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REPORT
The object of research is to solve non-linear problems of consolidation of elastic-creeping heterogeneous soil bases.

The aim of this work is to create new and develop existing mechanical and mathematical models of the deformation process of large and small-scale inhomogeneous soil bases.

Development and development of computational schemes and analytical methods for studying the stress-strain state of multidimensional objects under nonlinear elastic-creeping deformations of compaction of the ground environment. Development of more accurate methods for calculating compaction of ground bases.

As a result of this research, a brief overview of existing theories and the current state of the issue is given; the problem is analyzed; the purpose and objectives of the research are determined; mathematical models of mechanics of nonlinear elastic-creeping inhomogeneous soils are developed. Based on these mechanical and mathematical models for describing the compaction process of multiphase inhomogeneous soils, new resolving equations of mechanics are obtained. They are solved in relation to a limited area of compaction. The effects of creep, inhomogeneity, structural strength of the soil, and the initial pressure gradient on the VAT of compacted soil massifs are established.

Comprehensive theoretical studies of the interaction of the base with the surrounding soil were carried out. Their precipitation is determined and the stress-strain state of the soil mass is estimated. The results of the research allowed us to determine the distribution of pressure in the pore fluid, stress in the soil skeleton, and changes in the sediment surface of the compacted soil mass.

Degree of implementation-recommendations are developed for design organizations to calculate the rate of precipitation of the foundations of structures located in difficult ground conditions.

Keywords: soil, base, compaction, consolidation, elastic, elastic creep, strength, initial pressure gradient, deformation, inhomogeneity, model, method, mechanics, axisymmetricity.
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– compression ratio;
М(x,y,z) – test point of the compacted array;
Е– the soil deformation modulus;
 k– filtration coefficient;
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– vertical movement of points on the upper surface of the compacted array;
 А, σ0 и С – dependence parameters determined from experiments.
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INTRODUCTION
    Currently, there are many different solutions to the problems of consolidation of earth masses obtained by methods of linear mechanics of compacted media. However, they make it possible to estimate the stress-strain state of the soil mass only for small stress ranges. In reality, the shape and size of the foundations of structures under certain loads change significantly, and the principle of small displacement becomes unacceptable, i.e. the linear law between stresses and deformations of compacted media ceases to be observed and it is replaced by a nonlinear relationship. It follows that in order to solve the problems of consolidation in a broad sense, it is necessary to abandon linear theory and move on to broader and more complex issues of nonlinear theory. The replacement of a linear law by nonlinear relations between stresses and deformations is the essence of physical nonlinearity.

Nonlinear problems of consolidation of a water-saturated earth medium without taking into account the viscous properties of the soil are considered in [1,2,3,4,5], where the main compaction equations are derived, when the soil permeability depends on porosity, and porosity on stress. Solutions of the one-dimensional problem for two simplest cases are given. The method of finite differences is used for the spatial and planar problem of consolidation of the earth environment with variable characteristics of the soil, which is taken as a two-phase system.

In the work of T. sh. Shirinkulov [6], solutions to problems in the theory of consolidation are obtained taking into account the nonlinear creep of soils. In the work of R. M. Barseghyan [7], the basic equations of the one-dimensional problem of the theory of consolidation of earth masses are given, taking into account their linear and nonlinear creep when the relations between the soil phases change during filtration. The resulting equations are rather cumbersome and numerical methods of mathematical analysis are proposed to solve them in General.

The nonlinear theory of heredity is used to describe the dependence of pile precipitation over time under the action of a constant load in [8]. The core of the integral equation is expressed as an exponential function of time. To compare the calculated pile sediments over time with actual precipitation, special field experimental studies with piles are organized. It is noted that this comparison gives satisfactory results.

Numerous experiments show that the creep of the soil increases with increasing stress. How exactly soil creep deformations develop over time at different stress levels and what relationship exists between them has been studied with sufficient completeness in systematic experiments [9,10].

Z. G. Ter-Martirosyan [11] also studied creep deformations of clay soils at high stress levels. It was found that under these conditions, the relationship between creep strain rates and stresses is nonlinear. The behavior of the soil in the region of nonlinear creep is very difficult and has not been fully studied, so at present, comprehensive studies of constant compressive stresses of various sizes are urgently needed.

Plane deformation of a physically nonlinear elastic ground medium is considered by A. L. Goldin [12]. In this case, the relationship between the bulk strain and the average normal pressure is assumed to be nonlinear, and the shear strain intensity depends nonlinearly on the shear stress intensity and the average normal pressure. The solution is sought by the method of successive approximations.

The behavior of soil in the region of nonlinear creep is very difficult and has not been fully studied. Therefore, comprehensive and in-depth experimental and theoretical studies of soil creep at high stresses are urgently needed. Moreover, the physically non-linear nature of soil creep is clearly manifested both with a stepwise increase in the load, and when loading samples with constant ones.
It should be noted that in many problems of the theory of mechanics of compacted media, in particular in problems of consolidation, nonlinear creep is often temporary, transient. The transition from the area of nonlinear creep to the area of linear creep is caused by the following factors:

1. The increase in the strength of the compacted soil over time;

2. Reduction of stress in the ground, which occurs in relaxation conditions, etc.

The assumption of a nonlinear relationship between creep stresses and strains leads to a significant complication of the creep equations. In this case, the equations of the nonlinear creep theory include a certain function 
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1 Development of mathematical models of the mechanics that allowed the accounting heterogeneity and non-linear creep of soils
1.1 Collection and analysis on the problems of determining the rate of precipitation of ground bases and roadbeds
In General, analyzing the research conducted on the theoretical issues of the theory of consolidation of highly compressible water-saturated clay soils, we come to the goal:

- to study the structural properties of clay soils;

- determining the main assumptions for studying soil compaction;

- consideration of devices for vertical drains in ground bases

- study of the properties of heterogeneity of weak soils;

- finding the equation of state of the soil skeleton;

- derivation of the main resolving equations of mechanics of compacted inhomogeneous soils;

- setting boundary conditions for problems;

- definition of standard calculation schemes.

Research problem:

- solving problems of compaction of inhomogeneous ground bases when installing vertical drains

- taking into account the structural compressive strength of the soil and the initial pressure gradient when calculating the compaction of inhomogeneous soil bases by vertical drains

- solutions of one-dimensional and axisymmetric problems of compaction of inhomogeneous elastic soil bases.

The phenomenon of consolidation of water-saturated soils is the process of convergence of soil particles, reducing the volume of pores, accompanied by squeezing water out of them. Therefore, the theory of soil consolidation can be considered as a problem of unsteady filtration in a deformable medium. Among foreign authors, we should mention the works of N. I. Carillo, R. E. Gibson, I. Mandel, tan Tiong-Ki, and others. At various stages of the development of the theory of consolidation, a certain contribution was made by the works of D. E. Polshin, J. M. Macheret, S. A. Roza, M. N. Goldstein, V. G. Korotkin, and others. The theory of consolidation has been widely applied in connection with the construction of high dams with clay cores, such as Charvak, Nurek and Rogun. Methods of consolidation theory are widely used in assessing the stability and capacity of waste storage facilities of mining and processing plants (tailings dumps, sludge storage facilities, etc.), in the construction of structures on "weak" soils, such as flood defenses in Leningrad. Consolidation tasks are no less important in connection with the construction of structures and installations in the offshore zone of the oceans. Currently, not a single project of a hydraulic structure that has clay or loose loose soils in its composition does not do without a calculated assessment of the processes of their consolidation.
The basis for success in solving physically complex problems of consolidation was the adoption of the three-component soil model by K. Tertsagi, N. M. Gersevanov, and especially V. A. Florin. Therefore, the sometimes proposed consideration in the problems of consolidation of three-phase soil, as a conditional two-phase (quasi-two-phase) and even more so single-phase (quasi-one-phase), is not necessary, and in some cases this can lead to errors and is certainly a step back.
     1.2 The equation of the compression curve

Soil compaction is mainly determined by its compressibility. The compressibility of the base depends on both the type of soil and the nature of the load. Dynamic loads cause significant compaction in sandy soils and weak compaction in clay soils. Long-term loads, on the contrary, strongly condense clay soils and weakly sandy ones.
 K. Terzaghi is represented by a logarithmic dependence                                          
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 In the case of a relatively small change in the value of the stress σ, the curved shape of the compression curve (1.2.1) can be replaced by a straight one, i.e.                                                                    
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(1.2.2)

Moreover а0 it is called the instantaneous compaction coefficient, and the larger the value а0, the more compacted the soil, so this parameter is called the compaction coefficient. However, the compaction coefficient or compaction of the soil gradually decreases as the stresses increase. Moreover, the compaction coefficients for weakly compacted clays reach values of а0 = 0,10-0,01 МПа, and for compacted clays are reduced to the values а0 = 0,05-0,01 МПа.

