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ASSESSMENT OF THE FATIGUE STRENGTH 
OF A TANK WAGON CAR BOILER 

TAKING INTO ACCOUNT CORROSIVE WEAR

Purpose. The goal of the article is to present the results of research on determining the stress-strain state of a tank 
car boiler’s shell and assessing its fatigue strength using computer modeling. This was done while accounting for 
various levels of corrosion wear.

Methodology. A specific methodology based on general calculation principles for railway vehicle components was 
used to assess the tank car boiler’s resistance to failure from repeated loads. Various scenarios simulating metal corro-
sion damage were examined: complete absence of corrosion; corrosion with a depth of up to one millimeter; corro-
sion with a depth of up to two millimeters; corrosion damage with a depth of up to three millimeters.

Findings. Based on the analysis, the depth and location of corrosion significantly impact the strength of a tank car 
boiler. These factors are critical when evaluating the reliability of the structural elements. Therefore, the degree and 
location of metal corrosion wear must be taken into account when determining the strength of the boiler.

Originality. The research revealed a direct relationship between changes in fatigue safety factors in the most 
stressed areas of a tank car boiler and the appearance and development of corrosion defects. The findings demonstrate 
the critical importance of the metal shell’s thickness for ensuring the structural reliability of the tank, particularly for 
wagons nearing the end of their service life. The proposed methodology allows for the evaluation of extending the 
service life of such tank cars by taking into account the level of corrosion damage.

Practical value. The study found that areas around the bottoms and manholes of the tank car boiler are critical zones 
for corrosion damage with a depth of three millimeters or more. This level of damage makes further operation of the 
boiler impossible. However, if corrosion is less deep (up to two millimeters), the boiler’s service life can be extended to 
thirty years. If there are no signs of corrosion, the service life can be extended by twelve years beyond the standard term, 
for a total possible service life of thirty-six years. Implementing these results will allow for more informed decisions re-
garding the extension of tank car service life and help prevent accidents related to worn-out rolling stock.

Keywords: transport mechanics, rolling stock, wagons, computer modeling, metal corrosion

Introduction. In the current context, the importance 
of uninterrupted rail transport of liquid cargo is beyond 
doubt. At the same time, the fleet of tank wagons in-
cludes many units with an expired service life. Extend-
ing their operational period and conducting various 
types of repairs necessitate scientific studies into the im-
pact of corrosive cargoes on the strength characteristics 
of structural elements.

However, the existing calculation methods for tank 
components are based on simplified models that do not 
account for operational specifics or interaction with ag-
gressive environments. As a result, reduced shell thick-

ness due to corrosion leads to significant weakening of 
the structure.

Inspections of tank wagons used for chemical cargo 
with extended operational periods have revealed consid-
erable corrosion damage to the load-bearing structure 
and body. These defects pose a direct threat to rolling 
stock safety and require detailed analysis. Special atten-
tion must be paid to evaluating how reduced metal 
thickness affects structural strength. A comprehensive 
study of critical areas is necessary to determine the re-
sidual service life. Corrosion of major components can 
reduce load-carrying capacity and increase operational 
risks. Forecasting the remaining service life of individual 
elements will support well-grounded decisions about 
further use of these wagons.
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Measures must be developed to improve safety, in-
cluding regular structural condition monitoring. Con-
sidering the level of corrosion wear will help prevent 
emergency situations. Additional material testing will 
enable more accurate strength assessments. A compre-
hensive diagnostic approach will allow continued opera-
tion with minimal risk.

Given the above, it is clear that assessing the fatigue 
strength of tank wagon boilers, taking into account the 
effect of corrosion, is a matter of high importance and 
relevance.

Literature review. In [1], the authors present scien-
tific developments related to the creation and use of a 
model for studying the perception and redistribution of 
loads by wagons using Y-25 bogies. The focus was main-
ly on the connecting elements.

Article [2] is devoted to the study of the dynamics of 
a freight wagon model with viscous damping, which is 
important for understanding its behavior during motion. 
The authors evaluated dynamic characteristics, taking 
into account the effects of viscous resistance. The results 
can be used to optimize wagon design and improve op-
erational safety. This research makes a valuable contri-
bution to railway transport, providing quantitative data 
for engineering decisions.

