QazBSQA Xao6apunbicel. Cayier xdHe KypsbLibic. Ne2 (92), 2024

UDC 624.012.44
IRSTI 70.21.15
RESEARCH ARTICLE

COMPARATIVE ANALYSIS OF THE EFFICIENCY OF
PARABOLIC AND TRAPEZOIDAL SECTIONS IN IRRIGATION
CANALS

Zh.N. Moldamuratov!>* (&) S M. Kultayeva' =/, O.D. Seitkazinov! =/,
A.Z.Tukhtamisheva! &, Zh.A. Ussenkulov?

International Educational Corporation, 050043, Almaty, Kazakhstan
2Peter the Great St. Petersburg Polytechnic University, 195220, St. Petersburg, Russian Federation
3M. Auezov South Kazakhstan University, 160012, Shymkent, Kazakhstan

Abstract. One of the current scientific directions in hydraulic engineering is to
give irrigation canals a hydraulically and statically stable cross-sectional shape in the
form of the most advantageous parabolic profile. This approach allows maximizing the
sediment transport capacity of the flow and significantly reducing the time and costs of
construction and maintenance works, using optimization criteria for next-generation
machinery and mechanisms. The significance of this research lies in developing a new
concept for designing, constructing, and operating irrigation canals in hydraulic
engineering systems with cross-sectional shapes that are both hydraulically and
statically stable. These shapes aim to maximize sediment transport capacity, ensure
ecological sustainability of natural-technical basin systems, and contribute to national
food security. The objects of study are hydraulic engineering structures, specifically
the inter-farm canals of irrigation systems within the Syr Darya river basin in the
southern region of the Republic of Kazakhstan. For the study, methods were used
including stability analysis of earth slopes using circular-cylindrical sliding surfaces,
methods based on analogy between shear curves and slopes, and methods based on the
theory of limit equilibrium. Calculations have demonstrated the advantages, including
increased resistance to cross-section deformation, reduced earthwork volumes during
irrigation canal construction and cleaning by 20-25%, decreased materials and work
volume for possible lining by 13-18%, narrower canal top width and land acquisition
zones by 11-17%, lower labor costs by 13-16%, reduced construction costs by 14-18%,
and decreased specific adjusted costs by 15-18%.
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Anpatna. [ uodpomexnuxadaevl Kaszipei evliblmMu  Oazelmmapovly  Oipi  cyapy
KaHanoapvlHa ey muiMoi napabonanvlk npo@uis mypiHoe UOpPABIUKATbIK —HCIHE
CMAmMuKanblK mypakmuol KeJI0eHeH KUMa RiiniH 6epy 60.161n madwliaosl. Byn macin agbiHHbIY
wezcindinepdi macvimanday Kabilemin OapvlHWa apmmoulpyea JHCoHe JicaHa OVbIH
MAWUHANAPLL MeH MeXaHU3MOepiH OHMAUNAHObIPY Kpumepuiiiepin KOJIOaHd OmbIpbin,
KYPBIIbIC ~ JICOHEe  MEXHUKANLIK —Kbl3Mem KOpCcemy JHCYMbICMAPbIHbIY — YaKblmbl  MeH
WBIRLIHOAPBIH e02YIp KblCKapmyaa MYMKIHOIK Oepedi. byn zepmmeyoiy manvi30blLiblabl
2UOPABTUKATILIK, HCIHE CIMAMUKATILIK MYPAKMbL KOJIOEHEeH KUMACL bap cu0poMenuopamusmix
Jcytienepoeci cyapy KamaioapvlH HcoOanay, cauny dHicone NaudaniaHy OOUblHWA HCAHA
MYACHIPLIMOAMAHbL 23ipaeyoe dxcamulp. bByn nvicanoap wecindinepdi macvimanoay Kaoiiemin
bapviHwia  apmmulpya,  MaOUU-MEeXHUKAILIK — Oaccelin  JCyuenepiniy — dKON0SUAIbIK
MYPAKMbLIbIZbIH KAMIMAMACHI3 emyee Hcane YAmmblK a3blK-myniK Kayincizoicine yiec Kocyea
bazeimmanean. 3epmmey 0b6vekminepi - 2UOPOMEXHUKANBIK KYPbIIbIMOAp, aman aumxkanod
Kaszaxcman Pecnyoauxaceinvly oymycmik atimagvinoaevt Coipoapus oe3eHi baccelininoesi
cyapy dcylienepiniy wapyaublibiKapanblK KaHaioapsbl 60abin mabdwliaosl. 3epmmey Yudin
06H2eNeK YUTUHOPTIK JHCHLINCHIMANbL Oemmepdi KOIOAHa OMbIpbln, dcep OemKelllepiHiy
MYPAKMbLIbIRbIH MAI0AYObL, bIELICY KUCBIKMAPLL MeH bemKelniepi apacbinoaebl YKCACMbIKKa
Heziz0eneen 20icmepdi Jcone wekmi mene-menoiKk MeopusicblHa HezizoenceH adicmepoi
KamMmumoiH 20icmep Ko10auwiiovl. Ecenmeynep Hamudiceci apmulKublIblKmapobl Kopcemmi,
COHBIH [WIHOe KONOeHeH KUMAHLIY 0e)OpMayUuscolHa MoO3iMOLIKMIK JHCOLAPLLIAYbL, CYaApPY
APHANAPBIH CATLY HCIHE MA3ANay Kesinoe dcep scymvicmapul koneminiy 20-25%-za xvickapyul,
BIKMUMATL HCAOBIH Mamepuanoapsl meH sxcymulc koneminiy 13-18% - 2a xvickapysi, kananoviy
Jrcogapavl bemi eni men dcepoi any aumakmapvinvly xiwipeioi 11-17% - za, enbex
wvrziHoapwinbly 13-16% - ea azarovl, Kypolivic wwievinoapuinviy 14-18% - 2a asaiovl scone
Hakmul myzemineen wwlebinoapowviy 15-18% - 2a memenoeyi.

