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1. Introduction 

Container transportation is the most common type of 
cargo transportation between European countries. The mo-
bility of containers provides the possibility of using almost all 
types of transport for their transportation. At the same time, 
rail transportation of containers is one of the most promising. 
Usually, specialized platform cars equipped with fitting stops 
are used for this purpose. The lack of such cars in operation 
led to the intensification of modernization of universal cars 
for these purposes. However, this did not completely solve 
the problem of the lack of railroad vehicles for container 
transportation. 

In this regard, the search for alternative options for trans-
porting containers by rail began. One of such options is the 
use of gondola cars for transporting containers. But such a 
solution requires not only the need to equip them with fitting 
stops for fastening containers but also an additional device to 
prevent damage to their floor (manhole covers). Therefore, 
this option does not solve the issue of technical equipment for 
container transportation by rail.

A possible solution to this task is the use of covered wag-
ons for container transportation. In this case, there is a need 
to modernize their structure to adapt to container usage. 
Note that the existence of a roof does not make it possible to 
load a covered wagon with containers. Therefore, research 
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This study investigates the process of 
loading the body of a covered hopper rail-
road car, modernized for container trans-
portation. The task addressed is to improve 
the efficiency of container transportation 
by rail. To this end, it is proposed to use cov-
ered wagons taking into account the mod-
ernization of their structure. The modern-
ization involves dismantling the roof and 
placing fitting stops on the floor for fasten-
ing containers. 

The study was conducted using a uni-
versal covered wagon, model 11-217, as an 
example. The strength of the covered wagon 
body was calculated when it is subjected to 
vertical loads from containers, as well as the 
simultaneous action of vertical and longi-
tudinal loads. It was established that when 
the body of the covered wagon is subjected 
to vertical loads, the maximum stresses in 
its structure are 8.3% lower than the permis-
sible ones. When vertical and longitudinal 
loads are simultaneously applied, the maxi-
mum stresses in the body are 4% lower than 
the permissible ones. The calculation results 
prove that the strength of the covered wagon 
body, taking into account the proposed mod-
ernization, is maintained.

A feature of the proposed modernization 
is the fact that, if necessary, the design of the 
covered wagon body can be returned to its 
original state.

The scope of practical application of the 
results is railroad transport.

A condition for using the findings is the 
symmetrical placement of the fitting stops 
relative to the transverse axis of the cov-
ered wagon body, which is due to the need to 
ensure uniform loading of both car bogies.

This study will contribute to increasing 
the efficiency of container transportation by 
rail and container transportation in general
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into the adaptation of a covered wagon body for container 
transportation is relevant and requires further development.

2. Literature review and problem statement

To clarify the current state of the issue related to adapt-
ing covered wagons to container transportation, we have 
reviewed recent publications in this area. 

Thus, in work [1], the justification for the use of gondolas 
for container transportation is provided. For this purpose, it 
is proposed to install fitting stops on the floor of the gondola. 
For uniform distribution of the vertical load from the longitu-
dinal beams of the container behind the floor of the gondola, 
the use of a removable module is proposed. Such a solution 
actually allows for the adaptation of the gondola to container 
transportation. However, it requires additional capital invest-
ments for technical re-equipment of the gondola.

In [2], the possibility of using a RgS type car for contain-
er transportation was investigated. For this purpose, it was 
proposed to fasten them in the car using special bolts. The 
rational parameters of the bolts were determined. However, 
the authors did not consider the possibility of using such a 
scheme for fastening containers in a covered wagon. Perhaps 
this can be explained by the fact that the covered wagon is not 
intended for these purposes since it has a roof. This prevents 
its use for container transportation.

Measures to improve the design of a BCNHL type cov-
ered wagon are highlighted in work [3]. This improvement 
involves using a new door design. This makes it possible to 
improve the efficiency of the loading and unloading process 
by mechanizing it. At the same time, the authors did not 
study the possibility of transporting containers in this type 
of car. Perhaps this is explained by the fact that the authors 
considered the use of a covered wagon for transporting the 
most common range of goods.

In [4], solutions are proposed to improve the efficiency of 
railroad cars operation. These solutions involve using new 
progressive materials for the manufacture of car bodies. The 
justification for the use of such materials in the design of cars 
is given. The effectiveness of the implementation of such a 
solution is proven. However, the possibility of transporting 
containers by such a car was not considered.

Similar studies are also reported in [5]. The authors pro-
posed the use of aluminum panels as a lining for the walls of 
the car body. That allowed them to reduce the car’s container 
and increase its carrying capacity. The calculations proved 
the effectiveness of this solution. However, the authors did not 
study the possibility of transporting containers by such a car.

