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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«Xanplk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesunenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H =19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimagacteipsuiran npogeccop, Haszapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbsHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
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Abstract. The field-testing results of large-scale models of reinforced concrete
driven pyramidal-prismatic piles with different lengths of the pyramidal part are
presented. The uplift bearing capacity of piles are estimated. It has been established
that the uplift behavior of pyramidal-prismatic piles can be either greater (by 1.26—1.78
times) or less (by 13-51.0 %) compared with conventional prismatic and pyramidal
piles. It was founded that the increasing the length of the pyramidal part of the testing
piles increases their bearing capacity by 1.19—1.67 times. It is shown that the lifting out
of piles from the soil base, regardless of their longitudinal shape, is characterized by a
phase of "elastic resistance", a phase of "plastic resistance" and a phase of "avulsion",
which sequentially follow each other. It is established that the loads values in the end
of the "elastic resistance" phase and on the beginning of the "avulsion" phase depend
on piles longitudinal shape, and for pyramidal-prismatic piles also on the length of their
pyramidal part. It is revealed that the length of the pyramidal part of pyramidal-prismatic
piles has a positive effect to the soil resistance forces along the lateral surface of the
piles, including the elastic resistance forces of the soil. Correlation dependences for
determining the uplift capacity of pyramidal-prismatic piles are proposed. The research
results can be as the basis for the recommendations development for the calculation and
design of pyramidal-prismatic piles.

Keywords: model, pyramidal-prismatic pile, soil, displacement, uplift, bearing
capacity, ultimate resistance, lateral surface

76



ISSN 2224-5278 5.2023

© W. bexbacapos, H. lllanmataes*, 2023
M.X. dynatu ateinaarel Tapa3 eHipiik yHuBepcuTeTi, Tapa3, Kazakcran.
E-mail: nucho91@mail.ru
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TONBIPAKTAFBI CYBIPBII AJTY )KYKTEMECIHE KAPCBIJIBIFBI
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AnHoramus. [TupaMuganbiK OOJIKTIH op TYpii Y3bIHIBIFbIHA UE TEMIpOCTOHIBI
MUPAMUANTBIK-TIPU3MANIBIK  KaJadapblH ayKbIMJIbl MOZEJIbACPIH KOJIJJaHa OTBIPHII,
JaNablK  OKarjaiga JKYpri3UireH SKCIEPUMEHTTEP/AIH HOTHXKENIEpI KOPCETUIreH.
KananapabiH CTaTUKAJIBIK CYBIPBIIN ajly )KYKTEMECIHIH acep eTy KaOiieTi OarajiaHabl.
[MupamMuIanbIK-pU3MaNbIK  KaJdadapAblH TapTy JKYKTEMECIHIH J>KYK KOTeprillTiri
OJIETTEr1 MPHU3MABIK JKOHE MHUPaMHUIAIBIK KaJallapMeH callblcThiprana yikeH (1,26—
1,78 ece) memece a3 (13-51,0 %) Gomybl MYMKIH €KSHJIIT1 aHbIKTaN b ToKiprOemik
KaJlajap/blH M[HPaMUIAIbIK OOJIriHIH Y3bIHABIFBIHBIH YJIFAIOBIMEH OJIAPJbIH JKYK
KeTepy KabuneTiHiH 1,19—1,67 ece apTKaHbI aHBIKTaJ1bl. BOMIBIK MillliHIHE KapaMacTaH,
KaJanapbl )KepeH CYBIPBII ajly Ipolieci 0ip-OipiHeH IoieKTi Type *KypeTiH "ceprimai
KapchUIbIK"' (a3acbIMEH, '"TUIACTHKAaJbIK KapchUIbIK" Qas3ackiMeH jxoHe "OomiHy"
(hazackiMeH cunarrajiarbiHbl kepceTiireH. "CepmiM/ii KapchUTbIK" (a3achIHbIH COHbIHA
JKoHE KajganapibiH "OeiiHy" ¢a3achlHbIH 0achlHA COMKEC KEJIETIH JKYKTEME MOHAEpI
oJap/IbIH OOMIIBIK MillIiHIHE, )1 THPAMUIAIBIK-TIPU3MAIBIK Ka[aap YIiH THPaMUIaJIbIK
y4aCKEHIH Y3bIH/IbIFbIHA OailJIaHBICThI €KSHIIT aHBIKTAIIbL. [TUpaMugaibIK-IPU3MAaITbIK
KaJlajap/blH MUPaMUIANIbIK YYaCKECIHIH Y3bIHJBIFBI KaJalapiblH OyHip OeTiHjaeri
TOIBIPAKTHIH KaPChUIBIK KYIITEPiH, COHBIH IIIIH/E TOMBIPAKTHIH CEPIIMIl KaPCHUIBIK
KYIITEPIH ICKe achlpyFa OH 9ocep eTEeTiHI aHbIKTaAbl. [lupamMuIajIblK MPU3MAIIbIK
KajanapAblH JKYK KOTEprillTIriH aHBIKTay VIIIH KOPPEJSIMSUIBIK TOYEIIUTIKTED
YCBIHBUIFaH. 3ePTTEY HOTHIKENEP] MUPAMUIAIIBIK TPU3MAJIBIK Ka1aIap/ibl CENTey KOHE
yo0asiay OOMBIHIIIA YCBIHBICTAP/IBI 31pJieyre Heri3 00abl.