Tyiiin ce3nep: cyapy xananoapul, 2UOPOMEXHUKATLIK KYPbLIbiMOap, bemketinep, Plaxis
3D.
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AHHOTAUUS. OOHUM U3 COBPEMEHHbIX HAYVYHBIX HANPAGIEHUU 6 2UOPOmMeXHUKe
ABNAEMCS NPUOAHUE OPOCUMENbHBIM KAHAIAM 2UOPABIUYECKU U CIMAMUYeCcKU YCmoudugou
Gopmbl nonepeuro2o ceueHus 8 gude HausvleoOHelwe20 napaboauyeckoeo npoguns. Taxou
Nn00X00 MNO0380J5lem MAKCUMAIbHO YEeIUYUmMs NPONYCKHYI0 CHOCOOHOCMb NOMOKA OJisl
MPAHCNOPMUPOBKYU HAHOCO8 U  3HAYUMENbHO COKpAMUmMb 6pems U 3ampamvl Hd
cmpoumenvHvle U peMOHmHble pabomyl, UCNONb3YS KpUmMepuu onmumusayuu OJis MAuwuHt u
MEXAHU3MO8 HOB8020 MNOKOJNEeHUA. 3HAYUMOCMb 2MO020 UCCLe008ANHUA  3AKI0YAemCcs 6
paspabomke HOBOU KOHYENyuu NPOEKMUPOBAHUSA, CMPOUMENbCEA U  IKCHIYAMAyUU
OPOCUMENbHBIX KAHAN08 CUOPOMENUOPAMUBHBIX CUCTNEM C POpMAMU NONEPEYHO20 CeYeHUsl,
Komopule — AGIAIOMCA  KAK — 2UOPAGIUYecKU, maKk U CMAmuyecku YCmouyusbiMu.
Iapabonuueckue popmel Hanpasienvi Ha MO, YMOObL MAKCUMANLHO YBEIUYUMb NPONYCKHYIO
CNOCOOHOCMb KAHATI08, 06eCneyUmsb IKOI0SUUECKYIO YCMOUYUBOCTb NPUPOOHO-MEXHUYECKUX
cucmem baccelinos u cnocoocmeosams HAYUOHANLHOU NPOO0BOIbCMBEHHOU 6e30NACHOCHIU.
Obvexmamu uUcciedo8anus ABIAIOMCA SUOPOMEXHUYECKUE COOPYHCEHUS, 6 HACMHOCMU,
MEAHCXO03ANUCNBEHHbLE KAHANbL 2UOPOMENUOPAMUBHLIX cucmeM 8 baccetine peku Culpoapbs 6
10o1cHom pezuone Pecnyonuxu Kasaxcman. J{ns ucciedosanus Obliu UCHOIb308aHbl MEMOObL,
gKIIOYAIOWUe AHANU3 YCMOUYUBOCU 3eMISHbIX OMKOCO8 C UCHONb308AHUEM KpPY2lo-
YUTUHOPUYECKUX NOBEPXHOCMEU CKONbIHCEHUs, Memoobl, OCHOBAHHbIE HA AHALO2UU MeNCOY
KPUBbIMU COBUSA U OMKOCAMU, U MEMOObl, OCHOBAHHbBLE HA MEOPUU NPEOETbHO20 PABHOBECUS.
Pacuemur npodemoncmpuposanu npeumyuecmea, 8 mom yucie HO8bIUEHHYI0 YCMOU4U80Cnyb
K Oeghopmayuu nonepeunoco ceuenus, COKpaujeHue o00bemMo8 3eMIAHbIX pabom npu
cmpoumenvcmee u ouucmke opocumenvuvix kaumanos Ha 20-25%, ymenvuenue obvema
mamepuanos u pabom 0ons 603modicHou obauyoeku na 13-18%, ymenvuenue wupuno
8epXHe20 Kpasi Kanana u 30n omeooa 3emau na 11-17%, cnusicenue sampam na pabouyio cuny
na 13-16%, crusicenue 3ampam na 3ampamei Ha cmpoumenscmeo chuzunucy Ha 14-18%, a
yoenvHble CKoppekmuposaniuvie 3ampamol - Ha 15-18%.

