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Abstract 

Purpose. The research aims to study the influence of bearing pressure from the barrier pillar on the field drift in order to 

determine the rational locations for placing field mine workings in the zone influenced by repeated mining at the Zhomart 

Mine of the Zhaman-Aybat field. 

Methods. Research includes an analysis of the results of mine studies conducted on the basis of instrumental measurements 

of actual parameters of the mining system structural elements, processing of multi-year statistical data on monitoring of the 

rock mass state, as well as modeling using Rocscience software to determine the stress-strain state of the rock mass. The actual 

physical-mechanical properties of the ores and host rocks of the Zhaman-Aybat field are used for modeling. 

Findings. The research makes it possible to determine the parameters of the field conveyor drift rational location relative to 

the protective pillar and the mined-out space. It is substantiated that the field conveyor drift should be designed not less than  

-30 m deeper than the bottom of the mined-out deposit 4-1 and at a distance of -70 m from the protective pillar boundary. The 

maximum stresses σmax acting on the contour of the field conveyor drift when it is located at different points are calculated. 

Originality. The dependence of the change in maximum stresses acting on the contour of the field conveyor drift on its  

location relative to the protective pillar has been found, which makes it possible the rock mass geomechanical state to be  

assessed in the form of a model. 

Practical implications. The mine surveys and numerical experimental studies have provided a new solution to an im-

portant scientific problem related to predicting the geomechanical state of the rock mass and ensuring the stability of mine 

workings adjacent to the mined-out space. The research results can be used in designing repeated mining operations and pre-

dicting the geo-mechanical state of the rock mass in order to ensure safe mining operations when driving preparatory workings. 

Keywords: ore, repeated mining, pillar, mining operations, mined-out space, modeling, field 

 

1. Introduction 

The efficiency and safety of underground mining depends 

directly on the ability to control the state of the rock mass in 

the vicinity of the preparatory workings. This aspect is of key 

importance when substantiating the application of modern 

technologies, since disturbances in mass stability can lead to 

accidents, reduced productivity and increased costs [1]. Many 

geomechanical models have been developed to understand the 

behavior of the rock mass, each of which seeks to describe the 

processes occurring in the earth’s crust during mining opera-

tions. These include both generally recognized concepts and 

new approaches that are in the development stage [2]-[5]. 

Kazakhstan is one of the leading countries in the world in 

terms of mineral resource mining, which makes the develop-

ment of the mining industry strategically important for the 

country’s economy. Large fields such as Zhaman-Aybat in 

Karaganda Coal Basin, as well as the mines in the Zhezkazgan 

Region provide Kazakhstan with significant reserves of ore 

and coal resources [6]-[8]. However, the development of mi-

ning in the country faces a number of challenges related to the 

increasing depth of mining operations, intense rock pressure 

and the need to reuse extraction workings [9]. This requires the 

development of innovative approaches to managing the rock 

mass state, taking into account the peculiarities of each field. 

Mining operations are particularly challenging in the 

conditions of repeated field mining, where significant  

volumes of mined-out space create additional stress 

zones [10]. The Zhomart Mine of the Zhaman-Aybat Field, 

where the room-and-pillar mining system has been actively 

applied since 2008, has accumulated a unique experience in 

the repeated extraction of rib pillars. Over 18 million cubic 
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meters of mined-out space were formed during the period of 

mine operation, which resulted in significant changes in the 

mass stress-strain state [11]. In such conditions, it is critical 

to understand the rock pressure redistribution mechanisms 

and their impact on the stability of field and capital drifts 

adjacent to caving zones and barrier pillars [12], [13]. 

For the mining industry of Kazakhstan, the issues of en-

suring the stability of mine workings are not only of industri-

al, but also of strategic importance [14]. The reliability of 

mine operations is directly related to occupational safety, 

reduction of economic losses and efficient use of natural 

resources [15]. It is important to note that mining companies 

in Kazakhstan actively use modern approaches, including 

geomechanical modeling, monitoring systems and innovative 

fastening technologies, which help to improve the stability  

of mining structures and minimize risks in the conduct of 

mining operations [16]-[20]. 

The purpose of the present research is to study the  

influence of the bearing pressure from the barrier pillar on 

the field drift in order to determine the rational locations for 

placing field mine workings in the zone of influence of  

repeated mining at the Zhomart Mine of the Zhaman-Aybat 

Field. To achieve this purpose, a methodology has been  

developed that includes analysis of mine survey results, p 

rocessing of multi-year statistical data of rock mass state 

monitoring, and modeling using Rocscience software. 

2. Study background 

Between 2008 and 2023, the Zhaman-Aybat Field, where 

the Zhomart Mine is located, produced over 48 million tons 

of ore using the room-and-pillar system, resulting in more 

than 18 million cubic meters of cavities, supported by 

12265 rib pillars. Since then, in 2009, experimental work 

began on extracting the rib pillars, up until 2014, when their 

full-scale repeated mining began. By the beginning of 2019, 

2954 pillars had already been mined out. By caving the over-

lying stratum, 8.9 million m3 of cavities have been filled 

(50% of the total volume of cavities formed). 

