ISSN 1563-0277, eISSN 26174871 JMMCS. Ne4(108). 2020 https://bm.kaznu.kz
IRSTI 27.39.25 DOI: https://doi.org/10.26577/JMMCS.2020.v108.i4.08

A.S. Muratov ~, A.T. Kalbayeva =~ , S.D. Kurakbayeva* =, A.T. Kalbayeva
M. Auezov South Kazakhstan University, Shymkent, Kazakhstan
*e-mail: sevam@mail.ru

USING THE BOUNDARY ELEMENTS APPROACH TO SOLVE
THE PROBLEMS OF LIQUID FILTRATION VIA THE DAM

The work deals with the method and programs to calculate the liquid filtration via the dam, with
allowing for the events of their possible damage. On the base of the boundary elements approach the
method to calculate the flow of a liquid via the dam in the presence of a watertight fitting member was
conducted. Using the numeric test, the free boundary position at the liquid filtration via the dam with
the defected upper and lower basins was received and provisional analysis with the outcomes, received
in the event of the defect of the upper dam basin only, was conducted. The primary free surface position
has been determined arbitrarily. The boundary elements disposition drawing for the soil unit at the
stream with the free area via the barrage with the defected upper (at the top) and lower barrage basins
has been developed with allowing for reaching the optimal computing time. The boundary elements
disposition drawing for the soil unit at the stream with the free area via the barrage with the defected
upper (in the middle) and lower dam basins has been developed for the same considerations. The
application was created in Delphi 7 visual programming environment. The main calculated outcomes
were compared for the potential at the stream with the free area via the barrage with the defected only
upper basin made earlier and for the barrage with the defected upper and lower basins. The outcomes
show that in the event with the upper dam basin defect there is more wetting of the soil than in the
event with the defect of both dam basins. It can be explained by the fact that the liquid stream at the
defect lower dam basin will be faster and wetting of the soil will be less. The results of submitted paper
can be useful in engineering practice for designing the soil dams.

Key words: liquid filtration, dam, barrage, defected basin, wetting, boundary elements approach.
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Berer apKbLIbl CYNBIKTBIKTAP/bI Cy3y €CeIlTepiH Ielry YIIiH
IIeKaPAaJIbIK, JIEMEHTTEP 9IiCiH KOJIJJaHy

ZKympIcTa BIKTHMAJI 3aKbIMJIAHY 2KarjafijlapblH €CKepe OTBIPBIN, jgamMba apKbLIbl CY/IbIH CY3iiIyiH
ecernrrey oJici MeH OafgapJiaMachl KapacTeipbliraH. [llekapaJsiblk 3JieMeHTTeD 9JIiCiHe CYyiieHe OTBIPHIIL,
cy ©TKI30eiTiH IIeKapaJsIbIK, 3JIeMeHT OOJIFaH Ke3jie 0ereT apKblabl CYMBIKTBIKTHIH CY3UIyiH ecenrey o/Iici
yeuIabLTaabl. CaHIbIK 9KCIEPUMEHT apKbLIbI YKOFAPFBI YKOHE TOMEHT1 ObedTepiH 3aKbIMIaTybIMEH
ngaMba apKBLIbI CYHBIKTBIKTBI Cy3y Ke3iHmae 00C IeKapaHblH Kargaiibl aJIbIHIbl YKOHE JTaMOAHbBIH, TEK
2KOFaprbl Obedi 3aKbIMIAHFAH YKAFIANIa aJbIHFAH HOTUXKEJIEPMEH CAJIBICTBIPMAJIbI TAIIay »KYPri3iiii.
Boc Gerrin Gacrankbl OpHBI epikTi Typie aHbIKTaJabl. OHTAMIBI ecerrey yaKbITBIHA KOJI KETKI3yiIl
eCKepe OTBIPHII, KOFapFbl YKoHe TeMeHT1 ObedTepii 3aKbIMail OTHIPHIN, JaMba apKbLIbI €pKiH OeTi
6ap CYMBIKTBIKTHI CYy3yre apHaJraH IeKapaJblK 3JeMEeHTTEPIIH OpHaacy rpadurrTepi caabHgbl. o
ochIHAM cebernTep OOMDBIHITA OOTETTIH OPTACKIHIA YKOHE TOMEHTI Obedinae 3aKbIM OacTaJ raH XKargaiga
Gerer apKbLIbl €pKiH 0eTi 6ap CYWBIKTBHIKTHI CY3y VIINH MIeKAPAJIBbIK JIEMEHTTEP/IiH OpHAIacy KecTeci
xKacayel. Delphi 7 Busyasasl Oarmapiamaay OpTachlHIa OarmapiiaMasblK, KacaKTaMa 2KacaJiIbl.
AJIbIHFAH HOTHXKEJIEPIEH JaMOaHbIH TeK YKOFaprbl ObediHiH GereTi 3akbIMIAHFAH KarIaiIa, JaMOaHbIH,
eki ObediHiH 3aKbIMIAHYbIHA KapaFaHa, TONBIPAKTHIH KOOIpeK cysaHybl Oaiikamaanbl. By qaMOaHbIH
CBIHYBI MEeH TOMeHri Obedi OosiraH Ke3le Cy arblHbl Te3ipeK KYpPell KOHe TOIBIPAKTHIH, CYJIaHybl a3
00JTaIbI. YCHIHBIIFAH KYMBICTBIH HOTHKeJIePi Kep 6ereTTepin Kobastay Ke3iHae nHKEeHepJK ToxKipubee
maiiaabl 00Iybl MYMKIH.

