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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets
it apart from other research databases. The inclusion of News of NAS RK. Series of
geology and technical sciences in the Emerging Sources Citation Index demonstrates our
dedication to providing the most relevant and influential content of geology and engineering
sciences to our community.

Kaszaxcman Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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R.E. Lukpanov*, A.S. Yenkebayeva, D.V. Tsygulyov, Y.Y. Sabitov,
D.S. Dyussembinov

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan.
E-mail: ravan 82@mail.ru

ASSESSMENT OF ASH-STORAGE COOLECTOR STABILITY
USING GEOSYNTHETIC REINFORCEMENT ELEMENTS BY TRAY
TESTING AND NUMERICAL MODELING

Abstract. The paper presents the results of the assessment of the stability
of the embankment represented by ash storage collector (ASC) located on the
territory of the thermal power plant of TPP1, metallurgical plant in Temirtau
(Kazakhstan). The purpose of the study was to assess the effect of reinforcement
elements on the overall stability of the embankment, based on comparisons
of the stress-strain state of reinforced and unreinforced embankments. The
technological solution for embankment reinforcement was the use of synthetic
polypropylene geogrid. Model tray tests as well as numerical simulations
by the finite element method were used in the studies. The tray tests were
performed at a scale of 1:30, using equivalent materials selected on the
basis of the law of dynamic similarity. Based on the results of the tray tests,
functional dependencies characterizing the change in the deformation state of
the embankment from the increment of a given displacement were obtained.
The obtained dependencies show the deformations (vertical, horizontal and
resultant) of different locations from the soil base near the source of the given
displacement, through the slope to the embankment crest. Similar dependencies
were obtained from numerical reinforcement results. Both studies present
comparisons of the deformed states of the unreinforced and reinforced models,
from which the effect of the reinforcement elements on the overall stability
of the embankment is evaluated. Comparisons of the results of tray tests and
numerical simulations are presented. The comparisons are represented by
corrective actions, which are expressed by dependencies between the values of
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ratio coefficients and the distance from the source of a given displacement. The
ratio coefficients, in turn, reflect the quantitative difference in the deformed
state of the unreinforced from the reinforced embankment. The obtained results
make it possible to evaluate the overall stability of the ASC embankment by
express numerical simulation, the quality of which will be improved by the
introduction of corrective actions obtained on the basis of model, but still in-
situ tests.

Key words: geosynthetics materials, geogrid, overall stability, embankment,
tray tests, numerical modeling.

P.E. Jlyknanos’, A.C. Enke6aesna, /I.B. Illpirynes, E.E. Cadouros,
A.C. JrocemOnHOB

JI.H. 'ymunes atsingarsl Eypasust yaTTBIK YHUBEPCUTETI,
Hyp-Cynran, Ka3zakcraH.
E-mail: rauan_82@mail.ru

HAVAJIBIK CBIHAKTAP 'KOHE CAHJBIK MOJEJIBAEY
QJIICIMEH APMATYPAJIAYJIBIH TEOCUHTETHKAJIBIK
SJIEMEHTTEPIH KOJJAHA OTBIPBII, KYJ-KOKBIC
"KIAHAFBIIITHIH TYPAKTBLUIBIFBIH BAFAJIAY

