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To reduce the dynamic loading and prolong the ser-
vice life of a semi-wagon's girder beam by improving
its fatigue strength, it has been proposed to improve its
design. A special feature of the girder beam is that its
middle part (the distance between the rear supports of
auto-couplings) consists of a U-shaped profile, cov-
ered with a horizontal sheet above which an I-beam is
located. Elastic elements are placed between the hori-
zontal part of the U-shaped profile’s shelf and the sheet.
Mathematical modeling was performed to substantiate
the proposed technical solution. A mathematical model
has been constructed describing the fluctuations of the
bouncing wagon. It has been established that the max-
imum vertical acceleration of the body is about 1.8 m/s?
(0.18 g), and of the bogie — about 9.0 m/s> (0.9 g). Based
on our calculations, we can conclude that a wagon's
movement is assessed as "excellent”. In this case, the use
of the girder beam with elastic links makes it possible to
reduce the dynamic load on a wagon, in comparison with
the prototype, by almost 35 %.

The main indicators of the strength of the improved
load-bearing structure of a wagon have been determined.
The maximum equivalent strains occur, in this case, in
the upper horizontal sheet of the girder beam, and are
136.0 MPa, which are lower, by 20 %, than those of the
prototype wagon. The results of the modal analysis of the
load-bearing structure of a semi-wagon taking into con-
sideration the improvement measures have demonstrated
that their natural frequencies of oscillations are within
the permissible limits.

Our research could help reduce the dynamic loading
on the load-bearing structures of wagons in operation, as
well as design the innovative structures of rolling stock
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1. Introduction

Ensuring the smooth operation of the transport industry
is possible with the reliable and coordinated operation of
some of its components. It is known that one of the most im-
portant ones among such components is railroad transport.
At present, achieving the leadership positions of the railroad
industry requires the use of innovative rolling stock. Design-
ing such rolling stock should currently employ the principles
of multifunctionality and multimateriality. This would im-
prove the technical-economic performance of carriages, as
well as increase the efficiency of their operation.

The most frequent damage to load-bearing structures of
wagons can be detected from the statistical treatment of op-
erational data. This could make it possible to see the patterns
regarding the weakest points and determine the priority
directions of scientific research. For example, according to
data from JSC “Ukrzaliznytsia”, 194,656 cars were repaired
in 2019. The percentage distribution of the most frequent
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damage to wagons by nodes is shown in Fig. 1. In this case,
the number of damages to the components of the carriages is
indicated in parentheses.

9%
(17033)

2 % (4323)

67 %
(126351)

# running gear # auto-coupling device

= braking equipment # load-bearing structure

Fig. 1. Distribution of damage by wagon nodes

Thus, the dominating percentage of damage accounts for
the load-bearing structures of wagons — 67 %. Semi-wagons



suffer the greatest amount of damage in operation. For the
most part, these damages are caused by the effect exert-
ed on the load-bearing structures by significant dynamic
loads arising during operation. In particular, the shunting
of wagons, loading and unloading operations, railroad and
ferry transportation, etc. Cyclical operational loads reduce
the fatigue strength of load-bearing structures of wagons in
operation and cause the need for unplanned types of repair
or exclusion of cars from the inventory fleet. Currently, the
renewal of the wagon fleet is negligible. At the same time,
there is a significant shortage of rolling stock to ensure the
transportation process. Most available rolling stock has
already exhausted its rated resource and is being operated
taking into consideration the extension of its service life.
Such an acute shortage of rolling stock may contribute to
the deterioration of the volume of transported goods and,
therefore, the economic indicators of this country.
Therefore, it is important to implement new progressive
solutions considering the possibility of increasing the fatigue
strength of rolling stock and prolonging its service life. This
is possible by reducing the dynamic load on the load-bearing
structures of wagons, as well as by improving the indicators
of fatigue strength. Implementation of these solutions is pos-
sible by considering the principles of multifunctionality and
multimateriality at the stage of design of the load-bearing
structures of wagons at wagon-building enterprises.

2. Literature review and problem statement

The strength of the load-bearing structure of a freight wag-
on with variable use of cargo space was analyzed in work [1].
In order to reduce the fatigue strength of the frame of the
wagon and increase cargo space, the authors proposed re-
moving the girder beam of the frame. In this case, the longi-
tudinal load is accepted by the main side beams of the frame,
which have an increased intersection.

