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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 ¥immuolx 2oinvim akademusicol « KP YA Xabapnapwl. ['eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD CepUsChly bLibiMU dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHwi
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, aemopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevinaowvl. KP YFA Xabapnapel. eonozus scane mexHUKAIbIK 2blIbIMOAP CEPUsChl
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6edendi eeonocus HcoHe MEXHUKAIBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codepoicanue 68 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheluezo npUHAMUA
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzdameneti u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiHceHHOCb K Hauboiee akmyaibHOMY U GIUATNETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYECKUM HAYKAM 0I5l Hauie2o coodujecmad.



Bac pegakrop

JK¥PBIHOB Mypar KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥FA
akagemuri, «Ka3akcran PecryOnmukackl ¥ITTHIK FUTBIM akanemusice» PKbB-HiH mpesunenti, AK
«/1.B. CoxonbCckuii aTBIHAAFEI OTHIH, KaTaJIN3 JKOHE IEKTPOXUMUSI HHCTUTYTHIHBIHY» 0ac TUPEKTOPHI
(Anmarsl, Kazakcran) H =4

FpuibiMu xaTmisl

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

JKayanThIXaTIIBICH], A.B. BeKTypoBaThIHAaF IXUMUS FBUTBIM AP MHCTUTY THI (AsMaTthl, Kazakcran) H=5
PegaknusablK aJK a:

9BCAMETOB Mauic Kyasicyas! (6ac penaktopabslH opeIHOAcaphl), reoIorus-MAHHEPaIoTUs
FBUIBIMJIAPBIHEIH  TOKTOpBI, Tpodeccop, KP ¥YFA akanemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS SKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupeKkTopsl (AnmMarsl, Kazakcran) H =2

7KOJITAEB TIepoii XKoaraiiyabl (6ac penakTopAblH OpbIHOAacapsl), TeoJoTrUs-MHHEPaIOTHs
FBUTBIMJIAPBIHEIH JOKTOPEL, Tpodeccop, K. M. Carnaes THIHAAFbI 00T U FEUIBIMIAPEI HHCTUTY THIHBIH
nupexTopbl (Anmartel, Kazakcran) H=2

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

3EJBTMAH Peiimap, Ph.D, Taburu Tapux MypaxaibiHsiy XKep Typains! FeutbiMaap OemiMinne
METPOJIOTUS JKOHE Iaijayibl Kaszbanap KeH OpBIHIAphl CalachIHIArbl 3epTTEYNICpAiH JKeTeKIIici
(Jlonnon, Aurus) H =37

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

HIEH Iun, Ph.D, KpiTaii reonorusuibik KOFAMBIHBIH Tay FEOJOTHIChl KOMUTETI TUPEKTOPBIHBIH
opbiHOacapsl, AMEpUKaHABIK SKOHOMHKAJBIK TEO0NOrTap KaybIMAACcTHIFBIHBIH Mymneci (ITexuw,
Kprrait) H = 25

OUIIEP Axceab, Ph.D, J[Ipe3neH TeXHUKAIBIK YHHBEPCHTCTIHIH KaybIMAACTHIPBLIFAH
npodeccopsi (Ipe3neH, bepaun) H=6

KOHTOPOBHY Auekceii IMUIbeBHY, I'€OJOIHA-MUHEPAIOTUs FhUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpopumyka aTelHIaFEl MyHali-Ia3 Te0JIOTHUACHI JKoHE reoU3HnKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Baagumup EHokoBMY, XHMMHS FhUIBIMAAPBIHBIH JOKTOpH, bemapycs ¥TA
akanemuri, JKana Matepuangap XMMHUSIChI HHCTHTYTBIHBIH KYpMeTTi qupektops! (MuHck, Benapycs)
H=13

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

CENUTMYPATOBA Jneonopa FOcynoBHa, reosorus-MUHEPATOTUs FhIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥FA koppecnongent-myieci, KM. CarnaeB areinmarbl [€070Tusl FHUIBIMAAPHI
HHCTHTYTHI 3€pTXaHAChIHBIH MeHrepyuici (Anamarsl, Kazakcran) H=11