AnHotaumusi. Maxkamaga TOI[l Kbuly O3JIeKTp OpTaibIFbI, TeMipray
METaJUTyprusIbIK KOMOMHAT ayMarblH/1a OPHAJACKAH KYJI-KOX *KUHAFbIILIIEH
(3LH) ychIHbIIFaH YHIHAIHIH TYPAaKThUIBIFbIH OaFasay HOTHKeNeplYChIHBUIFaH.
3epTTeyaiH MakcaThl apMaTypajaHfaH *KoHe apMarypajanOaran yHiHALIepIiH
KepHeyi-nedopManusiiaHFaH  KYWiH CaJbICTBIPY HETI3IHAE apmarypalay
AIIEMEHTTEPIHIH YHIHIIHIH KaJIbl OPHBIKTBUIBIFBIHA 9CEpiH Oaranay OOJIbI.
YHiHaiHl KyIIeWTy OOWBIHIIA TEXHOJOTHSUIBIK MLIEHIIM MOJUIPONUIEHHEH
KacaJFaH CHHTETHKAJbIK I€OpelIeTKaHbl KoyJaHy Ooinabl. 3eprreynepie
MOJIeNIbJIIK Haya ChIHAKTAPhl, COHBIMEH KaTap aKbIpJibl JIEMEHTTEP/Il CaHbIK
MOJeNb/iey KOJMaHbUIAbl. HayanblK CBhIHAKTap JAMHAMUKAIBIK YKCACTBIK
3aHpl HETI3iHAE IpIKTEeNTeH Oanamanbl MaTepuasaapasl naiganaHa OTBIPHI,
1:30 wmacmTabbiHAa oOpbIHAANAB. HayanblK CBIHAKTapABIH HOTHXKENIEpi
OolibiHIIA YHIHJIHIH JeQopMalusiIblK >Kal-KyHiHIH O€puIreH bIFbICYIbIH
OCYIHEH ©3repyiH CHNATTAaWThIH (YyHKIIMOHAIABIK TOYCJIUIKTED AabIHJbI.
AJIBIHFAH TOYCNIUIIKTEpP TONBIPAK HETI3iHEH OepiuIreH BIFBICY Ko3iHe
KaKbIH, Kes0ey apKblIbl Karalay[blH *KOTachlHA ACHIH op TYpil Kepiepaeri
nedopmanusiapael  (TiK, KOJJCHEH JKOHE HOTHKE OepeTiH) KepceTeni.
OchiHgall TOyenauIIKTEp CaHIBIK KYLICHTY HOTHIKeIepi OOWBIHINIA aJbIHIBI.
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Exi 3eprreyne ae apmarypaiaHOaraH >KOHE apMaTrypajaHfaH MOJENbIep.iH
nedopMalsIanFal KYHIepiH callbICThIPy YCBIHBUIFAH, OJapAbIH HEri3iHJe
apMarypaiiay 2JIEMCHTTEPiHIH YHIHIIHIH JKalIbl TYPaKTBUIBIFBIHA OCEPiH
Oaranay OepinreH. HayanbIKk chIHAKTap MEH CaHJIBIK MOJICIIBICY HOTHKEIEPIH
CaJIBICTHIPY YCBhIHBUIFAH. CasbICTBIpYyap apakaThiHAC KOI(PGUITMEHTTEPIHIH
MOHJEpl MEH OepiireH OpBIH aybICTBIPY KO31HEH KAIIBIKTHIK apachbIHIAFbl
TOYENAUTIKTEPMEH KOPCETUITeH TY3eTy opeKeTTepiMeH Oepini. ApakaTblHAC
ko3 duumentrepi o3 KeseriHae apmarypanaHbaraH aedopManusIaHFaH
KYHIIH apMaTypaslanfaH YHWIHIIJEH CaHABIK albIpMalIbUIBIFBIH KOPCETEI.
ATNBIHFaH HOTIDKEJEP CaHABIK MOJICNIBACYIIH JKcrpecce omicimen ZSHN
YHIHIICIHIH JKaJlbl TYPAKTBHUIBIFBIH OarajiayFa MYMKIHIIK Oepesi, OHBIH
caracel MOZICNBIIK, O1paK o1 /e TAOWFU ChIHAKTap HeTi3iH/e aasiHFaH Ty3ery
OpEKEeTTEPiH eHIi3y apKbUIbI )KaKCcapabl.

TyliiH ce3mep: TIEOCHHTETHKAIBIK Marepuaijgap, TeOorpuja, >KajIbl
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OIIEHKA YCTOMYUBOCTH 30JIOMIJIAKOHAKOIIUTEJISA

