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1. Introduction

Container transportation is one of the most promising 
types of cargo transportation in international traffic. Due to 
the mobility of the structure, it is possible to transport them 
by various modes of transport [1, 2]. At the same time, the 
absence of the need to reload cargo when transporting it by 
various modes of transport ensures high competitiveness of 
containers compared to other types of transport.

The process of transporting containers is accompanied 
by the action of a fairly wide range of loads on their struc-

ture. This situation causes damage to containers on the 
way. The most frequent damage to containers can include 
deformation and rupture of the skin. This is explained not 
only by the action of significant transverse forces on the 
container structure during transportation but also by the 
unreliability of cargo fastenings in it. The consequence of 
these container damages can be a violation of the safety of 
cargo transportation, as well as environmental safety. In 
this regard, to increase the efficiency of container cargo 
transportation, it is important to devise solutions aimed 
at improving the strength of containers under operational 
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The object of this study is the processes of per-
ception and redistribution of loads in the struc-
ture of a container with a truss frame during 
railroad transportation. The task addressed is to 
ensure the strength of the container walls under 
operational loads.

To provide for the strength of the container 
walls, it is proposed to increase the rigidity of the 
frame. In this case, it is assumed to install brac-
es between the corner and vertical posts, as well 
as a reinforcing horizontal belt between the ver-
tical posts.

To substantiate the proposed improvement, 
a calculation of the container strength was per-
formed. Two modes of its loading were taken 
into account: lateral loading and vertical load-
ing. The calculation results showed that the 
stresses in the container structure under the 
considered loading modes do not exceed the per-
missible ones. At the same time, the maximum 
stresses when the container perceives lateral 
loads are almost 12% lower than those that oper-
ate in a typical structure, and when perceiving 
vertical loads – by 5%.

In addition, a modal analysis of the contain-
er was performed as part of the study. The results 
of the calculation showed that the safety of its 
transportation from the point of view of modal 
analysis is observed.

A feature of the results of this study is that 
ensuring the strength of the container is achieved 
not by using high-cost materials in its design but 
by introducing truss components into the frame.

The scope of practical application of the 
research results is railroad transport. The condi-
tions for practical use of the results are the fabri-
cation of truss components from the same mate-
rial as the container frame.

The results of the study could also contribute 
to compiling the recommendations for the design 
of new and modernization of existing containers
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loads. Therefore, research on improving containers is quite 
important and relevant.

2. Literature review and problem statement

The issue of improving the strength of the container side 
walls by introducing a sandwich panel cladding is covered in [3]. 
The work not only proposes a solution that will help reduce the 
loading of the container during its transportation but also pro-
vides the appropriate scientific justification for such a solution. 
However, the introduction of sandwich components into the 
container design requires significant capital investments. In ad-
dition, maintenance and repair of such containers in operation 
requires the establishment of an appropriate technical base.

In [4], the results of theoretical and experimental studies 
of the rigidity of the container structure with side openings 
are reported. In this case, the authors used the Abaqus soft-
ware package (France), which implements the finite element 
method. The results were confirmed by experimental studies. 
At the same time, the authors did not propose solutions to 
improve the container design in order to improve its strength 
under operational loads. This can be explained by the fact 
that the authors did not set such a task as their goal.

The design features of a container made of carbon fiber 
are described in paper [5]. It is proven that the use of this 
material helps reduce the container’s packaging by 80 % com-
pared to existing analogs. The author of the work provides 
the relevant results of the calculation of the strength of the 
specified container design, which confirmed the feasibility of 
such an improvement. However, this container design has the 
same disadvantages as the one described in work [3].

In [6], in order to improve the strength of the container 
floor, as well as the safety of the cargo transported in it, it was 
proposed to manufacture the floor from sandwich panels. 
Mathematical modeling of the vertical loading of the container 
during railroad transportation was carried out. The results from 
solving the mathematical model were used in calculating the 
container for strength. The feasibility of using sandwich panels 
as components of the container floor was proven. However, no 
solutions were proposed to improve the strength of the container 
side walls. This can be explained by the fact that the work not 
only considered the problem of improving the strength of the 
container but also the safety of the cargo transported in it.