Tyiiin ce3mep: MoieIb, TUPAMUIAIIBI-TIPU3MAIBIK KaJ1a, TOIBIPAK, OPBIH aybICTHIPY,
CYBIPBIII aJTy )KYKTEeMECI, )KYK KOTEprilll KACHETi, IEeKTIK Keaeprici, Oyiip OeTi
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A]—[HOTalII/IH. B crarbe m3nokeHBI PE3YIBTATBI SKCIIEPUMEHTOB, BBIIIOJIHEHHBIX B
TTOJICBBIX YCJIOBHSX C MIPUMEHEHHEM KPYITHOMACIITAOHBIX MOJEICH JKEIe300eTOHHBIX
3a0MBHBIX MMHPAMUIATBHO-TIPH3MATHUSCKUX CBail, O0O0JamaromuX pa3HOW JTHHOM
MMPaMUAJATBHOM YaCTH, U OTIEHEeHA HECYIIast CIIOCOOHOCTH CBai ICWCTBUIO CTATHYECKON
BBIJIEPTHUBAIONIEH HATPY3KH. YCTAHOBIIEHO, YTO HECYIasi CIIOCOOHOCTh THPAMHUIAITFHO-
MPU3MAaTUYECKUX CBail BBIIEPTUBAIOIICH HAarpy3ke MOXeT OBITh Kak Ooublneit (B
1,26-1,78 pasza), tak u Mmenbiierd (Ha 13-51,0 %) mo cpaBHEHUIO C OOBIYHBIMHU
NPU3MAaTHUYECKUMU U MHPAMUJANbHBIMUA CBasiMUA. BBISBICHO, YTO C YBEIUUYCHHEM
JUTMHBI MTUPAMUJATBHON YaCTU OMBITHBIX CBall UMEET MECTO YBEIMYCHUE UX HECyIIeH
cnocoonoctu B 1,19-1,67 pasza. [lokazano, 4To i mpoliecca BbIJICPIHBaHUS CBail
U3 TPyHTa HE3aBUCUMO OT MX MPOAOJILHOW (OPMBI XapakTepHbl (paza «ympyroro
COIPOTHUBIICHUMY, (pa3a «IJIACTHYSCKOTO COMPOTUBIICHU» U (ha3a «OTPhIBA», KOTOPHIC
MTOCJIEIOBATENILHO CIEAYIOT APYT 3a IPYTOoM. YCTAHOBJICHO, YTO 3HAYCHUS HATrPy30K,
COOTBETCTBYIOIIHE KOHITY (ha3bl «YIPYTOTro COMPOTUBICHUS U HaYaTy (a3bl «OTPHIBAY
CBaif, 3aBUCAT OT UX MPOIOILHON POPMBI, a IJIs MUPAMHIATHEHO-TIPU3MATHICCKUX CBAM
elie M OT JUIMHBI TUPaMUAAIFHOTO y4acTKa. BBIsBIIEHO, UTO JJIMHA MAPAMHIATHHOTO
y4acTKa MUpaMUIaIbHO-TTPHU3MATHIECKIX CBall OKa3hIBAET IMOJIOKUTEIFHOE BIUSHIE Ha
peaNu3airio CUil CONPOTHBIICHHS TPYHTA IO OOKOBOI MMOBEPXHOCTH CBAii, B TOM YHCIIE
U CWJI yIIPYTroro CONpOTUBICHUS IpyHTa. [IpenoxkeHpl KoppelaluOHHbIE 3aBUCUMOCTH
[0 OTPEACICHUIO HECyIIeH CIOCOOHOCTH THPAMUAATLHO-TPU3MATHUYCCKUX CBaid.
Pesynbrarel uccieoBaHU CITy’)KaT OCHOBOW I Pa3paOOTKU PEKOMEHIAIUK 110
pacyeTry ¥ NpOeKTUPOBAHUIO MUPAMUAATBHO-IIPU3MATUYECKUX CBAM.