 Expression (1.2.2) for a triaxial stress-strain state is written as:                                          

                  
[image: image40.wmf]q

x

e

e

]

)

1

(

1

[

0

0

-

+

=

-

n

a

,



(1.2.3)

Thus, the processes of soil compression associated with time can significantly affect the nature of the Foundation and structure. Therefore, they must be taken into account when designing. To judge the size of the future soil precipitation under the Foundation, you need to know the dependence of changes in porosity on changes in pressure. However, the results of research have shown that the rate of compaction of clay soil significantly depends not only on the outflow of the pressed water, but also on the conditions of creep of the soil skeleton. Creep is one of the most frequent manifestations of the rheological properties of physical bodies.
 A characteristic feature of creep is a long-term weakly attenuated deformation of the body under the influence of a constant load applied to the body.

By their nature, clay soils also belong to rheological bodies and deformations associated with the creep phenomenon are usually reflected in the compaction of earth masses at speeds not exceeding a few centimeters per year. However, the process of compaction of the base of the structure may be in slow continuous motion without any signs of its final stabilization. Despite such a low intensity of deformation, they may in some cases be unacceptable for structures located on a deformable base. Especially in such conditions, the buildings and structures themselves are destroyed, which take a lot of money to build. An example and confirmation of this statement can serve as numerous buildings of the city of Shymkent, located within the slowly compacting ground bases. As a result of their uneven precipitation associated with soil creep, they are no longer suitable even before operation..

To describe the viscous properties of soils, various mechanical models were used, consisting of springs, cylinders with pistons filled with liquid and rigid-plastic bodies. The spring and viscous elements give an adequate representation respectively about the elastic obeys Hooke's law and viscous properties of the soil, subject to the law of motion of a Newtonian fluid. The mechanical behavior of such models under load and over time was described by rheological equations of the soil state, which relate its deformation, stress, and their time derivatives, and they had the form of a linear differential equation. Later, for the decision of tasks of compaction of soil environments were applied to the integral relations. One of the first who applied them to describe the state of the soil skeleton was V. A. Florin. In this case, the relationship between the soil porosity coefficient ε and the sum of the main stresses in the im skeleton is assumed as a linear relationship:    
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, (1.2.4)                          Time t from the unit load applied at time τ. It is, according to [1], taken as:
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       (1.2.5)     
   

The nonlinear relationship between the porosity coefficients and the sum of the principal stresses by analogy with (1.2.4) has the following form:
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  1.3 Heterogeneity of soil

The values of the coefficients reflecting the physical and mechanical properties of the compacted medium, generally speaking, can be different for different points. With changes in the stress-strain state of a point, they sometimes undergo a significant change. The solution of a large number of questions in the field of mechanics of compacted porous media can be clarified by introducing corrections that arise due to the variable nature of the coefficients. The need for such work has become particularly acute due to the intensive construction of large-scale industrial and civil structures. Note also that by appropriate substitutions, many problems of consolidation of earth masses can be reduced to differential equations of the type of thermal conductivity with variable coefficients.

As you know, during the process, the material changes its structural properties to one degree or another. When the properties of the medium change along the coordinate slightly or in the most random way, it is acceptable to take the corresponding coefficients and physical and mechanical characteristics as constant values when studying the phenomenon of compaction. However, in some cases, the heterogeneity of physical properties is so significant. Their change in the coordinate is so natural that it is unacceptable to neglect it. The latter forces us to move from solving differential compaction equations with constant coefficients to solving equations where all or individual coefficients are, ultimately, a function of coordinates.. This is due to the fact that recently the question of determining the precipitation of structures built on a continuously inhomogeneous base in depth has attracted a lot of attention.
In particular, when calculating structures lying on a solid Foundation, G. K. Klein takes the following expression for the modulus of soil deformation                                                 
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Where    
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  is the modulus of soil deformation at a depth of  z=1; the indicator n in most cases lies within  0 < n < 2.

This model was used by B. N. Barshevsky to solve some problems of consolidation of continuously inhomogeneous soils in depth and was further developed in the work on solving contact problems of deformable solid mechanics. When solving such problems, the modulus of soil deformation by Popov is taken as:
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where  Е,  – experimental data.
In contrast to the works listed below, we will determine solutions to the one-dimensional problem of compacted elastic medium mechanics, when the modulus of soil deformation is considered variable in depth. In particular, it can be represented as a power or experimental function.
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where   
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For a specific case, we will take 
[image: image52.wmf]9

,

5

)

026

,

0

1

(

65

,

2

)

(

z

z

E

+

×

=

 МПа.

If  when z = 5M и z = 10M  the  modulus of soil deformation will be equal to 5 МПа и 10 МПа, that:
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The solution of the equation of uplotnenia with variable coefficients associated with great difficulties. Therefore, an accurate analytical solution can be obtained for a very limited range of problems. In this connection, various approximate methods play the main role in carrying out certain calculations. However, even in these cases, the role of exact solutions remains quite important, since they are like standards that can be used to determine the accuracy of the applied approximate techniques.
           1.4 Anisotropy in the permeability of the soil
If the physical properties of the body are different in different directions, then we are faced with the phenomenon of anisotropy. In the process of compaction of earth masses, a special place is taken by taking into account anisotropy in the water permeability of soils. In such cases, the velocity vector of the ground flow at any point M of the compacted array instead of the ratio 

P gets a more General dependency of the form







.


(1.4.1)   
             
Here are the values 

 (i,j = 1,2,3)  they are components of the second-rank tensor-the filtration coefficient tensor.
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With (1.4.1) and (1.4.2) in mind, we write the main compaction equation in General form as follows:    





,        
 (1.4.3)

where 

          
[image: image55.wmf]ê

ë

é

+

×

÷

÷

ø

ö

ç

ç

è

æ

+

+

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

÷

÷

÷

ø

ö

ç

ç

ç

è

æ

i

x

P

K

x

P

K

x

P

K

div

grad

K

K

K

K

K

K

K

K

K

div

3

13

2

12

1

11

33

32

31

23

22

21

13

12

11

 

P

 

   

   

   

   

   

   

 

¶

¶

¶

¶

¶

¶


   
[image: image56.wmf]ú

û

ù

×

÷

÷

ø

ö

ç

ç

è

æ

+

+

+

×

÷

÷

ø

ö

ç

ç

è

æ

+

+

+

k

x

P

K

x

P

K

x

P

K

j

x

P

K

x

P

K

x

P

K

3

33

2

32

1

31

3

23

2

22

1

21

¶

¶

¶

¶

¶

¶

¶

¶

¶

¶

¶

¶

.
 (1.4.4)

If the components of the filtering tensor do not depend on coordinates, then the right-hand side of expressions (1.4.4) can be reduced to



You can make this expression look simpler by replacing independent variables with 


so that the mixed derivatives disappear. In practice, the marked replacement of independent variables can be performed in various ways. With the new coordinates, the matrix (1.4.2) will look like:
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Then the transformed equation of mechanics of compacted porous soils in the case of 

, reduced to the form

   

.
 (1.4.5)

The latter can be simplified further by assuming:

   
      

.

In this case (1.4.5) has the form;


     

,

 (1.4.6)

 in other words, it will take the same form as the compaction equation for homogeneous isotropic soils.
   1.5 Equation of nonlinear consolidation of heterogeneous soil bases

Here we give a General method for calculating soil bases, taking into account the nonlinear creep and heterogeneity of the soil itself. Moreover, the soil skeleton obeys the nonlinear Malov-Harutyunyan theory. The inhomogeneity of the soil is taken into account between the porosity coefficient and the sum of the main stresses. The functions that characterize the elastic-instantaneous deformation and creep deformation of the soil skeleton depend on the spatial coordinates.
          As an example, we consider the solution of a one-dimensional problem of consolidation of inhomogeneous elastic-creeping soils, where it is necessary to determine the stress in the soil skeleton 
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 compacted mass of inhomogeneous elastic-creeping soil of finite capacity. The design scheme is a layer of soil with a capacity of 
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Calculation formulas for calculating the stresses in the soil skeleton, pore pressure, and sediment of the compacted soil mass are obtained. When calculating the structure structure, a number of theoretical problems arise related to the need for additional consideration of the influence of heterogeneity and creep of materials. This relevance is related to the improvement of solutions to problems of consolidation of earth masses, taking into account the heterogeneity and creep of soil bases.

The success of engineering forecasting of such processes occurring in an array of clay soil under the influence of surface and volume forces largely depends on the degree of accuracy and completeness of the properties of the soil and the nature of the interaction of phases and particles in the mathematical model chosen to describe its stress-strain state.

