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The presented research is aimed at assessment of issues relating to strength
of a universal container of the standard size of 1CC while it is transported
on the sea by a railway ferry. Further it is considered that the container is
located on a flat wagon at which, it is fixed to the upper deck of a railway
ferry. Three load scenarios were considered in the research. Each of these
scenarios are characterized by loaded conditions defined in the study.
The structure of the investigated container was modelled in a commercial
simulation software. The dynamic loads acting to the container structure
for all three considered schemes, were carried out using mathematical
modelling. The finite element method was applied to the numerical analyses
of strength of the container structure. It was revealed by means of simulation
computations, that the maximal stress in the container structure was of
102.4 MPa within the permissible limits and the maximal displacements of
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4.5 mm were achieved.
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1 Introduction

Combined transport has an irreplaceable place
in development of the economies in many European
countries. It is a part of intermodal transportation
system. At least two kinds of transport are included
within combined transport [1-2]. It is usually a
combination of road and railway transport [3-5]. Sea
transport is also often included in the intermodal
transportation chain of goods [6]. Railway transport has
an advantage in comparison with road transport, that
it has lower aerodynamic resistance [7], lower rolling
resistance [8-10] and it is possible to achieve higher
axle load [11]. Containers are the most common type
of intermodal transportation unit used for this kind
of transport [12-13]. The possibility of some of them
entering international transportation system through
sea areas contributed to the emergence of railway ferry
transportation. Currently, not only railway wagons are
transported by sea, but also combined trains, that is,
flat wagons on which containers or tank containers are

placed (Figure 1).

This type of transportation is quite promising
because it reduces the time of loading and unloading
operations in the conditions of railway-ferry complexes.
At the same time, it is needed to perform research
to ensure the safety of transportation of combined
transport trains on railway ferries by sea [16-17] of
containers relative to the frames of flat wagons. This
will allow to form some recommendations on safety of
operation of railway-ferry transportation. Analysis of
the structural features and prospects for the operation
of containers is covered in a considerable number of
publications. For example, tank container designs are
analysed in the article [18]. Stainless steel is used as
the material of the container’s supporting structure.
Solutions of improving the thermal insulation of the
container are proposed in this study. However, the issue
of loading the container structure during sea transport
is not addressed in that research.

Research presented in contributions [19-20] are
focused on a study of strength and improvements of
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Figure 1 Rail-ferry transportation of combined transport trains: a) boarding a railway ferry [14];
b) accommodation on a railway ferry [15]

a container, a tank type. Strength characteristics are
also analysed and included in these contributions.
Standard values of the loads were considered in the
created computational model of the tank container in
its strength analyses. These loads were adopted from
a normative document [21]. The achieved values of the
stresses were presented in a scale stress distribution in
its structure. It is obvious from the studied research,
that the loads, which can rise during transportation
of a railway ferry were not defined within boundary
conditions. Further, the study included in a contribution
[22] was aimed at an identification of a process of heat
transfer in a tank container. The authors applied to the
model principles of heat transfer, which are included in a
theory of cylindrical vessels. The study has a deficiency,
that the load of tank container was not analysed in a
case of transportation by a railway ferry. It means, that
this phenomenon should be further studied. Myamlin et
al. presented in the study [23] optimization of a design
of a tank container. The main purpose of the study
was to improve its design to be able to transport light
oil products. However, the loads arising in the mutual
interaction of the railway ferry and tank container while
sailing on the sea are neither included this study. The
authors team Fohr et al in the project [24] presented
new solutions of design of tank containers. The main
purpose of the project was to design a tank container for
extreme cold weather conditions with the temperature of
-30°C and lower. These conditions correspond to Nordic
conditions during winter season. Despite of the deep
study, the container structure was not designed for the
loads, which are tank containers exposed during sailing
on the sea by a railway ferry.

In the work [25], the analysis of the influence of
insulating materials on the energy properties of a
transport container is highlighted. From the energy
efficiency point of view, the optimal territorial zone of
Europe for use of containers was identified. However, in
this case, the container was considered not as a means
of transport, but as a building module with a stationary
position. That is, the authors did not pay attention to the
issue of using such a container in the transport process.