Tvyiiia ce3aep: CYUBIKTBIKTHI Cy3y, daMba, Oerer, Kopiay, 3aKbIMIajFal 6acceiiH, cy/ay, IeKapaJbIkK,
3JIEMEHTTED DJIICi.
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ITpumeHeHne MeTOA IPAHUYHBIX JIEMEHTOB
JJIsl pelieHus 3a/1a49 puiabTpanuu XXKuJaKocreii yepes mamoy

B pabore paccMOTpeHBI METOAWKA W MPOrpaMMa pactdeTa (PUILTPAINN BOJALI Uepe3 JaMOy ¢ yIeToM
CJIydaeB BO3MOYKHOI'O TOBpeXKieHns. Ha ocHOBe MeTO/la TPAHUIHBIX JIEMEHTOB MPEJJIOXKEH METOJ, JIJIst
pacdera (UIBTPAIMN KUJKOCTH 4Yepe3 JaMOy IpU HAJUYUU BOJOHEIPOHUIAEMOI0 I'PDAHUYIHOIO 3Jie-
MeHTa. [lyTeM YncIeHHOro SKCIepUMEHTa, IOy YeHO TOJIOXKEHNE CBOOOTHON I'PAHUIIBI TIPU (DUIBTPAIIUT
JKUJKOCTH 4depe3 aMOy ¢ MOBPEXKJIECHUEM BEPXHEr0 W HUXKHEro ObeOB W TPOBEIEH CPABHUTEIbLHBIH
aHaJin3 C pe3yJbTaTaMi, MOJYYEeHHBIMA B CJIydae MOBPEXKJEHUsI TOJHKO BepxHero Obeda 1aMObI.
[TepBuunoe moI0KEHIE CBOOOTHOM MOBEPXHOCTH OBIIO OIpEIe/IeHO TPou3BOIbHO. IlocTpoenn! rpaduku
PACIIOJIOXKEHNS "PAHUYHBIX JIEMEHTOB JJIsl (DUJIBTPAIIUN XKITKOCTU CO CBODOIHON ITOBEPXHOCTHIO Uepe3
JaMOy C IMOBPEXKIEHNEM BEPXHEr0 U HUXKHEro ObepOB C yUETOM JIOCTUYKEHHS OIITUMAJIBHOIO PACYETHOIO
Bpemernu. [lo Tem ke coobparkeHusiM OBLT MOCTPOEH TI'PadUK PACIOJOKEHUS TPAHUIHBIX 3JIEMEHTOB
JyTst (DUIIHTPAIUH KUJKOCTH CO CBOOOIHON TTOBEPXHOCTHIO Yepe3 1aMOy B CJIydae HAYAJIa MOBPEKICHUST
B IIEHTpe W HUXKHEro Obeda mamdObl. PazpaboTano mporpaMMmHoe obecrevdeHne B Cpejie BU3yaJbHOTO
nporpamMupoBanus Delphi 7. VI3 mosiydeHHBIX pe3y/abTaTOB BUIHO, UTO B CJaydae, KOTJA ITPOU3OIILIO
MOBpeKJIeHNe aMObl TOJIBKO BEPXHEro Obeda maMObl IPOUCXOAUT OOJIbIIee CMAYUBAHUE I'PYHTA, YeM
B Cjaydae C IOBpexkJeHueM oboux ObedoB HaMOBbI. DTO OOBSICHSIETCS TEM, UTO KOIJA TPOUCXOIUT
obstom m HuKHEro Obeda mamOBI MOTOK BOMABI OyJET WATH OBICTpEE W CMAYMBAEMOCTH I'DYHTa OyaeT
MeHbIIe. Pe3ysibraThbl 1peJICTaBJIeHHON paboThl MOTYT OBITH MOJIE3HBI B WHYKEHEPHON MPAKTHUKE MpHU
[IPOEKTUPOBAHUY I'PYHTOBBIX IJIOTHH.

