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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
coobwecmaa.



Bac penakrop

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

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, 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
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

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

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
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 MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

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

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28
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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

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

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

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
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 ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

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

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

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

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

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28
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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

ZHOLTAEV 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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© A.N. Muta'*, R.B. Baimakhan, G.I. Salgarayeva’?, N. Kurmanbekkyzy?,
A. Tileikhan?, 2024
'U. Joldasbekov Institute of Mechanics and Engineering, Almaty, Kazakhstan;
’Kazakh National Women’s Pedagogical University, Almaty, Kazakhstan;
*Kazakh-Russian Medical University, Almaty, Kazakhstan.
E-mail: mutita@mail.ru

STUDY OF THE STRENGTH PROPERTIES OF SOILS COMPOSING THE
GEOLOGICAL STRUCTURE OF THE KOK TOBE MOUNTAIN

Muta A.N. — Junior Researcher at the U. Joldasbekov Institute of Mechanics and Engineering, Doctoral student
at Kazakh National Women’s Pedagogical University, Almaty, Kazakhstan

E-mail: mutita@mail.ru; https://orcid.org/0000-0002-5123-2042;

Baimakhan R.B. — Doctor of Technical Sciences, Professor

E-mail: brysbekbai@gmail.com; https://orcid.org/0000-0003-4042-1689;

Salgarayeva G.I. — Candidate of Technical Sciences, Professor at Kazakh National Women’s Pedagogical
University, Almaty, Kazakhstan

E-mail: gulnaz.salgara@gmail.com; https://orcid.org/0000-0001-9477-6245;

Kurmanbekkyzy N. — Candidate of Physical and Mathematical Sciences, Professor at Kazakh-Russian
Medical University, Almaty, Kazakhstan

E-mail: nura_20@mail.ru;

Tileikhan A. — Junior Researcher at the U. Joldasbekov Institute of Mechanics and Engineering, Master’s
student at Kazakh National Women’s Pedagogical University, Almaty, Kazakhstan

E-mail: talmagl@bk.ru.

Abstract. The study of the strength properties of soils composing the geological
structure of Kok Tobe Mountain is important for assessing its stability and safety. It is
important for the construction of the safety of this area to ensure the safety of structures
and to prevent possible hazards associated with precipitation, collapses or ground shifts.
By conducting various studies, the density, humidity and compressibility of soils are
determined. In addition, the geomechanical condition of the TV tower and its foundation,
the soil foundations near and under the foundation are being studied, there are traces of
landslides formed on the eastern slope 30—40 years ago. It can be activated and destroyed
by participating in the movement under the foundation. Then the foundation collapses
along with the TV tower. A landslide mass of enormous size, the expansion of a crack on
the western slope of Kok Tobe creates a landslide threat that can overwhelm the village
located on the western slope and at the foot of Kok Tobe. A thorough study of the geological
structure of the Kok Tobe Mountain is needed in order to solve these issues. Also, to study
in depth and in detail the engineering and technical design of the TV tower, their materials
and the size of the foundation, the structure of the foundation soil and the tower part. The
article provides an overview of the results of theoretical and experimental work devoted to
the determination of the physico —_mechanical and strength properties of soils composing
the geological structure of the Kok Tobe Mountain. The results of a comprehensive analysis
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are formulated in the form of new conclusions, an improved algorithm for calculating the
elasticity coefficients for soils of the Kok Tobe mountain of an obliquely layered structure
with the compilation of a computer program is proposed.
Keywords: strength, soil, anisatropic structure, mountain slope, Kok tobe
Acknowledgement. This research is funded by the fundamental research of
the Ministry of Science and Higher Education of the Republic of Kazakhstan (Grant
No0.BR20280990).
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KOK TOBE TAYbIHbIH I'EOJIOTASJIBIK KYPBLIBIMbIH KYPAUTBIH
TOIIBIPAKTBIH BEPIKTIK KACUETTEPIH 3EPTTEY

