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MATHEMATICAL MODELLING OF TAILINGS DAM STABILITY BASED ON
GEOMECHANICAL ANALYSIS WITH VARYING KEY PARAMETERS

Abstract. The aim of this study is to analyze the influence of the key parameters of dams on the stability safety
factor in terms of a developed numerical model of one of the control sections of the ‘Kryvi Luky’ tailings storage facility of
PJSC ‘Ordzhonikidze Mining and Processing Plant’ (Ordzhonikidze GZK). The study considers both geomechanical
parameters and variability of the influencing factors, with the subsequent scaling of the obtained results to different types
of dams under similar mining-geological and hydrogeological conditions.

A geomechanical state of the research object was modelled, and a numerical calculation involving a finite element
method was performed. The obtained data were compared with the results of monitoring observations. Convergence of
the results from the test calculation and field studies confirmed the correctness and reliability of both the computational
scheme and the obtained results.

A series of stability factor calculations was performed according to changes in following key parameters: unit
weight, internal friction angle, cohesion and deformation modulus of the dam materials etc. Overall, a variation analysis
confirmed that the stability factor increases along with the decreasing slope angles and increasing base width. In this
regard, an immediate height of the structure and the filling levels of the sections were among the significant parameters.
However, excessive increases in dam height led to the stability loss of the entire system.

It was also confirmed that friction and cohesion, although dependent on unit weight, are not the dominant factors
compared to the shear forces, which increase along with the growing integral value of the material’s unit weight within
the dam body.

Based on the research results, a hypothesis was proposed regarding the expediency to develop a set of measures
that would allow for adjusting the balance of the main influencing parameters. In particular, artificial enhancement of the
dam material characteristics (either mechanically or chemically), while controlling a moisture content of the dam body, is
quite promising, especially considering the dual effect of the material's weight within the dam structure. At the same time,
the available moisture within the dam body is a critical factor affecting the overall safety level of the facility.

Keywords: dam, tailings storage facility, analytical studies, geomechanical stability, monitoring, stability safety
factor.

1. Introduction

A great share of any process of mining and processing of mineral resources is
accompanied by the accumulation of significant volumes of industrial waste, which,
depending on the adopted technology, may be in various aggregate states. Fine and
dust-like wastes from the processing stage are usually transported hydraulically to
tailings storage facilities [1-3].

Like all other hydraulic structures, tailings storage facilities are subjected to
substantial loads from numerous external factors [3, 4], including water pressure,
temperature fluctuations, precipitation, erosion etc. Accordingly, the stability of such
structures depends considerably on their ability to withstand these loads without
failure or critical, beyond-design deformations [5, 6].

Thus, ensuring the stability of the tailings dam foundations, i.e. by implementing
effective geomonitoring systems, which includes both field observations and
geotechnical modelling with forecasting of possible development scenarios, is a

relevant scientific and practical task. The goal of this task is to provide predictable
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control over the technical condition and operational suitability of the entire complex
of hydrotechnical structures included into a specific tailings storage facility.

A direct analysis of the geomechanical stability of a tailings storage facility
allows for a highly reliable assessment of its load-bearing capacity and the timely
identification of potential hazards. This makes it possible to implement preventive
measures promptly, reduce accident risks, and ensure the overall safety of the
structures and the adjacent areas [3, 7].

Thus, the aim of this study is to evaluate the effect of the key dam parameters on
the stability safety factor in terms of a developed numerical model of one of the
control sections of the ‘Kryvi Luky’ tailings storage facility of PJSC ‘Ordzhonikidze
Mining and Processing Plant’, taking into account geomechanical parameters and
variability of the influencing factors, with the subsequent scaling of the obtained
results to different types of dams (external, internal, constructed in a single stage or
through gradual raising, with or without a cutoff wall etc.) under similar mining-
geological and hydrogeological conditions.

According to open sources, currently there are about 465 tailings storage facilities
in Ukraine, with a significant number located in the Dnipropetrovsk Oblast.

The dams of the ‘Kryvi Luky’ tailings storage facility of PJSC ‘Ordzhonikidze
Mining and Processing Plant’ were selected as the research object.

