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 Results of geomechanical modelling of a stress-strain state of salt rocks in conditions of layer mining at mines of Belaruskali JSC are 
reviewed. There are sudden powerful gas dynamic phenomena (GDP) occur from the bedrock of mines such as salt and gas
emission, bedrock destruction followed by gas release. Moreover, there are areas that are potentially dangerous due to gas dynamic 
phenomena acting from the bedrocks. For the conditions of the Starobinsk deposit of potassium salts gas accumulations in bedrocks 
of mines are usually confined to clayish interlayers and layers in salt rocks. Therefore, it is assumed that disclosure of clay contacts is 
a geomechanical prerequisite for GDP. That leads to formation of channels for migration of free gases and formation of artificial 
gas-saturated zones under the influence of mining operations. 
Task statement includes setting of parameters for collapse of the roof rocks of the Third potash formation being under the 
mining, localization of plastic deformations in the enclosing rocks and opening of clay contacts in a salt thickness. It is
taken into account that collapsed rocks of a long face roof fill the goaf and form technogenic geo-environment with respect 
to their decompaction. The geo-environment is also included in the calculation scheme of mathematical modeling. In order
to determine a stress-strain state of rocks, a model of an ideal elastic plastic medium with internal friction is used. In this 
case, clay interbedding are described by Goodman's contact elements. 
Based on results of solution of a number of model problems in a two-dimensional statement, there is a conclusion made on the 
significant influence of clay interbedding in the bedrocks of a formation under the mining on the possibility of occurrence of gas
dynamic phenomena. It is established, that in presence of three and more clay contacts in the layer of underlying halite there are
conditions created for formation of a multi-stage focus of GDP, formed when gas-saturated clay contacts are exposed. Periodic 
character of formation of GDP focuses is noted during the movement of the front of cleaning works. 
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 Рассматриваются результаты геомеханического моделирования напряженно-деформированного состояния соляных пород в 
условиях слоевой выемки на рудниках ОАО «Беларуськалий», где из пород почвы горных выработок происходят внезапные,
достаточно мощные газодинамические явления (ГДЯ) в виде выбросов соли и газа, разрушений пород почвы,
сопровождающихся газовыделениями. Там же выявляются участки, потенциально опасные по газодинамическим явлениям из 
почвы. Для условий Старобинского месторождения калийных солей газовые скопления в породах почвы горных выработок,
как правило, приурочены к глинистым прослойкам и слоям в соляных породах, поэтому предполагается, что геомеханической 
предпосылкой проявления ГДЯ является раскрытие глинистых контактов, что приводит к образованию каналов миграции
свободных газов и формированию техногенных газонасыщенных зон под воздействием горных работ. 
Постановка задачи включает задание параметров обрушения пород кровли отрабатываемого Третьего калийного пласта,
локализацию пластических деформаций во вмещающих породах, раскрытие глинистых контактов в соляной толще. При
этом учитывается, что обрушенные породы кровли лавы заполняют выработанное пространство и с учетом разуплотнения 
формируют техногенную геосреду, которая также включается в расчетную схему математического моделирования. Для
определения напряженно-деформированного состояния пород используется модель идеальной упругопластичной среды 
с внутренним трением. При этом глинистые прослои описываются контактными элементами Гудмана. 
По результатам решения ряда модельных задач в двумерной постановке делается вывод о существенном влиянии
глинистых прослоев в почве отрабатываемого пласта на возможность реализации газодинамических явлений. 
Установлено, что при наличии трех глинистых контактов и более в слое подстилающей каменной соли создаются условия
для формирования многоярусного очага ГДЯ, образовавшегося при раскрытии газонасыщенных глинистых контактов. 
Отмечается периодический характер формирования очагов ГДЯ при движении фронта очистных работ. 
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Introduction 

Development of deposits of potassium salts is 
significantly complicated by gas-dynamic 
phenomena (GDP) that in most cases cause 
significant cost damage to potash enterprises and 
pose a real threat to the life of miners. Over the 
past three decades, there was a significant 
contribution brought to the study of nature, 
mechanism, development of forecast methods and 
methods for preventing GDP in potash mines  
[1-10] and coal mines [11-15]. However, during 
the development of potash deposits new types of 
GDP are araised that were unknown in the mining 
practice previously. For example, sudden powerful 
emissions of salt and gas at the interface of the 
long face-drift during the layer excavation of 
potash formations in the conditions of the 
Starobinskoe deposit of potassium salts [16-19].  
Due to the mentioned facts, there was an urgent 
need to study this type of GDP and develop 
possible methods to control gas dynamic processes 
in bedrocks of mine excavations. 

