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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP 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.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. The reconstruction of the Bustan Canal in the Republic of
Karakalpakstan, Uzbekistan, aimed to eliminate the need for pump-based irrigation
and transition to gravity-fed irrigation. Additionally, it sought to improve the canal's
efficiency by lining its slopes and beds with concrete. A distinguishing feature of
constructing such a structure is the ability to use the excavated soil for building the
embankment. This significantly reduces construction costs. Field and laboratory
studies to determine the physical properties and granulometric composition of the
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soils were conducted using standard instruments and equipment by GOST 22733-
2002 and GOST 25100-2011 requirements. The soil included loam, sandy loam,
and sand. The excavation was carried out with a backhoe excavator, and the soil
was deposited along the bank for later use in constructing the embankment. Any
additional soil needed was transported from other sites or quarries using dump
trucks with capacities of 20 and 40 tons. The removal of the 20 cm thick vegetation
layer was performed using a bulldozer and a grader. The base of the embankment
was loosened to a depth of 15 c¢cm, and then the soil was leveled using an excavator
and a grader. Further moistening was done with a water truck or hose, and the soil
was compacted using rollers weighing 18 and 26 tons. The maximum densities
achieved for the soils were 1.69-1.89 g/cm? for loam at an optimal moisture content
of 13-17.09%, 1.62 g/cm? for sandy loam at 21.05% moisture, and 1.62-1.67 g/cm?
for sand at 17.09-21.05% moisture.

Keywords: canal construction, half-cut-half-fill method, soil properties, optimal
moisture content, construction equipment
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Annoramusa. Kapakammakcran (O30ekcran) PecnyOnmukaceiHmarel bycran
KaHaJIBIH KalTa >XaHapTy COPFBIMEH Cyapy KaKeTTLNIriH OongslpMayra »KoHE
©3/iTriHEH araThlH CyMeH >KaOapIKTayra Kemnyre OarbiTTasniraH. COHBIMEH Katap,
OHBIH OeTKelIepi MeH apHaChIH OETOH/ay apPKbLIbl KAHAIBIH THIMIUTITIH apTTBIPY
KapacThIpbUIAbl. bysr jx00aHBIH epekmieniri — yHiHII caly Ke3iHae Ka3bLIFaH
TOIIBIPAKTHI MaijagaHy MYMKIHZIIT, OyJ KYpbUIbIC HIBIFBIHAAPBIH alTapIIbIKTan
TeMmeHaeTeni. TombIpakTblH (U3MKANBIK KAacHETTEpi MEH TI'PaHyJIOMETPHSIIBIK
KYpaMblH aHBIKTay OOMbIHIIA HalayblK *oHE 3epTxaHanblk 3eprreyiep ['OCT
22733-2002 xone 'OCT 25100-2011 TanmantapbiHa colikec CTaHAAPTTHI aclanTap
MEH Ka0JbIKTapabl MaijagaHa OTHIPBIN KYPri3iiai. 3epTTeneTiH TOIbIpaKTapra
ca3mak, KyMIbl ca3 >KOHE KyM Kipai. O3ipieyai SKCKaBaTOp-THETIMI >KYPrisii,
TOIBIpAK JKarayjaylda >KAHAJBIN, KEHIHHEH YHIHAI oOpHaryna KOJIIAaHBUIABL.
Kockivmia tacemangay xyk keteprimriri 20 xoHe 40 TOHHa caMOCBalIIapMeH
xy3ere acepbuTIbl. KansiHasiret 20 cM eciMaik KabateiH Bynbinoszep MeH rpefiaep
aNpIn TacTaabl. YHiHAIHIH Heri3i 15 cM TepeH[iKKe JeliH KOIICHITBUIIBI, COMaH
KeliH SKCKaBaToOp MEH TPEHIEPMEH TericTey KYpri3iii, KeiiH canMarsl 18 jxoHe
26 TOHHA POJMKTEPMEH BUIFAJIIAHIBIPBUIABI JKOHE THIFBI3AAIABL. TONBIPAKTHIH
MaKCUMaJIIbl KOJI >KETKI3UIT€H THIFBIBALIFE 13-17% OHTAWIBl BUIFAIIBUIBIKTA
cazmakTap ymriH 1,69—1,89 r/cm3, 21% bpuTFanIbUTBIKTa KYMIBI casaap yiriH 1,62 r/
cM3 xoHe 17-21% putFanmpuibikTa KyMaap yuri 1,62—1,67 r/cm3 60sl.