Figure 1 — Image of the site from Google Maps (a) and extraction from the borehole layout scheme
of the 2021 engineering survey works (b), where the purple line indicates the area of increased
thickness of the plastic-consistency soil lens compared to 2017

The previous research stages [8] comprised the update for a topogeodetic
framework including the establishment of a base of reference stations; restoration of
the control and observation network within the structure; and implementation of a
geomonitoring system through the systematic execution of comprehensive
engineering-geological and hydrogeological surveys (Fig. 1). At this stage, a
corresponding basis was established to implement a system to monitor technical
conditions of the tailings storage facility. It involved obtaining the baseline data for
subsequent analytical studies and substantiation of a set of technical solutions to
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ensure the long-term stability of the facility and its future reconstruction. Specifically,
detailed plans and cross-sections of the structure were developed; a geological and
lithological composition of the soil mass was determined; the engineering-geological
and hydrogeological conditions were assessed; and the physical and mechanical
properties of the soils were defined [8].

2. Methods

The available global and national experience shows that substantiation of the
rational approaches to ensuring the stability of such specialized construction facilities
as tailings storage facilities, when each of them is situated within its own unique
mining-geological and hydrogeological conditions, is possible while using modern
methods of geomechanical process modelling [9-14].

A geomechanical modelling of the facility conditions is based on determining the
components of the stress-strain state (SSS) of the artificially created environment,
treated as a deformable continuous solid body, which includes the components of
stress tensor, relative strains, and displacements. The entire system stability is then
assessed in terms of a certain criterion derived from the adopted theory of strength.

In this study, a finite element method (FEM), which has proven highly reliable, is
applied to determine SSS of the tailings storage facility. Regarding problems in
structural mechanics, FEM allows for consideration of the structural characteristics of
the rock mass comprising both the immediate tailings facility and its foundation,
taking into account heterogeneity, fracturing, stratification, and other features.

Furthermore, in problems of geomechanics where a study object is represented by
soil or rock mass, the actual deformation magnitudes can only be obtained if a
deformation model allows for irreversible (plastic) deformations. It is the failure of
the dam materials and its foundation as well as their deformation beyond strength
limits, that is responsible for the vast majority of all emergencies. Therefore, the
structure stability must be assessed within the framework of an elastoplastic material
model that allows for a nonlinear relationship between stresses and strains as well as
material strength based on a corresponding criterion.

In the practice of geotechnical calculations, Mohr-Coulomb strength criterion is
the most widely validated one [7, 8, 10, 11].

It should be noted that not all software products capable of implementing FEM
are suitable for studying geomechanical processes. Only those are applicable, that can
solve elastoplastic problems, based on strength conditions appropriate for describing
failure of brittle rocks under dilatancy. To meet the requirements, a well-established
software product ‘Phase 2’ by Rocscience was selected as the primary working
environment [15].

The analytical studies were carried out by analyzing the results obtained using the
Strength Reduction Method (SRM), which makes it possible to determine the critical
stability factor, expressed as the strength reduction factor (SRF).

SRM is applied to linear failure criteria, such as Mohr-Coulomb criterion. When
the Mohr-Coulomb criterion is used with the strength reduction method, cohesion,
internal friction angle, and dilation angle are reduced simultaneously until mechanical
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equilibrium is lost. The reduction of material parameters results in decreasing shear
strength of the soil, which eventually becomes unstable. This phenomenon leads to a
slope failure under a certain combination of loads, material properties, and boundary
conditions. The ratio between the initial cohesion and cohesion at failure defines a
stability safety factor.

The essence of the method is in a gradual reduction of the material strength
parameters (e.g. internal friction angle and cohesion) in the model until it reaches a
state where calculation no longer converges. The point at which convergence is lost is
considered the critical state; the maximum strength reduction factor at which it occurs
Is used to determine the stability safety factor.

Thus, a strength reduction method, combined with the finite element method, is a
tool for determining the stability safety factor in geomechanics. It is rather
informative to analyse the stability of slopes and earth embankments.

3. Results and discussion

Being residual objects of the mining industry, tailings storage facilities are a
significant potential hazard to the environment and population. Any accident at these
sites can lead to severe environmental and human consequences [5-7].