C IPUMEHEHUEM 'EOCUHTETUYECKUX 2JIEMEHTOB

APMHUPOBAHUS METOJOM JIOTKOBBIX UCTIBITAHUM 1
YUCJIEHHOT'O MOAEJINPOBAHUA

AHHoOTaums. B cratbe npeacTaBieHbl Pe3yabTaThl OLIEHKH YCTOWYHUBOCTH
HACBIMH, MpeaCcTaBIeHHON 30nonutakoHakonuTeneM (31IH), pacnonoxeHHbIM
HaTEePPUTOPUM TETIOBOM 3NIeKTpruecKkoi HeHTpanu TOL 1, meTannyprudaeckoro
kombunara B T. Temupray (Kaszaxcran). Llensio ucciienqoBanust Obliia OleHKA
BIMSIHUSI DJIEMEHTOB AapMHUpPOBAaHUS Ha OOIIyI0 YCTOHYMBOCTb HACHIITH
Ha OCHOBaHUM CpPABHEHUN HaNpPSHKEHHO-Ae()OPMUPOBAHHOTO COCTOSHUSA
ApPMHUPOBAHHOW W HEAPMUPOBAHHOM HAChINEH. TEXHOJOTMYECKUM pEIIeHUEM
0 YCWJIEHHIO HAChIMU ObLJIO TNPUMEHEHUE CHUHTETUYECKOHW TeOopelIeTKH
U3 TmojunpomnuieHa. B wuccienoBaHusx OBLIM HCIOJIB30BaHBI MOJEIbHBIC
JIOTKOBBIE HCHBITAHUSA, a TAKXKE YHUCIEHHOE MOJACIMPOBAHUE METOIOM
KOHEUHBIX DJIEMEHTOB. JIOTKOBBIE HWCHBITAHHUS BBHITIONIHEHBI B MaciiTade
1:30, ¢ uCHONB30BaHUEM HKBHBAJIEHTHBIX MAaTEepUAJIOB, TOA0OPaHHBIX
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HAa OCHOBAaHMM 3aKOHa JUMHaMHueckoro mopobus. Ilo pesynabraram
JIOTKOBBIX HCIBITAHUN OBUTH TONYyYeHBl (PYHKIIMOHAIHHBIC 3aBUCHUMOCTH,
XapakTepu3yiue M3MeHeHHe Ae(pOpManMOHHOTO COCTOSHHUS HACBIU OT
MpUpalleHus 3aJJaHHOT0 cMenleHus. [lonydyeHHbple 3aBUCUMOCTH 0TOOpaKatoT
nepopManuu  (BepTHKaJbHBIC, TOPU3OHTAIBHBIE U  PE3YJBTUPYIOIINE)
Pa3HBIX JIOKAIMI OT TPyHTOBOTO OCHOBAaHHS BOJIM3U MCTOYHUKA 3aJaHHOTO
CMENIEHUs, Yepe3 OTKOC 10 TpeOHS HACHIMH. AHAJIOTUYHBIE 3aBUCHMOCTHU
OBLTM TIONYYEHBI MO pe3yldbTaTaM YHCIEHHOTO apMHupoBaHusi. B o0oux
WCCIIEIOBAHMSIX TPEJCTABICHbI CpPaBHEHUS Ae(POPMHPOBAHHBIX COCTOSHUN
HEapMUPOBAHHOW W apMUPOBAHHBIM MOJEJE, HA OCHOBAHUM KOTOPBIX J1aHa
OIICHKA BIUSTHUS DJIEMEHTOB apMHUPOBAHUS Ha OOIIYI0 YCTOMYNBOCTH HACHITIH.
[IpencraBieHsl cpaBHEHUS PE3yJIBTATOB JOTKOBBIX UCIBITAHUI U YHUCICHHOTO
mojienupoBanusi. CpaBHEHUsI IPECTaBICHBI KOPPEKTUPYIOIIUMHU IEHCTBUSMU,
KOTOpBIC BBIPAKEHBI 3aBUCUMOCTSIMU MEXIY 3HAuCHUAMH KOd((HUIIMEHTOB
COOTHOUICHHH ¥ pacCTOSHUEM OT MCTOYHHMKA 3aJaHHOTO CMELICHUS.
KoadpuumeHnTsr cCOOTHOMIEHNH B CBOIO OY€pelb OTPAXKAIOT KOJMYECTBEHHOE
paznuuue 1e(OopMHUPOBAHHOIO COCTOSIHUSI HEAPMUPOBAHHON OT apMUPOBAHHOM
Haceiy. [lorydeHHbIe pe3ylbTaThl MO3BOJISIOT MPOU3BOIUTH OIICHKY O0IIEiH
ycTounBoctu Hackinu 31IH skcnpecc-MeTon0M 4MCIIEHHOTO MOJICTUPOBAHMUS,
Ka4eCTBO KOTOPOM OyJeT yaydllIeHO BBEIEHUEM KOPPEKTUPYIOIIUX NEHCTBHM,
MOJIYYeHHBIX HA OCHOBAaHUU MOJICTTLHBIX, HO BCE )K€ HATYPHBIX UCIIBITAHUH.
KutoueBble cji0Ba: r€eOCHHTETHUYECKHE MaTepHalibl, TeopelieTka, oomas
yCTOHYHMBOCTD, HACHIIIb, JIOTKOBBIE UCTIBITAHUS, YUCICHHOE MOJICITHPOBAHHE.