Paper [7] considers improving the operational properties 
of a container for the transportation of fruit and vegetable 
produce. In order to ensure natural ventilation of the contain-
er, and accordingly, the safety of the cargo transported in it, it 
is proposed to equip it with ventilation windows. The results 
of the calculation of the strength of such a container under 
operational loads are reported. It was established that the 
maximum stresses in its structure do not exceed the permis-
sible values. However, the authors of the work did not study 
solutions to improve the strength of the container side walls.

In [8], the causes of container damage during operation, 
namely during loading and unloading operations, are high-
lighted. The research was conducted on the example of the 
Klaipeda seaport (Lithuania). The need to ensure the safety 
of containers at the current stage of containerization of cargo 
transportation is proven. However, the authors did not pro-
pose solutions to ensure the safety of containers during rail 
transportation. Perhaps this can be explained by the fact that 
the authors set the goal of studying the safety of containers 
during loading and unloading operations in ports.

Paper [9] highlights the design features of a specialized 
container, as well as its strength calculation. The calculation 
of the strength of the container was carried out under the 
main modes of its loading in operation. However, the case of 
loading this container during rail transportation was not con-
sidered. Perhaps the authors planned to solve this problem in 
their subsequent publications.

Analysis of the structural integrity of containers lost 
during transportation at sea is reported in [10]. The authors 
present the features of finite element analysis of the strength 
of the container structure when interacting with the water 
environment. Technical solutions are proposed for removing 
containers from water to prevent environmental safety. How-
ever, the authors limited themselves to studying only this 
mode of loading the container. This can be explained by the 
fact that they set themselves just such a task.

Features of building a cargo container model and studying 
its strength using the Abaqus/CAE software product (France) 
are highlighted in work [11]. Strength studies were conduct-
ed to substantiate the possibility of using the container as a 
residential module. The results showed that the strength of 
the container is maintained under the considered loading 
scheme. However, the issues of container loading during 
transportation were not studied.

Improving the strength of containers can also be achieved 
by introducing new materials into their design. For example, 
in [12], the features of the use of composite materials in struc-
tures for various purposes are highlighted. The justification for 
the use of composite material patches in structural repairs is giv-
en. However, the issues of introducing such materials and tech-
nologies into container structures were left out of consideration.

In [13], the process of designing a wagon body from ex-
truded aluminum panels based on structural optimization 
was considered. The proposed technical solutions were con-
firmed by comprehensive calculations on the strength of the 
wagon body. However, the possibility of such implementation 
was not investigated using the example of modular vehicles, 
in particular containers.

The feasibility of using magnesium alloys in the load-bear-
ing structures of vehicles was considered in paper [14]. The 
purpose of such implementation is not only to improve the 
strength of vehicles but also to reduce their packaging. The 
studies confirmed the feasibility of the proposed implementa-
tion. However, similar to [13], the authors limited themselves 
to considering the load-bearing structures of wagons.

Our review of the literature [3–14] proves that the issue 
of improving the frame of containers to ensure their strength 
under operational loads requires further research and sepa-
rate solution. Available scientific work on this topic does not 
fully cover the specified problem.

3. The aim and objectives of the study

The purpose of our study is to identify the loading on 
a container with a truss frame during rail transportation. 
This will contribute to improving the strength of containers 
in operation and, accordingly, to reducing the costs of their 
maintenance.

To implement the stated goal, the following tasks were set:
– to calculate the strength of the container when perceiv-

ing lateral loads;
– to calculate the strength of the container when perceiv-

ing vertical loads.
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4. The study materials and methods

The object of our study is the processes of perception and 
redistribution of loads in the structure of a container with a 
truss frame during railroad transportation.

The main hypothesis of the study assumes that designing 
a container frame with truss components could contribute to 
improving its strength during operation.

To ensure the strength of the container walls during 
operation, it is proposed to increase the rigidity of its 
frame (Fig. 1). In this case, it is planned to install braces be-
tween the corner and vertical posts, as well as a reinforcing 
horizontal belt between the vertical posts. This belt runs at a 
height of 1/3 from the lower strapping of the frame.

The same reinforcing horizontal belt is installed on 
the end wall. To substantiate the proposed improvement, a 
calculation of the container strength was performed. The 
spatial model of the container was built using the Solid-
Works (France) software (Fig. 2).

