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Summary. Comparative analysis of two structural schemes for covering the car unloading station for one
trip as part of the elevator complex for grain storage is considered in this paper. The first option is to use the same
frame structures combined into a spatial scheme. The second option involves the structure with two types of frames
and another approach to ensure lateral stiffness. Detailed descriptions of each structural scheme, their
peculiarities, advantages and disadvantages are included in this paper. The stability and economic effects of each
scheme are analyzed. This paper benefits engineers, designers and specialists in the field of construction and
infrastructure operating in grain storage and logistics.
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Statement of the problem. The rapid development of the agricultural sector results in
the increase of the number of metal structures in the construction or reconstruction of industrial
facilities At the same time, the requirements for increasing efficiency, improving structural
forms and calculation methods for this type of structures are growing. This, in turn, reduces the
consumption of materials, the complexity of manufacturing and installation, and their cost in
general. Software for quick and efficient modelling of the complex structures' behaviour is
required for such structural calculations. At present, due to the clear course of European
integration, software packages (SP) should comply not only with state building regulations
(hereafter — «<kDBN»), but also with Eurocodes. Such flexible PCs using Building information
modelling (BIM) technologies include Revit, Dlubal RFEM [1], Robot [2] and several other
ones making it possible to carry out structural calculations [3].

Static and dynamic calculations of metal frames of high-rise buildings using SAP2000
PC were considered in the paper [4]. The method of dynamic calculations is presented, and
differences, features and disadvantages of the applied methods are shown. It is shown that the
nonlinear dynamic calculation from the point of view of the calculation of buildings in
emergency situations is the most effective and enables to consider the processes of
redistribution of forces and deformations in the structure in the most detailed way. At the same
time, the disadvantage of the linear dynamic calculation is the impossibility of considering the
development of plastic deformations, the corresponding angles of rotation of the beams and the
lack of local effects consideration. [4].

In this article, a comparative analysis is carried out on the basis of the calculation results
in the Dlubal RFEM 5 software package [5]. This complex is engineering software for
analyzing building structures developed by Dlubal Software GmbH. RFEM 5 program is
intended for calculations of engineering structures considering various loads, including static,
dynamic [6], geometric and material nonlinearities. It provides wide opportunities for 3D
modeling by BIM technologies [7-9], including various types of structures, materials and loads.
RFEM 5 allows engineers to carry out strength, rigidity, stability, and sampling analyses to
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3D modeling of grain unloading station steel structure based on bim technology

ensure the safety and reliability of construction projects.[10]. The program has an intuitive user
interface and many built-in tools for analysis and visualization of results.

The design and construction of elevator complexes [11] for grain storage with optimal
choice of the structural scheme for covering car unloading stations [12] is an important area
with practical applications. The car unloading station (CUS) aims to optimally unload grain
crops with protection from atmospheric influences, such as rain, snow, sun, etc., ensuring the
unhindered flow of cars for unloading.

The technological feature of CUS is the structure height, which is caused by dump truck
body lifting (see Fig. 1).
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Figure 1. Technological scheme of unloading the dump truck with full cover

However, the height of the structure and its small dimensions in the transverse direction
(Fig. 2) create technological complexity and increase the risk of the impact of strong wind loads
on the structure For reasons of safety and operational efficiency, the solution to this problem
requires the development of the optimal design of the station coverage that would ensure not
only technological goals but also high resistance to wind loads.
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Figure 2. CUS schematic diagram for a single passage

Formation of the paper objectives. This paper aims to conduct a comparative analysis,
using 3D modelling software and BIM technologies, of two design schemes covering the
unloading station of CUS cars for one passage as part of a grain storage complex.

Main part. Let us consider the comparative analysis of the two above-mentioned
structural schemes of CUS on the example of the structure with dimensions of 5.4 m x 27.5 m
(see Fig. 2) and a height of 13.9 m. The structure is located in the I climatic region [13], with a
standard snow load of 1450 Pa and wind load of 450 Pa [14].
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Structural diagram No. 1

The scheme is the metal frame with plan dimensions of 5.4 m (width) and 27.5 m
(length) and the structure height of 13.9 m. The transverse frames are columns made of two No.
33 channels welded into the box and No. 30 I-beams. The units of this frame are rigid, and the
columns are fixed to the foundation rigidly. The step of the frames is constant and is 5.5 m. The
frame rigidity in the transverse direction is ensured by rigid frame units in the longitudinal
direction due to the elastic structure.