The problems investigated by the authors in this paper to some extent fill this gap in the theory of multiphase soil consolidation. Based on this formulation of the problems of the theory of consolidation and creep, the problems of one-dimensional compaction of elastic-creeping inhomogeneous soils are investigated. The obtained solutions are presented as trigonometric functions.
If an inhomogeneous ground medium generally has the property of nonlinear creep, then the relationship between the porosity coefficient and the sum of principal stresses in General has the form (1.2.6), where
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And here the function 
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   (1.5.2)

   The dependence (1.2.6) for constant coefficients for the one-dimensional problem of the theory of compaction of homogeneous soils was first applied by V. A. Florin. He was able to apply the theory of the elastic-creeping body of G. N. Maslov-N. H. Harutyunyan to the description of the compaction process of clay soils with the creep property. S. R. Meschyan's experimental research proved the applicability of this theory to clay soils.
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    Function  а0  и  
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, the elastic-instantaneous deformation and creep deformation of the soil skeleton depend on the spatial coordinates. Therefore, the expression (1.2.6) can be represented as: 
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where
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       The expression (1.5.4) for (1.5.5), (1.5.6) gives the soil porosity coefficient depending on the sum of the main stresses. This ratio can describe any state of the soil skeleton. If 
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 the condition of the soil is elastic.
The process of compaction of a three-phase earthen medium without taking into account the viscous properties of the skeleton and the variability of the filtration coefficient according to (1.4.6) is described as follows
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          Given the relations (5) – (7), equation (8) is reduced to the following form:
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  If we take into account the ratio, i.e.
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then the equation (1.5.8) is reduced to the form:  
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For a one-dimensional problem of the theory of clay soil consolidation
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for a two-dimensional problem
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for a three-dimensional problem
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        Further reading 
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 we take as a polynomial (1.5.2). Substituting the expression (1.5.2) in (1.5.2), then we look for the solution of the resulting equation in the form
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Then the solution of the nonlinear integro-differential equation for the consolidation of earth masses (1.5.10) is reduced to determining the integrals of the following system of linear equations:   
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where                
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   Thus, the study of the nonlinear problem of mechanics of compacted inhomogeneous clay soils, taking into account their creep in this formulation, is reduced to solving linear integro-differential equations (1.5.19).
           It should be noted that the main consolidation equation (1.5.10) is obtained implicitly with respect to the creep measure 
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 equations (119).5. it will naturally have a different appearance. In this paper, we will use the following expression as this function:
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Substituting these expressions in (1.5.19), we obtain a recursive system of integro-differential equations of the form: 
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where
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        So, let's say we need to find continuous functions 
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 system of linear differential equations (1.5.20) and General boundary conditions
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Here G is a finite region bounded by a closed piecewise smooth surface G ; S is the external normal to G;  
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In General, this problem relates to non-uniform boundary value problems of the theory of consolidation of elastic-creeping soils, taking into account their physical nonlinearity. The solution to this problem, of course, presents great difficulties. However, the knowledge of the eigenvalues 
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 the corresponding homogeneous problem allows you to solve inhomogeneous problems.
The solution of the equation (1.5.20) is found using the perturbation method, which is successfully used in the theory of elasticity of inhomogeneous bodies. According to this method we introduce some small parameter i.e.                                   
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Here 
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 -   some continuous function that reflects the inhomogeneity of the compacted soil.The solution of equation (1.5.20) is represented as:                                          
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where  
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To determine this function, we substitute the expressions (1.5.23) and (1.5.24) in (1.5.20), then equating the coefficients for the right and left sides of the obtained equality, we find the following system of equations:                       
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where 
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       Having solved the system of linear integro-differential equations (1.5.25) under the corresponding initial and boundary conditions, we find the unknown functions 
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. Then, according to expressions (1.5.18) and (1.5.25), the sum of the main stresses in the compacted soil skeleton is represented as:
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       The pressure distribution in the pore fluid is found from the expression (1.5.9), i.e.
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Here   
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 - the pressure in the pore fluid corresponding to the initial time.
 The precipitation of the upper surface of the compacted array is found from the following expression                             
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where    
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Thus, the sum of the main stresses in the soil skeleton, the pressure in the pore fluid, and the vertical displacements of the upper surface of the compacted mass are found, respectively, from the formulas (1.5.26)-(1.5.28)
1.6 Nonlinear solution of the one-dimensional problem of consolidation of inhomogeneous elastic-creeping soils
Below, as an example, we will consider the solution of a one-dimensional problem of consolidation of inhomogeneous elastic-creeping soils, where it is necessary to determine the stress in the soil skeleton 
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       Determination of stresses in the soil skeleton  
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 by n = 1 it is reduced to solving a system of linear integro-differential equations obtained from (1.5.19). These equations can be reduced to second-order differential equations. To do this, both parts of (1.5.20) for n = 1 are differentiated by time, then the resulting expression is added with (1.5.20) after multiplying (1.5.20) by 
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Equations (1.6.1) are second-order differential equations with constant coefficients 
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т.е. with 
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             The boundary conditions of the problem under consideration are:                                                      
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     The solution (1.6.3) satisfying the boundary conditions (1.6.2)-(1.6.4) is obtained as:                                   
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 Substituting the expression (1.6.5) in (1.5.9), we obtain the stress in the skeleton of the compacted soil, the calculation scheme of which is given above. Therefore, the calculation formula for calculating the stresses in the soil skeleton has the form:                        
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The calculation formula (1.6.6) makes it possible to take into account the influence of the inhomogeneity of the medium and the physical nonlinearity of its formation on the stress-strain state of the compacted array. Moreover, the numerical implementation of the calculation formula (1.6.6) showed that the stress in the soil skeleton at each point of the compacted soil layer is obtained by 10, 15 percent less than for a homogeneous soil mass
2 Development of mathematical model of mechanics, which allows accounting for heterogeneity and non-linear creep of soils
2.1 Two and three-dimensional problems of the theory of inhomogeneous consolidating soils considering non-linear
The replacement of a linear law by nonlinear relations between stresses and deformations is the essence of physical nonlinearity. V. A. Florin [1], one of the founders of soil mechanics, was first engaged in solving such issues. In his works, using the equations of the nonlinear theory of creep proposed by N. H. Harutyunyan [2], he gives the basic equation of one-dimensional consolidation, describing the process of compaction of the earth's environment, taking into account the aging and creep of the soil. I got a solution for a special case when the compaction of the soil layer occurs under the influence of a uniformly distributed load.
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Moreover, the expression (2.1.1) is nonlinear and it is based on the nonlinear creep theory. The value appears in this equation 
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. We will use it later in drawing up the final expression that determines the form of the main equation of the issue under consideration.

The compaction equation without taking into account creep relative to stresses, according to [1], has the form:
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where 
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            Substituting expressions (2.1.1), (2.1.2) and (2.1.4) in (2.1.3), we find
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        The obtained equation (2.1.5) for (2.1.6) makes it possible to determine the sum of the main stresses in the compacted soil, which has nonlinear creep. However, to define the desired function  
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        Thus, the problem under study is reduced to solving the equation (2.1.5), the solution of which satisfies the initial (2.1.7) and the specified boundary conditions.

In engineering practice, the problem of compaction of the earth medium of finite capacity is of great interest. In this regard, we consider the compaction of a two-phase medium with a water seal at a depth bounded on the sides by watertight walls, and located under a uniformly distributed load q on the section (- a, a) applied at the time 
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Therefore, it is necessary to determine the solution of equation (2.1.5) that satisfies the boundary (2.1.8) and initial (2.1.7) conditions.

In view of the presence of a small parameter in the main nonlinear equation (2.1.5), its solution is represented as an infinite series, i.e
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        Substituting (2.1.9) and (2.1.2) in (2.1.5) and equating the coefficients for the same powers, we obtain the following system of recompetitive integro-differential equations:
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  Having solved the system of integro-differential equations (2.1.10), we find all the unknown functions 
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 calculated using the formula
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Where function 
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Here
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where
 
[image: image195.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

]

(

)

(

)

ï

þ

ï

ý

ü

ï

î

ï

í

ì

-

+

¶

¶

+

-

-

=

ò

å

å

=

-

-

=

-

-

t

k

t

r

k

ij

ij

k

t

r

k

ij

ij

ij

ij

d

e

Q

Q

e

t

Q

r

r

t

T

kij

kij

1

2

1

1

1

1

2

1

1

1

2

1

1

[

1

1

t

t

t

t

t

g

t

t

.(2.1.14)

Function 
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Other boundary value problems can be solved using the same method. In particular, the function 
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where
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After determining all 
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 the sum of the principal stresses, according to (2.1.9) and (2.1.11) - (2.1.15), is calculated by the formula:
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(2.1.16)

Then changes in pore pressure over time and spatial coordinates have the form
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Vertical movements of the upper surface of the compacted mass or the so called sediment of the soil layer with its nonlinear creep can be determined from the following expression:
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    Using the relations (2.1.11) - (2.1.15) and (2.1.18), we find the sediment of the compacted array
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where
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        Thus, knowing the relations (2.1.12), (2.1.17) and (2.1.19), we can calculate the sum of the main stresses, the change in pore pressure and the sediment of the compacted soil layer for any moment in time at each point.
Note that if the expression (2.1.3) accepts a small parameter 
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. This expression corresponds to a linear relationship between creep stresses and deformations. On the other hand, soil creep deformations are linear functions of stresses only if the stress is a sufficiently small part of the soil strength limit. If the ground stress exceeds this value, a nonlinear relationship appears. For practical use, you can take 
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 then there is a stationary nonlinear creep.
2.2 Solution of a three-dimensional nonlinear problem of consolidation of elastic-creeping soils

For practice, the case of compaction of three-phase soils of finite depth, where there may be a water-permeable layer, is interesting. In addition, the presence of bounding walls may be of independent interest. In this regard, we will consider the process of compaction of a soil mass in the form of a parallelepiped with a water-proof barrier at a depth of h and with water-proof walls 2ℓ1 и  2ℓ2. On the upper part of the surface of this parallelepiped with sides 2A and 2b, a uniformly distributed load with intensity is instantly applied q. At the same time, the elastic-creeping property of the soil obeys the nonlinear theory of G. N. Maslov–N. H. Harutyunyan [1].