In [3], the dynamics of a rail vehicle are assessed in 
terms of running performance on a realistic track mod-
el. The authors analyze various parameters that affect 
movement stability and smoothness. The results im-
prove understanding of vehicle-track interaction and are 
important for the safety and comfort of passenger and 
freight transport.

Study [4] focuses on the analysis of lateral forces act-
ing on a specialized train transporting long rails, to assess 
the risk of derailment. The authors investigate the factors 
that could lead to dangerous lateral loads. These data are 
critical for developing preventive safety measures. The re-
search emphasizes the need to analyze the dynamics of 
specialized rolling stock to ensure railway transport safety.

In [5], new approaches to improving freight wagon 
components are proposed, including mathematical de-
scriptions and computer simulations.

Article [6] examines the evaluation and reduction of 
energy consumption in railway trains moving along 
straight track sections, using lighter freight wagons. The 
author analyzes how reducing wagon mass affects over-
all train energy consumption. The findings support the 
development of energy-efficiency strategies for rail 
transport. This study is relevant to sustainable develop-
ment and reducing environmental impact.

Scientific work [7] considers damage to wagons dur-
ing the final stages of their life cycle (corrosion, acci-
dents, impacts). The authors highlight the importance 
of launching R&D projects aimed at reducing and cor-
recting operational deformations.

In [8], the authors created an adequate computer 
model of the load-bearing system of a specialized wag-
on. However, applying this model to other types of wag-
ons requires further adaptation and tuning.

In [9], results of computer simulations assessing the 
strength of interacting rolling stock components are 
presented. However, a comprehensive study of the 
stress-strain state of the load-bearing structure was not 
carried out.

Study [10] provides experimental results on metro roll-
ing stock, focusing on energy efficiency. However, fatigue 
accumulation in structural modules was not examined.

In [11], the authors present research aimed at im-
proving traction processes in rolling stock. Load inter-
action was considered at fixed values, without analyzing 
the structural behavior in response to loads.

Paper [12] provides practical and scientific results for 
improving the performance of metal structures. How-
ever, there was limited attention to in-depth analysis of 
the stress-strain state.

Study [13] proposes a new approach to improving en-
ergy transfer processes among vehicle components. How-
ever, stress redistribution was not sufficiently addressed.

In [14], scientific results are presented on optimizing 
processes in the power module of a transport vehicle, 
with the main focus on increasing energy efficiency.

In [15], the authors scientifically justify promising 
directions for freight transport development. They em-
phasize the need to improve structural systems, particu-
larly by enhancing strength.

Study [16] seeks scientific and practical solutions for 
improving transport processes. One key aspect high-
lighted is the need to renew rolling stock fleets with 
next-generation models, requiring appropriate scientific 
and practical tools.

Article [17] presents the application results of an algo-
rithm developed by the authors, aimed at improving load 
perception based on materials science achievements.

In [18], improvements to structural elements of fly-
ing vehicles made of composites are proposed, includ-
ing a new structural-material composite. However, ap-
plying these findings to other transport modes requires 
additional in-depth research.

Study [19] outlines perspectives for the development 
of freight transport structures, highlighting the impor-
tance of using advanced materials science achievements.

Article [20] presents applied scientific solutions for 
improving the interaction of different transport types. 
However, stress redistribution by individual structural 
elements was not considered.

In publication [21], the authors offer a method for 
solving an urgent transport problem. However, the 
method focuses on improving power equipment charac-
teristics and does not account for the frame module.

Article [22] is devoted to determining the optimal 
loading of an improved tank container for rail transport. 
The authors analyze factors affecting the efficiency and 
safety of cargo transport in such containers. The results 
can inform operational guidelines. This research is vital 
for optimizing logistics processes in rail transport.

In [23], the authors assess the strength of an im-
proved tank container design under operating condi-
tions. They analyze stresses and deformations during 
transportation. The results confirm the reliability of the 
new design and support its further implementation. This 
work contributes significantly to the safe transport of 
hazardous cargo by rail.

Article [24] discusses improvements to the power 
loss model in pulsed-current traction motors of electric 
locomotives. The authors review existing models and 
propose a more accurate one, considering harmonic ef-
fects. The findings can optimize traction motor control 
systems and improve locomotive energy efficiency.
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In [25], a spectral analysis method for AC electric 
locomotive traction current is presented. The approach 
helps identify and analyze harmonic components, assess 
power quality, and detect potential issues. The results 
support diagnostics and efficiency improvements.