As mentioned above, a significant number of tailings storage facilities are
concentrated in the Dnipropetrovsk Oblast, five of them are located within the
Nikopol manganese ore basin. These structures were selected for comparative
analysis at the earlier stages of the research. These are following tailings facilities:
Morozov gully, Baburin gully, Berehove gully, the one in the Marievskyi quarry of
PJSC ‘Marhanets Mining and Processing Plant’, and the tailings storage facility in the
‘Kryvi Luky’ area of PJSC ‘Ordzhonikidze Mining and Processing Plant’.

The listed tailings storage facilities were constructed mostly in gullies by building
of dams and containment embankments. During their construction, there were no
technological processes for foundation preparation or cutoff walls, and much of the
design and as-built documentation has now been lost. As a result, today we have
tailings storage facilities built largely in gullies by means of dams and containment
embankments, sometimes within the worked-out space of a quarry. Even a visual
assessment of the dam conditions shows signs of scour beneath them, exposed seams,
reed overgrowth on the dams, and the condition of water intake and spillway
structures, slopes, berms, and dam crests all require reinforcement or restoration
measures [8].

The ‘Kryvi Luky’ tailings dam of PJSC ‘Ordzhonikidze Mining and Processing
Plant’ is the most illustrative among these facilities; it was selected as the primary
object for the subsequent studies.

The results of the previous comprehensive monitoring of the technical state of the
‘Kryvi Luky’ tailings dam [8] made it possible to identify the main causes of
deformation processes and develop corresponding recommendations to ensure its
geomechanical stability. They also helped determine main directions for further
research and compilation of a complete set of necessary baseline data for further
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development and verification of a digital model of the facility, including the
following:
—-  the monitoring made it possible to identify and localize potentially
hazardous areas and determine the causes of dam stability loss;
- a series of drainage, anti-filtration, and reinforcement measures were
recommended to reduce the emergency risks; and
- the need for an in-depth geotechnical analysis for further operation of
such structures was substantiated.

The main objectives of the study were to model stability of a dam and determine
the critical parameters affecting its stability and resilience.

As the baseline option for the calculation scheme, a cross-section along the 30
group of boreholes in the eastern section of the tailings storage facility was selected
(see Fig. 1). As an example, Fig. 2 shows geological cross-section of the surveyed
area, while the main characteristics of the engineering-geological elements (EGE)

and their physical and mechanical properties are represented in Table 1,

Table 1 — Geomorphology of the dam and main physical and mechanical characteristics of the

engineering-geological element (EGE) within control section No. 30

Specific soil | Modulus Internal Specific
No. EGE weight p, of  |Poisson’s| friction Cohpesion .
(EGE) KN/m? elasticity| ratio « | angle ¢, MPa ’
(MN/M®) | E, MPa deg
il- i _ 17.9
1 Soil-vegetation Iayer_ _Ioam, 18 035 20 0.03
dark brown, humified (0.0179)
Fill soil — heavy, silty loam 189
5 Wlth layers and_ inclusions (_)f - 9.5 0.35 12 0.02
light clay, of firm and semi- (0.0189)
firm consistency
Fill soil — light, silty loam with 195
3 | streaks of sandy loam, brown, 7.3 0.35 13 0.03
of low-plastic consistency (0.0195)
Fill soil — light, silty clay, 20.1
4 |brown and light brown, of firm 14.5 0.30 19 0.081
and semi-firm consistency (0.0201)
Fill soil —silty sand with sand 19.9
5 inclusions, brown to dark 11.6 0,30 26 0.015
yellow, of plastic consistency (0.0199)

A schematic layout of the computational model (2D cross-section of the dam
within the control section), made in the Phase2 software environment, is shown in
Fig. 3.

For clarity, Figs. 4-8 show graphical results of the modelling for the ‘baseline’

scenario, along with the corresponding charts.
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As the graphs demonstrate, the stability factor for the baseline scenario (current
state of the control cross-section) is Critical SFR = 2.18 > 1, meaning that the mass
(the dam body within the section) is in a stable state. It corresponds to the results of
field observations and, together with the convergence of the test calculation results,
confirms the correctness and reliability of both the calculation scheme and the
obtained results.

