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GEOMECHANICAL STATE ASSESSMENT AND MONITORING OF  ROCK 
MASS DISPLACEMENT AT THE VOSKHOD DEPOSIT (KAZAKHSTAN)

Purpose. The primary goal of this study is to conduct a comprehensive geomechanical assessment of the rock mass 
at the Voskhod deposit in order to optimize ore extraction techniques through numerical modelling and to evaluate 
the effect of pillar width on the stability of mine workings under complex mining and geological conditions.

Methodology. The study employs advanced numerical modelling techniques using Phase2 and RocLab software, 
enabling the simulation of realistic mining scenarios. The empirical Hoek–Brown failure criterion, integrated into 
stress-strain models, serves as the principal tool for evaluating the mechanical behaviour of rock masses. Laboratory 
testing data – including uniaxial compressive and tensile strengths, elastic modulus, cohesion, Poisson’s ratio, and 
other physical and mechanical properties – were utilized to generate strength classification charts for rock groupings.

Findings. The simulation outcomes indicate that reducing the width of protective pillars from 12 to 10 m signifi-
cantly decreases the load-bearing capacity of the rock mass. This is manifested by an expansion of zones with insuf-
ficient strength reserves and a deterioration in the condition of inter-level pillars. Measurements from reference sta-
tions revealed that displacement rates increased more than fourfold during the transition from active mining to stabi-
lization phases. Moreover, decreasing the distance to the production face led to an even more pronounced increase in 
deformation.

Originality. The novelty of the study lies in the integration of modern numerical modelling tools with in situ 
monitoring data, enabling the identification of critical dependencies between the geometry of mine workings and the 
dynamic response of the surrounding rock mass.

Practical value. The results obtained can be used to optimise the ore extraction technology at the Voskhod de-
posit, improve mining safety and reduce economic losses associated with cave-ins and emergencies.
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Introduction. In modern mineral resource develop-
ment, particular emphasis is placed on ensuring the 
safety of mining operations and the long-term stability 
of the excavated rock mass [1‒3]. One of the key chal-
lenges in this context is the optimization of mining tech-
nologies, including the determination of appropriate 
design parameters such as pillar width. An improper 
choice of this parameter may result in stress redistribu-
tion, accelerated support system failure, and ultimately, 
collapse of the mine workings [4, 5].

This issue is especially relevant in the context of Ka-
zakhstan’s mining industry, which ranks among the 
global leaders in mineral production [6, 7]. In the face of 
a rapidly growing economy and increasing demand for 
raw materials, the safe and efficient operation of mineral 
deposits has become a matter of critical importance 
[8‒10]. Many Kazakhstani deposits are characterized 
by complex geological and mining conditions, where 
heterogeneity in rock mass composition and variability 
in physico-mechanical properties pose significant chal-
lenges for mine design and operation [11]. Inadequate 

planning or selection of mining technologies can lead to 
substantial economic losses.

Accordingly, enhancing the efficiency and safety of 
mining operations requires a comprehensive research ap-
proach, particularly through numerical modelling of the 
stress-strain state of the rock mass. Such modelling not 
only supports the optimization of mining layouts but also 
ensures a high-quality monitoring system for assessing rock 
mass stability – an issue of strategic importance for the sus-
tainable development of Kazakhstan’s mining sector.

Literature review. The literature presents a wide 
range of approaches to the numerical modelling of rock 
masses, including the application of elastic, elasto-plas-
tic, and visco-elastic constitutive models [12, 13]. Stud-
ies [14‒16] emphasize the critical role of evaluating the 
physico-mechanical properties of rocks to accurately 
predict rock mass behaviour under operational condi-
tions. Several publications also highlight the influence of 
geological heterogeneity and jointing on stress distribu-
tion [17]; however, these aspects require further elabora-
tion, particularly within the context of specific deposits 
such as the Voskhod mine.

A review of recent publications [18‒20] underscores 
the relevance of optimizing the design parameters of 



76	 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, № 3

mine workings, laying a solid foundation for continued 
research in this domain.

Contemporary studies place growing emphasis on 
integrated monitoring systems and deformation assess-
ments of rock masses. For example, the study presented 
in [21] provides a comprehensive evaluation of monitor-
ing practices applied at the Zhilandy orebody, demon-
strating the effectiveness of integrated methods for ac-
quiring high-resolution data on deformation dynamics. 
Similarly, the methodology proposed in [22] is based on 
a combined assessment of rock mass deformations and 
radiological conditions within specific territorial do-
mains, allowing for more accurate long-term predic-
tions of rock mass behaviour.

