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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 heterogeneous 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 O (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.e. 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, <8,

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.e. 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 easier 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 ¢ 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", (1)
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 y,, i.e.

Uy 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:

— 76 ——
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P
Wm = D m+l1
7, L, r
where P — the concentrated force applied to the surface of the half-space ; D, = —- — characteristics of
a

heterogeneous half-space’s rigidity; » — distance from the place of application of force P to the point of
the half-point’s surface, where the sediment is determined by:

a_3+m 1 3
2 \1+m )

On the basis of these studies, in contrast to (1) herein in order to study the compaction process the
soil deformation’s module is the following

E=E (1+p)" (>0, E, >0, a+pz>0), )

where E, , ,m are the parameters of an experience.
The parameters £, ,f,m, in (2), can be determined, if we know three values E|,FE,,E,of

deformation modulus for three different values z,,z,, z;.

One-dimensional problem. Below we consider the process of compaction of the heterogeneous
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 o(z,¢) and vertical movement of the upper surface S (t) (the

sediment) of the compacted soil base. Wherein we assume: the possibility of the part of the tension for
highly compressible saturated clay soils at the initial time, tension g, instantly applied to the soil, which is
equal in magnitude of the structural strength of the compression p., immediately perceived by soil
skeleton. The soil is structurally heterogeneous, i.e. soil heterogeneity may be conditioned by continuous
increase in its density, and therefore in rigidity by the depth under the influence of its own weight. This
means that the properties of the soil are not constant, but vary depending on the position of coordinates.
And the soil, deformation modulus of which increases continuously with depth, is called continually
heterogeneous; the soil bases deform under the tension in a vertical direction; the earthen surroundings are
water saturated, i.e. it consists of solid soil particles and fills its pores with water; the viscous nature of the
clay soil deformation is not expressed clearly enough, so in some cases the skeleton creep phenomenon,
simply can be ignored. Water filtering, extracted from the strongly compacted water saturated clay soil,
passes according to the generalized Darcy's law.

Then the value of the pore pressure p(z,¢) at =7, is equal to [1]

p

t=1 - q(Z,t) “Pewp =490 (Za t), (3)

i.e. the part of the tension, which is equal to the value of the structural strength of the compression p,,, is
immediately accepted by the soil skeleton. The rate of change of porosity coefficient £(z,¢)has the form

oe K 0’
527—(1+5cp)a;;, )

where ¢ , - the average coefficient of porosity; k - filtration coefficient, y, - volumetric weight of water;

If the soil is deformed only in the vertical direction, then according to the filtration consolidation
theory, the amount of excess pore pressure p(z,f) and the effective tension in the soil o(z,?)at any given

time is equal to the external tension, i.e.
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p+o=gq 5)
In the linear soils’ consolidation theory the compression dependence for heterogeneous soil has the
following form

e(z,t) =¢,—a(z)o(z,t) (6)
Here, the compressibility coefficient for heterogeneous compacted soil a(z)depends on the
coordinate z, i.e. the depth of the studied point’s location of the compacted soil massif; & - initial rate of
porosity.
Using (3) - (6), the equation (4) leads to the following form:

op 62p
= =C, A+2)" , 7
81 lv( ) 822 ( )
where
_ k(1+e&.,)
v 7@a0 .

Boundary conditions in laminar Darcy law will take the following form

1o}
P o, )
82 z=h

The second boundary condition applies to the depth h, the filtration does not occur below it. Thus, the

solution of the studied problem reduces to the solution of differential equation (7) at the edge (3) and (8)
conditions.