Gas dynamic phenomena occur in presence of 
gas accumulations in a contour part of the rock 
massif and fulfillment of the main destruction 
criteria [20-26]. For the conditions of the 
Starobinskoe deposit of potassium salts, gas 
accumulations in rock formations of mine 
excavations are usually confined to clay interlayers 
and layers in salt rocks [27-28]. Geomechanical 
reasons for GDP to occure are opening of clay 
contacts, that leads to the formation of channels for 
migration of free gases and formation of artificial 
zones saturated with gas under the influence of 
mining operations. 

Problem statement 

In order to assess the danger of development of 
GDP geomechanical modeling of the stress strain 
state of bedrocks was performed. Samples of a 
bedrock of the developed long face space during 
the mining of layers 2, 2-3, 3 under the conditions 
of layer excavation of the Third formation are used 
as a material for modelling. Areas potentially 
dangerous for bedrock gas-dynamic phenomena 
were identified. 

In general, this problem requires spatial 
mathematical modeling of the stress-strain state 
(SSS) of the salt rock massif. However, in order to 
understand the regularities of geomechanical 

processes (collapse of roof rocks of a mining 
formation, localization of plastic deformations in 
the enclosing rocks, opening of clay contacts in 
salt strata) that occur during the movement of a 
long face, and determine the degree of influence of 
the mechanical properties of rocks and 
technological parameters of cleaning on change of 
SSS of the salt massif it is requires to solve a 
number of problems that can be carried out in a 
two-dimensional statement. 

During the mining of a long face a two-
dimensional design scheme for estimating  
the change in a SSS of a rock massif is  
constructed perpendicular to the movement  
of the clearing front and corresponds to  
a typical geological section for the Starobinskoe 
deposit (Fig. 1). 

 
Fig. 1. Design scheme 

Boundary conditions were set based on the 
initial lithostatic stress state of the upper part of the 
rock massif such as horizontal displacements on 
the lateral faces and vertical ones on the lower face 
were assumed to be zero. At the upper boundary, 
the rock pressure was assigned equal to the weight 
of the overlying rock mass. A calculated region 
was under the action of mass forces by intensity i  
(specific gravity). 

In order to determine the rock SSS an ideal 
elastoplastic medium with internal friction  
was used. Parabolic envelope of Mohr circles 
was used as a plasticity condition in the 
compression region [29]. Localization  
of plastic deformations was possible with  
the fulfillment of the equation 
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where τmax is for maximum tangential stress,  
τmax = (σ1 – σ3)/2; σ is for normal stress,  
σ = (σ1 + σ3)/2; σc is for compressive strength, р  

is for ultimate tensile strength; σ1, σ3 are for the 
main stresses determined by results of 
mathematical modeling.  

It has to be noted that zones of localization of 
plastic deformations were identified with 
processes of crack formation due to the 
development of shear and tear cracks 
respectively. A numerical solution of the problem 
was carried out by a standard procedure  
of the finite element method [30]. To take into 
account plastic nature of rock deformation a 
secant matrix method was used [31]. 

Strength and deformation properties of 
elements of the geological section taken into 
account are presented in the table 1. 

Table 1 

Mechanical properties of rocks  
taken for calculation 

Rock 
Deformation 

modulus, GPa 
Compressive 
strength, MPa 

Tensile  
strength*, MPa

Silvinite 2.3 27 3 
Halite  2.3 27 3 
Carnallite  1.8 11 1 
Clayey-marly 
layer  

0.82 11 3 

Note. * In case of no experimental data the ultimate tensile 
strength is assumed different by an order of magnitude from the 
compressive strength limit. 

 
Tensile strength of rocks is much lower than 

their compression characteristics. Therefore, 
localization of tensile forces in any area of the 
massif is a prerequisite for rock destruction. At the 
same time, it is obvious that rocks destroyed under 
the action of tensile stresses will not collapse into 
the goaf space if they are surrounded by material 
that has not lost its bearing capacity. From that, the 
first condition for collapse of rocks was the exit of 
the zone of action of tensile stresses to the outcrop. 
Modelling of the process was performed by means 
of a special organization of the computational 

iterative process which include steps that are as 
follows: at each iteration finite elements that were 
adjacent to the boundary of the roof of a goaf 
space of regions of tensile stresses concentration 
were eliminated (nullified) [32]. 

Presence of clay interbedding in the roof of a 
long face is an additional factor that contribute to 
rock collapse. In this case, when the region of 
shear fracturing reaches the “open” clay contact, 
rocks collapse into the goaf space [33]. That 
criteria of rock collapse is considered by the 
calculation procedure through localization and then 
elimination from the calculations the areas 
bounded by the “open” clay interbedding and 
zones of shear fracturing. 

Collapsed rocks from the roof of a long face 
fill the goaf space and, taking into account their 
decompaction form an anthropogenic geo-
environment, which was also included in the 
calculation scheme of mathematical modeling. Its 
deformation properties were taken by an order of 
magnitude lower than the corresponding 
parameters of the rock massif. 