A study of the structural integrity of containers lost
during transportation by the sea was conducted in the
publication [26]. The authors presented the features
of finite element analysis of the stress distribution
in a container structure when interacting with the
aquatic environment. Technical solutions are proposed
for the removal of containers from the water to prevent
environmental safety. However, the authors limited the
research to study only this load mode of a container.
This can be explained by the fact that the research was
focused exactly on this task.

It was possible to revealed by the overview of the
available recent studies of tank containers [18-26], that
the structures of tank containers were not analysed in
these studies from their strength point of view. Though,
the supporting structure of the container is subjected to
different loads during sea sailing than during transport
bay railways. It was a motivation to perform this
presented research with the goal of strength assessment
of a container while sailing on a railway ferry. The
following two main tasks were defined to achieve the
estimated goal of the research:

* To determine the dynamic load, which the container
is exposed while transported by a wagon to,

e Toanalyse strength of the container under the loads,
which the container is exposed while transported on

a wagon by a railway ferry on the sea to.

The scientific novelty of this research consists in the
study of container loading during its transportation as a
part of a combined sea train. Previously, such issues had
received little attention, as this type of transportation
emerged in 2017 with the opening of the New Silk Road
corridor, linking Ukraine with China, bypassing Russia.

2 Materials and methods

The presented research was performed by means
of a mathematical model of the assessed container. The
created computational model was applied to identify the
main dynamical loads, which the container is exposed
while transported by a combined train to. Determination
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of suitable boundary conditions in the computational

model was required to the detailed study of container

strength. In this case, three different loading conditions,
or scenarios were defined, which allowed to simulate
behaviour of the container in a flat wagon. They are

namely as follows (Figure 2):

1. Mutual displacements of the container and the
flat wagon were not allowed during oscillations
regarding to the initial position (Figure 2a). A
flat wagon with loaded by is considered as a mass
attached to the ferry deck and completely repeats
the trajectory of the railway ferry (the first load
mode);

2. Displacements of the flat wagon were allowed
regarding to the railway ferry during oscillations.
However, the mutual displacements of the container
and the flat wagon frame were constrained (the
second load mode), (Figure 2b);

3. Mutual displacements of the flat wagon regarding
to the railway ferry deck as well as the container
regarding to the flat wagon frame were allowed (the
third load mode) (Figure 2c).

(a)

The calculations were aimed at investigation of roll
movement of railway ferry. Hence, the achieved results
correspond to this.

Accelerations arisen due to the container movement
on the railway ferry are an important factor, which
affects the container behaviour and subsequently also
the wanted results. Therefore, the values of accelerations,
which act on the container, were calculated by means of
the mathematical models. These models were adopted
from the research presented in [27]. Based on the
revealed results, the total value of acceleration (i.e. the
acceleration magnitude) is of 0.25g for the first loading
scenario. It means that this value of acceleration is valid
for the absence of the mutual displacements of the flat
wagon and the container regarding to the initial position.
This value is identified farthest from the container
bulwark. Further, the total value of acceleration for the
second load scenarios is of 0.3g and it is also identified
the farthest from the container bulwark. The maximal
values of accelerations were found out for the third load
scenarios. Namely, the acceleration value of 0.4g was
achieved again the farthest from the container bulwark

Figure 2 A calculation scheme for studying angular displacements relative to the longitudinal axis of a flat wagon loaded
by containers placed on a railway ferry: a) the first load mode; b) the second load mode; c¢) the third load mode
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and the acceleration value of 0.48g on the container
placed on the wagon. Then, these values of acceleration
were input to the mathematical model in order to
analyse strength state of the container.

The research was conducted considering a 1 CC
container with a gross weight of 24 tons. In the
designation of this container, the letters “CC” indicated
the container’s technical characteristics are identified
for the dimensions according to the international ISO
standard as follows:

1- container type, intended for international transport;
C - the container’s length is indicated by the first letter,

in this case, the length is of 6.058 m;

C - the container’s height is indicated by the second

letter, in this case, the height is of 2.591 m.

