifi-

cantly smaller than the bunton length), the function 

E2(m) decomposes as a rapidly descending power 

series  

E2(m) ≈  2 3π π 3π

2 8 128
m m O m   ,     (7) 

where О(m3) – a value (residue of the power series), 

which order does not exceed m3.    

                                                 
*

1 Akhiezer N.I. Elements of elliptic function theory. Мoscow: Nauka, 1970, p. 304.   

0.25(L – Δ) 
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С 

Fig.2. Bending scheme of the bunton beam 
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In this case m ≤ 0.1, consequently, it is 

enough to use two members of the series in the 

decomposition (7) to obtain a reasonable engi-

neering approximation.  

Thus, in view of the requirement for the 

equality of the lengths of the bunton beam curves 

before and after deformation, the expressions for 

a, m and the decomposition (7), we obtain 

S ≈ a

2
π

1 0.5
4

C
L

a

  
      

.            (8) 

Relationship (8) allows us to get an analyti-

cal expression for the bending deflection 

С ≈    2 / π  L  .              (9) 

Figure 3 shows a strong nonlinearity of the dependence on the magnitude of displacement of the 

bunton end along its axis Δ, especially at small values Δ: thus, at Δ = 5 mm, the bending deflection 

C = 55-72 mm in the presented range L. The obtained dependencies will be discussed when analyzing 

the bunton system by the example of the skip-cage shaft.  

Estimation of displacements of the bunton characteristic points. From the perspective of 

accident-free operation of the reinforcing and the vehicles, first of all, it is important to assess the 

magnitude of displacements of the bunton points in the directions perpendicular to the bunton, in 

the places of conductor attachment, as they can cause the vehicle both to jam and to move out of 

the track of the guide conductors. The displacements of interest can be expressed through the 

corresponding displacements of the bunton fixing points and the value of ΔR, similarly to the 

formula (1):  

ΔUYP2 ≈ 
1

( );   
2

YE YDU U   ΔUYP5 ≈ 
1

( );
2

YJ YAU U   

ΔUYP6 ≈ ΔUYP7 ≈ 0;   ΔUYP8 ≈ ΔUYG;                                           (10) 

ΔUXP4 ≈ ΔR + 0.2C(SV);   ΔUXP3 ≈ ΔUXC – C(MN), 

where C(SV), C(MN) – the bending deflections of the bunton spans SV and MN, defined by means of 

graphical relationships. 

Taking into account the dependences of the displacement of the bunton fixing points on the value 

of ΔR, similarly to the formula (1), we bring relations (10) to the form: 

ΔUYP1 ≈ –0.548ΔR;   ΔUYP2 ≈ 0.548ΔR; 

ΔUYP5 ≈ 0.906ΔR;   ΔUYP6 ≈ ΔUYP7 ≈ 0;   ΔUYP8 ≈ –0.814ΔR;                            (11) 

ΔUXP4 ≈ ΔR + 0.2C(SV);   ΔUXP3 ≈ –0.932ΔR – C(MN).   

Formulas (11) represent the final result of the approximate approach for estimating the displace-

ments of the bunton points at the conductor fixing points. These formulas are valid for the bunton 

system (see Fig.1).     

Thus, maximum displacements are realized on the conductor P4, further on the conductors P3, 

P5 and P8. Consequently, over time, problems will arise primarily for these conductors. It is these 

conductors that should be the subject of close attention during periodic inspections of the shaft rein-

forcing condition. 
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Numerical 3D-modeling. A quite promising method of mathematical modeling allows conside-

ring the reinforcing system as a single frame structure in combination with concrete lining. Applica-

tion of numerical methods takes into account the change of many different factors of geometrical and 

physical state of the reinforcing, such as corrosion reduction of the profile wall thickness,   

mechanical characteristics of the used steel (modulus of elasticity, yield strength, ultimate strength) 

[33-35, 38], stress in the system “reinforcing – shaft lining”, etc.  

The geometric model and the model fragment with FE mesh are shown in Fig.4. The boundary 

conditions for the considered geometrical model of the reinforcing consist in specifying projections 

of the displacements along the axes of the OXY coordinate system for all points of attachment (end 

sections) of the shaft buntons R1-R8 to the concrete lining, similarly as it was done in the engineering 

approach (1). In practice, the buntons are inserted into the concrete lining and fixed in it by creating 

additional gaskets (wedges) and subsequent concreting of the “hole” created for the bunton. Such at-

tachment cannot provide a “perfect embedment”, during the operation the concrete in the hole may 

crack and the wedges may weaken. All this can result in the creation of an elastic hinge support instead 

of the “perfect embedment”, as well as in “slippage” of the bunton under high axial loads inside the 

concrete lining.  

