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of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

KaszakcmaH Pecnybnukackl YnmmsiK fbiribiM akademusicbl "KP ¥FA Xabapuibichbl" fbifibIMU XYypHa-
nbiHbIH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryze
KabblndaHraHbiH xabapnaliobl. byn uHdekcmeny bapbicbiHOa Clarivate Analytics komnaHusicbl XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke Kabbinday meceneciH Kapacmbipyda. Web of Science 3epmmeyuwinep,
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npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
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RESEARCH IN ENGINEERING-GEOLOGICAL
CHARACTERISTICS OF FOREST SOILS
OF THE CITY OF KYZYLORDA

Abstract. The article analyzes the problem of studying loess rocks. The objects of study in this work were
foundations composed of soft soils. In engineering-geological assessment of loess deposits, the conditions of
occurrence of loess rocks are of great importance. The research was carried out on the territory of Kyzylorda, where
the total thickness of the subsidence layer and overlying technogenic deposits reaches 5-7m.

The processes studied in the work - long-term sedimentation of subsidence soil, as well as fluctuations in the
level of groundwater that affect it, are characteristic of many cities. So on 20% of the territory of Kazakhstan there
are peat deposits, and changes in the level of groundwater are one of the main factors that have a negative impact on
foundations, underground structures and foundations in cities.

The obtained calculation methods, monitoring data, constructive solutions of underground utilities in loess
territories can be used in similar engineering and geological conditions, which will increase the reliability of these
structures, reduce the cost of their construction and operation

Keywords: base, foundation, subsiding soils, loess rocks, geological research.

For the normal functioning of the foundations, and, therefore, the man-made objects erected on them,
it is necessary to have high-quality geotechnical design support, which includes a comprehensive analysis
of engineering and geological conditions, the calculation of the stress-strain state of the foundations and
the organization of monitoring of the processes developing in them.

The objects of study in this work were foundations made up of weak soils (Figure 1). The studies
were carried out on the territory of Kyzylorda, where the total thickness of the subsidence stratum and the
overlying technogenic deposits reaches 5-7 m. Long-term sedimentation of loess at the base causes
damage to urban infrastructure objects - utilities, roads, sidewalks, landscaping elements, etc.

The research was carried out under the guidance of the senior lecturer of the

Department of Architecture and construction production, candidate of technical sciences A.Budikova.

A number of scientific works, i.e. geotechnical surveys of the projected dormitory building in
Kyzylorda were carried out jointly with the associate professor, R.Kubenov, candidate of technical
sciences. of the Department of oil and gas engineering, a master's student of the Department of
Architecture and construction production, T.Baimanov, as well as students of the STR-19-1u group,
E.Aldamnazarov and N.Mambet.

To carry out a comparative analysis of the variability of the properties of loess soils in the city of
Kyzylorda in the south of Kazakhstan, we carried out laboratory studies of the physical and mechanical
properties of loess subsidence soils before and after their soaking [6].

Physical characteristics of soils - weight moisture w, moisture at the plasticity limit W, and yield Wy,
soil density p, particle density p; were determined in accordance with the requirements of the current
GOST [2]; strength - angle of internal friction ¢ and specific adhesion ¢ - on single-plane cut devices
PSG-2M, deformability indicators - in compression devices in accordance with the requirements of SP RK
1.02-105-2014 [3] and during stamp tests of samples of undisturbed loess soil in a tray.
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The advantage of laboratory research is the ability to study the expected processes taking into account
the spatial variability of loess soils, the time factor, the deformed state, etc. These methods provide for
obtaining material in the amount necessary for statistical data processing in order to identify correlations
between changes in the moisture regime of loess soils and their deformability.

In statistical processing of experimental data to determine the physical characteristics, the values of
the standard deviation S and the coefficient of variation v are used, which characterize the variability of
the primordial soil indicators and are determined by the formulas.

n

s= 3=l

= n-1

v S,

n

where n is the number of definitions, x, is the normative value of the characteristic, which is defined as the
arithmetic mean.