Since the second half of 2017, the geomechanical situa-

tion at the mine has become extremely acute: 

– seismic activity of the mass increased up to technogenic 

earthquakes, which were registered by all seismic stations of 

the Republic of Kazakhstan; 

– the values and rates of the earth’s surface subsidence 

have increased dramatically. 

The deterioration of the geomechanical situation was 

caused by: 

– the presence of a large number of localized pillar  

extraction sites with small filled spans, the areas between 

which turn out to be overloaded (Fig. 1); 

– rock stratum overhangs on unmined barrier and mas-

sive pillars, creating a bearing pressure on them and the 

surrounding mass; 

– violation of the repeated mining design procedure, in 

particular, premature cutting of barrier pillars ahead of the 

filling front by more than 3 rows of the rib pillar. 

Based on the experience of the Zhezkazgan mines, it is 

clear that the geomechanical situation at the Zhomart Mine 

develops in the following sequence: repeated mining in many 

localized areas without settling of the overlying stratum → 

formation of bearing pressure zones between them → partial 

destruction of rib pillars over large areas → destruction of 

protective pillars of capital transportation and conveyor drifts → 

caving over a large area with complete settling of the overlying 

stratum up to the surface, with technogenic earthquake and 

air burst in the mine. At the Zhomart Mine, the geomechani-

cal situation by 2018 has already passed the first stages. 

 

 

Figure 1. State of mining operations at Zhomart Mine 

 

The seismic control system plays a key role in monitoring 

and predicting critical deformations in a rock mass [21]. This 

process begins with a thorough analysis of seismic events 

that may indicate the beginning of critical deformation. One 

of the main indicators is the localization of seismic events in 

the weakened area. Localization of seismic events means that 

there is an increase in the number of seismic signals in a 

certain area. This may be due to the fact that microfractures 

or other changes in rock structure occur in this area, which 

can lead to critical deformation [22]. The seismic control 

system allows the location and depth of these events to be 

accurately determined, enabling risk assessment and predic-

tion of possible consequences. Another important indicator is 

the compaction of seismic events in time. This means that the 

time intervals between signals decreases, which may indicate 

increased rock mass activity [23], [24]. 

Thus, according to the seismic monitoring data of Ka-

zakhmys Corporation LLP of 09.03.2019, a seismic event 

(SE) with an energy class of 9.8 (6.3 billion J) occurred at the 

mine. After this event, the seismic regime of the mass 

changed: seismic energy release began to occur at a slower 

rate. Prior to the strongest seismic event of 09.03.2019, the 

breaking mass radiated seismic energy for a whole year at an 

average flow rate of 617 kJ/day. During this period, the 

earth’s surface subsidence occurred at a very high rate of  

4-5 mm/month. After 09.03.2019 (during half of the year), 

the average energy release rate from the mass has decreased 

by 2.2 times – to 280 kJ/day. The rate of subsidence also 

decreased sharply – to 1.0-1.5 mm/month. 

These facts indicate a slowdown in the processes of mass 

destruction, which is most likely caused by the cessation of 

mining operations in the central part of the mine field [25]. 

When resuming operations on mining the remaining ore 

reserves in the pillars, the seismic activity of the mass, as 

well as the rock stratum and the earth’s surface shear will be 

activated until the complete settling of the overlying stratum 

by caving to the surface occurs, as well as elimination of 

existing overhangs [26]-[28]. 

During the construction and initial operation of the mine, 

the main form of destruction during driving of capital and 

preparatory workings was the crushing of ore/rocks in the 

roof with high horizontal tectonic stresses that exceeded the 
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vertical pressure of the rock stratum [29]. Therefore, roof 

bolts and shotcrete were used to fasten only the mine wor-

king roof. The mine working walls were not fastened. 

During the period of mining of stope reserves on a large 

area, the level of horizontal pressure in the mass decreased 

according to the laws of mechanics. Problems with the mine 

working roof stability have become significantly fewer. 

There were problems only during driving mine workings on 

the mine field flanks [30]. 

After the transition to the second stage of reserve mining 

(pillar extracting), the vertical stresses of the bearing pressure 

in the mass became maximum [31]-[34]. Gradual (plastic) 

destruction of the rib pillars and the overlying rock stratum 

subsidence lead to the bearing pressure loading of the most 

rigid protective pillar of the 85 m wide capital drifts, located 

in the middle of the extensive mined-out space [35]-[37]. 

Numerous destructions of haulage drifts adjacent to the 

mined-out panel space began to occur in the walls, which 

were not fastened. Almost everywhere the same rockfall 

mechanism is observed: crushing and crumbling of numerous 

interlayers of weak rocks and subsequent cleavage of large 

blocks of strong gray sandstones along subvertical natural 

fractures or rupture cracks (Fig. 2). 

 

 

Figure 2. Destruction of the haulage drift 1 wall from the side of 

panel 7 

 

Often after cleavage and rockfall from the wall, a cantile-

ver of a thick layer of gray sandstones is formed in the spring 

(Fig. 3a). In some places, destruction of the pillar between 

the haulage drift wall and the mined-out stopes in the panel is 

observed (Fig. 3b). 

The first rock pressure manifestations began in April 

2016 and continued through May and July in conveyor drift 

1 in the area of panel 10 south (Fig. 4). 

According to the results of surveying, the average cross-

sectional area of the 22 m2 conveyor drift after rockfall from 

the walls with a thickness of 0.3-1.5 m increased to 27 m2. 

