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SEALING OF A LAYER OF A SOUND WITH EFFECT OF ELASTIC
PROPERTIES AND INHOMOGENEOUS BORDER CONDITIONS

Abstract. In engineering practice, the problems of compacting an earth medium of finite thickness possessing
an elastic property are of great interest. In this connection, the process of one-dimensional compaction of a three-
phase base with a water repulsion at a depth and under the influence of an external load, depending on time and
coordinate, is considered. In this case, boundary value problems for the partial differential equation are solved.
Moreover, the boundary conditions are not homogeneous. Calculation formulas for calculation of pore pressure
values, stresses in the skeleton of the ground and the value of precipitation for any time interval from the start of
loading t have been determined. Calculations from these formulas show that the precipitation curves for
inhomogeneous boundary conditions are, in their value, less than for homogeneous boundary conditions. In this case,
the stresses in the skeleton of the ground for inhomogeneous boundary conditions are smaller in magnitude than for
homogeneous boundary conditions and they tend to a certain asymptote

Keywords: Process, compaction, soil, parallelepiped, pressure, foundation, foundation, boundary conditions,
continuity of functions, differential equations, hypergeometric equations.

All existing works, except for a few, in the field of consolidation of elastic and elastically creeping
soils were solved for homogeneous boundary conditions, although they must be non-homogeneous. In this
connection, it is time to solve multidimensional problems of consolidation of soils with heterogeneous
boundary conditions and on the basis of the solutions obtained, to establish design formulas that make it
possible to ensure the strength of any building or structure.

Prof. N.M. Gersevanov at one time pointed out that static calculations of the bases do not give a real
picture of the work of the bases. In this connection, it is necessary to proceed to the study of processes in
soils that depend on time. In this case, as noted above, in soils of structures very often there are soils
impregnated with water, and the soil itself consists of groundwater filling the void between the soil
particles and the soil skeleton, consisting of a set of solid particles and bound water. They can be used for
compaction of soil massifs having large dimensions in comparison with the thickness of the layer. If the
surface of such a soil is taken as a conditional horizon, then before the load is applied, the head H in the
whole ground mass will be zero. At the first moment after application of the load, the head H in this
section of the ground surface will increase by an amount equal to, then, depending on the time, it will fall.
At all other points on the surface of the soil, the head remains zero. At the same time, at the points of the
ground not on the surface, a scalar field of heads is created, i.e. at each point the head rises to the value H,
which is a function of the point, and, in the future, also from the time t. If the field of heads is known, it is
possible in the future to determine a number of quantities depending on the pressure H. And an instant
increase in pressure produces an instantaneous pressure p [1-6].

Thus, the instantaneous application of a load on the surface of the soil is the cause of the appearance
of a field of heads accompanying the movement of water from points with a high head to a point with
hydrodynamic pressure. It can be calculated at any point in the ground mass, if the head function is
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known. And with a large load, the hydrodynamic pressure, trying to move the soil from under the bases,
can destroy it [7-9].

Below we shall consider the compaction of homogeneous soils having elastic properties with
inhomogeneous boundary conditions.

To the base of the building are layers of soil lying lower and toward the basement bottom, affecting
the stability of the vertical movement of the building. Depending on the task being investigated, they can
be represented as a ground layer of the final compaction power, a ground rectangle and a ground
parallelepiped.

In engineering practice, the problems of compacting an earth medium of finite thickness possessing
an elastic property are of great interest. In this connection, let us consider the process of compaction of a
three-phase base with a water repellent at a depth that is under the influence of an external load,
depending on time and coordinate [8,10-14].

The compaction of the soil is mainly determined by its compressibility. The compressibility of the
substrate depends on both the type of soil and the nature of the load. Dynamic loads cause considerable
compaction in sandy soils and a weak one in clayey soils. Long-acting loads on the contrary strongly
compact clay soils and weakly-sandy.

The phenomenon of compressibility of soils is very important in the design of engineering facilities
on a consolidated basis. At the same time, the deformation of the soil compression mainly occurs due to
the approach of solid particles to each other and is estimated by a change in the porosity coefficient with a
change in the compressive stresses in the soil skeleton 6. Determination of the relationship between the
coefficient of porosity and compressive stresses in the skeleton of the soil is usually made by laboratory
means in compression devices [9,12,15-16].

The equation of the compression curve of K. Terzagi [17] is represented by the logarithmic
dependence

e=—Aln(c+o,)+C, (1)

where A, 6, and C are the parameters of this dependence, determined from the experiments.
In the case of a relatively small change in the stress o, the curvilinear outlines of the compression
curve (1) can be replaced by a straight line, i.e.