These types of studies highlight the necessity of 
adapting integrated approaches to enhance the specific-
ity of numerical models and to improve the predictive 
capacity of the methods used for optimizing mining lay-
out parameters.

Unsolved aspects of the problem. Despite the consid-
erable volume of research in this area, several critical is-
sues remain unresolved particularly those concerning 
the optimization of pillar width and the influence of the 
mining sequence on stress distribution within the rock 
mass. Notably, there is still a lack of sufficient empirical 
data confirming the correlation between reductions in 
pillar width and the deterioration of mechanical stability 
in underground excavations. Furthermore, it remains 
unclear how various chamber mining sequences (foot-
wall-first, central, or hanging wall-first extraction) af-
fect stress redistribution and deformation dynamics un-
der real operating conditions. These aspects require fur-
ther investigation through comprehensive numerical 
modelling validated by in situ field data.

Purpose. The aim of this study is to conduct com-
prehensive numerical modelling of the stress–strain 
state of the rock mass at the Voskhod deposit in order to 
optimize ore extraction technology by determining the 
optimal width of protective pillars. To achieve this goal, 
the following objectives have been defined:

-	to analyse the physico-mechanical properties of 
the rocks at the Voskhod deposit based on field mea-
surements and laboratory testing;

-	to develop a mathematical model capable of evalu-
ating the impact of pillar width variation on stress distri-
bution within the rock mass;

-	to perform numerical simulations using Phase2 
and RocLab software, and to determine the critical pa-
rameters and failure criteria;

-	to compare simulation outcomes for mine layouts 
with 10 and 12 m-wide pillars, assess their effect on rock 
mass stability, and identify the optimal configuration 
ensuring safe mining operations.

Accordingly, this study seeks to address existing re-
search gaps related to the influence of geomechanical 
characteristics and technological parameters on mining 
safety, while also providing a scientifically substantiated 
basis for decision-making in the development of the 
Voskhod deposit.

Methodology. Study area. The Voskhod deposit con-
sists of a single, large, compact ore body of lens-shaped 
geometry, accompanied by four apophyses and an ad-
ditional lens. The plan dimensions of the deposit are ap-
proximately 700 × 122 m (in some sources, 700 × 220 m), 

with mineralization occurring at depths ranging from 98 
to 460 m. The terrain in the area exhibits absolute eleva-
tions between 1,400 and 1,412 m, creating specific con-
ditions for the development of geomechanical processes.

The main ore body is elongated and predominantly 
oriented in a northeast direction, dipping southeastward 
at an angle of 35‒40° and striking at approximately 
25‒30°. This geological configuration, combined with 
frequent pinching and swelling, apophyses, and internal 
barren “windows” indicates a high degree of heteroge-
neity within the rock mass. The engineering-geological 
and hydrogeological conditions of the deposit are of 
moderate complexity due to the prevalence of jointing, 
which reduces the mechanical stability of the rock mass.

The mining method employed at the Voskhod de-
posit is based on sublevel caving with end-draw ore re-
moval [23]. This approach results in the continuous for-
mation of collapse voids and sinkholes, posing serious 
risks to personnel, infrastructure, and surface facilities. 
Since these collapses tend to occur suddenly, it is essen-
tial to prohibit human presence and construction activi-
ties in areas subject to surface subsidence and failure 
[24]. These safety considerations are particularly impor-
tant given the geomechanical processes that arise during 
the exploitation of multi-layered deposits, as highlighted 
in the study [25], which emphasizes the ecological and 
engineering risks associated with destabilization of the 
rock mass during intensive extraction operations.

Hydrogeological investigations suggest that mine 
water inflow is expected to be minimal. However, the 
presence of slickensided surfaces moistened by ground-
water can contribute to deformation and potential col-
lapse of excavation walls. Despite the generally favour-
able engineering-geological conditions for surface con-
struction attributed to the flat topography and shallow 
bedrock upper weathered zones (up to 100 m deep) are 
characterized by variable degrees of decomposition.

Geotechnical drilling conducted at the Voskhod de-
posit enabled the identification of fracture systems and 
the systematic geological documentation of stope faces, 
as illustrated in Fig. 1.

Additionally, in situ testing was performed to deter-
mine the stress–strain state of the rock mass. The results 
revealed the following values of principal stresses: maxi-
mum principal stress σ1 = 18.1 ± 0.2 MPa; intermediate 
principal stress σ2 = 12.1 ± 0.2 MPa; and minimum prin-
cipal stress σ3 = 9.7 ± 0.2 MPa. The average azimuth of 
the maximum horizontal principal stress was measured 
at 147 ± 4°.