KuioueBble cioBa: Moaenb, TUPAMHUIATLHO-TIPU3MATHYECKAsI CBasi, TPYHT, Tepe-
MEIICHUE, BIJICPTUBAIOIIasl Harpy3Ka, HeCyIlas ClioCOOHOCTh, PEACIbHOE COMPOTHB-
JieHne, O0KOBas MOBEPXHOCTh

Introduction

Hydraulic structures (trays, aqueducts, siphons, etc.), including marine hydraulic
structures, as well as bridges, chimneys, towers, masts, lighthouses, high-rise buildings
and a number of other structures are often subjected to horizontal and moment loads,
causing their loss stability followed by overturning. Emergencies from such loads can
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occur during impacts of a moored sea vessel, tension of mooring cables, effects of waves,
sea currents, mudflows, squally winds and floating ice, as well as during earthquakes,
tsunamis, frosty heaving of soils, etc.

The resistance of structures against overturning is largely determined by the
resistance of their foundation structures to lifting forces. Of the foundation structures
that have a high bearing capacity to uplift load, piles and pile foundations can be
especially distinguished. Currently, there are a number of studies devoted to the study
of the piles resistance to an axial uplift load (Hanna et. al., 1986: 387-392; Bose et. al.,
2009: 49-54; Nazir et. al., 2013: 147-154; Gaaver et. al., 2013: 365-372; Al-Neami
et. al., 2020: 1-12; Alex et. al., 2018: 193—-198; Mahmood et. al., 2020: 13-20). The
results of their brief analysis in order to identify factors that affect the uplift behavior of
piles are given below.

The Hanna et. al. (1986: 387-392) studied of driven piles models in sandy soil.
They established the inclination of a pile (towards the vertical axis) in the soil affects its
uplift capacity to lifting. This effect is due to a change in the passive pressure of sand
along the perimeter of the pile during lifting from the soil base. The positive effect of the
piles inclination angle to the uplift capacity is also noted by Bose et. al. (2009: 49-54).
By the numerical studies, they established that the piles maximum resistance in sandy
soil occurs at an angle of inclination equal to 20°. It was also found that increasing the
ratio of the pile depth L to its diameter d also increases the pile bearing capacity. It has
been determined that a pile with a circle cross section resists to lifting load better than
a pile with a square section. The high bearing capacity of a pile with a circular section
compared to a pile with a square and rectangular section is also indicated in (Nazir et.
al., 2013: 147-154). The researchers also found that the bearing capacity of piles with
a rough (not smooth) side surface is 18—75 % greater than piles with a smooth surface.

Partly different data are presented in (Gaaver et. al., 2013: 365-372). Studies using
models of pile bushes, consisting of 2, 4 and 6 piles, revealed that their uplift capacity
decreases with an increase in the L/d ratio. The authors notes that the pile bushes bearing
capacity in sands slightly depends on their density. More detailed data on the effect
of sand density on the resistance of vertical and inclined piles are presented in (Al-
Neami et. al., 2020: 1-12). As a result of numerical studies, the authors found that the
increasing sand’s density by 40-80 %, the maximum lifting force increases by 1.67—
2.12 times for a vertical pile, and by 1.68-2.22 times for an inclined pile with tilt angle
20°. The influence of the soil type on the piles resistance to lifting-out loads is indicated
in (Alex et. al., 2018: 193—198). So the researchers estimated that the bearing capacity
of piles in dense sand is 4.4 % more than in silty soil and 17.5 % more than in clay soil.