The authors of [6] proposed a solution to adapt a universal 
railroad car to the transportation of containers by installing 
fitting stops on its frame. To substantiate such an improve-
ment, an experimental study of the car’s strength during 
shunting collisions was conducted. The results of the studies 
proved the feasibility of such an improvement. At the same 
time, the authors did not conduct studies on such modern-
ization of covered wagons. This is probably due to the fact 
that the authors focused on the most common type of car for 
transporting containers – a platform car.

In work [7], a solution was proposed to improve the covered 
wagon to adapt its design to the transportation of various types 
of cargo. At the same time, the feasibility of dividing the body 
into separate sections was considered. This allows for the simul-
taneous transportation of cargo with different characteristics in 

the car. However, the authors did not pay attention to the issues 
of adapting the car to the transportation of containers. This can 
be explained by the fact that at the time of the research, the 
issues related to technical equipment of the railroad industry 
for container transportation were not as acute as they are now. 

In order to adapt the universal car to the transportation 
of containers, paper [8] proposed a solution to improve it. It is 
envisaged to use a special removable frame that is attached to 
the frame of the railroad car and is intended to accommodate 
containers. The corresponding justification for the proposed 
solution is given. It should be said that it could also be applied 
to a covered wagon. However, the authors did not conduct 
such research. This can be explained by the fact that the 
study was conducted using the example of a flatbed car, the 
most common type of car used for container transportation.

Our review of the literature [1–8] proves that the issue of 
improving the structure of covered wagons with the aim of 
their use for the transportation of containers has not been 
given proper attention. Therefore, there is a need to conduct 
research in this area.

3. The aim and objectives of the study

The purpose of our study is to determine the loading on 
the body of a covered wagon, modernized for the transpor-
tation of containers. This will make it possible not only to 
improve the efficiency of container transportation by rail but 
also container transportation in general.

To achieve this goal, the following tasks were set:
– to calculate the strength of the body of a covered wagon 

subjected to vertical loads from containers;
– to calculate the strength of the body of a covered wagon 

subjected to vertical and longitudinal loads from containers.

4. The study materials and methods

The object of our study is the loading process on the body 
of a covered wagon, modernized for container transportation.

The principal hypothesis assumes that the modernization 
of the body of a covered wagon could make it possible to 
adapt its structure for container transportation.

When performing strength calculations, it was assumed 
that there are no friction forces between the body flanges and 
the bogie flanges.

The main simplification of the study is that when build-
ing a spatial model of the body of a covered wagon, structural 
elements that interact by hinges or with rivets were not tak-
en into account. That is, the model takes into account only 
elements that interact rigidly with each other. Therefore, 
double-leaf doors are absent in the model.

For the transportation of containers by rail, it is proposed to 
use covered wagons, taking into account their modernization. 
This modernization involves dismantling the roof and install-
ing fitting stops on the floor for fastening containers (Fig. 1).

To determine the feasibility of such modernization, a cal-
culation was performed for the strength of a covered wagon 
body subjected to vertical loads from the container. The load-
ing scheme of the covered wagon body under the simultane-
ous action of vertical and longitudinal loads was also taken 
into account. Such a loading scheme applies when the friction 
force between the container fittings is less than the dynamic 
load acting on the container.
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The study was conducted on the example of a covered wag-
on body, model 11-217, loaded with two containers of size 1СС. 
Its spatial model was reproduced in SolidWorks (France). The 
strength calculation was implemented by finite element mod-
eling in SolidWorks Simulation (France) [9–11].

When the body is subjected to vertical loads from contain-
ers, it was taken into account that it has its natural weight, 
as well as subjected to the weight of containers. The vertical 
load Рv also took into account the dynamic component of the 
load d

vP  on the body when it moves along the rail track. It is 
defined by the classical formula

2
2
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where  
st

vP  – vertical static load acting on the body; dvk  – ave-
rage value of the coefficient of vertical dynamics (probable); 
β – distribution parameter.

Formula (1) is given in DSTU 7598:2014. Freight cars. 
General requirements for calculations and design of new and 
modernized 1520 mm gauge cars (non-self-propelled). This 
standard has an analog: “EN 12663-2. Railroad applications – 
structural requirements of railroad vehicle bodies – Part 2: 
Freight cars”.

A longitudinal load Рl was applied to the rear stop of the 
autocoupler. On the opposite side, this load was balanced by 
reaction Рr. Taking this into account, the design scheme of 
the body takes the form shown in Fig. 2.