For the strength characteristics of the soil ¢ and ¢, the method of statistical processing is that the
standard values tge, and c, are determined as parameters of the linear dependence of the shear resistance
on pressure and are calculated by the least squares method for the entire set of experimental values of ©
with the total number of determinations n.

Calculations of the standard value of the characteristics being determined and the standard deviation
are made according to the formulas:

for the coefficient of friction:
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To study the changes in the characteristics of loess soil during soaking, monoliths were selected from
5 pits of various depths, drilled in the Terenozek region of Kyzylorda, Kazakhstan. Loess soil in all five
pits is represented by hard loess loam of varying thickness (from 3 to 7m). Laboratory studies of loess soil
samples were carried out in the soil laboratory of the Department of Architecture and construction
production of the Korkyt Ata Kyzylorda university.

Determination of the characteristics of loess soil was carried out using soil samples of natural
moisture, which were cut out of the monolith with a sampling ring with a height of h=1cm, diameter
d=7cm and their density p, was found, then the density of dry soil pdy and the porosity coefficient ¢, at
p=0 were calculated. The characteristics of soil of natural moisture content, obtained by statistical
processing of data from at least three samples of loess soil for each of the characteristics cut from
monoliths taken from different pits, are shown in table 1. The standard deviation S was no more than 0.02
at a confidence level 0=0,85.

— 227 ——
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Table 1 - Characteristics of natural moisture soil

Pit Sampling depth, Ps P, w, Wp, Wi, Coeffi- porosity,
No m ™ M % % % cient n
poro-sity,e
1 4,2 2,73 1,485 7,6 16 25 0,978 0,494
2 3,8 2,72 1,483 8,6 17 28 0,996 0,499
3 4,6 2,70 1,480 7,9 16,6 25,7 0,968 0,492
4 33 2,74 1,503 8,5 18 28 0,985 0,496
5 4,5 2,75 1,504 8,1 17 27 0,977 0,494
Average value 2,73 1,491 8,14 16,92 26,74 0,981 0,495

To determine the deformation and strength characteristics, samples of loess soil of natural moisture,
cut from the same monoliths, were tested in the odometer and for shear (shear) in a direct single-shear
plane shear device. The obtained experimental results were processed by statistical methods according to
formulas (1-6).

The processes studied in the work - long-term sedimentation of subsiding soil, as well as fluctuations
in the level of groundwater that affect it, are characteristic of many cities. So on 20% of the territory of
Kazakhstan there are peat deposits, and changes in the level of groundwater are one of the main factors
that have a negative impact on foundations, underground structures and foundations in cities [5].

Table 2 — Average compression test results loess soils of natural moisture w = 8%

Load Density Coefficient porosity,
per sample, p, MPa dry soil, py, M’ porosity, €, n
0 1,378 0,981 0,495
0,05 1,385 0,971 0,492
0,1 1,391 0,962 0,490
0,2 1,402 0,947 0,486
0,3 1,405 0,942 0,485
0,4 1,407 0,940 0,484

The obtained calculation methods, monitoring data, constructive solutions for underground utilities in
loess territories can be used in similar engineering and geological conditions, which will increase the
reliability of these structures, reduce the cost of their construction and operation.

The most important characteristics of loess soils are porosity, volumetric and specific gravity,
moisture, plasticity, granulometric and mineralogical composition, structure and subsidence. These
characteristics determine the properties of research according to the methods described in the instructions
and manuals.

The total porosity of loess soils ranges from 30 to 38%, but most often it is 40-50%. Non-subsiding
varieties of loess soils have a porosity of less than 40%. The highest porosity is characteristic of the upper
part of the loess strata. So, in the Karaozek region at a depth of 0-6m, the porosity is 39-44%, at a depth of
6-12m - 37-49%.