The reason for the increased vertical pressure on the pillar of 

the drifts and their destruction is the repeated mining of  

panels north (panels 7, 8, 9, 10) and south (panels 7 south, 

8 south, 9 south, 10 south) of the protective pillar of the 

drifts. At two intervals of the conveyor drift 1destruction, a 

frame metal support made of special profile SCP-18 (27 and 

17 frames) was installed with backfilling of the fastening 

cavities with timber. This required stopping the conveyor and 

cutting through its structure. 

In September 2016, between two fastened intervals, de-

struction of the conveyor drift southern wall occurred with 

the fallout of large blocks of crushed ore. 

(a)                                             (b) 

 

Figure 3. Characteristic forms of destruction: (a) walls of drifts 

with the formation of a cantilever; (b) the pillar cru-

shing between the drift wall and the stope 

 

 

Figure 4. Area of conveyor drift 1 destruction in April-September 2016 

 

Deformation of the conveyor structures was prevented by 

pre-installed prop stays and pipe spacers, which took the im-

pact of the caved ore upon themselves. After rockfall from the 

lower (“unfastened”) part of the southern conveyor drift wall, 

a cantilever overhang of rocks was formed in the upper part 

of the drift. The cantilever stratified on the horizontal con-

tact. The cantilever cutter break was eliminated by blasting. 

In order to determine the rational locations for placing field 

mine workings (haulage and conveyor drifts) in the zone of 

influence of the mined-out space during the repeated mining of 

pillars, it is necessary to conduct a set of geotechnical studies, 

including both field and theoretical aspects [38]. This approach 

provides a complete insight into the state of the field mine 

workings and their interaction with the mined-out space. 

In November 2018, specialists of the Limited Liability 

Partnership “Nauchno-Tehnicheskij Tsentr Promyshlennoj 

Bezopasnosti” together with the surveying service of 

Zhomart Mine performed mass measurements (with a step of 

1 m) of the dimensions of haulage and conveyor drifts (Table 1). 

The histograms in Figures 5, 6 show both the most frequently 

occurring (modal) values and the existing deviations from the 

mean. In local areas, the maximum overshoots in 

height/width of drifts can be quite significant (up to 2-3 m). 

The problem of mining the remaining 18.8 million tons of 

ore from the rib pillars in the Zhomart-1 Mine field includes a 

set of scientific-technical tasks aimed at safe and economical-

ly feasible implementation of operations. One of the key tasks 

is to identify areas where it is possible to extract rib pillars. 

This requires conducting geologic and geomechanical studies 

to assess the current state of the stope roofs and pillars.  
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Table 1. Dimensions of capital drifts 

Drifts 
Number  

of measurements 

Cross-sectional area Average overshoot, m 

Actual 

average, m2 

Actual/ 

Projected 
Heights Widths 

Haulage 1, 2, 3, 4 5181 33.0 140% 0.5 1.1 

Conveyor 1, 2 684 37.3 160% 1.6 0.7 

 

(a) (b) 

  

Figure 5. Dimensions of haulage drifts: (a) actual cross-section; (b) ratio of actual and projected cross-sections 

 

(a) (b) 

  

Figure 6. Dimensions of conveyor drifts: (a) actual cross-section; (b) ratio of actual and projected cross-sections 

 

Advanced technologies such as scanning and 3D modeling 

provide a more accurate analysis of the structural rock mass 

peculiarities and identify potential zones for mining [39]-

[41]. Such approaches minimize the risks of caving and  

improve the accuracy of identifying areas for extracting. 

The next stage is to develop the technology and sequence 

of mining the barrier pillars and the remaining rib pillars. 

Based on the results of previous studies [42]-[44], it is neces-

sary to consider the geological and geomechanical character-

istics of the sites to develop a safe mining strategy. Optimi-

zing the extracting sequence ensures maximum ore mining 

while minimizing costs. At the same time, the use of numeri-

cal modeling methods makes it possible to predict the rock 

mass behavior during the mining process and make timely 

adjustments to the plan [45], [46]. 

Special attention should be paid to predicting the state 

of capital drifts and the prospects for extracting their pro-

tective pillars [47]. The state of the drifts is monitored  

using GPR systems and acoustic methods, which allows for 

a detailed assessment of the state of the structures and the 

surrounding mass. Based on these data, predictions and 

strategies are developed for drift maintenance, including 

repair work aimed at ensuring safe operation under intense 

rock pressure conditions. 

Numerical models demonstrate important patterns of rock 

pressure redistribution during repeated mining of pillars [48]-

[50]. After extracting of rib pillar group, the maximum  

bearing pressure is transferred to the outer pillars located on 

the border of the caving zone when making cut cavities in 

underground mine workings [51]. As the roof caves, the 

pressure on the outer pillars decreases. The caving zone 

height is directly dependent on the equivalent span width: the 

larger it is, the higher the caving zone and the lower the pres-

sure on the pillars [52]. Complete settling of the rock stra-

tum to the surface, accompanied by a reduction of the bea-

ring pressure to a minimum, occurs when an equivalent 

span of the caving zone is formed, exceeding one-third of 

the depth. The identified patterns should be taken into ac-

count when designing repeated mining to reduce risks and 

ensure the stability of mine workings. 
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After the possibilities for extracting the pillars from the 

open mined-out space have been exhausted, the optimal 

procedure for repeated mining is to first cave the entire rock 

stratum to the surface in the center of the mine field. This 

requires the extraction of at least two barrier pillars between 

the filled panels and further development of the repeated 

mining front in all directions from the formed caving zone. 