The static strength of the load-bearing structure of the
Zans series wagon is examined in [2]. The calculation was
carried out using the CosmosWorks software (France),
which implements the method of finite elements. The results
obtained could contribute to the construction of the optimal
structure of wagons. However, no measures to reduce the
dynamic load on the frame of the wagon by applying the
principles of the multifunctionality of its elements were pro-
posed by the authors.

An analysis of theoretical and experimental studies of the
strength properties of rolling stock elements was reported
in [3] using an example of the girder beam of freight wagons.
Calculations were performed using a modern package of ap-
plications. The presented example of the use of the proposed
approach proved its efficiency and effectiveness, as well as the
proper area of the relevant research. However, this approach
can be implemented in relation to the metallic load-bearing
structures of wagons. That is, using it to study the multifunc-
tional and multi-material structures is not appropriate.

The choice of structural solutions for the elements of
wagons with a small tare mass is described in [4]. The proce-
dure used was a comparative assessment of strength, endur-
ance, and stability indicators of the load-bearing structure
with a minimum mass made from different materials. In this
case, the introduction of elastic links in the load-bearing
structure of wagons to increase fatigue strength was not
proposed by the authors.

The causes of cracks in a load-bearing structure of the
frame of a wagon are detected in [5]. The paper describes
the methodology used to identify the causes of cracks near
a welding joint. The Sgmns type of wagon was used to cal-
culate the frame. However, the authors of the cited paper
identified the causes of cracks only; no measures to prevent
them in the load-bearing structures by using a multi-materi-
al approach were proposed.

The rationale for choosing a new profile for the girder
beam of a freight wagon is reported in [6]. The work shows a
series of structural solutions of frames for the freight wagons
of different types. The authors gave the results of calculating
the strength of the load-bearing structures of wagons taking
into consideration the proposed solutions. In this case, these
solutions imply changing the geometry of the profile of the
girder beam. No measures to reduce the dynamic load and fa-
tigue strength of the girder beam were suggested in the work.

The peculiarities of improvement of the design of the
frame of a freight wagon are considered in [7]. The calcula-
tion of strength was carried out by the method of finite ele-
ments, implemented in the Lyra programming environment.
The calculation results confirmed the feasibility of the pro-
posed solutions. However, the authors did not investigate the
fatigue strength of the wagon and the impact of the proposed
solutions on the dynamic load on the wagon.

Measures to reduce the dynamic load on the load-bear-
ing structure of a wagon during combined transportation are
given in paper [8]. The authors performed the mathematical
modeling and computer simulation of a wagon’s dynamic
load taking into consideration the proposed measures. The
results of the calculation allowed them to conclude that the
developed technical solutions contribute to the reduction
of the dynamic load of the load-bearing structure of the
wagon at combined transportation by 30 % compared to the
existing conditions of car operation. It is important to note
that these solutions imply improving the scheme of interac-
tion of load-bearing structures of wagons with the means of
combined transportation. In this case, the authors did not
conduct research into improving the load-bearing structure
of the wagon to reduce the dynamic load and fatigue during
operation.

Our analysis of the scientific literature allows us to
conclude that it is advisable to conduct a study aimed at
determining the dynamic load on the body of a semi-wagon
with the elastic middle part of the girder beam. This could
improve the fatigue strength of the load-bearing structure
of the wagon and reduce the amount of damage during op-
eration. In addition, our research would contribute to the
construction of fundamentally new resource-saving wagon
designs that could improve the efficiency of the railroad
transport operation.

3. The aim and objectives of the study

The aim of this study is to identify patterns in the dy-
namic load and strength of the load-bearing structure of a
semi-wagon’s body with elastic elements in the girder beam.

To accomplish the aim, the following tasks have been set:

— to build a computer model of the load-bearing structure
of a semi-wagon with elastic elements in the girder beam;

— to investigate the dynamic load on the load-bearing
structure of a semi-wagon with elastic elements in the
girder beam;



— to determine the main indicators of the strength of the
load-bearing structure of a semi-wagon with elastic elements
in the girder beam.

4. Construction of a computer model of the load-bearing
structure of a semi-wagon with elastic elements in
the girder beam

To reduce the dynamic load, as well as prolong the ser-
vice life of the load-bearing structure of a semi-wagon, it is
necessary to improve the girder beam. It is proposed using,
instead of a standard girder beam (Fig. 2, a), a beam with
elastic elements. In this case, the girder beam of a semi-wag-
on has a U-shaped cross-section, covered on the top with the
horizontal sheet above which an I-beam is placed (Fig. 2, b).

a b

Fig. 2. Cross-section of the girder beam of a semi-wagon:
a — standard girder beam; b — girder beam with elastic
elements

The load-bearing structure of a semi-wagon with elastic
elements in the girder beam is shown in Fig. 3.

