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The article considers the issue of modeling joints in thin-walled steel structures, which are actively used in construction,
mechanical engineering and other branches of engineering. These structures are characterized by high efficiency and economy,
however, their mechanical characteristics and features of the interaction of individual elements require detailed analysis to
ensure reliability and durability. Bolted joints are one of the key methods of fixing elements of such structures, as they provide
strength, ease of installation and the possibility of replacing components. The research focuses on the development and
improvement of numerical models that describe the operation of bolted joints in real operating conditions. The use of numerical
methods allows predicting the behavior of joints, assessing their strength and determining factors that affect the accuracy of
calculations. Special attention is paid to the analysis of geometric parameters and material characteristics of the connected
elements, as well as their impact on the effectiveness of structural solutions. A special place in the study is occupied by the issue
of model verification, because the reliability of numerical methods must be confirmed by comparison with experimental data.
The article considers the possibilities of using various computational complexes to assess the correctness of models, as well as
analyze their compliance with real tests. An important aspect is the consideration of dynamic monitoring of the condition of
joints, which allows ensuring the safety of structural operation and preventing potential emergency situations. The results of the
study confirm the effectiveness of the applied models and methods, and also open up prospects for further improvement of
approaches to design and optimization of structures. The results obtained can be used in practical engineering solutions, which
will contribute to increasing the reliability of joints in difficult operating conditions.
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Introduction. In modern construction and mechanical engineering, structures made of cold-rolled
thin-walled profiles have been widely used, combining lightness, strength and efficiency in the use of
materials. An important component of such structures are bolted joints, which ensure the strength and
stability of the entire system. Despite their practical importance, bolted joints of such profiles remain
insufficiently studied, especially with regard to their behavior under static and dynamic loads.
Accurate prediction of their condition under operating conditions is a complex task that requires
improvement of calculation models and monitoring methods.

The computational models used to analyze the strength and stability of bolted joints must
accurately reflect their real stress-strain state. In addition, the consideration of dynamic characteristics,
such as natural frequencies of oscillation, is a key aspect for creating an effective monitoring system
that can predict possible damage and prevent emergency situations.

The relevance of the research is due to the need to increase the reliability of bolted connections of
cold-rolled thin-walled profiles in critical structures. The use of numerical modeling together with
laboratory experimental studies allows creating accurate numerical models that reflect real processes in
structures.

Integration of calculation data with dynamic monitoring systems opens up new prospects in
engineering diagnostics and forecasting of the technical condition of structures. In the conditions of
increasing loads on construction and engineering facilities, the development of such methods is
necessary to ensure their durability and safety.

The scientific literature presents a significant number of works devoted to the study of bolted
joints, their analysis using numerical methods and laboratory experiments. In particular, modern works
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in the field of structural mechanics demonstrate the need to coordinate numerical calculations with
experimental studies. Recent scientific developments [1] are focused on improving numerical analysis
algorithms for more accurate prediction of the behavior of structures. Analytical calculation of bolted
connections of metal structures is actively studied by modern scientists, depending on the chosen
research direction [2-7]. However, the issue of practical application of the obtained models in dynamic
monitoring systems remains insufficiently studied, which determines the need for further scientific
research in this area.

The purpose of the study is to develop and improve a computational model of bolted connections of
cold-rolled thin-walled profiles, which is consistent with experimental studies and provides accurate
prediction of the state of the structure.

The research objectives are to analyze the stress-strain state of bolted joints based on numerical
modeling in Scad Office and Abaqus, compare the results of numerical analysis with experimental data
obtained during laboratory tests of structures under static loads, and assess the possibility of practical
application of the obtained results in dynamic monitoring systems of critical facilities.

Creating a calculation model. The model (Fig. 1) was used for the study consisting of two
transverse load-bearing C-shaped profiles (a) C+450x4, which are rigidly attached to the support posts
(b). The support posts act as vertical columns of the structure. Between the transverse load-bearing
profiles there are longitudinal C-shaped profiles (c) C+350x4, which are fixed using a connecting
angle (d) and a bolted connection with a tightening torque of 95 N'm, in accordance with [9]. Open-
section profiles of cold forming made of pre-galvanized strip steel S390GD-Z275MA [8].

Fig. 1. Calculation model of the studied structure in the Scad office

The steel elements of the calculation model are simulated in the Scad Office software from 4-
cornered finite element (FE) shells (44 type of finite element). The mesh step of the finite elements is
taken as 5 mm. In the bolted zones around the holes, the mesh is thickened (Fig. 2).

The bolted connection is simulated by combining the aggregation of node displacements along
projection axes of the holes of the adjacent elements along three projection axes. The welded
connection of the support post with the plate is simulated by combining aggregation of node
displacements along projection axes and rotational movements around axes of the nodes located in the
weld zone.
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Fig. 2. Fragment of a connecting plate and profile with the aggregation of node displacements

Verification of the calculation model.To verify the calculation model of the structure created in
the Scad Office software, there were compared the results of the static calculation of the model in the
Abacus software [10], as well as the results of the static and dynamic calculations of the real structure
in laboratory conditions.

As a static calculation, the load was applied to the secondary beams (Fig. 1 (c)). Comparison of the
obtained results (Fig. 3) of the three tests showed the convergence of the obtained displacements. The
maximum difference of the obtained displacements within the limits of plastic deformations was
3.51%.

Force, kN
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Fig. 3. Comparison of static test results

As a dynamic calculation, there was performed a modal analysis of the structure under the action of
its own weight. A comparison of the results given in Table 1 showed the convergence of the initial
natural frequencies of oscillations of the structure obtained in Scad Office with the spectrogram of the
structure obtained in laboratory conditions.

Based on the verified shell model in the Scad office, there was conducted a comparative study of
the possibility of using rod elements (Fig. 4) and various variants of a combined structural scheme
containing both rod and shell finite elements.

The rod model used type 5 finite element members. The bolted connections of the members are
provided with hinged joints, and the wooden decking is modeled with elastic ties (type 55 finite
element) of equivalent stiffness.
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Table 1
Comparison of the oscillation frequencies
Form No., Oscillation frequency, Hz 5.%
measurement axis Scad Office Laboratory conditions ’
1,Z 8.117 8.3 2.25
2, X 14.216 14 1.52
7,72 25.692 25.71 0.07

Fig. 4. Rod model of the structure

In the combined model (Fig. 5), both shell and rod finite elements with elastic connections were
used. The supports, main beams and supporting sections of the secondary beams (the behavior of
which was studied) were modeled by analogy with the shell scheme. The main part of the secondary
beams is modeled by rod elements. The rod and shell finite elements are connected to each other by a
completely rigid body (100 type of finite element).

Fig. 5. Combined model of structure

The obtained results (Table 2) showed that the vibration frequencies of the rod structure gave
results close to the shell model (2.9% difference in the frequency of the first vibration mode, 12.32%
difference in the 7th vibration mode). But the modal analysis of such a model does not capture all the
vibration frequencies obtained in the shell model. For example, in the frequency range of the first
100 Hz in the shell model, 62 vibration modes were obtained, while in the rod model - only 6 modes of
natural vibrations of the structure.

Table 2
Comparison of oscillation frequencies of shell and rod models of the structure
Form No., Oscillation frequency, Hz 5.%
measurement axis Shell model Rod model ’
1,7 8.117 7.882 2.9
2, X 14.216 not caught -
7,7 25.692 28.856 12.32

Studies of the combined design scheme (Table 3) showed that combining shell and rod elements in
the model did not bring the results obtained in the rod scheme closer to those obtained in the shell
scheme. And the difference in the frequency of the first mode of oscillations increased almost 7 times.
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Table 3
Comparison of oscillation frequencies of shell and combined structural models
Form No., Oscillation frequency, Hz 5.%
measurement axis Shell model Combined model ’
1,7 8.117 6.57 19.43
2, X 14.216 not caught -
7,7 25.692 25.09 9.64

Conclusion. The study showed that the computational model of the structure of thin-walled steel
elements, created in the Scad Office software using 4-angular FE shells (44 finite elements),
adequately describes the real structure in modal analysis problems. Verification of the model by
comparing static and dynamic calculations with the results of laboratory tests confirmed the high
accuracy of the modeling, since the maximum discrepancy of the obtained displacements was 3.51%.

The mesh thickening of the finite elements in the bolted joints and the use of aggregation of node
displacements ensured a correct representation of the mechanical behavior of the structure. In addition,
the modal analysis of the structure simulated in Scad Office showed good agreement with the
experimentally obtained spectral characteristics of vibrations. This confirms the possibility of effective
use of such a model for predicting the dynamic response of similar structures.

The results of the comparative analysis of the rod, shell and combined structural showed that the
rod model provides approximate oscillation frequencies to the shell model, but significantly limits the
number of natural oscillation modes. Attempts to combine rod and shell elements in the model did not
lead to an improvement in the accuracy of calculations, but on the contrary - increased the
discrepancies in the determined oscillation frequencies. This indicates that combining these elements
in a single model does not make much sense. Given the results obtained, for further research it is
advisable to consider the shell and rod models separately, depending on the requirements for the
accuracy of calculations and the physical characteristics of the analyzed structures.

REFERENCES

1. Vabishchevych M.O., Dedov O.P., Savchuk D.O. The current state of the problem of numerical investigation of metal
structure refusal based on dynamic monitoring // Strength of Materials and Theory of Structures: Scientific-and-technical
collected articles. — K.: KNUBA, 2024. — Issue. — P. 52-57. https://doi.org/10.32347/2410-2547.2024.112.52-57

2. Y. Maggi, R. Gongalves, R. Leon and L. Ribeiro, "Parametric analysis of steel bolted end plate connections using finite
element modeling", in Journal of Constructional Steel Research, Vol. 61(5). Elsevier, 2005, pp. 689-708.

3. F. Liu, M. Shan, L. Zhao and J. Zhang, "Probabilistic bolt load distribution analysis of composite single-lap multi-bolt
joints considering random bolt-hole clearances and tightening torques", in Composite Structures, Vol. 194 (15). Elsevier,
2018, pp. 12-20.

4.  M.D. Elliott, L.H. Teh and A. Ahmed, "Behaviour and strength of bolted connections failing in shear", in Journal of
Constructional Steel Research, Vol. 153. Elsevier, 2019, pp. 320-329.

5. B. Farahmand, Fracture mechanics of metals, composites, welds, and bolted joints: application of LEFM, EPFM, and
FMDM theory. Springer, 2001.

6. T.S. Kim, J.H. Yoo and C.W. Roeder, "Experimental investigation on strength and curling influence of bolted connections
in thin-walled carbon steel", in Thin-Walled Structures, Vol. 9. Elsevier, 2015, pp. 1-12.

7. C. Yu and M. Panyanouvong, "Bearing strength of cold-formed steel bolted connections with a gap", in Thin-Walled
Structures, Vol. 67. Elsevier, 2013, pp. 110-115.

8. EN 1991-1-1:2002 Eurocode 1: Actions on structures - Part 1-1: General actions - Densities, self-weight, imposed loads for
buildings. 2002.

9. DSTU EN 15048-1:2017. Non-preloaded structural bolting assemblies. Part 1: General technical requirements. Kyiv: SE
"UkrNDNC", 2017.

10. Vabishchevych M.O., Dedov O.P., Diachenko O.S., Lytvyn O.V. Research of the design of a T-shaped node of cold-rolled
profiles, the connection of which is made by a plate using a bolt connection // Strength of Materials and Theory of
Structures: Scientific and technical collected articles — K.: KNUBA, 2025. — Issue 114. P. 62-75.
https://doi.org/10.32347/2410-2547.2025.114.62-75

Cmamms naditiuna 18.09.2025

Babiwesuu M.O., [ledos O.I1., Casuyx /].0., Kapa 1./].
OCOBJIMBOCTI MOJEJIOBAHHSI BOJITOBUX 3'€1HAHb TOHKOCTIHHUX CTAJIEBUX EJIEMEHTIB Y
3AJAYAX JTUHAMIYHOI'O MOHITOPUHI'Y

VY crarti po3riAfaEThesl TMTAHHSA MOJEIIOBAHHS 3'€lHAHb Y TOHKOCTIHHHX CTaJE€BHX KOHCTPYKLIfX, SKI AKTHBHO
BHUKOPUCTOBYIOThCS B Oy/IIBHULITBI, MAIIMHOOYyBaHHI Ta IHIIMX rady3sX MalIMHOOYayBaHHs. LI KOHCTPYKIIT XapaKTepu3yrOThCs
BHCOKOIO €()EKTUBHICTIO Ta EKOHOMIYHICTIO, IIPOTE iX MEXaHi4HI XapaKTEPUCTHKHU Ta OCOOJIMBOCTI B3a€MOIi OKPEMHX EJIEMEHTIB
noTpedyloTh JETAIBHOrO aHalizy Juisi 3a0e3NedyeHHs HAAIMHOCTI Ta JOBroBiYHOCTI. BONTOBI 3'eHAHHSA € OJHUM 3 KIIFOYOBHUX
METO/IiB KPIIUICHHS €IEeMEHTIB TaKMX KOHCTPYKLIH, OCKUIbKM BOHHM 3a0€3Me4yI0Th MIlHICTh, JIETKICTh MOHTaXy Ta MOXJIMBICTb
3aMiHM KOMIIOHEHTIB. JIOCIiPKeHHs 30CEepe/PKEHO Ha po3poOllli Ta BAOCKOHAJIEHHI YMCIOBMX MOJEINEH, L0 OMUCYIOTh PoOOTY
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OONTOBUX 3'€[JHAHb Y peaJbHUX YMOBAaX €KcIUTyaTtallil. BUKOpHCTaHHS YMCIOBMX METOAIB JI03BOJISIE IPOTHO3YBATH IMOBEIIHKY
3'eJIHaHb, OLIHIOBATH X MIL[HICTh Ta BU3HAYaTH (PAKTOPH, 110 BIUIMBAIOTh HA TOYHICTh po3paxyHKiB. OcoOMBa yBara MmpHIiIs€TbCs
aHaJli3y reOMETPUYHUX MapaMeTpiB Ta MaTepiallbHUX XapaKTEPUCTHK 3'€/JHYBAaHUX E€IEMEHTIB, @ TAKOX IX BIUIMBY Ha e()eKTHBHICTb
KOHCTPYKTMBHHX pilieHb. Oco0nuBe Micle B JOCHiKEHH] 3aiiMae nMUTaHHs Bepuikallii Mojeneld, OCKiIbKY HalIHHICTh YMCIOBUX
METO/IiB MOBMHHA OYTH IiATBEpyKEHa MOPIBHAHHAM 3 €KCHEPUMEHTAJIbHHUMH JAHUMH. Y CTaTTi PO3IJIANAIOTHCS MOMKIJIMBOCTI
BUKOPUCTAHHS PI3HUX OOYHMCIIIOBAJIbHUX KOMIUIEKCIB JUIS OLIHKM KOPEKTHOCTI MOJEEH, a TAaKoX aHali3y X BiANOBIJHOCTI
peanbHUM BHUIPOOYBaHHAM. BaXkIMBUM acIeKTOM € BpaxyBaHHs [JMHAMIYHOrO MOHITOPHHIY CTaHy 3'€/JHaHb, IO JO03BOJIE
3a0e3neunTy Oe3neKy eKcIutyartalil KOHCTPYKLIH Ta 3armoOirTM MOTEHUIHHUM aBapiiiHUM cuTyauisMm. Pe3ynbTaT J1OCIIKEHHS
MATBEP/KYIOTh €(PEKTUBHICTh 3aCTOCOBAHMX MOJICNCH Ta METOAIB, a TAKOX BIJKPHBAIOTh MEPCIEKTUBH AJS IOJAJIBIIOTO
BJIOCKOHAJICHHS MIIXOJIB /0 MPOEKTYBAHHSA Ta ONTUMI3alii KOHCTpyKUii. OTpuMaHi pe3yiabTaTd MOXYTb OyTH BHKOPUCTaHI B
MPAKTUYHUX 1HXKEHEPHUX PILICHHSX, 10 CIPUATUME H1JIBUILCHHIO HAAIIHOCTI 3'€JHAHb Y CKJIAJHUX YMOBaX EKCIUTyaTallii.
Kro4oBi ci1oBa: 1uHaMiYHUI MOHITOPUHT, OOJITOBI 3'€/IHAHHS, YACTOTH KOJIMBAHb, METAJIEBI KOHCTPYKLIT.
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The article considers the issue of modeling joints in thin-walled steel structures, which are actively used in construction,
mechanical engineering and other branches of engineering. These structures are characterized by high efficiency and economy,
however, their mechanical characteristics and features of the interaction of individual elements require detailed analysis to
ensure reliability and durability. Bolted joints are one of the key methods of fixing elements of such structures, as they provide
strength, ease of installation and the possibility of replacing components. The research focuses on the development and
improvement of numerical models that describe the operation of bolted joints in real operating conditions. The use of numerical
methods allows predicting the behavior of joints, assessing their strength and determining factors that affect the accuracy of
calculations. Special attention is paid to the analysis of geometric parameters and material characteristics of the connected
elements, as well as their impact on the effectiveness of structural solutions. A special place in the study is occupied by the issue
of model verification, because the reliability of numerical methods must be confirmed by comparison with experimental data.
The article considers the possibilities of using various computational complexes to assess the correctness of models, as well as
analyze their compliance with real tests. An important aspect is the consideration of dynamic monitoring of the condition of
joints, which allows ensuring the safety of structural operation and preventing potential emergency situations. The results of the
study confirm the effectiveness of the applied models and methods, and also open up prospects for further improvement of
approaches to design and optimization of structures. The results obtained can be used in practical engineering solutions, which
will contribute to increasing the reliability of joints in difficult operating conditions.
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The article is devoted to the development and verification of numerical models of bolted connections in thin-walled steel
structures, with the aim of increasing their reliability, efficiency and safety in real operating conditions.
Fig. 5. Ref. 10.
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