The whole settling of the stratum, as experience shows will 

be accompanied by strong seismic events [53]-[55]. For the 

initial settling of the overlying stratum to the surface, it is 

recommended to mine two barrier pillars between panels  

42-43-44. The surrounding mass will then be de-stressed 

from bearing pressure and the repeated mining of the adja-

cent panels will be conducted under much more favorable 

geomechanical conditions. When further developing the 

repeated mining from the area of complete settlement of the 

overlying stratum, it is necessary not to leave rigid bearings 

such as barrier pillars, rib pillars in the mined-out space in 

order not to create conditions for new overhangs. 

3. Methodology 

The research methodology is based on a comprehensive  

geotechnical approach, including several interrelated stages 

aimed at analyzing and predicting the state of field mine 

workings in the context of repeated mining of pillars. The 

main stages include conducting mine measurements, ana-

lyzing the nature of rock mass destruction, selecting de-

struction criteria for modeling, numerical modeling of  

mining methods and determining the optimal locations for 

placing field mine workings. 

The first stage involves detailed measurements of the ac-

tual state of field mine workings, including geometric  

measurements, rock state analysis, identification of fractures 

and other defects, as well as an assessment of the dynamics 

of their development. The data obtained provide an idea of 

the current stability of the mine workings and possible 

changes in the pillar mining conditions. Particular attention is 

paid to identifying patterns of destruction of pillars and 

walls, which allows predicting their behavior under stress. 

The next stage is to select the destruction criteria for nume-

rical modeling. Criteria are developed based on data on me-

chanical properties of the rocks, such as strength, plasticity and 

strain modulus, as well as the geometric characteristics of the 

mine workings, including their dimensions and spatial location. 

Numerical modeling is used to analyze different methods 

of pillar mining and assess their impact on the state of field 

mine workings. Modern software packages are used, which 

make it possible to calculate in detail the stress-strain state of 

the mass, to identify the zones of increased risk of destruction 

and to assess the impact of caving on the stability of adjacent 

mine workings. Particular attention is paid to the influence of 

caving parameters, such as the width of the caving zone and 

the height of the overlying stratum settlement. 

The modeling results make it possible to determine the 

most rational locations for placing new field mine workings. 

The locations for placement are chosen to minimize the risk 

of destruction, ensure operational safety and maximize mining 

efficiency. This approach enables to adapt design solutions to 

real conditions and prevent emergency situations. 

The comprehensive nature of the methodology ensures that 

all key factors influencing the rock mass stability are taken into 

account. This allows not only to predict the consequences of 

repeated mining, but also to develop recommendations for safe 

and efficient conduct of mining operations, which is particular-

ly important for the difficult conditions of the Zhomart Mine. 

3.1. Designing of barrier pillar extraction technology 

The following methodology is used to determine the  

optimal technology for extracting barrier pillars. At the initial 

stage, numerical modeling is conducted based on the data on 

physical-mechanical properties of the mass rocks and the 

mined-out space parameters. Modeling is performed using 

software that allows assessing the stress-strain state of the 

rock mass influenced by repeated mining. 

To analyze the influence of the depth of placing the field 

drifts on the mass stability, scenarios with different place-

ment depths are searched. To assess the rock stability when 

planning drifts, the Strength Factor parameter is used to 

identify zones of increased vulnerability in the mined-out 

space. This parameter is also used to select locations with 

minimum stress levels, which helps to determine the optimal 

locations for drifting. The further research stage includes the 

analysis of the nature of destruction of roof and drift walls 

under the influence of volumetric stresses. 

3.2. Determining the required rock parting  

thickness for the extraction of rib pillars 

As part of the research, the required rock parting thick-

ness is determined using numerical modeling in Examine 

(Rocscience) software. To analyze the stability of field drifts 

under rib pillars and mined-out stopes, three scenarios with 

different “bridge” thicknesses – 8, 7 and 6 m – are examined. 

Each modeling option uses mass properties specified by the 

Hoek-Brown criterion taking into account the Geological 

Strength Index (GSI) and other mass parameters [56]-[58]. 

Mass properties used in modeling are presented in Table 2. 

 
Table 2. Mass properties used in modeling 

Parameters Ore Rocks 

Sample strength under uniaxial 

compression, MPa 
120 60 

Sample Young’s modulus, MPa 27 20 

Poisson’s ratio 0.2 0.2 

Core disturbance RQD, % 88 88 

Fracture roughness index Jr 1 1 

Index of weathering and fracture filling Ja 1 1 

Geological strength index GSI 67 67 

Coefficient mi 13 13 

Mass strength at uniaxial compression, MPa 35 17 

Mass tensile strength, MPa 1 1 

Deformation modulus, MPa 8 8   
lus, MPa 

8 8 

 

The first stage is to determine the physical properties of 

the ore and rocks, including their strength at uniaxial com-

pression, elasticity modulus, Poisson’s ratio, as well as frac-

turing indices (RQD, Jr, Ja). These data are used to accurate-

ly reproduce the stress-strain state of the mass for different 

options of drift placement. 