Kitrouessbie ciioBa: puiibrpalius X KUJIKOCTH, JaM0a, 3arpaskIeHue, MOBPEX IeHHbIi 6acceiiH, cMaunBa-
HHUE, METOJ, TPAHUYHBIX 3JIEMEHTOB.

1 Introduction

The liquid filtration via ground barrages plays very significant role in the National economy |1, 2].
The data presents that more than half of all casualties caused by destruction of ground barrages
occur owing to the liquid filtration.

Thus, when planning and developing the ground barrages it is necessary to conduct filtering
calculation, in the course of which the depression bend position in the edifice corpus should be
determined; to determine filtering stream gradients and rate of filtering speeds [3,1]; to determine
the filtering expenditure via the barrage corpus and its base. Currently there are many suggestions
for the filtering calculation techniques via the ground dams [5].

Nevertheless, analysis of situation, when the barrage sequence defects are probable, is of great
significance [0, 7]. it is more common that the most wash upper and lower dam basins are defected.

The work is aimed at creation of the method and programs to calculate the liquid filtration
via the dam, with allowing for the events of their possible damage, and developing the method to
calculate the flow of a liquid via the dam in the presence of a watertight fitting member.

2 Problem setting

Let us consider the problem of liquid filtration via the dam with waterproof embedded elements.

The considered medium is smooth and isotropic, then the problem is resulted in the Laplace
equation Au = 0 regarding the speed potential u with boundary conditions: ¢ = 0 on the
impermeable boundary(because the bottom is solid (u,) = 0) i.e. on the surface layer of soil
and rocks (AF surface in Figure 1); u = const on ABC and EF surfaces of the spongy medium;
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u = x5 on DE filtration surface where the liquid goes via the soil and flows downward; u = x4
and ¢ = 0 on the free surface (CM and LD). KL is an inset element. Among other things, the
exact position of the free area is unknown, and determining it is a part of the process to solve the
problem.

The boundary conditions in the problem of liquid filtration via the dam:

ABC :u=H. :q=0,u=1x9; LD : q = 0,u = xs;

DE :u=ua29,FF:u=HE;AF : q=0;ML:q=0,u= xs.

Count surface

Figure 1 — The boundary conditions in the problem of liquid filtration via the dam

To numerically calculate the problem, the primary free area position is set arbitrarily, and
moreover, in all parts of its accepted condition ¢ = 0 [3]. Found for each nodular point of the free
area value of the potential is correlated with the liquid surface height if the difference between them
is more than the maximal admissible error, this difference is added with the algebraic approach
to the height of the surface at the respective nodular point and a new iteration is performed. If
necessary, the potential values at the internal points are determined after identifying the real free
surface position.

3 Mathematical model and results of numerical calculation

The division into boundary elements in the problem of liquid filtration via the dam is shown in
Figure 2. Position scheme of boundary elements for the soil unit in liquid filtration via the dam is
as follows:

Jj=16:¢=0; j=7,9:u; =0,1; j=10,20:¢; =0, uj = x9; j=21,24 :u; =0,5.

The division into boundary elements in the problem of liquid filtration via the dam is shown
in Figure 2. The heights’ upstream and downstream are 0.5 and 0.1 m respectively, regarding the
surface of reference. The boundary conditions are of the following form: u = 0,5 on the surface
facing the flow (node 21-24), ¢ = 0 on the bottom (impermeable) surfaces (nodes 1-6); u = 0,1
on the surface directed downstream (sites 7-9), and ¢ = 0 on the free surface (10-20 nodes). At
the primary stage of calculations, the free surface shape was chosen arbitrarily flat and equally
arbitrarily identified position of the surface. The ultimate free surface position will be received by
iterations. The problem is solved by the boundary elements approach.
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Figure 2 — The scheme of position of boundary elements
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Figure 3 — The preliminary estimated results of the problem of filtration of a liquid via a
dam with a waterproof embedded parts

Figure 3 shows the estimated results of the problem of filtration of a liquid via a dam with a
waterproof embedded parts.The position of the free area was found after the 11*" iteration |7, 5].

During the numerical calculation of the problem, the primary free surface position is determined
arbitrarily, and, among other things, in all points of this surface ¢ = 0 convention is accepted [9].
The potential value,which was determined for each nodal point of the free surface, is correlated
with the liquid surface height [10].If inequality among them is more than the maximal admissible
error, this inequality will be algebraically compiled with the area height in the relevant nodular
point and new iteration will be conducted |1 1-13].

