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Abstract 
The driving of mine workings in strong dolomites at the “Internatsionalny” mine using the drill-and-blast method is 

complicated by gas-dynamic phenomena, which manifest as rock and gas outbursts. The presence of fracture zones and 

significant rock pressure in rock strata at depths exceeding 1000 m has predetermined the occurrence of secondary rock 

failure from the face of opening workings. The paper presents the results of modeling the stress-strain state of the mine 

working face in areas hazardous for gas-dynamic phenomena, typical for the geomechanical conditions of the “Inter-

natsionalnaya” kimberlite pipe deposit. The stress-strain state modeling was performed using the finite element method 

in the domestic software package CAE Fidesys. Eighteen geomechanical scenarios were considered for the position of 

the mine working face at distances of 2, 4, and 6 m from intensive fracturing zones with thicknesses of 2, 4, and 6 m, 

both with and without gas present. All computational models were constructed in a three-dimensional formulation at a 

depth of 1500 m, with vertical stresses equal to 40 MPa, which corresponds to Professor A.N.Dinnik’s theory. Hori-

zontal stresses were applied to the side faces of the computational models via forced displacements under the condition 

of equicomponent compression, corresponding to a lateral earth pressure coefficient 1. The parameters of an equicom-

ponent or near-equicomponent stress field at the deep horizons of the “Internatsionalnaya” kimberlite pipe are con-

firmed both by instrumental measurements and by global experience in mining operations at depths exceeding 1000 m. 

The research results indicate that a safe gas-dynamic state of the rock mass can be achieved by creating a non-reducible 

advance zone, the width of which is recommended to be determined based on the physical-mechanical and structural 

characteristics of the mine working drive section. 
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Introduction 

The current trend towards increasingly complex mining and geological conditions leads to 

higher geomechanical risks and the occurrence of large-scale catastrophic events at mining facili-

ties, as noted in reports by technical supervision representatives, researchers from industry insti-

tutes, and specialists from mining enterprises [1-3]. At the same time, the demand for raw mate-

rials continues to grow, as does the development of high-performance extraction technologies. 

Given this trend, the issue of ensuring industrial safety during the development of solid mineral 

deposits remains open.  

Mining companies emphasize the need* for innovative research and development [4, 5], par-

ticularly in geomechanics, capable of addressing the negative responses of the rock mass to mining 

operations and preventing unpredictable rock failure processes [6-8]. Industry specialists also 

                                                      
* Tracking the trends 2026. 10 Key Factors Shaping the Future of the Mining Sector, p. 89. URL: https://www.deloitte.com/con-

tent/dam/assets-shared/docs/industries/energy-resources-industrials/2026/tracking-the-trends-2026.pdf (accessed 01.03.2026).  

JOURNAL OF MINING INSTITUTE 
Zapisk i  Gornogo inst i tu ta  

 

Journal homepage: pmi.spmi.ru 

 

ISSN 2411-3336; е-ISSN 2541-9404 

 

https://www.deloitte.com/content/dam/assets-shared/docs/industries/energy-resources-industrials/2026/tracking-the-trends-2026.pdf
https://www.deloitte.com/content/dam/assets-shared/docs/industries/energy-resources-industrials/2026/tracking-the-trends-2026.pdf


 

 

Journal of Mining Institute. 2026. Vol. 278. P. 91-98 

© Semen G. Gendler, Nikita E. Moroz, 2026 

       

92 

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

highlight the positive results of implementing digital solutions at deposits with complex mining 

and geological conditions [9-11]. Experience with modern instrumentation systems demonstrates 

positive outcomes in predicting initial data on the physical and mechanical properties of the rock 

mass [12-14]. 

The driving of mine workings using the drill-and-blast method in strong dolomites at the “Inter-

natsionalny” underground mine is complicated by secondary gas-dynamic phenomena, which manifest 

as rock and gas outbursts [15-17]. The presence of free gas in fracture zones of the host rocks and 

significant rock pressure in rock strata at depths exceeding 1000 m has predetermined the occurrence 

of secondary spontaneous rock failure from the face of opening workings [18-20]. 

Similarly, the driving of workings by the drill-and-blast method in sandstones during the opening 

of coal reserves in the Donbass mines has been complicated by gas-dynamic phenomena starting at 

depths of 750 m. E.I.Efremov, V.N.Kharitonov, and I.A.Semenyuk noted that rock stress, caused by 

the pressure of the overlying strata, tectonic disturbances, and gas pressure, is the main factor of 

outburst hazard. Based on the premise that outbursts are caused by high rock stresses and their physical 

and mechanical properties, the main prevention strategies have focused on reducing the active an-

thropogenic stresses in the rock mass. 

Rock mass unloading in coal mines and ore mines is carried out through pre-mining [21-23], 

the creation of relief slots [24-26], advanced torpedoing [27-29], and rock moistening with sur-

factants [30, 31]. 

Based on mining operations in outburst-prone sandstones in the Donbass and experimental work 

in outburst-prone dolomites at the “Internatsionalny” mine, a general conclusion is drawn about the 

low effectiveness of antioutburst measures such as hydro-moistening, drilling relief boreholes, and 

the use of continuous miner driving methods in conditions of strong rock masses. 