Legend Abs. elev., m Scale: horizontal M 1:5000 Depth and absolute
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;1’(; :?:Iusw(vsffhghr clay, brawn 27.0 v 2127607 QL g 201720, 157772
Light silty loam with sandy loam 26.0 /3 ZGDS'EH'? 301 "2‘6-051:‘3::“""’/\\
h ’/) interlayers, brown, stiff-plastic ' I |
consistency 25.0 | |
% Light silty clay brown to light brown, ’ |
iff to y 24.0 f
3 7.7 Silty sandy loam with sand 23.0
-~ L5771 inclusions, brown to dark yellow, ' |
plastic consi: y i
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| |
Left - depth of layer bottom 21.0 | |
and borehole bottom, m 20.0 |
0.7H27.60 Right - absolute elevation of ; |
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Plastic (for sandy loam) Abs. elev. of collar, m 29.15 29:15
Distance, m 61.4

Figure 2 — Extraction from the geological cross-section along the 30th group of boreholes within the
eastern section of the ‘Kryvi Luky’ tailings storage facility
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Figure 3 — Schematic view of the baseline computational model
(2D cross-section of the dam within the control section)
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Figure 4 — Distribution of the stability factor along the mass contour for the baseline scenario
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Figure 5 — Summary plot of the stability factor
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Figure 6 — Summary plot of the maximum shear
deformations (m) along the mass contour
(at 0.1 m inward from the contour) for the

baseline scenario
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Figure 7 — Summary plot of stress values 6y (M)
along the mass contour
(at 0.1 m inward from the contour)

Figure 8 — Summary plot of stress values o, (M)
within the dam body

The next stage involved performing a variation analysis by changing the key
parameters of the computational model and identifying the most influential ones for
the subsequent substantiation of rational solutions to ensure dam stability and for
scaling the obtained results to similar mining-geological and hydrogeological
conditions. Table 2 shows the adopted range of variable parameters relative to the
baseline scenario.

The calculation results made it possible to define that the dam’s technological
parameters are the ones having the greatest influence on the stability safety factor
(Table 3).

The analysis of the calculation results given in Table 3 confirms generally that the
stability safety factor increases along with the decreasing slope angles and increasing
base width. At the same time, the optimal approach is to maintain the natural slope
angle for the corresponding dam material (which can sometimes be difficult to
achieve due to technological specifics of the facility and anisotropy of the
embankment material). Another significant parameter is the immediate height of the
structure and filling levels of the sections. As the results show, excessive increase in
slope height leads to a loss of stability of the entire system.
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Table 2 — Adopted range of variable parameters relative to the baseline scenario

Parameters Description Value Min Max Increment
a, deg slope angle 36 15 60 5
A m berm width 32.536 5 50 5
B, m base width 108.016 50 140 10
H,m slope height 11.633 10 46 4
1, KN/m? unit weight (layer 1) 17.9 15 22 0.7777
V2 unit weight (layer 2) 18.9 15 20 0.5555
73 unit weight (layer 3) 19.5 17 22 0.5555
V4 unit weight (layer 4) 20.1 13 21.5 0.9444
Vs unit weight (layer 5) 19.9 15 21 0.6666
Vmid - 19.26 15 21.3 0.7
@1, deg internal friction angle 20 15 40 2.7777
02 - 12 12 23 1.2222
03 - 13 10 25 1.6666
Q4 - 19 6 22 1.7777
@5 - 26 14 28 1.5555
Omid - 18 114 27.6 1.8
c1, kPa cohesion 30 5 35 3.3333
C2 — 20 5 40 3.8888
C3 — 30 10 60 5.5555
C4 — 81 5 100 10.5555
Cs — 15 2 21 2.1111
Cmid - 35.2 5.4 51.2 5.0888
E1, kPa deformation modulus 15000 | 2000 | 20000| 2000

(Young’s modulus)

E. — 9500 12000 | 24000 | 1333.333
Es — 7300 9000 | 27000 2000
= — 14500 9000 | 19000| 1111.111
Es — 11600 7000 | 37000| 3333.333
Enmid — 11580 7800 | 25400| 1955.556