E=-—a,0+4, (2)

where a( and A are the parameters of the linear dependence.

Moreover, a is called the coefficient of instantaneous compaction, and the larger the value of ay, the
more compacted the soil, therefore this parameter is called the coefficient of compaction. However, the
coefficient of compaction or compactability of the soil as the stresses increase gradually decreases.
Moreover, the compaction coefficients for weakly compacted clays reach values ay = 0.10-0.01 MPa, and
for compacted clays decrease to values @y =0.05-0.01 MPa [18-21].

Next, we will use the equation of mechanics of three-phase compacted soils, obtained in [16], which
will be written as follows:

p k(l+e&,) 0% p
ot % ozt

8

oe
—+pf'(l+e, 3)
ot d v

where ﬂ' — the coefficient of volume compression; & — the filtration coefficient; ecp - average porosity

coefficient; y - the volumetric weight of water; p - the pressure in the pore fluid.
Then the basic equation of compaction of the ground medium (3), which has the elastic property (2),
has the form

op ) azp oq
a 9w @

where
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1+ €.
cO = A=—032= (5)
7 [a+ﬂ(l+g )] at+p(l+e,)
Equation (4) for (5) is solved under the following initial and boundary conditions:
p(z,7)=q(z,7), ze€[0,h], z €[7,T]; (6)

p(0,0) =q(0,7))a(t), te[z,T],

7
Dl o, o< <l @
aZz=h

Conditions (7) are not homogeneous. In order to bring them to homogeneous conditions, we make a
change of the form

p(Z,t) :p(Z,t)—Q(Tl)EE(t) (3)
from whence

p(z,0) = q(1)-&(t) + p(z,7) ©

Bearing in mind (8) and (9), conditions (6) and (7) are reduced to the form

p(z,7)=q(z) [1-2(z))], (10)
p(0,1)=0,
@ _, (11)
oz|__,

In this case, the basic equation of compaction (4) is reduced to the form:
op o’p 0
Lo 2L ad, (12)
ot oz ot

where the constants, C ,El) , (A+1)are found from (5).

Below we define the solution of equation (12) for the initial (10) and boundary (11) conditions. This
solution satisfying the boundary conditions (11) can be represented in the form

Qi+Dr_
T R 13
Z (7)-sin o (13)

where Tl (¢) —is an unknown function depending only on t.
Expression (13) satisfies the boundary conditions (11). Indeed, from (13) for z=0 we have,
p(0,1) =0 and for z=h

(2i + 1)7[ L Qithr

ap o0
“w T.( z=0. 14
- ZO (1)-s 5 (14)

Consequently, expression (13) is a solution of equation (12), which satisfies boundary conditions
(11). Next, we find an unknown function. To this end, we substitute expression (13) in (10), then multiply
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Qi+)7 l)7r

both sides of the resulting equation by sin , We integrate with respect to the independent

variable z from O to h. In this case we relatively obtain an ordinary differential equation of the form

a() COXT()=0.(1), (15)
Where
4(A+1) 6q
Q()_(21+1)7r o .

Equation (15) for (16) is an inhomogeneous differential equation, the particular solution of which can
be represented in the form

T, (0) = j 0,()-¢ V. (17)
The general solution of equation (15) with Q. (¢) =0
T, ()= C-e_c’(/l)i’zt
Then expression (13) is reduced to the following form
—:i C .oV +jQ (r)-e G -sin$z, (18)
i=0

where Ci - an arbitrary constant, which is found from the initial condition (10). And with =7,

1
4 .eC,(/)/llzr

Ci :m IQ(Tl)[l—&].

The solution (18) of equation (12) with (10) and (11) has the form

- ; D2 (i
1_7:_221 q(r))[1-=]-e e (A+1)I ey sm%z (19)
ot

i=0 7|

Expressing (19) in (9), we obtain the calculated formula for the pressure in the pore liquid, when the
boundary conditions of the compacted ground mass are non-uniform, i.e.

< T 1 2 _r
p(z,0) = Q(f)ae(t)+4zzl g(r)[l-2] e - 1)+(A+1)I VA g
i=0
XSinwz. (20)

2h
Then the stress in the skeleton of the soil will be calculated by the formula

o0

(D22 (47 y M2, .
o(x.0) = g1 -]+ -3 L ge -] oD T 4 (e [ LT
T i—o 2i+1 : or

wsin 2t D7 @1)
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It should be noted that from (20), (21) we have that p—0, c— ¢ for t—>o0.At the same time, for t—>T1,;
we find that p(z,7,) = q(7,), o(z,7,) > 0.