Tyiiin ce3mep: KaHan KYpBUIBICHI, KapThUIail >KapThUIall TONTBIPY OJIicCi,
TOIIBIPaK KaCHETTEPi, OHTAMIIBI BUIFAJIABUIBIK, KYPBUIBIC KaOAbIKTaphl
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AnHoTamus. PexoHcTpykiust kanana bycran B PecnyOnuke Kapakanmakcran
(Y30ekucraH) Obla HalpaBieHa Ha HCKIIOYCHHE HEOOXOJMMOCTH HAaCOCHOIO
OpOILIEHUsI W TEepexoJ] Ha caMoTedHoe BojocHaOxkenune. Kpome Toro,
TIPEIyCMaTPHUBAIIOCh TOBBIICHHE 3(PPEKTUBHOCTH (DYHKIIMOHUPOBAHUS KaHaIa
ImyTeM OETOHWUPOBAHUS €ro OTKOCOB M pycia. OCOOEHHOCTBIO JAaHHOTO MPOEKTa
SIBIISIETCSI BOBMOYKHOCTB HCIIOJIb30BaHUI BEIHYTOTO TPYHTA IIPY BO3BEICHUH HACHITIH,
YTO CYIIECTBEHHO CHMYKAET CTPOMTENbHBIC 3arparhl. [loneBbie U abopaTopHbIe
WCCIIEIOBAHUS TI0 OMPEACTICHUI0 (PU3MYECKUX CBOWCTB U TPaHYIOMETPUYECKOTO
cocTaBa TPYHTOB TMPOBOJMINCH C HCIOJNB30BAHUEM CTaHJAPTHBIX TPHOOPOB U
obopynoBanust B coorBercTBun ¢ Tpebdoanusmu ['OCT 22733-2002 u 'OCT
25100-2011. Hccneayemble TpyHThl BKIIOYAIH CYIIMHKH, CYNECH M MECKH.
PaspaboTka Bemach  AKCKAaBaTOPOM-IIOTPY3YMKOM, TPYHT  CKIIAJUPOBAJICS
BIOJIb Oepera Ui IMOCIEIYIOIIET0 MCIOJIb30BaHHUS MPH YCTPOMCTBE HACHIIH.
JIONOMHUTENBHBIN OBO3 OCYIIECTBISICS CaMOCBAJIAMU TPY30MOABEMHOCTBIO
20 n 40 ToHH. PacTurenpHBIA croit TommuHON 20 ¢cM CHUMAICS OyJIbI03epOM H
rpefinepoM. OCHOBaHME HACHITK PBHIXJIWIOCH HAa TIYyOMHY 10 15 cM, mocie dero
MPOM3BO/IMIIOCH BBIPABHMBAHHE DJKCKABaTOPOM W TPEHJIEpoOM, TOCIeIyrolee
YBIQKHEHHE U YIUIOTHEHHE KarkamMu BecoM 18 u 26 ToHH. MakcumasabHbIC
JIOCTUTHYTBIC TUIOTHOCTH TPYHTOB cocTaBmwiu 1,69—1,89 r/cm® 11 CYIJIMHKOB TIpU
onTUMabHOM BiaxxHocTH 13—17%, 1,62 r/cM® auist cynecu nipu BiakHoctd 21% u
1,62—-1,67 r/cM® miist ieckoB Tipw BiaxkHOCTH 17-21%.