Fig. 3. The load-bearing structure of a semi-wagon with
elastic elements in the girder beam

The elastic elements, in this case, are placed in the zone
between the rear supports of the auto-coupling devices
(Fig. 4). That is, the console parts of the frame are identical
to the prototype wagon. This makes it possible to use the
standard auto-coupling device SA-3 on a wagon.
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Fig. 4. Schematic action of loads on the girder beam of
a semi-wagon

A spatial computer model of the load-bearing struc-
ture of a semi-wagon was built in the programming en-
vironment SolidWorks (France). The prototype chosen
was a semi-wagon, model 12-757, made at PJSC “KVBZ”
(Ukraine, Kremenchuk).

5. Studying the dynamic load on the load-bearing
structure of a semi-wagon with elastic elements in
the girder beam

To determine the vertical accelerations of the load-bear-
ing structure of a semi-wagon taking into consideration the
proposed measures, we performed mathematical modeling.
The study was conducted in the XZ plane. Since the elastic
elements that are installed in the girder beam operate under
bouncing oscillations, which characterize the translational
movements of the wagon relative to the vertical axis, the flat
coordinate system was considered. The estimated scheme of
a semi-wagon is shown in Fig. 5. When building the equa-
tions of the car’s movement, it was taken into consideration
that it moves along an elastic-viscous track [9]. In this case,
it is suggested that the reactions of the track are proportion-
al to both its deformation and the rate of this deformation.

M,

REQ) Ma(t) mi(t)
Fig. 5. The estimated scheme of a semi-wagon

The differential equations of the wagon movement take
the following form:

2

d
M, 'F% +Ci:q+Cpyqy+Ci5-qs =

. d . d
=-F, ~(51gn(561)+51gn(582)} (€))

2

d d
M, 'F% +Cyq,+Cyyqy+Cyy5-q5+ B, 'E% =

. d d d
= FR'Slgn(afh)ﬂ“k(m+ﬂz)+B(aﬂ1+Eﬂz), 2)

2

d d
M, 'F% +C,0q,+Cyy Gy +Cy5-q5+ By 'a% =

. d d d
= m'Slgn(552)+k(ﬂ3+m)+l3($ﬂs+Em)y 3)

where M; are the inertial coefficients of the elements of an
oscillatory system (a car body and two running parts); Cj
is the characteristic of the elasticity of the elements of an
oscillatory system; Bjj is the scattering function; a is the
half the base of a bogie; ¢; are the generalized coordinates
corresponding to the translational movement relative to the
vertical axis of, respectively, the body of the wagon, the first
and the second bogie; & is the rigidity of spring suspension;



B is the damping factor; Frp is the force of absolute friction in
a spring kit; ; are the deformations of the elastic elements of
spring suspension; n(?) is the track’s irregularities.

The following is accepted in the motion equations (1)
to (3):

— Z1~q is the coordinate characterizing the translation-
al movements of the body relative to the vertical axis;

— Zs~q5 is the coordinate that characterizes the transla-
tional movements of the first bogie in the direction of motion
relative to the vertical axis;

— Z3~q3 is the coordinate that characterizes the trans-
lational movements of the second bogie in the direction of
motion relative to the vertical axis.

The irregularity of the track was described as a periodic
function

n(t)=%(1—coswt), )

where d is the set irregularity depth; o is the frequency of
oscillations.

In this case, a connection between the body and running
gear was described as a consistent elastic link (Fig. 6):
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Fig. 6. Schematic of a loading transfer from the body of
the wagon with elastic elements in the girder beam on

the running gear P — vertical static load

The Mathcad software package was used to solve the dif-
ferential equations of motion [10—12]. In this case, the initial
movements and speeds were accepted to equal zero [13—-15].
The calculation results are shown in Fig. 7, 8.
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Fig. 7. Acceleration of the body of a semi-wagon in
the center of masses