Mahmood et. al. (2020: 13-20) studies the uplift behavior of steel piles in water-
saturated soils. According to their tests, a tubular pile with a hollow circular cross
section, compared with an I-beam and a hollow square pile, has better resistance.
Authors explain this effect when a round pile is lifted out, due to the shape of pile cross
section; the contact stresses in the soil stratum along the perimeter of the pile section
are distributed more evenly than in piles with other cross-sectional shapes. It follows
such important factors as the type of soil, its density, the amount of penetration of the
pile into the soil, the angle of its inclination to the vertical, the condition of the side
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surface of the pile and the shape of its cross section. However, despite this, the influence
of the shape of the piles longitudinal section on their resistance to lifting loads remains
unexplored to date. The relevance of this issue is causes using in construction industry a
number of piles with different longitudinal shaft shapes. These include pyramidal piles,
flat-profile piles, piles with flat triangular shaft extensions, pyramidal-prismatic piles,
etc. (Bekbasarovet.al., 2020: 909-917, 2021:53—-63, Abbasov, 2006: 230).

Considering the above mentioned, the authors carried out experimental studies to
assess the uplift resistance of pyramidal-prismatic piles in comparison with prismatic
and pyramidal piles.

This paper discusses the results of studies of pyramidal-prismatic piles (hereinafter
— PPP), developed in the geotechnical laboratory of the M.Kh. Dulaty Taraz Regional
University (Bekbasarov et.al., 2019:134—141). Due to the combined design (pyramidal
upper and prismatic lower parts), these piles, compared to prismatic piles, have a higher
bearing capacity to an axial and lateral loads (Bekbasarov et.al., 2021: 909-917).

The purpose of this research is a comparative assessment of uplift behavior of the
PPPin clay soil to static lifting-out loads.

To achieve this goal, the following tasks were solved:

- the features of the influence of the PPP pyramidal part’slength on their resistance to
lifting-out loads were revealed;

- the PPP and prismatic and pyramidal shapespilesresistance were comparativelyrated.

Piles parameters, equipment features and research methods. The tests were carried
out in the field site using large-scale pile models. The geometric scale of pile models
(hereinafter referred to as piles) is taken as equal to 1:3. The piles are made of reinforced
concrete with non-stressed longitudinal reinforcement and transverse reinforcement of
the shaft. The piles length L was 166.7 cm. The experimental piles were made with a
pyramidal section of 0.2L (33.3 cm), 0.4L (66.7 cm), (Fig. 1, a). As control (comparable)
piles are accepted:

- prismatic pile with cross-sectional dimensions of 6.7%6.7 cm;

- prismatic pile with cross-sectional dimensions of 10.0x10.0 cm;

- pyramidal pile with cross-sectional dimensions in the upper part 10.0 x 10.0 cm
and in the lower part - 6.7 X 6.7 cm.

The slope of the side faces of the pyramidal pile to the vertical was i= 0.01.
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b)
Figure 1. Schemes (a) and fragments (b) of the testing piles large-scale models

Piles were tested at the test site of the industrial base of the South-Kazakhstan branch
of KazNIISA JSC. The experimental site’s soil base was composed of hard-plastic sandy
loam. The physical and mechanical characteristics of the soil were determined by the
penetration method using the PSG MG-4 (Table 1).