Introduction. The history of soil reinforcement dates back to ancient times.
The modern use of geosynthetics to improve the properties of soils dates back
to the mid-sixties of the XX century in the United States (Kim, 2019: 10).
It was then that geosynthetics materials made of various polymers, usually
having high tensile strength, were proposed (Tang, 2020: 18). The history of
the development of domestic production of geosynthetic material began in
the 70-80s of the last century, when the Ministry of Transport Construction
of the USSR issued a directive to expand the rational scope of their use in
the construction of railways and highways (https://www.td-geo.ru/articles/
istorya razvitya geo).

As for the Kazakhstan producers of geosynthetic material, the first to
assume this function was the company «Kaz Geo Synthetics», which has been
engaged in the production of a wide range of geosynthetic materials since
2009 (https://k-g-s.kz). Also, with the intention of Kazakhstan’s transition to
the Eurocode in 2019, the normative documents of the Republic of Kazakhstan
that define the requirements for the calculation, design and technology of
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geosynthetic reinforcement materials in construction, geotechnics were issued
(Zhaksybekova, 2018: 6), (Zhussupbekov, 2016: 5).

As defined by ASTM D4439, a geosynthetic is a product made of polymeric
material used with soil, rock, earth, or other geotechnical materials, representing
part of a man-made project, structure, or system (ASTM D4439, 2018: 25).

Modern application of geosynthetic material in construction is very wide,
as well as the range of its functional use (Ngo, 2019: 16). Thus, geosynthetic
material can be used in retaining walls, foundations bases (soil cushions),
in road pavement and of course in the structures of soil embankments (e.g.,
highways) (Lukpanov, 2016 a: 7), (Lukpanov, 2016 b, 4). The latter is a
mechanically stable earth (MSE) (Ozcelik, 2018: 8). Exactly this geotechnical
structure will be considered in this article together with the functional feature
of geosynthetics application as a reinforcement element.

The article considers the issue of assessing the stability of the soil dam
(hereinafter embankment) ash storage collector (ASC) of the thermal power
plant of TPP1, metallurgical plant in Temirtau (Kazakhstan) (Nguyen, 2018:
6). Accumulators require proper control, being the objects of increased danger
(Guerra-Escobar, 2018: 6). However, these geotechnical structures periodically
exhaust their operational resource, being subjected to irreversible deformations
as aresult of loss of stability. The latter leads to severe consequences, disruption
of normal operation of the power plant, as well as significant pollution of the
environment (Lu, 2021: 9), (Zhang, 2022: 18).

The purpose of the study is to assess the effect of reinforcement elements on
the overall stability of the soil embankment.

In order to realize the goal, the following tasks were implemented:

- conducting model tests (or tray test) of the soil embankment;

- conducting numerical analysis (or finite element method — FEM) of the
soil embankment.

In both cases, two comparable variants were considered: a soil embankment
with reinforcement elements and a soil embankment without reinforcement.

Research materials and methods. The main research methods are follow:

- model (tray tests, Figure 1);

- numerical analysis in the software complex Plaxis 2D (see Results).

The tray tests were performed on a scale of 1:30, under laboratory conditions,
using a metal tray. The metal tray is a container with shifting elements,
emulating the movement of soil masses, as a result of their leaching. Thus, not
the process of leaching itself is simulated, but its consequence - the movement
of soil masses, resulting in the loss of stability of the embankment (Figure 1).

Numerical modeling was performed in the software package Plaxis 2D. The
simulation of the computational situation of a real soil embankment was carried
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out. This paper presents preliminary studies that aim to assess the validity of
the numerical simulation results and, therefore, to evaluate its reliability as a
research method. Validation of the method is performed in comparison with
the results of flume tests.

b. Reinforced elements (geogrid)
V= T

c. Bench marks d. Transducer

Figure 1. Conducting tray tests

In large or small-scale tests, which include tray tests, Newton’s method of
dynamic similarity is often used to simulate the soil, where the adjustment of
physical and mechanical characteristics is carried out in proportion to the scale
of the model.