KuroueBbie c10Ba: CTPOUTENHCTBO KaHaJa, METOJ MTOTYBBIEMKH-TOYHACHIIIH,
CBOICTBA TPYHTA, ONTHMaJIbHAsI BIAXKHOCTh, CTPOUTEIbHAS TEXHUKA

Introduction. Filtration reliability is an important factor indicating the
efficiency of irrigation systems, including canals constructed in half-cut-half-
fill configurations. It ensures that the embankment and foundation maintain
their filtration parameters—such as flow rate, velocity, and the position of the
depression curve within the calculated values throughout the operational lifespan.
This reliability guarantees filtration strength, the absence of slope deformation, soil
piping, and suffusion.

Similar cases were analyzed prior to conducting the research. In works (Kadirov
and Khasanov2023), cases of instability of soil embankments in canals were analyzed
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depending on various factors. Kiran Prasad Acharya and colleagues conducted a
study on the seepage and slope stability modeling of rainfall-induced slope failures
in topographic hollows. The calculations were performed using the GeoStudio
program, considering pore pressure (Kiran et al, 2016). The reconstruction aimed
to reduce filtration within the embankment body, thereby increasing the canal's
efficiency coefficient. In article (Rai et al, 2017), the design of earthen canals with
a balanced approach to excavation and embankment volumes was examined. In
article (Hu and Li 2024), Jiang Hu and Xing Li explored the utilization of the
integrated program SHAP-XGB for predicting the stability of slopes in earthen
canals undergoing deep excavation. In article (Ashour et al. 2023), Mohamed A.
Ashour and colleagues conducted a comparative technical study on estimating
seeped water from irrigation canals in Middle Egypt, specifically focusing on the
El-Sont branch canal network. They evaluated the volume of filtration through the
embankment of canals using Indian calculation methods, which resulted in a 21.5%
loss of pressure due to filtration. Chen Zheng and collaborators conducted a field
test study on expansive soil canals of the middle route of the South to North Water
Diversion Project, focusing on an analytical method for assessing soil deformation
in embankments and excavations (Zheng et al, 2023). In reference (Gong et al,
2016), Gong Biwei and colleagues conducted field research in China on a 1200
km-long canal. Part of this canal traverses slopes composed of rocky formations,
overlain by loess and loose sands. Jalal Jebelli and Mohamed Meguid conducted
a soil stability analysis in irrigation canals, utilizing the SLOPE/W model (Jebelli
and Meguid 2013). Doaa A. El-Molla and Mohamed A. El-Molla conducted
research on reducing conveyance losses in trapezoidal canals. They utilized the
SEEPE/W model to explore filtration issues through compacted earth linings on
canal embankments and bottoms (El-Molla D and El-Molla M 2021). Nguyen
Dyk Shi, on the other hand, researched ensuring the strength and stability of earth
embankments of roads under conditions prevalent in Northern Vietnam (Nguyen
2012). It was obtained by natural experiments and modeling using HEC-RAS 5.0.1
in the Big Fergana Canal, and a roughness coefficient of 0.0199 was determined as
a result (Arifjanov et al. 2022).

Iskandar Pani and others investigated the net present value (NPV) of
rehabilitating irrigation channels to enhance agricultural production. Their study
specifically focused on the reconstruction of an irrigation canal in Indonesia,
considering various types of linings such as brick, precast concrete panels, and
concrete. They concluded that concrete linings were the most favorable option
based on their analysis (Iskandar et al, 2021). Kosichenko and others performed
a techno-economic comparison of four alternatives: comprehensive and partial
reconstruction, modernization of irrigation systems, and routine maintenance.
E.I. Mikhnevich and Zeming Li proposed an analytical method to determine the
hydraulically most advantageous cross-section of a canal by reducing the velocity.
This reduction in velocity led to a decrease in depth and an increase in the width of the
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canal (Mikhnevich and Li 2023). Khyati Mistry and others examined the feasibility
of using different types of linings for earthen irrigation canals, considering the
reduction in water seepage losses. They identified the type of lining that best suits
the canal section based on cost criteria (Mistry 2023). Manasi Jagtap and others
highlight the significant role of canals in India's irrigation system. They discussed
a project that considers replacing concrete linings with low-density polyethylene
(LDPE) sheets and installing solar panels above the canal (Jagtap et al, 2019).