Table 1. Physical and mechanical characteristics of the experimental site soil

Characteristics The values
Humidity, W, % 3,16-5,58
Density, p, kg/m? 1400-1670
Moisture at the pour point, ¥ , % 24,18-24,37
Moisture at the rolling edge, Wp, % 17,30-17,47
Plasticity number, Ip 6,88-6,90
Maximum penetration resistance, P, , MPa 1,47-1,62
Compaction factor, K 0,89-0,94
Index (degree) of humidity, / 0,75-0,84
Deformation modulus, £, MPa 31,6-33,6
Internal friction angle, ¢, grade 17,1-17,6
Specific adhesion, ¢, MPa 0,018-0,019

For piles driving and testing, special experimental equipment was developed and
manufactured (Fig. 1b). Features, principles and procedures of working this equipment
are presented in (Bekbasarov et.al., 2019).
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Piles were tested to assess their bearing capacity in accordance with the requirements
of GOST 5686-2012. "Soils. Methods of field testing with piles” (GOST 5686-2012,
2014). A step-increasing uplift load was applied to the piles until the “avulsion” phase
is come. This phase means the rapid exit-out of a significant part of the pile to the soil
surface without applying any additional load. The bearing capacity of piles based on test
results was determined in accordance with the requirements of SP RK 5.01-103-2013
"Pile Foundations" (SP RK 5.7.01-103-2013, 2015).

Research results

The pile tests results are presented in Figure 2, as well as in Tables 2 and 3.

The uplift bearing capacity of piles according to the test results was determined in
accordance with the requirements of SP RK 5.01-103-2013 "Pile foundations" (SP RK
5701-103-2013, 2015) by the formula:

x F
F,="~"=%, (D

where: F, — the coefficient of pile working conditions, taken equal to 1,0; £,

— the standard value of the ultimate resistance of the pile, taken equal to its smallest
ultimate resistance according to the test results; 7¢ — the soil safety factor, taken equal
to 1,0.

The characteristic value of pile lifting-out resistance was determined in accordance
with the requirements of SP RK EN 1997-1:2004/2011 Geotechnical design [SP RK
EN 1997-1:2004/2011, 2016] using the formula:

(R
Rt;k — t,g min , (2)
2

where: (R ). — the smallest value of the measured value of the soil compressive
resistance depending on the number of tests; &, — a correction factor for evaluating the
results of testing pile models, taken equal to 1.40 (for n = 1); n is the number of tests
of pile models.

Table 2 Values of the bearing capacity F/, and the characteristic value of the resistance R, , of piles to
lifting-out load

Bearing capacity | Characteristic value
Pile type of the pile of pile resistance

El,v’ N Rr;k’ N
Experimental piles:
PPP 1 (with cross-sectional dimensions on top 10.0x10.0 cm 1200 814,28
and a pyramidal part 0.2L length)
PPP 2 (as mentioned, with a pyramidal part of 0.4L length) 1428 1020
PPP 3 (as mentioned, with a pyramidal part of 0.6L length) 1715 1225
PPP 4 (as mentioned, pyramidal part 0.8L length) 2012 1437,14
Control piles:
prismatic pile with cross section dimensions 6.7x6.7 cm 1130 807,14
prismatic pile with cross section dimensions 10.0x10.0 cm 1435 1025
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pyramidal pile with the dimensions of the upper section
10.0%10.0 cm and the lower section - 6.7x6.7 cm
Note: L is the length of the PPP’s pyramidal part without the tip

2308 1648,57

[/

Pisplacement, mm

—

/
/
)i
7

500 1000 1500 2000 2500
Loading, N

=4—PPP 1 (with cross-sectional dimensions on top 10.0x10.0 cm and a pyramidal part 0.2L
long)
=—PPP 2 (also. with a pyramidal part of 0.4L length)

0 =
0

==PPP 3 (also. with a pyramidal part of 0.6L length)
=34=PPP 4 (also, pyramidal part 0.8 L long)
=#=prismatic with section dimensions 6.7<6.7 cm
=0-prismatic pile with section dimensions 10.0x10.0 cm

pyramidal pile with the dimensions of the upper section 10.0x10.0 cm and the lower
section - 6.7%6.7 cm

Figure 2. Dependence of the vertical displacement of piles on the static lifting-out load

Comparative evaluation of the uplift resistance of piles was carried out on the basis
of their relative lifting-out efficiency coefficients J and J , which were determined by
the formulas:

FO
J, =2, (3)
e
d,v
o
_ kv
JW =%
t;k;v (4)

o
tkv

where: F;,v - bearing capacity of the experimental pile; R
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- bearing capacity of the control pile; R/, ,
- characteristic value of the experimental pile; Rfk ,
- characteristic value of the control pile.