The porosity of loess soils also varies over the area, reaching the highest values on watersheds in
more arid regions, where soils of type II subsidence are common. The porosity of loess soils of various
genesis is not the same. It reaches the highest values in loess soils of acolian genesis and the smallest in
those of water origin.
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Figure 1 — Selection of soil samples from a pit (candidate of technical sciences, associate professor R.Kubenov, students
E.Aldamnazarov, N Mambet, A.Budikova - senior teacher, candidate of technical sciences, and undergraduate T.Baimanov)

Normal porosity characterizes the volume of gaps between soil particles. This interparticle porosity
forms a continuous interconnecting system, which is able to significantly reduce under the action of loads
on the soil. Such pores occupy the bulk of the total porosity of loess soils (from 13 to 35%). The highest
interparticle porosity is found in loess soils of type II subsidence, which have a granular structure and low
natural humidity (less than 12%), as well as a hydrosluidic-quartz or hydrosluidic-kaolinite composition of
minerals in clay fractions.

The total porosity of loess soils, determined in laboratory conditions, also includes the porosity
corresponding to the maximum volumetric hydroscopicity, and macropores. The amount of porosity that
corresponds to the maximum volumetric hydroscopicity depends on the composition of clay minerals in
the soil and its moisture content. These include pores between highly dispersed particles and interpacket
gaps in clay minerals such as montmorillonite. Such pores are always filled with aqueous solutions. The
value of this type of porosity in loess strata is small (2-10%) [1].

Figure 3 - Place of sampling of soil of the designed Figure 4 - The resulting monolith of undisturbed structure
building (pit 2.2m deep)

Macropores of loess soils are usually distinguishable visually, as their size exceeds 0.5mm. They
increase the overall porosity of the rock by 3-6%. By the nature of the walls, the macropores are divided
into loose and cemented. Loose macropores are easily destroyed in water, cemented ones, on the contrary,
are relatively waterproof.

—— 229 =——
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AM. Byauxosa, H.H. Kamanosa
KopxkebiT ATa atbianarsl Keizpiuiopaa yHusepeureTi, KbI3biiop/a Kanacsl

KbI3bLIOPJA KAJIACBIHBIH OPMAH TONBIPAKTAPBIHBIH,
WH)KEHEPJIK-TEOJIOT USLIBIK CUTIATTAMAJIAPBIH 3EPTTEY

AHHOTanusi. Makanaga opMaH TYKBIMAAPBIH 3€pTTEY Moceleci KapacThIpbUIFaH. by jKymbICTarsl 3epTTey
HBICAaH/JapHI QJICI3 TOMBIpAaKTapJaH TYPaTHIH HeTi3 0oJbIn TaOpuianbl. H)XEeHEpIiK-TeoNOTsUIBIK Oarajayaa opMaH
KBIHBICTAPBIHBIH Taiia OOy jKaFmaiylapbl YIKEH MaHbI3Fa ue. 3eprreynep KpI3puiopaa KaslaChIHBIH ayMarblHIIA
JKYPTri3ijai, MyHIa MOTriHAl TONBIPAKTHIH KaCHETTepi aHBIKTAIIbI JKOHE TEXHOTCHIIK MOTiHAUIEPAiH KaTbIHIBIFBI
5-7 meTpre Aeiin OOIbI.

JKympbIcTa 3epTTenreH mpouecrep - Iery TONbIPAaFbIHBIH Y3aK Mep3iMIi TyHOachl, COHBIMEH KaTap OFaH dcep
€TETIH Xep acThl CyJapbl JEHIeHiHIH aybITKybl KelTereH Kananapra ToH. ConbiMeH, Ka3akcran aymarbiabig 20% -
BIH/A IIBIMTE3EK IIeriHfiepi Oap, an jkep acThl cyJaphl IEHIeHiHIH e3repyi KajlalapAarsl ipreractapra, j)Kep acThl
KYpBUIbICTapbIHA XKSHE ipreracTapra Kepi acep eTeTiH Herisri (hakTopiap sy 6ipi O0JbII TaObLIa b

AJBIHFaH ecemnTey onicTepi, Oakpulay MoJIIMETTepi, OpMaH ajKanTapblHAAFbl JKEpacThl KOMMYHHKAIHSIIaphl
YIIiH CHIHOApJBI MICHTMIEp YKCAC WHXKEHEPIIK-TEOJOTHSIIBIK JKaFJaiiiapia maiJanaHbUTysl MYMKiH, OYJI OCBHI
KYPBUTBIMIApABIH CEHIMALIITIH apTTBIPaIbl, OJIApIbI Cally MEH Maiaanany KYHBIH TOMEHIETEI].