Table 3 — Summary table of the results of a series of calculations of the dam slope stability
factor in terms of parameter variation (Nv is variant number; Kust_L is stability safety factor of the
left slope; and Kust_R is stability safety factor of the right slope)

NV Slope angle a, deg Base width B, m Berm width A, m Slope height H, m
o | Kust L|Kust R|B, m Kust L| Kust R| Am| Kust L| Kust R| Hm| Kust L| Kust R
1] 15 3.25 224 | 50| 1.7 0.76 5 2.14 541 | 10 | 2.24 3.89
2| 20 2.56 2.6 60 | 1.69 136 | 10 | 2.12 509 | 14| 157 2.49
3| 25 2.25 2.7 70 | 1.85 178 | 15| 2.15 463 | 18 | 1.25 1.41
4| 30 2.07 3.28 | 80| 1.89 192 | 20 | 211 405 | 22| 111 1.12
5| 35 1.91 336 | 90| 191 217 | 25| 214 3.78 | 26 | 0.97 0.98
6 | 40 1.76 3.41 |100| 1.9 264 | 30 | 211 3.5 30| 081 0.79
7| 45 1.62 3.71 |110| 1.9 3.14 | 35| 212 3.4 34| 0.67 0.63
8| 50 1.5 439 | 120 191 361 | 40 | 211 323 | 38| 0.61 0.54
9| 55 1.41 474 | 130 191 431 | 45| 212 3.04 | 42 0.6 0.43
10| 60 1.41 573 | 140| 1.93 4.9 50 | 2.11 2.72 | 46 | 0.58 0.36
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Tables 4-7 represents the results of a series of stability factor calculations
corresponding to the variations in: unit weight of the dam materials y, KN/ms3; internal
friction angle of the dam materials ¢, degrees; cohesion of the dam materials c, kPa;
and deformation modulus of the dam materials E, kPa.

As Table 4 shows, while friction and cohesion depend on the unit weight, they are
not dominant compared to the shear forces, which increase as the integral value of the
unit weight of the dam body material rises. In this scenario, a unit weight increase is
almost directly proportional to a decrease in the overall stability.

Table 4 — Results of a series of calculations of the dam slope stability factor in terms of parameter
variation — unit weight of dam materials y, KN/m3

Nv V1, kN/m?® V2 V3 V4 V5 Ymid Kust_L
1 15 15 17 13 15 15 2.48
2 15.7777 15.5555 | 17.5555 | 13.9444 | 15.6666 15.6999 24
3 16.5555 16.111 18.111 14.8888 | 16.3332 16.3999 2.34
4 17.3333 16.6665 | 18.6665 | 15.8332 | 16.9998 17.0999 2.27
5 18.1111 17.222 19.222 16.7776 | 17.6664 17.7998 2.21
6 18.8889 17.7775 | 19.7775 17.722 18.333 18.4998 2.15
7 19.6667 18.333 20.333 18.6664 | 18.9996 19.1997 2.1
8 20.4445 18.8885 | 20.8885 | 19.6108 | 19.6662 19.8997 2.05
9 21.2223 19.444 21.444 20.5552 | 20.3328 20.5997 2.01
10 22.0001 19.9995 | 21.9995 | 21.4996 | 20.9994 21.2996 1.96

Table 5 — Results of a series of calculations of the dam slope stability factor in terms of parameter
variation — internal friction angle of dam materials ¢, deg

Nv @1, deg 02 @3 02 02 Prmid KUSt_L
1 15 12 10 6 14 11.4 1.92
2 17.7777 13.2222 11.6666 1.0777 15.5555 13.1999 2.02
3 20.5554 14.4444 13.3332 9.5554 17.111 14.9999 2.12
4 23.3331 15.6666 14.9998 11.3331 18.6665 16.7998 2.22
5 26.1108 16.8888 16.6664 13.1108 20.222 18.5998 2.32
6 28.8885 18.111 18.333 14.8885 21.7775 20.3997 2.43
7 31.6662 19.3332 19.9996 16.6662 23.333 22.1996 2.55
8 34.4439 20.5554 21.6662 18.4439 24.8885 23.9996 2.68
9 37.2216 21.7776 23.3328 20.2216 26.444 25.7995 2.77
10 39.9993 22.9998 24.9994 21.9993 27.9995 27.5995 2.9

Table 5 shows that unlike the negative effect of the unit weight of the dam body
material on the overall stability of the facility (the material’s self-weight results in
almost direct increase in shear forces), an increase in the internal friction angle of the
dam materials has a distinct positive impact on its stability.

The analysis of a series of calculations of the dam slope stability factor in terms of
varying deformation modulus of the dam materials confirms that soil with a high
modulus of elasticity (deformation) deforms less under loads, making it more
resistant to shear and failure. Nevertheless, in this particular case, its influence on the
overall stability is not critical, although it will necessarily be considered when
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substantiating the selection of appropriate reinforcement methods during the design

phase.

As Table 6 demonstrates, a similar positive effect on the dam stability is observed
along with the increasing cohesion of the dam body materials.

Table 6 — Results of a series of calculations of the dam slope stability factor in terms of parameter
variation — cohesion of dam materials c, kPa

Nv c1, kPa C2 C3 Cs Cs Cmid Kust L
1 5 5 10 5 2 5.4 1.21
2 8.3333 8.8888 15.5555 15.5555 4.1111 10.4888 1.47
3 11.6666 12.7776 21.111 26.1111 6.2222 15.5777 1.72
4 14.9999 16.6664 26.6665 36.6667 8.3333 20.6666 1.97
5 18.3332 20.5552 32.222 47.2223 10.4444 25.7554 2.23
6 21.6665 24.444 37.7775 57.7779 12.5555 30.8443 2.46
7 24.9998 28.3328 43.333 68.3335 14.6666 35.9331 2.71
8 28.3331 32.2216 48.8885 78.8891 16.7777 41.022 2.95
9 31.6664 36.1104 54.444 89.4447 18.8888 46.1109 3.21
10 34.9997 39.9992 59.9995 100.0003 20.9999 51.1997 3.46

Table 7 — Results of a series of calculations of the dam slope stability factor in terms of parameter
variation — deformation modulus of dam materials E, kPa

Nv E1, kPa E, Es E4 Es Emid Kust
1 2000 12000 9000 9000 7000 7800 2.13
2 4000 13333.33 11000 10111.11 10333.33 9755.56 2.13
3 6000 14666.67 13000 11222.22 13666.67 11711.11 2.13
4 8000 16000 15000 12333.33 17000 13666.67 2.13
5 10000 17333.33 17000 13444.44 20333.33 15622.22 2.15
6 12000 18666.67 19000 14555.56 23666.67 17577.78 2.13
7 14000 20000 21000 15666.67 27000 19533.33 2.15
8 16000 21333.33 23000 16777.78 30333.33 21488.89 2.14
9 18000 22666.66 25000 17888.89 33666.66 23444.44 2.14
10 20000 24000 27000 19000 37000 25400 2.15

It should be noted that a first-level baseline model is too complex and resource-
intensive for the operational facility monitoring. Therefore, at the second stage, it is
planned to develop an interpretative mathematical model that will be a translator
between the calculation data and field measurement results. The second-level model
will perform several tasks:

- development of diagnostic indicators — based on a series of first-level
calculations, analytical relationships of varying degrees of detail (statistical,
regression or neural network-based) are derived, linking operational factors (water
level, temperature, tailings particle size distribution etc.) with control parameters
(deflections, filtration rates, pollutant content etc.);

- calibration and verification — comparison of theoretical values from a
geomechanical model with actual sensor readings to refine the facility parameters;
and
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- forecasting — the second-level model allows for assessing whether the current
state of a hydraulic engineering facility falls within design, technological, and
environmental standards.

The analysis of the research results also makes it possible to hypothesize that it is
advisable to develop a set of measures that can adjust the balance of the key
influencing parameters. Although the primary retaining forces (friction and cohesion)
do not prevail directly over the shear forces (the most significant being the material’s
unit weight, physical height, and slope angles), artificial enhancement of the material
properties through mechanical or chemical means appears quite promising. It is
particularly relevant considering the dual effect of the dam body’s material weight:
on the one hand, a higher unit weight increases pressure on the slope; on the other
hand, in a dry state with proper compaction, it enhances shearing resistance by
increasing frictional forces. In this context, the available moisture within the dam
body becomes a critical safety factor, as confirmed not only by analytical studies but
also by practical experience, including field investigations within this area. Key
considerations include economic feasibility, technical possibility of implementing the
relevant design solutions, and timing. Relying on the results of specific survey stages,
it was recommended to implement a series of drainage, anti-filtration, and
reinforcement interventions as the initial measures to reduce the emergency risks at
the facility.

4. Conclusions

One of the most effective mechanisms to control the operating conditions of
tailings dams is to monitor their technical state. Among other things, this approach
makes it possible to accumulate essential technical data and collect and analyse
current statistics both for a specific facility and for the groups of facilities. Immediate
monitoring conducted at various stages of this study, i.e. of the ‘Kryvi Luky’ tailings
dam of PJSC ‘Ordzhonikidze Mining and Processing Plant’, helped identify and
localize potentially hazardous areas and determine the dam stability loss causes.

Analysis of the geomechanical stability of the tailings storage facility enables
both a highly reliable assessment of its load-bearing capacity and timely
identification of potential hazards. This, in turn, allows for the prompt
implementation of preventive measures to avoid accidents and ensures the overall
safety of the structures and the surrounding areas.

The result of this research stage was identification of the influencing factors on
the geomechanical dam stability, being the basis for developing a fundamental
mathematical model of tailings dam stability. The basic mathematical model
represents the initial stage of a two-level (or multi-level) modelling process, where
stage one involves development of a geomechanical model of the hydrotechnical
structure, and stage two forms a mathematical model to interpret calculation results
using the model developed during stage one. As the modelling result, the objective of
developing a baseline model to obtain a ‘theoretical response’ of the structure (stress-
strain state) under various loading scenarios was achieved.
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A stability factor for the baseline scenario (current state of the control cross-
section) is Critical SRF=2.18 >1, indicating that the mass (the dam body at the
control section) is in a stable condition. It corresponds with the field observation
results and, together with the convergence of the test calculation results, confirms the
correctness and reliability of both the calculation scheme and the obtained results.

The results of a series of stability factor calculations were also obtained and
analyzed with respect to variations in the following dam material parameters: unit
weight; internal friction angle; cohesion; and deformation modulus.

In general, the variation analysis of the baseline computational model by adjusting
its main parameters confirms that the stability factor increases along with the
decreasing slope angles and increasing base width. Another significant parameter is
the immediate structure height and filling levels of the sections. As the results show,
excessive increases in slope height leads to a loss of stability of the entire system.

It should be noted that, although friction and cohesion depend on the unit weight,
they are not dominant relative to the shear forces, which increase along with the
growing integral value of the unit weight of the dam body material. In this scenario,
an increasing unit weight is almost in direct proportion to a decrease in the overall
stability.

In contrast to the negative effect of a unit weight of the dam body material on the
entire structure stability (the self-weight of the material leads to an almost direct
increase in shear forces), an increase in the internal friction angle of the dam
materials has a clear positive effect on the stability. Similarly, an increase in the
cohesion of the dam body materials also influences positively the dam stability.

The next stage of the research will involve risk assessment and scaling the
obtained results to similar mining-geological and hydrogeological conditions.
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MATEMATUYHE MO[ENIOBAHHA CTIAKOCTI [OAMBM XBOCTOCXOBWUILA HA OCHOBI
FEOMEXAHIYHOIO AHANI3Y 3 BAPIALIIEIO OCHOBHUX BMNIMBOBUX MAPAMETPIB

[ogopyxa O.B., Psbko A.l., Xanumenduk O.B.