3.3. Predicting the state of capital drifts  

during mining of barrier pillars 

A comprehensive approach, including numerical mode-

ling, current data analysis and prediction, is used to assess the 

impact of mining of barrier pillars and rib pillars on the state 

of capital haulage and conveyor drifts. The research is based 
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on the use of Phase 2 (Rocscience) software package with the 

inclusion of Discrete Fracture Network (DFN) modulus to 

account for the thin-layer rock mass structure. The physical-

mechanical properties of the mass rocks, including parameters 

of strength, elasticity, fracturing and geological strength index 

are the basis for modeling (Table 2). The current data on roof 

and wall destruction are supplemented by calculations of the 

rockfall and cleavage volumes, which make it possible to 

correlate the modeled scenarios with the real situation. In 

particular, the predicted values of roof (1.7 m) and wall 

(1.5 m) destruction are compared with the actual data. 

The optimal location of the duplicate field conveyor drift 

is calculated to minimize the risk of destruction. Its position 

is determined relative to the protective pillar taking into 

account the data on stress distribution and the mass destruc-

tion zones. This approach ensures the stability and safety of 

operations during barrier pillar mining and minimizes the 

probability of caving in capital drifts. 

Comprehensive analysis, including numerical modeling 

and consideration of real data, allows not only to predict 

possible risks, but also to develop effective measures to pre-

vent destruction and ensure safe operation of capital drifts. 

3.4. Determining the depth of field 

conveyor drift placement 

As part of the research, to determine the optimal depth of 

the field conveyor drift placement, a numerical analysis of 

the rock mass stress-strain state is conducted, taking into 

account various options of the drift location relative to the 

protective pillar and the mined-out space. The main objective 

is to reduce the risk of drift destruction while maintaining its 

maximum stability and functionality in high pressure condi-

tions in the rock mass. 

Thus, 3 options for the depth of the field conveyor drift 

placement are considered: -20, -30, -40 m below the bottom 

of the ore deposit and 12 options of location relative to the 

protective pillar (Fig. 7). Under the pillar with a distance of 

0, +10, +20, +30, +40 m from its boundary and under the 

mined-out panel space with a distance of -10, -20, -30, -40,  

-50, -60, -70 m from the pillar boundary. A total of 

36 options of field drift location are examined. 

 

 

Figure 7. Options for placing a field conveyor drift 

 

Mining operations are modeled in a section across the  

axis of the haulage and conveyor drifts at the depth of 

H = 600 m. The mass properties used in the modeling of 

fractured ore and rock masses are given in Table 2. Natural 

stress state of masses: rock stratum gravitational pressure – 

H, horizontal tectonic stresses – 1.6 H. To the left and right 

of the drift pillar, mined-out spaces of 600 m long panels are 

modeled assuming that both the rib pillars and barrier pillars 

are extracted. That is, for the situation when the load on the 

protective pillar is maximized. 

Maximum stresses max acting on the field conveyor drift 

contour are calculated by B. Kirsch formula [59]: 

max 1 33  = −  .              (1) 

This approach makes it possible to take into account the 

complex stress state of the mass caused by repeated mining 

and to develop solutions for improving safety in the conduct 

of mining operations. 

4. Results and discussion 

4.1. Technology recommended for extraction 

of barrier pillars 

Based on the numerical modeling results, in the barrier 

pillars between the filled panels, the distribution of maxi-

mum acting stresses has the form of a parabola, as in an 

elastic medium under a rigid stamp. The edge parts of the 

pillar are particularly heavily loaded (Fig. 8). In order to 

extract the ore reserves in the barrier pillar, two field drifts are 

required for trench drawing of the broken ore. They should be 

driven in places with minimal acting stresses (Fig. 8). Under 

the barrier pillar boundaries, the level of acting stresses is 

maximal. Analysis of causes of the ventilation cut drift caving 

of panel 41 bottom (in the 3-VI deposit) shows that the caving 

of the walls and roof of the drift occurs under the barrier pillar 

boundaries between panels 41-42, that is, in the areas with the 

maximum stress level. The thickness of the bridge composed 

of water-flooded red-colored siltstones is 9 m. 

 

(a) 

 

(b) 

 

Figure 8. Distribution of maximum stresses (σ1), acting in the 

barrier pillar between filled panels: (a) numerical  

modeling result; (b) graphical interpretation 
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The optimum 8 m depth for placing field drifts with a 
cross-section of 14.6 m2 (the minimum cross-section for Solo 
drilling rigs) is found by searching through the options for 
their placement. Figure 9 shows a layout of placing field 
drifts under the barrier pillar for design purposes. 
 

 
Figure 9. Layout of placing field trench drifts under the barrier pillar 

 
Figure 10 shows the mass strength factor distribution at 

the optimal rock parting thickness of 8 m. The figure shows 
that in the panel drift on the ore bottom in the center of barrier 
pillar, the destruction of walls, roof and bottom develops to a 
depth of 0.9-1.3 m from the contour. Also, the edge areas of 
barrier pillar are crushed to a depth of 1.6-2.0 m (in Figure 10, 
the crushed parts of the mass are highlighted in white). 