The solution (7) with the boundary conditions (8) is the following

o 2=m ,
p(Z,t):dH—ﬂzzCiV v, L+ pz) 2 efc”ﬂ"t, 9)
i=0 2-m
where m # 2;
1+ ph l—m 2-m
j (q, +b2)z> V| {vi 1+ Bz) 2 }dz
o 2-m
C, = o P (10)
[z, {v[ 1+ Bz) 2 }dz
1 2-m
Wherein the function V| (x) depends on the value .If it is even, then
T —-m
2-m
2-m 2-m 2-m
v, {V(I+ﬂz) 2 }:J 1 [v(1+,6’z) 2 }Y L W-J, WY, [v(l+,6’z) 2 } (11)
2-m 2-m 2-m 2-m 2-m
When it is fractional , then
-m

v, {v(uﬁz)zzm} —J {v(l+ ,Bz)zzm}Y L) -J l[v(n ﬂz)l)zm}Yl(v). (12)

2-m
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where J | , Y | - Bessel functions of the first and second kinds correspondingly. And the parameter
2-m  2-m
vin (9) - (12) is of the following transcendental equation:

for the even index

2—m

(v)Y [(l+ﬂh)zm}— 1(v)Jm[ (1+ﬂh)zm} 0, (13)

1
2— 2—-m 2—-m 2

for fractional index

(v)Ym;l[ v(l+ph) * |- Y ), {v(l + ﬂh)zzm} =0. (14)

2—m 2-m 2-m 2—m

2-m
2

Equation (13), (14) using concrete numbers m have countless varieties of material radicals v .
Due to the expression (9) and (5) the tension in soil o(z,¢) at any given time is equal to

0 277’” 2
o(z,t)=q,— 41 +ﬂzZCiV1{vi (1+ ) 2 }ec“'“, (15)

i=0 2-m
From (9) and (15) we can obtain the solution of the problem for soil, the deformation modulus of
which will vary depending on coordinate, i.e. on the depth. To do this, you must assume that # =1 and

1
m = 0. Then the index of the Bessel functions is equal to 5 .

2-m

Due to the fact that the exponential function e " rapidly decreases at higher values of the index, then

(9) is limited to only the first member of the series. Wherein the solution of the problem relatively to pore
pressure according to (9) can be written as follows:

24 el
p(z,t)=C, 1+IBZV1|:2_(;”(1+ﬂZ) 2 }e et (16)

2—

Equation (16) describes a dispersion of the pore pressure in time and depth. This expression is a
generalized result of M.Yu. Abelev [7] and K.Terzaghi [8].
The tension in the soil skeleton comes from the coefficient (15), i.e.

2—m
o(z,t)=q-C, a"'IBZVl|:Vo(a+ﬁz)2:|e_qviot: (17)

2-m

The obtained expressions (16) and (17) respectively allow to determine the pressure changes in the
pore fluid and tensions in the soil skeleton for any point of the considered heterogeneous two-phase soil’s
final area of compaction, having an elastic property. After the specified tension in the skeleton of
compaction heterogeneous soil massif, we can calculate vertical displacements of the points of the soil
compacted layer’s upper surface (sediment).

Indeed, if a certain vertical tension is applied to the surface of soil layer, then the corresponding
sediments S(7) can be determined by formula [3], i e.

S(6)= j mACLYS 18)

+80

where /& - capacity of heterogeneous compacted soil massif. Since & (r 1)— g(z,t)=a(z)o(z,t), then
(18) takes the form
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h

Ia(z)a(z, t)dz (19)

09

S (1) =

In (19) instead of o(z,¢) by substituting (17), we find

2-m

S = j 1+ B) " g -1+ ﬂle Vo (1+ ) 2 Je ' 1dz

2-

from whence

S (1) = T [a+pm -1~
(1) = O{ﬂ(l_)(+ﬁ) ]

][( L+ )" —1]- (20)

_ Ve [1
pA—m) ﬂ(2

—j(l+ﬁ>‘ "V v+ )

2—m

2m
2

] —Cy Aot }dZ

With ¢ — oo from (20) we have

g _ ay 1+ 80" —1]-
() ,6’(1+80)(1—m) tala+ 1]
21)
=7 1= (1+ )" ~
] S
From (21) for a homogeneous soil we obtain
SO =y @)
l+e¢,

Equation (22) depends only on the thickness of the compacted layer, tension compressibility
coefficient and does not depend on heterogeneous soil parameters.

Thus, the expression (16), (17) and (20) make it possible to determine the numerical values of
pressure in pore fluid, tensions in the soil skeleton and sediments of the compacted heterogeneous soil.