The materials used in tray tests (embankment and foundational soil) are
selected on the basis of the general law of dynamic similarity, taking into
account gravitational effects and internal stresses.

No _ Ne _ g —ino; (1)

vl v,J

where K - similarity criterion;

m; r — unit weight of model and full-scale soil;

I, J — linear dimensions of model and full-scale embankment;

Nm; Nr - value corresponding to different characteristics.

The geogrid is modeled in the Plaxis software using the «Geotextile»
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command, which specifies a single parameter - the normal stiffness. Thus, the
plane-strain object of the numerical simulation only accepts axial stiffness and
cannot accept compressive forces.

Direction of
lend shding =

f Soil movement in
\ results of washing-out
9 effect

&
WSS

o
A PRl

Figure 1. Calculation model of loss of overall dam stability

Table 1 shows the results of the equivalent material calculations used in the
flume tests and numerical simulations.

Table 1. Parameters of full-scale and equivalent material

Ne | Parameters Natural Equivalent
material material

1 | Unit weight of soil, kN/m? 16 17

2 | Unit weight of wet soil, kKN/m’ 18 20

3 | Soil deformation modulus, MPa 18 0,64

4 | Specific soil cohesion, kPa 7 0,25

5 | Angle of internal friction of soil, degree 23 20

6 |Dilatancy angle of soil, degree 0,0 0,0

7 | Poisson's ratio of soil 0,35 0,35

8 | Permeability in the horizontal direction of soil, m*/day | 0,001 0,1

9 | Permeability in the vertical direction of soil, m*/day |0,001 0,1

10 | Geogrid axial stiffness 139,96 MN/m? |360 kN/m

The stability analysis of the models was performed on the basis of the
deformation assessment of certain locations: Location A - in the immediate
vicinity of the base fracture, at a distance of 6 m from the bottom of the
embankment, Location B - the bottom of the embankment, Location C - in the
middle part of the slope, Location D - the top of the embankment.

Results and discussions. Figure 2 shows the results of the model tray
tests. The results are represented by the relationships between the prescribed
displacement (caused by the displacement of the tray side walls) and the
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embankment deformations (resulting deformations). Figure 2a shows the
foundation soil deformations, and Figure 2b shows the deformations of the
ASC embankment. Figure 3 shows a comparison of the deformation values
of a reinforced embankment and an unreinforced embankment. Figure 3a
shows comparisons of vertical deformations, Figure 3b shows horizontal
deformations, and Figure 3¢ shows total deformations.

According to the results of model tray tests, values of the deformability of
the soil embankment during displacement of the underlying soil base were
obtained. The maximum deformability values were obviously observed at
Locations A, i.e., at locations located in maximum proximity to the source of
displacement (or prescribed displacement), and the minimum ones at Locations
D or at locations as far away from the source as possible. The resulting
maximum deformation at Locations A of the unreinforced model averaged
14.08 mm, while for the reinforced model, the same values were 13.50 mm.

Smaller than in point A, but still high strain values were observed in points B,
locations at a horizontal distance of 20 cm from the source of the displacement.
For the unreinforced model, the average resultant deformations are 3.13 mm,
for the reinforced model 2.12 mm.
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Figure 2. Dependence between the prescribed displacement and deformations

Minor soil displacement was observed at points C, locations located on
the embankment slope. The average vertical deformation of the unreinforced
model is 1.79 mm, while the same values for the reinforced model are only
0.26 mm. The effect of reinforcement is a 7-fold reduction in deformation, and
the deformation of the embankment footing is 8 times greater than that of the
reinforced slope, despite the relative proximity of the locations (3.5 m).
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Minimal deformation values were observed at the location of the
embankment’s edge, at points D. The average resultant deformations of the
unreinforced model are 1.08 mm, while the same deformation values for
the reinforced model are 0.03 mm. In this case there is a maximum effect of
reinforcement, compared to the unreinforced model there is a 36-fold reduction
in deformation. Compared to the deformation of the reinforced slope, there is
an 8.5-fold reduction in the deformation of the slope.