The maximum vertical acceleration of the body in an emp-
ty state is about 1.8 m/s? (0.18 g), and of the bogies — are about
9.0 m/s? (0.9 g). Based on our calculations, we can conclude

that the wagon’s motion is assessed to be “excellent” [16, 17].
In this case, the use of the girder beam with elastic elements
makes it possible to reduce the dynamic load on a wagon, in
comparison with the prototype, by almost 35 %.
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Fig. 8. Acceleration of bogies

6. Determining the main indicators of the strength of
the load-bearing structure of a semi-wagon with elastic
elements in the girder beam

To determine the main indicators of the strength of the
load-bearing structure of asemi-wagon with elastic elements
in the girder beam, the calculation was performed. It was
carried out using a method of finite elements in the Solid-
Works Simulation programming environment (Cosmos-
Works) [18—22]. The finite-element model of the load-bear-
ing structure of a semi-wagon is shown in Fig. 9. Spatial
tetrahedra were used as finite elements. To determine the op-
timal number of the elements, a graphic-analytic method was
applied. The method is based on the graphical representation
of allowable solutions and the objective function of the prob-
lem. The essence of the method in solving a given problem is
to build the dependence of the maximum equivalent stresses
on the number of finite elements. When this dependence
starts to be described as a horizontal line, it is an optimism
of the number of finite elements. The number of nodes of the
model was 75,031, elements — 237,913. The maximum size
of the element was 120 mm, and the minimum size — 24 mm.
The percentage of the elements with an aspect ratio less than
three is 4.9, exceeding ten — 55.1. The minimum number of
the elements in the circle was 9, the ratio of the increase in
the size of the elements was 1.7. A material of the load-bear-
ing structure of a semi-wagon is the steel of grade 09G2S.

Fig. 9. The finite-element model of the load-bearing structure
of a semi-wagon

The estimated scheme of the load-bearing structure of a
semi-wagon is shown in Fig. 10.

When building an estimation scheme, it was taken into
consideration that the load-bearing structure of a semi-wag-
on is exposed to the vertical load P exerted by the weight
of the cargo (coal). It was also taken into consideration that



the side and end walls are exposed to the thrust effort P,.
The schematic action of the bulk cargo’s thrust efforts on
the body of a semi-wagon is shown in Fig. 11 [23]. In this
case, the thrust effort on the side walls is governed by the
law of a triangle with a maximum at the base. The end walls
(doors) are exposed to the thrust effort according to the law
of trapeze. The numerical values of the thrust efforts were
determined on the basis of the methodology given in [23].
The calculation results are given in Tables 1, 2.
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Fig. 10. The estimated scheme of the load-bearing structure
of a semi-wagon
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Fig. 11. Schematic action of thrust efforts of bulk cargo on
the body of a semi-wagon

In this case, the stiffness of the elastic elements should
be in the range from 6,000 (kN/m),/m? to 8,000 (kN,/m)/m?.
The model was fixed in the zones when the body rested on
the running parts.

Table 1

Numerical value of the bulk cargo pressure on the elements
of the side walls of the body of a semi-wagon

The results of calculating the strength of the load-bear-
ing structure of a semi-wagon body are shown in Fig. 12, 13.

von Mieses (N/m?)
1.360e + 008

1.247e + 008

- 1.133e + 008
- 1.020e + 008
- 9.067e + 007
- 7.934e + 007
I 6.801e + 007
5.668¢ + 007

- 4.536e + 007
- 3.403¢ + 007
2.270e + 007
1.137e + 007
4.086e + 004

Fig. 12. The stressed state of the load-bearing structure of
a semi-wagon

URES (mm)
3.820¢ + 000

3.502¢ + 000
-3.183e + 000
-2.865e + 000
- 2.547¢ + 000
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I 1.910e +000

1.592e¢ + 000
- 1.273e + 000
-9.550e — 001

6.367¢ — 001
3.183e - 001
0.000¢e + 000

Fig. 13. Displacements in the semi-wagon’s load-bearing
nodes

The maximum equivalent strains occur, in this case, in
the upper horizontal sheet of the girder beam and are equal
to 136.0 MPa. The maximum displacements occur in the
middle part of the girder beam and are equal to 3.8 mm. That
is, the strength of the load-bearing structure of a semi-wagon
is ensured [16, 17, 24].

Table 3 gives a comparative analysis of the main indica-
tors of the strength of the load-bearing structure of a stan-
dard semi-wagon and the improved one.