Two-dimensional problem. With the construction of facilities on the sandy soils its sediment,
mainly, stops in the end of the construction season. Absolutely diverse thing happens when the
construction takes place on clay soils, which often lead to difficult situations, causing deformations and
sometimes even crashes of erected structures on them.

This is due to underestimation of their more complex nature and uniqueness of the interactions of
these soils’ solid particulates. Therefore, in this respect we need to provide the models with calculations,
considering the compaction of clay soils, which in advance would allow setting the strength and stability
of the structures being built on these grounds.

In this regard, we consider the process of two-dimensional compaction of heterogeneous water
saturated soils at their heterogeneous boundary conditions. The compacted soil heterogeneity is expressed
through the module of its deformation, which varies according to the depth of the soil massif
exponentially, i.e.,

E:Eoe“, O<a<l, ze€[0.h], (23)

where Ey, « - experimental data.
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G.Ya.Popov [8] has formulated and solved the concrete problem of elasticity theory.
Thus, if we choose the modulus of compacted soil massif in the form (23), then the equation of

compaction (7) takes the form
2 2
ot ox~ Oy

o _ k(1 + gcp)-(l +¢)
’ 2ay,

Let’s consider the process of water permeable soil massif’s compaction in the form of a rectangle,
thickness h, having a waterproof bounding walls by the sides and a waterproof layer at a depth h. Suppose
also that evenly-distributed tension of intensity q is applied at a certain part of the rectangle’s top surface
at the time =1,.

At the boundaries of the studied soil rectangle we have the following boundary conditions:

24)

where

0 0
lim 20 ~0, lim 20 = 0
x>l Ox y—0 8);
y . 0 (25)
ylligpo_pv y/?l}{n po_ .
a<r<t

Besides (25) due to the symmetry po must be even with respect to x, i.e. p, (X, y) = p,(=x, ). In

order to determine the pressure in the pore fluid, corresponding to the initial moment of time, it is needed
to solve the differential equation of the following form

2 2
0Py TPy, (26)
ox oy
This solution will in the form of
w San— ch [ ]ﬂ-j
Do(x,y) = 94 | 2qz . .g cos?% x. (27)
LA ch(fgr}h !

The expression (27) fully satisfies the boundary conditions (25) of the problem. The abovementioned
soil massif’s strained condition for the time =7 is studied in [9].

According to the condition of the studied problem the boundary conditions with respect to the pore
pressure p(x, y, t) are heterogeneous:
p=0 mpu y=h a<x</!{ n —(<x<-a,

p=x(t)% mpu y=h —-a<x<a u 0>x(t)=0,

28
a—p:O npu x ==/, 2%
ox
p
—=0 mpu y=h —-I<x</.
oy
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Solving the equation (24) at (28), we obtain the following calculation formula for estimating the pore
pressure in the compaction of heterogeneous soil massif, which has elastic properties.

. hma
( ) Sll’li o
POyt == =24 2q() 2 ————cos——+
niw
o o )2 (1) 2 e ;
-Cp 2z (t-11) Aj(1=7) Y 7
+> > d;e ! IQU(T) e “dr |-w, pie 2 |-cos—x, (29)
i=0 j=0
where
Y i 2y |
. ir 5
1 sin "¢ ICh / yW, ue dy
A a m-f : i —Er (30)
2 27 ch—h
0 — -
It should be noted that the expression (30) at # — oo will be equal 0, as &(t) — 0.
The sum of the main tensions in the soil skeleton is defined by the formula
nrwa
» Sin -
O(x, 1) = [1 2(t)]+2q - Z U cos «
nr 14
h
ch ﬂy CV 2 (t-1)) C(l)/l2 (1)
— — . i .
x &(t) qzz j Q,(r)-e dr |x
i=0 j=0 7
-y i
xW | ue? |-cos—x. (31)
14 J /g

The vertical movement of the top surface’s points, i.e. sediment of the compacted soil layer will be
defined by the formula (18).