If we denote the ratio of the draft S , of a compacted soil mass that has elastic properties for any time

t to its total stabilized sediment S . » through

U 5 (22)
S,
Then
S = Uu-s_, (23)
where the degree of consolidation U is from
8 & V2 -7) (1)/13(:—1)
U=1-— t)l-e]-e Vr(4+1 ot (24)
TGOS +1)S q(z)[1 -] +( )le o
SOO has the meaning
S = aq(l-=)h (25)
1+ £,

Using formulas (20) - (25) and values fore ", calculate the pore pressure p(x,t), stresses in the
skeleton of the ground o (x,?) and the value § . of the precipitation for any time interval from the start

of loading t, respectively.
Let it be required to determine the draft of a soil base with a size of #=5, if the medium to be
condensed is characterized by the above parameters, and the external load varies according to law

q= 2¢”"* 1In this case, the integral in (20) is equal to the following quantity;
t ) 2 P4 M) 2 ) 2
J-a_q.ecV X (t-1) . 2e . e—[0,14—CV AN _e—[0,14—CV 17 (26)
ot C2 -0,14 ’
7 vV T ’

where k = 36-10"° sm/sec; B"=0,35 MPa; &, = 1,18; vy = 0,01 n/sm’; a, = 0,022 MPa we have that
k(1+eq) = 78,4810 * sm/sec; B (1+ep) = 5,4936:10 7 MPa; C,) = 0,0003923; A =0,048.

i

. 2

Ratio of pore pressure
to external load, p / q

0 10 20 30 40 50 60 70 80 S0 100 110 120 130 t(daY)
A — for homogeneous boundary conditions; @ — for & = 0,5; o — for & = 0,75; A — for a two-phase medium,;

Figure 1 - Curves of changes in pore pressure in time
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Using the relation (26) and the values CI(/I) ,A,/i? , ®&,0f the quantities, &, we obtain the numerical

values of the pressure in the pore fluid, the stresses in the skeleton of the soil and the sediment of the
compacted soil mass, the diagrams of which are given in Figures 1, 2, and 3.

The ratio of voltage to external load, 06/q

Sediment base sediment, S, m

0.8

0.6

0.4

0,2

0O 10 20 30 40 50 60 70 80 90 100 110 120 130
t(day)

A — for homogeneous boundary conditions;
e —fore=0,5 o-—fore=0,75; A— for atwo-phase medium;

Figure 2 - Curves of the changes in the sediment of the condensed massif in time

T T T T T T T T T T T T 1 t (day)
10 20 30 40 50 60 70 80 50 100 110 120 130

A — for homogeneous boundary conditions;
e —fore=0,5 o-—fore=0,75; A— for atwo-phase medium;

Figure 3 - Curves of stress changes in the skeleton of the soil

The precipitation curves for inhomogeneous boundary conditions show that for this case the vertical
displacements of any points of the condensed array are smaller in value than in the case of homogeneous
boundary conditions. In this case, the stresses in the skeleton of the ground for inhomogeneous boundary
conditions are smaller in magnitude than for homogeneous boundary conditions and they tend to a certain

asymptote.

It should be noted that recent work has been devoted to these questions [2-6,9].
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CEPHIMALTIK KACHETTEPI BAP 7)KOHE
IEKTECTIK KAFJAHWJIAPBI OPTEKTI TOIIPAK KABATBIH ThIFbI3JIAY