CAFBIHTAEB ‘Kanaii, Ph.D, xaybsimpacteipbuiran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H = 11

®PATTHUHMH Iaono, Ph.D, buxokk Munan yHUBEpPCUTETI KaybIMAACTBHIPBUIFaH Ipodeccopbl
(Munan, Uranus) H =28

«KP ¥YFA» PKb Xaoapaapsbl. ['eosiorust :xoHe TEXHHKAJIBIK FHIJIBIMAAP CEPUSICHD).
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I'naBHbIii perakTop

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

YueHHBbIIi cekpeTapb

ABCA/IBIKOB BbaxsiT HapukfaeBu4, TOKTOp TEXHHYECKUX HAYK, POQeccop, OTBETCTBEHHBII

cekperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJdJerus:

ABCAMETOB Mauc KyabicoBuy, (3aMeCTHTEINb ITIABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axagemuk HAH PK, mupextop HHcruTyTa THaporeosoruu u
reoskooruu uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKorraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPa), JIOKTOP T'€0JI0rOMUHEpaIo-
THYIECKUX Hayk, mpodeccop, mupexrop MucTrTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunen, Ph.D, acconumpoBannslil npodeccop, nupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomurtesnb uccienoBaHuii B 00JacTH INETPOJIOTHU U
MECTOPOXK/ICHUH ITTOJE3HBIX HCKomaeMblx B Otmene Hayk o 3emie My3sest eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua BopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEPCHTETA
Hancu (Hancu, ®pannus) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomorun Kuraiickoro
Te0JIOTHYECKOT0 00IIecTBa, WieH AMEPHKAHCKONH acCOMMAINK SKOHOMHUYecknux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axkceas, accorunpoBanHslii npodeccop, Ph.D, Texanuecknit yausepcurer Jlpesnen
(Apesnen, bepmun) H = 6

KOHTOPOBMUY Auekceii IMUIbLEBHY, TOKTOP I€0JI0r0-MHHEPATIOIMICCKUX HAyK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Biaaaumup EHokoBHMY, TOKTOp XuUMHYecKHX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTUTYTa XMMUHU HOBBIX MaTepuaioB (MuHnck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoumupoBanubiii mnpodeccop, TexHHYECKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Dgeonopa IOcymoBHa, [OKTOp TIeO0lOro-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt IHCTHTyTa re0IOrHIecKux
Hayk uM. K.W. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kanaii, Ph.D, acconuupoBannsii mnpogeccop, HazapbaeB yHHBEepcHTET
(Hypcynran, Kazaxcran) H = 11

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

«H3BecTtuss POO «<HAH PK». Cepusi reo10ruu 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

ABSADYKOV 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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© F.Kh. Aubakirova', K.S. Dossaliyev'*, K. Ibragimov’, K.I. Nazarov?,
A.M. Budikova?, 2024.
'South Kazakhstan University named after M. Auezov, Shymkent, Kazakhstan;
?Hydroproekt Institute, Tashkent, Uzbekistan;
*Kyzylorda University named after Korkyt Ata, Kyzylorda, Kazakhstan.
E-mail: dosaliev_k@mail.ru

RESEARCH OF STRENGTH CHARACTERISTICS OF COARSE
CLASTIC MATERIAL OF A HIGH EARTHEN DAM

Aubakirova Farida Khabievna — candidate of technical sciences, associate professor of the

Department “Industrial, civil and road engineering”, South Kazakhstan University named after M.
Auezov, Shymkent, Kazakhstan, E-mail: faraub1011@mail.ru, https://orcid.org/0000-0002-4687-
1528;

Dossaliyev Kanat Serikuly — PhD, head of the Department “Industrial, civil and road engineering”,
South Kazakhstan University named after M. Auezov, Shymkent, Kazakhstan, E-mail: dosaliev_k@
mail.ru, https://orcid.org/0000-0002-5423-9231;

Ibragimov Kudaibergen — candidate of technical sciences, professor of the Department “Industrial,
civil and road engineering”, South Kazakhstan University named after M. Auezov, Shymkent,
Kazakhstan, E-mail: askanbayev@bk.ru, https://orcid.org/0000-0001-6557- 4484;

Nazarov Kamol Igamberdievich — PhD, associate Director of the Hydroproject Institute, Tashkent,
Uzbekistan, E-mail: komil_tps@mail.ru, https://orcid.org/0000-0002-1681-0871;

Budikova Aigul — candidate of technical sciences, associate professor of the Department “Architecture
and construction production”, Kyzylorda University named after Korkyt Ata, Kyzylorda, Kazakhstan,
E-mail: construction-work2022@mail.ru, https://orcid.org/0000-0003-4879-9467.

