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Continuous numerical methods (FEM, boundary element method (BEM)) are used when studying the stress-
strain state (SSS) in regions distant from the underground rock mass structure [7]. Continuum methods [8] 
are not completely suitable for considering regions of rock masses with clearly identified block structures or 
fracture zones, whereas discrete methods allow the disruption of the continuity hypothesis to be of great help 
in studying rocks. And when studying the behaviour of nearby regions, it is more suitable and accurately to use 
the DEM for modelling with various modifications, which makes it possible to directly consider cracks and 
block structures [9]. 

Let us consider the modelling problem of constructing general models that allow us to study deformation 
processes and rock mass states in the regions where massive structures are formed. For the rock mass, its initial 
state can be considered within the framework of continuum mechanics, while its structure cannot be ignored 
when studying the SSS of rock mass when it is in an obviously massive region.

According to the simplified definition of regular packing [10], its parameters can be determined experimen-
tally rather than theoretically, by calibrating the model using field measurement data from real rock masses in 
the structural state under study.

Therefore, we imagine discontinuous regions of a rock mass as regular accumulations of blocks. In the 
DEM, deformations in the block structure are considered to be due only to the connections between individual 
elements [11].

Let us consider the following approach to study the deformation of indivi
dual blocks, representing the block as a system consisting of multiple internal 
solid elements interconnected by several connections (fig. 1).

Therefore, the deformation of the block occurs due  to the deformation 
of the connections between elements, which are considered as solid bodies. 
In this case, the entire discontinuous area is a system of several such block 
elements, which in turn are connected to each other by certain connections. 
That is, in order to simulate damaged or fractured areas in a rock mass, such 
block elements should be placed over all discontinuous areas.

We introduce the following restrictions on the shape of the individual ele
ments in the overall block structure. The shape of the elements is symmetri-
cal. Additionally, elements can have various shapes and sizes. We impose the 
same restriction on the connections between elements: in the general struc-
ture, the connections of the element i to its neighbours are symmetrical.

Therefore, the following problem is considered as a basic modelling problem: the study of the state of a pla-
nar structure consisting of internal elements which are interconnected by elastic and viscous connections when 
subjected to external loads (see fig. 1).

Construction of basic models
Let us consider the following model problem. As mentioned before, the state of the block shown in the 

previous fig. 1 is studied in the case of mi = m, i =1 16, . That is, the mass of each element is m, and the distance 
between the centroids of the internal components is l. Elements are connected by elastic and viscous damping 
links: l l l l l l l l l l l l l l l4 5 10 11 16 17 22 23 25 26 27 28 29 30 31, , , , , , , , , , , , , , , ll32 are elastic connections with stiffness coeffic 
cient k; l l l l l l l l l l l l l l l l1 2 3 6 7 8 9 12 13 14 15 18 19 20 21 24, , , , , , , , , , , , , , ,  are viscous links with a damping coefficient c. 
Each element mi in the system is displaced xi in the horizontal X-axis direction by a certain amount due to the 
overall (see fig. 1).

We solve the problem analytically using the Lagrangian equations of the second kind2. In order to consider 
the damping, it is necessary to introduce additional terms in the right part of the Lagrangian equations, taking 
into account the presence of medium resistance. Let the damping coefficient be η. Let us define a dissipation 
function G such that the resistance of the medium f and the dissipation function G satisfy the following rela-
tionship3:
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It can be seen from the appearance of  (1) that the dissipation function G has a power dimension, which itself 
reflects the loss rate of mechanical energy [12]. Taking into account the assumptions introduced, the Lagran
gian equations of the second kind can be written as follows:
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Fig. 1. The model of blocks  
consisting of 16 elements