A three-dimensional model of the solved container
was modelled in the Solid Works software (abbr. SW)
and it is depicted in Figure 3a. The finite element
method was used to perform the strength analyses of
the container. The finite-element model (FE model) was
also set-up in the SW software, at which, tetrahedral
elements [28-30] were included in the FE-model mesh.
The finished FE model of the container can be seen in
Figure 3b together with details of the FE mesh in the
selected locations. The sensitivity analysis of the FE
mesh was also performed. The number of nodes in the
FE mesh was of 39,789 and the resulting number of FE

(a)

elements was of 123,139.

A calculation scheme of the solved container
structure is depicted in Figure 4, where it is possible
to mention marking the acting forces to individual
selected locations. These forces are different to each
other depending on their character and behaviour as
well as on their effect to the container structure. There
are designated three forces, namely the dynamic force
P, vertical reactions P and the horizontal reactions
P}.These reactions forces arise under the dynamic load
action and they are manifested in the fitting stops. The
fitting stops are mounting points of the container on a
transport means, in this case on a freight flat wagon.
Further, ties as structural units of the container were
installed to the fittings surfaces in a horizontal direction,
where they are able to transmit the force effects.

Moreover, a proper definition of material
characteristics is an important point of numerical
calculations. In is considered, that the container could
be made of low-alloyed steel with the permissible stress
of 310.5 MPa [31]. Then, the following known condition
should be met:

O cal = O-per, (1)

where ¢_, [MPa] is the calculated stress in the container
and o, [MPa] is the permissible stress of the used

(b)

Figure 3 The designed container: a) a 3-D model; b) a finite element model

Py

Pu

Figure 4 A calculation diagram of the container
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material and it is a tabular value. As the container
structure is exposed to the dynamic load, it is necessary
to consider the dynamic coefficient. In this case,
the dynamic coefficient of k£, = 1.5 was included in
calculation. Then, the maximal permissible stress of the
material will be reduced to the value given by the
following formulation:

dyn __
o per T

O per * Rayn . (2)

Further, the container is made by welding
technology, i.e. it is a welded structure. Therefore, the
welding coefficient of the material should be considered.
Welding causes reducing the permissible stress of the
material and the welding coefficient % is considered
of 0.8. Thus, the maximal permissible stress of the
material considering the dynamic coefficient together
with the welding coefficient will be as follows:

d: _ dyi
O’ = Oor * kuw. 3

The resulting calculated value of the maximal
permissible stress of the material will be 0" = 165.6
MPa. The achieved stresses in the container structure
under all three load scenarios will be compared with

this value.

3 Results of research and discussion

Achieved results of the numerical calculations of
the container structure are included in this section

includes. These results are loaded for the defined three
load scenarios. The numerical values of the stresses on
the structure as well as the displacements in nodes are
listed in Table 1. It should be noted, that the stresses
in the container structure were calculated based on
the von-Misses hypothesis, i.e. equivalent stresses were
compared with the permissible stress o [31]. The
maximal equivalent stresses were identified in the
container structure for the third load mode, at which,
a scheme with a distribution of stresses are depicted in
Figure 5.

It was found out, that the maximal identified value
of stress in the container structure was of 102.4 MPa.
It can be seen, that this stress is distributed in a close
area of the fitting stop of the container. Further, stress
of 57.5 MPa for the first load mode and to stress of
69.3 MPa for the second load mode are calculated for
the loads of the container based on the first load mode
and the second load mode, These values stresses in the
container structure are lower as in the original design.
It is obvious, that the first and second load modes are
more favourable to the container structure then the
third load mode.

Further,
displacements of the container structure were achieved
also for the third load mode and this value was of 4.5
mm. The maximal values of displacements for the first

it was identified, that the maximal

load mode and for the second load mode were of 2.4 mm
and of 2.8 mm, respectively. The maximal displacements
were of 4.5 mm (Figure 6). Hence, the conditions of
strength of the container structure were met, because
the maximal value of the equivalent stress for all

von Mises (MPa)
102.4

92.2

-81.9
71.7
61.5
51.2
40.9
30.7
20.5
10.2

Figure 5 Stress distribution fields in the container

Table 1 Container strength indicators during transportation by rail ferry

Strength indicator Load mode
First Second Third
Strength [MPa] 575 69.3 102.4
Displacement in nodes [mm] 2.4 2.8 4.5

COMMUNICATIONS 3/202¢6

VOLUME 28



IDENTIFYING FEATURES OF DETERMINING STRENGTH OF CONTAINER WHEN TRANSPORTED BY SEA

B115

URES (mm)
4451

l4 006

-3.561
3.116
2,671
2.226
1.780
1.335
0.890
0.445

Figure 6 Distribution of displacement fields in the container

three load modes as well as in the entire structure did
not exceed the maximal permissible value of O'jfﬁf‘”
Determination of the refined values of accelerations
acting to the container structure was allowed based
on the achieved results of the performed numerical
calculations. The achieved values of accelerations
were considered for analysis of the container
strength.