Abstract. Currently, in the construction of earth dams and other structures
associated with large volumes of coarse-grained materials, multi-fraction rock
mass is used instead of sorted stone. Therefore, in construction practice there is
increasingly a need to determine the granulometric composition of various coarse
ground. Correct determination of the design characteristics of the gravel-pebble
mixture and rock mass is extremely important, since this affects the choice of an
economical design solution, effective technology for its construction, and trouble-
free operation of the constructed structure. The issue of determining the strength
characteristics of coarse soil used as a dam material in hydraulic engineering is still
relevant in the practice of domestic and world engineering surveys.

The presence of large inclusions in the soil does not allow the use of standard
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instruments and requires the development of special instruments and special
techniques. The article discusses a plane shear device, provides a methodology for
conducting laboratory studies of the strength characteristics of coarse-grained soil
and processing its results.

Analysis of laboratory research results shows that a decrease in strength occurs
with an increase in stress. This should be taken into account when constructing the
thrust prism of the dam, which is the main element of the upper cofferdam, i.e. the
thrust prism should be erected in accordance with the requirements of its charged
state and uniformity of the material should be achieved when laying soil in different
zones of the dam body, this will ensure uniformity of strength properties. A change
in the strength properties of coarse soil depending on the grain composition of the
stone at the same degree of compaction is possible only by increasing the coefficient
of engagement.

Keywords: coarse soil, model mixture, soil strength characteristics, plane shear
device, stress state, vertical and horizontal deformations.
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Annoranus. Kazipri yakpITTa YiIKeH KOJIeMIETi ipi TYHIpIIikTi MaTepuangap-
MeH OailyIaHbICTHI Jkep OereTTepi MeH 0acka KypbUIbICTap/Ibl cally/ia CYphIITaIFaH
TacTBbIH OPHBIHA KON (PpaKIUsUIbl Tay >KbIHBICTAphl KongaHbuiaabl. COHIBIKTaH

20


mailto:dosaliev_k@mail.ru
mailto:faraub1011@mail.ru
https://orcid.org/0000-0002-4687-1528
https://orcid.org/0000-0002-4687-1528
mailto: dosaliev_k@mail.ru.
https://orcid.org/0000-0002-5423-9231
mailto:askanbayev@bk.ru,
https://orcid.org/0000-0001-6557- 4484
https://orcid.org/0000-0001-6557- 4484
mailto:komil_tps@mail.ru
https://orcid.org/0000-0002-1681-0871
mailto:construction-work2022@mail.ru
https://orcid.org/0000-0003-4879-9467

ISSN 2224-5278 6.2024

KYPBUIBIC TOXIPUOECIHIE 9pTYPIIi ipi TOMBIPAKTHIH TPAHYIOMETPHSIIBIK KYPaMBIH
AHBIKTAy KaXKETTUTIri OapraH calbiH aprta Tycyde. KupIpmibplk Tac KOcCmackl MEH
Tay MaccachIHBIH O00aJbIK CHUIATTaMalapblH JYpPhIC aHBIKTay OTE MAaHBI3IbI,
OWTKEHI OYJ1 YHEeMJ OOalblK WICHIIMAI TaHJAyFa, OHBI KYPYIBIH THIMIL
TEXHOJIOTHUSCHIHA KOHE CaNbIHFaH KYPBUIBIMHBIH aKayChI3 )KYMBICBIHA 9Cep €Tel.
I'moporexHukama 0ereT MaTepuajbl PETiHAC MalmalaHBUIATBIH ipi TOIBIPAKTHIH
OepIKTIK cHITaTTaMajJapblH aHBIKTAY MACEJIECI OTAH IBIK KOHE QIEMIIK HHKESHEPITIK
3epTTeyNep TIKIPUOCSCIHAE ATl JIe ©3KTi OONBIN TaObLIA b,