Table 3. Values of relative efficiency coefficients of pile pulling J, (/)

Coefficient values for experimental piles
Relative efficiency ratios with the length of the pyramidal part
0,2L 0,4L 0,6L |0,8L
J, ) 1,0 126 [1,52 [1,78
J,(J.) 0,79 099 [1,19 [1,40
J, ) 0,49 0,62 0,74 10,87

Note: J (J, ). J,,(J ) and J (J .)— coefficients related respectively to a prismatic pile with section

vxl

dimensions of 6.7 x 6.7 cm, a prismatic pile with section dimensions of 10.0 x 10.0 cm and a pyramidal
pile with section dimensions on top of 10.0 x 10.0 cm and bottom - 6.7 x 6.7 cm.

Theresearchresults allow us to highlight the following features of the experimentalpile
driving process:

- the bearing capacity of the PPP with the length of the pyramidal section (0.4+0.8)
Lis 1.26-1.78 times greater than the bearing capacity of a prismatic pile with a section
size of 6.7x6.7 cm;

- the bearing capacity of the PPP with the length of the pyramidal section (0.6 + 0.8)
Lis 1.19-1.40 times greater, and the PPP with the length of the pyramidal section (0.2
+0.4) L - by 1.0-21.0 % less than the bearing capacity of a prismatic pile with a section
size of 10.0%10.0 cm;

- PPP resistance is 13.0-51.0 % lower than a pyramidal pile;

- the PPP pyramidal section length increasing by 2.3 and 4 times leads to resistance
increasing by 1.19, 1.43, 1.67 times, respectively.

Analysis of the graphs presented in Fig. 2 shows that uplift loading of pile, before the
“avulsion” phase, the pile passes:

- the phase of "elastic resistance", which is characterized by a linear dependence of
the pile displacement on the load;

- the phase of "plastic resistance", which is characterized by a curvilinear dependence
of the pile displacement on the load.

These phases of the uplift process of the pile follow each other in sequence and
finish with the “avulsion” phase. Displacements of piles within their "elastic resistance"
phase reach 0.1— 0.22 mm, and the load in this case reaches up to 780—1620 N (Table 4).
Moreover, the maximum load N} , causing elastic displacement of the pile, related of the
pyramidal pile. The values of the considered load for the PPP are 1.22-2.38 times less
than for the pyramidal pile, and depend on the length of their pyramidal part. Increasing
the length of the pyramidal part of the PPP by 2, 3 and 4 times is causes an increasing
the load N, by 1.46, 1.90 and 1.94 times, respectively. For PPP, the load values N turned
out to be 1.27-1.83 times higher than for prismatic piles. The exception is the load value
N, coming to the PPP with a pyramidal section length of 0.2L. Which, on the contrary,
turned out to be 1.06-1.15 times less than for prismatic piles.
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Table 4 — Uplift load values N, corresponding to the end of the phase"elastic resistance” of piles

Type of pile Load, My, N
Experienced piles:
PPP 1 (with cross-sectional dimensions on top 10.0x10.0 cm and a pyramidal part 0.2L 680
length)
PPP 2 (as mentioned, with a pyramidal part of 0.4L length) 990
PPP 3 (as mentioned, with a pyramidal part of 0.6L length) 1290
PPP 4 (as mentioned, pyramidal part 0.8L length) 1320
Control piles: 720
prismatic with section dimensions 6.7x6.7 cm
prismatic pile with section dimensions 10.0x10.0 cm 780
pyramidal pile with the dimensions of the upper part 10.0x10.0 cm and the lower part - 1620
6.7%6.7 cm

Considering the uplift load, the piles resistance is determined only by the resistance
of the soil stratum along their lateral surface. Therefore, the calculation of the ultimate
soil resistance f (Table 5) was performed. This parameter is sets as the ratio of the
load N corresponding to the beginning of the "avulsion" phase of the pile to the area of
contact of its side surface with the soil A. It should be noted that the resistance f repre-
sents the forces of friction and the forces of compression of the pile in the soil layer.

Table 5 - Values of ultimate soil resistance along the lateral surface of piles f_ or.

The area of the Load | Ultimate soil
lateral surface of the | W, N | resistancefpr,
Type of pile submerged part of the Nem?
pile
A_.r' s cm?

Experienced piles:
PPP 1 (with cross-sectional dimensions on top 3928 1137,96 0,29
10.0x10.0 cm and a pyramidal part 0.2L length)
PPP 2 (as mentioned, with a pyramidal part of 0.4L 4104 1432.26 0.35
length)
PPP 3 (as mentioned, with a pyramidal part of 0.6L 4308 1716.75 0.40
length)
PPP 4 (as mentioned, pyramidal part 0.8L length) 4520 2011,05 0,45
Control piles:
prismatic with section dimensions 6.7x6.7 cm 3900 1137,96 0,29
prismatic pile with section dimensions 10.0x10.0 cm 5820 1432,26 0,25
pyramidal pile with the dimensions of the upper
section 10.0x10.0 cm and the lower section - 6.7%6.7 4736 2305,35 0,48
cm

Table 5 shows that the maximum resistance value fpr is typical for a pyramidal
pile, and the minimum value is for a prismatic pile with a section size of 10x10 cm
and 6.7x6.7 cm turned out to be the same. The values of soil resistance f,,. for PPP are

85



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

1.07-1.66 times less than for a pyramidal pile, and 1.16—1.80 times greater than for a
prismatic pile with a section size of 10x10 cm. Increasing the length of the pyramidal
part of PPP by 2.3 and 4 times leads to an increase in the ultimate soil resistance f,,.,
respectively, by 1.2, 1.38 and 1.55 times.

Correlation dependencies. The test results presented in Table 2 are described by the
following linear functions:

o _ k
Fd,v - Fd,vl +AF s

(%)

o k
Fd,v :Fd,VZ_AF’ (6)
F;, = de,v3 - AF, (7
Ap=gl+d, ®)

where: F dk,vz , F, dk,v2a Fdliﬁ - bearing capacity, respectively, of a prismatic pile with
section dimensions of 6.7 x 6.7 cm, a prismatic pile with section dimensions of 10 x 10
cm and a pyramidal pile with section dimensions in the upper part of 10 x 10 cm and in
the lower part - 6.7 x 6, 7 cm, N;A, — the difference between the values of the bearing
capacity of experimental and control piles, N; g and d - coefficients taken according to
Table 6; / - length of the pyramidal part of the PPP, cm.

Table6 -The values of the coefficients g and d in the formula (8)

Coefficient values Approximation confidence level (R?)
The value of A_ in the formula
F g N/em d N
5) 2723 222 0,99
6) 129,9 50 0,91
7 -272,3 1400 0,99

The data presented in Table 3 is mathematically described by the following linear
function:

J,, =al+b, )
where:/ — same as in formula (8),zand b-coefficients taken according to Table 7.

Table 7 - The values of the coefficients a and b in the formula (9)

Relative efficiency coefficients for uplift | Coefficient values | Approximation confidence level (R?)
a, 1/cm b
ool 0,26 0,74 1
2 0,203 0,585 0,999
3 0,126 0,365 0,997
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Conclusion

The presented results of experimental studies of the PPP allow us to make the
following conclusions:

- depending on the length of the pyramidal section, PPP, in comparison with prismatic
piles, have both higher and lower bearing capacity to uplift load;

- the resistance of the PPP is lower than the resistance of the pyramidal pile;

- uplift behavior of piles, regardless of their longitudinal shape, has specific
phases such as "elastic resistance", "plastic resistance" and "avulsion" phases, which
sequentially follow each other;

- load values corresponding to the end of the “elastic resistance” phase and the
beginning of the “avulsion” phase of the piles depend on their longitudinal shape, and
for the PPP, on the length of the pyramidal part;

- the length of the PPP pyramidal section has a positive effect on the implementation
of soil resistance forces along their lateral surface, including the forces of elastic soil
resistance;

- between the bearing capacity of the PPP and the bearing capacity of prismatic and
pyramidal piles, there are certain patterns that are described by correlation dependencies
with a fairly high accuracy.
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