The development of this research consists in
calculation of the equilibrium stability of a container,
which is placed on a flat wagon. This direction of
research is very important, because not only the safety
of the cargo transported in containers, but also the
safety of the functioning of railway ferry transportation
depends on it. Future research in this direction will
be aimed at development of more advanced models of
transport units. It will be considered, that new modern
technologies can be applied for production of chosen
parts of containers [32-34]. The efforts will be aimed at
improvement of dynamic properties of transport means
under the operational loads [35-37] to obtain a reliable,
effective and safe containers and other types of transport
units.

4 Conclusions

The following results and findings are concluded
based on the performed research of strength analysis
of the container structure under the defined three load
scenarios:

A study was conducted on the dynamic load on
containers during their rail-ferry transportation. It was
established that the maximum acceleration values occur
when there are movements of the flat wagon regarding
to the railway ferry deck and to the containers regarding
to the flat wagon frame. For the flat wagon, they are
about 0.4-g, and for the containers placed on it, about
0.48g;

Simulation computations were performed in order
to analyse strength of the container structure. It was

established that the maximal value of the equivalent
stresses did not exceed the permissible value for the
reduced stress for the defined material at which these
stresses were achieved for the third load scenario. The
maximal stresses were of 102.4 MPa and the maximum
displacements were of 4.5 mm.

It is recommended at the design stage of modern
container structures to consider the loads that may
act to them and when transported as part of combined
transport trains by the sea.

The conducted studies can be applied to increase
the safety of cargo transportation by combined trains by
the sea, by selecting optimal, and from the point of view
of force action, regular places on the deck. For example,
when pitching on board, such places are those that are
further away from the bulwark.

The results of the research will be useful for the
development of new container structures, as well as for
the improved efficiency of intermodal transportation
within international transport corridors.

Acknowledgements
This publication was supported by the
project KEGA 0247ZU-4/2024 and the project

VEGA 1/0308/24.

This contribution was elaborated within execution
of the project “New generation of freight railway
wagons” (Project code in ITMS2014+: 313010P922),
based on support of the operational program Research
and innovation financed from the European Regional
Development Fund.

Conflicts of interest

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work reported
in this paper.

VOLUME 28

COMMUNICATIONS 3/2026



B116 LOVSKA et al.

References

[1] FISCHER, S., HERMAN, B., SYSYN, M., KURHAN, D., KOCSIS SZURKE, S. Quantitative analysis and
optimization of energy efficiency in electric multiple units. Facta Universitatis, Series: Mechanical Engineering
[online]. 2025, 23(2), p. 351-375. ISSN 0354-2025, e[SSN 2335-0164. Available from: https:/doi.org/10.22190/
FUMEZ241103001F

[2] KOSTRZEWSKI, M., KOSTRZEWSKI, A. Analysis of operations upon entry into intermodal freight terminals.
Applied Sciences [online]. 2019, 9(12), 2558. eISSN 2076-3417. Available from: https:/doi.org/10.3390/app9122558

[3] NEHRING, K., LASOTA, M., ZABIELSKA, A., JACHIMOWSKI, R. A multifaceted approach to assessing
intermodal transport. Scientific Journal of Silesian University of Technology. Series Transport [online]. 2023, 121,
p. 141-165. ISSN 0209-3324, eISSN 2450-1549. Available from: https:/doi.org/10.20858/sjsutst.2023.121.10

[4] DROZHZHYN, O. International liner shipping: current challenges and threats. Scientific Journal of Silesian
University of Technology. Series Transport [online]. 2024, 125, p. 51-68. ISSN 0209-3324, eISSN 2450-1549.
Available from: https://doi.org/10.20858/sjsutst.2024.125.4