Advanced torpedoing is noted by L.L.Kaufman and B.A.Lysikov as the most effective method 

for controlling the state of an outburst-hazardous rock mass, the parameters of which must be 

promptly determined based on the current mining and geological situation. The issue of predicting 

gas-dynamic phenomena (GDP) in rock masses remains highly relevant today. Despite many years 

of global experience in combating GDP, mining scientists have not yet developed a reliable  

and internationally recognized method for predicting GDP. The geological uniqueness of each de-

posit – the ductile failure mode of outburst-prone potassium salts, the elastic failure mode of  

outburst-prone sandstones and dolomites – requires an individual approach to developing predictive 

measures. 

The most popular methods for predicting GDP, tested during mining operations in outburst-

prone shales and sandstones in mines in the GDR, Poland, Czechoslovakia, and the Donbass, are 

based on drilling blastholes and boreholes to measure gas pressure, gas quantity, gas emission rate, 

drill cuttings quantity, core discing, and the time required to drill one meter of a blasthole. Geophysical 

prediction methods for GDP are also used, involving measurements of acoustic emission, and labora-

tory measurements of gas desorption rates from rock cuttings. 

At the “Internatsionalny” mine, local and current GDP prediction methods are currently applied 

based on lithological data (local prediction) and gas emission intensity (current prediction). In addi-

tion to the enterprise-approved GDP prediction methods, geophysical methods for current prediction 

of rock mass stress are also being tested, using natural electromagnetic emission (Angel-M device) 

and acoustic emission (Prognoz-L device) data.  

Since gas-dynamic phenomena continue to occur even under preventive measures, the assess-

ment of the stress-strain state of the mine working face when approaching GDP-hazardous zones and 

determining the required width of the non-reducible advance zone remains a critical issue. 
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Methodology for regulating the geomechanical state of the mine working’s edge 

Intense fracturing at depths exceeding 1000 m is accompanied by the presence of free gas under 

pressure ranging from the first few units to 10 MPa. The thickness of the intense fracturing zone is 

determined at the stage of drilling boreholes for local geological prediction and reaches 2-6 m (Fig.1). 

When approaching zones of intense fracturing, various geomechanical situations are formed, which 

must be taken into account numerically. 

As the main measure to ensure the safe state of outburst-hazardous rocks at the mine, advanced 

borehole torpedoing is applied, creating a protective non-reducible advance zone with a standard 

width of 1 m (Fig.2). 

Eighteen geomechanical scenarios are considered for the position of the mine working face at 

distances of 2, 4, and 6 m from intense fracturing zones with thicknesses of 2, 4, and 6 m, both with 

and without gas present. 

All computational models are analyzed in a three-dimensional formulation at a depth of 1500 m, 

with vertical stresses equal to 40 MPa, which corresponds to Professor A.N.Dinnik’s theory. According 

to this theory, vertical compressive stresses correspond to the pressure of the overlying rock strata. Hori-

zontal stresses, in turn, are applied to the side faces of the computational models via forced displacements 

under the condition of equicomponent compression, corresponding to a lateral earth pressure coefficient 1. 

The parameters of an equicomponent or near-

equicomponent stress field at the deep horizons of 

the “Internatsionalnaya” kimberlite pipe are con-

firmed by both instrumental measurements con-

ducted by researchers from the Institute of Mining, 

Siberian Branch of the RAS [32], and global expe-

rience in mining operations at depths exceeding 

1000 m [33-35]. 
Within the computational domain, the equi-

librium equation, the Cauchy equation, and 
Hooke’s law are solved: 

,σ 0;ij j ipF   

 , , ,ε 0.5 ;ij j i j j iu u   

σ 2 ε λθδ ,ij ij ijG   

where σij – components of the stress tensor;  
pFi = γgδij – body forces; γ – rock density; g – 
acceleration due to gravity; δij – Kronecker delta; 
εij – components of the strain tensor; ui – compo-
nents of the displacement vector; θ = εx + εy + εz – 
volumetric strain; G and λ – Lamé parameters, 
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Fig.1. Core fracturing RQD from the local prediction borehole 

Fig.2. Principle scheme of advanced  

borehole torpedoing 
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The following physical and mechanical properties of rocks are input into the computational models: 

undisturbed dolomite (material of the surrounding rock mass) – elastic modulus 50,000 MPa, Poisson’s 

ratio 0.25, density 2700 kg/m3; dolomite in the intense fracturing zone – elastic modulus 10,000 MPa, 

Poisson’s ratio 0.35, density 2600 kg/m3. The reduction of rock mass elastic modulus in the fracturing 

zone is estimated using the following formula: 

0
T

T

,
1 0.5

E
E

I



 

where Е0 – elastic modulus of the rock in its intact state (in a sample), MPa; IT – fracturing intensity, 

units/m. 

To account for gas pressure, with a maximum value of 10 MPa, the initial stress state in the three 

normal components of the stress tensor is set to 50 MPa in the intense fracturing zones. 