Sublevel development is carried out using drift prep-
aration and stope retreat mining, with drift orientation 
aligned with the direction of the major principal stress. 
These technological and geological factors play a critical 
role in determining stress distribution within the rock 
mass and have a significant impact on the stability of 
underground excavations.

Methodology of numerical modelling and optimization 
of pillar width. To enhance ore recovery from the opera-
tional workings at the Voskhod deposit, a reduction in 
the width of protective pillars from 12 to 10 m is pro-
posed. This modification is expected to minimize ore 
losses within inter-drift pillars and facilitate more effi-
cient extraction. Within this approach, the selection of 
the optimal pillar width is substantiated through numer-



ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, № 3	 77

ical modelling of the stress-strain state of the rock mass 
in the vicinity of underground openings.

Modern numerical modelling techniques are based 
on a variety of physical formulations, including elastic, 
elasto-plastic, and visco-elastic models [26]. In particu-
lar, the linear elastic model characterized by a continu-
ous and proportional relationship between stress and 
strain is employed to assess the interaction between ex-
cavation supports and a heterogeneous rock mass in 
cases where the excavation boundaries are not entirely 
stress-relieved [27, 28].

To achieve a more realistic representation of rock 
mass behaviour under mining-induced stress condi-
tions, the empirical Hoek–Brown failure criterion is ap-
plied. This criterion links observable geological features 
with the mechanical properties of the rock mass and is 
widely recognized within the international geomechan-
ics community. It is frequently used in conjunction with 
rock mass classification systems, such as the RMR sys-
tem developed by Bieniawski, to account for the influ-
ence of jointing and other structural features of the rock 
[29, 30].

The generalized Hoek–Brown failure criterion is ex-
pressed as follows

σ
σ = σ +σ +
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The disturbance factor D reflects the degree of rock 
mass damage due to blasting, ranging from 0 (undis-
turbed rock mass) to 1 (heavily disturbed).

The uniaxial compressive strength of the rock mass is

s1 = scis a.
The tensile strength of the rock mass σt is given by
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where

ds1/ds3 = 1 + amb(mbs3/sci + s)a - 1.
The application of the Hoek–Brown-based method-

ology enables not only the assessment of the current geo-
mechanical condition of the rock mass but also the pre-
diction of how changes in pillar width may influence stress 
distribution near underground openings. Thus, numerical 
modelling grounded in the Hoek–Brown criterion be-
comes an effective tool for optimizing ore extraction strat-
egies and enhancing mine safety at the Voskhod deposit.

Characteristics of rock types at the deposit. The Vosk-
hod deposit is distinguished by a relatively simple geo-
logical structure. Based on the results of geological ex-
ploration, the main ore body has been identified as con-
sisting primarily of massive and densely disseminated 
ore types. The host rocks exhibit varying degrees of ser-
pentinization and include non-pyroxene dunites, py-
roxene dunites, and peridotites.

The lithological variability of these rock types results in 
a wide range of physical and mechanical properties, which 
significantly affect the stability of the rock mass during 
mining operations. Table 1 summarizes the key density, 
strength, and elastic parameters of the principal ore and 
host rock types occurring within the ore zone and sur-
rounding geological formations of the Voskhod deposit.

Analysis of the data indicates that the physico-me-
chanical properties of the rock types at the Voskhod de-
posit vary significantly depending on their lithological 

Fig. 1. Stereographic projections (Fisher diagrams):
a – orientation of fractures in the stope face; b – orienta-
tion of fractures in geotechnical boreholes

a

b
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classification. For instance, rock density ranges from 
2.61 t/m3 for serpentinized dunite to 4.03 t/m3 for mas-
sive chromite ore, reflecting the variability in mineral-
ogical composition and rock texture across the deposit. 
The P-wave velocity also exhibits considerable differ-
ences, reaching a maximum of 5,468 m/s in tectonized 
dunite and a minimum of 4,182 m/s in ovoidal chromite 
ore. These variations are indicative of differing elastic 
properties and material densities.

A second critical aspect – mechanical strength reveals 
that the uniaxial compressive strength is substantially 
higher in tectonized and serpentinized dunite (42.29 and 
93.04 MPa, respectively) compared to chromite ores, 
where values drop to 12.20 MPa for ovoidal and 6.83 MPa 
for massive chromite ore. Tensile strength, cohesion, elas-
tic modulus, and brittleness index also vary markedly, un-
derscoring the need to consider these differences in mine 
planning and extraction technology selection.