[6] SOMOGYI, R. M., TOROK, A. Investigating the emission trends of road freight vehicles. Periodica Polytechnica
Transportation Engineering [online]. 2010, 38(2), p. 79-84. ISSN 0303-7800, eISSN 1587-3811. Available from:
https://doi.org/10.3311/pp.tr.2010-2.04

[6] CIZIUNIENE, K., BUREIKA, G., MATIJOSIUS, J. Challenges for intermodal transport in the twenty-first century:
reduction of environmental impact due the integration of green transport modes [online]. In: Modern Trends
and Research in Intermodal Transportation. Studies in Systems, Decision and Control. Vol. 400. SLADKOWSKI,
A. (Ed.). Cham: Springer, 2022. ISBN 978-3-030-87119-2, eISBN 978-3-030-87120-8, p. 307-354. Available from:
https://doi.org/10.1007/978-3-030-87120-8_6

[71 ALIC, D., MILTENOVIC, A., BANIC, M., ZAFRA, R. V. Numerical investigation of large vehicle aerodynamics
under the influence of crosswind. Spectrum of Mechanical Engineering and Operational Research [online]. 2025,
2(1), p. 13-23. eISSN 3042-0288. Available from: https://doi.org/10.31181/smeor21202526

[8] MICHALEK, T., KOHOUT, M., SLAPAK, J., VAGNER, J., PULDA, J. Curving and running resistance of freight
trains: current experience with on-track measurements. Vehicle System Dynamics [online]. 2025, 63(10), p. 1983-
1997. ISSN 0042-3114, eISSN 1744-5159. Available from: https://doi.org/10.1080/00423114.2024.2398003

[91 RAVLYUK, V. The definition of a technical condition of axle-box bearings rolling stock of vibrodiagnostics.
Eastern European Journal of Enterprise Technologies [online]. 2015, 2(7), p. 11-15. ISSN 1729-3774, eISSN 1729-
4061. Available from: https://doi.org/10.15587/1729-4061.2015.39036

[10] SOOMRO, Z. A. Computation of slip analysis to detect adhesion for the protection of rail vehicle derailment.
Journal of Applied and Computational Mechanics [online]. 2015, 1(3), p. 145-151. eISSN 2383-4536. Available
from: https://doi.org/10.22055/jacm.2015.10999

[11] MATEJ, J., SENKO, J., CABAN, J., SZYCA, M., GOLEBIEWSKI, H. Influence of unsupported sleepers on flange
climb derailment of two freight wagons. Open Engineering [online]. 2024, 14(1), 20220544. eISSN 2391-5439.
Available from: https:/doi.org/10.1515/eng-2022-0544

[12] AL-LAMI, A., TOROK, A. Economic growth and transport emissions: testing the environmental Kuznets curve
in Austria and the Netherlands. Transportation Research Procedia [online]. 2026, 93, p. 71-76. ISSN 2352-1457,
eISSN 2352-1465. Available from: https://doi.org/10.1016/j.trpro.2025.11.011

[13] BAJEC, P., PIVTORAK, H., SVADLENKA, L., VRBA, R. Analyzing the characteristics of potential last-mile
crowdshippers: insights from survey data in Slovenia, Ukraine, and the Czech Republic. Transportation
Research Procedia [online]. 2025, 83, p. 1-10. ISSN 2352-1457, eISSN 2352-1465. Available from: https:/doi.
org/10.1016/j.trpro.2025.02.003

[14] First Ukrainian freight train arrives at Chinese border, bypassing Russia (in Hungarian). [online] [accessed
2026-01-25]. Available from: ttps:/pekingikacsa.blog.hu/2016/02/02/megerkezett_a_kinai_hatarhoz_az_elso_
ukran_tehervonat_amely_kikeruli_oroszorszagot

[15] Through seas and deserts: how to start the first train around Russia (in Russian) [online]. [accessed 2026-01-25].
Available from: https:/cfts.org.ua/articles/cherez_morya_i_pustyni_kak_zapuskali_pervyy_poezd_v_obkhod_
rossii_979/78567