The article (Rao et al, 2024) notes that the choice of calculation schemes for
a plane or spatial problem of slope failure, depending on the geometry or loading
conditions, is a three-dimensional analysis. In this case, it is important to choose a
slip curve that corresponds to the minimum stability coefficient. It is the solutions to
this problem that are discussed in this article using the Scoops-3D program. Bishop
method (BSM), limit equilibrium method (LEM) was used and digital elevation
model (DEM) was used to construct the slope geometry. The results showed that
the method allows one to determine the sliding surface of a slope with sufficient
accuracy. In research work (Mashayekhi and Khanmohammadi 2024), using 3D
numerical models validated by experimental and field data, reveals that while
helical piles effectively enhance the bearing capacity of embankments through
improved load transfer mechanisms, the helices themselves have a minimal impact
on reducing settlement. Experimental testing in a flume model, combined with
mathematical simulations using HEC-RAS software, demonstrated that GFRP-
lined channels have a Manning roughness coefficient value ranging from 0.0071
to 0.0102, with a recommended practical value of 0.0081, indicating the model's
"very good" performance as evaluated by the Nash-Sutcliffe Efficiency method.

The first article (Espolov et al, 2022) analyzes the structure of river terraces
within the Syr Darya basin as part of the Shardara irrigation system. It highlights the
issue of compaction in the arable and sub-arable soil layers on irrigated lands. This
compaction leads to oxygen deficiency, which subsequently degrades the nutrient
content of the soil, negatively affecting its fertility. The second article (Dmitriyev
et al, 2024) presents a model for predicting gully erosion using satellite imagery.
The model estimates the rate of gully expansion and provides a forecast for the
next 30 years. The accuracy of the predictions depends on several factors, including
soil density, strength, precipitation levels, and vegetation cover. The third article
(Artykbaev et al, 2024) focuses on the development of a method for the placement
and compaction of coarse-grained soils. It examines the determination of maximum
soil density and optimal moisture content. The method involves placing soil in
layers of 50, 70, and 80 cm thickness, compacted using 27-ton rollers with six to
eight passes. The process achieves soil densities ranging from 2.11 to 2.28 t/m°.

The physical properties, particle size distribution, humidity, and density of ash
and slag have been established. The experience of using ash and slag as a canal fill
is insufficient. GOSTs provide a classification of soils and methods for laboratory
studies of optimal moisture content and maximum density.
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A brief review of research shows that the problem under consideration in
the article is relevant; many issues have been considered and studied during the
construction of canals in various weather, climatic and soil conditions.

Materials and methods. The irrigation system of Southern Karakalpakstan
is an essential infrastructure supporting agriculture in this arid region. Situated
in the lower reaches of the Amu Darya River, Southern Karakalpakstan faces a
desert climate with limited rainfall, making irrigation critical for sustaining crop
production and livelihoods. One of the main canals in the region, the Bustan Canal
is critical in distributing water from the Amu Darya. Its construction was marked
by engineering challenges due to the region's topography and soil conditions,
such as sand dunes and saline soils. The canal's semi-cut, semi-fill design required
innovative solutions, including the use of excavated soil for embankments and the
transportation of additional soil to address shortages.

The irrigation system of Southern Karakalpakstan includes three southern
districts of the Republic of Karakalpakstan - Turtkul, Ellikkala and Beruni districts
and is located on the right bank of the Amu Darya and covers an irrigated area of
about 100,000 hectares with a population of 553,900 people. The irrigation network
consists of 91 km of interfarm canals (including the Bustan canal) and 550 km of
economic canals (Fig. 1).
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Figure 1. Irrigation system of Southern Karakalpakstan

The total length of the Bustan canal is 68.709 km and consists of eastern and
western sections, with lengths of 35.26 km and 33.449 km respectively. The flow
rates are 105 m*/s and 49.5 m*/s respectively. A typical trapezoidal cross-section is
shown (Figure 2). The bottom width ranges from 6 to 8 m. The slope inclinations
are 1:2.5.
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The eastern part of the canal was predominantly constructed on embankments
to facilitate control over the irrigated fields, while the western part was partially
on embankments and partially in excavation (Fig. 2). The maximum slopes ranged
from 0.0001 to 0.00015
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Figure 2. Typical cross-section of the Bustan canal (western section).