Consequently, the obtained data provide a robust 
basis for more accurately assessing the mechanical sta-
bility of various rock types and for optimizing mining 
methods accordingly.

Data processing and numerical modelling. The Phase2 
software package is employed for processing experimen-
tal data and constructing a two-dimensional numerical 
model of the rock mass. This tool allows for the develop-
ment of models that closely replicate the actual mining 
conditions at the deposit by incorporating key parame-
ters such as the physico-mechanical properties of rocks 
and fractures, the presence of groundwater, in situ stress 
conditions, excavation geometry, support systems, ap-
plied loads, and anticipated displacements. This com-
prehensive approach ensures high modelling accuracy 
and has been widely adopted in studies of various min-
eral deposits.

To streamline the processing of rock property data 
obtained from laboratory testing, the RocLab program 
is used. The modelling incorporates average values of 
compressive strength, unit weight, elastic modulus, and 
the Geological Strength Index (GSI), along with the 
disturbance factor from blasting operations – all derived 
from field data at the Voskhod deposit. RocLab serves as 
a versatile tool for generating rock mass strength enve-
lopes based on both the Mohr-Coulomb and Hoek–

Brown failure criteria. Table 2 presents the input param-
eters used for RocLab analysis

This integrated software framework facilitates a 
comprehensive analysis of rock mass behaviour, repre-
senting a critical step in optimizing ore extraction tech-
nologies and enhancing the safety of mining operations 
at the Voskhod deposit.

Results and discussion. The analysis of uniaxial com-
pression test results revealed a significant variability in 
both strength and deformation characteristics across 
most lithotypes of the rock mass at the Voskhod deposit. 
In particular, the compressive strength of dunite rocks 
ranged from 10.8 to 93.04 MPa, indicating substantial 
heterogeneity in their mechanical properties. Even low-
er strength values were recorded for the ore types, with 
average uniaxial compressive strengths ranging from 
0 MPa (in the case of unconsolidated material or pow-
dery chromite, PCR) to 13.0 MPa. The standard devia-
tion in these cases may reach up to 70 %, highlighting 
pronounced heterogeneity within the ore-bearing units.

A similar trend was observed in tensile strength pa-
rameters: for dunites, values ranged from 3.25 to 
8.64  MPa, while for ore types they varied between 
1.04 and 2.49 MPa. Based on the experimental data, the 
physico-mechanical properties of the rocks were classi-
fied into three principal groups:

-	group I – cumulative, serpentinized, and tec-
tonized dunite;

-	group II – massive chromite;
-	group III – powdery massive chromite.

Table 1
Physico-mechanical properties of rocks at the Voskhod deposit

No. Parameter name
Tectonized 

dunite 
(TDUN)

Serpentinized 
dunite 

(SDUN)

Cumulative 
dunite 

(CDUN)

Ovoidal 
chromite ore 

(OCR)

Massive 
chromite ore 

(MCR)

Vein 
chromite 

ore (VCR)
1 Density (ρ), t/m3 3.00 2.61 2.63 3.45 4.03 3.41
2 P-wave velocity (Vp), m/s 5,468 5,180 5,205 4,182 4,505 4,903
3 Uniaxial compressive strength 

(σc), MPa
42.29 93.04 44.88 12.20 6.83 10.30

4 Tensile strength (σt), MPa 11.47 11.28 8.64 4.41 2.67 2.29
5 Cohesion (C), MPa 13.74 22.30 13.53 4.01 1.41 3.50
6 Tangent of internal friction 

angle (tan j)
0.46 0.56 0.43 0.36 0.33 0.40

7 Elastic modulus (E), GPa 7.68 21.30 8.88 4.20 1.87 3.79
8 Poisson’s ratio (μ) 0.34 0.32 0.32 0.29 0.31 0.35
9 Point load strength index 

(Is50), MPa
42.14 42.66 39.35 16.83 13.24 8.52

10 Brittleness index (Kb) 0.93 0.90 0.94 0.84 0.71 0.84

Table 2
Input data for RocLab modelling
Rock group I II III

Uniaxial compressive strength of 
intact rock (σci), MPa

44.88 6.83 1.57

Geological Strength Index (GSI) 40 21 12
Elastic modulus of intact rock 
(Ei), GPa

8.88 1.87 0.34

Unit weight (γ), t/m³ 2.63 4.03 4.03
Blasting disturbance factor (D) 0.8 0 0
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The Geological Strength Index (GSI) for each of 
these groups (Fig. 2) was determined based on a struc-
tural geological analysis of the deposit. The evaluated 
rock properties correspond to a depth interval of 300 to 
400 metres, which is characteristic of the current phase 
of mine development. This classification approach en-
ables a more accurate representation of rock behaviour 
for the design and operation of underground workings.