The main advantages of design scheme No. 1 include the simplicity of the frame
structure and reduced metal content (provided that it is partially covered). Also, in this design
scheme, it is possible to arrange the opening for the gate up to 12 m high at the end (since there
are no plastic structures at the end of the structure, unlike the design scheme No. 2, and also to
make coverage only over the bunker (see Fig. 3), where the absence of elastic structures at the
end makes it possible to lift the dump truck)

10200

Figure 3. Technological scheme of unloading a partially covered dump truck

At the same time, this design makes it impossible to install dust removal (provided it is
partially covered), and it has insufficient rigidity under the influence of wind loads, therefore,
to ensure permissible horizontal movements[15] and to absorb large bending moments in the
columns, larger metal content of the frame is required (provided full coverage);

a) b)

Figure 4. a) spatial model of the frame; b) calculation model of the frame
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The structure was calculated and compared in the DlubalRFEM software package,
and the equivalent stresses and metal content of the rod model were calculated in the
RF-STEELMembers module (see Fig. 5).

Figure 5. Equivalent stresses and metal content of the rod model, RF-STEELMembers
From this diagram, it can be concluded that the columns, in this case, are 95% stressed,
and the metal content is 23.877 tons. The maximum horizontal displacements under wind loads

are 89.6 mm (see Fig. 6). In accordance with the standard [15], we determine the limit values
of deflections f,:

h )
fu — 5/150 — 13900 /150 = 92,7 mm:; (1)

where hy is structure height (hy = 13900 mm).

Figure 6. Deformed diagram of structural scheme No. 1

Structural diagram No. 2

The scheme is the metal frame with dimensions of 5.4 m (width) and 27.5 m (length),
and structure height of 13 m. The transverse frames are of two types: 1) the first ones are located
at the ends and are Ki double-branched columns made of channels No. 27 (see Fig. 7 a),
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connected by plates with a certain step, and B1 are I-beams No. 30, with plastic structures
between the columns (see Fig. 7 b), which provides rigidity in the transverse direction. Ky have
rigid joints to the foundations, and the rest connections, such as columns to the beam and joints
to the beam, are hinged; 2) Intermediate frames are columns K2 made of two channels No. 27
welded into a box and beams B1 of I1-beam section No. 30 (see Fig. 7 c). The units of this frame
are hinged, and the columns are fixed to the foundation with rigid joint. The step of the frames
Is constant and is 5.5 m.

The rigidity of structural scheme No. 2 in the transverse direction is provided by the end
frames, which have great rigidity in this direction, and the hard disk of the coating, in the
longitudinal direction, by the plastic structure.
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Figure 7. a) column K1; b) end frame; ¢) Intermediate frames

The main advantages include high frame rigidity and low metal content. At the same
time, the complexity of the structure (two types of frames are used) and the impossibility of a
technological scheme with partial coverage (Fig. 3) are certain disadvantages.
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Figure 8. a) spatial model of the frame; b) calculation model of the frame
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The calculation and comparison of the structure were carried out in the DlubalRFEM
software package [16], and the equivalent stresses and metal content of the rod model were
calculated in the RF-STEELMembers module [17] (see Fig. 9).

Figure 9. Equivalent stresses and metal content of the rod model, RF-STEELMembers

From this diagram, it can be concluded that the columns in this case are 95% stressed,
and the metal content is 22.263 tons. The maximum horizontal displacements under wind loads
are 35.0 mm (see Fig. 10). According to the State Standard B V.1.2-3:2006 «Deflections and
Displacementsy, the limit values of deflections f,, for our case are 92.7 mm. It can be concluded
that the displacements of 35 mm are much smaller than the limit value of f, 92.7 mm.

Project Navigator - Views

Figure 10. Deformed diagram of structural scheme No. 2

Conclusion. The overview of 3D software systems for finite element calculations is
carried out. From the comparative analysis, structural solution No. 2 makes it possible to
optimize the consumption of metal up to 6.8% and also reduces the deformability of the
frame by 61%, providing much greater rigidity of the structure. It is reasonable to use the
described structural solution No. 2 in the design of the car unloading station with full
coverage.
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3D MOJAEJIIOBAHHS METAJIOKQHCTPYK!:[Ii
3EPHOPO3BAHTAXYBAJIbHOI CTAHLII
HA OCHOBI BIM-TEXHOJIOT'Ii

Muxoga Kogicuuk; Borogumup SAcHiit; Irop Oxkinuumi;
SpocaaB MapumuHIOK

Teproninbcokutl HayioHAIbHUL MeXHIYHUU YHIgepcumem imeni leana 11lynros,
Tepnonins, Ykpaina