To model these factors “false” volumes at least 30 cm long (that is how far the buntons enter the 

concrete) were formed at the ends of the bunton (Fig.4, a), then the displacement projections were 

set. The elastic hinge was modeled by specifying reduced (by a factor of 2) elastic properties of the 

“false” volumes compared to the bunton itself. The adopted design scheme simulates the concrete 

stiffness reduction in the “hole” of the bunton attachment and its partial “slippage” towards the rock 

massif. Thus, the developed numerical model can result in larger calculated bending displacements 

of the buntons than in reality, i.e., to some “reserve” in predicting the dangerous state of the reinforc-

ing system. 

Classical mathematical formulation of the problem of assessing the stress-strain state of an elas-

toplastic body [39, 40] includes: equations of equilibrium, boundary conditions in displacements and 

stresses, Cauchy equations, linear elasticity equations of an isotropic body, and plasticity equations. 

The present calculation scheme does not take into account volumetric forces; there are no surface 

loads. The boundary conditions are provided by the presence of the specified displacements at the 

ends of the buntons, an example of which is given in the relation (1). 

The reinforcing material is steel 09g2s, yield strength is 325 MPa, ultimate strength is 470 MPa. 

The cross section of the buntons is a closed rectangular box with dimensions of 130×212 mm; wall 

thickness is 12 mm. 

The tasks were solved by the finite element method in the ANSYS package [41] spatially. The 

following options were used: Rate Independent, Isotropic Hardening Plasticity, Mises Plasticity, Mul-

tilinear for plasticity calculations. 

 

 

 

 

 

 

 

 

Fig.4. Geometric model of the bunton system with box profile (а) and model fragment with FE mesh (b) 
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Analysis of numerical results. A series of 

calculations of the reinforcing deformation at dif-

ferent values of the shaft lining convergence ΔR 

was carried out. The displacement field UX at the 

value of the radial displacement of the lining  

ΔR = 30 mm is presented in Fig.5, where we can 

observe significant displacements of longitudinal 

bunton areas R4 and R5 located between the trans-

verse buntons. There is a match of the directions of 

X axes in Fig.5 and 1. The displacement magnitude 

UX reaches 192 mm (bunton R4) and –260 mm 

(bunton R5), which significantly exceeds the con-

vergence value of the shaft lining diameter 2ΔR = 

= 100 mm. This nonlinear effect is due to the strong 

bending of the parts of the longitudinal buntons. 

It is well known that such deformations of the reinforcing cause failure in safe shaft operation 

much earlier, i.e., at lower values of the lining convergence. Besides, elastic-plastic deformations 

(and corresponding stress level) can lead to destruction of the welded box body of the bunton beams. 

In areas with developed plastic deformations, a so-called plastic hinge can occur. In practice, we are 

more interested in the displacements of the characteristic points of the reinforcing (e.g., at the con-

ductor locations) as a function of the magnitude of the radial lining displacement ΔR.   

Figure 6, а shows the dependence of the displacement UX on ΔR for the fixing points of the 

conductors P3 and P4. Round markers indicate displacement values calculated by engineering for-

mulas (11), which provide overestimated absolute displacements compared to the values obtained by 

the FEM. This is due to the fact that the numerical solution takes into account the influence of the 

entire bunton system as well as a possibility of plastic deformations. The sum of the absolute values 

of these displacements provides the value of the distance reduction between the conductors P3 and 

P4. It is obvious that already at the displacement of the lining ΔR is more than 15-20 mm, the dis-

placements of the conductors P3 and P4 become unacceptable. 

Figure 6, b shows dependences of the distance reduction along the OY axis between the conduc-

tors P5 and P6 (curve 1), P6 and P8 (2), P1 and P2 (3). Maximum changes of the distances here are 

observed for the conductors P1 and P2. In general, these values are less significant than the displace-

ments along the axis OX. It means that maximum displacements of the bunton points, which deter-

mine accident-free operation of the reinforcing, occur in the horizontal plane perpendicular to the 

direction of the main buntons (the displacements in the fixing points of the conductors P3 and P4).   

A similar series of calculations was performed for corrosion-prone reinforcing when the box 

section wall was reduced by 2.4 mm (up to 9.6 mm). Reduction of the wall results in the increased 

deformations of the bunton system, and quality changes of the deformation behavior of the main 

Fig.5. Displacement field UX at ΔR = 30 mm  

(blue colour corresponds to the value +154 mm,  

red colour +192 mm) 
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longitudinal bunton are possible. In Fig.6, b the dotted line indicates the dependence of the distance 

reduction along the OY axis between the conductors P6 and P8 at box section thickness of 9.6 mm. 

Discussion of the results. Analysis and comparison of the modeling results, engineering calcu-

lations and in-situ observations were made based on the data of long-term studies on changes in the 

distances between the parallel buntons R4 and R5 performed in the interval of the levels N 95-140  

of the skip-cage shaft of Berezniki mine. Measurements of the distance between the two buntons 

were carried out along bold red dotted lines drawn through the points of the plumb lines O2 and O3 

(see Fig.1).  