An"oranus. CepmiMIUTIK KacwerTepi Oapxep KaOaTHIHBIH COHFBI KaJNBIHIBIFBIH THIFBI3AY €cenTepi
WH)KEHEPIIK ToXKipuOe cajachlHIa KON KBI3BIFYIIBUIBIK TyFbI3amel. OchlFaH opail, CyFa Te3iMIi TEepeHTIKTe
JKOHEYaKBIT TeH KOOp)KMHATTapFa TOYeNAi CHIPTKBI CalMak OoiFaH Ke3fe YII Qas3aibsl Heri3geMeHiH OipTeKTi
TBIFBI3ANY YpHici KapacTeIpsUInbel. by skarmaiina, mepOec TyBIHABUIAD VINIH HIETTIK €CENTep INbIFapbUIajibl. ¢
eHei3ineen Ke30eH Gacman Ke3-KeleeH YAKblM apanblebl YuliH MEXETK KbICBIM p(X,f), TONBIPAK KaHKACBIHIAFbI
(KYpBUIBIMBI ?) KEpHEY KOPCETKIIITEP 0 (X,2) )KOHE MIeTIHII MOHIH S, eCenTell IbIFapy YIIiH ecentey (hopMyianapsl
anpIKTaIael. Ochl (opMynanap HeriziHie TaObUIFaH MoHAEp OOMBIHINA OPTEKTI IIEKTEC JKargaiiap YIUiH KHCBIK
HIeTiHAUIEP/IiH 631HTIK KepceTKilTepi OIPTEKTI IEKTeC KarJaiiap yiIiH KepceTkimrTepine Kaparania a3. CoOHbIMEeH
Oipre, opTeKTi LIEKTEC >KaFjaillap YIUIH TONbIpaK KaHKACBHIHIAFbl KEpHEY KOPCeTKIIITepi YJIKeHIri OoHbIHIIA
OIpTEKTI IIeKTec )KarJaiina yIIiH KepHeY KOepCeTKillTepiHe KaparaHaa TeMEH jkoHe ojiap Oeunirii Oip acMMOTOTKA
TaJIIIBIHABI.

Ty#lin ce3mep: yIepic, TOIBIpaK, MapajuIeNeNuIe],, KBICHIM, HeTi3lep, Herizaeme, IIeKTeC Karmaniap,
QyHKIMATIApIBIH Y3OIKCCI3Airi, muddepeHuanibl TeHaey, THIepreoMeTpHaIbl TeHICY
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VILIOTHEHUE CJIOSI TPYHTA, OBJIAJJAIOIIETO YIIPYTUM CBOMCTBOM
U HEOJHOPOJHOCTHIO TPAHUYHBIX YCJIOBUI

AHHoTauus. B WHXeHepHOH mpakThKe OONBIION HHTEpeC MPEACTABILIIOT 3aJa4d YIUIOTHEHHSA 3eMIITHON
cpeasl KOHEYHOH TONIIMHEL, 001aJaromieil yIpyruM CBOHCTBOM. B CBSI3HM ¢ 3THM paccMOTPEH IMPOIeCcC OJHOMEPHOTO
VIUTOTHEHHsI Tpex(a3HOrO0 OCHOBAHUS C BOJOYIIOPOM Ha TIyOHMHE W HAXOJAIICTOCS IOJ [SHCTBHEM BHEIIHEH
Harpysku, SaBl/ICHILIeﬁ OT BpECMCHU U KOOPJAUHATHI. le/l OTOM pEIIACTCA KPAaCBbIC 3aJa4n Jid YPABHCHUU B YaCTHBIX
IpoU3BOJHBIX. [IpryeM rpaHuyHbIE YCIOBUS HEOJHOPOIHBL.

OmnpeneneHpl pacyeTHbIC (OPMYJBI JJIs BBIYMCIICHUS 3HAYCHUI MOPOBOTO HaBICHUS p(X,!), HANPSIKCHUS B
CKeJleTe TPyHTa O(X,f) U 3Ha4eHHsI 0CaAKU S, JUIS JII000r0 MIPOMEKYTKa BPEMEHH OT Havasia 3arpyKeHus 7.

Boruncienus mo 3tuM (GopMyiTaM OKa3bIBAIOT, YTO KPHUBEIC OCAIKHU U HEOJAHOPOIHBIX TPAHMYHBIX YCIOBUH
[0 CBOEMY 3HAYEHHUIO MEHbIIE, YEM JUIsl OJHOPOAHBIX I'PAaHUYHBIX ycioBUMl. [Ipu 3TOM 3HaueHHs HaNpsOKEHUH B
CKeJIeTe TPyHTa JJIsi HEOAHOPOJHBIX IPaHUYHBIX YCIOBUM MO BEJIMYMHE MEHBLIE, YeM JJIs1 OAHOPOJHBIX I'PaHUYHBIX
YCIIOBHIA 1 OHU CTPEMSTCS K OTIPEAETICHHOW aCHMITTOTE

KiaroueBsie cioB: [lporecc, yIUIOTHEHWs, TPYHT, IMapajUleWIlel, NABJICHWS, OCHOBAaHWA, (yHIAMEHT,
TpaHUYHBIC YCIOBHS, HEMPEPHIBHOCTh (DYHKIIHHA, nuddepeHaTHple  YpaBHECHUS, THIIEPTeOMETPHUYCCKIE
YpaBHEHUSL.
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