The solution of the problem is reduced to a joint study of the following system of equations:
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       (2.2.2)
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Where function 
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[image: image218.wmf]]

1

[

)

,

(

)

(

1

1

t

g

t

-

-

-

=

t

e

a

t

С

;                                                          (2.2.4)

        Expressions (2.2.2), (2.2.3) substituting in (2.2.1), we find

[image: image219.wmf](

)

[

]

(

)

(

)

[

]

(

)

(

)

,

.

,

,

,

,

,

,

,

,

,

,

,

)

,

,

,

(

1

2

2

0

1

-

=

+

Ñ

=

¶

¶

¶

-

¶

¶

×

-

¶

¶

ò

k

k

nV

t

t

F

t

z

y

x

W

С

d

t

t

C

z

y

x

f

t

C

t

z

y

x

f

t

z

y

x

t

А

t

t

t

t

q

t

t

q

q

t

t

(2.2.5)

 where  
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The obtained equation (2.2.5) for (2.2.6) makes it possible to determine the sum of the main stresses in the compacted soil, which has nonlinear creep. However, to define the desired function 
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where 
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where          
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Thus, the problem under study is reduced to solving the equation (2.2.5), the solution of which satisfies the initial (2.2.7) and the specified boundary conditions.

Due to the presence of  small parameterin the main nonlinear equation (2.2.5), its solution is represented as an infinite series, i.e..
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where  
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       Substituting (2.2.8) and (2.2.2) in (2.2.5) and equating the coefficients for the same powers 
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, we obtain the following system of integro-differential equations:
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The boundary conditions of this problem, bearing in mind (2.2.9), can be represented as follows: 
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             Next, we will define the unknown functions 
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At the beginning, we solve equation (2.2.10) under boundary conditions (2.2.18), (2.2.19), and initial (2.2.20). We get this solution in the form:
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Here function  
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Values correspond to the roots of the characteristic equation of the form:
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 in (2.2.22) is defined from the following expression
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    Other equations of the system (2.2.10)-(2.2.17) can be solved in the same way. Moreover, the solution of the n – th equation that satisfies the boundary conditions of the problem under study has the form: 
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Where function
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Where 
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        Then the sum of the principal stresses (2.2.9), according to expressions (2.2.21)-(2.2.25), is determined from the following dependence
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Where function in (2.2.26) is defined from the expression (2.2.24).
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         The pressure in the pore fluid is found from the formula

[image: image263.wmf](

)

(

)

3

,

,

,

3

,

,

,

*

*

t

z

y

x

р

t

z

y

x

р

q

q

-

+

=

                                   (2.2.27)
In this case, the calculation formula for the precipitation of the compacted array is presented as
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where
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 Thus, the formulas (2.2.26) - (2.2.28) make it possible to determine the sum of the main stresses, the pressure in the pore fluid, and the sediment of the compacted soil layer, taking into account its nonlinear creep. The solution of this problem in this formulation shows that many problems of the theory of consolidation of multiphase soils can be solved taking into account their physical nonlinearity only, while preserving the geometric linearization. At the same time, the problems are reduced to inhomogeneous boundary-value problems of consolidation of elastic-creeping soils, and their solutions certainly present great difficulties. However, knowledge of the eigenvalues of some eigenfunctions corresponding to a homogeneous problem also allows us to solve inhomogeneous problems.

Of all the existing formulas that are accepted as a function that reflects the nonlinear relationship between stresses and deformations, the power function of stress with an integer indicator will allow us to construct analytical solutions for a number of problems of consolidation of elastic-creeping homogeneous and inhomogeneous multiphase soils.

2.3 Axisymmetric consolidation aging hereditary soil applied to calculation of vertical drains 

When building engineering structures on weak water-saturated soils, the problem often arises of accelerating the precipitation of embankments, reducing the time of consolidation of weak soil in the base. One of the most well-known methods of accelerating compaction of weak soil is vertical drainage of weak strata by forming vertical drainage wells under the sole of the structure to release water squeezed out of the base under the mass of the embankment. Until recently, mainly sand drains were used for the construction of drainage wells.

In the CIS, vertical sand drains were first used at svirstroi In 1930. Since the 30s, this method has been widely used in Europe and the United States at hydraulic, road and industrial construction sites.

Vertical drains are made of sand, cardboard or plastic tape in a paper casing. Sand drains are made similarly to sand piles, but they are placed much less frequently-usually after 2...4 m. Cardboard and plastic drains are submerged to a depth of 20 m by special machines.

It is considered that in order to prevent long-term precipitation of structures built on compacted soils by this method, the pressure at the bottom of the embankment should be slightly greater than the pressure transmitted to the base by the designed structure. However, the application of vertical loading in combination with drainage accelerates only precipitation that develops in the soil due to filtration consolidation. Meanwhile, in soils, along with filtration precipitation, creep deformations of the skeleton also develop during compaction, which, according to modern data, for some soils can account for up to 30 % of the total deformation and develop over decades.

The calculated provision of the method of filtration compaction of soils with static load consists in assessing the degree of consolidation and the amount of precipitation for any time. In addition, the designer must have a device that allows you to vary the size of the drains and the distances between them..

The disadvantage of deep compaction of soils by static loads with vertical drainage is the need for large volumes of soil to create embankments, as well as sand (if sand drains are used).

Existing calculations of bases with vertical drains are based on the theory of filtration consolidation. The calculations consist in determining the degree of compaction of the base soil under the influence of external load at any time.

The use of vertical sand drains usually reduces the time for consolidation of soil bases composed of weak water-saturated clay soils in the construction of transport, industrial and hydraulic structures.

When vertical drainage wells are installed in the thickness of highly compressible water-saturated clay soils, and a horizontal sand cushion drains from above, the filtration paths of the liquid squeezed out of the soil are significantly reduced. Moreover, the liquid that is under pressure from the action of the transmitted pressure is squeezed horizontally into the vertical drain and rises up into the sand cushion.

Vertical sand drains are usually arranged with a diameter of 20-30 cm. up to 30 m deep, located at a distance of 2 to 10 m from each other. The use of vertical drains to reduce the consolidation time of highly compressible water-saturated clay soils is very effective in such ground conditions when the permeability of the base soil in the horizontal direction is greater than the permeability in the vertical direction.

This method of accelerating the consolidation process and increasing the strength characteristics for weak water-saturated clay base soils has been applied in Russia, the USA, Germany, France, China, India and other countries. Currently, there are hundreds of structures that have been successfully used for vertical sand drains. However, it should be noted that often the results of existing theoretical calculations of the sediment of structures during compaction of soils differ significantly from the observed values of the sediment of certain structures.

To calculate vertical sand drains, the compaction of the soil around a single drain is considered. To do this, a prismatic block of clay water-saturated soil is cut out in a ground mass with planes that limit the scope of one drain from another, so that the drain is located along the vertical axis of the block. Then, for VAT calculation, the prismatic block is replaced with a ground cylinder of the same volume with a drain along the vertical axis of the cylinder.

Existing solutions to the problems of consolidation of water-saturated soils in the device of vertical sand drains together with a sand cushion are divided into solutions to two problems, namely, to solve the problem of consolidation of a layer of water-saturated soil, when the pressed water moves vertically up, i.e. towards the sand cushion, and to solve the problem of consolidation, when the water moves horizontally, i.e. vertically to the sand drain itself. After that, the obtained solutions to each problem are combined according to the method of N. Carillo.

