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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 eclastic 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
homogenecous 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 ¢lastic 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 heterogencous
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.¢. at cach 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 homogencous 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 ¢lastic 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 . 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

g=—Aln(c+0,)+C, (1)

where A, o, 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=-a,0+4, (2)

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

Moreover, aj, 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 a, = 0.10-0.01 MPa, and
for compacted clays decrease to values a, =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:

a_p_ k(l+8cp) azp
ot V. oz*’

oe
—+p'(+¢ 3
Y B+e, (€))
where [3' — the coefficient of volume compression; k — 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 ¢lastic property (2),
has the form
o* O
P_cw TP 4 )
ot oz ot

where
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1+ €.,
Cp) = A=—0t G)
v [a+,6’(1+g )] a+p'(l+e,,)
Equation (4) for (5) is solved under the following initial and boundary conditions:
p(z,7)=q(z,7)), ze€[0h], 7 €[r,T]; (6)

p(0,6)=¢q(0,7 )e(t), te[r,T],

7
P o o<a@®<l. 2
oz| _,

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

p(z,1) = p(z,1)—q(z, )(t) (8)
from whence

p(z,0) = q(1)-=(t) + p(z,1) ©)

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

p(zar):q(rl)'[l_m(rl)]a (10)
p(0,1)=0,
@ 0. (11)
oz|__,

In this case, the basic equation of compaction (4) is reduced to the form:
ap *p o
—poS)-—f+(A+l)—q, (12)
ot 0z ot

where the constants, C I(/l) , (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

(21+1)7z
T (t 13
Z (7)-sin Rt (13)

where 7’ (£) - 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) =0and for z=h

I (2 . Qi+hrx
= —— 2 T()-sin—————=2=0. 14
oz Z 2h l()sm 2 ? (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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both sides of the resulting equation by sin M z, We integrate with respect to the independent

variable z from 0 to h. In this case we relatively obtain an ordinary differential equation of the form

a() CORT(N=0.(1). (15)
Where
4(A+1) 8q
Q()_(21+1) (o}

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

; D2 o
T,(t) = [0,(2)-¢™ 7 Pz, a7

The general solution of equation (15) with O (¢) =0

D2
_ 14
T, ()=C-e
Then expression (13) is reduced to the following form

o o2 D2, ;
p=3| ¢, 4 [0, P e | in@EDE as)

i=0 7
where C , - an arbitrary constant, which is found from the initial condition (10). And with 7 =7,

4

D2,
Co=Grme | awli-=l

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

_ =1 D2 (-2 c(l)/ﬁ(r—r) . QQi+hrx
= t)1-=x]-e % Vi(4+1 4 dr |sin——=2z (19
P= 2o am-=l +( ),{ > S 19

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.

o0

4 1 Cg)ilz(t—rl) - oq C(Vl)z%(t—r)
p(z,0) =gzt +—> ——| q(z 1 -=]-e +(A+1)[<Le dr | x
T 2i+1 4 o1
i Akt LI (20)
2h
Then the stress in the skeleton of the soil will be calculated by the formula

[}
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It should be noted that from (20), (21) we have that p—0, o— g for t—>o0 At the same time, for t—1;
we find that p(z,7,) —>q(z,). 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

7 ol (22)
S, ’
Then
S =U-S,. (23)
where the degree of consolidation U is from
8 & 1 D2z : oq M2
U=1-—) ———|qgz)[1-=]-e” " V+(A+])| =V ™ dr (24)
e 2i+1)S 9@l | ( )Jl@z'
SOO has the meaning
g _aqd-=)h (25)
“ 1+ g,

Using formulas (20) - (25) and values fore ", calculate the pore pressure p(x,7), stresses in the
skeleton of the ground o (x,7) 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 4=5, if the medium to be
condensed is characterized by the above parameters, and the external load varies according to law

q= 2¢™ M In this case, the integral in (20) is equal to the following quantity;
o2
¢ 0g V2 -1 27! 1014-cP21 —[014-c P21
(4. r=— e —e : (26)
Tl@r CV /11_ -0,14

where  k = 36-10"° sm/sec; B’ = 0,35 MPa; gp = 1,18; v = 0,01 n/sm’; a, = 0,022 MPa we have that
k(1+eq) = 78.48-10°° sm/see; B (1+eqp) = 5,4936-107 MPa; € =0,0003923; A =0,048.

i

. 2
22:[%} o a&=075 =05 =025 x=0.