TompipakTa yJIKEH KOCBIHABUIAPABIH O0TYBI CTAaHAAPTTH aCHaTapAbl KOJIAaHyFa
MYMKIiHAIK OepMeii xoHe apHalbl Kypalaap MEH apHaWbl TEXHUKAHBI 93ipieyi
Tanamn ereai. Makaiaa »ka3bIK bIFBICY KYPBUTFBICH KAPACTHIPBIIAAbI, ipi TYHIPIIIKTI
TOTMBIPAKTHIH OCPIKTIK CUMIATTaMajlapblHA 3ePTXaHANBIK 3ePTTEYJICD KYPri3y KoHE
OHBIH HOTHXKEJIEPIH OHJEY dlicTeMeCi KapacThIPbUIFaH.

3epTxXaHanblK 3€pPTTEYJEepAiH HOTIKENEepiH Tangay KYLITiH TeMEHAEYi,
CTPECCTIH JKOFaphUIaybIMEH Oipre »KYpeTiHIH KepceTemi. byHBI OereTTiH Tipek
MPU3MaChIH TYPFBI3Y Ke3iH/Ie eCKepy KepeK, 0J1 )KOFapFbl OOTETTiH HEeri3Ti AJIeMeHTI
0okl TaObLIAIBL, SFHU UTEPY IPU3MAachl OHBIH 3apsATaIFaH KYHiHIH TajganTapbeiHa
ColiKeC OpHATBUTYbl KEpeK >KoHEe OereT KOPIYCHIHBIH OpTYpil alMakTapbIHIA
TOIBIPAKTHI TOCEY KE3iHIe MaTepHAIBIH OIpKEIKITITIHE KO JKETKi3y Kepek, Oy
OepiKTIK KacUeTTepiHiH OIPKENKIIIriH KamMTamachli3 eremi. Bipael ThIFbI3IATY
JOpEeKECiHIe TACThIH TYHIPIIKTIK KypamblHa OaiIaHBICTBI ipi TOMBIPAKTHIH
OepikTik KacHeTTepiHiH e3repyl TeK KOCBUIy KOA(PQHUIMEHTIH apTThIPY apKbLIBI
MYMKiH OOJIasIbI.

Tyiin ce3mep: ipiCHIHBIKTBI TOMBIPAK, YTl KOCHACHI, TOMBIPAKTHIH OEPIKTIK
CHUIaTTaMaJIapbl, Xa3blK BIFBICY KYPBUIFBICHI, KepHEY KYHi, TIK JKoHE KeJICHEH
nedopmanmsiap.
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IJIOTUHBbI
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AHHoTanus. B Hacrosiiee BpeMsi PU CTPOMTENIBCTBE TPYHTOBBIX IIOTHH H
JOPYTHX COOPYXEHHUH, CBA3aHHBIX C OONBLUIMMH O0bEMaMH KPYIMHOOOIOMOYHBIX
MaTepraioB, BMECTO COPTHPOBAHHOTO KaMHsS HCIOJB3YIOT MHOTO(QPAKIHOHHYIO
ropHyto Mmaccy. [loaToMy B CTpOMTENBHOH IpakTUKE BCE dYallle BO3HUKAET
HEOOXOMMMOCTh  ONPENENeHUS] TPAaHYJIOMETPHUECKOTO COCTaBa  Pa3IMIHOTO
KpymnHooOioMouHororpyHTa. [IpaBuibpHOE ONpeieNieHne pacue THEIX XapaKTePUCTHK
IPaBUIHHO-TAJICYHUKOBOI CMECH M TOPHOM MacChl HIMEIOT UCKITIOYUTENILHO BaXKHOE
3HaUEHHE, TaK KaK 3TO BIUSIET Ha BHIOOP SKOHOMHYHOTO PEUICHUS! KOHCTPYKIIHH,
3pQEeKTUBHON TEXHOIOTHH €€ BO3BEACHUS, Oe3aBapuiHON OSKCIUTyaTaluu
MOCTPOECHHOTO COOPYKeHHsI. Bormpoc onpeneneHns MPOYHOCTHBIX XapaKTePUCTHK
KPYITHOOOJIOMOYHOTO TPYHTA, HCIIOIB3YEMOrO B KadecTBE MaTepuasia IUIOTHHBI
B THIPOTEXHUYECKOM CTPOMTENILCTBE, IIO-NPEKHEMY AaKTyaJbHO B IIPAKTHKE
OTEYECTBEHHBIX U MUPOBBIX HH)KEHEPHBIX U3bICKAHHH.