In contrast to these works, this paper considers the case when these processes occur simultaneously, i.e., the solution of an axisymmetric problem in the theory of filtration consolidation. To solve this problem, we assume:

– for highly compressible water-saturated clay soils, at the initial moment of time, a part of the load instantly applied to the soil q, equal in magnitude to the structural compressive strength of the RSTR, is immediately perceived by the soil skeleton, i.e.                    
[image: image266.wmf]стр

0

p

q

p

t

-

=

=

          (2.3.1)

– the zone of influence of each drain is a cylinder, the area of the base of which is equal to the area of the base of the prismatic block. And the diameter of the cylinder base is equal to     
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(2.3.2)

If the vertical drains are staggered in the plan along the vertices of an equilateral triangle at distance b. For vertical drains located in the plan along the vertices of the square, the diameter of the base of the cylinder is equal to
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(2.3.3)

- water filtration proceeds according to the law
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(2.3.4)

where  
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– the initial gradient of the pressure head during filtration. It remains constant throughout the consolidation process;

- the soil is heterogeneous in its structure, i.e. the heterogeneity of the soil can be caused by a continuous increase in its density, and therefore its rigidity in depth under the influence of its own weight. This means that the properties of the soil are not constant in time and coordinates, but change depending on them. Moreover, a soil whose modulus of deformation continuously increases with depth is called continuously inhomogeneous.

- the Foundation soils are deformed in the vertical direction under the action of a constant load;

- the earth's environment is water-saturated, i.e. it consists of solid soil particles and fills its pores with water;

- in terms of water permeability, clay soil is anisotropic, and therefore its filtration coefficient differs in three mutually perpendicular directions;

- the viscous nature of clay soil deformation is expressed quite clearly, as a result of which the phenomenon of skeleton creep in some cases simply needs to be taken into account;

To solve the problem of mechanics of compacted water-saturated clay soils, the value of the initial gradient is considered constant throughout the consolidation process.

The compaction equation for the spatial problem of mechanics of compacted inhomogeneous soils with different properties in the vertical and horizontal directions takes the following form
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where
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(2.3.6)

From the expression (2.3.6) we have:
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Bearing in mind (2.3.7), equation (2.3.8) is reduced to the form
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where
 for a rectangular coordinate system:
              for a cylindrical coordinate system:
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If the ground medium has the property of nonlinear creep, then the relationship between the porosity coefficient and the sum of the main stresses has the form (2.2.2.), then (2.3.8), we find
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Differentiating the last equation (2.3.10) by t, then adding the resulting equality with (2.3.10), first multiplying it by (1, we obtain the following second-order nonlinear equation with respect to 
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where            

                                          
[image: image284.wmf])

,

(

]

)

1

(

1

)[

1

(

)

,

(

0

1

t

z

a

n

k

t

z

C

в

cp

V

g

x

-

+

e

+

=

;


(2.3.12)

                                       
[image: image285.wmf]x

k

k

x

x

=

;    
[image: image286.wmf]y

k

k

y

y

=

;    
[image: image287.wmf]z

k

k

z

z

=

.

           (2.3.13)

 Therefore, to find the desired function 
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The second initial condition follows directly from the nature of the load application, i.e.
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If instead of a non-linear function 
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 Thus, the solution of the nonlinear problem of mechanics of compacted inhomogeneous clay soils is reduced to solving the nonlinear equation (2.3.16) under (2.3.14), (2.3.15) initial and boundary conditions corresponding to the problem under consideration.

Let us consider some special cases of the equation (2.3.16).

1. Let the state of the skeleton of weak water-saturated clay soils obey the linear hereditary theory of G. N. Maslov-N. H. Harutyunyan. Then the equation (2.3.16) is reduced to the form
 Thus, the solution of the nonlinear problem of mechanics of compacted inhomogeneous clay soils is reduced to solving the nonlinear equation (2.3.16) under (2.3.14), (2.3.15) initial and boundary conditions corresponding to the problem under consideration.

Let us consider some special cases of the equation (2.3.16).

1. Let the state of the skeleton of weak water-saturated clay soils obey the linear hereditary theory of G. N. Maslov-N. H. Harutyunyan. Then the equation (2.3.16) is reduced to the form               
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The initial conditions for equation (2.3.17) are
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For this case, equation (2.3.17) is solved when (2.3.18), (2.3.19).

2. if the sealing medium is an elastic medium, then equation (2.3.17) is reduced to the form   
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 It should be noted that all the basic equations of mechanics of compacted water-saturated clay soils are given relative to the sum of the main stresses 
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Using (2.3.21) equation (2.3.16) with respect to pore pressure 
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If the state of the skeleton of a water-saturated compacted soil has the property of linear creep, then the main resolving equation of the mechanics of compacted clay soils has the form
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The initial conditions for (2.3.23) are
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For an elastic problem, equation (2.3.24) has the form
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    Determining the stress-strain state of weak water-saturated clay soils, which often turn out to be the bases of hydraulic engineering and industrial and civil structures, presents significant difficulties. In this regard, elements that are considered as bodies of the simplest geometric shape are often distinguished in structures and ground bases. The use of such calculation schemes significantly simplifies the analysis of the stress-strain state of structures and their ground bases

A design scheme is called one-dimensional, two-dimensional, and three-dimensional if the stress field in the region it describes is one-dimensional, two-dimensional, and three-dimensional, respectively. Three-dimensional calculation schemes usually lead to cumbersome algorithms. Therefore, preference is given to one-dimensional and two-dimensional calculation schemes. in each case, it is desirable to combine them in such a way that with a smaller amount of calculations, the required accuracy of the final results is achieved.

Typical design schemes of elements of cores or screens of dams and soil bases can be used for compaction of soil massifs and layers in the base of structures that are large in size compared to the thickness of the layer; for compaction of clay cores of dams from soil materials.

Thus, to calculate the consolidation of soil bases when installing vertical drains, you need to know:

structural properties of clay soils; basic assumptions for studying soil compaction; devices of vertical drains in soil bases; equations of state of the soil skeleton; basic resolving equations of mechanics of compacted soils; boundary conditions of problems; typical calculation schemes. At the same time:
– on the surface of a vertical drain with a radius of 
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– in the zones of influence of a vertical drain with radius R, water movement does not occur, i.e
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– on the horizontal surface of the soil mass, the excess pore pressure is zero, i.e.
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  – the lower horizontal boundary of the soil mass is impenetrable. Therefore,
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Expressions (2.3.27) - (2.3.30) are used as boundary conditions for solving problems in the theory of consolidation of earth masses.

Next, to determine the initial excess pore pressure P0 at all points of the soil mass, we use the basic model of V. A. Florin. At the same time, taking into account the immutability of the porosity coefficient at the initial moment of external load application, we find that the sum of the main stresses in the soil skeleton 
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         The initial stresses in the ground mass skeleton according to the main calculation model are found by the following formula:
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 Moreover, expressions (2.3.32) for a two-dimensional problem can be represented as:
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For a three-dimensional problem, it looks like
                                                     
[image: image324.wmf](

)

3

/

*

*

0

q

d

s

s

ij

ij

ij

-

=

                                       (2.3.34)       

Here, the additional tangential stresses that occur at the initial moment of instantaneous application of the load are equal to their final values. The corresponding normal voltages are much smaller.

It should be noted that in the case of a flat problem and a flat boundary surface, the determination of the above initial stresses in the soil skeleton after finding the values of р0  it's not a problem. Valid if the values are known 
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As can be seen from these formulas, the definitions of initial and final stresses depend on the propagation of instantaneous pressures in the ground. If the continuous function р0(r,z,t) for an axisymmetric problem previously found in any way, the initial stresses in the soil skeleton in relation to a bounded compaction area can be expressed as:
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Thus, to calculate the pore pressure values for any point in time and coordinates, you need to know the values of these values for the initial р0(r,z,0) = рнач moment of time 
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        Thus, the proposed calculation is based on assumptions;

1. during the entire compaction process, i.e. the entire duration of the load, the compressibility coefficient of the soil depends on the depth. This assumption is in good agreement with Popov's research.

2. the coefficients of soil filtration in the vertical and horizontal directions during the period of external load are different.

3. Excess pore pressure in the body of the sand drain is zero. It is in good agreement with the actual operation of vertical sand drains in the foundations of structures.

4. the Horizontal section of the ground remains horizontal during the entire compaction time.

5. The area of influence of each drain is a cylinder with a diameter equal to the distance between the drains. 
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                                               CONCLUSION
1. Solutions to flat and spatial problems of compaction of an array of multiphase inhomogeneous soil cannot be obtained in a closed form without making certain assumptions, the main of which is the hypothesis of the constancy of the sum of the main total stresses.

2. A characteristic feature of some of the soil is a layered texture,

which determines the anisotropy of their filtration properties, i.e. different filtration coefficients in the longitudinal and normal directions relative to the layers. Taking this property of the soil together with its creep into account in the consolidation equations leads to new qualitative results.

3. When predicting base precipitation, it is often necessary to

simultaneous consideration of creep properties and soil heterogeneity. This leads to a new qualitative result that better describes the layer precipitation over time. For this reason, the layer precipitation continues after the pore pressure has completely dissipated and is proportional to the logarithm of time.

4. The perturbation Method is one of the most effective methods for solving problems of

consolidation of inhomogeneous elastic-creeping soils. At the same time, it makes it possible to translate individual nonlinear equations into a system of linear ones.
APPLICATION A 
Buildings that are not suitable for further use
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Picture 1,1.1 Destruction of buildings
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                                       Picture 1.1.2  Destruction of buildings
APPLICATION B 
Determination of the stress-strain state of weak water-saturated clay soils
            Buildings that destroy                                                              z
                                                                                                q
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Picture  1  Design scheme of soil compaction under uniform load
Two-dimensional calculation schemes include figures 2. The calculation scheme of the rectangle type with water-tight walls and a water-proof barrier with various external loads applied on the upper surface of the compacted soil mass, as well as the final cylinders are used to determine the pore pressure and sediment of the bases of hydraulic and industrial structures.
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Picture 2.1  Design scheme of compaction of a ground rectangle

at a uniform load
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   Picture 2.2  Design scheme of compaction of a ground rectangle with a concentrated force
APPLICATION C 
Analysis of the stress-strain state of structures and their ground bases
      To analyze the three-dimensional compaction of the soil mass, a calculation scheme of the parallelepiped type with watertight walls and a water barrier at a certain finite depth is used. These calculation schemes are shown in figures 2.1 and 2.2.
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Picture3.1  Design scheme of compaction of a ground parallelepiped

with a uniformly distributed load.
                                                         Z
                                                                          Q
                                                                                        х  

                                                                                                          2(1   

                          у           2(1                                                                                                    

Picture  3 2  Design scheme of compaction of a ground parallelepiped

APPLICATION G
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14 Kabylbekov K. A., Dasibekov A., Abdrakhmanova H. K., Saidakhmetov P. A., Kedelbayev B. Sh. /"calculation and visualization of quantum mechanical tunneling effect" in the Matlab system// Izvestianational Academy of science of the Republic of Kazakhstan Kazakh National University Al-Farabi. 2019.112c-60C. (Ruc)
                                    List published works for 2020 

1.Dasibekov A.D., Kabylbekov K.A. Abdrakhmanova Kh.K., Saidakhmetov P.A., Saidakhmetov1 P. A.,  Makhanov1 T. Sh.,  Makhanov1  T. Sh., Kedelbaev B. Sh. THE MOTION WITH AIR DRAG OF A BODY LAUNCHED AT AN ANGLE ABOVE THE HORIZONTAL B. //  N E W S OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTANSERIES OF GEOLOGY AND TECHNICAL SCIENCES. – 2020. - Vol. 6. - 438. – P. 6 – 11. ISSN 2224-5278. (Eng)
2. Dasibekov A., Aymenov Zh. T., Arapov B. R., myrzaliev D. S., Takibaeva G. A. / EQUATION of CONSOLIDATION of NONLINEAR elastic-CREEPING INHOMOGENEOUS SOILS / / Academy of Sciences 2020 -5 p. (Ruc)
3. Dasibekov A. Aymenov Zh. T., Arapov B. R., myrzaliev D. S., Takibaeva G. A. / COMPACTION of LINEAR elastic-CREEPING INHOMOGENEOUS SOILS. // Academy of Sciences 2020 5 p. (Ruc)
4. Dasibekov A., Myrzaliev D. S. Monograph LINEAR and NONLINEAR problems of CONSOLIDATION of INHOMOGENEOUS elastic-CREEPING SOILS / / Shymkent, 2020 P-121. (Ruc)
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[image: image337.jpg]TIpunoxenns 1.1-1.19
k Jforosopy Ne__ ot 2018 r.
Ha rpaHTOBOE (PMHAHCHPOBaHHE

TEXHUYECKASI CHEHU®UKAIAA U
KAJIEHJIAPHBIU ILTAH PABOT

ITIo norosopy Ne oT 2018 roma

1. Pecriy6iiKaHcKoe rocy1apcTBeHHOE NPEANPHsITHE Ha TIPaBe X03AHCTBEHHOr0
Befenus «kOxn0-KazaxcTanckuii rocyaapcTBeHHbIH yHUBepcHTeT MM. M. AyssoBa»
MunucTepeTBa 06pasoBanus M Hayku PecyGunkn Kasaxcran

1.1 Ilo npuopurety: MHOPMALUOHHBIE, TEICKOMMYHUKALMOHHBIE H KOCMUYECKUE
TEXHOIOTUH, HAy4Hble HCCIENOBAHUS B OGTIACTH ECTECTBEHHBIX HAYK

1.2 ITo moampuopurery: DyHIaMeHTaIbHBE H IpPHKIAJHbIC HCCIEAOBAHUA B
obIacTH MaTeMaTHKH

1.3 Ilo Teme mpoexta: AP05133825 «PaspaGoTka MaTeMaTHYecKOd MOXEIH
neopMEPOBAHHS HEOTHOPOAHOTO YIPYTOIOI3YIero IpyHTa»

1.4 O6mas cymma mpoexra: 21 000 000 (xBaguaTh OXMH MHJUIMOH) TEHTe, B TOM
yycle ¢ pa30MBKOM 10 TOfaM, JUIs BBIIOIHEHHS paboT COrNacHO MyHKTY 3:

-Ha 2018 rox - B cymme 7 000 000 (ceMb MHJIJIHOHHOB) TEHTE;

-Ha 2019 rox - B cymme 7 000 000 (ceMb MHJUIMOHHOB) TEHTE;

- Ha 2020 rox - B cymme 7 000 000 (ceMb MUJIJIMOHHOB) TEHTE.

2. XapaKTepUCTHKA HAYYHO-TeXHHYeCKOH MPOXYKIHH N0 KBATH(PHKAHOHHBIM
NPHU3HAKAM H 5KOHOMHYECKHE NI0KA3aTeTH

2.1 Hanpasaenne paGorbri: OyHIaMEHTaIbHEIC W NPHKIAIHBIE HCCICIOBAHUS B
00671aCTH MaTeMaTuKu

2.2 O6aacTh npuMeHeHUst: IIpOEKTHBIE OPraHU3aIUY, HHCTUTYThI, KOHCTPYKTOPCKHE
Gropo, BY3BL.

2.3 KoHe4HbIi pe3yabTaT:

- 3a 2018 roa: Byner paspaGoTaHa MaTeMaTHYecKasi MOZENb MEXaHHKH, [03BOJISIOLIAs
y4eT HEOJHOPOAHOCTH M JHHEHHYIO IION3y4YecTh IPYHTOB. Byzer paspaGoraHa MareMaTHyecKas
MojieNs MeXaHuKH. byner omyGnuKkoBaHa 1 CTaThs B B PELEH3UPYEMOM 3apyOe:KHOM HAYIHOM
W3[aHKUH, HHIEKCHpyeMoM B 6asax maHHbeIX Web of Science mmm Scopus ¢ HEeHyJTeBBIM HMIIAKT-
(axTopom.

- 3a 2019 rox: BymyT ompeneneHBl pelICHHs MHOTOMEPHBIX 3aJad MEXaHHKH
YIUIOTHSEMBIX TPYHTOB C yYeTOM HX HEOTHOPOIHOCTH, (HIBTPAIOHHOM aHH30TPOIMH M
TMHEHHOM MOM3ydecTH. ByyT HallleHb! peleHns ABYMEPHBIX, TPEXMEPHBIX U OCECHMETPHUHBIX
3ana4. Omy6IuKOBaHHE I7IaBEI B KHHTE B Ka3aXCTAaHCKOM H3JaTenbcTBe. byner omyGmukoBana 1
CTaThs B B PEHEH3UPYeMOM 3apy0eKHOM HAayIHOM H3JaHHH, HHIECKCHPYEMOM B 0a3ax JaHHBIX
Web of Science umu Scopus ¢ HeHyJIeBEIM HMIAKT-GakTopoM. Byner omy6nukosana 1 craths B
PEIICH3UPYEMOM OTEUECTBEHHOM HAYIHOM XypPHAJIe C HeHyJIeBBIM HMIaKT-(aKkTopoM.

- 3a 2020 roa: Byzmer paspaboTana maTemaTHyeckas MOZEIb MEXaHHKH, IO3BOJIIOMIAs
Y4eT HEOITHOPOIHOCTH, (HIBTPALOHHON AHH30TPONMM M HEIMHEHHYIO IIOJI3y4ecTh IPYHTOB.
Tlomyyena HenMHe}HAs KOMIIPECCHOHHAS 3aBHCHMOCTE. Pa3paGoTaHa maTemaTHUeckas MOIEITh
HeNMHEHHOH MeXaHuKH. M31anre MoHOrpaduu 1o Teme HccnenoBanus. byner omyGmukosana 1
CTaThs B PELEH3UPYEMOM 3apyGe)KHOM HAyIHOM H3IAHWH, HHIEKCHPYeMOM B 0a3aX JaHHBIX
Web of Science mmm Scopus ¢ HeHyJIeBbIM HMIAKT-GakTopoM. Byner omy6iukopana 1 cTaTes B
PCIICH3HPYeMOM 3apy0e)HOM OTEUECTBEHHOM HAyYHOM JKypHAlE C HEHYJIEBBIM HMIIAKT-
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2.4 TTatenTocnoco6HoCTh: He matenTocmoco0Ha.

