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Abstract 

Purpose. This study aims to substantiate the rational parameters of the room-and-pillar mining system for the Zhaman-

Aibat copper sandstone deposit (Zhomart mine), taking into account the geomechanical characteristics of the rock mass. 

Methods. The research employed analytical calculations based on Shevyakov, Tsern, and Chernikov methods, numerical 

modeling using CPS 2005, Pillars 3, and Examine 2D software packages, as well as field observations and pilot-industrial 

testing. The stability of inter-room and barrier pillars was assessed iteratively, considering pillar shape factor, loading condi-

tions, and long-term strength. The effectiveness of warning (yield) pillars and different rock bolts was experimentally verified. 

Findings. The optimal system parameters were determined as follows: panel span of approximately 70 m, extraction 

room width of 7 m, and inter-room pillar spacing of 16×16 m with a diameter of 9 m (pillar area about 64 m2). Experimental 

results confirmed the necessity of leaving 18-20 m2 warning pillars, functioning in an over-stressed deformation regime. 

The calculated width of barrier pillars was 30 m, with a stability factor of n ≈ 2.1. Structural drawbacks of steel-polymer 

bolts with metric threads were identified, as they can trigger progressive failure; instead, using A20V rope-thread bolts is 

recommended. Numerical modeling demonstrated that camouflet blasting of boreholes above barrier pillars helps unload the 

rock mass and reduce stress concentration. 

Originality. For the first time under the geological conditions of the Zhomart mine, a comprehensive stability assessment of 

inter-room, warning, and barrier pillars was conducted using back-analysis data and in-situ observations. A quantitative relation-

ship was established for the parameters of warning pillars operating under over-stressed deformation, substantiating the necessity 

of their application. The effectiveness of camouflet blasting for controlled caving of the overlying strata was also demonstrated. 

Practical implications. The developed recommendations allow for the reduction of ore losses in pillars, the improvement 

of the overall stability of the mining system, and the minimization of geotechnical risks. The obtained results can be applied in 

designing and operating mines with similar geological and structural conditions. 

Keywords: Zhaman-Aibat deposit, Zhomart mine, room-and-pillar mining, inter-room pillars, barrier pillars, rock bolt 

support, rock mass stability 

 

1. Introduction 

The development of copper sandstone deposits in Ka-

zakhstan holds strategic importance, as these deposits form 

the core mineral resource base for the country’s copper in-

dustry [1], [2]. Current trends in Kazakhstan’s mining sector 

are focused not only on increasing production but also on the 

adoption of energy-efficient and environmentally sustainable 

technologies. Particular emphasis is placed on waste utiliza-

tion, emission reduction, and improving material and tech-

nology safety standards [3]-[6]. However, operational expe-

rience at the Zhezkazgan deposit has demonstrated that ap-

plying the room-and-pillar system is associated with signifi-

cant ore losses in pillars and considerable risk of roof col-

lapse [7]-[10]. In this context, a pressing scientific and prac-

tical task is the adaptation of room-and-pillar design parame-

ters to the conditions of specific deposits, considering their 

geological, structural, and geomechanical characteristics. 

Digital technologies and intelligent management methods, 

including process modeling, automation, and machine learn-

ing, have been actively introduced into mine design and opera-

tion in recent years. These approaches make it possible to 

optimize equipment operating modes and enhance the accura-

cy of rock mass condition forecasting [11]-[16]. In addition, 

socio-economic and interdisciplinary factors must be consi-

dered. Several research highlights the importance of integrating 

the principles of the “green economy”, assessing health risks 

to local populations in industrial regions, and fostering the 

development of new mining-related directions [17]-[21]. 
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The Zhaman-Aibat copper sandstone deposit is located in 

the Zhanaarka district of the Karaganda region, approximate-

ly 130 km southeast of Zhezkazgan. Structurally, it is associa-

ted with the eastern limb of the Zhezkazgan-Sarysu depres-

sion and is localized within the Zhaman-Aibat horst-

anticline. Based on geological and structural features, the 

deposit is subdivided into four sections: Central, Eastern, 

Western, and Northern [22]. 

Mineralization is primarily associated with lenticular 

bodies of terrigenous gray-colored rocks in the Taskuduk and 

Zhezkazgan formations. The ore field extends up to 14 km 

along strike (west–east) and about 5 km across strike. The 

depth of ore body occurrence ranges between 360 and 730 m, 

increasing toward the west and north. The morphology of the 

ore bodies is predominantly tabular. A total of 26 economic 

ore bodies have been delineated, generally of gentle dip, with 

thicknesses ranging from 0.5 to 18 m (average 4.33 m). The 

average copper grade is 1.69%, varying from 0.4 to 21.4%. 

It should be noted that Kazakhstan’s mineral resource 

base is characterized by a high diversity of ore formations, 

including rare-metal deposits, nickel-bearing weathering 

crusts, and specific mineralization environments in the lakes 

of Eastern Kazakhstan [23]-[27]. 

Regarding geological complexity, the Central and Eastern 

sections fall into the second complexity category, while the 

Western and Northern sections belong to the third. The mi-

neral composition of the ores is dominated by chalcocite, 

bornite, and chalcopyrite; in polymetallic ores, galena and 

sphalerite also occur. 

Based on a combination of geological-structural, engi-

neering-geological, hydrogeological, and technological fea-

tures, the Zhaman-Aibat deposit is regarded as an analogue 

of the Zhezkazgan deposit, which has been mined for  

decades using the room-and-pillar method. The cut-off con-

ditions for resource estimation were approved by the State 

Reserves Committee of the Republic of Kazakhstan (Proto-

col No. 51-k of 27 January 1997). 

For the Zhaman-Aibat deposit, cut-off parameters regula-

ting the conditions for industrial-scale ore extraction were for-

mally established. These parameters consider the specifics of 

copper and polymetallic ores and provide guidelines for eco-

nomic (balance) and sub-economic (off-balance) categories. 

For copper ores, the cut-off grade for copper content in a 

sample is set at 0.40%, while the minimum copper grade in 

boundary workings must be at least 0.80%. The combined 

cut-off grade for lead and zinc is set at 1.30% for polymetal-

lic ores, with a minimum copper content of 0.30%. The mi-

nimum equivalent copper content in boundary workings is 

taken as 0.90%. To convert to equivalent copper, the follo-

wing coefficients are applied: copper – 1.00; lead – 0.13; 

zinc – 0.24. Lead grades below 0.25% and zinc grades below 

0.30% are excluded from calculations. 

The minimum mineable thickness of ore bodies is set at 

3.0 m; for thinner ore bodies, an adjustment factor (2.40%) is 

applied. The maximum allowable thickness of barren inter-

layers and sub-economic ore within ore bodies must not 

exceed 4.0 m. For all ore types, by-product reserves of silver, 

rhenium, and sulfide sulfur are additionally estimated. 

Further research in the field of metallurgical and con-

struction materials also remains relevant, including studies of 

the thermodynamic principles of electric smelting of concen-

trates, the influence of flux additives, and the modification of 

cement and concrete mixes to improve their strength and 

durability [28]-[31]. 

The off-balance ore category includes ores with sub-

economic grades of valuable components. The cut-off grade 

in a sample is set at 0.30% for copper ores, while for lead-

zinc ores, it is set at 1.10% for the combined lead and zinc 

content. Another important indicator is the bulk density of 

ores: for ores with a total metal content (copper, lead, and 

zinc) of up to 1%, it is taken as 2.6 t/m3. 

The reserves of copper ores, copper, and associated com-

ponents at the Zhaman-Aibat deposit were approved by the 

State Reserves Committee of the Republic of Kazakhstan as 

of January 1, 1999 (Protocol No. 58-00-U of 16 September 

2000). According to categories C1 + C2, the deposit contains 

169.46 Mt of ore with an average copper grade of 1.69% and 

a total metal content of 2.86 Mt. 

The reserve estimation was performed using the geologi-

cal block method and was carried out only for a single ore 

type classified as “copper ores.” At the same time, drill 

holes, particularly in the Western section, revealed ore inter-

vals with economic lead and zinc contents. However, it was 

impossible to delineate independent geological blocks of 

polymetallic ores during reserve estimation. As a result, the 

State Reserves Committee disapproved separate categories 

for polymetallic or lead-zinc ores. Nevertheless, the lead and 

zinc contents in drill holes that reached economic thresholds 

were calculated and officially approved. 