The rock mass property estimations for the Voskhod 
deposit, calculated using RocLab and presented as 
strength envelopes (Fig. 3), serve as the input data for 
the numerical modelling conducted in Phase2. For fur-
ther simulations, one of two failure criteria is applied 
either the Mohr–Coulomb or the Hoek–Brown crite-
rion allowing for a standardized approach and ensuring 
comparability of results. Poisson’s ratio and unit weight 
values are assigned based on averaged experimental 
measurements.

Table 3 presents the RocLab calculation results, 
which are used to assess the mechanical stability of the 
rock mass. These computational outputs allow for the 
evaluation of how physico-mechanical properties affect 
rock mass behaviour under mining conditions and rep-
resent a critical stage in optimizing the mining strategy 
for the Voskhod deposit.

To substantiate the optimal pillar width, numerical 
modelling of the stress-strain state (SSS) of the rock mass 
was carried out. The mathematical model of the SSS was 
implemented using the finite element method (FEM), in 
which the analysed system is discretized into a finite 
number of elements connected at nodes, each of which 
retains the properties of the original undivided rock mass.

The calculation results presented in Table 3 are used as 
input data for further numerical analysis in the Phase2 
software. The initial parameters obtained from laboratory 
testing and summarized in Table 1 were refined using Ro-
cLab. This refinement process allows the incorporation of 
critical parameters such as uniaxial compressive strength, 
elastic modulus, Hoek–Brown constants mb, and s, Pois-
son’s ratio, and unit weight. These values are essential for 
evaluating the mechanical stability of the rock mass and 
optimizing the mining technology at the Voskhod deposit.

To assess the optimal pillar width, a longitudinal 
cross-section was selected as a representative case, simu-
lating two scenarios with pillar widths of 10 and 12 m, 
respectively (Fig.  4). The excavations are located at a 

depth of 370 metres below the surface, while the ground 
elevation is 400 metres. This cross-section enables the 
evaluation of how changes in pillar width affect the stress-
strain state of the rock mass and helps identify which 
configuration most effectively distributes loads and en-
sures the stability of underground workings under the 
specific geological conditions of the Voskhod deposit.

The modelling results revealed that reducing the pillar 
width leads to a decline in the load-bearing capacity of the 
excavations, which adversely affects pillar stability during 
mining operations. In the longitudinal section with 12 m-
wide pillars (Fig. 4, a), zones of potential partial collapse 
of the roof and sidewalls are observed in the central part of 
the section during excavation activities. These critical ar-
eas are visually indicated in red. When compared with the 
modelled section featuring 10 m-wide pillars (Fig. 4, b), a 
significant expansion in the zone of insufficient strength 
reserve is recorded. This suggests a higher likelihood of 
accelerated failure of both the sidewalls and roof ele-
ments, with ground heave also predicted in some areas.

A notable deterioration in the condition of pillars – 
particularly pillars Nos. 3 and 4 is observed, where a 
substantial decrease in load-bearing capacity is evident.

The cross-section simulations for varying pillar 
widths were conducted under mining conditions with 
adjacent chambers already extracted. This modelling 
highlights the importance of mining sequence planning 
for effective stress redistribution within the rock mass. 
The results demonstrate that the selection of an optimal 
pillar width plays a critical role in stress distribution and 
in maintaining the mechanical stability of the rock mass 
at the Voskhod deposit.

Fig. 5 illustrates the stress redistribution zones oc-
curring during the extraction of the initial chambers for 
the left, central, and right segments of the longitudinal 
section in the model with 12 m-wide pillars. This ap-
proach provides a visual representation of the stress het-
erogeneity and enables the assessment of how the exca-
vation of the first chamber influences rock mass stability 
in different areas of the section.