MyTta A.H. — ©. XXonnacoekoB aTbHarsl Mexannka xoHe MamuHaTany nHCTHTYTHIHBIH KFK, Kazak yinrTeik
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Annoramusi. Kex TeOe TayblHBIH TEOJOTHSUIBIK KYPBUIBIMBIH —KYPAWTHIH
TONBIPAKTHIH OEpIKTIK KAaCHETTEPiH 3epPTTCY OHBIH TYPAKTBUIBIFEI MEH KayilcCi3miriH
Oaranay yHIiH eTe MaHbI3Abl. ByJT KYphUIBIMAAFEl TOTBIPAKTHIH JKaybIH-IIAIIBIHFA, KYJIayFa
HEMece BIFBICYBIHA OalIaHBICTHI BIKTUMAN KAayiNTepIiH ajAblH aly YIIiH OChI ayMaKThIH
KayIlCi3giriH  KaMTamachl3 €Ty MAaHBI3Abl. OPTYPIi 3epTTeyep KYPri3y apKbUIBI
TOTIBIPAKTHIH, THIFBI3/IBIFbI, BIIFAJIIBUIBIFI )KOHE CBHIFBUTYHI aHbIKTanaasl. COHBIMEH KaTap,
TeJeMyHapa MEH OHBIH IpreTachl, iprerac MaHAWBIHIAFbl JKOHE AaCTBIHAAFBl TOMBIPAK
HETI3[IepiHiH reoOMeXaHUKaIbIK Kyii 3epTTeneni, cedei, [lsreic OeTketiinme 30—40 xbut
OYpBIH TMaiiga 60IFaH KeIKiHHIH i31epi 6ap. O iprerac acTHIHAAFBI KO3FAIBICKA KaThIca
OTBIPBITI, OCTICEHIpiTiM, Kyyian KeTyi MyMkid. ComaH KeiiiH Tejenuaap MyHapackIMeH Oip-
re ipreTacThly KyJIaysl 00maapl. YIIKeH KeJeMmaeri KomKin Maccackl, Kek TeOeHiH 6aThic
OeTKeHiHIeT1 )KapBIKTHIH Tapatybl baTeic 6eTkeiine xone Kok ToOeHiH eTerinae opHaIacKaH
eIl MEeKeH/II 0achIll Karysl MYMKIH KOIIKIH KayITiH TyabIpanbl. Ochl MoceNeep i IIenry
makcateiHga Kek TeOe TaybIHBIH TeOJOTHSUIBIK KYPBUIBICBIH MYKHSAT 3€pleiey KaKeT.
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CoHpail — aK, TeJeMyHapaHbIH HHXEHEPIiK-TeXHUKAJIBIK KYPbUIBIMBIH, OJap/blH Mare-
puangapbl MEH iprerac ejimeMaepiH, ipreTac acThIHAAFBl TOMBIPAK MIEH MYHapa OeiriHiH
KYPBUIBIMBIH TEPEHIPEK JKOHE erkei-Terxkeisi 3eprrey. Makanaga Kek TebOe TaybHBIH
T'COJIOTHSUIBIK KYPBIIBIMBIH KYPAaHTBIH TONBIPAKTHIH (PU3HKa-MEXaHUKAJIBIK JKOHE OCPIKTIK
KACHUETTEpiH aHbIKTayFa apHAIFaH TEOPHSJIBIK JKOHE HKCHEPUMEHTTIK >KYMbICTAPIbIH
HOTWXeJepiHe 1oy >kacaiajsl. JKaH-KakTbl Tajnay HOTHXKEIEpi >KaHa TYXKbIPIMIAp
TYpiHZE TYKBIPBIMIANAAbI, KOMIIBIOTEPIIK OarnapiaMaHbl KypacTbipa OTbIpbIN, Kek
TeOe TaybIHBIH TOMBIPAKTAPBIHA apHAIFAH CEPHIMAUIIK KOI(PPHUIMEHTTEPIH ecenTey/IiH
KETUIIIPINTEH alTOPUTMI YCHIHBIIAIBI.