Thus, although all reserves of the deposit were officially 

approved under the category of “copper ore,” the copper 

balance sheet also includes approved reserves of lead and 

zinc, which is significant for the comprehensive evaluation 

of the mineral resource base. 

The stability of inter-room and barrier pillars in room-

and-pillar mining systems has been a central problem in 

geomechanics for decades [32]. Despite extensive opera-

tional experience in the Zhezkazgan ore district, attempts  

to extrapolate its results to geologically similar deposits 

have demonstrated limited applicability, highlighting the 

necessity for new research that accounts for local geome-

chanical features [33], [34]. 

Several studies have examined the limiting spans of 

mined-out panels and the conditions governing their stability. 

For example, [35] showed that the safe panel size depends 

not only on the strength characteristics of the rock mass but 

also on tectonic stresses acting in flexure zones. Similar 

conclusions were confirmed by studies on roof stability in 

room-and-pillar mining at the Zhezkazgan ore field, where 

reducing the width of extraction rooms decreased the extent 

of roof collapses and other deposits abroad [36]-[38]. 

Particular attention has been given to the long-term 

strength of pillars. Yu et al. proposed incorporating the time-

dependent degradation of rock mass strength into design 

criteria and outlined requirements for safety margins based 

on long-term stability [39]. Nazarov et al. demonstrated that 

the long-term safety factor should exceed the instantaneous 

one by at least 15%, otherwise pillars progressively lose 

stability under sustained loading [40]. Contemporary re-

search also emphasizes the role of brittleness. Walton et al. 

suggested using uniaxial compressive strength (UCS) as a 

proxy indicator for brittleness, refining empirical pillar 

strength formulas accordingly [41]. 
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Numerical methods are gaining increasingly widespread 

application. Moffat et al. proposed a “brickwork” model to 

evaluate pillar load-bearing capacity [42], while Toderas et al. 

analyzed the influence of secondary stresses arising from the 

interaction between adjacent rooms [43]. Liu et al. investigated 

the stability of old mined-out spaces during secondary extrac-

tion [44]. In contrast, Guo et al. studied the factors driving the 

failure of walls between pillars in deep-level mines [45]. 

A promising research direction is the application of ma-

chine learning methods. Li et al. demonstrated that logistic 

model trees can accurately classify pillar conditions based on 

their geometry, depth, and rock strength [46]. 

Considerable attention has also been devoted to roof sup-

port. Alejano et al. showed the effectiveness of cable bolts in 

improving pillar stability [47]. Under Kazakhstani condi-

tions, Demin et al. substantiated the feasibility of combined 

bolt systems that accommodate rock layering [48]. The stud-

ies by Arystan et al. [49], [50] and Sultanov et al. [51] further 

confirm the necessity of selecting appropriate design parame-

ters for support systems and employing modified materials to 

enhance the reliability of underground structures. 

Field observations at the Zhomart mine conducted by 

Istekova et al. revealed that collapse zones form significantly 

faster than at the Zhezkazgan deposit [52], necessitating 

reinforced roof support measures and adjustments to room-

and-pillar system parameters. Recent studies on integrated 

geomechanical monitoring of deposits in Kazakhstan also 

emphasize the relevance of modern support technologies and 

rock mass monitoring [53]. 

Additional research on salt and ore deposits demonstrates 

the universal nature of pillar stability problems. For example, 

Majeed et al. assessed pillar stability using the flat jack 

method in salt mine conditions. At the same time, Aitaliyev 

investigated the formation of arch-shaped vaults under room-

and-pillar mining, which is also relevant for the Zhaman-

Aibat conditions [54], [55]. 

Thus, the review of recent publications highlights several 

unresolved issues: the need to refine the parameters of the 

room-and-pillar system for the Zhomart mine, the experi-

mental justification of warning pillar dimensions, and the 

development of practical solutions for roof bolting. 

2. Engineering background 

Ore body 4-1 of the copper sandstones is confined to the 

Central section of the deposit and occurs at depths ranging 

from -120 m (near Ventilation Shaft No. 2) to -270 m (near 

Ventilation Shaft No. 1). With an average surface elevation 

of +360 m, the depth of the ore body varies as follows: 

around Ventilation Shaft No. 2 it reaches 480 m, in the cen-

tral part about 550 m, and in the area of Ventilation Shaft 

No. 1 approximately 630 m. A difference in elevation of 

150 m over a distance of 5.6 km corresponds to an average 

dip angle of about 1.5° to the southwest (azimuth 250°). This 

angle is so slight that ore body 4-1 can be considered practi-

cally horizontal for engineering calculations. 

The average bulk density of the overlying strata, accord-

ing to A.B. Baibatchaev, is γ = 2.7 t/m³. The ore body thick-

ness varies from 0.5 to 13.2 m, with an average of about 4 m. 

Copper content ranges between 0.51 and 7.36%, averaging 

1.77%. The main ore mineral is chalcocite, with bornite and 

chalcopyrite occurring less frequently. The Protodyakonov 

strength coefficient of the ore varies from 6.1 to 13.3, with an 

average f = 9, which indicates moderate rock mass strength. 

The natural stress state of the rock mass was evaluated 

from the analysis of control borehole cores using the discing 

method. The maximum stresses are the horizontal tectonic 

stresses σ1 = λ1·γH, acting along the strike of flexural zones 

with an azimuth of 70-250°. The coefficient λ1 varies be-

tween 1.7 and 3.7, with an average of about 2.0. Intermediate 

horizontal stresses are σ2 = λ2·γH, with λ2 ≈ 1.2, oriented 

perpendicular to the flexural zones. The minimum stresses in 

the system are vertical σ3 = γH, determined by the weight of 

the overlying strata. The overall scheme of principal stress 

distribution is presented in Figure 1. 

 

 

Figure 1. Conceptual representation of the natural stress state  

of the rock mass at the Zhomart mine based on core 

discing data from control boreholes 

 

An important geomechanical parameter in pillar stability 

calculations is the ratio of the deformation modulus of the 

ore (Eo) to that of the host rocks (Er). Figure 2 presents histo-

grams of the elastic modulus distribution for different litho-

types within the Zhaman-Aibat deposit. 

 

 

Figure 2. Distribution of elastic modulus values for various rock 

types at the Zhaman-Aibat deposit 

 

Analysis of the obtained data shows that differences in 

elastic modulus values for gray, brown, and red sandstones 

fall within the range of their natural variability. In other 

words, no statistically significant differences between these 

lithotypes are observed. Therefore, in engineering calcula-

tions of inter-room pillar loading, assuming the ratio Er / Eo 

equal to unity is reasonable. 
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Laboratory tests of samples have shown that the compres-

sive strength of the ore-bearing sandstone across bedding is 

238 MPa, while the tensile strength is 15 MPa. The ratio of 

tensile to compressive strength is about 6%, indicating the 

material’s brittle nature. Under such conditions, the likelihood 

of pronounced rheological behavior is negligible, allowing 

classical strength models to predict rock mass behavior. 

A critical parameter determining the rock mass’s long-

term stability is the ore’s time-dependent (long-term) 

strength. According to Podzemgazprom data, the long-term 

compressive strength (σt) of gray sandstones is 87% of their 

instantaneous strength (σ0) (Fig. 3). This ratio is of funda-

mental importance for evaluating the behavior of inter-room 

pillars. It implies that when the acting stresses do not exceed 

0.87σ0, no new cracks form in the ore. Under such condi-

tions, a sample or a pillar may remain stable indefinitely. 

However, if the applied stresses exceed the threshold of 

0.87σ0, microcrack initiation begins in the ore mass, accom-

panied by acoustic emissions (“crackling”), and failure of the 

specimen occurs after a specific period. 
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Figure 3. Relationship between instantaneous and long-term 

compressive strength of gray sandstones at the Zhaman-

Aibat deposit 

 

The ratio σ0 / σt = 1 / 0.87 = 1.15 can be considered the 

limiting safety factor (nlim = 1.15). If the actual safety factor 

of an inter-room or warning pillar is less than this value, its 

failure becomes inevitable after a specific period of time. 

This safety margin corresponds to the design purpose of war-

ning pillars, which are intended to operate in an overstressed 

deformation regime, where gradually increasing ground pres-

sure leads to their crushing. Conversely, if the safety factor of 

a pillar exceeds the limiting value nlim = 1.15, it can maintain 

stability for a long time, theoretically indefinitely. 