In [26], an improved model of an asynchronous 
traction motor is presented. The authors analyze elec-
tromagnetic processes and develop a more accurate 
mathematical model that includes nonlinear effects and 
magnetic core saturation. The model enables better pre-
diction of motor behavior in various operating modes. 
These findings aid in developing more reliable traction 
drive control systems.

Unsolved aspects of the problem. Excessive wear of 
the boiler is a key obstacle to extending the service life of 
tank wagons designed for transporting chemical sub-
stances. The primary cause of this phenomenon is the 
corrosive effect of aggressive chemical cargoes on the 
internal walls of the tank. Researchers and engineers 
must study how corrosion affects structural strength, 
particularly by analyzing changes in the boiler’s geome-
try. A crucial task is to identify zones where critical stress 
values arise, exceeding allowable limits. Such studies 
will allow for the evaluation of material fatigue under 
various degrees of corrosion damage. To achieve this, 
modern computer modeling methods can be applied.

The data obtained will make it possible to predict the 
remaining structural life. As a result, accidents can be 
prevented, and the period of safe operation optimized. 
Corrosion leads to localized weakening of the metal, 
which may cause structural failure. Therefore, it is nec-
essary to accurately determine the areas with the great-
est wear. Computer models can simulate boiler behavior 
under different levels of damage. This enables an assess-
ment of corrosion’s impact on the load-bearing capacity 
of the structure. Stress analysis helps identify potentially 
dangerous zones. Such calculations serve as the basis for 
deciding on boiler repair or replacement.

Ultimately, this contributes to improving the reli-
ability and durability of tank wagons.

Purpose. The purpose of this article is to present the 
results of the research aimed at determining the stress-
strain state of the tank wagon boiler shell and assessing 
its fatigue strength under different levels of corrosion 
wear, using computer modeling tools.

To achieve this goal, the following scientific and 
practical objectives were set and addressed:

-	to analyze existing developments on the subject 
matter;

-	to develop a methodology for carrying out the cal-
culations;

-	to create an adequate finite element calculation 
model of the tank wagon boiler;

-	to perform calculations using computer modeling 
tools;

-	to analyze the obtained results.
The fatigue strength calculation methodology for the 

tank wagon boiler is based on generalized approaches 
used for the components of wagons operating under 
constant dynamic loads. The main evaluation criterion 
for cyclic strength is the fatigue safety factor. The accu-
mulation of fatigue damage is calculated according to 
the linear damage summation hypothesis. It is assumed 
that corrosion wear of the boiler metal is uniformly dis-

tributed over its surface. Fatigue failure is considered to 
occur within the elastic deformation range.

Four calculation scenarios are considered in the 
analysis:

Option 1 – Ideal condition with no corrosion damage.
Option 2 – Corrosion depth up to 1 mm.
Option 3 – Corrosion wear depth up to 2 mm.
Option 4 – Significant corrosion damage up to 3 mm.
This research enables evaluation of how corrosion 

depth affects the fatigue strength of the structure. The lin-
ear damage summation hypothesis allows for predicting 
the boiler’s service life under various wear conditions. As-
suming uniform corrosion simplifies calculations, although 
in real conditions wear may be non-uniform. The elastic 
deformation analysis identifies critical stress zones without 
considering plastic deformations. Comparative analysis of 
the scenarios makes it possible to establish a relationship 
between corrosion depth and fatigue strength reduction.

Presentation of the main material and description of 
the software and mathematical tools. Development of the 
calculation model of the tank wagon boiler. The develop-
ment of the calculation model of the tank wagon boiler 
was carried out using a modern engineering software 
suite. The model was based on design and technological 
documentation for a standard reference structure.