Substituting (31) into (18) we find

sin—mta
a,qh o / p—
Sxt———l ®(t)]—2(t cos —
(x,2) e f[ ®]- ()Z:: — ’
(f 1) 0 *Cl(/l)/%--(tfz') —%y i
_ZZ J.Qy(f)'e dr|W,| e cos—x. (32)
i=0 j=0 7

The obtained expressions (29), (31) and (32) at (33) give us respectively an opportunity to calculate

pressure in pore fluid, the amount of main tensions and sediment of compacted heterogeneous soil massif,
possessing elastic property.

Three-dimensional problem. Let’s consider the compaction of the soil massif in the form of a
parallelepiped with a confining layer at a depth of 4 and waterproof walls 2¢; and 2¢, . Evenly distributed

— g2 ——
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tension with intensity q is applied instantaneously on top of the surface of the parallelepiped with sides 2a

and 2b.
For this problem, the range of variation of the independent variables is the parallelepiped formed by
planes

0; z=h.

According to the problem, the boundary conditions at ¢ = 7, will be:

x:iﬁl; y:ifz; zZ=

: q npu |x|<a, |y|<b
lim p, (x,7,2) =
z—h 0 npu |x|>a, |y|>b umwm
lx|>a, |yvI<b wm |x|<a, |y|>b (33)
% :0’ % =0, % =0.
ax x=i£1 ay y:ifz aZ z=0

Also because of the symmetry function p, (x,y,z)must be an even with respect to x and y

— p(—x,y,z)
p(x,y,z) - {p(x’_y’z)}

separately, i.e.

(34)

In order to determine the distribution of instantaneous pressures in the pore liquid in the indicated
layer of soil, it is necessary to solve a differential equation of the following kind

82po n 82po n azpo ~0
oyt 6zt '

Here, the function p,(x,y,z) is dependent on spatial coordinates. The solution of equation (35) at
(33), (34) was studied in [9]. Solving (35) under the conditions of (33), (34), we obtain

(35)

b 2b&
po(x,v,2)=q- @ =2 amch[ﬂzJ cosﬂx+—2b h(—zjx
= l l £y 5a
xcos—y+4 ZZambmcmnch{ﬂhJ-ch(ﬂhJ-cosﬂx-cosﬂy-chamnz} (36)
m=1 n=1 El gz 1 EZ
where
. mma
sin
2
a, = ;
mﬂ-ch(mﬁhj
2
. nub
sin ——
b, =—-—F2——;
nﬁ-ch[th
’62
¢! =cha,, h;
2 ) 1/2
mmx nw
amn = - + - *
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Then the solution of equation

a_p:C(?a)ewz. 62P+62P +82P

: (37)
o ox? oyt oz’
where
O - k(1+¢,,)-(1+28)
' 36107/13
It will look like:
. mm . nnb
b b si ; ) sin——
= p(x,y,2,0)=@(t)q +| ——+ 2 Locos My 24 > 2 cos™Z
el lywo mrx > (o nrw l,
mia nmb
. OosmT sin—— I P
+4> > ! 2 cos % xcos 2y + YT, (OW, | pe? |x
m=1 n=1 M7 nzw 1 2 m=0 n=0 k=0
mru nr
X COS——XCOS— ). (38)
1 2
where
D2 ey e er
T,.0)=C,.e & i t7) +Iank(T)-e AT (39)
7
flah 0* * -2, m nrw
4]” —+p |—e®t)p,, (xyh1)|-W,| ue ? |cos—xcos— ydxdy
c 0003 t, t,

h _a,
0O [W,| e * |dz
0

The sum of the main tensions will be calculated by the formula [9]. Knowing the amount of the main
tensions, we determine sediment of the compacted soil massif, presented in the form of a parallelepiped
having an elastic property. Wherein the modulus of its deformation is considered variable in its depth.

Using these data, numerical values of pore pressure, the amount of the main tensions, and also the
value of the compacted massif’s sediment can be calculated. Analysis of the curves shows that the values
of pore pressure for biphasic soil ground in the initial period is almost two times smaller than the values
for the three-phase ground. The values of the sediment for the three-phase soil are much more than for the
two-phase soil base.