Deformation of clay contacts between layers 
was described by Goodman's contact elements [34, 
35]. The properties of clay contacts were taken 
from the data of laboratory studies [36] and are 
presented in the Table 2. 

Table 2 

Mean mechanical properties of clay contacts 
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2 1.60 0.98 0.14 1.29 1.63 0.06 
3.5 2.17 1.21 0.29 1.79 1.79 0.08 
5 2.93 1.27 0.25 2.62 2.31 0.13 

10 5.12 2.00 0.51 4.91 2.57 0.10 

Note. Mean value of adhesion coefficient C on the clay 
contact is 0.7 MPa, the angle of internal friction φ is 23°. 

 

Results of mathematical modeling 

Clay contacts significantly influence the nature 
of the destruction bedrocks of the goaf space. These 
effects are most clear in conditions of minimal 
bedrock loading by collapsed rocks (Fig. 2). Thus, if 

(1)
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there are no contacts or conditions for their opening, 
the unloading zone (Fig. 2a) covers a considerable 
part of the bedrock of the goaf space. That allows to 
degas this part of the bedrock. If there are three clay 
interbedding in a bedrock of a long face (Fig. 2b) 

then two of them are revealed. At that, continuity of 
the rocks that overlap the contacts is conserved 
which in the presence of free gases leads to their 
accumulation in the open contact, i.e. GDP 
formation. 

 
Fig. 2. Influence of clay contacts in a bedrock of a long face on change in SSS around  

the goaf space when moving away from an assembling drift 

 
Fig. 3. Behaviour of destruction of the rock massif during the movement of the cleaning front with a length  

of a long face equal to: a – 5 m; b – 10 m; c – 15 m; d – 20 m; e – 25 m; f – 30 m 
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The Fig. 3 shows the change in configuration of a 
rock massif when a long face move away the 
assembly drift during the mining of layers 2, 2-3, 3 in 
a section perpendicular to the cleaning front. 
Localization and amplitude of opening of the clay 
contacts are shown as well. Contacts in the roof are 
degassed as a result of mining, therefore only the state 
of the clay interbedding developed in a bedrock of a 
long face is analyzed. Opening of clay contacts is 
observed immediately during the movement of 
cleaning works front (Fig. 3a). If the length of a goaf 
behind the support is 10 m and more then the roof 
starts to collapse and contacts partially close (Fig. 3b, 
3c). In case a long face moves away from the the 
assembly drift then there is a destruction of 
interbedding and penetration of rocks collapsed during 
rock roof mining into the goaf backfilling (Fig. 3d). 
Rocks create an additional resistance which leads to 
the closure or degassing of contacts in the long face 
bedrock (see Fig. 3d) [37]. In some cases, collapse of 
the roof behind the face support does not take place 
immediately [38, 39]. That leads to the opening of 
contacts in a goaf bedrock and hence, create 
conditions for GDP occurrence (Fig. 3e). That 
contacts are closed after long face movement and 
collapse of rocks in the space behind the support  
(Fig. 3f). Thus, depending on physical and mechanical 
properties of the rocks, their decompaction and lateral 
variability of these characteristics as well, a certain 
periodicity in the character of the destruction of the 
rock mass in the area of the goaf space can  
be observed. At the same time there are focuses  
of GDP formed periodically in the face space of a  
long face due to the opening of contacts in a bedrock 
(see Fig. 3d, 3e, 3f). 

 
 

 

Conclusion 

Results of mathematical modeling of a stress-
strain state of bedrock during the mining layers 2,  
2-3 and 3 under the conditions of the layer 
excavation of the Third layer allowed drawing the 
following conclusions: 

1. It was established that there is an unloading 
area in a long face bedrock (underlying halite 
layer) in case when the bedrock does not contain 
clay inerlayers and the long face moves away from 
the assemly drift. There is no contact 
accumulations of free gas in the bedrock formed 
under mentioned conditions. 

2. It is established that if there are three or 
more clay contacts in the layer of the underlying 
halite then early opening of the contacts occurs. 
Overlapping rocks retain their continuity. Thus, 
conditions for the formation of a multilevel focus 
of the GDP formed during the discovery of gas-
saturated clay contacts are created. 

3. Temporary focuses of GDP can be periodically 
formed in the bedrock in case of roof overhang 
during the motion of the clearing front in the face 
space. 

The results of conducted studies were  
used to develop parameters of preventive drilling 
of degassing holders in the bedrock of mines. 
That allows to prevent gas-dynamic phenomena 
to occure from the bedrock during the processing 
of layers 2, 2-3 and 3 while implementation  
of various bord and pillar methods to develope 
the Third potash formation at mines  
of 1-4 RU and Krasnoslobodskiy mine  
2 RU of Belaruskali JSC. 
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