Hannune kpynHBIX BKIIOUSHHUI B PYHTE HE ITO3BOJIACT IPUMEHSTH CTAHAAPTHBIC
npubopsl U TpeOyeT pa3paboTKu cIielHaIbHBIX MPHOOPOB M OCOOBIX METOAMK. B
CTaThe PacCMOTPEH MPUOOP TUIOCKOTO CIBHUTra, MpUBEIeHa METOJMKA TPOBEACHUS
71a00PaTOPHBIX UCCIIEOBAHUN TPOYHOCTHBIX XapaKTEPUCTUK KPYITHOOOIOMOYHOTO
rpyHTa 1 00pabOoTKa ero pe3yabTaToB.

AHanu3 pe3ynbTartoB  JIAOOPAaTOPHBIX  HCCIEJOBAHMH ITOKA3bIBAaeT, 4TO
CHIDKCHUE TPOYHOCTH MPOMCXOJUT C YBEJIMYCHHEM HAMPSIKCHUS. DTO ClemyeT
YYUTHIBaTh TP BO3BEACHUHM YIOPHOW MPU3MBI TUIOTHHBI, KOTOpas SIBISETCS
OCHOBHBIM 3JIEMEHTOM BEPXOBOW MEPEMBIYKH. TO €CTh YIIOPHYIO NPU3MY CIIETyeT
BO3BOJHTH COIIACHO TPEOOBAaHHMAM €€ HapsUKCHHOTO COCTOSIHUSI M JOOMBATHCS
OTHOPOTHOCTH Marepuaja MpH YKJIAJKe TPyHTa B Pa3HbIC 30HBI TeJa TUIOTHHBI,
3TUM OyneT 00ecreurnBaTbesi OMHOPOAHOCTh MMPOYHOCTHBIX CBOWCTB. 3MeHeHHe
MPOYHOCTHBIX CBOMCTB KPYMHOOOJIOMOYHOTO IPYHTa B 3aBUCHIMOCTH OT 36pHOBOTO
cocTaBa KaMHS IPH OJAMHAKOBOW CTEIEHU YIJIOTHEHHUS] BO3MOXKHO TOJBKO 32 CUET
yBenuiIeHHS KodhDHUImenTa 3areTrieHus.

KoroueBble cjoBa: KpynmHOOONOMOYHBIH TPYHT, MOJIENbHAs CMeECh,
MPOYHOCTHBIE XAPAKTEPUCTHKH I'PYHTa, NPUOOP IIOCKOTO CIIBUTA, HANPSHKEHHOE
COCTOSTHHE, BEpTHKaJIbHbIE U TOPU30HTAJIbHEIE AeopMannu.

Introduction. Currently, the rational use of stone materials obtained by explosive
mining of rocks is of particular relevance (Ibragimov, et al, 2023; Petrov, et al,
1994; Zhantasov, et al, 2017). Increasingly, instead of sorted stone, rock mass is
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used, which is a mixture of a multi-fraction composition. Therefore, in construction
practice there is increasingly a need to determine the granulometric composition
of various coarse soils. Moreover, if the size of individual fractions reaches 500,
1000 mm or more, then assessing the grain composition using the traditional weight
method becomes very labor-intensive. At the same time, the construction of soil
structures for large energy facilities, as well as the preparation of foundations for
powerful units of thermal power plants, are associated with large volumes of coarse
clastic materials. Correct determination of the design characteristics of the gravel-
pebble mixture and rock mass is extremely important, since this affects the choice
of an economical design solution, effective technology for its construction, and
trouble-free operation of the constructed structure (Baibolov, 2022).