Soil analyses were conducted in an accredited construction testing laboratory
using the following instruments and equipment: electronic scales CY4112C, drying
oven FAITHUL WGI 230B, standard set of sieves KSI, and the Uniondornii device
(designed by Kovalev N.P). The physical properties of quarry soils, foundation
soils, and embankment soils were determined, including particle size distribution,
density, and optimum moisture content, in accordance with GOST 227332002 and
GOST 25100-2011.

Results and discussion. The distinctive feature of constructing canals in half-
cut and half-fill sections is the multitude of quarries and the diversity of physical
properties, as well as the particle size distribution of soils. For clarity, some of them
are presented in tables. The physical properties of quarry soils are provided in Table
1, and the particle size distribution is given in Table 2. As seen from Table 1, the
bulk density of natural moisture soil ranges from 1.61 t/m? to 1.65 t/m?, while that
of dry soil ranges from 1.49 to 1.53 t/m?, with natural moisture content fluctuating
from 5.2% to 13.4%.

Table 1. Physical properties of soils

Volume Weight, t/m® | (-0 Soil N.ame
. - (according to
No. Excavation | Natural | Moisture | Content
. . . GOST 25100-
Sampling Location No Moisture | Content of | of Dry 201), Soil
. *1 (0, i)
Conte Dry Soil | Soil (%) Classification
Right embankment, PK
1 311470 1 1,63 1,51 52 Clay
Right embankment, PK
2 314+00 2 1,65 1,53 9,1 Loam
Right embankment, PK
3 193400 3 1,63 1,50 5,6 Clay
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Left embankment, PK
4 311465 4 1,61 1,49 13,4 Sand
Right embankment, PK
5 193400 5 1,62 1,52 9,5 Clay
Natural ground beneath
6 concrete, PK 312+55 6 1,61 1,54 8,1 Sand
Norm 1,62 1,51 8.4
Table 2. Granulometric composition of soils
Granulometric composition of soilsin .
%% Soil Name
. . fraction diameter i i (according to
No < ; Nol; ; Excai\}/atlon raction diameter in mm. GOST 25100-
amping Location © 1,0-0,5 |0,5-0,25 | 0,25-0,10 | 0,10-0,05 |  201), Soil
% % % % Classification
Right embankment,
1 PK 311470 1 8,6 17,2 71,2 8,48 Clay
Right embankment,
2 PK 314400 2 0,063 2,6 81,07 15,85 Loam
Right embankment,
3 PK 193400 3 0,7 25,7 63,5 10,8 Clay
Left embankment,
4 PK 311465 4 0,6 21,3 58,5 16,7 Sand
Right embankment,
5 PK 193-00 5 1,2 13,5 66,8 16,6 Clay
Natural ground
6 beneath concrete, 6 1,85 10,2 69,1 15,56 Sand
PK 312+55
Norm 2,1 15,08 68,3 13,9

The particle size distribution (Table 2) shows that fractions ranging from 0.25
to 0.10 mm constitute between 58.53% to 81.07%, while fractions from 0.1 to 0.05
mm constitute between 8.48% to 16.7%. According to the standard (GOST), the
soils are classified as loam, clay, and sand. As seen in the table, at almost the same
chainage point 311+70, the soils differ between the left and right slopes, with clay

on the right and sand on the left.

The density and optimum moisture content of the soil vary along the length
of the Bustan canal (western part), ranging from 1.62 g/cm® to 1.71 g/cm?, with
the optimal moisture content of clay ranging from 14.07% to 21.05%. For clarity,
the test results of samples taken at chainage points 311+70, 314+00, 193400, and
311465 are shown (Tables 3-8) (Figures 3-8)
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Table 3. Determination of maximum density and optimum moisture for PK 311+70 (Loam). Right
slope embankment