Back-analysis of partial failure cases involving 49 inter-

room pillars in Panels 1, 2, 3, 5, and 6 established that the ore 

mass strength is σo = 33 MPa, with a standard deviation of 

4.7 MPa and a coefficient of variation of 14% (Fig. 4). These 

values reflect the actual load-bearing capacity of the ore 

mass under operational stress conditions and confirm the 

necessity of selecting appropriate parameters for the room-

and-pillar mining system. 

Ore extraction at the Zhomart mine has been carried out 

since 2006 using a room-and-pillar system with columnar 

inter-room pillars. Initially, the system was designed with a 

barrier pillar spacing of 150 m and a panel span of approxi-

mately 130 m. The width of the barrier pillars was set at 20 m. 

 

Figure 4. Strength of the ore mass at the Zhomart mine according 

to back-analysis results 

 

In the transverse direction, each panel included eight ex-

traction rooms and seven inter-room pillars arranged in an 

18×18 m grid. The diameter of the columnar inter-room 

pillars and the width of the extraction rooms were both taken 

as 9 m. This design solution enabled the commencement of 

industrial-scale ore extraction. However, during operation, 

manifestations of rock pressure and cases of partial pillar 

failure began to be recorded, necessitating additional studies 

of the pillars’ actual strength and long-term stability. 

Intensive pillar failures were observed after the develop-

ment of the first three rows of inter-room pillars in Panels 1 

and 2, and one row in Panel 3. This demonstrated that the 

initially adopted parameters of the room-and-pillar system, 

derived by analogy with the conditions of the Zhezkazgan 

mines, were unsuitable for the geological and geomechanical 

characteristics of the Zhomart ore mass. The subsequent 

analysis identified two key reasons. First, the strength of the 

ore mass proved to be nearly half that of the Zhezkazgan 

deposit. Second, the structure of the ore and host rock se-

quence exhibited more pronounced interbedding, including 

weak carbonaceous layers, significantly reducing the rock 

mass’s overall stability. 

As a result of the observed failures and the intensive de-

struction of columnar inter-room pillars, the parameters of 

the room-and-pillar system were revised. The updated design 

reduced the panel span to 95 m while maintaining the barrier 

pillar spacing of 150 m. At the same time, the width of the 

barrier pillars was increased to 55 m. In the transverse direc-

tion, the number of extraction rooms was reduced to six, and 

the number of inter-room pillars to five. A significant modi-

fication was the replacement of columnar inter-room pillars 

with staggered belt-type pillars, measuring 9×30 m. 

Panels 1, 2, 3, North 39, 40, and 41 were successfully 

mined using the adjusted parameters. Field observations 

showed that under these conditions, the state of the belt-type 

inter-room pillars and roof could be considered satisfactory. 

However, despite the improved roof and inter-room pillar 

conditions when using the belt system, operations demon-

strated that these parameters resulted in excessive ore losses 

within the pillars, sometimes exceeding 50%. Consequently, 

another revision of the design solutions was undertaken, 

aimed at increasing ore recovery. 

In the revised system, the spacing of barrier pillars was 

reduced to 130 m, and the panel span was decreased to 90 m. 
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The width of barrier pillars was reduced to 40 m. The panel 

consisted of five extraction rooms and four inter-room pillars 

in the transverse direction. At this stage, the belt-type pillars 

were again replaced by columnar pillars, arranged in an 

18×18 m grid. The diameter of the columnar inter-room 

pillars and the width of the extraction rooms were set at 9 m. 

This adjustment reduced ore losses and enabled a more ra-

tional use of geological space while maintaining acceptable 

roof and inter-room pillar stability. 

Using these updated parameters, ore extraction is under-

way in Panels 4, 5, 6, 8, 9, 11, 12, 42, 43, 44, 49, 50, and 51. 

Under these geometric conditions, the overall state of the co-

lumnar inter-room pillars is assessed as satisfactory. At the 

same time, localized signs of pillar failure have been observed, 

which are accounted for in back-analyses of ore mass strength. 

Steel-polymer rock bolts are used for roof support in the 

Zhomart mine extraction rooms. Installation is performed with 

a lag of about 1 m from the working face. Bolts are installed in 

a 1×1 m grid to a depth of 2.1 m in boreholes 35 mm in diame-

ter. The load-bearing element is a deformed steel bar with a 

22-24 mm diameter. Anchoring uses 7-8 cartridges of polymer 

resin per borehole. In addition, bearing plates of 

130×130×6 mm with a central hole of 30 mm are applied, with 

fixation ensured by a nut on an M20 metric thread. The struc-

tural and geometric model of the bolt is shown in Figure 5. 

 

 

Figure 5. Rock bolt used: 1 – deformed steel bar; 2 – threaded 

section, where failures are typically observed 

 

The results of visual inspections of the extraction room 

roofs revealed characteristic defects in the performance of 

the steel-polymer rock bolt support system (Fig. 6a-c). The 

most frequently observed failures were bolt breakages, and 

their occurrence cannot be considered isolated. Less regular-

ly, bearing plate failures were recorded, but they also repre-

sent a potential source of hazard. 

Bolt failures occur predominantly along the metric thread, 

where the load-bearing cross-sectional area of the bar is 17-30% 

smaller than the deformed bar’s main body. In addition, the 

thread acts as a pronounced stress concentrator, which ace-

lerates the failure process (Fig. 6a). Individual cases of bea-

ring plate detachment are associated with ruptures initiating 

from the central hole (Fig. 6b). The failure of even a single 

bolt leads to overload of adjacent bolts, triggering a chain 

reaction of support failure and, consequently, roof collapse of 

up to 3-5 m in thickness. Such cases are confirmed by nume-

rous observed roof delaminations (Fig. 6c). In delamination 

zones, broken bolts are almost always recorded, while intact 

elements are exposed over a length of 0.5-0.8 m. 

(a) (b) 

  

(c) 

 

Figure 6. Typical forms of rock bolt failure at the Zhomart mine: 

(a) bolt breakage along the threaded section (remnants 

of the bearing plate are visible); (b) bearing plate rup-

ture (the nut remains intact); (c) roof fall 

 

A characteristic indicator of instability is rows of broken 

bolts identified along the perimeter of large roof falls with an 

area of up to 400 m2 and a thickness of 3-5 m. 

The widespread failures of rock bolt supports indicate 

that the current bolt design does not correspond to the geo-

logical conditions of the Zhomart mine, where the stratifica-

tion of rocks includes numerous thin, weak layers that are 

significantly thinner than at Zhezkazgan. Due to this thinly 

bedded structure, roof stability in the Zhomart stopes is  

lower, and the loading on the bolt support is higher. There-

fore, the load-bearing capacity of the rock bolt system at the 

Zhomart mine should be greater than that at the Zhezkazgan 

mines. However, the bolt parameters are nearly identical to 

those applied in Zhezkazgan, even though mining at Zhomart 

is conducted at greater depths and in weaker ore and host 

rocks. As a result, even extraction rooms with reduced spans 

of 9 m sometimes experience roof collapses. 

The observed manifestations of rock pressure provide 

convincing evidence that the rock bolt design currently used 

at the Zhomart mine has a fundamental structural flaw, which 

promotes bolt failure and subsequent roof collapse. There-

fore, the need to change the bolt type is evident. As an alter-

native, using rope-thread bolts of the A20V type is recom-

mended (Fig. 7a). This design is specified in the current 

“Temporary Instruction…” on rock support at the Zhaman-

Aibat mine. Bolts of this type have already proven them-

selves in industrial practice and are used at several mines of 

the corporation in Eastern Kazakhstan, including the Arte-

myevsky, Nikolaevsky, Orlovsky, Irtyshsky, and Yubileyno-

Snegirikhinsky mines (Fig. 7b). Their application increases 

the load-bearing capacity of the support system. It reduces 

the likelihood of roof falls under the challenging conditions 

of thinly bedded rock masses. 