The calculation model includes the geometric param-
eters of the investigated object. It accounts for the mass-
inertia characteristics of the boiler when fully loaded, in 
accordance with the design documentation standards. 
The physical and mechanical properties of the boiler ma-
terial were also integrated into the computational scheme. 
The thickness of individual structural elements was speci-
fied based on the degree of their corrosion wear. The mod-
el makes it possible to assess how corrosion affects the 
load-bearing capacity of the boiler walls. Accounting for 
variable metal thickness improves the accuracy of strength 
predictions. The calculated parameters correspond to the 
operating conditions of the tank wagon. The stress-strain 
analysis considers the actual technical condition of the 
boiler. Modeling also accounts for the interaction between 
individual structural elements under load. The obtained 
results allow for the estimation of the boiler’s residual ser-
vice life, taking material degradation into account.

The boiler model is implemented using three-di-
mensional solid finite elements of the tetrahedral type. 
Each node in the model has six degrees of freedom, 
which allows for all possible displacements and defor-
mations to be considered. The boundary surfaces of the 
elements are described using parabolic functions to in-
crease modeling accuracy. The geometry of joints be-
tween shell plates and the end caps is detailed. Shaped 
brackets and saddle supports are modeled as simplified 
elements that constrain the boiler’s position. These ele-
ments restrict the boiler’s movement in the longitudi-
nal, transverse, and vertical directions.

The computational mesh contains 540,440 finite el-
ements and 1,015,310 nodes. The maximum element 
size is 48 mm, ensuring efficient computation. The min-
imum element size is 8 mm, allowing precise represen-
tation of critical zones. The mesh gradient has a refine-
ment factor of 1.4, ensuring smooth transitions between 
zones of varying detail. The use of tetrahedral elements 
makes it possible to effectively model the complex ge-
ometry of the boiler. Parabolic surface approximation 
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improves the accuracy of stress-strain state calculations. 
Detailed modeling of plate joints provides more accu-
rate estimates of local stresses in these zones. The sim-
plified representation of attachments maintains model 
adequacy while reducing computational load.

The mesh density is optimized to balance result ac-
curacy with computational efficiency.

The calculation scheme of the tank boiler under the 
action of longitudinal impact force is shown in Fig. 1.

Calculations performed. According to the existing 
methodology [8–10], the calculated strength limits were 
determined for the control zones of the boiler. Manhole 
area: 48.2 MPa. Shaped brackets: 41.72 MPa. Saddle 
supports: 123.92 MPa. End caps: 92.92 MPa.

The formula for determining the stress amplitude 
under vertical dynamic forces is

	 s = s ⋅, ,I
a i st dk 	 (1)

where s , I
a i  is stress amplitude (dynamic level); sst is stat-

ic stress calculated from permanent loads (e.g., cargo 
weight, internal pressure); kd is the dynamic coefficient 
depending on the load type and natural frequencies of 
the structure.

The dynamic coefficient in the i th velocity range is 
defined as

	 ( )
=
b π −

4 1ln ,
1

d
d

d

k
k

P k
	 (2)

where dk  is average probable value of the vertical dy-
namic coefficient; b is a distribution parameter (dimen-
sionless), b = 1.13; P (kd) is random function with a 
probabilistic distribution, P (kd) = 0.97.

General notes include:
1)	 the dynamic coefficient accounts for:
2)	 resonance (if the load frequency is close to the 

natural frequency of the boiler);
3)	 impulse shape (impact, vibration, pressure pulsa-

tion, etc.);
4)	 static stress is calculated using classical strength 

of materials formulas:
-	for internal pressure: ⋅

s =
2st

p D
t

 (for thin-walled 
cylinders);

-	for cargo weight: ⋅
s =st

m g
A

 (A is the area).
Additional factors are as follows:
-	for greater accuracy, material damping and non-

linear deformation can be included;
-	in case of impact loads (e.g., longitudinal forces 

during coupling), impact theory or simulation is used.
The authors performed a series of studies to determine 

the amplitude levels of stress in the i th interval of Mode 
I for options 1–4 using formula (1). As an example, the 
results for Option 3 (2 mm corrosion) are shown below.

Using the known values for the total number of dy-
namic stress cycles from vertical dynamic forces, the com-
ponent values of dynamic stress amplitudes in a conven-
tional symmetric cycle during impact interaction of the 
tank wagon are determined using the following formula

	
=

s = s ⋅∑, ,
10
( ) ,

nI
cI I m Ima e a i i

i

N
p

N
	 (3)

where I
cN  is the total number of cycles of longitudinal 

forces transmitted through the coupler over the calculated 
service period; N0 is an amplitude stress level in the ith in-
terval; m is exponent in the fatigue curve equation; pi is 
probability of occurrence of amplitude in the i th interval.