 

 
Figure 10. Rock stability during field preparation of barrier pillar 

between filled panels 

 
Figure 10 clearly shows the roof caving zone above the 

filled panel and the symmetrical zone of rock crushing in the 
bottom of the panel. Therefore, field drift driving under the 
filled mined-out space will be conducted in a crushed mass. 
Under barrier pillar, the mass is in a volumetric stressed state 
and therefore is not yet destroyed. 

Field drifting under barrier pillar is also accompanied by 
crushing of rocks in the roof and walls to a depth of up to 1.2 m. 
In order to support them, it is necessary to fasten both the 
roof and the walls of the field drifts with combined support: 

– roof bolts SPAK  22 mm, length 2.2 m with screw nut 
with spacing 1×1 m; 

– welded metal mesh made of  5 mm wire with cell 
# 100×100 mm; 

– shotcrete concrete structure at least 5 cm thick. 
Roof bolts without a screw nut and shotcrete concrete 

structure are used and do not prevent crushed rocks from 
falling out. Shotcrete concrete structure without mesh bursts 
and crumbles. Therefore, only the combination of roof-bolt + 
mesh + shotcrete can support field drifts in highly stressed 
weak rock masses. The driving of field drifts, and even more 
so the breaking and shipping of ore from them without a 
strengthened combined support is doomed to failure. 

The experience of mines in Eastern Kazakhstan has shown 

that the combined support is superior to metal frame support 

in terms of load-bearing capacity, serviceability, mechaniza-

tion levels and operational safety. The Kazminerles company 

management has set a task for its mines to replace frame 

metal support with combined support in the near future. 

4.2. Required rock parting thickness 

for extracting rib pillars 

The calculation results show that when the field drift is 

placed 6 and 7 m below the bottom of the mined-out panels, 

the rib pillar is pressed into the drift in a similar way to a rigid 

punch (stamp) presses through the curtain wall and is pressed 

into the cavity. At a bridge thickness of 8 m, there is no more 

pressing of the rib pillar, although the field drift is destroyed 

in the roof and walls (Fig. 11). Depth of destruction: in the 

roof – 1.6 m, in the walls – 1.1 m. This volume of destruction 

can be avoided by using a strengthened combined support 

(roof-bolts + mesh + shotcrete concrete structure). The areas of 

destruction with strength factor less than 1 and with strength 

factor greater than 2 are highlighted in white in Figure 11. 

 

(a) 

 

(b) 

 

Figure 11. Distribution of strength factors of masses: (a) when 

driving the field drift under the rib pillar; (b) when 

driving the field drift under the stope 

 

In order to support field drifts, in addition to compliance 

with the required thickness of the ceiling and strengthened com-

bined fastening of the roof and walls (from skirting to skirting), 

it is extremely important to maintain the minimum dimen-

sions of the drift, to conduct driving of the drift with contour 

blasting and to strengthen the fastening of joints with hori-

zontal metallic strips to prevent “iron” from breaking down. 
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Based on the experience of Shatyrkul Mine for Solo dril-

ling rig operation, the minimum sufficient cross-section (width 

× height) = 3.8×3.9 m, that is14.6 m2. At the Nurkazgan Mine, 

good quality of contouring of drifts with the minimal over-

shoots was achieved, when not GVV A-6 granulite, but  

ammonium nitrate (of all industrial types of explosives, nitrate 

has the lowest brisance) was used for blasting of contour drifts. 

Tishinsky mine (Kazzinc, RGOK) uses strips to support mine 

workings in weak rock at depths greater than 1 km. 

Given that the prospects for completed mining of the pil-

lars at Zhomart-1 Mine are related to field preparation, two 

issues need to be addressed: 

– calculate the feasibility of switching to a smaller size of 

equipment in order to reduce the driving volume of mine 

workings in the rock; 

– identify locations for stockpiling of rock from driving 

of field mine workings or a separate haulage route for rock 

delivery to the surface. 

4.3. Predicting further state of capital drifts 

Mining of barrier and rib pillars with field preparation 

will be accompanied by an increase in pressure on the protec-

tive pillar of capital drifts, at least until full settlement of the 

overlying stratum. According to rough estimates, the increase 

in the load on the drift pillar may reach 50% of the current 

state. Naturally, damage to the haulage and conveyor drifts 

will continue, and primarily in the walls. 

For haulage drifts located close to the mined-out space, 

the main risk of their loss as a result of caving is the destruc-

tion of the pillar between the drift and the panel (Fig. 3b). 

The calculation results are shown in Figure 12. 

The destruction zones in Figure 12 are highlighted in 

white. The current scale of the calculated roof rockfall to a 

height of 1.7 m is almost identical to the average value of 

actual cleavage of 1.6 m. The calculated thickness of wall 

cleavage of 1.5 m is 2 times higher than the average value 

of actual rockfall. But the histogram in Figure 6 shows that 

cleavage from the conveyor drift walls often reaches  

2-3 m. Thus, it can be considered that the calculated as-

sessment of the current state of the conveyor drifts in  

general corresponds to the observed in practice scale of 

rock pressure manifestation. 

To predict the state of the conveyor drifts after barrier pil-

lar mining, the load on the protective pillar increases by 50%. 