An experimental secondary extraction of belt-type inter-

room pillars was conducted to recover remaining reserves 

and backfill the mined-out space in Panel 2. 
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(a) 

 

(b) 

 
Figure 7. Rope-thread bolt design: (a) schematic illustration; 

(b) installed bolt in the rock mass; 1 – bolt; 2 – bearing 

plate; 3 – tightening nut 

 
Based on the results of this industrial experiment, it was 

recommended that secondary extraction be carried out in two 
stages: in the first stage, the belt is cut into columnar pillars 
with an area of 80-90 m2, arranged on an 18×18 m grid; in 
the second stage, the columnar pillars are mined with the 
mandatory preservation of warning pillars. 

During the trial, it was determined that the cross-section 
of a warning pillar should be approximately 20 m2 (4×5 m). 
After blasting the inter-room pillars, stabilization accompa-
nied by localized roof collapses occurred within 24 hours, 
meaning that the minimum required waiting time at the stope 
should not be less than one day. The limiting span at which 
spontaneous caving of the overlying strata occurred was 
45 m. The collapse, covering an area of about 5000 m2, did 
not generate a significant air blast, as it took place over a 
rock mass that had previously undergone partial collapse 
during localized deformation. 

At the same time, the trial revealed cases of roof collapse 
onto blasted ore in the loading zone. Typically, this was 
associated with discontinuities in the roof integrity within 
working areas between pillars adjacent to the mined-out 
inter-room pillars. The discontinuity formed after roof sag-
ging, detachment of bearing washers, and bolt failures in the 
threaded section. Vertical cracks propagating along the 
rooms were also observed. In such situations, forced removal 
of delaminated rock and re-bolting the roof with steel-
polymer bolts was carried out. It should be emphasized that 
the problem of immediate roof support in extraction rooms 
using rock bolts identified during the initial development of 
the room-and-pillar system was even more acute during 
secondary extraction. This was caused by the exposed roof’s 
increased spans and the supporting pillars’ reduced stiffness. 

Two approaches were considered to ensure roof stability 

and increase ore recovery from inter-room pillars (Fig. 8). 
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Figure 8. Determination of the required bolt length for extraction 

room spans of 9 and 7 m at roof rock tensile strengths 

of: 1 – 1.5 MPa; 2 – 2.0 MPa 

 

The first approach involves reinforcing roof support by 

modifying the bolt design and increasing the installation 

depth to 3 m. The second option entails reducing the extrac-

tion room width to 7 m while maintaining the bolt installa-

tion depth at 2.1 m, but with the mandatory replacement of 

the current bolt type with a stronger alternative. 

The first option requires purchasing new booms for Ro-

bolt installations with a minimum length of 3.2 m. It is asso-

ciated with increased steel and polymer resin consumption, 

resulting in higher roof support costs. The second option 

reduces recoverable ore reserves, complicates the operation 

of large-scale equipment, and reduces its overall efficiency. 

Based on the analysis, the management of Kazakhmys Cor-

poration decided to test a modified room-and-pillar mining 

system with extraction room spans reduced to 7 m. 

3. Research methodology 

3.1. Principles of inter-room pillar (IRP)  

strength calculation 

The fundamental principles of pillar stability assessment 

were formulated as early as the 1940s by Academician 

L.D. Shevyakov. In the most general form, the stability con-

dition can be expressed as: 

l pnK HS F  ,              (1) 

where:  

n – factor of safety; 

Kl – loading coefficient;  

S – roof area supported by a single pillar with area F; 

p – pillar strength is considered based on the shape factor. 

The left-hand side of the expression represents the load 

on the pillar, multiplied by the safety factor n, while the 

right-hand side corresponds to its load-bearing capacity. 

In the case of columnar inter-room pillars arranged in a 

square grid, the roof area supported by a single pillar (S) is 

defined as: 

( )
2

S l d= + ,               (2) 

where:  

l – width of the extraction room (clear span); 
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d – pillar diameter. 

Thus, the sum (l + d) = a defines the pillar spacing (grid 

dimension). 

To determine the optimal pillar diameter and grid parameters 

for a given chamber span, the following relationship is used: 

p

l

S

F nK H




 .               (3) 

The main task in the practical application of this ap-

proach is to determine the values of the loading coefficient Kl 

and the pillar strength σp. 

Based on an extensive series of numerical simulations 

(approximately 4.5 thousand panels and 560 thousand inter-

room pillars), considering the statistical variability of para-

meters, D.V. Moskvin established a relationship for the ave-

rage loading coefficient of pillars within a panel. In analyti-

cal form, it can be expressed as: 

0

0.5ln 2.5

1

e
l

r

L F
K

E d
h
E h

= −
 

 + 
 

,           (4) 

where: 

Le – equivalent span of the mined-out panel space; 

d, h – diameter and height of the inter-room pillar (IRP); 

Er / Eo – ratio of the host rocks and ore deformation moduli. 

The obtained relationship makes it possible to account 

not only for the geometric parameters of the room-and-pillar 

system, but also for differences in the elastic properties of the 

ore mass and the host rocks. Figure 9 shows the 

approximation of experimental data, demonstrating good 

agreement of the analytical model with the results of 

numerical simulations. The strength of an inter-room pillar σp 

is determined from the ore mass strength σo, considering the 

shape factor Kf. 

 

 

Figure 9. Dependence of the loading coefficient on the combined 

parameters of the mined-out space and supporting pillars 

 

Numerous expressions for determining the pillar shape 

factor as a function of the ratio d / h are reported in the 

literature. In the “Temporary Instruction on Pillar 

Design…” (IGD named after D.A. Kunaev), the shape factor 

is Kf = d / h. As shown in Figure 10, this dependence is 

excessively steep: it significantly underestimates the strength 

of slender pillars (d / h < 1) and, conversely, overestimates 

the strength of squat pillars d / h > 1. 
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Figure 10. Determination of the pillar shape factor 

 

According to back-analysis of pillar strength performed 

by specialists from RGGU and GGU ZhCM, under the con-

ditions of the Zhezkazgan deposit, the shape factor depen-

dence is most accurately described by the Tsern formula: 

f
d

K
h

= .                (5) 

It should be emphasized that this formula forms the basis 

of the “Methodology for Assessing the Stability of Pillars 

Involved in Secondary Mining”, which confirms its practical 

significance and high reliability for design calculations. 

3.2. Calculation of inter-room pillars (IRPs) 

for the Zhomart mine conditions 

Equations (1)-(4), presented earlier, do not allow a direct 

analytical determination of the required pillar size, since the 

pillar cross-sectional area F appears simultaneously in both 

the left- and right-hand sides of Equation (3). Therefore, the 

needed pillar dimensions were determined using a step-by-

step iterative method, progressively refining the parameters 

until Condition (3) was satisfied. 

As a result of these iterative calculations, it was estab-

lished that Condition (3) is satisfied with a safety factor 

n = 1.97 (practically equal to 2) when the following room-

and-pillar system parameters are adopted. The mining depth 

is 550 m, and the panel span is 71 m. Across the panel width, 

five extraction rooms of 7 m each and four inter-room pillars 

are provided. The pillar diameter is 9 m, corresponding to a 

cross-sectional area of 64 m2. Thus, the pillar grid spacing is 

16×16 m (the sum of the room width and the pillar diameter). 

The mining height of the ore body is determined by the di-

mensions of the equipment in use and is set at 7 m. 

With these system parameters, the loading coefficient for 

the set of inter-room pillars, calculated using Equation (4), 

was Kl = 0.32. The maximum possible value of the support 

pressure concentration factor (Kc
max), arising on the edge 

pillars during secondary panel extraction, was determined 

using the formula of D.V. Mosyakin: 

max 0.37 1.8c n lK l K=   + .            (6) 

At an average loading coefficient of Kl = 0.32, the value 

was calculated as 1.4. This indicates that during secondary 

extraction, the average safety factor, initially equal to n = 2, 

decreases to 1.4. Consequently, the above parameters of the 

room-and-pillar mining system can be considered acceptable 

for the geomechanical conditions of the Zhomart mine. 
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A verification calculation of inter-room pillar stability 

was performed using the CPS 2005 software package 

(RGGRU). At a mining depth of 550 m, a panel with a mi-

ning height of 7 m and a total area of 71 × 320 m = 22720 m2 

was simulated. The panel was supported by 80 pillars (four 

rows of 20 pillars each). Each pillar had an area of 64 m2 

(diameter 9 m) and was arranged on a 16×16 m grid. The 

perimeter of the modeled panel was 782 m. 