[16] EZSIAS, L., TOMPA, R., FISCHER, S. Investigation of the possible correlations between specific characteristics
of crushed stone aggregates. Spectrum of Mechanical Engineering and Operational Research [online]. 2024, 1(1),
p. 10-26. eISSN 3042-0288. Available from: https:/doi.org/10.31181/smeor1120242

[17] KLIMENDA, F., SOUKUP, J., SKOCILASOVA, B., SKOCILAS, J. 2020. Vertical vibration of the vehicle
when crossing over transverse speed bumps. Manufacturing Technology [online]. 2020, 20(1), p. 55-59.
ISSN 1213-2489, eISSN 2787-9402. Available from: https:/doi.org/10.21062/mft.2020.020

COMMUNICATIONS 3/202¢6 VOLUME 28



IDENTIFYING FEATURES OF DETERMINING STRENGTH OF CONTAINER WHEN TRANSPORTED BY SEA B117

[18] LISOWSKI, E., CZYZYCKI, W., LAZARCZYK, K. Implementation into production of tank containers for storing
and transporting liquefied gases (in Polish). Materials Science and Welding Technologies. 2012, R(56), p. 25-31.
ISSN 2956-9273, eISSN 3071-9119.

[19] LOVSKA, A. O., MELNYCHUK, O. M., FOMIN, O. V. Udoskonalennia konteineriv-tsystern dlia perevezennia
naftoproduktiv shliakhom vprovadzhennia v yikh nesuchi konstruktsii kruhlykh trub (in Ukrainian)
Improvement of container system for transportation of crude oil products introducing load-bearing structures
made of rounded tubed. Railway Transport of Ukraine | Zaliznychnyi Transport Ukrainy. 2015, 1, p. 40-44.
ISSN 2311-4061.

[20] LOVSKA, A. O., FOMIN, O. V., OKOROKOV, A. M., MELNICHUXK, O. M. Research of a tank-container strength
of improved construction using the computer simulation of operating conditions (in Ukrainian). Science and
Transport Progress [online]. 2015, 2(56), p. 180-188. ISSN 2307-3489, eISSN 2307-6666. Available from:
https://doi.org/10.15802/stp2015/42177

[21] Containers for the transportation of dangerous goods. Operational safety requirements (in Russian). GOST
31232. Minsk: Belarusian State Institute of Standardization and Certification (BelGISS), 2005.

[22] CZYZYCKI, W. Modeling of heat flow through multilayer internal supports of cryogenic vessels. Technical
Transportations. 2015, 2, p. 27-34. ISSN 0011-4561, eI[SSN 2353-737X.

[23] MYAMLIN, S. V., KEBAL, Y. V., KONDRATYUK, S. M. Perspektivnye konstruktsii konteynerov-tsistern dlya
perevozki svetlykh nefteproduktov, ammiaka i uglevodorodnykh gazov Perspective designs of container systems
for transportation of crude oil products, ammonia and hydrocarbon gases (in Ukrainian). Railway Transport of
Ukraine | Zaliznychnyi Transport Ukrainy [online]. 2012, 2, p. 44-46. ISSN 2311-4061.

[24] FOHR, J., KARTTUNEN, K., ENSTROM, J., JOHANNESSON, T., RANTA, T. Metal and composite intermodal
containers in comparative cold tests with wood chips. Journal of Sustainable Bioenergy Systems [online]. 2015,
5(1), p. 32-39. ISSN 2165-400X, eISSN 2165-4018. Available from: https://doi.org/10.4236/jsbs.2015.51003

[25] FARINA, E A., PANAIT, M., LAGO-CABO, J. M., FERNANDEZ-GONZALEZ, R. Energy analysis of
standardized shipping containers for housing. Inventions [online]. 2024, 9, 106. eISSN 2411-5134. Available from:
https://doi.org/10.3390/inventions9050106

[26] OTERKUS, S., WANG, B., OTERKUS, E., GALADIMA, Y. K., COCARD, M., MOKAS, S., BUCKLEY, J.,
MCCULLOUGH, C., BORUAH, D., GILCHRIST, B. Structural integrity analysis of containers lost at sea using
finite element method. Sustainable Marine Structures [online]. 2022, 4(2), p. 11-17. eISSN 2661-3158. Available
from: https://doi.org/10.36956/sms.v4i2.505