Pesztome. [Ipucesueno 0emanbHOMy NOPIGHANLHOMY AHANIZY 080X KOHCMPYKMUBHUX CXeM HAKPUMMS
cmanyii 8UBAHMANICEHHS. A8MOMOOINIE V CKAAOI eNesamopHo20 KOMNIeKCYy Oasa 30epicawna 3epna. Pobomy
BUKOHAHO 3a donomo2oio npozpamnozo komniexcy Dlubal RFEM 5, a maxoosic donomioicnozo mooyns RF-STEEL
Members. OcHnoena npobrema, po3eisiHyma y yboMy OOCTIONCEHHI, NOAA2AE 8 MEXHONIO02IUHIU HeOOXiOHOCMI,
3YMO6eHill NiotoMOM Ky308d a8momodins, MiHIMAnbHOI eucomu Koncmpykyii 12 mempis, wo, 6 ceoio uepey,
BUKIUKAE 3HAYHI BIMPOBI HABAHMAICEHHS, AKI MOJICYMb HE2AMUGHO BNIUGAMU HA Oe3neKy ma egexkmusHicmy
excniyamayii. [ea pisnux eapianmu KOHCMPYKMUSHUX cXeM OYIu pemenbHO NPOAHANi308aH0, 3 PO321A00M
nepesae i HeOONIKi6 3 MOUKU 30PY KOHCIMPYKMUBHUX A MeXHON02iuHux achekmie. Ilepwuii éapianm cnopyou, 3
O0OHAKOBUM MUNOM NONEPEUHUX PAM, 8IOPI3ZHAEMbCA NPOCMOMOI0 KOHCIMPYKYIL, ane sumazac 000amKo8ux 3axooie
o 3abe3neyenns cmitukocmi U 0eopmamusHocmi 00 SIMPOSUX HABAHMAdCeHb. [pyeutl sapianm, 3 060Mma
Munamu nonepeyHUx pam, AKi 3a 00NOMO2010 COPU3OHMANLHUX MA 6EPMUKANILHUX 6 A3ell YIMEOPIOI0Mb HCOPCIMKULL
npocmoposuii O10K. Jlanuti mun cnopyou Xxoua CKIAOHIWULL, alle SUSBUSCS eQEeKMUSHIWUM 3 TOYKU 30Dy
AHCOPCMKOCMI MA  MEMANOEMHOCI, 34 PAXYHOK Nepepo3noOiieHHs. GiMpoGuUX HABAHMAICEHb 8 00 EMHO-
cmpuoicHesiil KoHcmpykyii. Tlopiensanvruil aumaniz 000X PO3PAXYHKOBUX CNOPYO CMAHYIL A8MOMODIIbHOZO
BUBAHIICEHHA HA OOUH ABMOMOOIILHULL NPOI30 00360J4A€ 3POOUMU GUCHOBOK W00 GUOOPY ONMUMATLHOL
KOHCPYKMUBHOT cXeMu 015l KOHKPEMHUX yMos ekcnayamayii. [Ipoananizo8ano sunaoku 8UKOPUCMAaHHs KOHCHO20
i3 sapianmie 6ydieni nio negui yMo8u eKCniyamayii i mexHono2iunux gumoe. Poboma eéasicnuga onsa niosuujenns
Oesnexu ma eexmueHOCMi eneamopHUx KOMIIEKCI8 i Modce Oymu BUKOPUCMAHA AK OCHO8A OISl NOOATLULUX
docniddcend y yiti oonacmi. Ompumani pe3yibmamu € 8aiCIUBUM 6HECKOM Y PO3GUMOK OAHOT 2aLy3i ma MOACYymb
boymu euxopucmani 0111 600CKOHANIEHHS NPOEKMYGANHA MaA eKCNLyamayii Cmanyii 6Ueanmasicents agmomooinis.

Kniouosi cnoea. BIM, xoncmpykmusHuil pO3PAXYHOK, Memanedull KapKac, HcOPCMKICmo,
MemanoEMHICMb.

https://doi.org/10.33108/visnyk_tntu2024.02.141 Ompumaro 13.02.2024

148 ........... 1SSN 2522-4433. Scientific Journal of the TNTU, No 2 (114), 2024 https://doi.org/10.33108/visnyk_tntu2024.02


https://doi.org/10.33108/visnyk_tntu2024.0
https://www.dlubal.com/en/webfile/003225/3726936/rf-stahl-handbuch-de.pdf?hash=d1c5db22fa69%20e4ac2bc65405605ccdf9fe73e61f
https://www.dlubal.com/en/webfile/003225/3726936/rf-stahl-handbuch-de.pdf?hash=d1c5db22fa69%20e4ac2bc65405605ccdf9fe73e61f
https://doi.org/10.33108/visnyk_tntu2024.02.141