The numerical modeling results showed that the overall 

loading coefficient for the set of inter-room pillars, at an 

equivalent span of the mined-out space Le = 69 m,  

was Kl = 0.35. At the same time, the loading and stability of 

pillars within the panel were found to be significantly  

non-uniform (Fig. 11). 

 

(a) 

 

(b) 

 

Figure 11. Non-uniformity of (a) loading and (b) safety factor of 

inter-room pillars in the panel (circle diameters are 

proportional to the loading coefficient and safety factor 

of each pillar) 

 

The central rows of inter-room pillars bear the most sig-

nificant load, resulting in their minimum safety factor. Con-

versely, the edge pillars are less loaded, while the highest 

stability is characteristic of the corner pillars (Fig. 12). 

The average safety factor of the panel’s entire set of inter-

room pillars is n = 1.92, with a standard deviation Sd = 0.38. 

The coefficient of variation, V = Sd / n = 0.20, indicates an 

acceptable level of parameter variability. According to Po-

pov’s formula (7), the reliability of the inter-room pillar 

system under these conditions is 85%, meaning that the 

probability of failure of the entire pillar system does not 

exceed 15%: 

( )

( ) ( )

2

2 2
1

1

nV
P

nV n

= −
 + −
  

.            (7) 

The results of the obtained verification stability calcula-

tion can be considered satisfactory. Additionally, pillar sta-

bility during secondary extraction was assessed using the 

Pillars 3 software, which simulated pillar extraction row by 

row across the panel width. The modeling results are shown 

in Figure 13. 

Data analysis showed that as secondary extraction ad-

vanced toward the panel center, the concentration of support 

pressure gradually increased from 1.1 to 1.2. Accordingly, 

the safety factor of the central pillars at the boundary of the 

caving zone decreased: from its initial value of 1.53 after 

primary extraction of room reserves, it dropped to 1.29. 
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Figure 12. Loading (a) and safety factor (b) of inter-room pillars 

in the panel: 1 – central rows; 2 – side rows 

 

0

R -roomows of inter  pillars along the panel length

С
on

ce
n

tr
at

io
n

 c
o

ef
fi

ci
en

t

1.0

1.2

0.8

0.6

0.4

0.2

0.0
2 4 6 8 10 12 14 16 18 20

2 4 6 8 10

 

Figure 13. Concentration of support pressure on the central rows 

of inter-room pillars during the progression of secondary 

extraction: 2, 4, 6, 8, 10 – number of extracted rows 

 

However, this value remains sufficient to allow secon-

dary extraction from the open mined-out space without a 

critical loss of rock mass stability. 

Thus, the verification stability analysis of inter-room pil-

lars during secondary mining produced a positive outcome 

and confirmed the acceptability of the adopted room-and-

pillar system parameters for the geomechanical conditions of 

the Zhomart mine. 

 



B. Uakhitova et al. (2025). Mining of Mineral Deposits, 19(3), 144-160 

 

152 

3.3. Calculation of barrier pillars 

The width of belt-type barrier pillars (A) is determined 

from the condition that they must sustain the full weight of 

the overlying strata above the entire panel. In this case, the 

formula of Academician L.D. Shevyakov is applied: 

1
p

L
A

n H





=

−

,               (8) 

where: 

L – span of the mined-out panel (clear width); 

σp – strength of the barrier pillar (σp = σm Kf); 

σm – strength of the ore mass; 

Kf – pillar shape factor. 

The main uncertainty in practical calculations is associa-

ted with selecting the shape factor Kf for wide belt-type pil-

lars. As shown in the literature data (Fig. 10), obtained from 

laboratory experiments at large A / h ratios (pillar 

width/height), considerable discrepancies are observed. 

To refine the shape factor, it is advisable to use the theore-

tical solution proposed by A.K. Chernikov, which considers 

the average value of ultimate stresses for a belt-type pillar in 

the absence of bonding at the contacts with the host rocks: 

( )2 1
4 2

a
p C ctg e

 
 

 
=  −  − 

 
,          (9) 

where: 

С,  – cohesion and angle of internal friction of the ore mass; 

 – parameter accounting for friction at the contacts with 

friction angle δ and for the geometry of a pillar of width  

and height h: 

2

4 2

a
tg ctg

h

 
 

 
=  −  

 
.          (10) 

If we take into account that: 

2
4 2

mC ctg
 


 

 − = 
 

.           (11) 

Then Equation (9) can be reduced to the form: 

( )1a

p m

e
 



−
=  .            (12) 

This means that the theoretical value of the shape factor 

Kf for wide squat belt-type barrier pillars is determined by 

the following Expression: 

( )1a

f

e
K



−
= .             (13) 

In the case of belt-type pillars with transport crosscuts, 

A.K. Chernikov suggested using the Shirko-Dreyer parame-

ter μ, defined as: 

2

h

F

U
 = ,              (14) 

where: 

F – area of the barrier pillar between crosscuts; 

U – perimeter of the barrier pillar between crosscuts; 

h – height of the barrier pillar. 

Then, for the calculation of the shape factor Kf, the fol-

lowing formula is applied: 

1
f

e
K

 

 

 −
=


,             (15) 

where: 

2

4 2
tg ctg

 
 

 
=  − 

 
.           (16) 

Neither Baibatchaev A. B. (at the exploration stage of the 

deposit), nor the IGD named after D.A. Kunaev (K.K. Tule-

baev, 2004-2005), nor LLC “Podzemgazprom” (E.S. Oksen-

kruhg, 2006-2007) determined the internal friction angle of 

the ore and rocks at the Zhomart mine. Considering that the 

Zhaman-Aibat deposit belongs to the same industrial type as 

the Zhezkazgan deposit, and given the homogeneity of the 

rock complexes, the internal friction angle of the rock mass 

(φ) and the friction angle along weak contacts (δ) for Zha-

man-Aibat can be adopted by analogy with Zhezkazgan. 

At the Zhezkazgan deposit, the internal friction angle of 

rocks (φ) was determined by VNIMI in the 1960s, based on 

in-situ shear tests of prismatic specimens conducted during 

the design and construction of KZB-3. It was found to be 

φ = 35°. Under the same conditions, the friction angle along 

weak contacts was established as δ = 12°. This means the 

load-bearing capacity along weak contacts is 3.3 times lower 

than in the intact rock mass (tg35°/tg12°). Taking into account 

the interbedded structure of the rocks with numerous weak 

carbonaceous layers at the Zhomart mine, the following pa-

rameters were adopted: no cohesion, contact friction angle 

δ = 12°, which corresponds to a parameter value of β = 0.77. 

The calculations of barrier pillar parameters according 

to Formulas (8)-(16) were performed using an iterative 

method. As an initial case, the barrier pillar width was ta-

ken as А = 30 m, and the distance between transport cross-

cuts as B = 45 m. In this case, the cross-sectional area of the 

barrier pillar was F = A·B, the perimeter U = 2(A + B), and 

the Shirko-Dreyer parameter μ, at a mining height of 

h = 7 m, equaled 2.57 (Fig. 14). 

 

 

Figure 14. Scheme for barrier pillar calculation 

 

The shape factor Kf of such a pillar, calculated using 

Equation (15), was 3.2. Then, with a panel span L = 71 m 

and mining depth H = 550 m, and at a safety factor n = 2, the 

required width of the barrier pillar according to Equation (8) 

was determined to be 28 m. Considering rounding, it was 

adopted that for a panel span L = 71 m, the barrier pillar 

width is A = 30 m. In this case, the pillar spacing grid is 

L + A = 100 m. For verification, the average acting stresses 

σa in the barrier pillars were determined using the corre-

sponding Formula a
L A

H
A

 
+

=  , which at a mining depth 

of 550 m, a panel span of 71 m, and barrier pillar width of 

30 m gave σa = 49.0 MPa. 

The ultimate stresses for the barrier pillars were calcula-

ted as 105.6 MPa. Thus, the resulting safety factor is n = 2.1. 

This result meets the design requirements and confirms that 
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the adopted system parameters are acceptable for the condi-

tions of the Zhomart mine. 

In this calculation, the safety factor of barrier pillars 

was set as n = 2. Compared with the values traditionally 

used at the Zhezkazgan deposit, where the safety factor for 

barrier pillars is reduced to the level accepted for inter-

room pillars, the design for the Zhomart mine follows a 

more conservative approach. 