It should also be noted that recently the impact of the variability of the filtration coefficient in the
compression process is considered in the following works [3], [12].
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TEPEHJIIK BOMBIHIIA ATHBIMAJIBI JE®OPMALUASI MOAYJIJII TPYHTTEP
KOHCOJIUJIALASICBIHBIH KOIIOJIIEM/II ECENTEPI

AHHoTamMsi: ['pyHTKa >KYKTENreH Harpy3ka KOHCONMAAUMSUIBIK €MeC JKardaiiia TPyHT CKeJleTiMeHIe
JKOHEKYBICTBIK CYHMBIKTBIKIIEHIE KaObuinaHanbsl. bynna, Oip enmemui skarmail yIIiH 3ieMeHTap allaHOarbl KbICBIM
TPYHT CKeJleTiHe HalpsDKeHUsIaH JKOHE CyJarbl KbICBIMHAH Kypajanbl. Jleiijie TpyHT CKeJeTiHe TYCeTiH
HarnpspKeHUCHI 3 (EeKTTi, Cyaarbl KbICHIMIBI HETPAJb , aJl IPYHT O€TiHE KbIMbUIFaH MEHIIIKTI KbICBIMIBI-TOTAJIBIK
JIETT aTalIbl.

BapnbikecenTep HeWTepainb KbICBIMABI aHBIK Tayra kentipureai.Kemeci mamanap sxail taGbutanel. Jlemexk,
KYBICTBIK CYHBIKTaFbl KbICBIM/IBI Ta0Y KaskeT. OHBI aHBIKTAY YIIiH OYJI KBICEIM/IBI Ta0y KaxeT.

KoHcompauustHelH QUIBTPALMSIIBIK TEOPHUACHIHAA TPYHT JKaFIalbIHBIH HETI3Ti pealorHsUIblK TSHACY peTiHIe
KOMIIPECCHSIIBIK KHUCHIK KaOBUITaHABI, ai (a3amapIblH e3apa opeKeTTecyl Teme-TeHMIKTIH TeHICYIMEeH Ka3blIalbl,
OCHIFaH COMKeCc TPyHTKa KOMBUIFaH MEHIIIKTi JXYK 3(EeKTTi jkKoHe HEWTpaih KbICHIMIApIaH Kypamaapl. MyHna aya
KeIIIyi KbICBIM MEH KeJIEM apachIHAarbl OaiIaHBICTHI TaFalbIHAANTEIH boitn-MopHoTT 3aHpIHA OaFBIHAIBL, Al CYAaFbI
epirer ra3 ['eHpu 3aHpiHA OarbiHAgbl. By Mofmens ecenTiH MaTeMaTHKAIBIK KOWBUTYBIH BIKIIAMIAyFa MYMKIHIIK
Oepeni ykoHe TPYHT KOHCOJIMIAIMSCH! €CeOIHIH MICHIIMIH aHBIKTAY bl )KEHUIETE 1.