A large number of theoretical works and experimental studies are devoted to
the study of the strength characteristics of coarse soils. Research conducted under
the direction of Shabayev S.N. made it possible to establish that an increase in
the particle size of a single-fraction medium leads to an increase not only in the
angle of internal friction, but also in specific adhesion (Shabaev, 2020; Shabaev,
et al, 2020). He also proposed an improved version of the KU-54 type wedge
installation, through which it is possible to adequately evaluate the shear resistance
of pre-compacted coarse-grained media using the oblique cut method and identify
the strength characteristics of the material, namely the angle of internal friction
and adhesion. On a shear installation of a different type, a research group led by
Sagybekova A.O. (Alimseitov, et al, 2018) determined that residual strength is a
more accurate characteristic of soil resistance. It was concluded that the compaction
of coarse soils depends on the grain size, the amount and composition of the filler,
the shape of large fragments and the nature of their surface, and the strength of the
fragments. They also noted that the compaction of coarse soils also depends on the
initial packing density of structural elements. Sainov M.P., studying the works of
researchers of the last century (Sainov, 2016), noted that the power function well
describes the increase in the value of the shear modulus of coarse soils depending
on the soil compression stress. He also determined that gravel-pebble soil is less
deformable and has higher strength than rock mass under the same conditions.
Research results of Kozionov V.A. (Kozionov, et al, 2007) confirmed the reinforcing
effect of large inclusions on the strength properties of coarse soils. A connection
has been established between the parameters of strength, structure and physical
state of the soil. It is noted that with an increase in the size of inclusions and their
number, the strength characteristics of the soil increase, and an increase in humidity
leads to their decrease. A group of researchers led by Kolos A.F. (Kolos, 2017)
revealed that increasing the roundness of grains leads to a significant decrease in
the adhesion between grains in crushed stone ballast, but has almost no effect on the
angle of internal friction. Among the modern publications devoted to solving this
problem abroad, the following authors can be noted: Ghorashi S., Khodaparast M.,
Khodajooyan Q. (Ghorashi, et al, 2023), Fard M. (Fard, 2020), Wu E., Zhu J., Guo
W., Zhang Z. (Wu, et al, 2020) and others.
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Research materials and methods. In construction practice, two devices are
used to study the strength characteristics of coarse soils in laboratory conditions: a
plane shear device and a stabilometer (Artykbaev, et al, 2024).

In plane shear devices, the measured parameters in tests are normal ¢ and shear
stresses 7 in the shear plane, from which the shear coefficient C; is calculated.

In a stabilometer, unlike a plane shear device, two main stresses are measured:
maximum ¢, and minimum o, (¢,= ¢,). In this case, the shear coefficient can be
calculated only after preliminary calculations of normal and shear stresses along
the destruction sites according to the formulas:

_ 20'10'3
o= 01+03 (1)
_ 01703 [ —
= o1+0;, 0-10-3 (2)
_ 0103
Cs = ioes 3)

Taking this into account, the results of experiments both in plane shear devices
and in stabilometers can be interpreted in the same way in the form of the dependence
C = f(0), 1.e. according to the Coulomb-Mohr theory. Numerous studies carried out
by various organizations on these devices show almost the same results. Only the
experimental methodology and interpretation of the results are somewhat different.

It should be noted that using a plane shear device it is possible to examine
coarse-grained soils that are close in grain composition to natural ones. At the same
time, working with this device is characterized by a simple research methodology.
Also, when testing rock mass (broken stone), from an economic point of view, the
use of this device is more profitable than the use of a stabilometer.

The flat shift device with dimensions 700x700x700mm consists of the following
main elements: lower and upper carriages; hydraulic jacks for creating vertical
and horizontal loads and deflectometers for measuring vertical and horizontal
deformations. The movable lower carriage is a metal container on rolling supports.
The fixed upper carriage is a frame placed on the rollers along the lower carriage.
The soil sample is placed in a container formed between the upper and lower
carriages. The vertical load on the sample is transmitted through the dies. The load
on the die is created by a hydraulic jack DG-100 and controlled by a pressure gauge.
The horizontal load is created by a horizontal jack, its magnitude is also controlled
by a pressure gauge. The carriage movements are recorded by deflectometers.