As strength characteristics of the ore mass, the calcula-

tions employed back-analysis data derived from cases of 

partial failure of inter-room pillars under rock pressure. This 

approach is considered more reliable than conventional la-

boratory tests of individual samples, which generally fail to 

account for several weakening factors: jointing coefficients, 

weak interlayers, specific contact conditions, damage to the 

rock mass from blasting, and the long-term effects of load-

ing. Back-analysis data makes it possible to avoid overesti-

mated design safety factors more accurately reflect actual 

operating conditions. In addition, the load-bearing capacity 

of barrier pillars was calculated under the assumption of the 

least favorable contact conditions, which provides an addi-

tional margin of reliability in the conclusions. 

Operational experience at the Zhezkazgan deposit, where 

the room-and-pillar system with deposit subdivision into ex-

traction units (barrier pillars) has been used for more than 

50 years, confirms the validity of this approach. Over this 

period, more than 18000 inter-room pillars have been mined, 

with barrier pillar failures being isolated cases. The overall 

share of ore losses in barrier pillars was about 40%, which is 

explained by their high reliability. This experience demon-

strates that the safety factor of barrier pillars in design practice 

has traditionally been taken as overly conservative. In contrast, 

for the conditions of the Zhomart mine, the use of back-

analysis results is a more justified and adequate approach. 

4. Results and discussion 

4.1. Calculation of barrier pillars 

The first industrial trials of blasting columnar inter-room 

pillars (IRPs) were carried out in Panels 4 and 5 in February 

2009. In Panel 4, during the extraction of Pillar No. 73 (Feb-

ruary 21, 2009), a warning pillar with an area of about 8 m2 

(4×2 m) was left in place. Under these conditions, the stope 

roof maintained stability, and the blasted ore was successful-

ly loaded. The warning pillar preserved its load-bearing ca-

pacity for several months, which can be explained by its 

location in the corner part of the panel. 

In contrast, no warning pillar was left during the extrac-

tion of Pillar No. 73 in Panel 5 (February 24, 2009). As a 

result, the stope roof exhibited significant visual sagging, 

which made safe ore loading impossible. Within 24 hours, a 

roof collapse occurred, covering an area of about 400 m2 

with a thickness of 2.5 m. 

Thus, the results of the initial trials demonstrated that  

under the geomechanical conditions of the Zhomart mine, 

secondary extraction of inter-room pillars from open mined-

out space in weak, frequently interbedded roofs is possible 

only with the mandatory preservation of warning pillars. 

Consequently, optimizing the parameters of the primary 

extraction of room reserves and the warning pillars used 

during subsequent secondary extraction is necessary. 

During pilot-industrial tests of secondary pillar extraction 

in Panel 2, warning pillars with areas ranging from 20 to 

45 m2 were left at different stages. The experiments estab-

lished the following: 

– extraction of inter-room pillars without leaving a  

warning pillar inevitably leads to the collapse of the imme-

diate roof up to 5 m thick, which buries the blasted ore and 

makes loading impossible; 

– leaving warning pillars of excessive size (over 40 m2) 

delays the caving of the overlying strata, necessitating their 

additional forced destruction by blasting, which increases 

operational risks; 

– to temporarily support the immediate roof in the face 

zone with a thickness of up to 10 m, a warning pillar of  

optimal dimensions must operate in an overstressed defor-

mation regime. 

The behavior of a warning pillar operating in the over-

stressed deformation regime is illustrated by the scheme of 

full IRP deformation (Fig. 15). 

 

ε

σpillar

σres

1 2

 

Figure 15. Scheme of full deformation of an inter-room pillar 

(IRP): 1 elastic state of the pillar; 2 – overstressed state 

of the pillar 

 

In the overstressed state, the pillar retains a certain load-

bearing capacity σpillar, which decreases with progressive 

deformation until reaching the residual strength σres. This 

means that the safety factor of a warning pillar may be less 

than 1.0. The dynamics of pillar strength reduction in the 

overstressed state, according to M.K. Teplov for the 

Zhezkazgan deposit, are shown in Figure 16. The obtained 

dependencies indicate that when the cross-sectional area of a 

pillar decreases to less than 40% of its initial value, F, the 

residual load-bearing capacity, N(x), is reduced to about 20% 

of the maximum value, N. 

The warning pillar parameters for the Zhomart mine were 

calculated based on the requirement to support the weight of 

an immediate roof cantilever with a thickness (with a safety 

margin) of 10 m and an area of 256 m2. Under these condi-

tions, the cantilever weight amounted to 7000 t. 

A warning pillar in the overstressed deformation regime 

must retain sufficient residual load-bearing capacity to with-

stand this weight. For example, a pillar with an area of 20 m2 

has a residual load-bearing capacity of 8.6 thousand t, which 

exceeds the calculated load. For a pillar with an area of 

18 m2, the residual capacity is about 7.7 thousand t, which 

also meets the required conditions. 

Thus, warning pillars with an area of 18-20 m2 are capa-

ble, in the overstressed state, of reliably supporting the im-

mediate roof cantilever 10 m thick, without bringing the rock 

mass to the stage of complete strength loss. 
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Figure 16. Reduction in pillar load-bearing capacity in the over-

stressed state N(x) / N with decreasing cross-sectional 

area F(x)  / F 

 

It remains to be verified that the loads acting on warning 

pillars are sufficient to ensure their subsequent failure.  

Figure 17 presents the calculated values of loading coeffi-

cients and safety factors for warning pillars of different areas, 

obtained using the Pillars 3 software. 
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Figure 17. Loading coefficients (a) and safety factors (b) of war-

ning pillars in the center of the panel after half-panel 

extraction 

 

In the calculation, the worst-case scenario was simulated 

after half of the panel had been mined out, when the concen-

tration of support pressure on the remaining pillars reached 

its maximum values. The graphs demonstrate that as the area 

of a warning pillar increases, the load acting on it also in-

creases. However, the ultimate load-bearing capacity grows 

faster, leading to a higher safety factor. 

When warning pillars with an 18-20 m2 area are left in 

place, the loading coefficient ranges between 0.18 and 0.20, 

while the safety factor is 0.65 and 0.68. This indicates that 

such pillars will gradually fail under rock pressure while tem-

porarily supporting the immediate roof cantilever in the over-

stressed deformation regime. Their ultimate failure and subse-

quent inclusion into the caving zone should occur during the 

extraction of the next row of inter-room pillars, thereby ensu-

ring controlled development of the caving process. 

4.2. Prediction of overburden behavior 

The cumulative experience of complete subsidence of the 

overburden to the surface after the failure or extraction of 

pillars under the conditions of the Zhezkazgan deposit is pre-

sented in Figure 18. Observations show that the conditions 

under which all hangings are eliminated and complete over-

burden displacement to the surface occur are well described by 

a dependence with a correlation coefficient of 0.76: 

0.85 eH L ,              (17) 

or, in a more general form: 

1.13eL H ,              (18) 

where: 

H – mining depth; 

Le – critical equivalent span of underworked space. 
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Figure 18. Criterion for overburden subsidence to the surface at 

the Zhezkazgan deposit 

 

Comparison of these findings with the normative data pre-

sented in the “Temporary Regulations on the Protection of 

Structures at Deposits with an Unstudied Subsidence Process” 

(VNIMI, 1986) shows that the condition of overburden col-

lapse reaching the surface during the mining of isolated medi-

um- and the following expression describes thick-bedded 

deposits under caving systems: 

1 eH k L  ,              (19) 

where: 

k1 – coefficient reflecting the strength factor f of the over-

lying strata. 

The stronger the overburden mass, the lower the value of 

coefficient k1 (Fig. 19). For the Zhezkazgan deposit, accor-

ding to Equation (17), the coefficient value is k1 = 0.85. The 

Zhezkazgan data show good agreement with the general 

dependence if the weighted average strength coefficient of 

the overburden is taken as f = 18.  
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Figure 19. Values of coefficient k1 in the criterion of complete 

overburden subsidence to the surface as a function of 

the weighted average strength of overburden rock 

 

It should be noted that this value was obtained while  

accounting for the lateral confinement of the rocks by high 

tectonic stresses. 

Under the conditions of the Zhomart mine, the average 

rock strength is estimated at f = 9 (the technical project of GPI 

specifies f = 8.9). At the same time, the ore mass strength is 

about twice as low as at the Zhezkazgan deposit, and the level 

of horizontal tectonic stresses contributing to overburden 

hanging due to lateral confinement is also approximately two 

times lower. As a result, the calculated coefficient value is 

k1 = 3. This means that during secondary extraction, full sub-

sidence of the overburden to the surface, eliminating all han-

gings, will occur when the following condition is met: 

3 eH L ,              (20) 

where: 

Le – equivalent span of the unsupported mined-out space 

(caving zone). 

After the completion of secondary extraction of one pan-

el, the equivalent span of the caving zone was Le = 70 m. At 

a depth of H = 550 m, Criterion (20) is unsatisfied. Conse-

quently, after one panel is mined out, the caving zone forms 

an arch, while the overlying strata remain hanging on the 

barrier pillars, concentrating significant support pressure on 

them. Extraction of such heavily loaded barrier pillars is 

therefore complicated. 

Criterion (20) is satisfied only after extracting three pan-

els and the two barrier pillars between them. In this case, the 

span of the caved zone reaches 270 m, and the condition 

H < 3·Le is fulfilled (550 < 810). Thus, secondary extraction 

of the first two barrier pillars requires additional measures to 

unload them from support pressure. 

Numerical modeling was carried out using the Examine 2D 

software (RocScience, Canada) to determine the composition of 

such measures. The input parameters were as follows: ground 

surface elevation – 360 m; unit weight of rocks – 2.7 t/m3; la-

teral pressure coefficients: in the plane of section – 2, perpen-

dicular to the section – 1.2; deformation modulus of the rock 

mass – 4700 MPa; Poisson’s ratio – 0.2; tensile strength of the 

rock mass – 2 MPa; cohesion – 8.7 MPa; internal friction angle – 

35°; compressive strength of the rock mass – 33 MPa. 

Figure 20 presents the calculated stability of the rock 

mass after secondary extraction of a single panel with a mining 

height h = 7 m and width L = 70 m at a depth H = 550 m 

(floor elevation -210 m).  

 

Figure 20. Stability assessment of the rock mass after the extrac-

tion of a single panel 

 

The caving zone, where the Coulomb-Mohr strength fac-

tor is less than 1, is highlighted in orange. Its height above 

the mined-out space is h0 = 27 m. The ratio of caving zone 

height to its span is h0 / L = 0.4. 

For the conditions of the Zhezkazgan deposit, this ratio is 

lower and equals h0 / L = 0.3. Thus, under the conditions of 

the Zhomart mine, due to lower rock strength and reduced 

horizontal stress levels, the arch formed during caving is 

steeper than at the Zhezkazgan mines. 

It should be noted that the failure zone develops above 

the mined-out space and beneath it. On the sides of the 

mined-out area, rather extensive zones of volumetric com-

pression are formed due to support pressure and horizontal 

confinement, with safety factors of 3 or higher. 

A similar pattern is observed in the modeling of multiple-

panel extraction. Figure 21 presents the calculated stability of 

the rock mass after extracting two panels with a 30 m barrier 

pillar left between them. Within the barrier pillar itself and in 

the zones above and below it, an area of volumetric compres-

sion with a high safety factor is formed. 

 

 

Figure 21. Stability assessment of the rock mass after the extraction 

of two panels with one barrier pillar left between them 

 

Their geometric parameters determine the formation of 

volumetric compression zones in the barrier pillars: the pillar 

width is four times its height, which practically eliminates 

the possibility of significant displacements. Figure 22 clearly 

shows that displacements within the barrier pillars them-

selves are minimal. As a result, they function as dividing 

elements, localizing and separating individual caving zones. 
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Figure 22. Rock mass displacements after the extraction of three 

panels with a barrier pillar between them 

 

The development of drill drifts within them would be re-

quired to enable the subsequent extraction of barrier pillars. 

However, the probability of maintaining their stability is 

extremely low due to the high stress levels. Figure 23 pre-

sents an assessment of the stability of a drill drift with a 

4×4 m cross-section driven along the axis of a barrier pillar. 

The calculation shows that under such conditions, the drift 

undergoes failure already at the initial stages of operation, 

which makes this method technologically unfeasible without 

additional rock mass unloading measures. 

 

 

Figure 23. Failure of a drill drift driven along the axis of a 

barrier pillar 

 

When a drill drift is driven through a barrier pillar, rock 

mass failure occurs to a depth of up to 1.7 m in all directions: 

roof, ribs, and floor of the excavation. Given the brittle na-

ture of the ore and the high level of in-situ stresses, these 

failures are accompanied by manifestations of rock bursts. 

Using conventional support systems, such as rock bolts and 

shotcrete, does not prevent such failures. In addition, the side 

portions of the pillar are crushed to a depth of up to 2 m. 

Even after the extraction of a single barrier pillar, the 

stress–strain state of the rock mass remains unfavorable. As 

shown in Figure 24, the caving arch above the mined-out 

pillar rises to a height of up to 64 m, while the ratio of the 

caving zone height to the span of underworked space remains 

constant (h0 / L = 0.4). A zone of volumetric compression 

develops in the adjacent barrier pillar due to the combined 

effect of support pressure and horizontal tectonic stresses. 

 

 

Figure 24. Stability of the rock mass after the extraction of three 

panels and one barrier pillar 

 

To unload barrier pillars from excessive support pressure, 

it is necessary to ensure their indentation into the roof and 

floor rocks of the ore body. This process is analogous to 

pressing a rigid punch into a brittle medium: a triangular 

compaction core is formed beneath the punch (or conical in 

the case of a circular punch), beyond which a spalling funnel 

develops. The same effect underlies the drilling of blast holes 

and boreholes using carbide-tipped core bits. 

In the case of barrier pillar indentation into the surround-

ing rocks, the subsidence of the overburden occurs, which 

reduces the load on the pillar to the level of the natural pres-

sure γH. The scheme of the sliding system, including the 

major fractures that form at the limiting state during the 

subsidence of the overlying strata, is shown in Figure 25. 

 

 

Figure 25. Slip-line system formed during the subsidence of over-

burden onto barrier pillars 

 

The stresses at which pillar indentation into the founda-

tion rocks occurs are determined according to the formula of 

G.L. Fisenko: 

2
1 1

4 2
m tg

 
 

  
= + +  

  
.          (21) 

For the conditions of the Zhomart mine, the calculations 

showed that the stresses required for barrier pillar indenta-

tion into the surrounding rocks exceed 150 MPa. The ave-

rage acting stresses in the pillars amount to about 49 MPa, 

which is insufficient for the spontaneous development  

of the subsidence process. Therefore, it must be artifi- 

cially initiated. 

A practical method is the use of camouflet blasting of 

charges in boreholes drilled above the barrier pillars. As a 

result of localized blasting, zones of fracturing and loosening 

are formed in the roof, which leads to the subsidence of the 

overburden onto the pillars and reduces their loading to the 

level of natural pressure. The arrangement of the process is 

illustrated in Figure 26. 
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Figure 26. Subsidence of the overburden onto barrier pillars 

using camouflet blasting of boreholes in the roof 

 

Boreholes for camouflet blasting should be drilled from 

the upper corner of the barrier pillar into the roof at an angle 

corresponding to the slip line. According to limit equilibrium 

theory, the inclination angles of slip surfaces are determined 

by Equations (22) and (23): 

4 2

 
 = + ;              (22) 

4 2

 
 = − .              (23) 

For  = 35, the inclination angles of the slip lines are 

 = 62 and   = 28. Thus, the optimal drilling angle for 

boreholes is 62°, as shown in Figure 26. Boreholes should be 

collared as close as possible to the roof. 

For a barrier pillar width of A = 30 m, the height of the 

compaction core above and below the pillar is 28 m, while the 

length of slip lines inclined at angle ω is 32 m. In this case, the 

maximum borehole dimensions are limited by the drilling 

equipment available. If a row of boreholes is drilled at 1 m 

spacing and 20 m depth, camouflet blasting will break the 

bonding along two-thirds of the slip line length. This action 

will induce subsidence of the overburden onto the barrier 

pillars, reduce their support pressure, and create favorable 

conditions for subsequent drift development through the pillar. 