Ratio of pore pressure
to external load, p / q

0 10 20 30 40 50 60 70 &80 90 100 110 120 130 b (da’)
A — for homogeneous boundary conditions; ® —for & = 0,5, o —fora = 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 C I(/l),/l,/ll.2 , @,of 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.
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A — for homogeneous boundary conditions;
e —fore=0,5 o-forae=0,75, A-foratwo-phase medium;

Figure 2 - Curves of the changes in the sediment of the condensed massif in time
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A — for homogeneous boundary conditions;
e —fore=0,5 o-fore=0,75, A-fora two-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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CEPHIMALIIK KACHETTEPI BAP ’K9HE
MEKTECTIK KAFJAWJIAPBI OPTEKTI TOIIPAK KABATBIH ThIFBI3JIAY

Annoramusa, CepriMaimk KacHerTepi Oapkep KaOAaThIHBIH COHFBl KAJNBIHIOBIFBIH THIFBI3AAY CCCNTEpi
HEKCHEPIIK TOKipmOe camachlHAa KON KbI3BIFYIIBUIBIK TyFb3aipl. OCBIFaH Opaif, Cyra Te3IMII TEpeHIIKTE
JKOHCYAKBIT TICH KOOPKHHATTAPFA TOYCIAL CHIPTKBI camMak OOJFaH Ke3Aae YII (pa3amsl HETiI3ACMCHIH OipTeKTi
TBIFBI3IANY YPZAICI KApacThIpbUIABL. byn skarmaiina, nepOec TYBIHABUIAP YIIIH INETTIK €CENTEp INbIFApbLIafbL. !
eHzi3iNeen Ke30eH bacman Kes-KelieeH YVAKbIm apanbigbl YutiH MEKCIK KBICBIM p(X,!), TOMBIPAK KAHKACHIHIAFBI
(KYpBLIBIMBI ?) KEPHEY KOPCETKIIITEPI O (X,?) KOHE MIOTIHIL MOHIH S, €CENTEN MbIFapy YIUiH ecentey (hopMyIanapsl
anbIkTangel. Ocel (opMyamap HEriziHAC TAOBIFAH MOHACP OOMBIHINA OPTEKTI IIEKTEC JKAFJAWap YINIH KHCBIK
INOTIHIUTCPAIH 631HTIK KOPCeTKIITEPl OIPTCKTI MEKTSC KAFIAHIAP YIOIH KOPCCTKIMTEPiHe KaparaHaa a3. COHBIMCH
Oipre, opTeKkTi MEKTEC >KAFAaiiap YIOIH TOMBIPAK KAHKACBHIHIAFBI KEPHEY KOPCETKIINTEpi YIKEHIIrT OOHbIHIIA
OIpTEKTI MIEKTEC JKaFJalia YIIiH KEPHEY KOPCETKIMITEpiHE KAparaHAa TOMCH jKOHE oJlap Oemiriai Oip acMMITOTKA
TaJIBIHABL.

Tyiiin ce3gep: yZzepic, TOWBIPAK, IApaJUICJNCTHIC], KbICBIM, HETi3AEp, HEri3aeMe, HICKTeC >Karaaumiap,
(OYHKIHATAPABIH Y3HIKCCI3airi, AUPPCPCHIHATIIB TCHACY, THIICPTCOMCTPHABI TCHACY
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YIUVIOTHEHHE CJOA I'PYHTA, OBJIAJAIOIIEI'O YIIPYTHUM (:,:BOﬁCTBOM
U HEOAHOPOJHOCTBIO TPAHUYHBIX YCJIOBUHU

AnHoTanus. B MIDKCHEpHOH NpakTHKE OOJNBIION HHTEPEC MPEACTABIIEOT 3374 YIUIOTHEHHS 3EMILTHOM
cpeapl KOHSYHOM TONMIIMHBI, 00IaJafoIIeH YIPYTHM CBOHCTBOM. B CBSI3M ¢ 3THM pacCMOTPEH MPOLECC OJHOMEPHOTO
VIUIOTHCHHUSI TPEX(a3HOTO OCHOBAHWSA C BOJAOYNMOPOM HA TJIyOMHE M HAXOIIIETOCSH IO ACHCTBHEM BHEIIHEH
HATPY3KH, 3aBHCALICH OT BPEMEHHU M KOOPAMHATHL [IpH 3TOM pelmaeTcs KpaeBhle 3aJa4 L1 YPABHCHUH B YACTHBIX
MPOU3BOAHBIX. [ IpHYeM rpaHUYHBIC YCIOBUA HEOTHOPOTHBL.