The destruction zones in the walls increase insignificantly – 

up to 1.8 m. But the state of the roof deteriorates dramatical-

ly: the height of roof caving exceeds 3 m. This means that in 

the areas of fastening the drifts with roof bolts, the roof-bolt 

support will cave together with the crushed rock, and in the 

areas of fastening the drifts with SCP frames, the load on 

them may exceed the limit, and the support may be de-

stroyed, because one arch made of SVP-22 special profile, 

designed for a cross-section of 10-12 m2, in the mine work-

ing with a cross-section of 30-35 m2 (Table 1 and Fig. 6) can 

withstand no more than 10-15 tons. This prediction means 

that the risk of caving of capital haulage and conveyor drifts 

during mining of barrier pillars is very significant. 

Numerous destructions in haulage and conveyor drifts 

and prediction of their loss during barrier pillar mining re-

quire consideration of the issue of driving a duplicate field 

conveyor drift. Numerical modeling is used to determine its 

optimal location relative to the protective pillar of haulage 

and conveyor drifts. 

(a) 

 

(b) 

 

Figure 12. Extent of destruction of conveyor drifts after mining of 

barrier pillar: (a) current; (b) predictive 

 

4.4. Determining the depth of the field  

conveyor drift placement 

The protective pillar is located in the center of the mined-

out space under high pressure, which will only increase  

during further repeated mining. This makes it problematic to 

locate the field conveyor drift under the pillar coaxially with 

the existing conveyor drift. The distribution of the values and 

directions of action of the maximum stresses 1 (or example) 

is shown in Figure 13. 

The maximum stresses max that will act on the field con-

veyor drift contour are summarized in Table 3 and in Fi-

gure 14. The values of maximum 1 1 and minimal 3 stresses 

acting in the mass are taken from the calculation model at the 

points of possible field conveyor drift location (Table 4). 

Based on the calculation results, it is seen that placing the 

field drift under the pillar is inexpedient, because the values 

of maximum stresses max arising on its contour significant-

ly exceed the strength of the mass, ore (gray sandstones) and 

rocks. The lowest values max on the field drift contour are 

observed when it is placed -30 m deeper than the bottom of 

the mined-out deposit 4-1 and at a distance of -70 m from the 

protective pillar boundary. Even in this case, the acting 

stresses in the drift roof will be greater than the rock strength.  
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Table 3. Maximum stresses on the field drift contour, MPa 

max 

Distance from the pillar boundary under the panels (-) or under the pillar (+), m 

Under mined-out panels Under pillar 

-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 

Deepening, m 

-20 71 80 92 109 135 178 228 257 239 205 186 179 

-30 82 94 108 125 148 178 205 221 218 205 195 190 

-40 93 105 116 133 149 173 190 199 203 198 195 194 

 
Table 4. Stresses acting in the mass, MPa 

1, 3 

Distance from the pillar boundary under the panels (-) or under the pillar (+), m 

Under mined-out panels Under pillar 

-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 

Deepening, m 

-20 
1 24 27 31 37 46 61 80 94 93 85 80 78 

3 1 1 1 2 3 5 12 25 40 50 54 55 

-30 
1 28 32 37 43 51 62 73 81 83 81 79 78 

3 2 2 3 4 5 8 14 22 31 38 42 44 

-40 
1 32 36 40 46 52 61 68 73 76 76 76 76 

3 3 3 4 5 7 10 14 20 25 30 33 34 

 

 

Figure 13. Maximum stresses acting in the vicinity of the protec-

tive pillar of haulage and conveyor drifts 

 

 

Figure 14. Values of maximum stresses max acting on the field 

drift contour while it is placed at different points 

 

The point of recommended field drift placement (at a dis-

tance of -70 m from the pillar boundary and -30m below the 

bottom of the mined-out space) is highlighted in blue in 

Table 3, and in Figure 7 it is marked with a blue circle. 

When placing a field conveyor drift under the mined-out 

space, it will intersect unmined barrier pillars. To assess the 

state of the field drift under the barrier pillar, similar numeri-

cal modeling is performed in a section along the conveyor 

drift axis (across the barrier pillar axes). The distribution of 

values and directions of maximum stresses 1 acting in the 

mass are shown in Figure 15. 

 

 

Figure 15. Maximum stresses acting in the vicinity of filled panels 

separated by barrier pillars 

 

The 85 m wide panels and the 40 m wide barrier pillars 

are periodically repeated. Therefore, to assess the state of the 

field drift (dashed lines with different depth of placement), 

the interval from the middle of the panel to the middle of the 

barrier pillar is selected (Fig. 15). The curves of calculated 

values σ1, σ3, σmax along the field drift axis at different depths 

of its placement are shown in Figure 16. 

Figure 16 analysis shows that when the field drift is 

placed at a depth of -20 m below the bottom of the filled 

panels, the maximum stresses on its contour become quite 

large. Therefore, a depth of -30 m may be chosen as the 

optimum depth to place a field conveyor drift. 