KiroueBble ci0Ba: opocumenvHbie KaHAnbl, SUOPOMEXHUYECKUE COOPYICEHUS,
omxkocwl, Plaxis 3D.
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1 INTRODUCTION

Over the past 50 years, the world has produced more industrial and agricultural products than
in all previous human history, naturally leading to intensive exploitation of water resources. In the
past century, global water consumption has increased more than twelvefold, doubling approximately
every 20 years (Li et al., 2022).

Sustainable water use is achieved through optimal satisfaction of the water needs of economic
sectors and the population. Effective justification of water resource utilization in river basins is based
on integrated ecological and economic criteria. Addressing this complex task involves numerous risks:
natural and anthropogenic factors, continuous and unjustified growth in water consumption, and
pollution of water sources (Li et al., 2022).

For most of Kazakhstan's irrigation systems, water is abstracted from mountain and foothill
rivers that transport significant sediment loads, leading to canal deformations and reduced canal
capacity. Over the last 20 years, the operational reliability of many hydraulic structures has declined,
posing ecological and social threats (Moldamuratov et al., 2014).

According to the Water Management Committee of the Ministry of Water Resources and
Irrigation of the Republic of Kazakhstan, during the peak of irrigated agriculture development, annual
sediment removal volumes amounted to about 50 million m3; currently, this volume is projected to
be around 25-27 million m3 (Moldamuratov et al., 2021).

Restoring the hydraulic components of Kazakhstan's agro-industrial complex is directly linked
to the need for reconstruction and construction of hydraulic structures - the main elements of the
irrigation network (Moldamuratov et al., 2021).

Studying the operational experience of irrigation canals, their Kinematic structure, and
conditions for forming stable canals to address deficits in water resources due to siltation and reduced
capacity is extremely relevant (Moldamuratov et al., 2022).