2.5 HayuHo-TexHHYeCKMH ypoBeHb (HOBM3HA): bBynmer ycraHoBieHa  HoBas
KOMIIPECCHOHHAS 3aBHCHMOCTB, MO3BOJIIONIAS YYECTh HEOJHOPOJHOCTH M BS3KHE CBOMCTBA
rpyHTOB. Ha OCHOBE HOBOM 3aBHCHMOCTH MEXIy KOI()(HIHEHTOM IOPHCTOCTH H CYMMOi
IJaBHBIX HANpSOKEHUH B CKeneTe TIpyHTa OymyT pa3paGoTaHBl MaTeMaTHYeCKHE MOJEIH
MEXaHHKH, KOTOpble  OyIyT IO3BOJSATH  ONHOBPEMEHHO  Y4YeCTh  HEOJHOPOIHOCT,
(DUITBTPAIMOHHYIO aHH30TPOIHMIO, IMHEHHYIO W QH3NYECKH HETHHEHHYIO MOI3Yy4ecTh TPYHTOBBIX
OCHOBaHHMH.

2.6 Vicnonp3oBanue HayJHO-TEXHUYECKOH MIPOYKIUK OCYIIECTBIISIETCS:
Hcnonuurenem.

2.7 BuI HCHONb30BaHUS pesylbTaTa HAaydHOH H (MIM) HAyYHO-TEXHHIECKOM
JIeITeTbHOCTH: MaremMaTHdecKas MOZIeb.

3. HaumeHoBaHuUe PaloT, CPOKH HX Peau3aALNH U Pe3yJIbTAThI

Mudp Haunmenoanue paGor mno CpoK BbITIOTHEHHS OxuaaeMblit pe3ysbTaT
3a7aHus, JIoroBopy H OCHOBHbIE
sTana STAIlbl er0 BhIIOTHEHHs o ORIEame
1 Paspaborka SuBapb Jo Byner paspaGoraHa MaTeMaTHuecKas
MaTeMaTHYeCKON MOZEH 2018r. 1 HOsOps | MOJeNb MEXaHHKHM II03BOJIABIIEH
MeXaHHKH, T03BOJIABLICH 2018r. |yuer HEOMHOPOAHOCTH, H IUHEHHYIO
y4eT HEOZHOPOJHOCTH, K TION3y4ecTh TPYHTOB. Byner
JMHEHHYIO TON3y4ecTh ony6nukoaHa 1 cTates B
TPYHTOB PELEH3UPYeMOM 3apyGeRHOM

Hay4YHOM M3/IaHHH, MHIEKCHPYEMOM
B Gasax mammbix Web of Science
WM SCOpUS C HEHYJIEBBIM MMIIAKT-

(akTopoM.

1.1 C6op u aHanu3 1o JaHHbIM | SIHBaph Mapr Byner cofpaH W MpoaHaIM3HPOBAaH
npobiemam 2018 . 2018 r. | MaTepual 1o JaHHBIM PoGIeMaM.

L2 Onpenenenue Anpens Hions Byner onpenenena KOMIpecCHOHHAs
KOMITPECCHOHHOI 2018 . 2018r. |3aBHCHMMOCTH
3aBHCHMOCTH

1k PaspaboTka MaTeMaTHYECKON Hione Centsbps | Byner paspaboraHa MaTeMaTHyeckas
MOJIETH MEXaHHKH 2018 r. 2018r. MOJIE/Tb MEXaHUKH.

1.4 Tpumenenue Oxra6ps Jlo Byner mnpumeneHa paspaGoTaHHas
paspaGoranHolt momemn k| 2018T. 1 HosOpst |Mozens K pemleHMAM  3ajay
PelIeHUsIM 3amau 2018r. KOHCONHMIALMN  TPyHTOB.  BymyT
KOHCO/TMJIALIUU TPYHTOB TIPHMEHEHBI 3aJa4qi KOHCONM/IALAH

rpyHToB. Bymer omyGamkosana 1
cTaThs B PeLIEH3UPYEMOM

3apy0eKHOM HAyqyHOM  H3/IaHMH,
MHIEKCHpyeMOM B 0a3ax aHHBIX
Web of Science mmu Scopus ¢
G HEHyJIEBBIM MMIAKT-(aKToOpOM






[image: image339.jpg]Pemenus MHOTOMEPHBIX
3anay MEXaHHKH
YIJIOTHAEMBIX ~ TPYHTOB  C
YHETOM HX HEOJHOPOAHOCTH,
uIbTpaLMOHHOM
AHM30TPONIUM M JIMHEHHOMH
TIO/3y4eCTH

STHBaph
201D

Jo
1 HOstGpst
2019r.

BymyT  pelneHsI  MHOTOMEpHbIE
3alaud  MEXaHHKH YIUIOTHAEMbIX
TPYHTOB c yueTom ux
HEOTHOPOJHOCTH, (DHIBTPALIHOHHON
AHM30TPONUHU " JTHHEHHOH
nonsyuectd  BymyT  onpeneneHs
pelleHHs ~ MHOTOMEpPHBIX  3a1ad
MEXaHHKH YIUIOTHAEMBIX TPYHTOB C
YUETOM MX HEOIHOPOIHOCTH, DHITb-
TPAaLMOHHOM ~ @HM3OTPONHH M
NMHeHHOM  momsyuect.  Bymer
omy6nvkoBana 1 crates B
PELeH3HpYeMOM 3apy6exHOM
Hay4HOM M3JaHHH, HHIEKCHDPYEMOM
B Gasax mammeix Web of Science
Wil SCOpUS C HEHyJIEBBIM HMIaKT-
akropom. OrmyGIHKOBaHHE IJ1aBbI
B KHHre B  Ka3aXCTaHCKOM
H3]1aTeNbCTBE.

2.1

PellieHns ABYMEpHBIX 3a1a4

STHBapn
2019r.

Mapr
2019r.

BynyT peuieHs! IByMepHbIe 3afauu.
Byayt HalJIeHbl pelieHns
JIByMEpHBIX 37184

22

Peluenus TpexMepHBIX 3a1a4

Anpens
2019 .

Hionp
2019r.

ByayT pelieHs! TpeXMepHbIe 3a1adH.
Bynyt TIOJTyYeHBI peleHus
TPEXMEpHbIX 3a7a4

23

Peenns ocecHMMETPHYHBIX
3aja4

Hions
2019r.

Centabpe
2019 r.

BymyT pelieHsl OCeCHMMETpHUHbIE
3a/a9H. Byner  ompenenensl
pelIeHHs OCECHMETPHUYHBIX 3ajady.
Bygyr omyGIMKOBaHEI TJIaBhl B
KHHTe B Ka3aXCTaHCKOM
H3J1aTeNbCTBE. Byner
omybnukopana 1 cTaTes B
PeLIeH3HpyeMOM OTEYECTBEHHOM
Hay4HOM OKypHale C HEHyIeBBIM
HAMIAKT-()aKTopoM.

24

Ipeanaraembie
dopmysbt

pacyeTHbIE

OxTsbps
2019r.

Jo
1 HosGps
2019r.

BynyT  mpeayioxkeHs

Byayr

pacueTHbie
(opmyeL. TIOJTyYeHBI
Tnpe/uiaraembie pacueTHbIe
tdopmynel.  Byner omy6Gnukosana 1
cTaThd B pelieH3upyeMoM
3apy0eKHOM HAydyHOM  M3/IaHWH,
WHIEKCHpYyeMOM B (a3aX JaHHbIX,
Web of Science mm Scopus c
HEHyJIeBBIM MMMaKT-(GakTopoMm.
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DUIBTPALMOHHON AHU3OTPONUM U
HEJIMHeHHYIO MOJ3y4eCTh IPyHTOB.

Byner paspaGoraHa MaTeMaTHyYeCKas
MOJeNb MEXaHHKH, T03BOJIABLICH
yuer

HEOJHOPOAHOCTH, HIIBTPALIHOHHOM

aHH30TPONMK M HEJHHEHHYIo
MOJ3y4eCTb  TPYHTOB. Byner!
omybnukopaHa 1  craTed B B
PpelLIeH3HpyeMOM 3apy6exHOM
HAy4YHOM H3/[aHHH, MHIEKCHDPYEeMOM
B Gasax mammeix Web of Science
HIH SCOpUs ¢ HEHyNEBBIM HMMaKT-
takropom. Msmanue MoHorpaduu
10 TeME UCC/Ie/I0BAHMSL.

gl

Henuneitnas
KOMIIPECCHOHHAs
3aBHCHMOCTb

STaBapn
2020T.

Mapr
2020T.

Bymer  nomyueHa  HenuHelHas
KOMIIPECCHOHHas 3aBUCHMOCTh

3.2

Paspaborka  MaremaTHuec-
KOH Mopenu HelqHHEHHOH
MeXaHHKH

Anpens
2020 .