[27] LOVSKA, A. Simulation of loads on the carrying structure of an articulated flat car in combined transportation.
International Journal of Engineering and Technology [online]. 2018, 7(4.3), p. 140-146. eISSN 2227-524X.
Available from: https:/doi.org/10.14419/ijet.v7i4.3.19724

[281 KONDRATIEV, A., PISTEK, V., GAJDACHUK, V., KHARCHENKO, M., NABOKINA, T., KUCERA, P,
KUCERA, O. Effect of ply orientation on the mechanical performance of carbon fibre honeycomb cores. Polymers
[online]. 2023, 15(11), 2503. eISSN 2073-4360. Available from: https:/doi.org/10.3390/polym15112503

[29] LINETSKIY, 1., SUTCLIFFE, M., KONDRATIEV, A., DEMENKO, V., LINETSKA, L., YEFREMOYV, O. A novel
method of load bearing ability analysis of short plateau implants placed in compromised bone. Institute of
Electrical and Electronics Engineers (IEEE) [online]. 2023. Available from: https:/doi.org/10.17863/CAM.116948

[301 KONDRATIEV, A., DEMENKO, V., LINETSKIY, I., WEISSKIRCHER, H.-W., LINETSKA, L. Evaluation of bone
turnover around short finned implants in atrophic posterior maxilla: a finite element study. Prosthesis [online].
2024, 6, p. 1170-1188. eISSN 2673-1592. Available from: https:/doi.org/10.3390/prosthesis6050084

[31] DSTU 7598:2014. Vantage carriages. General requirements before the expansion and design of new and
modernized cars with a gauge of 1520 mm (non-self-propelled) (in Ukrainian). Kiev, 2015.

[32] MIKULIKOVA, A., MESICEK, J., KARGER, J., HAJNYS, J., MA, Q. P., SLIVA, A., SMIRAUS, J., SRNICEK, D.,
CIENCIALA, S., PAGAC, M. Topology optimization of the clutch lever manufactured by additive manufacturing.
Materials [online]. 2023, 16(9), 3510. eISSN 1996-1944. Available from: https://doi.org/10.3390/ma16093510

[331SLIVA, A., BRAZDA, R., PROCHAZKA, A., MARTYNKOVA, G. S., CECH BARABASZOVA, K. Investigation
of geometric properties of modified titanium white by fluidisation for use in the process of transport, handling,
processing and storage. Journal of Nanoscience and Nanotechnology [online]. 2019, 19(5), p. 2997-3001.
ISSN 1533-4880, eI[SSN 1533-4899. Available from: https://doi.org/10.1166/jnn.2019.15872

[34] BULAKH, M. Estimate and extend the time between overhauls for the railcar body. Maintenance and Reliability
| Eksploatacja i Niezawodnosc [online]. 2025, 27(2), 195021. ISSN 1507-2711, eISSN 2956-3860. Available from:
https://doi.org/10.17531/ein/195021

[35] CHUDZIKIEWICZ, A., MELNIK, R. Statistical analysis of vibration for the rail vehicle suspension monitoring
system. In: Mini Conference on Vehicle System Dynamics Identification and Anomalies: proceedings [online].
2012. p. 149-155.

VOLUME 28 COMMUNICATIONS 3/2026


https://doi.org/10.3390/inventions9050106
https://doi.org/10.3390/polym15112503

B118 LOVSKA et al.

[36] BASILI, M., CASINI, P., MORELLI, L., VESTRONTI, F. Vibration mitigation of rail noise barriers by hysteretic
absorbers. Journal of Applied and Computational Mechanics [online]. 2021, 7, p. 1205-1217. eISSN 2383-4536.
Available from: https://doi.org/10.22055/jacm.2020.32360.2044

[371 KURHAN, D., FISCHER, S. Modeling of the dynamic rail deflection using elastic wave propagation. Journal
of Applied and Computational Mechanics [online]. 2022, 8(1), p. 379-387. eISSN 2383-4536. Available from:
https://doi.org/10.22055/jacm.2021.38826.3290

COMMUNICATIONS 3/202¢6 VOLUME 28