The complexity of river and canal formation processes, addressing the pressing issue of canal
formation, must be considered in conjunction with sediment transport capacity issues. This approach
will enable forecasting of potential changes in morphodynamic canal types, their cross-sectional
characteristics, erosion rates of banks and bed, and sediment ingress into irrigation canals (Ikramov
et al., 2023).

Analysis of existing technological processes for constructing and maintaining Kazakhstan's
hydraulic reclamation system canals indicates the need to reduce sediment removal volumes, lower
their associated costs, and enhance the quality of operational measures for irrigation canals.

The increasing volumes of construction and repair-restoration works, the need to reduce their
execution times, and enhance labor productivity necessitate advancements in the processes for
constructing and maintaining hydraulic reclamation system canals in a reliable condition, alongside
other technical progress directions (Abdrazakov et al., 2023).

A significant portion of operational activities for maintaining hydraulic reclamation systems in
working order involves canal desilting. The maximum annual volume of desilting works carried out
in recent years solely on the hydraulic reclamation systems in southern Kazakhstan exceeds 25
million cubic meters.

According to the Water Management Committee of the Ministry of Water Resources and
Irrigation of the Republic of Kazakhstan, the total length of hydraulic reclamation system canals in
the country has now reached 60,000 kilometers, with nearly 88% of them passing through earth canals.
The length of canals of inter-farm significance exceeds 12,000 kilometers. The primary workload in
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operating Kazakhstan's hydraulic reclamation systems falls on irrigation and collector-drainage
canals (Moldamuratov et al., 2023).

The aim of this study is to enhance the technology of canal construction, enabling improvement
in sediment transport capacity and ensuring hydraulic and static stability of their cross-sectional shape
over extended periods of operation (Arifjanov et al., 2020).

To achieve the stated goal, the following tasks need to be addressed:

- Investigate the impact of operational factors on the sediment transport capacity of earth canals
in canals.

- Systematize the structural features and statistical parameters of irrigation canals in the
southern region of the Republic of Kazakhstan and their influence on the selection criteria for
machinery and mechanisms.

- Study the stability of slopes of parabolic-profile irrigation canals.

- Develop methodological approaches to formulating the most advantageous cross-sectional
profile for canals.

- Design a methodology and principles for selecting earthmoving equipment for construction
and maintenance of hydraulic reclamation system canals.

- Develop technical solutions to ensure operational reliability in the functioning of hydraulic
reclamation system canals.

2 LITERATURE REVIEW

When designing canals, the dimensions of their canals and hydraulic characteristics must meet
specific requirements based on their intended use. For irrigation canals designed in soil, these
requirements boil down to ensuring that the cross-sectional shape remains resistant to erosion, free
from siltation, and maintains overall canal stability. The reliability of a canal's operation, free from
siltation and erosion, largely depends on establishing a stable, deformation-resistant cross-sectional
shape and corresponding hydraulic characteristics (Kosichenko et al., 2020).

Analysis of the canal regime of canals constructed in soil or formed through self-cleansing has
shown that their canals, much like river canals, are susceptible to free deformations that manifest in
the self-formation of stable shapes and sizes (Namaee et al., 2013).

The process of forming a stable canal follows a general developmental scheme akin to natural
river canal processes but occurs under the influence of relatively constant flow over time. It actively
progresses until the canal dimensions and shape establish a flow velocity structure that achieves a
state of equilibrium conducive to the canal bed's soil (Moghazi et al., 1997).

Field observations have established that trapezoidal cross-sectional shapes are unstable: the
slopes of such canals deform, angular spaces silt up and become overgrown, ultimately altering the
initial canal shape completely. The canal may take on irregular contours in the upper part and
curvilinear shapes in the lower part over time (Swamee et al., 2005).

This understanding underscores the importance of designing irrigation canals with stable cross-
sectional profiles that can resist deformation and maintain their hydraulic efficiency over extended
periods of operation, thus ensuring effective water flow and minimal maintenance needs (VVatankhah
et al.,, 2011).