To calculate the strength of the container, the finite el-
ement method was used, as the most common method for 
calculating vehicles currently used in their design [15–17]. 
The implementation of this method was carried out in Solid-
Works Simulation (France). The finite element model was 
built using tetrahedra [18–20]. This type of element was cho-
sen due to the fact that the mesh was constructed on a solid 
body (Fig. 3). The number of mesh elements was determined 
graph-analytically [21, 22]. Taking this into account, the 
model has 77090 elements with a maximum size of 120 mm 
and a minimum of 24 mm, as well as 141251 nodes. The num-
ber of Jacobian points was 16.

Since this study is aimed at improving the strength of the 
container side walls, the calculation was carried out when the 
container perceives lateral loads. It was taken into account 

that the container experiences a vertical load Рv taking into 
account the use of the total load capacity (Fig. 4).

The side wall of the container is subjected to a lateral load Рl, 
which includes centrifugal force and wind load. These forces 
were calculated using the formulas given in the regulatory 
document, namely, DSTU 7598:2014. Freight railroad wagons. 
General requirements for calculations and design of new and 
modernized 1520 mm gauge railroad wagons (non-self-pro-
pelled). The foreign analog of this standard is “EN 12663-2. Rail-
road applications – structural requirements of railroad vehicle 
bodies – Part 2: Freight railroad wagons”.

The centrifugal force Рcf was determined from the formula
2

,gw
cf

P V
P

g R
⋅

=
⋅

 	 (1)

where Рgw is the gross weight of the container; V is the speed 
of the railroad wagon loaded with the container; g is the ac-
celeration of gravity; R is the radius of the curve into which 
the railroad wagon loaded with the container fits.

The wind load was calculated as follows

,wP w S= ⋅ 	 (2)

where w is the intensity of the wind load on the side wall of 
the container; S is the area of the side wall of the container.

Reactions Рf to the action of the specified loads were 
applied to the container fittings, which are located along 
the length of the side wall on its loading side. The container 
construction material was designated as steel grade 09G2S 
with a strength class of 345 MPa. This type of material was 
chosen due to the fact that it is the most common for the man-
ufacture of load-bearing structures of railroad vehicles. The 
permissible stresses for steel grade 09G2S in the studied de-
sign modes were taken equal to 210 MPa. Due to the fact that 

Fig. 1. Container frame

Fig. 2. Spatial container model

Fig. 3. Finite-element container model

Fig. 4. Container design scheme

Рv 
Рl Рf 

Рf 
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steel is an isotropic material, the Mises criterion was used as 
the design criterion. The container was fixed to the fittings. 
In this case, a rigid connection was used [23, 24]. This type 
of connection was chosen under the following assumption: 
the container fittings rest against the fitting stops of the flat 
wagon, i.e., the container has no degree of freedom in the 
longitudinal plane.

To study the vertical loading of a container, as one of the 
most common types of loading of its structure during trans-
portation by rail, appropriate calculations were carried out. 
The oscillations of jumping and galloping were studied. It was 
taken into account that the containers are transported by a flat 
wagon of the model 13–4012 on bogies 18–100 with a spring 
suspension stiffness of 8000 kN/m. In this case, there are 
two containers on the flat wagon, which have the same cargo 
loading. The containers do not have their own degree of free-
dom in the vertical plane and move together with the flat wag-
on. The mathematical model was solved in the Mathcad soft-
ware package (USA) using the Runge-Kutta method [25–28].  
The following initial conditions were taken into account: the 
initial displacement is taken equal to 0.004 m, and the initial 
velocity is 0 [29–33]. The calculation was carried out at a 
speed of the flat wagon of 80 km/h. The obtained acceleration 
was taken into account when calculating the strength of the  
container.

To study the natural frequencies of vibrations of the 
container, a modal analysis of its structure was carried out. 
For this purpose, the options of the SolidWorks Simulation 
software package were used.