Hions
2020r.

Byner paspaGorana MaTemMaTHyecKas
MoJesb HEJTMHEHHOU MEXaHHKH.
Bynmer omy6GiukoBaHa 1 cTaTes B
PELEH3HpYyEMOM 3apy6exRHOM
HAyYHOM JKypHale C HEHYJIEBbIM
HMIAKT-(HaKTopoM.

33

Pemenns
3ama4

OTHOMEPHBIX

Hions
2020r.

CeHTs6ph
2020T.

Bynyr  pemenus  omHOMepHbIE
3a/1a9H. Byner onpe/eIeHbl
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Wznanve MmoHorpadgum mo Teme
HMCCIICA0OBaHUA.

34

Pewenns
3aj1a4l

TpEeXMepHOi

OkTs6ph
2020T.

o
1 HosIGpst
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ByzyT pelueHb! TpeXMepHbIe 3a1auH. |
Bymyt Ha#aeHsl PpelIeHus
TpexMepHOH  3anau. Byner
omy6nukoBaHa 1  crates B B
PpelLIeH3HpyeMOM 3apyGeKHOM
HAyYHOM H3/IaHHH, HHIEKCHPYEMOM
B Gasax manneix Web of Science
WK Scopus C HEHyJIEBBIM HMIIaKT-
dakTopom.
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                                                                                              Appendices 1.1-1.19

                                                                              to Agreement no. _ _ of _ _ _ _ _ _ 2018

                                                                                                     for grant funding

TECHNICAL SPECIFICATION AND WORK

SCHEDULE

Under contract no. _ _ _ _ _ from __________________2018 years

1. Republican state enterprise on the right of economic management "South Kazakhstan state University named after M. Auezov" of the Ministry of education and science of the Republic of Kazakhstan

1.1 by priority: Information, telecommunications and space technologies, scientific research in the field of natural Sciences

1.2 by sub-priority: Basic and applied research in mathematics

1.3 project topic: AP05133825 " Development of a mathematical model of deformation of inhomogeneous elastic-creeping soil»

1.4 total project amount: 21,000,000 (twenty-one million) tenge, including broken down by year, for the performance of works according to paragraph 3:

- for 2018-in the amount of 7,000,000 (seven million) tenge;

- for 2019-in the amount of 7,000,000 (seven million) tenge;

- for 2020-in the amount of 7,000,000 (seven million) tenge.

2. Characteristics of scientific and technical products by qualification criteria and economic indicators

2.1 field of work: Fundamental and applied research in mathematics

2.2 Scope: Design organizations, institutes, design bureaus, universities.

2.3 the Final result:

- for 2018: A mathematical model of mechanics will be developed to take into account the heterogeneity and linear creep of soils. A mathematical model of mechanics will be developed. 1 article will be published in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor.

- for 2019: solutions To multidimensional problems of compacted soil mechanics will be determined, taking into account their heterogeneity, filtration anisotropy and linear creep. Solutions to two-dimensional, three-dimensional, and axisymetric problems will be found. Publication of a Chapter in a book in a Kazakh publishing house. 1 article will be published in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor. 1 article will be published in a peer-reviewed Russian scientific journal with a non-zero impact factor.

- for 2020: A mathematical model of mechanics will be developed to account for inhomogeneity, filtration anisotropy, and nonlinear soil creep. A nonlinear compression relationship is obtained. A mathematical model of nonlinear mechanics is developed. Publication of a monograph on the research topic. 1 article will be published in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor. 1 article will be published in a peer-reviewed foreign domestic scientific journal with a non-zero impact factor.

2.4 Patentability: Not patentable.

2.5 Scientific and technical level (novelty): A new compression relationship will be established to take into account the heterogeneity and viscous properties of soils. Based on the new relationship between the porosity coefficient and the sum of the main stresses in the soil skeleton, mathematical models of mechanics will be developed that will simultaneously take into account the inhomogeneity, filtration anisotropy, linear and physically nonlinear creep of soil bases.

2.6 the use of scientific and technical products is carried out by: the Contractor.

2.7 Type of use of the result of scientific and (or) scientific and technical activities: Mathematical model.
3. Name of works, terms of their implementation and results
	The cipher of the task stage
	Name of work under the Contract and the main stages of its implementation
	Date accomplishments
	Expected result

	
	
	Start
	Ending
	

	1
	Development of a mathematical model of mechanics that allowed for inhomogeneity and linear creep of soils
	January 2018year
	Until November

1, 2018
	A mathematical model of mechanics will be developed to take into account the heterogeneity and linear creep of soils. 1 article will be published in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor.

	1.1
	Collection and analysis of these issues
	January 2018year
	March 2018year
	Material on these issues will be collected and analyzed.

	1.2
	Determination of compression dependence
	April 2018
	June 2018.
	The compression relationship will be determined

	1.3
	Development of a mathematical model of mechanics 
	July 2018
	September 2018
	A mathematical model of mechanics will be developed.

	1.4
	Application of the developed model to solutions of soil consolidation problems
	October 2018
	Until November

1, 2018
	The developed model will be applied to solutions of soil consolidation problems. Will be applied to the task of consolidation of soils. 1 article will be published in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor

	2.
	Solutions to multidimensional problems of compacted soil mechanics, taking into account their inhomogeneity, filtration anisotropy, and linear creep
	January 2019.


	Until November

1, 2019
	Multidimensional problems of compacted soil mechanics will be solved taking into account their inhomogeneity, filtration anisotropy, and linear creep.solutions Of multidimensional problems of compacted soil mechanics will be determined taking into account their inhomogeneity, filtration anisotropy, and linear creep. 1 article will be published in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor. Publication of a Chapter in a book in a Kazakh publishing house.

	2.1
	Solutions to two-dimensional problems
	January 2019
	March 2019
	Two-dimensional problems will be solved. Solutions to two-dimensional problems will be found

	2.2
	Solutions to three-dimensional problems
	April 2019.
	June 2019
	Three-dimensional problems will be solved. Solutions to three-dimensional problems will be obtained

	2.3
	The solution of axisymmetric problems
	July 2019 
	September 2019
	Axisymmetric problems will be solved. Solutions to axisymetric problems will be determined. Chapters in the book will be published in a Kazakh publishing house. 1 article will be published in a peer-reviewed Russian scientific journal with a non-zero impact factor.

	2.4
	The proposed calculation formulas
	October 2019


	Until November

1, 2019
	Calculation formulas will be offered. The proposed calculation formulas will be obtained. 1 article will be published in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor.

	3.
	Development of a mathematical model of mechanics that allowed for inhomogeneity, filtration anisotropy, and nonlinear soil creep.
	January 2020.
	Until November

1, 2020
	A mathematical model of mechanics will be developed to account for inhomogeneity, filtration anisotropy, and nonlinear soil creep.

A mathematical model of mechanics will be developed to account for inhomogeneity, filtration anisotropy, and nonlinear soil creep. 1 article will be published in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor. Publication of a monograph on the research topic.

	3.1
	Nonlinear compression dependence
	January 2020 
	March 2020 
	A nonlinear compression relationship will be obtained

	3.2
	Development of a mathematical model of nonlinear mechanics
	April 2020 

	June 2020 
	A mathematical model of nonlinear mechanics will be developed. 1 article will be published in a peer-reviewed foreign scientific journal with a non-zero impact factor.

	3.3
	Solutions to one-dimensional problems
	July 2020 
	September
2020 
	There will be solutions to one-dimensional problems. Solutions to the one-dimensional problem will be defined. Publication of a monograph on the research topic.

	3.4
	Solutions to a three-dimensional problem
	October 2020 
	Until November

1, 2020
	Three-dimensional problems will be solved. Solutions to three-dimensional problems will be found. 1 article will be published in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor.


APPLICATION E
 Extract from the Protocol of the NTS of the Ayuezov state University
[image: image341.jpg]Ministry of education and science of the Republic Kazakhstan
M. Auezov South Kazakhstan University

EXTRACT

From the minutes NﬂLnf the meeting of the Scientific and technical Council
M. Auezov South Kazakhstan Univeisity

A P R

Agenda

1. Discussion and approval of the report of the research work under contract Ne164-19 dated 15.03.2018 on
the topic: «Development of a mathematical model of deformation of inhomogeneous elastic-
creeping soil» for 2020.

Listened to: «Development of a mathematical model of deformation of inhomogeneous
elastic-creeping soil» doctor of technical Sciences. Professor A. Dassibekov

After reviewing and discussing the research report.
RESOLVED: the sections of SRW for 2020 completed in accordance with the schedule and

meet the requirements of the terms of reference. We recommend submitting the report to the
customer.

fhe Chairman of STC
M. Auezov South Kazakhstan University.
doctor of technical Sciences. Professor c . T. Zhantasov

Secretary of STC 7\9, %, <3 KTA. Urazbaeva
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