K. Roushangar notes: "In straight sections within homogeneous soils, a symmetric, parabolic
canal is formed. In cohesive soils, the banks have steeper slopes, and the cross-sectional shape
approaches an elliptical curve™ (Roushangar, K. et al., 2021)
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M.N. Sennikov points out that cross-sectional profiles of rivers on straight planar sections often
take the form of a semi-ellipse or higher-degree parabola (from second to twelfth). These profiles are
commonly found in mountainous and plain river sections where the bed consists of erodible materials
and the banks are composed of less erodible soils (Sennikov et al., 2014).

Research by C.R. Suribabu indicates that in alluvial soils, river canal sections exhibit shapes
defined by parabolas of various orders, ranging from second to twelfth (Suribabu et al., 2010).

The materials from research conducted under the guidance of O.A. Baev (Baev, 2023) on a
canal to study its resistance to erosion and silting showed that a parabolic section (described by a
fifth-order parabola) best fits the actual canal section (Table 1).

Table 1
Comparison Table of Actual Canal Section Parameters with Calculated Parabolic, Elliptical, and Semi-Circular
Sections (author’s material)

Section profiles Relative Specific Canal Canal  Thearea Wetted Hydraulic  Flow
width of the wetted width by  filling of the perimeter, radius, R, rate,
canal by perimeter, water depth, living X, m m 9,
water level, X0 level, B, h, m section, m/s
B m ®, M?
The actual 7,18 10,8 10,8 1,25 8,76 9,71 0,9 0,473
Parabolic % 7,2 10,3 8,9 1,23 91 9,65 0,94 0,488
of discrepancies +0,279 -4,63 -0,892 -1,6 +3,88 -0,62 +4,44 +3,16
Elliptical % 6,75 10,4 8,8 1,31 9,12 9,74 0,94 0,487
of discrepancies -5,98 -3,7 -2 +4,6 4,11 +0,31 +4,44 +2,96
Semicircular % 4,75 8,54 7,8 1,64 8,7 8,6 1,01 0,512
of discrepancies -33,8 -20,9 -13,15 +31,2 -0,685 +11,45 +12,2 +8,28

It is important to note the significance of correctly choosing the slope alignment in irrigation
canal construction. Z. Ma asserts that proper slope alignment of irrigation canals is crucial. Steep
slopes lead to erosion and siltation, clogging the canal, while shallow slopes increase earthwork
volumes and reduce the area available for easements (Ma et al., 2019).

The cross-sectional profile of a canal, influenced by the physical-mechanical properties of soil,
groundwater conditions, flow erosion, and other factors, tends towards a more stable curved shape.
This shape often aligns closely with a parabolic or semi-elliptical form.

Lopez-Medina T. highlights that trapezoidal-sectioned canals without reinforcement can only
be constructed in dry or cohesive soils that resist rapid saturation (such as peat, structurally intact
clay, or non-podzolized coarse loam). Even in uniformly homogeneous soils, polygonal profiles are
more advantageous. In such cases, steeper slopes are applied to the upper layer of the slope, and
gentler slopes to the lower layers. Polygonal-sectioned canals can easily adopt semi-elliptical or
parabolic outlines without compromising their stability (Lopez-Medina et al., 2021).

V.V. Nalimov research has identified stable slope forms using actual geotechnical parameters
of slope soils. Field studies have shown that canal slope profiles stabilize over time, often resembling
a parabolic shape (Ejidike et al., 2023).

Research by I.S. Lapidovskaya has established that the main threat to the stability of an open
canal is the development of soil upheaval zones within its boundaries. For trapezoidal canal profiles
designed in projects, stable slope alignment that prevents upheaval from the canal boundaries often
results in significant loss of useful area. A more economical polygonal section is recommended,
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where upheaval zones are eliminated by transitioning to a gentler slope at a critical depth
(Moldamuratov et al., 2023).

Research by Ibadi-Zade on canal stability demonstrated that during operation, the construction
profile of a canal deforms and adopts a stable curved shape. For instance, the K-18 canal in southern
Kazakhstan, after one year of operation, deformed and assumed a curved shape, with a reduction in
depth by 31.5%. Ibadi-Zade proposed a method for calculating the stable cross-sectional profile of a
parabolic canal, aligning with the profile of a natural canal (Moldamuratov et al., 2023).

