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MULTIDIMENSIONAL PROBLEMS OF SOILS’ CONSOLIDATION
WITH MODULUS OF DEFORMATION, VARIABLE IN ITS DEPTH

Abstract. In unconsolidated condition, the tension applied to the soil is perceived both by a skeleton of soil
and pore fluid. Wherein speaking about the one-dimensional case the pressure on the elementary area consists of the
tension on the soil’s skeleton and the pressure in the water. Sometimes the tension in the soil’s skeleton is called
effective, the pressure in the water is called neutral, and the unit pressure applied on the whole soil’s surface is called
total.

All problems in this article are directed to the definition of neutral pressure. Subsequent values are calculated
easily. Consequently, it is necessary to find the pore fluid pressure. This pressure must be figured out in order to
determine it.

The filtration theory of consolidation states that compression curve is taken as the main rheological equation of
soil’s condition, and phases’ interaction is described by the equation of equilibrium, according to which the unit
pressure, applied toward the soil is made up of an efficient and neutral pressure. And here the air movement obeys
the law of Boyle-Mariotte, which explains the relationship between pressure and volume, and the gas, dissolved in
water, obeys the law of Henry. This model allows us to simplify the mathematical formulation of the problem and
makes it easier to determine the solution of soil consolidation problems.

The compaction of soil is mainly determined by its compressibility. Compressibility of the base depends on the
soil type and the nature of the tension. The phenomenon of the soil’s compressibility is very important in the design
of engineering structures on a consolidated basis. Wherein this soil compression deformation occurs mainly due to
the convergence of solid particles together and is evaluated by the change in porosity coefficient when the
compressive pressures in the soil skeleton are changed. The determining of the relationship between porosity
coefficient and compressive tensions in the soil skeleton is usually performed in the laboratory in compression
devices.

Below we consider the process of compaction of heterogencous saturated soil’s layer which has capacity h, and

which lies beneath a sandy pillow. At the initial time (/= 7, ) the soil’s layer immediately gets a distributed tension
with the intensity q (z, t). Then the mathematical formulation of this problem is as follows: it is required to
determine the pressure in pore fluid P (z, t), the tension in the soil skeleton & (Z 1 ) and vertical movement of the

upper surface S (t) (the sediment) of the compacted soil base.

The paper also studies the flat compaction of soil, which is mainly determined by its compressibility. The
spatial problems of the deformed solid’s mechanics are also considered by the authors.

Key words: Evaluation, equation in integral form, the process, compaction, soil, rectangle, pressure, basis,
foundation, boundary conditions.

During estimation of different kinds of soil consolidation, it is necessary to identify the nature of the
change in time of constructions and bases” sediments. Preliminary it is needed to determine the dissipation
of pore pressure arising upon application of tension to the soil and the amount of the main tensions
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exerting on the soil skeleton; i.¢. it is necessary to evaluate the bearing capacity of soil foundations, which
are in an unstabilized condition.

We should mention that in unconsolidated condition the tension applied to the soil is perceived both
by the soil’s skeleton and pore fluid. Wherein speaking about the one-dimensional case the pressure on
the elementary area consists of the tension on the soil’s skeleton and the pressure in the water. Sometimes
the tension in the soil’s skeleton is called effective, the pressure in the water is called neutral, and the unit
pressure applied on the whole soil’s surface is called total.

Thus, the soil consolidation is determined not only by physic-mechanical properties, but also by the
size of the compaction area as the dissipation speed of pore pressure depends on the length of filtration
path.

In the calculations of consolidation it is necessary to identify the nature of the change in time of bases
and constructions’ sediments, which are determined by the gradual soil’s compaction with decreasing
pore pressure. Then, the resulting value of sediment is compared with the limit value, i.e., [11].

S, <S8,

After that, it will be possible to talk about the strength of the entire construction’s system - soil.

Currently, there are three main estimating models of consolidation theory, i.¢. filtration consolidation
theory, the theory of body forces and osmotic theory, which are used in the mechanics of elastic and
elastic creeping soils” compaction, depending on the used species of the equation of condition, describing
the relationship between the tensions in the soil skeleton and its deformation, and description of the nature
of the phases’ interaction.

The compression curve is taken as the main rheological equation of soil condition in the filtration
consolidation theory, and the phase equilibrium interaction is described by the equation, according to
which the unit pressure applied to the soil is made up of an efficient and neutral pressure. And here the air
movement obeys the law of Boyle-Mariotte, which explains the relationship between pressure and
volume, and the gas, dissolved in water, obeys the law of Henry. This model allows us to simplify the
mathematical formulation of the problem and makes it casier to determine the solution of soil
consolidation problems. The filtration consolidation theory was formulated by K. Terzaghi and further
developed in the works of Soviet scientists. This theory is sometimes fairly called the theory of Terzaghi-
Gersevanov-Florin, because N.M.Gersevanov [6] and V.A. Florin [4] not only received partial solution of
problems of this theory, but also could formulate a general statement for the two- and three-dimensional
cases.

The compaction of soil is mainly determined by its compressibility. Compressibility of the base
depends on the soil type and the nature of the tension. The phenomenon of the soil’s compressibility is
very important in the design of engineering structures on a consolidated basis. Wherein this soil
compression deformation occurs mainly due to the convergence of solid particles together and is
evaluated by the change in porosity coefficient when the compressive pressures in the soil skeleton o are
changed. The determining of the relationship between porosity coefficient and compressive tensions in the
soil skeleton is usually performed in the laboratory in compression devices. In addition, the deformation
properties of soils, in general, vary with the point’s coordinates, and the assumption on their homogeneity
is the idealization of the real conditions of earth massives’ compaction. In this respect, theoretical and
experimental researches of B.N. Barshevskyi [2], L.A. Galin [6], G K. Klein [7] and other researchers
have shown that the soil, on which constructions are built, is heterogeneous for its mechanical properties,
and this soil’s heterogeneity varies in depth according to the law:

E(z)=E, z", (D
where FE, is a module of soil deformation at depth z=1; index m in most cases ranges in limits
0 <m <2 and is connected with a Poisson coefficient 4, , i.c.

Mo 2+m)=1.

G K. Klein [7] has worked out the method of calculation of beams lying on the soil base, the
deformation modulus of which varies according to the law (1). He has derived the following formula for
the determination of the half-space’s surface’s sediment:







