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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 Pecnybnukacer ¥immulx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK ZbLIbIMOAP CepUsChly bLibiMU dHcypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevlnaowvl. KP YFA Xabapnapwl. eonoeus scane mexHUKAIbIK 2blIbIMOAp Cepusicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6e0endi eeonocus JHcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codepoicanue 8 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npUHAMUA
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednazaem xauecmeo u enyoumy
KOHmeHnma O ucciedogamenell, asmopos, uzdameneli u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM OISl Hauie2o coodujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥FA
akagemuri, «Kasakcran PecryOnmukackl ¥ITTBHIK FUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. Cokonbckuii aTbIHAAFEI OTHIH, KaTaJIN3 JKOHE IEKTPOXUMUS HHCTUTYTHIHBIHY» 0ac TUPEKTOPEI
(Anmarsr, Kazakcran) H =4

FpuibiMu xaTmibl

ABCA 1BIKOB BaxsiT Hapnk6aiiyJibl, TeXHHKa FBUIBIMIAPBIHBIH TOKTOPEL, podeccop, KP ¥YFA

JKayanThIXaTIIBICH], A.B. BeKTypoBaThIHAaF BIXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTbl, Kazakcran) H=5
PegaknusaablK aJK a:

9BCAMETOB Mauic Kyasicyas! (6ac penakTtopablH opeIHOAcaphl), reoIorus-MHHEPaIoT st
FBUIBIMJIAPBIHBIH  TOKTOpHI, Tpodeccop, KP ¥YFA akagemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS JKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupekTopsl (AnmMarsl, Kazakcran) H =2

7KOJITAEB TIepoii XKoaraiiyiabl (6ac penakTopAblH OpbIHOAacapsl), TeoJoTrHs-MHHEPaIOTHs
FBUTBIMJIAPBIHEIH TOKTOPEL, Tpodeccop, K. 1. Carnaes THIHAAFbI 00T U FEUTBIMIAPHI HHCTUTY THIHBIH
nupexTopbl (Anmarel, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HeOpacka yauBepcutetiHiH Cy
FBUIBIMJIAPHI 3epTXaHachIHbIH qupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux MypaxaibiHsig XKep Typais! FeutbiMaap OemiMinae
METPOJIOTUS JKOHE Iaijayibl Kazbanap KeH OpBIHIAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurus) H = 37

NAH®UWJIOB Muxaua bopucoBuY, TeXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBl, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, ®panmms) H=15

HIEH Iun, Ph.D, KpiTaii reonorusiibik KOFAMBIHBIH Tay F€OJOTHICHI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapsl, AMEpUKAaHABIK SKOHOMHKAJBIK TEONOrTap KaybIMAAcTHIFBIHBIH Mymieci (ITexkuw,
Kprrait) H = 25

OUIIEP Axcenb, Ph.D, JIpe3ncH TeXHUKAIBIK YHHBEPCHTCTIHIH KaybIMAACTHIPBLIFAH
npodeccopsi (Ipe3neH, bepaun) H=6

KOHTOPOBHY Auekceii IMUIbEBHY, I'€OJOTHA-MUHEPAIOTUS FHUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpodumyka aTelHIaFEl MyHali-Ira3 Te0JIOTUACHI JKoHE reoU3nKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Baagumup EHokoBHY, XHMMHS FhUIBIMAAPBIHBIH HOKTOpH, bemapycs ¥TA
akanemuri, JKana Matepuangap XMMUSIChI HHCTUTYTBIHBIH KYpMeTTi qupektops! (MuHck, benapycs)
H=13

KATAJIUH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPBUIFAH
npodeccops ([pesznen, bepaun) H = 20

CEUTMYPATOBA Jneonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥FA koppecnongent-myieci, K.M. CarnaeB arbinmarbl [€070Tusl FBUIBIMAAPEI
HHCTHTYTHI 3€pTXaHaChIHBIH MeHrepyiuici (Anamarsl, Kazakcran) H=11

CAFYBIHTAEB “Kanaii, Ph.D, xayeiMpacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H =11

®PATTHUHMU Iaono, Ph.D, buxokk Munan yHUBEpPCUTETI KaybIMIACTBHIPbUIFaH HIpodeccopbl
(Munan, Uranus) H =28
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I'naBHbIii perakTop

KYPHUHOB Mypar KypuHoBHUY, TOKTOp XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarnponansHoit akagemun Hayk PecriyOnuku Kazaxcran», reHepabHbIi TUPEKTOP
AO «MHcTuTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHbIi cekpeTapb

ABCA/IBIKOB BbaxbiT HapukfaeBu4, JOKTOp TEXHHYECKUX HAYK, TPO(eccop, OTBETCTBEHHBIH

cexperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJgdJerus:

ABCAMETOB Mauc KyabicoBu4, (3aMeCTHTEINb ITTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axagemuk HAH PK, mupexrop HMHcruTyTa Tmaporeosoruu u
reoskosoruu uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKorraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYIECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunea, Ph.D, acconumpoBannslii npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomurtenb uccienoBaHuii B 00JacTH IMETPOJOTHU U
MECTOPOXK/ICHUH TTOJE3HBIX HCKOmaeMbIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua bBopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Haucu, ®panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomormn Kurtaiickoro
Te0JIOTHYECKOT0 00IIecTBa, WieH AMEPHUKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axceas, acconuupoBanHslii npodeccop, Ph.D, Texanueckuit yausepcuret Jlpesnen
(Apesnen, bepmun) H = 6

KOHTOPOBMUY Auekceii IMUILEBHY, TOKTOP I'E0JI0r0-MHHEPATOrMICCKUX HAyK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baagumup EHokoBHM4, 10OKTOp XuMHYecKHX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTUTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoummpoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Djeonopa IOcymoBHa, [OKTOp TIeO0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MIHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.M. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kamnaii, Ph.D, accouuupoBannsiii mpodeccop, HazapbaeB yHuBepcureT
(Hypcynran, Kazaxcran) H = 11

®OPATTHUHMU Iaoao, Ph.D, acconnuposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28

«H3BecTtuss POO «<HAH PK». Cepusi reo10ruy 4 TEXHHYECKHX HAYK».
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Editorial chief

ZHURINOV 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

ZHOLTAEY 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

PANFILOYV 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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H=28
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©L.S. Brovko!, D.Zh. Artykbaev'", K.S. Baibolov?, M. Karatayev’, E. Polat', 2024.
M. Auezov South Kazakhstan University, Shymkent, Kazakhstan;
2Zh.A. Tashenev University, Shymkent, Kazakhstan;
SUniversity of Nottingham, England.
E-mail: artykbaev_d@mail.ru

THE PRACTICE OF CONSTUCTING EARTHWORKS IN THE SOUTH
OF KAZAKHSTAN

Brovko Igor Stepanovich — Doctor of Technical Sciences, Professor M. Auezov South Kazakhstan
University, Shymkent, Kazakhstan E-mail: brovkoi56@mail.ru, https://orcid.org/ 0000-0003-0159-
232X;

Artykbaev Darkhan Zhaksylykovich — PhD, M. Auezov South Kazakhstan University, Shymkent,
Kazakhstan, E-mail: artykbaev_d@mail.ru, https://orcid.org/0000-0003-4794-8707;

Baibolov Kanat Seitzhanovich — Professor, Rector of the University Zh.A.Tasheneva, Shymkent,
Kazakhstan, E-mail: kanat-bai@mail.ru, https://orcid.org/ 0000-0003-0342-6587;

Karatayev Marat — associate professor, University of Nottingham, England, E-mail: m.karataev@
gmail.com, https://orcid.org/0000-0002-2760-6323;

Polat Erbolat — student, M. Auezov South Kazakhstan University, Shymkent, Kazakhstan, E-mail:
erbolat0401@jicloud.com.

Abstract. The results of an analysis of a number of aspects and methods of
constructing earthworks in the engineering-geological and climatic conditions of
southern Kazakhstan are presented. The humidity levels for optimal compaction
of a soil mass consisting of different types of soil are shown. Methods of soil
compaction and the technological equipment and devices used are analyzed.
Examples from industrial practice are considered, where specialists encountered
problems in choosing the type of soil for the construction of a soil structure and the
method of work to ensure the required performance characteristics. The material
presented is accompanied by photographs and Figures.

The development of the soil mass, movement, laying and the necessary
compaction is almost always carried out during the construction of buildings and
structures. This entire complex of construction processes, including preparatory
and auxiliary activities, creates certain problems that require scientific justification.
Through excavation work, structures such as pits, trenches, embankments,
excavations in the ground, dams, embankment of territories are constructed, as well
as planning work is carried out to create the required soil surfaces in accordance
with design solutions.
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Excavation work, as noted in is significant in cost, which corresponds to 15%,
and in difficult geological conditions reaches 20-25% of the total cost of work on
the facility. Labor intensity is also high - 18-20% and worker employment - 10%.

Keywords: earthwork, climatological conditions, soil compaction, pit, earthen
embankments, landslide.
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KA3AKCTAHHBIH OHTYCTITTHJIET'T )KEP YUMEPETTEPIH KYPY
ITPAKTUKACBI

Bposko Hropp CremaHoBHY — TEXHHKA FbUIBIMAAPBIHBIH JOKTOpPHI, mpodeccop, M. Oye30B
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Annoramusa. OHtycTik KazakcTaHHBIH HHXEHEPIIK, TEOJNOTHSUIBIK JKOHE
KITUMATTBIK JKarIalIapblH/Ia )Kep )KYMBICTAPBIH CATy/bIH OipKaTap acrieKTiiepi MeH
onicTepiH Tajnay HOTHKENIEpi OepiireH. OpTypii IPYHT TYpJIepiHEH TYPaThiH PYHT
MaccaaapbIHBIH OHTAWIIBI THIFBI3ANYbI YIIIH BUIFATIBUIBIK ACHICHI KOPCETIIreH.
I'pyHTTapAbl HBIFBI3NAY  OJICTEpi JKOHE KOJNAAHBLIATHIH  TEXHOIOTHSIIBIK
*KaOIpIKTap MEH KYPBUIFBUIAD TalJaHalubl. OHIIPICTIK ToXKipuOeneH MbIcanaap
KapacThIPbUIAbI, MYH/IAa MAaMaHAap TPYHT KYPBUIBIMBIH Cany YIIiH TPYHT TYpiH
KOHE KKETTI OHIMUIIK CHIaTTaMalapblH KaMTaMachl3 €Ty YIIiH JKYMBIC 9JIiCiH
TaHjayJa KUBIHJBIKTApFa Tarm OOJNAbL. ¥CHIHBUIFAH MaTepuan (OTOCYpeTTePMEH
JKOHE ChI30aapMeH Koca KOPCETiIIi.

I'pyHT MaccachIHBIH JaMybl, KO3Falybl, TOCENyl OHE KAKETTi THIFBI3/IAYhI
OpKalllaH JepiiK FUMaparTap MEH KYPBUIBICTapibl calny Ke3iHAe IKy3ere
achIpblIaabl. JIAMbIHIBIK JKOHE KOMEKII OpeKeTTepi Koca ajFaHna, KYPBUIbIC
MPOIECTEPiHIH OYJI TYTac KeIIeHI FRUTBIMU HETi3eydl KaXeT eTeTiH Oenrimi Oip
Mocenenepi Tyapipaapl. Kazda skyMbIcTapbl apKbUTbl MIYHKBIPIAP, Y3bIH OpIiap,
yitiHainep, skep acThIHAAFbl Kazbayap, Oerertep, ayMaKTap/blH Karaiayaapbl
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CHSIKTBI KYPBIIBIM/IAP CaJIbIHAAbI, COHBIMEH KaTap >KOOaJIbIK IMIeHIiMaepre colkec
KaXKETTi TPyHT OETTEPiH ’acay YIIIiH jKOCTapiay XYMBICTAPBI XKYpri3ijeni.

Kazba xyMbIicTapsl, 631H/IiK KYHBI OOWBIHIIIA MaHBI3/bI, 011 15% coiikec keneni,
al KYpAETl TeOoJIOTHSUIBIK >Kardaiiapia OOBEKTIZEeri KYMBICTAPABIH KaJIIbl
KyHBIHBIH 20-25% xereni. EHOek CHIMBIMABUIBIFEI na skoFapel — 18-20% sxoHe
YKYMBICIIBIIAPBIH )KYMBICTIEH KaMTbUTYBI — 10% Kypai sl

TyiliH ce3gep: *Xep >KYMBICTApbl, KIMMATOJOTHSUIBIK >Karaaiiap, TPYHTThI
TBHIFBI3/1aY, Ka3aHIIYHKBIP, TPYHT YHIHIIIEpi, KOIIKiH.
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AnHoramus. IlpuBomsTca pesyabrarbl aHain3a psAa AclEeKTOB U METOAOB
YCTPOHCTBa3eMIISTHBIX COOPY>KEHHH BUHKEHEPHO-TCOIOTHIECKUX M KITUMATHYECKUX
ycnoBusx IokHoro Kazaxcrana. IlokazaHel BIaKHOCTH MAJIsl ONTHMAajbHOTO
VIUIOTHEHUSI TPYHTOBOI'O MAacCHBa, COCTOALICTO W3 PAa3HbIX BUAOB TPyHTA.
AHaNM3MPYyIOTCS METOABI YIFIOTHEHUS TPYHTa U MPUMEHSIEMOE TEXHOJIOTHIECKOe
o0opyIoBaHHe U ycTpoiicTBa. PaccmarpuBatoTcs mpuMepsl U3 MPOM3BOACTBEHHOM
MPaKTUKH, TAE CIEIHAIUCTH CTONKHYINCH MPoOeMaMH 10 BBIOOPY THIIA IPyHTa
IUIL BO3BEICHHSI TPYHTOBOTO COOPYXEHHUS W METOIA MPOM3BOACTBA PaboOT ist
obecrieueHNsT TpeOyeMBIX 3KCIUTyaTallMOHHBIX XapaKTEepUCTHK. V3nmaraemblit
Marepua ColpoBoXkIaeTcs GoTorpapusMu 1 YepTeKaMu.

Pa3paboTKy TpyHTOBOrO MaccuBa, MepeMelleHHe, YKIaaKy W HeoOXommmoe
VIUIOTHEHHE TPOM3BOAAT NPAKTHUECKM BCETna MpPU BO3BEICHHM 3IaHUHA U
coOpyXeHHi. Becb STOT KOMIIEKC CTPOMTENBHBIX MPOLECCOB, BKIOUYAs
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MOATOTOBUTEIBHBIE U BCIOMOIaTeNIbHBIE MEPONPUSITHSA, CO3IAET OINpEeAeTICHHBIC
npoOieMbl, TpeOyromue HaydHOTO oOocHoBaHWsA.  I[locpencTBoM BemeHUS
3eMJISIHBIX PabOT yCTpamBalOTCsl TaKHE COOPYKEHHs KakK: KOTIOBAHBI, TPAHIIEH,
HAaCBIIH, BBIEMKHU B I'PYHTE, 1aMObl, 00BaJIOBKa TEPPUTOPUIL, a TAKIKE BBIIIOIHIIOTCS
TUTAHUPOBOUHBIE pabOTHI AJS co3laHHs TpeOyeMbIX MOBEPXHOCTEH TpyHTa B
COOTBETCTBUH C MPOEKTHBIMHU PEIICHHUSIMU.

3eMJysiHBIE Pa0OTHI, Kak OTMEYaeTcsl 3HAYUTENbHBI 110 CTOMMOCTH, KOTOpas
cooTBeTcTBYET 15%, a B CIOXKHBIX IEOJIOTHYECKUX YCIOBUSAX gocturaer 20-25%
ot o011ei cronMocTr padoT 1mo 00vekTy. Tak ke BrIcOKa TpymoeMKocTs — 18-20%
1 3aHATOCTh pabounx — 10%.

KiroueBble cioBa: 3eMisiHbIE Pa0OTHI, KIMMAaTOJOIMYECKHE YCIIOBHS,
VIUIOTHEHUE TPYHTA, KOTJIIOBAH, 3eMJISTHBIC HACHITH, OTIOJI3CHb.

Introduction

You can minimize the cost of excavation work by: a. design solutions with the
least amount of soil development, b. eliminating multiple transfers of soil from
place to place, c. use of effective methods of work production and advanced
mechanization means.

Currently, at construction sites, soil is developed using a variety of earthmoving
and transport vehicles, using the method of hydromechanization and directed
explosion. At small construction sites, as well as in inaccessible places of large
pits, manual labor is used, which leads to sharp labor costs - 20-30 times less than
mechanized labor.

Excavation work requires a comprehensive approach, since several operations
are performed in the sequence established by the project - excavating soil, moving
it, laying it and, if necessary, compacting it, cleaning the bottom of the pit, forming
slopes with a certain angle of inclination, etc. All these operations can be performed
by a certain set of specialized earth-moving equipment (Subhradeep Dhar, et al,
2019).

The efficiency of the work performed depends on the choice of soil development
method and the selection of a set of machines. For this purpose, a technical and
economic comparison and selection of the optimal solution are carried out. Next,
we will consider the design of earthen structures depending on their purpose in
construction practice (Yi Lu, et al, 2023).

Earth embankments, soil cushions and conditions for their formation. The
formation of an embankment depends on its purpose and is carried out by laying
soil in the right place and in the required quantity, followed by its compaction. In
some cases, compaction is not required, for example, when constructing dumps of
excess (reserve) soil (Sanjay Shukla, et al, 2013).

The stability of embankments during their further operation is ensured by the
correct choice of soils composing them, the method of their laying and compaction.
In difficult geological conditions, the number of preparatory activities and types of
excavation work increases.
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In sloped areas with a slope of 1:5 to 1:3, in order to prevent the formation of
landslide masses of soil, ledges 1-4 m wide and up to 2 m high are made.

Literature review

When constructing an embankment on water-saturated foundations, before the
soil begins to move, it is necessary to drain and ensure water drainage. To increase
confidence in the chosen method of forming the embankment, experimental work
is carried out to clarify the thickness of the laid layer and the required number of
passes along one track of the compacting mechanisms. Standard and reference data
on optimal moisture content for different types of soils are given in Table 1.

Table 1.
Data on optimal humidity for different types of soils
Type of soil Optimum humidity %
Sands 8—12
Sandy loam 9—I15
Loams 12—18
Clays 18—25

Embankments are formed from homogeneous soils, backfilled in horizontal
or slightly inclined layers, the thickness of which depends on the power of the
tamping agents used. In the geological conditions of the South of Kazakhstan,
heavy rammers can compact clay soils to a thickness of 1.5 - 2.0 m. Rolling with
heavy vehicles as well as vibrating rollers provides effective compaction of 30 - 40
cm in depth, and the use of light mechanization means (manual rammers used in
hard-to-reach places or with small volumes of compacted soil): 15 — 20 cm. All
these conditions must be strictly specified in design solutions.

Clearing of the territory and drainage of surface water is carried out within the
area established by the project. Valuable tree species are transplanted to a new
location, the rest are cut down (Mohamed Khemissa, et al, 2017). The operation
of felling and uprooting trees is carried out using brush cutters, uprooters, and
bulldozers. Trees with a trunk diameter greater than 0.1 m can be felled by special
machines. Next, the trees are cleared of twigs and branches and stored in this
form in specially designated areas. Stump uprooting is usually carried out using
mechanized or explosive methods. Mechanized method (for stump diameter up
to 0.5 m) - tractors, bulldozers, winches. For large stump diameters, the explosive
method is used.

Surface water drainage is carried out to intercept upland waters along the
boundaries of the construction site and ensure the drainage of water entering the
territory. Drainage is carried out using temporary and permanent devices. For
temporary drainage, drainage ditches or bunds are installed along the boundaries of
the construction site in its elevated part, or the area is planned with a slope (Marco
Rosone, et al, 2019).

71


https://www.tandfonline.com/author/Khemissa%2C+Mohamed
https://www.tandfonline.com/author/Rosone%2C+Marco
https://www.tandfonline.com/author/Rosone%2C+Marco

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

Temporary devices must be designed to handle storm water and snow melt for a
period three times longer than the planned construction period. Digging of ditches
is carried out by excavators (bucket and ditch diggers), cutting of small ditches
by bulldozers. Water is released from the ditches into low-lying areas outside the
construction site into natural reservoirs. (Artykbaev, et al, 2024)

Taking into account modern requirements for the production of work, this
manual provides technologies for performing earthworks when constructing
earthworks in various climatic conditions, as well as the necessary information
about soils and mechanization means (Artykbaev, et al, 2020). The construction
of any buildings and structures necessitates soil processing, which includes their
development, movement, placement and compaction. The whole complex of these
processes is called earthworks.

The share of excavation work in the total volume of construction and installation
work is very large and amounts to about 15% in cost and up to 20% in labor intensity.
Earthworks account for about 10% of all labor resources employed in construction.
The volume of excavation work is constantly growing and amounts to over 15
billion m3 per year. Processing such a quantity of soil is possible only under the
condition of comprehensive mechanization and effective technology for the work.

One of the important reserves for reducing the volume of earthworks, and
therefore the cost of construction, the use of which completely depends on the
architect, is ensuring the alignment of buildings and designing a vertical layout
taking into account the terrain.

Currently, excavation work is mainly carried out by mechanized complexes, and
manual excavation is provided only in places inaccessible to machines, since the
productivity of manual labor is 20...30 times lower than mechanized labor, which
significantly affects the overall labor costs. (Truong, et al 2021)

Under some circumstances, if required by the production situation arising from
the natural geological conditions of construction, embankments or backfilling of
the pit are intentionally made in layers of different types of soil. As an example,
we will give the construction of a two-layer embankment made of coarse material
in the lower part and a gravel layer on top, built at one of the objects in the city of
Shymkent, in water-saturated soils (Fig. 1). A special feature of this construction
site was that groundwater, due to the presence of a hydraulic gradient, had a fairly
high flow rate and flow rate.

And, if in such conditions a waterproof embankment is created, then a rise in
the groundwater level will be observed, as if a dam had been created in front of
the water. Therefore, to allow the passage of underground water in the direction
of its natural flow, large rubble stone (40 - 70 cm in diameter) was laid in the
lower part of the embankment (pillow) (Abelev, 2002). This ensured the creation of
conditions for maintaining the free flow of underground water, preventing flooding
of the underground premises of the building and the possibility of excavation work
at higher elevations. In the upper part, gravel soil was used to level the site and
create the necessary density.
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Figure 1. View of a two-layer embankment made of rubble stone and gravel.

Figure 2. Device for backfilling soil into the cavities of the pit of a ring foundation at the Standard-
cement plant in South Kazakhstan region

Materials and methods

One of the types of work with soil masses is filling various excavations with
soil - trenches, low natural areas of land, leveling excavations and pit cavities.
In all these cases, as well as in the previously discussed options, it is necessary
to compact the loose soil. But the difference is that in these conditions, work is
inevitably constrained, which does not allow large-sized machines to reach the
required location.
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Therefore, in most cases, manual vibrating rammers of varying power are used.
If the required thickness is observed, as well as the optimal moisture content of the
compacted soil layer, this method gives density results comparable to the work of
heavy equipment (Mohamed Khemissa, et al 2017). In Fig. Figure 2 shows a view
of the device for backfilling soil into the sinuses of the pit of a ring foundation at the
Standard-Cement plant in the Turkestan region. In this case, as you can see, local
gravel soil with sand aggregate was used. Thanks to the high-quality work carried
out at this site, results were obtained that corresponded to the design specifications.

To achieve the required density parameters in soil embankments and backfills,
work is carried out layer by layer. Under normal humidity conditions, the filling of
layers of embankments is carried out from the edges to the middle. In waterlogged
soils, in order to increase water extraction, the reverse order is recommended, from
the middle to the edges. In this case, the transport transporting the soil must move
across the entire width of the soil being laid to ensure uniform compaction.

The next layer of soil is poured only after reaching the required density of the
underlying massif. Cohesive clay soils are better compacted by rolling, while
sandy, non-cohesive soils are better compacted by vibration methods. Thus, soils
with a clay fraction content of less than 6% by weight and gravel-sand soils can be
successfully compacted by self-propelled vibration mechanisms (Marco Rosone, et
al, 2019). For which, the most favorable conditions are rectilinear flat sections of
the surface 50 - 100 m long, with small width grips.

The depth of vibration compaction depends on the type of mechanism and
ranges from 0.5 — 0.8 m to several tens of meters (Brovko, 2011).

There is a known method of deep vibration compaction of sandy foundations,
widely used in the United Arab Emirates, which performs operations in the
following sequence:

- the vibrating projectile is hung by means of the mechanism’s boom in a vertical
position above the dive site, while just before the dive the electric motor of the
vibration installation is turned on and water is supplied under pressure to the lower
part of the unit to wash away the base soil;

- a vibrator, under the influence of its own weight, is embedded in the base,
creating a compaction zone in the natural soil at the side and below, and a funnel,
near the immersion site;

- after reaching the design immersion depth, the vibrator with the lower water
supply nozzle closed and the upper one open, is pulled out in the reverse order
with stops every 30 - 50 cm. The resulting funnel is filled with sand, which is also
compacted.

Results and discussion

Regardless of the compaction method, rolling or tamping with a falling projectile,
each subsequent trace must be made overlapping the previous one.

Good results in compacting weak soil caused by its water saturation are
obtained by preliminary pre-construction creation of an embankment at the site of
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construction of the building. This method has been known since ancient times and
its logic is as follows: if the base is compacted with a weight of soil equal to the
weight of the future building, then possible deformations will occur in advance and
the object will not be threatened by additional precipitation (Brovko, 2006).

To implement this method, a large amount of soil is required in order to create
an embankment of great height and, accordingly, weight. This method should be
combined with the creation of vertical drains to drain water from the base. There
are a large number of drain options, which are vertical wells to the entire depth of
the compacted base. The drainage material can be very diverse - from clean washed
sand or crushed stone to special paper material used in Japan. In Shymkent you can
often see mounds (cavaliers) of soil rising to a considerable height (Fig. 3).

Figure 3. Embankments (cavaliers) of soil in Shymkent.

However, this is not a temporary embankment to compact the underlying
soil mass, but simply dumps of soil from deep pits, most often dug for high-rise
buildings. The described method is not widely used in the south of Kazakhstan due
to its significant cost and labor intensity, as well as due to the long period of curing
of embankment compaction, lasting 3—5 months.

Soil dams, features of their design and operation. In some practical cases, soil
structures are required to prevent water from entering a certain construction site,
that is, to represent a barrier of compacted soil (Mohamed Khemissa, et al, 2017).
Typically, such structures are called dams and, unlike dams, they absorb water
pressure only occasionally and, as a rule, are much smaller in size. Often dams
perform temporary protective functions, but the possibility of further progress in
construction often depends on their proper operation.

Such earthen structures (dams) should not change their size and shape during
operation, be eroded by atmospheric and flowing waters, sag and be stable when
construction equipment moves over them. Among the various geotechnical
situations in the construction conditions of southern Kazakhstan, there are cases
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when it is necessary to prevent water from entering, for example, into already
opened pits, when long-term soaking of the foundation is carried out at a number
of objects under construction (Marco Rosone, et al, 2019). In some cases, dams are
erected temporarily to make it possible to carry out certain work on the water from
them without the use of floating devices.

Let’s consider the case of constructing a temporary dam across the Syr Darya
River in the Chardara region of the South Kazakhstan region during reconstruction
work to restore gas pipeline supports. The supports of this gas pipeline, made of
metal pipes (Fig. 4), lasted for several years until, in one of the cold winters, they
were damaged by the movement of a thick layer of ice during ice drift (Brovko,
2023). To restore the supports of the overpass, it was necessary to drive the piles
across the river area.

There were no floating facilities for this work, and it was decided to carry out
the work from a temporary dam. The main question when constructing the dam was
what kind of soil to make the body of the temporary earthen structure from. Gravel
was considered as an accessible material, which had to be delivered from afar;
loam — from a quarry (from a distance of 30 km); and actual sand from the bottom
or banks of the river (Bijayananda Mohanty, et al 2013).

Atfirst, loam was the main option, as it is a cohesive soil and was considered more
appropriate given the formation of an embankment over which heavy equipment
would have to move for piling work. However, in the course of detailed studies
of methods for constructing embankments and laboratory analysis of methods for
compacting sandy soil, we came to the conclusion that it was possible to create a
temporary dam from local medium-sized sand using a hydromechanical method,
that is, alluvium.

The hydromechanical method ensures the production of excavation works in
a continuous manner, that is, the operations: soil development, its transportation,
dumping in the right place and compaction are carried out sequentially one after
another using water energy. For this, a hydraulic monitor is used, which, using the
pressure of a water jet, first erodes the soil mass, and then, through a suction pipe,
moves and places the hydraulic mixture in the required place (Fig. 5, 6).

In the case under consideration, the soil was mined in the working faces under
water and transported through pipes laid on the surface of the water using pontoon
means to the release site (Fig. 5). The hydraulic mixture (pulp), formed from bottom
sand and river water, spontaneously separates when placed in the dam body and, as
a result, sand accumulates in the place provided for by the design, and water flows
into the river water area (Sreelekshmypillai, et al, 2017).

Due to the natural sorting of particles by size during the laying process, when
small particles of sand get stuck in the spaces (pores) between larger particles,
an artificial mass is formed - a dam body with a high density sufficient to solve
practical problems posed in a given production situation. In Fig. 7-8 show Figures
of the plan and section of a temporary dam.

This method also justified its use by the fact that after the completion of the pile
work, the temporary dam was easily destroyed by erosion by river water naturally
without any additional work.
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Figure 4. General view of the gas pipeline on metal supports

Figure 5. Pumping station on a floating pontoon

Figure 6. Formation of the body of a temporary dam using the alluvium method across the Syr
Darya River in the Chardara region of the South Kazakhstan region
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Figure 7. Design plan for a temporary dam for the reconstruction of a gas pipeline
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Figure 8.Cross-section of the river bed and temporary dam

Artificial ground cushions as compensators for deformations of building
foundations. Soil cushions are the type of earthen structures most often used in
the engineering-geological conditions of the South of Kazakhstan and represent a
replacement for weak soils under the base of the foundations being built. We can
say that this is a compensation geotechnical system designed to dampen additional
stresses that arise in the soil layer under the buildings and structures being erected.

The construction of soil cushions is especially important if the soils, in terms
of their bearing capacity and deformability, do not correspond to the loads that are

transmitted to the foundation by heavy buildings, for example, high-rise ones.

Soil cushions are made from a layer of compacted soil, which is poured
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in layers and also compacted layer by layer, within the deformable zone under
building structures. Ground cushions are very diverse and are classified according
to: functional purpose (load-compensating structures or low-permeability screens);
the type of soil used (in the south of Kazakhstan it is most often gravel-sand or local
loamy soil); by compaction method (heavy tampers, soaking or rolling); geometric
dimensions (in plan and in depth), etc.

Soils intended for the construction of artificial foundations must not contain
debris, vegetation roots, organic waste, waste of building materials and structures,
lumps of frozen soil and generally comply with the requirements of regulatory
documents.