5. Results of determining the loading on a container 
with a truss frame during railroad transportation

5. 1. Results of determining the loading on a con-
tainer when perceiving lateral loads

Taking into account the formed calculation scheme 
shown in Fig. 4, the strength of the container was calculated. 
The results of our calculations are shown in Fig. 5–7. The 
maximum stresses were recorded in the zones of interaction 
of the vertical uprights of the container with the longitudi-
nal beams of the frame (Fig. 5, 6). These stresses amounted 
to 158.1 MPa. They are lower than the permissible ones. It 
should also be noted that the obtained stresses are almost 
12% lower than those operating in a typical design.

The maximum displacements were recorded in the trans-
verse beams of the container frame – 3.15 mm (Fig. 7).

This distribution of displacements can be explained by 
the fact that the end parts of these beams interact with the 
longitudinal beams, and the middle part of the transverse 
beams has a degree of freedom in the vertical plane.

5. 2. Results of determining the loading on a con-
tainer when perceiving vertical loads

To determine the vertical accelerations acting on the 
container during transportation by rail, a calculation scheme 
was built, shown in Fig. 8.

The equation of motion of a flat wagon with containers 
can be written as:Fig. 5. Container stress state

von Mieses (MPa) 
158.1 
142.3 
126.5 
110.7 
94.9 
79.2 
63.3 
47.6 
31.8 
15.9 
0.0 

Fig. 6. The most loaded areas of the container

Fig. 7. Movement in container structure nodes

URES (mm) 
3.15 
2.84 
2.52 
2.21 
1.89 
1.58 
1.26 
0.95 
0.63 
0.32 
0.0 

Fig. 8. Calculation diagram of a flat wagon with containers
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	       (3)

where M is the mass of the frame of the flat wagon with con-
tainers placed on it during jumping vibrations; I is the mo-
ment of inertia of the frame of the flat wagon with containers 
placed on it during galloping vibrations; kB is the stiffness of 
the springs of the spring suspension of the bogie; FFR is the 
friction force acting in the spring suspension; δi is the defor-
mations occurring in the spring suspension.

Based on our calculations, it was established that the ac-
celeration acting on the containers is about 1.2 m/s2.

This acceleration was taken into account when deter-
mining the strength of the container as a component of the 
vertical load acting on it during railroad transportation. 
The design scheme of the container is shown in Fig. 9. This 
scheme takes into account that the container is subjected 
to a vertical load Рv, which includes vertical static and 
dynamic loads, as well as the pressure of the bulk cargo 
expansion on its walls.

The features of constructing a finite element model 
are identical to those considered in the study of the lateral 
loading of the container. The calculation results are shown 
in Fig. 10–12. The maximum stresses were recorded in the 
zones of interaction of the transverse beams with the longi-
tudinal ones and amounted to 163.1 MPa (Fig. 10, 11). These 
stresses do not exceed the permissible ones and are 5% lower 
than those operating in a typical design.

The maximum displacements occur in the middle parts of 
the cross beams and are 3.54 mm (Fig. 12).

In the study we also paid attention to determining the 
natural frequencies of vibrations of the container of the 

proposed design during railroad transportation. For this 
purpose, a model analysis was conducted. The calculation 
was carried out using the scheme shown in Fig. 9. In this 
case, the options of the SolidWorks Simulation software 
package were used. The calculation results are shown 
in Fig. 13. As an example, the shapes and frequencies of 
the first six vibrations of the container are given.

The safety of container transportation was assessed by 
the first natural frequency of oscillations, which should be at 
least 8 Hz. Analyzing the results obtained, it can be conclud-
ed that the safety of transportation from the point of view of 
modal analysis is ensured.

Fig. 9. Container design diagram

URES (mm) 
3.15 
2.84 
2.52 
2.21 
1.89 
1.58 
1.26 
0.95 
0.63 
0.32 
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Fig. 10. Container stress state

von Mieses (MPa) 
163.1 
146.8 
130.5 
114.2 
97.9 
81.6 
65.3 
48.9 
32.6 
16.3 
0.0 

Fig. 11. The most loaded areas of the container

Fig. 12. Movement in container nodes

URES (mm) 
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6. Discussion of results based on determining the 
loading on a container with a truss frame during 

railroad transportation

In order to ensure the strength of the container walls 
during operation, it is proposed to strengthen its frame (Fig. 1). 
This solution involves making the side wall of the frame from 
a truss structure, which consists of vertical uprights, braces, 
and a horizontal belt.