The spatial model of the hopper car body was formed by 
curvilinear isoparametric tetrahedra. This type of element 
was chosen due to the fact that the finite element mesh 
was built on a solid body. The number of mesh elements 
was determined from variational calculations using the 
graph-analytical method [12–15]. The calculation results 
allowed us to determine the optimal number of model el-
ements (Fig. 3): 630038 elements and 221546 nodes. The 
maximum element in the mesh had a size of 100 mm and 
the minimum – 20 mm.

To simulate the interaction of the body with the bogies, 
rigid connections were installed on the body posts (Fig. 4).

The material of the covered wagon body is steel of 
grade 09G2S. It has permissible stresses for design mode I 
of 310.5 MPa, and for III – 210 MPa. The Mises criterion was 
chosen as the estimation criterion. This is explained by the 
fact that steel is an isotropic material; for such materials, this 
criterion is usually used.

Fig. 1. The body of a covered wagon, modernized for 
container transportation: a – general view of the body; 	
b – top view; c – arrangement of containers in the car

a

b

c

Fig. 2. Design scheme of the covered wagon body subjected 
to vertical loads from containers: a – action of vertical loads; 	

b – action of longitudinal loads on the rear stops of 
autocouplers

Рv 

Рl Рr 

a

Рv 

Рl Рr 

b

Fig. 3. Finite element model of a covered wagon body

Fig. 4. Body fastening areas
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With the simultaneous action of vertical and longitudinal 
loads from containers on the covered wagon body through 
the fitting stops, the design scheme takes the form shown 
in Fig. 5. In this case, a vertical load Рv was applied to the 
fitting stop plate, and a longitudinal load Рfs was applied to 
its pin (Fig. 6).

The load Рfs was determined under the condition that 
the container is subjected to a load of 0.2g·Рk, where Рk is the 
weight of the container. The loads indicated in Fig. 2, b were 
applied to the rear stops of the auto coupler.

5. Results of determining the loading on the body 
of a covered wagon modernized for container 

transportation

5. 1. Results of calculating the strength of the body 
of a covered wagon subjected to vertical loads

According to the calculation scheme shown in Fig. 2, 
the strength of the body of a covered wagon was calculated. 
The results of these calculations are shown in Fig. 7–9. The 
most loaded areas of the body are the areas of interaction 
between the girdle beam with the pivots. These areas are 
indicated by dark blue in Fig. 7. There, the maximum stresses 
were 284.6 MPa (Fig. 8).

But these stresses are less than the permissible ones 
by 8.3%. In the areas of fitting stops, the maximum stresses 
were about 100 MPa. The maximum displacements were 
recorded in the middle part of the frame – 3.1 mm (Fig. 9).

Such a dislocation of the displacement fields is explained by 
the body loading scheme and its fastening: the middle part of 
the body is free from support and is subjected to a vertical load.

Fig. 5. Design scheme of the covered wagon body subjected 
to vertical and longitudinal loads from containers

Рv Рfs 

Fig. 6. Fitting stop load diagram

Рv 

Рfs 

Fig. 7. The most loaded areas of the covered wagon body

Fig. 8. Stressed state of the covered wagon body: a – top view; b – bottom view
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Fig. 9. Movement in the body assemblies of a covered wagon: a – top view; b – bottom view
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5. 2. Results of calculating the strength of the body 
of a covered wagon subjected to vertical and longitudi-
nal loads

The results of our calculations of the strength of the 
body of a covered wagon in accordance with the calculation 
scheme shown in Fig. 5 are shown in Fig. 10–12. It was 
established that the most loaded zones of the body, again, 
are the zones of interaction of the girdle beam with the piv-
ots (Fig. 9). However, with this calculation scheme, there is 
an asymmetry in the distribution of stresses in these zones. 
This can be explained by the fact that the body structure is 
loaded asymmetrically.

The highest stresses in the body were 298.2 MPa, which 
is 4% lower than the permissible ones (Fig. 11). In the areas of 
fitting stops, the maximum stress values were about 130 MPa.

The maximum displacements were recorded in the areas 
of placement of the middle fitting stops and amounted to 
3.4 mm (Fig. 12).

The results of our calculations prove that the use of cov-
ered wagons for transporting containers is possible.