First, before installing the ground cushion, a pit is torn off, the bottom of which
is the supporting plane for the future cushion. Therefore, before directly filling the
soil material, the bottom of the pit is subjected to compaction to ensure high-quality
work and reduce the deformability of the soil below the bottom of the pit.

Soils intended for the construction of artificial foundations must not contain
debris, vegetation roots, organic waste, waste of building materials and structures,
lumps of frozen soil and generally comply with the requirements of regulatory
documents.

First, before installing the ground cushion, a pit is torn off, the bottom of which
is the supporting plane for the future cushion. Therefore, before directly filling the
soil material, the bottom of the pit is subjected to compaction to ensure high-quality
work and reduce the deformability of the soil below the bottom of the pit.

b. perform a “shortfall” of soil when excavating a pit, which will allow you to
reach the desired level after compaction. So, for example, during the construction
of the Nursat microdistrict in Shymkent, local loam of optimal moisture, poured in
a layer of 1.8 m, after compacting with a heavy tamper, was compressed by 30 cm
and turned into a layer 1.5 m thick.

Figure 9 Gravel-sand cushion, made to one level
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Figure 10. Terracing of a soil cushion at one of the workshops of the Standard-cement plant in South
Kazakhstan region

Depending on the space-planning and design features of the buildings or
structures being erected, the shape and depth of artificial soil cushions are designed
(Mainak Majumder, et al, 2019). To do this, the pit is prepared under one mark or
with separate terraces (Fig. 9, 10).

After completing the installation of the first layer of the soil cushion, the quality
of'its production is monitored. To do this, the artificially created soil layer is tested
using laboratory methods or full-scale soil testing in a pit.

Laboratory methods involve taking soil samples using the “Cutting Ring”
method, which can only be performed in fine-grained soils - clay or sand. In soils
with a coarse granulometric composition, for example, in gravel-sand, tests are
carried out using the “Volume Substitution Method”, or by stamp tests. Note that
the “Cutting Ring” method and the “Volume Substitution Method” can only obtain
soil density, and the stamp test method can determine deformation characteristics.

It is believed that the optimal soil moisture WO can be determined during
compaction using the formula

WO0=Wp-(0,01+0,03); 1.1

where: Wp - humidity at the lower limit of plasticity (rolling).

In case of rolling W0 = Wp.

If the soils poured into the pit are affected by any external factors (rain, snow,
freezing, water runoff from adjacent areas), this must be taken into account in the
projects. In completely unforeseen cases, experimental compaction tests should be
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carried out and, based on the results obtained, the following should be established:
the maximum possible thickness of the soil layers being compacted, the number
of impacts of the rammer or the number of machine passes over one place, the
duration of vibration exposure, etc.

During the rainy season, the perimeter of the pit is protected with a small dam,
and the bottom is made with a slight slope towards the drainage trench and the
sump well.

Artificial ground cushions are most efficient from an economic point of view
when they are made from local material. For example, when a gravel pit is located
in accessible proximity (Fig. 11), or from the same soil that was extracted from the
pit. Sometimes it is allowed to use industrial waste (slag, ashes, etc.), but for this
the necessary permits and approvals must be obtained.

But in a number of cases, soil cushions are designed in places where there is no
occurrence of the necessary non-metallic materials, for example, gravel, at a close
distance. Then the transportation costs for delivering the necessary soil become
very high and dramatically increase the cost of zero-cycle work. In such cases,
measures should be sought that would reduce the increasing costs.

One of these areas is the use of mixtures of different types of soil and their
proportions, which would save materials that are scarce in a given region, but
without compromising the bearing capacity of the artificial soil cushions being
created. This postulate forms the basis of the research and predetermined the chosen
direction in which the properties of soil mixtures of gravel-sand soil and loam are
experimentally studied.

Figure. 11. Construction of shallow foundations on an artificial cushion of
local gravel-sand soil in one of the pits of the South Kazakhstan region
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Conclusions

- Review and analytical studies in this material show that earthworks in the form
of soil dams, embankments, artificially created cushions are widely used in the
construction of buildings and structures in South Kazakhstan.

- The stability of soil structures is determined by the correct selection of the soils
composing it, methods of their laying and compaction, which significantly affect
the long-term operational reliability of the construction projects being built.

- One of the scientific and practical directions is the use of mixtures of different
types of soil and their proportions in the created soil cushions, which saves scarce
non-metallic materials. This predetermined further scientific research to optimize
the implementation of rational methods for constructing soil foundations in the
southern region of Kazakhstan.
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