['pyHT TBIFBI3INTYbI HET131HEH ©31HIH CHIFBUTYBIMEH aHbIKTanaabl. Heri3iH ChIFbUTYBI TPYHT THITIHE, COHal-aK
KYK XapakTepiHe OaiylaHbICTBL. ['pyHTapAbIH CBHIFBUTY KYOBUIBICHI KOHCOJHMJAUMSUIAHFAH HETI3Zer] MHKEHEpIIiK
KYpJbIcTap/bl yxo0asayia aiTapiblKTail YIKeH MaHbI3Fa ne. MyHaa rpyHTTap/bIH ChIFbUTY JIeopManuschl Heri3iHe
KaTTbl OeJIIEKTepAiH e3apa >KaKbIHIACybl caljJapblHaH 00Ja/bl J)KOHE I'PYHT CKJICTIHIE CHIFYIIBIHBIH ©3repyiHeH
KYBICTBIK KO3(Q(HIEHTTIHIH ©3repyiMeH OaraysaHaipl. ['pyHT CKJICTIHIET]1 CHIFYIIBI JKOHE KYBICTBIK KO3((HIEHT
apachlHIarbl  OalJIaHBICTBI ~ AHBIKTAY OJETTE Ja0OPaTOPUSUIBIK JKOJIMEH KOMIIPECCOp  KYPBUIFBUIAPBIHIA
Kyprizinemi. ToeMeHae KyM/IbI )KacTHIK acTBIHAA JKaTaThIH h KyaTTHI cyFa TOiFaH OipTeKTi eMec TPYHT KaOaThIHBIH
THIFBI3NANY MPOIECIH KapacThIpaMbl3. bacTamkpl yakpIT (t=C2 ) MOMEHTiHAE TPYHT KaOaTblHma Oip coTTe
WHTECHCHUBTINITI (z,t) TapairaH KYK KOMbUTamsl. By skarmaiia oChl €CenTiH MaTeMaTHKAIBIK KOUBUTBIMEI Kellecire
KEeNTIpiei: KybICThIK CYUBIKTaFbl P(Z,t) KbICKIMIbI, TPYHT CKiIeTiHeT] ((2,t) )KOHE ThIFBI3IANIbII KATKaH TPYHTTHIK
HETI3/IiH jKOFapbl OETIHIH BEPTUKAII KOLIYl aHBIKTAY TaJal eTiIe/l.

Heri3ziH ChIFBUTYBI TPYHT THITIHE, COHJIal-aK KYK XapakTepiHe (CHIaTbiHa )OaiyiaHbIcThl. JKyMbICTa )KoHE e
nedopManrsIaHFaH KaTThl ICHEIep MEXaHUKACHIHBIH JKa3bIK KOHE KEHICTIK €CeNTepiH 3epTTEreH.

Tipek co3: nnTerpaibaaii GopMyachl, TONBIPAK, TIKTOPTOYPHILI, HETi31, [IeKapabIK HIapT.
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MHOI'OMEPHBIE 3AJAYN KOHCOJIMJALINA
I'PYHTOB C IEPEMEHHBIM I10 I''1YBUHE MO YJIEM JE®OPMAIINU

AHHOTanusi: B HEKOHCONMMAMPOBAaHHOM COCTOSIHUHM HAarpy3ka, IIPUIOKEHHAs K TPYyHTY, BOCIPHHUMAETCS Kak
CKEJIETOM TPYHTa, TaK M MOPOBOM >KUAKOCTBIO. [Ipy 3TOM, AJIsI OHOMEPHOTO CiIydas JaBJICHHE HA 3JIEMEHTApHOU
IUTOIIAIKE CKIIaJbIBACTCS] U3 HANIPSDKEHUS B CKEJIET IPYHTA U JaBlICHUSA B Boze. VIHOTja HanpspKeHne, IpUXoIsIee B
CKeJleTe TPyHTa Ha3bIBalOT 3()(EKTHUBHBIM, JaBICHHE B BOJE HEUTPaIbHBIM, a yAeIbHOE AABICHUE, IPUI0KEHHOE B
1CJIOM Ha MOBEPXHOCTH I'PYHTA - TOTAJIbHBIM.

Bce 3amaun 31ech cBOAATCS K ONpPEAEICHUIO HEHTpanbHOro gasieHus. Ilocienyromue BEIMYMHBI HAXOIATCA
npocro. CienoBaTeabHO, HEOOXOMMO HAXOAUThH JABIEHHE B TIOPOBOH XKMAKOCTH. UTOOBI €ro ONpenenuTh cieayer
HAXOJAUTh 3TO AABICHHUE.