Table 3

Rack of a side wall Bulk cargo pressure, kPa Comparative analysis of the main indicators of the strength
corner 7.083 of the load-bearing structure of a standard semi-wagon and
first from the console 13.03 the improved one
second from the console 11.895 Indicator Standard Improved Discrepancy
third from the console 8.92 structure structure percentage
Stresses, MPa 170.0 136.0 20.0
Table 2 Displace- 43 38 12,0
Numerical value of the bulk cargo pressure on the elements ments, mm ’ ’ ’

of the end walls of the body of a semi-wagon

Element of an end door Bulk cargo pressure, kPa
corner rack 20.06°
44.98
. . 100.12~
intermediate rack 89.96+
. 50.06"
middle rack 14,98

Note: * — pressure on the lower part of the rack; ** — pressure on the

top of the rack

In addition, our study has determined the natural
frequencies of the oscillations of the load-bearing struc-
ture of the improved semi-wagon. The calculation was
performed in the SolidWorks Simulation programming
environment (CosmosWorks) using the estimation scheme
shown in Fig. 9. The results of the calculation are given
in Table 4.

Based on our calculations, we can conclude that the
values of the natural frequencies of the oscillations of the



load-bearing structure of a semi-wagon are within the per-
missible limits.
Table 4

Numerical values of the natural frequencies of the oscillations
of the load-bearing structure of a semi-wagon

Mode Frequency, Hz Mode Frequency, Hz

1 18.311 8 50.109
2 26.03 9 59.249
3 30.674 10 67.005
4 41.701 11 71.995
5 44.689 12 72.71

6 46.693 13 78.045
7 49.274 14 78.457

To determine the fatigue strength of the load-bearing
structure of a semi-wagon, we performed the calculation
based on the results from the implemented static analysis.
The calculation for fatigue was carried out in the linear
form when the accumulation of stresses is diagnosed. The
theory of damage accumulation implies that a cycle of
the stresses under variable strains above the fatigue limit
causes damage. The total damage is equal to the sum of
the damages caused by the individual stress cycles. The
test base, in this case, was 107. We have determined the
most damaged element of the load-bearing structure of
a semi-wagon, which is the upper horizontal sheet of the
girder beam.

At the same time, the fatigue strength of the load-bear-
ing structure of a semi-wagon under the action of cyclic
loads is ensured.

It is important to note that the proposed technical
solutions could also prove efficient when applied to the
long-base structures of wagons.

7. Discussion of the results of studying the dynamic load
on the body of a semi-wagon with an elastic middle part
of the girder beam

Based on the analysis of scientific publications on
the research and reduction of the dynamic load on the
load-bearing structures of wagons in operation, it has been
determined that it is advisable to determine the dynamic
load on the body of a semi-wagon with an elastic middle
part of the girder beam. Our study would improve the fa-
tigue strength of the load-bearing structure of the wagon
and reduce the amount of damage during operation. Given
this, a computer model of the load-bearing structure of a
semi-wagon with elastic elements in the girder beam was
built. All graphic works were carried out in the Solid-
Works software package. In this case, the elastic elements
are placed between the rear supports of the auto-coupling
devices (Fig. 4). This makes it possible to use the standard
auto-coupling device SA-3 on a wagon.

The dynamic loading of the load-bearing structure of
a semi-wagon with elastic elements in the girder beam has
been studied. It was established that the use of the girder
beam with elastic elements makes it possible to reduce the

dynamic load on the wagon, compared to the prototype, by
almost 35 % (Fig. 7).

The main indicators of the strength of the load-bearing
structure of a semi-wagon with elastic elements in the gird-
er beam have been determined. The calculation was carried
out using a method of finite elements in the SolidWorks
Simulation software package (CosmosWorks). It was es-
tablished that the use of elastic elements helps reduce the
maximum equivalent stresses in the girder beam (Fig. 12).
This is due to the fact that the proposed structure of a gird-
er beam has a closed intersection, as well as a less dynamic
load compared to the standard design.

The limitation of this study is that it takes into con-
sideration the bouncing oscillations of a wagon only. It is
known that during operation these oscillations are also
accompanied by the galloping oscillations caused by a
transport delay of track irregularities on the elements of the
running parts. Therefore, further research in this area must
take such oscillations into consideration.

In addition, an important stage in our study is the im-
plementation of the proposed solutions in the load-bearing
structures of long-base wagons. Moreover, the introduction
of the elastic elements is possible not only in the girder
beam of a semi-wagon. This technical solution can be ap-
plied to other components of the load-bearing structure of
a body. This could reduce the dynamic load on the compo-
nents of the load-bearing structure of a wagon and improve
the fatigue strength.