6. Discussion of results based on determining the 
loading on the body of a covered wagon, modernized 

for container transportation

To adapt the covered wagon for the transportation of con-
tainers, its modernization has been proposed. It is assumed to 
dismantle the roof and install fitting stops on the floor (Fig. 1). 
To substantiate such modernization, a calculation was per-
formed for the strength of the covered wagon body subjected 
to vertical loads from containers (Fig. 2), as well as the simul-
taneous action of vertical and longitudinal loads (Fig. 5). The 
results of our calculations showed that the strength of the car 
body is maintained under the considered loading schemes. 
When the body is subjected only to vertical loads, the maxi-
mum stresses were recorded in the zones of interaction of the 
girdle beam with the pivots (Fig. 7). These stresses amounted 
to 284 MPa (Fig. 8) and are less than the permissible ones. 
Such a dislocation of stresses is explained by the scheme of 
fastening the body and applying loads to it. That is, due to the 
fact that the body was fastened by the studs, and the frame 
was subjected to a vertical load, the maximum stresses were 
concentrated in the above-mentioned zones. In the zones of the 
fitting stops, the maximum stress values were about 100 MPa. 
The maximum displacements were recorded in the middle 
part of the frame and amounted to 3.1 mm (Fig. 9). This distri-
bution of displacement fields can be explained by the fact that 
the middle part of the frame is free from support; therefore, the 
maximum displacements are concentrated in it.Fig. 10. The most loaded areas of the covered wagon body

Fig. 11. Stressed state of the covered wagon body: a – top view; b – bottom view
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Fig. 12. Movement in the body assemblies of a covered wagon: a – top view; b – bottom view
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With the simultaneous action of vertical and longitudinal 
loads, the maximum stresses arise in the zones of interaction 
of the girdle beam with the pin beams (Fig. 10). The value of 
these stresses was 298.2 MPa (Fig. 11). This can be explained 
in the same way as for the previous calculation scheme. In 
the zones of placement of the fitting stops, the maximum 
stresses were about 130 MPa. The maximum displacements 
were recorded in the zones of placement of the middle fitting 
stops and were 3.4 mm (Fig. 12). Such a dislocation of the 
displacement fields is explained not only by the fact that the 
middle part of the frame experiences a vertical load but also 
by the fact that the fitting stops are located in the middle part 
of the frame. They are affected not only by vertical but also 
by longitudinal loads. 

The results of our calculations prove that the proposed 
modernization is effective. It is important to say that it can 
also be applied to the structures of covered wagons that 
have exhausted their service life but taking into account the 
preliminary calculations for strength. Such a solution can be 
justified by the fact that when transporting containers, the 
carrying capacity of the covered wagon is not used complete-
ly, but only by 70% (for the covered wagon model 11-217).

The advantage of our study in comparison with 
works [1, 8] is that we have proposed adapting the covered 
wagon for container transportation without the need to use 
additional fastening devices (removable module or frame). 
Fastening containers in the modernized design of the 
covered wagon requires minimal time, unlike the solution 
given in work [2]. Unlike [4, 5], the proposed modernization 
does not require significant capital investments since it does 
not require the introduction of high-cost materials into the 
body structure. The modernization proposed in this study 
makes it possible to increase the segment of transported 
cargo in a covered wagon, in contrast to the solutions de-
scribed in [3, 6, 7].

The basic condition for using our research results is the 
symmetrical placement of the fitting stops relative to the 
transverse axis of the covered wagon body. This condition 
is due to the need to ensure uniform loading of both car 
bogies.

The limitation of our research is that the friction forces 
between the container fittings and the fitting stops of the 
covered wagon were not taken into account when per-
forming the calculations. That is, the load case was taken 
into account when the friction forces are greater than the 
dynamic load, which ensures the absence of container dis-
placements by the technological gap between the fittings 
and the fitting stops.

The disadvantage of this research is that we did not 
take into account the above-standard load schemes of 
the fitting stops (asymmetry of the load, movement of the 
container by the technological gap, the influence of vi-
brations [16], etc.). These shortcomings are a prospect for 
future studies. In further research in this area, these issues 
will be resolved.

Our research will contribute to increasing the efficiency 
of container transportation by rail and container transpor-
tation in general.

7. Conclusions 

1. The strength of a covered wagon body has been calculated 
when it is subjected to vertical loads from containers. It was found 
that the maximum stresses in the covered wagon body were 
284.6 MPa and were 8.3% lower than the permissible ones. They 
are concentrated in the areas of interaction of the girdle beam 
with the pivots. In the areas of placement of fitting stops, the 
maximum stresses were about 100 MPa. The maximum displace-
ments were recorded in the middle part of the frame – 3.1 mm.

2. The strength of a covered wagon body has been calculated 
when it is subjected to vertical and longitudinal loads from con-
tainers. The results of our calculations showed that the maximum 
stresses in the body were 298.2 MPa. The obtained stresses were 
4% lower than the permissible ones. In the areas of placement of 
fitting stops, the maximum stresses were about 130 MPa. The 
maximum displacements occur in the areas where the middle 
fitting stops are located and amounted to 3.4 mm.
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