Tests
1 2 3 4 5 6 7
Shape weight| g 5123 5123 5123 | 5123 | 5123 | 5123 | 5123
Shape volume | sm? | 996,95 | 996,95 | 996,95 996,95 | 996,95 | 996,95 | 996,95
Weight of the cylindrical

part of the mold with| g 6978 7090 7189 | 7253 | 7270 | 7244 | 7227
compacted soil

Soil moisture mass| g 1855 1967 2066 | 2130 | 2147 | 2121 | 2104
Soil moisture density | g/sm? 1,86 1,97 2,07 2,14 2,15 2,13 2,11

Optimum moisture (%) | % 6 9 11 13 15 17 18
Dry soil density | g/sm? 1,76 1,81 1,87 1,89 1,87 1,82 1,79

Parameters | Unit

Maximum density 1,89 g/em? Optimum moisture content 13,00%

Grraph of the dependence of soil density and optimum moisture (PK 31 1+70)
1.89

1.9
LEB
L&a
L4
182

wam?

-
o

L78
176

1.74
3.00 (.00 T.00 .00 9.00 1000 1100 1200 1300 1400 1500 1600 17.00  185.000  19.00

Optimum meisture (%)

Figure 3. Graph of the dependence of soil density and optimum moisture (PK 311+70)

Dy soil density

Table 4. Determination of maximum density and optimum moisture for PK 314+00 (Loam). Right
slope embankment

Tests
Parameters | Unit
1 2 3 4 5 6 7 8 9
Shape weight | g 5123 | 5123 | 5123 | 5123 | 5123 | 5123 | 5123 | 5123 | 5123
Shape )
sm” | 996,95 | 996,95 996,95 | 996,95 | 996,95 | 996,95 | 996,95 | 996,95 | 996,95
volume
Weight of the
cylindrical
part of the
. g 6763 | 6810 | 6874 | 6960 | 7010 | 7082 | 7122 | 7168 | 7160
mold with
compacted
soil

Soil moisture

mass| & 1640 | 1687 | 1751 | 1837 | 1887 | 1959 | 1999 | 2045 | 2037

Soil moisture | g/
density | sm

5| 1,65 1,69 1,76 1,84 | 1,89 | 1,96 | 2,01 | 2,05 | 2,04
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Optimum
moisture (%)
Dry soil | g/
density | sm

% 5 7,2 9,12 11,1 | 13,21 | 16,1 | 18,04 | 20,12 | 224

s

5 | 1,57 1,58 1,61 1,66 1,67 | 1,69 1,7 1,71 1,67

1 0,
Max1mgm 1,62 g/em? Optimum moisture content 21.05%
density

Graph of the dependence of soil density and optimum moisture (PK 314+00)
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Figure 4. Graph of the dependence of soil density and optimum moisture (PK 314+00)

Table 5. Determination of maximum density and optimum optimum moisture for PK 193+00
(clay). Right slope embankment.

Tests

1 2 3 4 5 6 7
Shape weight| g 5123 | 5123|5123 | 5123 | 5123 | 5123 | 5123
Shape volume| sm? | 997 | 997 | 997 | 997 | 997 | 997 | 997
Weight of the cylindrical part of the
mold with compacted soil
Soil moisture mass| g 1765 | 1886 | 1944 | 2020 | 2102 [ 2126 | 2119
Soil moisture density | g/sm®| 1,77 | 1,89 | 1,95 | 2,03 | 2,11 | 2,13 | 2,13
Optimum moisture (%) | % 5,11 8,4 10 12,02 14,1 | 16 | 18,22

Dry soil density | g/sm*| 1,68 | 1,75 | 1,77 | 1,81 | 1,85 | 1,84 | 1,8

Parameters | Unit

g 6888 | 7009 | 7067 | 7143 | 7225|7249 | 7242

Optimum moisture

0,
content 14.09%

Maximum density | 1,69 g/cm?