Tyiiin ce3mep: OepikTik, TOMBIPaK, aHU3OTPONTH KYPBUIBIM, Tay Oaypaiibl, Kek
Tele
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AnHoTtamus. lV3ydeHue TIPOYHOCTHBIX CBOHCTB TPYHTOB,  CIIAraroIIuX
Te0JIOTHUYECKy 0 CTpYKTypy Topbl Kok Tobe, nMeeT BaxkHOe 3HA4YSHHE /IS OICHKH €€
YCTOWYMBOCTH W 0€30MacHOCTH. DTO BaXXKHO JUIA CTPOWTENHCTBA OE30MACHOCTH ASTOU
TEPPUTOPHH, UTOOBI 00ECTIEYUTh O€30MaCHOCTh COOPYKEHUH U MIPEIOTBPATUTH BO3MOYKHBIS
OTIACHOCTH, CBSI3aHHBIE C OCAJIKaMH, OOpYIISHUSIMH WM CABUTaMu rpyHTa. llyTem mpo-
BEJICHHUSA DPA3JIMYHBIX HCCIEAOBAHUHA ONpeieNseTcsl MIOTHOCTh, BIAKHOCTh M CHKHMa-
€MOCThb TPyHTOB. Kpome Toro, m3ydaeTcsi reOMeXaHH4eCKOE COCTOSHHUE TeNeOaltH |
ee (QyHmaMeHTa, TPYHTOBBIX OCHOBAaHMW BONU3W M TMON (YHIAMEHTOM, UMEIOTCS CIICIIBI
OTION3HEH, 00pa30BaBIINXCS Ha BOCTOYHOM ckiloHe 30—40 ner Hazaa. OH MOXKET aKTUBH-
pOBaThCS U Pa3pymIaThCs, yUacTBYS B IBMKCHUU T0J GYHIAMEHTOM. 3aTe€M TPOUCXOIUT
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obpymenue pyHaaMeHTa BMecte ¢ Tenedamneil. Onon3HeBas Macca OTpOMHOTO pa3Mepa,
paspacTaHue TpelluHbl Ha 3anmajgHoM ckioHe Kok TobOe co3maer yrpo3y OmoisHs, KOTO-
pas MOXKET HaKpBITh IOCEJIOK, PACHOJIOKEHHOE Ha 3alaJHOM CKJIOHE U Y MOJHOXHS
Kok ToGe. HyxHa TmartenbHOe M3ydeHUe reonormdeckoro crpoerus ropbl Kok Tobe c
LEJIBIO PELICHUS IaHHBIX BOMPOCOB, a TAKXKE TIyOKe M MOIPOOHO M3YUHUTh MHKEHEPHO-
TEXHUYECKYIO KOHCTPYKLHMIO TeJIeOAIIHN, MaTepuaibl U pa3Mepsl GpyHIaMeHTa, CTPOCHHUS
noA¢yHAMEHTHOTO IpyHTa 1 OalieHHOH yacTu. B craTtbe mpuBoauTcst 0030p pe3ynbTaToB
TEOPETUYECKUX M IKCIICPUMEHTANBHBIX PAa0OT, MOCBSILEHHBIX ONPEICICHUIO (UIUKO-
MEXaHMUYECKHX M MPOYHOCTHBIX CBOMCTB I'PYHTOB, CIIATAIOMIUX ICOJIOTHYECKOE CTPOCHUE
ropsl Kok TobGe. Pe3ynbraTel BcecTOpoHHEro aHaiu3a (OpPMYJIUPYIOTCS B BHJE HOBBIX
BBIBOJIOB, MPEJIAracTcs YCOBEPIICHCTBEHHBIH aJTOPUTM BBIYUCICHHS KOI(P(OHUIHECHTOB
ynpyrocta it rpyHToB ropbl Kok ToOe, HAKJIOHHOCIIOUCTOTO CTPOEHHSI C COCTaBJICHHEM
KOMITBIOTEPHOW POTPaMMBI.