Figure 4 presents the boundary elements division in the issue on the stream with the free area
via the unit from spongy material. The upper and lower basins heights form 0,5 and 0,1 accordingly
concerning the reference area.

The ultimate free area position was received after the 6 iteration.

Consider in more detail the filtration problem via the edifice with defect in the spongy medium
entrance (Figure 5), where ABCK section is a fragment of the barrage (defected area of the
barrage). Respectively the boundary circumstances for the issue of the liquid current via the
barrage will be unequal.

Arrangement of the boundary elements for the ground block at the current with the free area
via the barrage with the defect in its top point is in Figure 6, with the defect in its middle point
is in Figure 7.

Let’s regard in details the issue on the filtering via the barrage with the defected upper and
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=L6  g=0. =79 u=0.1, =1020 qg=0,uy=x» =2124 u=0.5

Figure 4 — The boundary elements arrangement drawing for the soil unit
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Reference plane
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Figure 5 - Boundary conditions in the issue of the liquid current
via the barrage with the defect
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Arrangement of the boundary elements for the earth block with the damage

Figure 6 —
(beginning of the damage at the top of the dam)
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24=1 2 3=4 ] 6=7

FL3w=0.5, =46 g=0, j=79u=0.1, j=1020 q=0,u=x;  j=20,22 v=0.5

2324 u=0.3
1)-(x =03,x =03) 2)-(x'=04.x =0,4) 3)-(x =05.,x =05)
Figure 7 — Arrangement of the boundary elements for the earth block with the damage

(beginning of the damage — middle point of the dam)

lower basins of the spongy medium, where ABCK, LEF sections are the upper and lower dam
basins’ fragments accordingly. Thus, the boundary conditions for the issue on the liquid stream
via the barrage will be different (Figure 8).

b
v Cf \

u ca;k:.r--H, 7 N\ N=X,

A——— B

WD
'-._‘A""'"“’
\
- WE
K =0 .\-\ u=sconsr=H;z

L B
F

H. » He

Reference plane
ABC:vw=H, AK:v=H, CD: #=x,,g=0 DE:u=x,, EFtu=H; LF:u=Hy KL:g=0

e

Figure 8 — The boundary conditions in the issue on the liquid stream via the barrage with
the defected basins

The boundary elements disposition drawing for the soil unit at the stream with the free area via
the barrage with the defected upper (at the top) and lower barrage basins is presented in Figure
9. The boundary elements disposition drawing for the soil unit at the stream with the free area via
the barrage with the defected upper (in the middle) and lower dam basins is presented in Figure
10.

The application was created in Delphi 7 visual programming environment. The program
comprises all necessary data and resolutions of the issue. Figures 11 and 12 show corresponding
betwixt the calculated outcomes for the potential at the stream with the free area via the barrage
with the defected only upper basin made earlier and the barrage with the defected upper and lower
basins.

Lines nomenclatures for Figures 11 and 12 are as follows:

an event of the undefected dam;
.............. an event with the defected upper dam basin (23 = 0, 3;z] = 0, 3);
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The boundary elements disposition draw for the soil unit with the defected basins

Figure 9 -
(beginning of the defect at the barrage top)
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The boundary elements disposition draw for the soil unit with the defected

Figure 10 -
basins (beginning of the defect in the barrage middle)

an event with the defected upper dam basin (3 = 0, 4; 2] = 0,4);

________ an event with the defected lower and upper dam basins (23 = 0,2; 2% = 0, 6);

— = an event with the defected lower and upper dam basins (z3 = 0, 3; 2% = 0, 5).

The outcomes of the modeling and computer test present potential of considerable effect of the
barrage washout areas on the wetted barrage capacity and, adequately, on the filtrate consuming

even at concerning small defect sizes [14].
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a)
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=21.22 u=0.5j=23,24 u=0.5
a)-(x =0.2,x° =0,6) b)-(x’ =0.3,x" =0.5)
1 =gy , 1 ke -
Figure 11 Corresponding of the calculated outcomes for the potential at the stream with

the free area via the barrage with the defect in the upper basin top only and via the barrage with
the defect in the upper and lower basins top

Figure 12
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Corresponding of the calculated outcomes for the potential at the stream with
the free area via the barrage with the defect in the upper basin middle only and the barrage with
the defect in the upper and lower basins middle
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4 Conclusion

Using the numeric test, the free boundary position at the liquid filtration via the dam with the
defected upper and lower basins was received and provisional analysis for comparing with the
outcomes, received in the event of the defect of the upper dam basin only, was conducted. The
outcomes show that in the event with the upper dam basin defect there is more wetting of the
soil than in the event with the defect of both dam basins. It can be explained by the fact that the
liquid stream at the defect lower dam basin will be faster and wetting of the soil will be less [15].
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