The value ∆R is taken from the data of the shaft laser scanning [8], conducted in 2021, with one 

“west-east” direction chosen for each level. We obtained an estimate of the average rate of diameter 

change at the intersection with carnallite layers at the site of stationary change in diameter 

2.0 mm/year. Since the profiling was carried out in 2013, over 8 years the average diameter change 

could be about 16 mm. This value was subtracted from the laser scanning data. After the profiling 

before the end of 2013, the conductors were aligned. The results were taken into account when com-

paring the calculated and experimental data. 

Figure 7 shows the dependences of calculated and experimental measurements of the distance 

reduction between the buntons for 2013. Maximum discrepancy between the calculated and the ex-

perimental data including the aligning is 30 %, the average discrepancy is 10.4 %. It should be 

noted a quality fit of the calculation data according to the proposed complex method and of the 

profiling measurements. Repairing and replacing the reinforcing is an extremely labor-intensive 

process, resulting in high financial costs associated with shaft shutdowns and a corresponding re-

duction in the productivity of part or the whole potash mine. In the first years of operation of the 

mine shaft reinforcing located in the salt massif, localized repairs (aligning) are done to correct the 

curvature of the conductors. Aligning of the reinforcing means adjustment of two reinforcing con-

nection units (flange joints), with displacement of the longitudinal axis in each bunton unit by a 

certain length, allowing to bring the conductor track to the base value. In each specific case, the 

aligning time depends on the depth of the level H and on the geomechanical properties of the rock 

mass at this depth.  

For example, mechanical properties of carnallitic rocks are significantly inferior to those of syl-

vinite or rock salt, so reaching the time Т may occur earlier in the sylvinite-carnallite area rather than 

in the underlying rock salt area, which is much deeper. In addition, the area of the shaft junction with 

horizontal workings is also a weakened area. Estimation of the time Т in this area is difficult, as it 

also depends (apart from the above factors) on 

the geometry (structural features) of the area of 

the shaft junction with horizontal workings [10]. 

Based on the specific rates of change of the 

shaft diameter obtained by laser scanning [8], 

results of research data and numerical modeling 

of the deformation process of the concrete lining 

as a result of salt mass creep [10], the following 

conclusions can be drawn: 

• for the reinforcing levels located in car-

nallitic rocks with high rates of change in the 

shaft diameter, the first aligning should be car-

ried out already in Т = 4-5 years after the opera-

tion start, the second one – in 20 years (about 

15 years after the first one), the third one – in 

50 years (about 30 years after the second one);  

Fig.7. Change of the distance between the buntons:  

calculation (solid line) and experimental (squares) measurements.  

Average values of profiling data along the lines 

O2 and O3 exclusive of the aligning (black squares);  

including the aligning performed in 2013 (white squares) 
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• the first aligning for the levels with minimal rates of the diameter change (intersection with 

rock salt, sylvinite) is necessary after Т = 20-25 years;  

• aligning on the remaining levels is necessary in the time range between these two extreme 

cases.  

The proposed integrated approach for each bunton system of a particular shaft needs to be per-

formed anew: to carry out laser monitoring, profiling, to form a new calculation scheme and to per-

form numerical studies. Of course, the error of forecast calculations may be different for different 

shafts. The most difficult point is the application of the proposed method for the assessment of the 

bunton deformations after the performed aligning – it requires additional research.        

Thus, practical application of the results of the calculations and the performed research consists 

in predicting the onset of critical deformations of the rigid reinforcing system with further substan-

tiation of repair works. 

Conclusion. This article considers the features and the problems of the rigid reinforcing opera-

tion in potash mine shafts, when concrete lining experiences significant deformations when inter-

acting with rock massif. The authors offer the comprehensive assessment of displacements of the 

characteristic points of the bunton system based on approximate engineering relations, numerical 

modeling of the deformation process of the bunton system and laser measurements of convergence 

of the inner surface of the shaft concrete lining.  

Numerical modeling of the complete bunton system of rigid reinforcing in 3D-setting at the 

convergence of the shaft concrete lining was carried out, specific features of the bunton defor-

mation, maximum displacements of the characteristic points were revealed. The authors compared 

engineering and numerical estimates of the bunton system displacements at different levels with 

monitoring (profiling) data and laser measurements of the inner surface of the concrete lining of 

the skip-cage shaft of the potash mine. Based on the estimates of the convergence rates of the shaft 

concrete lining at the intersection of rock mass layers with different physical and mechanical proper-

ties, the forecast estimates of the limiting time of the reinforcing operation have been obtained, after 

which repair works will be required.  

Thus, the comprehensive assessment of the rigid reinforcing deformation at the convergence of 

the shaft concrete lining allows making correct calculations for determining parameters of rational 

schemes of the reinforcing structures and the lining of the shafts located in salt massif. 
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