B ¢dunpTpannoHHON TeopHM KOHCOJIMIALUMHM B Ka4eCTBE OCHOBHOTO PEOJIOTHUECKOTO YPaBHEHHS COCTOSHHS
TpyHTa NMPUHUMAETCS KOMIIPECCHOHHAsI KpUBasi, a B3aMMOJEHCTBHE (a3 OIMCHIBACTCS ypaBHEHHEM PAaBHOBECHS, B
COOTBETCTBHHM C KOTOPBIM IIPWJIOXKEHHAs K TPYHTY YZAEIbHAas Harpyska CKIafpIBaeTcss M3 3(PQPEKTUBHOTO H
HeWTpanpHOro JAasieHud. IlpuueM 3aech mepeMelleHHE BoO3Ayxa NOMUMHsAETCS 3akoHy boiug-Mapuorra,
YCTaHaBIMBAIOIIEMY CBSI3b MEKAY JABICHUEM U 0OBEMOM, a PACTBOPEHHBIH I'a3 B BOJE MOJUUHSAETCS 3aKOHY [ eHpu.
OTta MOAEeNb MO3BOJSIET YNPOCTUTh MATEMAaTHYECKYIO IIOCTAaHOBKY 3aJaud M OOJErdaeT ONpENCNICHUS PELICHUH
3aJa4 KOHCOJIUIAIIMHU TPYHTOB.

YnoTHeHUe TPyHTa B OCHOBHOM OIIPEENsAeTCs CBOEH CKUMaeMoCThio. C)KMMaeMOCTh OCHOBaHMS 3aBUCUT Kak
OT THIA I'PYHTa, TaK U OT XapakTepa Harpy3Ku. SIBieHHEe C)KMMaeMOCTH I'PYHTOB UMEET BechbMa OOJIbLIOe 3HAYEHHUE
NPU MPOSKTHPOBAHUN WHKEHEPHBIX COOPYXKEHUH Ha KOHCOJMMIMpyeMOM ocHoBaHuu. [Ipu stom nedopmarms
CKaTHs TPYHTOB B OCHOBHOM ITPOMCXOJUT BCIJIC/ICTBHE COJIMDKEHMSI TBEPIBIX YACTHIl MEXKIY COOOH M OLlEHHBACTCs
n3MeHeHHeM Kod(duIMeHTa TOPUCTOCTH MPU HM3MEHEHHUHM COKUMAIOUIMX HANpsDKeHWH B CKelleTe TIpyHTa.
Omnpenenenne 3aBUCUMOCTH MEXIy KO3()(HUIMEHTOM MOPUCTOCTH M CKUMAIOUNIMMH HANpPSDKEHHSAMH B CKeJleTe
TpyHTa OOBIYHO MPOMU3BOAUTCS JIAOOPATOPHBIM IIyTEM B KOMIIPECCHOHHBIX MPHOOpax.

Hwmxe paccMoTpuM mporecc yImIOTHEHHS CIOSi HEOJHOPOIHOTO BOJOHACHIIIEHHOTO TPyHTa MOIIHOCTBIO A,

3aJIETAOIIEr0 MOJ IECYaHOH MOAYIIKOH. B HavanbHBIH MOMEHT BpeMEHM (f=7,) K CIIOK I'PyHTa MIHOBEHHO
MIPUKIIAABIBACTCS paclipeesieHHas Harpy3Kka ¢ MHTEHCUBHOCTHIO ¢(z,f). Torma maremarnyeckasi IOCTAaHOBKA JAaHHOM
3a/1a4d CBOJHTCS K CIEAyIOIeMy: TpeOyeTcs OIpeleNuTh JaBlieHHE B IMOPOBOU JKHUAKOCTH p(z,f), HANPSHKEHUE B
cKeneTe rpyHra O (Z,Z) U BEpPTUKAIBHBIC TIEPEMCIICHHUS BEpXHEW moBepxHOCTH S(f) (0caloK) yIIOTHIEMOTO

T'PYHTOBOT'O OCHOBaHUS.

B pabore Takxe Hccie10BaHbl INIOCKOE U MPOCTPAHCTBEHHOE 337a4l MEXaHUKU 1e(hOPMHPOBAHHOTO TBEPAOTO
Tena.

Ki1roueBble cji0Ba: ypaBHEHHE, MHTETrpajbHOE (POpMa, ITPOLIECC, YIUIOTHEHUE, TI0YBA, IPSIMOYTOJIbHHUK, OCHOBA,
TPaHUYIHOE YCIIOBHE.
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