Comprehensive studies conducted under the conditions 

of the Zhomart mine have shown that the strength charac-

teristics of the ore mass and the host rocks are significantly 

lower than those at the Zhezkazgan deposit, which had 

previously been considered a benchmark analogue. This 

factor necessitates the adjustment of room-and-pillar sys-

tem parameters and the improvement of applied ground 

support technologies [56]-[58]. 

The analysis demonstrated that the optimal system pa-

rameters should include a panel span of about 70 m, an ex-

traction room width of 7 m, and an inter-room pillar grid of 

16×16 m with pillar diameters of 9 m and cross-sectional 

areas of about 64 m2. The necessity of employing warning 

pillars with an area of 18-20 m2 has been experimentally 

confirmed; these pillars operate in an overstressed defor-

mation regime and provide controlled caving of the immedi-

ate roof. The calculated width of barrier pillars required to 

ensure an adequate safety factor is 30 m. 

Field observations and instrumental measurements re-

vealed significant defects in the steel-polymer bolt supports: 

rod failures along the threaded section and breakages of bea-

ring plates. Such defects initiate a chain reaction of failures, 

leading to large-scale roof collapses. As a constructive alter-

native, the use of rope-thread bolts of the A20V type is justi-

fied, as they provide higher load-bearing capacity and better 

adaptation to the geomechanical conditions of the deposit. 

Numerical modeling conducted using the CPS 2005, Pil-

lars 3, and Examine 2D software confirmed the effectiveness 

of the proposed parameters. It was established that the safety 

factor of inter-room pillars reaches 1.9-2.0, while the stabil-

ity of barrier pillars remains at the level of n ≈ 2.1. In addi-

tion, the feasibility of camouflet blasting of boreholes above 

barrier pillars has been demonstrated to initiate overburden 

subsidence and reduce the concentration of support pressure. 

Comparison with international studies reveals similar 

trends. For example, Walton et al. [59], based on data from 

deep mines in the United States, established that the safety 

factor of pillars under high jointing conditions should not fall 

below 2.0, coinciding with the Zhomart deposit’s modeling 

results. The authors also noted that using narrow extraction 

rooms and adjusting pillar spacing can significantly reduce 

the scale of roof collapses, which supports the relevance of 

the proposed parameters. 

Similarly, Guo et al. [60], studying the operation of cop-

per mines in China, showed that the long-term stability of 

barrier pillars directly depends on their width and the regu-

larity of their grid arrangement. In particular, it was estab-

lished that the probability of progressive collapses increases 

significantly at widths below 25-30 m. The parameters ob-

tained for Zhaman-Aibat fully correspond to these findings 

and demonstrate the universality of approaches to ensuring 

the stability of room-and-pillar systems. 

Thus, the conducted research has made it possible to de-

velop scientifically grounded recommendations to improve 

the mining system’s stability, reduce ore losses, and mini-

mize geotechnical risks. The obtained results have high prac-

tical significance and can be applied in the design and opera-

tion of mines that develop deposits of a similar geological-

structural type. 

Based on analytical calculations, field observations, and 

numerical modeling, the following rational parameters of 

the room-and-pillar system are proposed for industrial  

trials: spacing of barrier pillars – 100 m, with a calculated 

width of 30 m; panel span (clear width) – not more than 

70 m; inter-room pillars arranged on a 16×16 m grid with a 

diameter of 9 m and a cross-sectional area of 64 m2; extrac-

tion room width – 7 m, with the optimal number of rooms 

per panel being five; for temporary support of the imme-

diate roof, it is recommend-ded to leave warning pillars 

with an area of 18-20 m2. 

In addition, during the blasting of inter-room pillars adja-

cent to barrier pillars, it is advisable to carry out camouflet 

blasting of boreholes drilled above the barrier pillars. This 

technological measure ensures controlled subsidence of the 

overburden, unloading of barrier pillars from excessive sup-

port pressure, and improved overall stability of the rock mass 

during stoping operations. 

5. Conclusions 

Comprehensive studies conducted under the conditions of 

the Zhomart mine confirmed that the physico-mechanical 

properties of the ore body and host rocks are significantly 

lower than those of the Zhezkazgan deposit, which has tradi-

tionally been considered the reference analogue. This neces-

sitated the adjustment of the parameters of the room-and-

pillar mining system.  
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The optimal system parameters include: a panel span (clear 

width) of about 70 m, an extraction room width of 7 m, a grid 

of inter-room pillars 16×16 m with a diameter of 9 m and a 

cross-sectional area of about 64 m2. These parameters ensure a 

safety factor for inter-room pillars in the range of 1.9-2.0. 

The necessity of applying warning pillars with an  

18-20 m2 area has been experimentally confirmed. They 

operate in an ultimate deformation regime, allowing tempo-

rary and controlled support of the immediate roof with a 

thickness of up to 10 m, preventing sudden collapses and 

ensuring managed subsidence of the overburden. 

The calculated width of barrier pillars should be 30 m. 

This value guarantees a safety factor of about 2.1, corre-

sponding to accepted reliability requirements in practice and 

ensuring the localization of caving zones. 

Field observations and testing revealed structural defects 

in steel-polymer bolts with metric threads (rod breakages and 

failures of bearing plates). An alternative solution, bolts with 

a rope thread of type A20B, has been proposed, providing 

higher load-bearing capacity and better adaptation to the 

geomechanical conditions of Zhomart. 

The proposed technical solutions improve mining safety, 

reduce ore losses in pillars, ensure controlled subsidence of 

the overburden, and minimize geotechnical risks in exploit-

ing deposits of a similar geological-structural type. 
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Комплексна геомеханічна оцінка стійкості ціликів і покрівлі при 

повторному відпрацюванні камерно-стовповою системою 

Б. Уахітова, Б. Алматова, А. Балгинова, Ж. Шилмагамбетова, І. Аристан, А. Куантаєва, А. Карабатирова 

Мета. Дослідження спрямоване на обґрунтування раціональних параметрів камерно-стовпової системи розробки мідистих піс-

ковиків родовища Жаман-Айбат (рудник Жомарт) з урахуванням геомеханічних особливостей масиву. 

Методика. У роботі використано аналітичні розрахунки за методиками Шевякова, Церна та Чернікова, числове моделювання 

(програмні комплекси CPS 2005, Pillars 3, Examine 2D), а також дані натурних спостережень і дослідно-промислових випробувань. 

Розрахунок стійкості міжкамерних і бар’єрних ціликів виконано методом ітерацій з урахуванням коефіцієнта форми, навантаження 

та довготривалої міцності. Експериментально перевірено ефективність сигнальних ціликів і різних типів анкерного кріплення. 

Результати. Встановлено, що оптимальні параметри системи включають: проліт панелі у світлі близько 70 м, ширину очисних 

камер 7 м, сітку розташування міжкамерних ціликів 16×16 м при діаметрі 9 м (площа 64 м2). Експериментально обґрунтовано необ-

хідність залишення сигнальних ціликів площею 18-20 м2, що працюють у режимі граничного деформування. Розрахункова ширина 

бар’єрних ціликів становить 30 м, при цьому коефіцієнт запасу міцності досягає n ≈ 2.1. Виявлено конструктивні недоліки сталепо-

лімерних анкерів із метричною різьбою, що ініціюють ланцюгову реакцію руйнувань; запропоновано використовувати анкери з 

канатною різьбою типу А20В. Числове моделювання показало, що застосування камуфлетного підривання свердловин над 

бар’єрними ціликами сприяє розвантаженню масиву та зниженню концентрації опорного тиску. 

Наукова новизна. Вперше для умов рудника Жомарт проведено комплексну оцінку стійкості міжкамерних, сигнальних і 

бар’єрних ціликів із використанням даних зворотних розрахунків та натурних спостережень. Встановлено кількісну залежність 

параметрів сигнальних ціликів у режимі граничного деформування й обґрунтовано необхідність їх обов’язкового застосування. 

Обґрунтовано ефективність використання камуфлетного підривання для контрольованої посадки надлежачої товщі. 

Практична значимість. Розроблені рекомендації дозволяють знизити втрати руди в ціликах, підвищити стійкість системи роз-

робки та мінімізувати гірничий ризик. Отримані результати можуть бути використані при проєктуванні та експлуатації рудників 

аналогічного геолого-структурного типу. 

Ключові слова: Жаман-Айбат, рудник Жомарт, камерно-стовпова система, міжкамерні цілики, бар’єрні цілики, анкерне  

кріплення, стійкість масиву 
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