One of the important stages of preparation for conducting experiments is
calibrating the hydraulic system of the device, which includes the pump, pressure
line and jack. Calibration is carried out using two standard dynamometers with
measurement limits of 50-100 tons. In this case, the dynamometer is installed
between the support beam and the jack (for vertical and horizontal loads) (GOST
12248.1, 2020). Pressure is created through a pumping station. Increasing the
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pressure, take readings on the pressure gauge and dynamometer. The obtained data
is superimposed for each jack on a graph reflecting the pressure loss in the system
with increasing load.

The significant size of fractions of coarse soils (100, 200, 500 mm and
more) requires labor-intensive and expensive experiments on unique large-sized
installations. For this reason, in the practice of experimental research, much
attention has to be paid to the issues of modeling the composition, size and other
parameters of coarse soils. Based on the condition that the ratio of the diameter
of the device to the size of the maximum fraction should not be less than five
(Artykbaev, et al, 2024; GOST 30416-2020, 2020), i.e. d, >5d  , then for our flat
shear device with dimensions 700x700x700 mm, grain compositions are accepted
with a maximum diameter d_ =140 mm.

If natural soil has fraction sizes exceeding the capabilities of the device, then
experiments are carried out with model mixtures. In this case, the model mixture is
composed of natural soil material with a fraction reduction in » times, i.e., the grain
composition curves of the natural and model soil must be parallel, and the grain
composition of the model soil is limited to the maximum fraction d, =140 mm,
i.e., the modeling scale is selected so as not to exceed the maximum fraction size.
Full-scale and model soil compositions are shown in Figure 1. Moreover, on the
recommendation of specialists from the National Research University MSCU, the
model mixture was compiled with a maximum fraction of 120 mm.

The sequence of work when testing the strength characteristics of coarse soil
using a plane shear device is as follows:

1) the sizes of the diameters of model soil fractions is calculated by multiplying
the diameters of natural soil fractions by a scale factor and the soil for experiments
is prepared;

2) prepared soil of model or natural composition is placed in layers in the carriages
of the device. In this case, the thickness of the soil laying layer is #=1.2-d _; in our
case, the thickness of the soil layer was 14 cm. Each layer is compacted using a
manual tamper. The soil being laid is weighed and the average density of the soil
in the device is calculated. The range of soil density in our case was 1.98+2.03t/m?;

3) after placing the soil in the device, its assembly is completed: a die, vertical
and horizontal jacks, a thrust beam, thrust and support nuts, and deflectometers are
installed. The initial value of the vertical position of the die is recorded;

4) the vertical load is created by a vertical jack in increments of 0.05-0.1 MPa to
a given value and is controlled by a pressure gauge. When a given load is reached,
the values of vertical deformation are recorded based on the die settlement at each
load level,;

5) after reaching the vertical load of a given value, a horizontal load is applied in
increments of no more than 0.05 MPa. Moreover, when a horizontal load is applied,
the vertical load must remain unchanged;

6) the shear moment is recorded by the growth of horizontal deformations noted
by deflectors at a constant shear (horizontal) force;
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Figure 1. Graph of the grain composition of natural soil and model mixture before
and after the experiment

7) after the end of the experiment, the pressure in the jacks is released: first
vertical, then horizontal. Then the device is disassembled, the soil is sieved into
fractions through sieves and each fraction is weighed. Next, a grain composition
curve is constructed after the experiment, as shown in Figure 1. Analysis of the
grain composition after the experiment provides information about the crushability
of each fraction of the soil composition;

It should be noted that in connection with the transition of the assessment
of strength characteristics to a confidence probability, standard and calculated
values of the material should be established by statically processing the results of
experimental data in an amount of at least six for each vertical load. In our case,
there are 4 variants of vertical load, the number of experiments was 24 accordingly.