KiroueBble cjioBa: IpOYHOCTH, TPYHT, aHU30TPOITHOE CTPOCHHUE, CKJIOH TOphl, Kok
Tobe

Introduction

The main cause of landslides on the slopes of the mountain is the infiltration process
associated with the penetration of rain and snow water into the inclined layers of the soil.
The layers differ from each other not only in composition and structure, but also in physical,
mechanical and strength properties. The main volume of rainwater flows down the inclined
surface of the soil, some of it evaporates. They have been accumulating in various strata for
tens of thousands of years. When they come to the surface of the slope, the soils turn into a
plastic state and due to gravitational compression, destruction occurs, that is, the landslide
process begins. If such phenomena occur in the soils of the substructure base of the TV
tower, then even the 60-meter concrete foundation base of the TV tower does not save the
tower. This whole system is rolling down with the tower toppling over. The answer to the
question of the possibility of such a scenario is given only by a thorough scientific study of
the stability of the entire system of the substructure ground base of the TV tower.

At the same time, depending on the density and fracturing of the surface layer, a
certain part of the water penetrates into the soil and causes water saturation and moistening
of the soil. This is a long and slow process. At the junction of such local zones, a litter is
formed, which contributes to the displacement of the landslide mass along the slope. Water
penetrates into the soil through weak points of connection — the forces of adhesion between
particles (Baimakhan et al., 2021).

One of the important issues of studying the causes and mechanisms of landslide
processes is the study and determination of the structure and physico-mechanical properties
of the cover soils. The study of anisotropic properties is especially important. The content of
such studies was systematized by A.K. Bugrov and A.I. Golubev (Bugrov et al., 1993). Lat-
er, such Kazakhstani scientists as R.B. Baymakhan dealt with these issues (R. Baimakhan
etal., 2021), N. Kurmanbekkyzy (Kurmanbekkyzy et al., 2010), A.K. Rysbaeva, A.A. Sein-
asinova, A.R. Baymakhan (Baimakhan et al., 2020) and others (Baimakhan et al., 2016).

The condition of the slope of Kok Tobe Mountain has always caused alarm and
today causes concern among residents of the eastern part of Almaty due to landslide danger,
not to mention modern high-rise buildings and structures built along Dostyk Avenue directly
at the foot of the mountain, and the densely populated western slope and built-up areas.

The landslide condition of this mountain has not yet been investigated by modern
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methods of mathematical modeling, computational mathematics, computer graphics, geo-
mechanics, as well as by drilling ultra-deep wells in the underlying rock. The height of Kok
Tobe Mountain is 250 m, and the height of the TV tower, built on its western slope on loose
soils, is 372 m, the total height relative to Dostyk Avenue is 622 meters. Regarding the Kok
Tobe TV tower, nature has already given formidable signals. For example, in 1985, the
slopes of Kok-Tobe Mountain were washed away by rains, mudslides and dangerous pro-
cesses of sliding of the ground base of the tower came down. In the early spring of 2005, af-
ter heavy rains on Kok Tobe, an emergency situation occurred — significant cracks appeared
on the surface of the mountain, the ground began to slide and buildings collapsed. The Kok
Tobe sank 2 meters down. There was a real threat of a landslide on nearby residential areas
(Baimakhan et al., 2020).

Figure 1 shows the tallest TV towers in the world. Today, the Sky Tree TV tower
in Tokyo is the tallest, its absolute height is 634 m, commissioned in 2012, the highest in
Russia and Europe is the Ostankino TV Tower - 540 m, 1967. Guangzhou China TV Tower
is the second tallest TV tower in the world. The height of the TV tower is 600 meters.

S e —

AR

Figure I— The tallest TV towers in the world: a) Tokyo Skytree; b) Ostankino TV Tower; ¢) Guangzhou TV
Tower.

There is already an example of the collapse of a tall TV tower. In 2002, one of the
world’s tallest television towers in western Nebraska, 596 m high, collapsed in the United
States.

If we analyze the Eastern slope of Kok Tobe Mountain relative to the TV tower,
then frankly it is frightening, the slope is even more sharply steep in places, the laying angle
almost reaches 90 * 0. On such a small piece of the top of Kok Tobe there is a 372-meter TV
tower with an absolute height.