8. Conclusions

1. A computer model of the load-bearing structure of
a semi-wagon with elastic elements in the girder beam
has been built. The girder beam has a U-shaped profile,
covered on the top with the horizontal sheet above which
an I-beam is placed. In this case, the elastic elements are
placed in the region between the rear supports of the auto-
coupling devices. In this case, the console parts of the
frame are identical to the prototype wagon. This makes
it possible to use the standard auto-coupling device SA-3
on a wagon.

2. The dynamic loading of the load-bearing structure of
a semi-wagon with elastic elements in the girder beam has
been studied. To this end, a mathematical model was built,
describing the translational movements of the wagon in the
vertical plane (the oscillations of bouncing). It has been
established that the maximum vertical acceleration of the
body is about 1.8 m/s? (0.18 g), and of the bogies — about
9.0 m/s> (0.9 g). The wagon motion in accordance with
the normative documents is assessed to be “excellent”. In
this case, the use of the girder beam with elastic elements
makes it possible to reduce the dynamic load on the wagon,
compared to the prototype, by almost 35 %.

3. The main indicators of the strength of the load-bear-
ing structure of a semi-wagon with elastic elements in the
girder beam have been determined. The calculation was
carried out using a method of finite elements. The max-
imum equivalent stresses were registered in the upper
horizontal sheet of the girder beam and are 136.0 MPa,
which is 20 % lower than that on the prototype wagon.
The maximum displacements occur in the middle part
of the girder beam and are equal to 3.8 mm. Thus, the



strength of the load-bearing structure of a semi-wagon is
ensured.

We have determined the natural frequencies of the
oscillations of the load-bearing structure of a semi-wagon.
It is established that the values of the natural oscillation
frequency are within the permissible limits.

The results of calculating the fatigue have demon-
strated that the load-bearing structure of a semi-wagon
withstands the action of cyclic loads with a test base of
107 cycles.

Our research could help reduce the dynamic load on
the load-bearing structures of wagons during operation,

as well as construct the innovative structures of roll-
ing stock.
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This paper reports a study into the distribution
capacity of a flexible plate in different cross-sec-
tions exposed to the external vertical concentrated
Jorces applied in any place of its area. A plate with
one pinched side and a series of racks arranged at
any distance from the pinching has been consid-
ered. In terms of the theory of elasticity and math-
ematics, solving this problem poses significant
difficulties. This has study found that a lateral dis-
tribution coefficient could be used to simplify calcu-
lations aimed at determining the stressed-strained
state of the system. In determining the stressed-
strained state of the plate, the calculation meth-
od described in work [1] was applied. The plate is
cut into a series of longitudinal strips that repre-
sent, from the standpoint of construction mechan-
ics, a console strip with one pinched end and rest-
ing on a stationary support located at any distance
Jrom the pinching. It has been revealed that the
distribution capacity of the examined plate in the
same cross-section depends insignificantly on the
point of application of the concentrated load along
the length of the longitudinal strip (between 2.6
and 6.7 %). The distribution capacity in different
cross-sections does differ greatly (in the range of
10 to 30 %). The result of this study is the proposed
unified and easy-to-implement method of calcu-
lating plates under any conditions for their rest-
ing on supports and when exposed to any external
loads. There is also no difficulty in calculating the
plates backed by edges in both directions. Other
estimation methods in these cases require a differ-
ent mathematical approach, and, for the case of
a series of external loads, or under difficult plate
rest conditions, the issue relating to the stressed-
strained state of the system remains open
Keywords: longitudinal strip, transverse strip,
fictitious pinching, system of equation, lateral dis-
tribution coefficient
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1. Introduction

The calculation of plates with the considered conditions
for resting the sides poses significant difficulties in terms
of solving the problems within the theory of elasticity, as
well as in mathematical terms. The methods developed for
calculating thin plates with different boundary conditions
are based on a different approach in terms of the theory
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of elasticity and mathematics. The resulting solutions are
mathematically very complex, so, for plates with different
boundary conditions, it is necessary to devise a separate cal-
culation program. This task is even more complicated when
loading plates not all over their entire area, that is, when
loading with concentrated forces or moments, piecewise
evenly distributed loads. If the intensity of distributed loads
is not linear, the problem in some cases cannot be solved at