As an example, Table 2 provides the results for Op-
tion 3 (corrosion depth of 2 mm)

The amplitude levels of stress due to the impact in-
teraction of the tank wagon with adjacent wagons in the 
i th interval are interrelated with equivalent stresses in the 
examined areas. These are defined by the computational 
scheme (Fig. 1) and are illustrated in Figs. 2–4 as ex-
amples for Option 3 (corrosion depth = 2 mm).

Maximum equivalent stresses in the most loaded 
boiler areas. The maximum values of equivalent stresses 
in the most stressed regions of the tank wagon boiler are 
listed below: Variant 1 (no corrosion): Manhole area: 
121 MPa. Bracket area: 86 MPa. Saddle area: 123 MPa. 

Fig. 1. Calculation scheme of the tank wagon for analyz-
ing the stress-strain state under longitudinal impact 
force:
1 – Internal pressure in the boiler; 2 – Cargo weight; 3 – 
Longitudinal impact load; 4 – Gravitational acceleration; 
5 – Boiler fixation on supporting elements

Table 1
Calculated stress amplitude levels for Option 3

Speed 
Interval, 

m/s

Vertical 
Dynamic 

Coefficient kd

The level of stress amplitudes 
in the i th interval for the i th 

mode, MPa

s , 1
I
a i s , 2

I
a i s , 3

I
a i s , 4

I
a i

M
an

ho
le

Br
ac

ke
ts

Sa
dd

le

En
d 

C
ap

s

0‒12.5 0.039 1.28 1.01 4.17 3.63
12.5‒15.0 0.086 2.82 2.23 9.17 7.98
15.0‒17.5 0.110 3.63 2.87 11.80 10.28
17.5‒20.0 0.144 4.73 3.75 15.41 13.41
20.0‒22.5 0.178 5.84 4.63 19.01 16.55
22.5‒25.0 0.211 6.95 5.51 22.61 19.69
25.0‒27.5 0.245 8.05 6.39 26.22 22.83
275‒30.0 0.279 9.16 7.27 29.82 25.96
30.0‒32.5 0.312 10.2 8.15 33.42 29.10
32.5‒35.0 0.346 11.3 9.02 37.02 32.24
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End cap area: 152 MPa. Variant 2 (corrosion depth up to 
1 mm): Manhole area: 126 MPa. Bracket area: 93 MPa. 
Saddle area: 135 MPa. End cap area: 170 MPa. Variant 3 
(corrosion depth up to 2 mm): Manhole area: 144 MPa. 
Bracket area: 98 MPa. Saddle area: 149 MPa. End cap 
area: 186 MPa. Variant 4 (corrosion depth up to 3 mm): 

Manhole area: 156 MPa. Bracket area: 119 MPa. Saddle 
area: 167 MPa. End cap area: 210 MPa. Formula for the 
total number of longitudinal load cycles on the coupler 
over the service life. The total number of longitudinal 
force cycles acting on the automatic coupler over the 
calculated service life is determined using the formula

	 = ⋅ ,II
c p KN N T 	 (4)

where Np is the annual number of impact loads on the 
coupler, according to references [8‒10], Np = 20.197;TK 
is duration of the considered service period in years

Table 3 presents the annual distribution of longitudi-
nal impact forces depending on cycle amplitude and fre-
quency.

Table 4 presents calculated amplitude stress levels in 
Mode II for Variant 3 (corrosion depth 2 mm).

Table 5 shows the dependency of the total number of 
longitudinal load cycles on the extended service life of 
the tank wagon, including up to 1.5 times the normative 
period (24–36 years).

The calculated values of the fatigue safety factor for 
the tank wagon boiler were determined under opera-

Table 2
Calculated amplitude components of dynamic stress for a conventional symmetric cycle during impact interaction 

(Option 3)

Interval No.