As mentioned above, the mountain slope of Kok Tobe sat 2 meters down. Protec-
tive measures were urgently taken. To stop the landslide process, the builders drilled and
concreted 395 wells with a depth of 9 to 24 meters. The protective measures were stopped
there. No scientific research has been conducted to uncover the secrets and causes of these
landslides so far. The scientific direction on landslide processes has not yet been developed
in Kazakhstan. To illustrate the problematic conditions of the Kok Tobe TV tower, Figure 2
below shows its dangerous location relative to the slopes of the mountain.

The expected social and economic effect is determined by reducing the likelihood
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of a sudden landslide slide of the TV tower, its tilting and collapse, reducing the risk of loss
of human lives, and preserving a strategically important object.

Figure 2- The frightening current state of the mountain slope with a too narrow peak and the dangerous loca-
tion of a 372-meter-high TV tower on it

The study of the geological structure of the Kok Tobe mountain and engineering and
technical data, design features of the TV tower. Before delving into the strength properties
of soils, it is extremely important to have a comprehensive understanding of the engineering
and technical design and geological structure of Kok Tobe Mountain. This knowledge will
lay the foundation for analyzing soil behavior and identifying any potential problems or
risks.

One of the biggest problems during the construction of the TV tower was the loose
loamy soil that makes up the Kok Tobe slope (Baimakhan et al., 2020). It was decided to re-
duce the weight of the tower by building it from metal beams and aluminum cladding. This
design feature made it possible, on the one hand, to achieve a unique ratio of the diameter
of the trunk base (18 meters) to the height of the tower, and on the other hand, to give the
tower a light and elegant appearance. A drainage system was built to prevent soil erosion at
the base of the foundation (Kazakhstan Today, 2019).

The design of the construction of the Kok Tobe TV tower was carried out by the
Central Research Design Institute of Building Metal Structures named after Melnikov to-
gether with Fundamental Project (Sokolova, 2023).

Another constructive solution to increase stability was a significant shift of the cen-
ter of gravity of the TV tower downwards. The height of the concrete base of the tower is
60 meters. The base weighs 45 thousand tons with a total weight of 50 thousand tons (metal
beams of the trunk - 4558 tons, aluminum cladding - 800 tons) (Secrets of the Almaty TV
Tower, 2019).

In addition to the soil features, the builders had to take into account the high seis-
micity of the region, as well as structural fluctuations in wind gusts. In order to protect the
structure from destruction, in addition to building a strong foundation, a new technology
was used for that time — four dynamic vibration dampers were installed in the upper cup of
the TV tower. Extinguishers are massive blocks operating on the principle of a pendulum.
When the building vibrates, they sway in the opposite direction, absorbing energy.

The construction of the TV tower began in 1978. First, the site was thoroughly
rammed and leveled, then the digging of a 19-meter excavation began. For waterproofing
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purposes, asphalt was poured under the base. Behind it was a 1 meter thick concrete cushion
on which a metal frame was mounted.

By the end of construction, the height of the tower was 372 meters. The height of the
antenna mast is 114 meters. The signal of 6 TV and 4 radio channels was transmitted from
the TV tower. The Kok-Tobe TV tower broadcast to 199 localities.

The tower was put into operation in 1984. Just a few months later, a serious fire
broke out at the TV tower — due to errors in calculating the power of radio emission, the
feeders of the TV transmitters caught fire. Thanks to the prompt power outage, the fire was
eliminated quickly enough. In 1985, the slopes of Mount Kok-Tobe were washed away by
rains, a mudslide occurred. The process of sliding the tower began. The builders were forced
to further strengthen the foundation and build a new, more efficient drainage system.

In 2001, the TV tower was reconstructed — the walls of the interior were plastered,
the observation deck was finished with siding, some of the glass blocks were replaced, the
equipment of transmitters and antennas was updated. After the reconstruction, the TV tower
began broadcasting 14 television and 14 radio channels.

The study of the geological data of the structure of the Kok Tobe mountain. The
types and classifications of soils that make up the mountain have been found and established
(Tsytovich, 1963).