Kiar ce3mep: Heri3, iprerac, MeTriHl TONBIPAKTap, JECCTI KBIHBICTAP, TEOJIOTHSIIBIK 3ePTTEY.

A.M. Byauxosa, H.H. KamanoBa
Kebuiopaunckuit yausepcurer umeHu Kopkoit Ata, Keizpuiopaa

HCCJIEJOBAHUE WHXEHEPHO-TEOJIOTHTUYECKOMN
XAPAKTEPUCTHUKU JIECCOBBIX I'PYHTOB I'OPOJA KbI3bIJIOP/IbI

AnHotaunusi. B cratbe aHanmmsyercs 3amada mccleNOBaHHUN JECCOBBIX mopon. OOBEKTOM HM3Y4YCHHS B Hac-
TosImelt paboTe MOCITY>KIUIIM OCHOBaHUS, CIOKEHHBIE cIa0bIMU rpyHTaMu. [Ipu MH)KEHEpHO-TEOIOTHUECKON OLIEHKE
NECCOBBIX OTIIOKEHUI OOJNBIIOE 3HAUYEHHE MMEIOT YCIIOBHA 3alieTaHus JIECCOBBIX mopon. VMcciemoBaHWs BBITION-
HSUTHCh Ha TeppuTopud T.KBIBBUIOPABI, TIe cCyMMapHas MOITHOCTh MPOCAJOYHOTO TOJIIA M MEPEeKPHIBAIOIINX €ro
TEXHOT'CHHBIX OTJIOKEHUM JOCTHUTACT S5-7M.

Wzydennsle B paboTe MpOIEcChl — AIUTEIbHAS OCaKa MPOCAJZOYHOTO TPYHTA, a TaKXKe BIHIOIINE HAa Hee
KoJIeOaHHsI YPOBHSI TPYHTOBBIX BOJ — SIBJISIOTCS XapaKTEPHBIMH JJIsi MHOTHX roponoB. Tak, Ha 20% Tepputopun
Ka3aXCTaHa UMCHOTCA OTJIOKCHUS TOp(i)a, a U3MCHCHUA ypOBHH I’pyHTOBbIX BOJ ABJISKOTCA OOJHUMH U3 OCHOBHBIX
(hakTOpOB, OKa3bIBAIOIINX HEraTHMBHOE BO3JCWCTBHE HAa OCHOBaHMS, IOJ3EMHBIE COOpPYKEHUS W (pyHIaMEHTHI B
ropojax.

[Tony4yeHHble METOJUKHU pacueTa, JaHHble MOHUTOPUHTA, KOHCTPYKTUBHBIE PELLEHUS MOJI3EMHBIX MHXKEHEPHBIX
KOMMYHHUKAIUH Ha JECCOBBIX TEPPUTOPHUSIX MOTYT HAlWTH MNPUMEHEHUE B aHAJOTHYHBIX WHKEHEPHO-IE€OJOTHYECKUX
YCIIOBHSIX, YTO TIO3BOJIHT IMTOBBICUTH HA/IE)KHOCTD YKa3aHHBIX COOPYKEHHIA, COKPATUTh 3aTPaThl HA UX YCTPOHCTBO U
AKCILTYaTaIHIo.

KiaroueBble c0oBa: OCHOBaHWE, (QYHZAMEHT, IMPOCATOYHBIC TPYHTHI, JIECCOBBIE TOPOABI, TEOJIOTHYECKOE
HCCIIENOBAHHUE.
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