OnpeacneHsl pacyueTHBIC (POPMYJIBI AN BBHIMHCICHHSA 3HAYCHHH MOPOBOTO IABJICHHUA p(X,!), HANPSKCHHA B
CKeJeTe TPYHTA G(X,f) W 3HAYCHHUS OCAAKH S; 171 TOO0TO MPOMEKYTKA BPEMECHH OT HAYAJIA 3aTPYKCHU 1.

Borumcnenus mo 3tuM (popMyIaM ITOKA3BIBAOT, YTO KPUBBIC OCAAKH I HECOJHOPOIHBIX TPAHMUHBIX YCIOBHH
IO CBOEMY 3HAUCHHUIO MCHBINE, YeM I OJHOPOAHBIX TDAHHYHBIX YCJIOBHH. IIpH 3TOM 3HAYCHUSA HANPSOKCHHU B
CKeJeTe IPYHTa A1 HEOJHOPOAHBIX IPAHUYHBIX YCIOBHH MO BEJIMYMHE MECHBIIE, YEM A OJHOPOJHBIX TPAHUYHBIX
YCIOBHI U OHH CTPEMATCS K ONIPEACICHHON aCUMIITOTE

KmoueBnie caon: Ilpomecc, YNMIOTHEHHS, TPYHT, HAPAIUICIHIC, [JABJCHHS, OCHOBAHWA, (DYHIAMEHT,
TPAaHWYHBIC VCJIOBHS, HEMPEPBIBHOCTD (DYHKITHH, Ju(QepeHIMaTHbIC YPAaBHCHUS, THICPTCOMETPHUCCKUC
YPaBHCHHL.

Information about authors:

Dasibekov Azhibek - Doctor of Technical Sciences, Professor, M.Auezov South Kazakhstan State University, Shymkent,
Kazakhstan, e-mail: dosibekov-ukgu@gmail.com, ORCID: https://orcid.org/0000-0002-7148-5506;

Yunusov Anarbay Aulbekovich - Candidate of Physical and Mathematical Sciences, assistant professor, Kazakhstan
Engineering and Pedagogical University of Peoples’ Friendship, Shymkent, Kazakhstan, e-mail: yunusov1951@mail.ru, ORCID:
https://orcid.org/0000-0002-0647-6558,

— g ——



ISSN 1991-346X 4. 2019

Yunusova Altynai Anarbaevna - Candidate of Technical Sciences, assistant professor, The Eurasian Humanities Institute,
Astana, Kazakhstan, e-mail: altyn_79@mail.ru, ORCID: https://orcid.org/0000-0002-4215-4062;

Korganbayev Baurzhan Nogaybayevich - Doctor of Technical Sciences, Professor, M.Auezov South Kazakhstan State
University, Shymkent, Kazakhstan, e-mail: mr.baurs@mail.ru, ORCID: https://orcid.org/0000-0001-9428-2536;

Kuatbekov Nurlan Abdumusayevich - assistant professor, Kazakhstan Engineering and Pedagogical University of Peoples’
Friendship, Shymkent, Kazakhstan, e-mail: N.kuatbekov(@gmail.com, ORCID: https://orcid.org/0000-0002-9122-8072;

Takibayeva Gulchekhra - Candidate of Technical Sciences, assistant professor, M.Auezov South Kazakhstan State
University, Shymkent, Kazakhstan, e-mail: Takibayeva@gmail.com, ORCID: https://orcid.org/0000-0003-2663-0281;

Espembetova Damira Nurmoldaevna — master, Kazakhstan Engineering and Pedagogical University of Peoples’ Friendship,
Shymkent, Kazakhstan, e-mail: damira-777(@gmail.com, ORCID: https://orcid.org/0000-0003-3562-6962

REFERENCS

[1] Gersevanov N. Mmm. Polshin D. E. Theoretical foundations of soil mechanics and their practical application.- Moscow:
Stroyizdat, 1948. 247 p.

[2] Tasibekov A. D., Takibaev G. A. plane problem of mechanics of soils in provodolzhala galleriesasian their filtration
coefficient and the variability of the modulus of deformation in time // Mechanics and modeling of technological processes.-
Taraz, 2006, Nel. P. 49-56.

[3] Tasibekov A. , Yunusov A. A., Arapov B. R., Kuatbekov N. A. Yunusova A. A., Taganova G. D., Nurmaganbetova G.
K. Consolidation of elastic soil modulus of deformation which varies in time //international journal of applied and
fundamentalnyh research-Moscow,2017, No. 9 with 8-13.