Graph of the dependence of soil density and optimum moisture (PK 193+00)

1.88 185

1.84
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Figure 5. Graph of the dependence of soil density and optimum moisture (PK 193+00)
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Table 6. Determination of maximum density and optimum humidity for PK 311+65 (sand) Left
slope excavation

Tests
1 2 3 4 5 6 7 8
Shape weight| g | 5123 | 5123 | 5123 | 5123 | 5123 | 5123 | 5123 | 5123
Shape volume | sm? | 997 |996,95| 997 [996,95| 997 | 997 | 997 |996,95
Weight of the cylindrical

part of the mold with| g | 6756 | 6803 | 6851 | 6920 | 6978 | 7040 | 7082 | 7056
compacted soil

Soil moisture mass| g 1633 | 1680 | 1728 | 1797 | 1855 | 1917 | 1959 | 1935
Soil moisture density | g/sm® | 1,64 | 1,69 | 1,73 1,8 1,86 | 1,92 | 1,96 | 1,94
Optimum moisture (%) | % | 7,81 | 9,95 [12,17| 14,77 | 17,21 | 19,08 | 21,05 | 22,89
Dry soil density | g/sm*| 1,52 | 1,53 | 1,55 | 1,57 | 1,59 | 1,61 | 1,62 | 1,58

Parameters | Unit

Maximum density | 1,62 g/cm? Optimum moisture content 21.05%

Graph of the dependence of soil density and optimum moisture (PK 311+65)

1.62

Dry soil density g/sm?

7.00 9.00 11.00 13.00 15.00 17.00 19.00 21.00 23.00
Optimum moisture (%)

Figure 6. Graph of the dependence of soil density and optimum moisture (PK 311+65)

Table 7. Determination of maximum density and optimum moisture for PK 193+00 (Loam). Right
slope excavation

. Tests
Parameters | Unit

1 2 3 4 5 6 7 8 9
Shape weight | g | 5123 | 5123 | 5123 | 5123 | 5123 | 5123 | 5123 | 5123 | 5123

Shape volume | sm? | 997 | 997 | 997 | 997 | 997 | 997 | 997 |996,95 | 996,95

Weight of the
cylindrical part
of the mold with
compacted soil

Soil moisture mass | g | 1671 | 1711 | 1755 | 1814 | 1870 | 1926 | 1955 | 1985 | 1976

g | 6794|6834 | 6878 | 6937 | 6993 | 7049 | 7078 | 7108 | 7099

Soil moisture density g/3 1,68 | 1,72 1,76 | 1,82 | 1,88 | 1,93 | 1,96 | 1,99 1,98

sm

Optimum moisture

(%)

% | 6,63 | 7,76 | 9,48 | 11,37 | 13,4 | 14,83 |15,71| 17,09 | 18,57
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Dry soil density Si/l 1,57 { 1,59 ] 1,61 | 1,63 | 1,65 | 1,68 | 1,69 | 1,7 1,67

Maximum density | 1,70 g/cm? Optimum moisture content 17.09%

Graph of the dependence of soil density and optimum moisture (PK 311+65)
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Figure 7. Graph of the dependence of soil density and optimum moisture (PK 311+65)

Table 8. Determination of maximum density and optimum moisture for PK 312+55 (Sand). Right
slope excavation

Tests
1 2 3 4 5 6 7 8 9 10 11

Parameters | Unit

Shape
weight
Shape ,
volume | ™
Weight
of the
cylindrical
partofthe| g |6760| 6802 |6841| 6896 | 6946 | 6984 | 7029 | 7062 | 7100 | 7092 | 7076
mold with
compacted
soil

Soil
moisture| g [1632| 1674 1713 | 1768 | 1818 | 1856 | 1901 | 1934 | 1972 | 1964 | 1948
mass
Soil /
moisture g3 1,64 1,68 | 1,72 1,77 | 1,82 | 1,86 | 1,91 | 1,94 | 1,98 | 1,97 | 1,95
density sm
Optimum
moisture| % | 6,27 | 7,68 | 9,4 | 11,53 13,77 14,98 |16,15| 17 |18,47|19,54|20,61
(%)
Dry soil | g/
density | sm

g [5128| 5128 [5128 | 5128 | 5128 | 5128 | 5128 | 5128 | 5128 | 5128 | 5128

997 1996,95| 997 1996,9| 997 | 997 | 997 |996,9[996,9|996,9 | 996,9

Ll 154 156 |1,57] 159 | 16 | 1,62 | 1,64 | 1,66 | 1,67 | 1,65 | 1,62

] 0,
Max1mgm 1,67 g/cm? Optimum moisture content 17.09%
density
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Graph of the dependence of soil density and optimum moisture (PK 312+55)
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Figure 8. Graph of the dependence of soil density and optimum moisture (PK 312+55)