To substantiate the proposed solution, a calculation was 
performed of the container’s strength when it perceives 
lateral and vertical loads. It was established that when the 
container perceives lateral loads, the maximum stresses in 
its structure arise in the zones of interaction of the vertical 

uprights with the longitudinal beams of the frame (Fig. 5, 6). 
These stresses amounted to 158.1 MPa and are lower than the 
permissible ones. The obtained stresses are almost 12% low-
er than those operating in a typical design. The maximum 
displacements were recorded in the transverse beams of the 
container frame – 3.15 mm (Fig. 7).

To determine the vertical loading on the container, 
mathematical modeling of its loading under the conditions of 
transportation on a flat wagon was carried out (Fig. 8). Based 
on our calculations, it was established that the acceleration 
acting on the containers is about 1.2 m/s2. The determined 
acceleration value was taken into account in the calculations 
for the strength of the container. It was established that the 
maximum stresses arise in the zones of interaction of the 

Fig. 13. Certain modes of container oscillations: a – first mode at frequency ν = 58.8 Hz; 	
b – second mode at frequency ν = 90 Hz; c – third mode at frequency ν = 134.4 Hz; d – fourth mode at frequency ν = 135.7 Hz; 

e – fifth mode at frequency ν = 142.9 Hz; f – sixth mode at frequency ν = 162.1 Hz

a b

c d

e f
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transverse beams with the longitudinal ones and amounted 
to 163.1 MPa (Fig. 10, 11). These stresses do not exceed the 
permissible ones and are 5% lower than those acting in a typ-
ical design. The maximum displacements occur in the middle 
parts of the transverse beams and are 3.54 mm (Fig. 12). 

The structural solutions proposed in our work to im-
prove the container have certain advantages compared to 
the known ones. For example, unlike [1, 4], the proposed 
improvement does not require significant capital invest-
ments for implementation, and the container resource can 
be maintained with the existing repair base. This solution 
has the same advantage in comparison with [3]. Unlike 
works [2, 5, 6], we have proposed a solution to improve the 
container design, which could help improve its durability 
during operation. Unlike [7–9], our work has investigated 
the durability of the container during its transportation as 
the most unfavorable case of its loading during operation. 
Compared with [12–14], this study proposed solutions aimed 
directly at improving the durability of containers as the most 
common means of transport in international traffic.

The proposed solutions for improving containers are 
appropriate both when designing new containers and when 
modernizing already operated ones.

The potential expected effect of using the research results 
is to increase the efficiency of container transportation by 
reducing the costs of their maintenance. The research results 
could also contribute to compiling the recommendations for 
the design of new and modernizing existing containers.

The main limitation of this study is that the formed finite 
element model of the container does not take into account welds.

The disadvantage of our study is that when calculating 
the strength of the container, it was considered as a mono-
lithic structure. That is, it was assumed that all structural 
elements interact rigidly with each other.

A promising area for further research is to determine the 
strength of the container under other calculation schemes of 
its structural loads. We also plan to carry out a study on opti-
mizing the geometry of the container skin sheets.

7. Conclusions

1. The container strength was calculated when perceiving 
lateral loads. It was established that the maximum stresses 
arise in the zones of interaction of the vertical uprights of the 
container with the longitudinal beams of the frame. These 

stresses amounted to 158.1 MPa and are almost 12% lower 
than those operating in a typical design. The maximum 
displacements were recorded in the transverse beams of the 
container frame – 3.15 mm.

2. The container strength was calculated when perceiving 
vertical loads. For this purpose, mathematical modeling of 
the dynamic loading of the container in the vertical plane was 
carried out. Based on our calculations, it was established that 
the acceleration acting on the containers is about 1.2 m/s2. The 
obtained acceleration value was taken into account when cal-
culating the container strength. The maximum stresses were 
recorded in the zones of interaction of the transverse beams 
with the longitudinal ones and amounted to 163.1 MPa. These 
stresses do not exceed the permissible ones and are 5% lower 
than those in a typical design. The maximum displacements 
occur in the middle parts of the cross beams and are 3.54 mm.

A modal analysis of the container during its transpor-
tation by rail was performed. The results of our calculation 
showed that the safety of its transportation from the point of 
view of modal analysis is observed.
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