During the extraction of the first chamber, a signifi-
cant expansion of the zone characterized by a lack of 
strength reserve is observed. In the central workings of 
the cross-section, a sharp stress redistribution occurs: 
the rock mass strength reserve drops from 0.62 to 0.00, 
leading to a complete loss of load-bearing capacity in 

a b c

Fig. 2. Geological Strength Indices:
a – for group I; b – for group II; c – for group III



80	 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, № 3

pillars Nos. 2 and 3, located on the hanging wall side. 
When the chamber in the central part of the section is 
mined, the stress is displaced from the western side of 
the extracted area, with the main load being concen-

a b c

Fig. 3. Strength envelopes:
a – for group I; b – for group II; c – for group III

Table 3
RocLab calculation results and input data for Phase2 

numerical modelling
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I 44.88 453.09 0.185 0.0001 0.32 2.63

II 6.83 89.95 0.595 0.0002 0.31 4.03

III 1.57 11.17 0.432 0.0001 0.31 4.03

trated on the inter-drift pillar. This pillar enters a failure 
stage due to loss of structural integrity.

Conversely, the influence of chamber excavation on 
the hanging wall side is negligible. In this scenario, the 
inter-drift pillars and the sublevel rock mass in this zone 
retain their load-bearing capacity, indicating a stable 
stress distribution under this mining configuration.

Fig. 6 shows the distribution of failure-prone zones 
during the excavation of the initial chambers in the left, 
central, and right parts of the longitudinal section for a 
model with 10 m-wide pillars.

During the excavation of the first chamber (Figs. 5, a 
and 6, a), a substantial expansion of the zone lacking 
strength reserve is observed compared to the initial state. 
Excavation from the footwall side leads to stress redistribu-
tion on pillars Nos. 1, 2, 3, and 4, with the central pillars 
(Nos. 3 and 4) bearing the highest loads, potentially result-
ing in significant damage to excavation support systems.

When the chamber in the central part is extracted 
(Figs. 5, b and 6, b), the load is redistributed such that 
pillar No. 2 experiences a notable increase in stress, 
while the excavation located between Pillars Nos. 4 and 



ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, № 3	 81

Finally, the formation of a no-strength zone above 
the excavation between pillars Nos. 2 and 3 during op-
eration and the subsequent excavation of a second 
chamber (Fig. 6, d) results in the complete loss of load-
bearing capacity in these pillars. This scenario warrants 
special attention in mine planning.

In contrast, excavation from the central and hanging 
wall sides is less favourable due to the significant stress 
redistribution into the central portion of the sublevel, 
resulting in increased stress concentration on the inter-
drift pillars.

The safest configuration is the initial excavation from 
the hanging wall side, as it induces less pronounced 
stress redistribution compared to central chamber ex-
traction. However, the subsequent excavation of a sec-
ond chamber from the hanging wall side leads to the 

Fig. 4. Simulated pillar width configurations:
a – 12 m; b – 10 m

a

b

Fig. 5. Modelling results for pillar width of 12 m:
a – excavation of the left-side chamber; b – excavation of the 
central chamber; c – excavation of the right-side chamber

a

b

c

5 enters a failure-prone zone. Extraction of the chamber 
on the hanging wall side (Figs. 5, c and 6, c) induces 
only minor changes in stress distribution, generally pre-
serving rock mass stability in this zone.

Fig. 6. Modelling results for pillar width of 10 m:
a – excavation of the left-side chamber; b – excavation of 
the central chamber; c – excavation of the right-side cham-
ber; d – excavation of the right-side chamber followed by 
the extraction of a second chamber

a

b

c

d
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complete loss of load-bearing capacity in pillars Nos. 2 
and 3, which could compromise excavation stability be-
fore mining in this zone is completed.

Additionally, simulations indicate that 12 m-wide 
pillars maintain greater structural stability compared to 
the 10 m-wide configuration. This is particularly evident 
for pillars Nos. 3, 4, and 5, where the expansion of fail-
ure zones results in the loss of load-bearing capacity – 
especially pronounced in pillar No. 4.

Given that both excavations and pillars are continu-
ously subjected to mining-induced stress during opera-
tion, a progressive deterioration in the condition of in-
ter-drift pillars is observed. Moreover, this degradation 
process accelerates during active ore extraction. To 
identify and characterize hazardous zones that arise 
during development and operation phases, an additional 
analysis of displacement data from benchmark stations 
was carried out on previously mined sublevels. This 
analysis not only allows for assessing the impact of min-
ing on the mechanical stability of the rock mass but also 
enables the adjustment of future mining plans in accor-
dance with the displacement dynamics.

Benchmark stations have been installed throughout 
all main and production workings at the Voskhod mine, 
with intervals of 50 and 10 m, respectively. The previ-
ously mined sublevel was developed using excavations 
with a pillar width of 12 m, and the average length of the 
mined drifts was 63 m. Measurement analysis revealed 
that benchmark stations located within the ore body ex-
hibit significantly higher displacement rates compared 
to those situated in the host rock. These findings are 
consistent with the analysis of the physico-mechanical 
properties of Group III rocks.