3 MATERIALS AND METHODS

To conduct the research, the following methods were used:

1. Method for calculating the stability of slopes of earth structures using circular-cylindrical
sliding surfaces.

2. Method based on analogy between shear curves and slopes.

3. Method based on the theory of limit equilibrium.

Modeling was performed using the PLAXIS 3D software suite.

For the calculation of irrigation canal designs, the following initial data are adopted: the canals
have construction depths of 1.5, 2, and 3 meters respectively; hydraulic parameters of the canals such
as discharge, roughness coefficient, and slope are uniform; the canals are designed in half-cut and
half-fill with a bedding height equal to half the canal depth; soils include medium loam and light
loam; the canal profile is a quadratic parabola.

In Tables 2, 3 and 4 the main parameters for calculation and modeling are provided. Figures 1
and 2 show the dependencies of additional parameters on the channel depth for trapezoidal and
parabolic profiles.

Table 2
Technological parameters of irrigation network canals (author’s material)
Canal Parameters

. E
o c X~
o =z = 2 8 & 8 s
- 2 E & &£ 8k g 3 5
Type of profile section E - = = o = = © =
= = = s L D 5] < c
) =1 & ‘= 5o s r—— =
5 3 S = 2 E 5 S 3
= g g 5 s = 2 3
% c = g g o S 5 D
m 8 T 3 £ 2 £ 8
= g ©
— [«5)
=
|_
Trapezoidal 1,65 15 1,2 0,8 1:1,25 4,55 5,6 4,01
Parabolic 1,62 15 1,2 - P=1,02 3,5 4,85 3,5
Trapezoidal 4,16 2,0 1,7 1,0 1:15 7 8,2 8
Parabolic 4,18 2,0 1,7 - P=1,66 5,16 6,84 6,88
Trapezoidal 14,26 3,0 2,7 2,0 1:1,75 12,7 14,1 21,75
Parabolic 14,13 3,0 2,7 - P=4,16 10 12 20
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Tables 3
Changes in parameters of irrigation network canals [author’s material]
Changes .
Change in the total cross-
sectional area of the
Width at the top Perimeter (m/%) Cross-sectional areas structure
(M/%) (M?/%) (Mm?/%)

AB; Ak AS, SYAS
1,06/13,4 0,75/13,3 0,51/12,7 1,35/12,3
1,84/26,2 1,36/16,6 1,12/14 2,96/15,17

2,5/20 2,1/14,9 1,75/8,04 4,25/8,78

Table 4
Values of parameters of irrigation canals of parabolic (y>=2py) and trapezoidal cross-section profiles (author’s material)
Canal Laying of Parabola parameter p for canals along the bottom:
depth, m slopes 04m | 06m | 08m | 10m | 1,5m | 20m | 25m 3m
1:1 0,56 0,7 0,83 1,02 - - - -
1:1,25 0,7 0,85 1,02 1,17 - - - -
1,5 1:15 0,75 0,88 1,1 1,26 - - -
1:1,25 - - 1,13 1,35 1,75 2,17 - -
1:15 - - 1,38 1,66 2,03 2,56 - -
2,0 1:1,75 - - 1,56 1,85 2,25 2,8 - -
1:2 - - 1,75 2,03 2,45 3,02 - -
1:15 - - - - 2,66 3,37 3,92 4,5
3,0 1:1,75 - - - - 3,01 3,8 4,5 5,13
1:2 - - - - 3,48 4,16 4,95 5,56
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Figure 1 — Graph of the dependence of water flow rate and cross-sectional area on canal depth for trapezoidal and
parabolic profiles [author’s material]
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4 RESULTS AND DISCUSSION