Clay soil: A cohesive soil with the property of plasticity due to the content of min-
eral particles of clay and dusty fractions.

dispersed soil: A soil in which mechanical, physical and physico-chemical struc-
tural bonds prevail.

coarse-grained soil: An incoherent mineral soil in which the mass of particles larg-
er than 2 mm is more than 50 %.

soil array: The volume of soil located at the base of a building/structure or contain-
ing it, the size of which is not less than the zone of influence of the building /structure, or
allocated for solving special tasks.

swelling soil: Clay soil having a relative swelling deformation of 0.04 in conditions
of free swelling or developing a swelling pressure in conditions of limited swelling exceed-
ing 0.01 MPa.

sandy soil (sand): Mineral loose soil containing by weight more than 50 % of par-
ticles ranging in size from 0.05 mm to 2 mm.

subsidence soil: The soil, which, under the influence of external load and/ or its
own weight, when soaked with water, has a relative deformation of 0.01 subsidence.

heaving ground: Dispersed soil, which increases in volume during freezing due to
the crystallization of pore and migrating water and has a relative deformation of 0.01 frost
heaving.

cohesive soil: A dispersed soil with a predominance of physical and physico-chem-
ical structural bonds.

rocky ground: A soil in which structural bonds of a chemical nature prevail.

Methods for studying the physical— mechanical and strength properties of soils. The
physico—mechanical and strength properties of soils composing the geological structure of
the Kok Tobe Mountain have been studied (Table 1) (Homumyk A.HU., 2007) .
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Table 1 - Varieties of coarse-grained and sandy soils

Soils Particle content

size, mm % of the total mass of

dry soil

Coarse-grained: boulder (with a predominance of un- | > 200 > 50
coated particles, blocky)
pebbly (with a predominance of uncoated particles, | > 10 >50
crushed stone)
gravel (with a predominance of uncoated particles, | > 2 >50
gravel)
Sandy: gravelly >2 >25
Large >0,5 > 50
medium size >0,25 > 50
Small ones >(,1 >75
Dusty >(0,1 <75

According to the density of addition, sandy soils, depending on the value of the

porosity coefficient, are divided into dense, medium density and loose (Table 2).

Table 2 - Classification of sandy soils by density of addition

Sandy soils The porosity coefficient of the sands

dense medium density loose
Gravelly, large and medium-sized | <0,55 0,55—0,70 >0,70
Small ones <0,60 0,60—0,75 > 0,75
Dusty <0,60 0,60 — 0,80 >0,80

According to the consistency, characterized by a fluidity index, clay soils are divid-

ed into the following varieties:
Sandy

solid......... IL <0
plastic........ 0<IL<«l
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fluid.......... IL>1
Loams and clays:
solid.......... IL <0

semi-solid........ 0 <IL <0,25
refractory....... 0,25 <IL <0,50
soft-plastic....... 0,50< 1L <0,75
fluidplastic...... 0,75 <IL <1,00
fluid.......... IL > 1,00

Soil densities were also studied depending on the degree of humidity. Some of the
results of these studies, depending on the degree of soil moisture, are shown in Figure 3.
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Figure 3 — Graph of the dependence of soil density on humidity

The results obtained

The Kok Tobe mountain range consists of: clay, dispersed, coarse-grained, mineral,
swelling, incoherent, sandy, subsident, heaving, cohesive, rocky soil.

To determine the dynamic state of the mountain range, a mechanical and mathemat-
ical model will be used, where the main data of the model are the geological structures of
soils.

On the basis of a mechanical and mathematical model, it is possible to determine
the influence of external and internal factors affecting the stable and durable state of the
Kok-Tobe mountain slope massif.

When calculating the parameters determining the stress-strain state of the mountain
range, the characteristics of the environment are taken into account.