For illustrative purposes, this study uses displace-
ment data from benchmark stations installed on the 
+ 60 m sublevel, which is aligned with the direction of 
drift development and ore extraction. This alignment 
coincides with the planned +30 m sublevel, allowing for 
a representative assessment of displacement dynamics 
and the identification of high-risk zones under actual 
mining conditions.

A total of 204 benchmark stations were installed on 
the +60 m sublevel, of which 155 were located along pro-
duction drifts. Among these, 100 stations were posi-
tioned within excavations passing through the ore body. 
The data presented in Table 4 provide insight into the 
influence of mining activities on benchmark station dis-
placement trends.

Maximum and minimum displacements recorded 
range from 0 to 729 mm. Significantly higher average 

displacements were observed within ore-bearing zones 
reaching up to 123 mm indicating a more pronounced 
impact of extraction activities on the orebody. Further-
more, benchmark stations located at drift intersections 
and junctions exhibit the highest average displacements, 
up to 206 mm, highlighting these areas as critical from a 
stability and safety perspective. Based on the data sum-
marized in Table 4, the average displacement at the 
junctions of production drifts amounts to 206 mm, sug-
gesting the need for adjustment of the mining technol-
ogy in these high-risk zones.

As shown in Fig. 7, prior to the commencement of 
extraction operations, the displacement of the bench-
mark station reached 30 mm over a seven-month period. 
However, once mining began, a clear impact on the exca-
vation support system was observed. Over the subsequent 
six months of active extraction, the total displacement 
increased to 150 mm. A comparison of displacement 
rates before and after the onset of extraction, as of May 
11, indicates that the displacement velocity increased 
more than fourfold. During this six-month period, the 
mining front advanced by 50 metres toward the station.

It was further determined that when the distance be-
tween the extraction face and the benchmark station de-
creased to 25 metres, and before that specific section was 
mined, the displacement rate increased by another factor 
of six. Over the last five months of this monitoring peri-
od, the mining front advanced an additional 12.5 metres.

Benchmark stations located in ore-bearing drifts 
showed displacements two to three times greater than those 
installed in host rock drifts, and under prolonged extrac-
tion conditions, these values increased significantly. Dis-
placement monitoring of the excavation walls using bench-
mark data enabled the assessment of displacement rates, 
zoning of total displacement magnitudes, and subsequent 
adjustment of mining operations based on both the dis-
placement zones and their velocities, aiding in the planning 
and forecasting of hazardous geomechanical scenarios.

It was also found that benchmark stations located 
near or at drift junctions experience significantly greater 
displacements compared to those positioned along 
straight drift segments. In drifts where displacements 
exceeded 40 mm, visible cracking in the support systems 
was recorded. Given that benchmark stations in some 
cases registered displacements exceeding 200 mm, sup-
port structures in junction areas frequently required 

Table 4
Displacement data from benchmark stations 

on the +60 m sublevel

Parameter Number 
of stations

Displacement, mm
Max Min Average

Total stations 204 729 0 85
In production drifts 155 729 6 105
In ore-bearing drifts 100 729 17 123
In host rock drifts 55 187 0 29
At junctions/
intersections

34 729 17 206
Fig. 7. Displacement trend of a benchmark station
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maintenance, necessitating adjustments to mine plan-
ning for safe excavation operations.

These findings are supported by reports issued by the 
geotechnical department, which ordered reinforcement 
of primary support structures. Notably, over 80 % of the 
repair mandates were issued for areas located at drift in-
tersections. Under the current excavation and opera-
tional conditions with 12 m-wide pillars, the effects of 
mining activities on previously developed drifts are 
clearly manifested.

According to the data presented in Fig. 7, prior to the 
commencement of ore extraction, the total displacement 
of the benchmark station was approximately 30 mm over 
a period of seven months. However, once extraction op-
erations began, the influence of stoping activities on the 
excavation support system increased significantly: within 
the subsequent six months, total displacement rose to 
150 mm. A comparative analysis of the pre- and post-
extraction data indicates that the displacement rate in-
creased by more than a factor of four, while the mining 
front advanced by 50 metres during the same period.

Moreover, it was observed that when the distance be-
tween the benchmark station and the mining face de-
creased to 25 metres, the displacement rate increased 
sixfold. Even though the mining front advanced only 
12.5 metres over the last five months of observation, this 
was accompanied by a continued increase in displace-
ment. In practice, benchmark stations installed in ore-
bearing drifts record displacements that are two to three 
times greater than those located in host rock workings; 
over prolonged periods of operation, this discrepancy 
becomes even more pronounced.