The determination of maximum density and optimum moisture content for
various soil types at different points along the canal reveals crucial information
for the construction and stability of embankments and excavations. The density
and optimum moisture content of the soil vary along the length of the Bustan canal
(western part), ranging from 1.62 g/cm3 to 1.71 g/cm3, with the optimal moisture
content of clay ranging from 14.07% to 21.05%. For clarity, the test results of
samples taken at chainage points 311+70, 314+00, 193+00, and 311+65 are shown
(Tables 3-8) (Figures 3-8). For loam at PK 311+70 and PK 314+00, the maximum
dry densities are 1.89 g/cm?® and 1.62 g/cm?® with optimum moisture contents of
13.00% and 21.05%, respectively. At PK 193+00, clay exhibits a maximum dry
density of 1.69 g/cm?* with an optimum moisture content of 14.09%, while loam on
the right-side excavation shows a maximum dry density of 1.70 g/cm® at 17.09%
moisture. Sand at PK 311+65 and PK 312+55 has maximum dry densities of 1.62
g/em® and 1.67 g/cm® with optimum moisture contents of 21.05% and 17.09%,
respectively. These results indicate the importance of maintaining specific moisture
contents to achieve maximum soil density, ensuring the structural integrity of the
canal's slopes and embankments, with each soil type requiring precise moisture
control during construction.

According to the design marks, the axis of the channel and the side piles were
designated. During the preparation of the foundation, trees and shrubs were uprooted
using a root plow to a depth of up to 0.9 meters where necessary. The cutting of the
vegetative layer to a depth of 0.20 meters was carried out using a bulldozer, and the
removed material was transported outside the construction site. Then, excavation
of the soil (Fig. 9) was carried out using an excavator, and the excavated soil was
piled along the channel to serve as material for embankment construction (Fig. 10).
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Figure 9. Bulldozer cutting through the Figure 10. Excavation using an excavator and
vegetative layer stacking soil along the channel.

After completing the vegetation clearance, a geodetic survey of the foundation
for the embankment was conducted. The surface of the ground was loosened to a
depth of 0.15 meters to ensure bonding between the embankment and the foundation,
followed by leveling the soil using an excavator (Fig. 11). Any deficient soil was
brought in by dump trucks (Fig. 12).

Figure 11. Leveling of the soil using an excavator ~ Figure 12. Delivery of soil by dump trucks

Using watering machines or manually, it was moistened to optimal humidity
and then compacted (Fig. 13). Then samples were taken for density (Fig. 14), which
were carried out in an accredited laboratory or field conditions using a Kovalov
density meter-moisture meter (Fig. 15), the density of the soil was determined
which varied 1.51 -1.59 t/m3 at a humidity of 20% to 22%, which is higher than in
the project 1.5 - 1.55 t/m3.

Figure 13. Moistening the soil to the optimum moisture level (machines and manually)
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oo

Figure 14. Density samples Figure 15. Kovalov density-moisture meter

Conclusions. Bustan Canal plays an important role in supplying water to 100,000
hectares of farmland in Southern Karakalpakstan. Reconstruction of the canal
allows you to abandon expensive irrigation using pumps and switch the system to
gravity irrigation, and due to concrete fastening, an increase in the efficiency of the
canal up to 85% is achieved.

In the western part, the canal runs in a half-cut-half-fill and intercepts
groundwater and filtration water, as a result of which a decrease in the groundwater
level in adjacent areas is achieved, as well as a reduction in construction costs.

For the construction of the embankment, mainly excavated soil was used and, if
there was a shortage, quarry soil, which was represented by loam, sandy loam and
sand. The embankment was erected layer by layer with a thickness of 15 cm using
excavators, graders, watering machines, dumping.
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