The size of the computational domain satisfies Saint-Venant’s principle, ensuring that the 

model boundaries are located at a distance that does not affect the calculation results in the region 

of the object under study. According to this principle, at distances exceeding the characteristic 

size of the load application area, the distribution of stresses and strains is practically independent 

of the specific method of load application. Similarly, the size of the finite element mesh is deter-

mined; further refinement of the mesh does not result in changes to the calculation results.  

Results of stress-strain state modeling 

The stress-strain state modeling was performed using the finite element method in the  

CAE Fidesys software, which has been widely validated for solving various problems in  

mining geomechanics [36-38]. Figure 3 shows a longitudinal section of the mine working with 

diagrams of maximum compressive stresses, illustrating the adequacy of the specified boundary 

conditions. 

At a distance of 1 m from the mine working face, without defining intense fracturing zones, the 

maximum compressive stress, averaged over three points, is approximately 51 MPa. Further calculations 
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Fig.3. Longitudinal section of the mine working with diagrams of maximum compressive stresses 
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to assess the influence of intense fracturing zones on the stress-strain state of the face were carried 

out using the same three points.  

Figures 4 and 5 show two of the 18 considered models of intense fracturing zones, accounting 

for gas pressure and excluding gas. The Table presents the calculation results for all considered geo-

mechanical scenarios.  

Based on the results, the following patterns can be identified: 

• the concentration of compressive stresses in the near-face zone increases regardless of the  

presence of gas in the fractures; 

• fracturing zones with gas have a greater influence compared to fracturing zones without gas 

when located at a distance of 2 m from the mine working face; 

• at distances of 4 and 6 m from the face to the intense fracturing zones, a greater load on the 

near-face zone occurs in the absence of gas in the fractures. 

Application area of the results 

The results of numerical modeling should be used to justify the safe value of the non-reducible 

advance zone width during borehole torpedoing operations.  
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Fig.4. Longitudinal section of the mine working with diagrams  

of maximum compressive stresses at a distance of 2 m from the face to  

an intense fracturing zone 2 m thick without gas (averaged value 55 MPa) 

Fig.5. Longitudinal section of the mine working with diagrams  

of maximum compressive stresses at a distance of 2 m from the face  

to an intense fracturing zone 2 m thick with gas (averaged value 59 MPa) 
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Results of the calculations for the considered models 
 

Distance to 

the face, m 

Maximum compressive  

stresses, MPa  

(without gas in the fractures) 

Maximum compressive  

stresses, MPa  
(with gas in the fractures) 

Zone of intense fracturing with a thickness of 2 m 

2 55 59 

4 53 54 

6 52 52 

Zone of intense fracturing with a thickness of 4 m 

2 58 63 

4 56 54 

6 54 52 

Zone of intense fracturing with a thickness of 6 m 

2 58 63 

4 57 54 

6 55 51 

 

It is known that the studied dolomite rocks are brittle and prone to dynamic failure. Therefore, 

in accordance with current safety regulations, the formation of compressive stress zones exceeding 

80 % of the uniaxial compressive strength of the rock is not permitted. 

According to the results of laboratory tests conducted from 2022 to 2024 at the laboratories of 

the Saint Petersburg Mining University, the Gipronickel Institute, and VNIMI, the averaged uniaxial 

compressive strengths of brittle-failing dolomite rocks from the “Internatsionalny” mine range from 

70 to 90 MPa. Thus, based on the ratio of maximum compressive stresses to uniaxial compressive 

strength, a ranking of safe and hazardous distances from the mine working face to intense fracturing 

zones has been performed, depending on rock strength (Fig.6).  

The graph presented in Fig.6 allows us to conclude that when a rock mass section is composed of 

rocks with a strength of about 70 MPa, the non-reducible advance zone must be formed with a width of 

4 to 6 m, depending on the thickness of the intensely fractured zone. For rocks with uniaxial compressive 
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Fig.6. Graph of stress-strain state changes in the face area  

of the mine working under various geomechanical conditions 
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strength equal to 75 MPa, the required width of the non-reducible advance zone is 4 m. When the rock 

mass section is composed of rocks with strength of 80 MPa or higher, it is permissible to form a non-

reducible advance zone with a standard width of 1 m. 

Conclusion 

The results of the conducted research have shown that one of the key factors influencing the 

occurrence of gas-outburst hazardous situations in mine working drive areas is predominantly the 

high stress state of the rock mass face area. The gas-dynamic state of this area is controlled by creating 

a non-reducible advance zone. It is recommended to determine the width of this zone depending on 

the physical-mechanical, structural, and lithogenetic characteristics of the rocks intersected during 

mine working drive. 

It is proposed to determine the width of the non-reducible advance zone based on graphs of stress 

state changes in the face area of the mine working, which are based on numerical calculation results. 

The presented approach to controlling the gas-dynamic state of rocks during mine working drive at 

deep levels of the “Internatsionalnaya” kimberlite pipe takes into account the diversity of geome-

chanical conditions. This can be used in the future to update the current set of measures at the enter-

prise for forecasting and preventing rock and gas outbursts. 
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