[4] Tasibekov A. Yunusov A. A. Imanov J. T. Yunusov A. A. Nurmukhanbetova J. A. solution of the one-dimensional
problem of sealing aging hereditary soils//international journal of applied and fundamentalnyh research-Moscow,2014, Nol12-2
with 192-198.

[5] Tasibekov A. Yunusov A. A. Imanov J. T. Yunusov A. A. problems of the theory of compaction, which is solved in
hypergeometric functions, Kummer, Journal "advances in current natural Sciences"Moscow,2014, No. 4-s 96-101.

[6] Tasibekov, A. A., Yunusov A. A., Yunusova A. A. Madjarov N. To. One method of investigating the problem of
consolidation provodolzhala heterogeneous soil foundations// Journal "Fundamentalnye studies"Moscow, 2017, No. 9 with 521-528.

[7] Tasibekov A. D., Alibekova A., makasheva G., G. A. Takibaev Seal provodolzhala the earth when galleriesasian the
filtration coefficient // Proc.intl.scientific.method. Conf. of the University of Friendship of peoples.- Shymkent, 2006. Part 1.
P. 398-404.

[8] Tasibekov A., Yunusov A. A., Saidullaeva N.. Yunusova A. A. Consolidation of inhomogeneous elastic and
provodolzhala soils. // International journal of experimental education, Moscow, 2012, Ne8-p. 67-72,

[9] Tasibekov And, Yunusov A. A., Yunusova A. A., A. Yalova Seal aging hereditary heterogeneous soil bases. // Scientific
journal "Fundamental researches", Moscow, 2013, No. 8 pp. 323 to 331, impact factor RISC (2011) — 0,144, contributors:

[10] Tasibekov And, Yunusov A. A., Yunusova A. A., two-Dimensional, uplotnenie provodolzhala heterogeneous soil
foundations // Scientific-theoretical magazine "Successes of modern natural Sciences", Moscow, 2013, No. 10: pp. 234-239,

[11] Tasibekov A., Yunusov A. A., Yunusova A. A.. Calculation of inhomogeneous elastic and elastic-creeping soil bases at
sand cushion arrangement, Modern problems of science and education, Moscow, 2013, Ne8. p. 139-144,

[12] Tasibekov A. D., Yunusov A. A., Kambarova O. B., Surganova M. J., G. A. Takibaev Equation of consolidation
provodolzhala soils. // Proceedings of the international scientific-methodical conference: Actual problems of education, science
and production — 2008 Kazakhstan University of friendship of peoples. - Shymkent, 2008. Vol.1. P. 133-138.

[13] Klein G. K. calculation of sediment structures on the theory of inhomogeneous linear-deformable half-space
//Hydrotechnical construction. 1948, Ne2. P. 7-14.

[14] A. Seitmuratov, S. Tileubay, S. Toxanova, N. Ibragimova, B. Doszhanov, M.Zh. Aitimov. Well-posedness of a
nonlocal problem with integral conditions for third order system of the partial differential equations / News Of The National
Academy Of Sciences Of The Republic Of Kazakhstan. Series Physico-Mathematical. 2018, No.5, P. 33-41.
https://doi.org/10.32014/2018.2518-1726.5

[15] Carillo N. Simple two tree Diemention cases in the Theory of consolidasion of Souls. J. Math. Phis. 1942. V. 21.
P. 46-58.

[16] G. A. Takibaev three-Dimensional problem of mechanics of compactable earthen masses in the pressure-dependent
filtration coefficient, Izv. OF NAS RK. Series "Physics And Mathematics".- 2006, Nel. P. 54-57.

[17] K. Terzaghi structural mechanics soil. M.: Gosstroiizdat, 1933. 510 C.

[18] G. S. Khankhodjaev - Calculations of the consolidation of the elastic-creeping water-saturated soil bases taking into
account the structural strength and the initial gradient of the pressure:abstract.dis ... candidate. tech. Sciences'. Shymkent 2010-20s.

[19] Florin, V. A., fundamentals of soil mechanics.—M.: Gosstroiizdat, 1959. Vol. 1,2. 357 p.; 1961. 543 S.

[20] Shirinkulov T. S., Tasibekov A. D., M. J. two-Dimensional Berdybaeva seal provodolzhala soils in their heterogeneous
boundary conditions /Mechanics and modeling of technological processes. Taraz, 2006, Nel. P. 61-66.

[21] Shirinkulov T. S., Tasibekov A. D., Berdybaeva M. J. three-dimensional seal provodolzhala heterogeneous soils with
their heterogeneous boundary conditions //Mechanics and modeling of technological processes. Taraz, 2006, Ne 1.P. 30-35.