If elastic properties in an isotropic medium are determined by two parameters: the
Young’s modulus - and the Poisson coefficients , then for a medium of a transtropic (trans-
versely isotropic) structure they are determined by five elastic properties: ,, , , . The algo-
rithm for obtaining the values of the anisotropy parameters of the soil of the slopes of Mount
Kok Tobe was calculated by the I. Minchev method using the following formulas:
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1;1 h, 2 vin, kg_l vin E*
v, == — = v, =4 ,
k k
—* h E E h E ()
k=1 k=1 k=1

where /i, — thickness k —th isotropic layer; n— number of layers; Ek, Vk, G-

k

elastic characteristics k — th isotropic layer; G' = —— - The degree of anisotropy of
+v

the soil is determined by the deviation of the anisotropy parameters k, n, [ from the corre-

sponding parameters of the isotropic soil: k =1, n=2, [=1.

The anisotropy parameters are calculated using expressions

E
—L2v,(1+v,)

2k +—2 ,
1-v,

2

n

Taking into account the reference book, some average values of the elastic prop-
erties of soils are shown in Table 3 (Epxxanos, 1971). Calculated using formulas (1) and
(2), the given values of the elastic constants of the equivalent-transtropic array and the
anisotropy parameters for different layer arrangements (Table 4.). These data on the value

of the deformation modulus perpendicular to the layer 4* can be conditionally attributed to
three different soil conditions.
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Table 3 - Elastic properties of soils and the thickness of their layers

Elastic constants Thickness
Layer k The ground i v .
1 Bulk 7,0 0,40 2,8
2 The loam is solid 30,0 0,36 2,2
3 Loam with pebbles 25,0 0,28 3,3
4 Gravel Pit 85,0 0,21 2,7
5 Boulder soil: with gravel; 120,0 0,27 3,2
6 with pebbles 80,0 0,35 4,8
7 Loam is semi-solid 50,0 0,25 6,5
8 Medium-sized sand 22,0 0,36 4,5
9 Pebbles with boulders 200,0 0,32 5,1
10 The clay is hard 300,0 0,31 5,9

Ta6m/1ua 4- HpI/IBeI[eHHI)Ie napaMeTpbl 3KBUBAJICHTHO - TPAHCTPOIIHOI'O MacCHBa

Layer | The order of the Equivalent Anisotropy parameters

k isotropic layers Parameters

E, E, |G, | v, |v,| k " !

1 1,2,3,4,5,6,7,8,9,10 | 96,609 28,32 | 10,76 | 0,31 0,09 | 1,94 |3,55 1,85
2 10,1,2,3,4,5,6,7,8,9 6,26 28,21 10,74 | 0,31 0,09 | 1,94 |3,55 1,85
3 9,10,1,2,3,4,5,6,7,8 21,30 2341 877 |03l 0,08 |2,07 |3,78 1,99
4 8,9,10,1,2,3,4,5,6,7 94,21 2388 895 |03l 0,08 |2,09 |3,80 2,01
5 7.8,9,10,1,2,3,4,5,6 102,77 29,24 | 11,11 | 0,31 0,09 | 1,97 |3,60 1,88
6 6,7,8,9,10,1,2,3,4,5 102,44 28,12 | 10,74 | 0,31 0,08 |2,01 |3,65 1,91
7 5,6,7,8,9,10,1,2,3,4 100,16 27,77 | 10,61 | 0,31 0,09 |2,00 |3,63 1,90
8 4,5,6,7,8,9,10,1,2,3 102,41 28,09 | 10,69 | 0,31 0,08 |2,01 |3,65 1,91
9 3,4,5,6,7,8,9,10,1,2 105,01 27,82 | 10,58 | 0,31 0,08 |2,04 3,71 1,95
10 2,3,4,5,6,7,8,9,10,1 100,02 28,17 | 10,69 | 0,31 0,09 | 1,98 |3,61 1,89

Conclusion

The literature and the main parameters of the Kok Tobe mountain range have been stud-
ied. During the study, the types of soils were studied and based on this, the classification of
soils of the Kok Tobe mountain component was determined. Geological and engineering
data on the structure of the Kok Tobe Mountain have also been studied. The physical— me-
chanical and strength properties of soils composing the geological structure of the Kok
Tobe Mountain have been established. Algorithms have been developed for reducing the
soil layers of the slopes of the Kok Tobe mountain of a layered isotropic structure to a more
developed model of the medium to an environment of an equivalent anisotropic structure.
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