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AnHoTamus. Makonaga YMKUHAWIAPHU TyTHO KOJYBUM MAaHXKAPAIH METaI
KOHCTPYKIMSUIM THUJIPOTEXHUKA HWHIIOOTHUHM 4YerapaBud XxoJsiamiapHuar [ Ba 1l
rypyxjaapu Oyinua xucoOmamr ycimyOu kypuO uwkwiraH. KoHCTpykiusra Tabcup
ATYBYM JOMMHI IOKJIaMaliap aHUKIaHUO, Oajka 2IeMEHTIapUHUHT MYyCTaXKaMIIMK Ba
STWINII [apTIapH acOoCIaHTaH.

Kanur cy3nap: 4ukuHIWIApHU TyTHO KOMYBYM HWHIIOOT, TAHXKapald MeTasll
KOHCTD YKIIWSI, UerapaBUil Xonatiap yCyJu, MebEp Uil KapIIWINK, XUCOOUI KapIIMITHK,
JOVMMIA I0KJIaMa, STYBYU MOMEHT, Oajika MyCTaXKaMJIUTH, STUJIHILL.

AnHoTamusa. B crathe paccMoTpeHa METOAMKAa pacyéra PpemeTdaToro
METAJUIMYECKOTO COPOYAEPKUBAIOIIETO TUAPOTEXHUIECKOTO coopykeHus 1o [ u II
rpynmaM  TpeneNbHBIX — coCTOsSHMM.  OmpeneneHpl  TOCTOSHHbIC — HATPY3KH,
JEHCTBYIONINE HAa KOHCTPYKIIMIO, U OOOCHOBaHbI YCIOBHSI NMPOYHOCTH W Mporuda
0aJT0YHBIX DJIEMEHTOB.

Kimouesble CJI0BA: COPOYAep KUBAIOLIEE COOpY>KEHHE, peméryaras
METaJUTMYecKass KOHCTPYKIMS, METOJ TpPENelbHbIX COCTOSIHUM, HOPMAaTHBHOE
COMPOTHUBJIEHHE, PACUETHOE COMPOTUBJICHHUE, TOCTOSIHHAs Harpys3ka, W3ruOaromun
MOMEHT, TP OYHOCTh OaJIKH, MPOTHUO.

Abstract. The article considers a method for calculating a debris-—retaining
hydraulic structure made of a steel trash rack according to the first and second groups

of limit states. The permanent loads acting on the structure are determined, and the
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strength and deflection conditions of the beam elements are substantiated.

Keywords: debris-retaining structure, steel trash rack, limit state method,
characteristic resistance, design resistance, permanent load, bending moment, beam
strength, deflection.

Introduction. In the water management system of the Republic, structures of
various configurations are used to trap debris carried by water flow in main and inter -
farm irrigation canals, thereby ensuring the safe and reliable operation of hydraulic
structures. In particular, assessing the resistance of rack-type hydraulic structures to
dynamic loads and improving the methods for calculating hydrodynamic and
deformation processes arising from their interaction with water flow are important
scientific and practical tasks.

Main Part. Stages of Calculating Metal Structures. The method for
calculating the deformation parameters of metal structures involves determining the
shape, overall dimensions, cross-sections, and dimensions of connecting elements of
the metal structure to ensure its reliability, safety, service life, and efficiency.

The calculation of metal structures consists of the following stages:

Developing the calculation scheme;

Calculating the loads;

Calculating the stress values in the metal structural elements;

Selecting the cross-sections of structural elements according to the applied loads;

Testing the selected cross-sections.

The first three stages mentioned above constitute the static analysis of the metal
structure, while the remaining two stages constitute the structural design process.

Currently, the structural design of metal hydraulic structures is carried out using
the scientifically well-established Limit State Method.

Limit State Method. The limit state of a metal structure is defined as a

condition in which the structure fails to meet the design requirements and criteria
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imposed on it during operation. The limit states of metal structures are conventionally
divided into two groups:

First Group (Group I): During operation, the metal structure reaches a certain
limit state in which it becomes completely unfit for use. In other words, both
functional and structural failures occur in the metal structure, rendering it entirely
unserviceable.

Therefore, when calculating the deformation parameters of any metal hydraulic
structure, the load-bearing capacity of the structure corresponding to the first limit
state group must be assessed first.

In the calculations, the probable stresses acting on the structural elements must
not exceed the minimum load-bearing capacity of those elements:

where: N — is the maximum stress, depending on the design scheme and applied
load; @ — is the minimum load-bearing capacity, depending on the material type and
the geometric parameters of the cross-section.

Second Group (Group II): The limit state m which a metal structure becomes
unfit for use during operation due to wear and other factors. When calculating the limit
state of a metal structure according to Group II, only the deformation parameters of the
structural elements under bending are considered.

When calculations are performed using the methods of this group, deformation
i1s calculated based on standard loads. That is, mn these calculations, the actual
deformation values must not exceed the permissible values:

Where: f— is the actual deformation parameter; f;, — is the standard value
specified in regulatory documents.

Strength Characteristics. The main strength characteristic of a metal structure
is its design resistance. When calculating the deformation parameters of metal
structural elements under compression, tension, and bending, two values of the design

resistance are taken into account:
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Design resistance based on the yield strength Ry,

Design resistance based on the ultimate strength over time, or R,.

The values of the above-mentioned quantities are determined through statistical
analysis of laboratory test results obtained from material specimens.

However, in practice, the test results for laboratory specimens of many metal
structural elements used in engineering may sometimes differ from the properties of
actual structural elements. Therefore, in such cases, deformation parameters are
calculated using the design resistance method. The design resistance method can also
be applied in two forms:

Design resistance based on the yield strength R,d;

Design resistance based on the ultimate strength R,d.

Design resistances are determined by dividing the characteristic resistance value
by the material reliability factor:

R R
= XgaR, = ¢
Ym Ym

R,

Where: y,,, — is the material reliability factor.

Calculation of Permanent Loads Acting on a Hydraulic Structure with a Metal
Structure. The permanent loads acting on hydraulic structures with metal structures in
canals (debris-trapping structures) are mainly the self-weight of the structure and the
hydrostatic pressure forces of the water flow.

Since the elements of the debris-trapping structure in canals that are exposed to
the water flow mainly consist of a mesh-like reinforcement frame (with a spacing of
50 cm), the hydrostatic pressure forces exerted by the water flow are neglected.

In this case, only the weight of the metal structure is taken into account in the
calculations and is determined using the following expression:

Where: §; — is the layer thickness.

The design value of the structure’s weight is determined using the following
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expression:

Where: y; — is the load reliability factor.

Next, we perform the deformation calculation for the load acting on the beam of
the metal structure. Two internal forces mainly arise in the beam: the shear force and
the bending moment. Therefore, selecting the cross-sectional parameters of beams is of
great importance. The strength ofthe beam is determined by the following condition:

In some cases, it is expressed by the following deflection limit condition:

. kM"I?

/= <f

Ely

Conclusion. When calculating the rack-type metal structures of debris-trapping
hydraulic structures, the calculation method based on the limit state method makes it
possible to substantiate the reliability and safety of the structure. This method consists
of static analysis and structural design stages. Under Group I, the load-bearing
capacity of the structure is assessed, while under Group II, the deflection of the beam
elements is checked. Since the part of the structure exposed to the water flow consists
of a mesh-like frame, the self-weight of the structure is taken as the main permanent
load in the calculations. The presented strength and deflection conditions serve as the

basis for selecting the cross-sections of the beam elements of the structure.
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