AnorTauis. MeToto poboTn € BOCTigXeHHs BNWBY OCHOBHWUX NapameTpis Aamb yepes koedilieHT 3anacy CTinkocTi
Ha MpuKnagi po3pobrneHoi YMcenbHOi Modeni OfHieEl 3 KOHTPOMbHWUX AinsHOK xBocTocxoBuwa «Kpusi Jlykuy AT
«OpaKOHiKiA3EBCbKWIA TipHNYO0-30aradyyBanbHuii KOMBIHATY i3 BpaxyBaHHAM reoMexaHiuHUX napamMeTpiB i BapiaTUBHOCTI
BMIMBOBMX YMHHWKIB 3 HACTYMHUM MacliTabyBaHHAM OTPUMaHWX Pe3ynbTaTiB CTOCOBHO Pi3HWX TwniB Aamb Ans
aHarnoriYHuX ripHNYO-re0NOriYHMX Ta rigPONOriYHMX YMOB B ManbyTHLOMY.

BukoHaHo mogentoBaHHS reoMexaHiyHoro ctaHy ob’ekTa JOCMMKEHb Ta YMCENbHUN PO3PaxyHOK 3a LOMOMOroH
MeTOAY CKIHYEHWX eNeMEHTIB Ta CMiBCTaBfIEHHS OTPUMaHWUX AaHWX 3 pesynbTaTami MOHITOPUHIOBUX CMOCTEPEXEHD.
36iXHICTb pe3ynbTaTiB po3paxyHKy TECTOBOI 3ajadvi Ta HATypHUX [OOCHiMKEHb MiATBEPAMNO KOPEKTHICTb Ta
[OCTOBIPHICT CaMOi PO3paxyHKOBOI CXeMM Ta OTPUMaHUX pesynbTaTis.

BukoHaHO cepito pospaxyHKiB KoediLieHTy CTIMKOCTI BiANOBIAHO A0 3MiHWM HACTYMHWX BMAWMBOBMX NapameTpiB:
NUTOMAa Bara, KyT BHYTPILLHBbOrO TEPTS, 34ENNEHHS Ta MOAY b NPYXHOCTI MaTepianis 4ambu Towo. BapiauiiHuin aHanis
[03BONMB B L{iNIOMY NiATBEPAMTY 3POCTaHHS KOEeQiLliEHTY CTIMKOCTI MpK 3MEHLUEHHI KYTIB YKOCIB i 3BinbLIEHHI WMPKHK ii
ocHoeu. OgHWM i3 CYTTEBMX NapameTpiB Npu LbOMY Takox crana 6esnocepenHs Bucota ob'ekTy Ta piBHi 3aMOBHEHHS
CEKLii, Npu LbOMY HagMipHe 30inbLIeHHs BUCOTW Jambu Npu3Beno A0 BTPATM CTIMKOCTI BCiei cuctemu.

Takox nigTBEPAKEHO, L0 OCHOBHI CTPUMYHOYI CIMK, @ CaMe TEPTA Ta 34ENNEHHS, Xou | 3anexartb Bif NMTOMOI Baru,
ane He € MepeBaXHUMU OO 3CYBHUX 3yCWMb, SiKi TUM Binblue YMM BULWMIA iHTErpanbHUA NOKA3HWUK NMUTOMOI Barum
MaTepiany Tina gamow.

3a pesynbTatamu poboTn BUCYHYTO NMPUMYLLEHHS LLOAO AOLINbHOCTI po3pobKM KOMMNEKCY 3aXO0AiB, siki 4O3BONSATL
3MiHI0BaTK BanaHc OCHOBHMX MapaMeTpiB BNNMBY — TaK, WTY4YHE NIABULLEHHS XapakTEPUCTHK MEXaHIYHUM abo XiMiYHNM
cnocoboM i3 KOHTPONEM BOMOrOCTi MacuBy Jambu € JOCUTb NEPCrEKTUBHUM, 0COBIMBO 3 BpaxyBaHHAM MOABINHOI Aji
Baru matepiany Tina gam6. Mpn UbOMy KpUTUYHUM (DAKTOPOM SIKMIA BMAMBAE Ha 3aranbHUi piBeHb Beanekn 0b'ekTy €
HasIBHICTb BOSIOTW B caMoMy Tini aamou.

KntouyoBi cnoBa: gamba, XBOCTOCXOBULIE, aHAMITWYHI OOCTIMKEHHS, TEOMEXaHiYHa CTilKICTb, MOHITOPUHT,
koedpiLlieHT 3anacy CTINKOCTI.
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