Analysis of drift wall movement, based on benchmark 
station data, enables the determination of displacement 
rates, zonation according to cumulative displacement 
magnitudes, and the need for adjustments to mining op-
erations. This becomes particularly critical when forecast-
ing potentially hazardous geomechanical processes, espe-
cially in areas where displacement exceeds 40 mm. In 
junction zones, where displacements may reach up to 
200 mm, reinforcement and maintenance of the support 
system are required much more frequently. Notably, more 
than 80 % of geotechnical maintenance reports issued by 
the engineering department concern these junction areas 
emphasizing the significant impact of mining operations 
and the importance of displacement monitoring under 
real-world conditions, particularly when using a 12 m pil-
lar width during drift development and operation.

Conclusions. The analysis of experimental data and nu-
merical modelling for pillars with widths of 12 and 10 m 
yielded specific results illustrating the deterioration of the 
rock mass stability with decreasing pillar width. For in-
stance, during the extraction of the first chamber in the 
central part of the section, the strength reserve of the rock 
mass decreased from 0.62 to 0.00, indicating the complete 
loss of load-bearing capacity in pillars Nos. 2 and 3. When 
using 10 m-wide pillars, the area of zones with zero strength 
reserve increases compared to the 12 m configuration, re-
sulting in the accelerated failure of structural elements of 
the rock mass, including sidewalls and excavation roof.

The analysis of benchmark station displacement also 
provides specific quantitative indicators: prior to extrac-
tion, displacement was approximately 30 mm over seven 
months, whereas during active mining, displacement in-

creased to 150 mm within six months indicating more 
than a fourfold increase in displacement rate. Further-
more, when the distance from the mining face to the 
benchmark station was reduced to 25 m, the displacement 
rate increased sixfold, even though the face advanced only 
12.5 m during the last five months. These numerical val-
ues highlight that the use of 10 m-wide pillars under cur-
rent support conditions leads to a significant decline in 
mechanical stability of the rock mass and necessitates ad-
ditional reinforcement measures and adjustments to min-
ing operations to ensure safe working conditions.
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Мета. Проведення комплексного аналізу геоме-
ханічного стану гірського масиву родовища «Вос-
ход» з метою оптимізації технології розробки руди 
шляхом чисельного моделювання й оцінки впливу 
ширини ціликів на стійкість гірничих виробок 
у складних гірничо-геологічних умовах.

Методика. У роботі застосована сучасна методи-
ка чисельного моделювання з використанням про-
грамного забезпечення Phase2 і RocLab, що дозво-
ляє відтворити реальні умови розробки родовища. 
Основним інструментом для оцінки механічних 
властивостей гірських порід є емпіричний критерій 
руйнування Хоека-Брауна, інтегрований у моделі 
напружено-деформованого стану масиву. Експе-
риментальні дані, отримані під час випробувань 
зразків, включають характеристики міцності на 
стиск і розтяг, модуль пружності, коефіцієнти зче-
плення, коефіцієнт Пуассона й інші фізико-меха-
нічні параметри, що дозволяє сформувати паспор-
ти міцності для груп порід.

Результати.  Отримані результати показали, що 
зменшення ширини ціликів з 12 до 10 м призводить 
до суттєвого зниження несучої здатності гірського 
масиву, що проявляється у збільшенні зон без за-
пасу міцності й погіршенні стану міжштрекових 
ціликів. Аналіз вимірювань із реперних станцій по-
казав, що швидкість зміщення зростає більше ніж 
у чотири рази при переході від очисних робіт до пе-
ріоду стабілізації, а зменшення відстані до вибою 
спричиняє ще різкіше зростання зміщень.

Наукова новизна. Полягає в інтеграції сучасних 
методів чисельного моделювання з аналізом польо-
вих даних, що дозволило виявити критичні залеж-
ності між параметрами гірничих виробок і динамі-
кою руйнування гірського масиву.

Практична значимість. Полягає у можливості за-
стосування отриманих результатів для оптимізації 
технології видобутку руди на родовищі «Восход», 
підвищення безпеки гірничих робіт і зменшення 
економічних втрат, пов’язаних з обвалами й ава-
рійними ситуаціями.

Ключові слова: геомеханіка, чисельне моделювання, 
цілик, стійкість гірського масиву, родовище «Восход»
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