The research results show that to ensure the stability of 

mine workings near the mined-out space, it is necessary to 

design a field conveyor drift not less than -30 m deeper 

than the bottom of the mined-out deposit 4-1 and at a dis-

tance of -70 m from the protective pillar boundary. The 

maximum stresses max σ that will act on the field conveyor 

drift contour, when it is placed at different points, have also 

been calculated. 
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Figure 16. Values of stresses acting in the mass σ1, σ3 and on the 

field drift contour σmax at different depth of its placement 

 

The scientific novelty of the research is in proposing a 

new solution to an important scientific problem related to 

predicting the geomechanical state of the rock mass and en-

suring the stability of mine workings near the mined-out 

space. The dependence of the change in maximum stresses 

acting on the field conveyor drift contour on its location rela-

tive to the protective pillar has been numerically determined, 

which makes it possible the rock mass geomechanical state to 

be assessed in the form of a model. This solution can be used 

in designing repeated mining operations and predicting the 

geomechanical state of the rock mass to ensure safe conduct 

of mining operations when driving preparatory workings. 

5. Conclusions 

The research results and conclusions presented in the pa-

per underline the importance of a comprehensive approach to 

the design of field mine workings in the context of repeated 

mining of pillars. The main purpose of the research was to 

determine rational locations for placing field mine workings, 

which was achieved through analysis of bearing pressure from 

the barrier pillar and its influence on the design of field con-

veyor drifts. A research conducted at the Zhomart Mine of the 

Zhaman-Aybat field demonstrates how the use of instrumental 

measurements and multi-year statistical data can lead to more 

accurate prediction of the geomechanical state of a rock mass. 

This, in turn, makes it possible to determine the optimal pa-

rameters for placing field conveyor drifts, which is critically 

important for ensuring the stability of mine workings. 

One of the key aspects identified in the research is the 

need to design field conveyor drifts at a depth of at least 

30 m below the mined-out deposit and at a distance of 70 m 

from the boundary of the protective pillar. These parameters 

minimize the risks associated with caving and other geome-

chanical problems that may arise during repeated field min-

ing. The use of numerical modeling based on Rocscience 

software allows not only to assess the stress-strain state of 

the mass, but also to adapt design solutions depending on 

changing conditions during the mining process. 

Prospects for further research in this area may include a 

more detailed study of the influence of various factors, such 

as rock type, water content and dynamics of mining opera-

tions, on the stability of mine workings. For example, inte-

grating data on geologic conditions and dynamic loads can 

lead to more complex models that take into account not only 

static but also dynamic aspects of mining operations. This 

will improve the prediction of possible caving and other 

negative consequences, which, in turn, will increase the safe-

ty of miners and the efficiency of mining operations. 

In addition, it is worth noting that the results of this re-

search can be used to develop new standards and recommen-

dations for the design of mine workings in the context of 

repeated mining. This may include the development of 

guidelines for mining engineers that will take into account 

the specific conditions of each particular field. Thus, research 

in the field of geomechanics not only contributes to im-

proved design, but can also be a basis for the formation of 

new approaches to risk management in the mining industry. 
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Визначення раціональних місць закладання польових виробок у зоні впливу 

виробленого простору при повторній розробці ціликів 

А. Жиєнбаєв, Д. Таханов, М. Жараспаєв, А. Куттибаєв, Б. Рахметов, Д. Іваділінова 

Мета. Дослідження впливу опорного тиску від бар’єрного цілика на польовий штрек з метою визначення раціональних місць 

закладання польових виробок у зоні впливу повторної розробки на руднику Жомарт родовища Жаман-Айбат. 

Методика. Дослідження включає аналіз результатів шахтних випробувань, проведених на основі інструментальних вимірів фа-

ктичних параметрів конструктивних елементів системи розробки, обробку багаторічних статистичних даних моніторингу стану 

масиву гірських порід, а також моделювання з використанням програмного забезпечення Rocscience для визначення напружено-

деформованого стану масиву гірських порід. Для моделювання використовувалися фактичні фізико-механічні властивості руд та 

вміщуючих порід родовища Жаман-Айбат. 

Результати. Дослідження дозволило визначити параметри раціонального розташування польового конвеєрного штреку віднос-

но охоронного цілика та виробленого простору. Обґрунтовано, що польовий конвеєрний штрек необхідно проєктувати не менше, 

ніж на -30 м глибше підошви відпрацьованого покладу 4-1 і на віддаленні -70 м від межі охоронного цілика. Розраховані максима-

льні напруження σmax, які діятимуть на контурі польового конвеєрного штреку при його закладанні в різних точках. 

Наукова новизна. Встановлено залежність зміни максимальних напружень, що діють на контурі польового конвеєрного 

штреку, від його розташування відносно охоронного цілика, що дозволяє в модельному вигляді оцінювати геомеханічний стан 

масиву гірських порід. 

Практична значимість. В результаті проведених шахтних випробувань та чисельних експериментальних досліджень запропо-

новано нове вирішення важливої наукової проблеми, пов’язаної з прогнозуванням геомеханічного стану масиву гірських порід та 

забезпеченням стійкості гірничих виробок поблизу виробленого простору. Результати досліджень можуть бути використані при 

проєктуванні повторних розробок і прогнозуванні геомеханічного стану гірського масиву, щоб забезпечити безпечне ведення гір-

ничих робіт при проходженні підготовчих виробок. 

Ключові слова: руда, повторна розробка, цілик, гірничі роботи, вироблений простір, моделювання, родовище 
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