The effect of reinforcement elements on the reduction of embankment
deformation can be observed in the comparative graphs of Figure 3. The
characteristic effect of reinforcement is observed in location C, where the
vertical deformation variable is 0.0168, the horizontal one is 0, and the total
deformation is 0.0163. A relatively smaller but also significant influence is
found in location C: the variable vertical strain is 0.1026, the horizontal strain
15 0.0896, and the total strain is 0.1036. Obviously, the minimum influence was
found at locations A and C, where no reinforcement was provided: the vertical
deformation variable is 1.0048 and 0.9211 (respectively), the horizontal is
1.0464 and 1.1365, and the resultant is 1.0375 and 0.7517.
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Figure 3. Comparisons of deformations of reinforced and unreinforced
embankments

Figure 4 shows the computational schemes of the FEM models. The
displacement of ground masses is done by analogy with the results of the
technical survey along the collapse line. The specified displacement was

220



ISSN 2224-5278 3.2022

applied to the underlying soil basement. In order to simulate soil failure,
the collapse line was given an interface with a significantly underestimated
coefficient equal to 0.1.
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Figure 4. Calculation model of ash collector base collapse

Figure 5 shows the results of total displacement in the form of color
isolines, and Figure 6 shows scaled deformations meshes of the models (a
- unreinforced model, b - reinforced model). In general, the character of the
stress-strain propagation in both cases is similar, but the quantitative values of
displacements and stresses have differences.
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a — unreinforced model b- relnforced model

Figure 5. Color isolines of total deformations

a — unreinforced model b — reinforced model

Figure 6. Scaled deformation meshes
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According to the comparison results, the average values of the resulting
locational displacements A of the unreinforced tray test model were 14.08 mm,
whereas the same values in Plaxis were 15.63 mm. The percentage difference
was 11%. The location B values of the same indicators were 3.13 mm and
3.81 mm, a percentage difference of 22%. For location C, the values were
1.79 mm and 2.81 mm, a difference of 57%. For location D, the values were
1.58 mm and 2.54 mm, a difference of 135%. A similar trend was observed
for the reinforced embankment: location A was 13.50 mm and 14.71 mm (tray
test and FEM models), a difference of 9%; location B was 2.12 mm and 2.50
mm, 18%:; location C was 0.26 mm and 0.56 mm, 117%; location D was 0.03
mm and 0.11 mm, 289%. In both cases, there is a tendency for the percentage
divergence of the data to increase with distance from the excitation source.

The corrective actions can be expressed by the curves shown in Figure 7,
where Figure 7a shows the correction ratios for vertical deformations, Figure
7b for horizontal deformations, and Figure 7c for total deformations. The
obtained ratios can be taken as the correction indices of vertical, horizontal
and resultant deformations depending on the distance to the source of a given
displacement or in reality on the displacement of the underlying subgrade soils.
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Figure 7. Corrective actions of FEM according to the results of tray tests

Conclusions. The following conclusions can be drawn from the research:

1. Model (or tray) tests at a scale of 1:30 and numerical analysis by
finite element method were performed to assess the effect of geosynthetic
reinforcement elements on the overall stability of the existing soil embankment.

2. The parameters of the soil and reinforcing materials of the model
tests were selected on the basis of the law of dynamic similarity. To assess
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the deformability, we selected locations (relative to which displacement
measurements were made) located at different distances from the source of a
given displacement.

3. The results of the tray tests of the embankment model are represented by
the relationships between the prescribed soil displacement and the embankment
deformations of the selected locations. In both cases (unreinforced and
reinforced models), the maximum deformations were logically observed in
the immediate vicinity of the source of the prescribed displacement and the
minimum deformations at the maximum distance from it. The maximum
influence of reinforcement was observed at locations D, where the vertical
deformation variable was 0.0168, the horizontal deformation was 0, and the
total deformation was 0.0163. The minimum influence, however, was found
at locations A and C, where no reinforcement was involved: the vertical
deformation variable is 1.0464 and 1.1365, and the resultant deformation is
1.0375 and 0.7517.

4. The results of numerical modeling, on the other hand, are represented by
the dependencies between the specified soil displacement and the embankment
deformations of the selected locations. In general, a similar trend in the
deformed behavior of the embankment was revealed: the maximum vertical
displacements in both cases (at the reinforced and reinforced embankments)
were observed at points A, the minimum ones at points D. According to
comparisons of tray tests and numerical simulation results, correction factors
were obtained, which tend to increase (deviations) with distance from the
source of the prescribed displacement.

5. In general, a methodology has been derived for assessing the deformed
state of the embankment (for evaluating the overall stability) using finite
element methods, the results of which are corrected based on model scale, but
still in-situ testing.
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