A comparative analysis of the calculated parameters of canals shows that using parabolic
section canals significantly reduces the volume of earthworks compared to trapezoidal section canals.
Firstly, this reduction is due to the smaller cross-sectional area of the canal by 8.04...14%, which
provides greater savings in earthworks than just the reduction in the cross-sectional area of the flow,
because the dry slope of a parabolic profile canal is steeper than that of a trapezoidal canal. Secondly,
the area of the bedding section is reduced by 12.0...26.0%. This reduction in bedding area is achieved
because the top width of the parabolic profile canal is 20...26.2% narrower than that of the trapezoidal
canal, thus allowing a corresponding reduction in bedding width. The nature of changes in the cross-
sectional areas of canals and canal beddings for parabolic and trapezoidal profiles shows that with
increasing canal depth, the difference in cross-sectional areas and savings in earthwork volumes
increase (Figures 3, 4 and 5).

In the practice of constructing hydraulic structures, particularly in the construction of irrigation
canals for water management systems, cross-sectional shapes commonly include trapezoidal,
parabolic, and polygonal forms. Trapezoidal cross-sections are widely adopted due to their ease of
mechanized construction, which has contributed to their widespread use. On the other hand, parabolic
cross-section canals have not seen extensive application primarily because specialized equipment for
their construction is lacking. They are typically used only in cases where material savings from lining
justify their use and account for their specific cross-sectional shape.

For example, in the construction of canal networks, reducing the perimeter of the cross-section
with parabolic shapes can result in up to 20% material savings compared to trapezoidal sections due
to reduced lining requirements.
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Figure 3 - Graph of changes in the perimeter of the trapezoidal TP and parabolic yn profiles of canals of different
depths h (author’s material)
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Figure 4 - Graph of changes in the width of the canal B and the cushion along the top By of the trapezoidal and
parabolic profiles of different depths:
e —trapezoidal; A — parabolic canals (author’s material)
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Figure 5 - Graph of changes in the area of the recess sections S, and dams Sy canals of trapezoidal and parabolic
profiles from depth h: e — trapezoidal profile; A — parabolic profile (author’s material)
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The analysis of research shows that the most straightforward and acceptable methods for
calculating the stability of earth slopes in irrigation canals are those based on the analogy between
shear curves and slope stability. Methods based on the theory of limit equilibrium for calculating the
stability of earth structures are the most rigorous and accurate. However, these methods are not widely
applied in practice primarily due to the complexity of calculations and the specificity of assessing the
stability of a given slope based on the critical load uniformly distributed on the crest.

The analysis of the equal-strength slope curves for irrigation canals with depths of 1.5, 2, and
3 meters, and parabolic slope profiles, shows that the adopted parabolic canal profiles have more
stable slopes in cohesive soils with a cohesion value K.>1 t/m2. Calculations performed to determine
the slope stability factor for three scenarios (flooded slope, sudden complete water drawdown, and
zero boundary neutral pressure) demonstrated that the minimum factor of safety against slope failure
(shear strength) is Fs=1.42 for an irrigation canal with a depth of 3 meters, with the slope steepness
adopted at the maximum steepness in the upper part of the slope (i = 45°).

Therefore, irrigation canals with rational parabolic cross-sectional shapes are more resistant to
deformations in various soil conditions, especially in less stable soils such as sandy, sandy-loam, and
heterogeneous soils. They have smaller cross-sectional areas and reduced construction volumes,
wetted perimeter and material volumes, lining works, top width of the canal, and land acquisition
areas for the canals.

5 CONCLUSIONS

Based on the conducted research on hydraulic assessment considering hydromorphological
factors, it can be concluded that irrigation canals with parabolic cross-sectional shapes are optimal
according to the following parameters:

1. Increased resistance against deformation of the cross-section.

2. Reduction in earthwork volumes during construction and cleaning of irrigation canals by 20-
25%.

3. Decrease in materials and work volume for possible lining (strengthening) of irrigation
canals by 13-18%.

4. Decrease in the top width of the canal (land acquisition zones) of irrigation canals by 11-
17%.

5. Reduction in labor costs by 13-16 %.

6. Decrease in construction costs (production costs) by 14-18%.

7. Decrease in specific adjusted costs by 15-18%.
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