Results and discussion. Shear tests are performed for 4 variants of vertical loads:
2; 4; 8; 12 kgf/em?. Based on experimental research data, graphs are constructed
=f(41); =f{0), where 7 - horizontal stresses, shifts; 4/ - magnitude of horizontal
deformations, mm; o - vertical pressure values, kg/cm?.

Determination of the shear coefficient tggp and engagement C are calculated
using the least squares method using the formulas:

nZ?:10-iTi_Z?:1 GiZ?:l T (4)

8P = 3T oG, 02

i=10i Li=1Ti ~2i=1 0iXi=1 TiTi

2
nyit, 0f— iz, 01)?

C =

)

where » - number of experiments; C- engagement.
The determination of the principal stresses 6, and o, is carried out by constructing
the Mohr circle. Assuming that there is no coupling, (4) takes the form
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T=0- 1tg¢p (6)

The point of intersection of the circle with the abscissa axis will give the desired
value of the main stresses o, and o, and the angle of inclination of the tangent to
the abscissa axis will be the angle of internal friction ¢ for a given vertical stress.

The shear coefficients /gp and engagement coefficients C are calculated using
the least squares method. If there is adhesion or engagement for the stone material
(rock mass), the shear angle is determined by the formula:

c
tg¥ = tgp + - (7

where v - shear angle; ¢ - angle of internal friction; C - engagement; o - vertical
stress.

The calculated strength values are obtained by dividing the standard values by
the soil safety factor, the physical meaning of which is that the actual values of the
strength characteristics will not exceed the maximum strength of the soil with the
corresponding confidence probability.

The soil safety factor is calculated from a set of paired measurements of vertical
stresses and shear loads from 6~ to o, and depends on the variation of these
values, i.e., the coefficient of variation “V”’:

A=n¥l(0)? — (B, 0)° )
tg = 3 (X, 70y — Xk Ty Ty 0 ©)
c= %(Z?=1TZ?=1 0% — ¥, 0y X1 Ti0y) (10)

We obtained the calculated strength values by dividing the standard values by
the safety factor for the soil and have presented in Table 1. This means that the
actual values of the strength characteristics will not exceed the limit values of soil
strength with the corresponding confidence probability.

Table 1 - Strength characteristics of rock mass depending on vertical pressure

Vertical stress o, kgf/cm? 2 4 8 12
Shift coefficients 1g¢ 1,149 0,958 0,862 0,831
Angle of internal friction ¢° 48,9 43,8 40,8 39,7

Analysis of the data in Table 1 shows that a decrease in strength occurs with an
increase in stress. This should be taken into account when constructing the thrust
prism of the dam, which is the main element of the upper cofferdam, i.e., the thrust
prism should be erected in accordance with the requirements of its charged state
and uniformity of the material should be achieved when laying soil in different
zones of the dam body, which will ensure uniformity of strength properties.
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The results of the studies are shown below on the dependence graphs t=f{4/) for
4 variants of vertical load (Figures 2-5) and the dependence graph 7=f{o) presented
in Figure 6.
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Figure 2. Dependence graph t=f(41) at a load of 2 kgf/cm?
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Figure 3. Dependence graph t=f{41) at a load of 4 kgf/cm?
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Figure 5. Dependence graph 7=f{4]) at a load of 12 kgf/cm?
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Figure 6. Dependency graph 7=f(o)

Conclusions. The experimental studies of the strength characteristics of the
rock mass under single-plane shear conditions allow us to draw the following
conclusions:

- strength indicators determined from the results of tests under vertical loads
from 2.0 to 12.0 kg/cm?, compressive o and shear t stresses at the moment of sample
failure are accepted according to the Coulomb-Mohr condition. The number of
experiments and processing of the results were carried out in accordance with the
requirements of regulatory documents (SN RK 3.04-03-2023, 2023; GOST 20522-
2012, 2014).

- based on the results obtained, calculated characteristics were established for
the actual particle size distribution with a confidence probability a = 0.95, which
are characterized by a shear angle ¢ = 48.9 to 39.7° depending on the value of the
vertical load from 2.0 to 12.0 kg /cm?.

- a change in the strength properties of coarse soil depending on the grain
composition of the stone at the same degree of compaction is possible only by
increasing the C coefficient of engagement.
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