The level of stress amplitudes in the i th interval for the i th mode, MPa

s ⋅, 1( )I m I
a i ip s ⋅, 2( )I m I

a i ip s ⋅, 3( )I m I
a i ip s ⋅, 4( )I m I

a i ip

Manhole Area Bracket Area Saddle Area End Cap Area
1 0.216 0.085 24.187 13.901
2 10.746 4.256 1,204.005 692.002
3 38.184 15.124 427.429 2,459.029
4 151.056 59.830 16,925.355 9,727.854
5 210.000 83.176 23,529.926 13,523.833
6 116.771 46.250 13,083.906 7,519.979
7 0 0 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0

=

s ⋅∑ ,
1
( )

n
I m I
a i i

i
p 526.973 208.721 59,045.807 33,936.599

Fig. 2. Stress field distribution in the tank boiler under a 
longitudinal impact force of 3.8 MN with 2 mm corro-
sion depth

Fig. 3. Displacement distribution of the tank boiler walls 
under 3.8 MN longitudinal dynamic load with 2 mm 
corrosion loss

Fig. 4. Strain distribution of the tank shell under 3.8 MN 
longitudinal dynamic load with 2 mm wall thickness 
reduction
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To illustrate the research results, graphical depen-
dencies are presented below for Variant 3.

These figures reflect the influence of operating speed 
and time on the decline of fatigue strength, even in the 
absence of corrosion. In subsequent scenarios (Vari-
ant 3), the influence of corrosion is overlaid onto these 
baseline curves.

Discussion of the obtained results. The analysis of the 
fatigue strength results for the tank wagon boiler allowed 
the following conclusions to be drawn:

Variant 1 (No Corrosion):
At speeds of 90, 100, and 120 km/h, the fatigue safe-

ty factors remain within acceptable limits over the full 
24–36 year service range. The boiler structure demon-
strates stability under dynamic loads in all control areas.

Variant 2 (Corrosion up to 1 mm):
Compared to Variant 1, a decrease in the fatigue 

safety factor by 8–11 % is observed across all speed 
ranges (90–120 km/h). These values still do not reach 
critical thresholds even with 1.5 times the normative ser-
vice life. The structure remains safe, although corrosion 
effects are already noticeable.

Variant 3 (Corrosion up to 2 mm):
After 34 years of operation at 90–100 km/h, the fa-

tigue safety factor in the manhole area approaches the al-
lowable limit. At 30 years and 120 km/h, critical values are 
reached in the manhole and end cap areas. The brackets 
and saddle supports remain within safe operating limits. 
There is a risk of failure in the most heavily loaded zones.

Variant 4 (Corrosion up to 3 mm):
Manhole area: Reaches critical condition after only 

26 years at 90 km/h.

Table 3
Distribution of longitudinal impact forces

Distribution of 
longitudinal 

impact forces, 
MN

Cycle
amplitude, 

MN

Frequency of 
amplitudes

Number 
of cycles 
per year

y
aiF II

ip Np

0.1–0.4 0.25 0.1258 2,539
0.4–0.8 0.6 0.2852 5,761
0.8–1.2 1 0.2802 5,661
1.2–1.6 1.4 0.1832 3,699
1.6–2.0 1.8 0.0772 1,554
2.0–2.4 2.2 0.0359 725
2.4–2.8 2.6 0.0098 202
2.8–3.2 3 0.0023 48
3.2–3.6 3.4 0.0003 6
3.6–4.0 3.8 0.0001 2
Total: 1 20,197

Table 4
Calculated Amplitude Stress Levels for Mode II 

(Variant 3)

Interval 
No.

Manhole 
area, MPa

Bracket 
area, MPa

Saddle 
area, MPa

End cap 
area, MPa

s , 1
II
a i s , 2

II
a i s , 3

II
a i s , 4

II
a i

1 9.474 6.421 9.803 12.237
2 22.737 15.411 23.526 29.368
3 37.895 25.684 39.211 48.947
4 53.053 35.958 54.895 68.526
5 68.211 46.232 70.579 88.105
6 83.368 56.505 86.263 107.684
7 98.526 66.779 101.947 127.263
8 113.684 77.053 117.632 146.842
9 128.842 87.326 133.316 166.421
10 144.0 97.60 149.0 186.0

Table 5
Dependence of total number of longitudinal load cycles 

on extended service life

,II
cN  Total number of 

cycles 48
4,

72
8

52
5,

12
2

56
5,

51
6

60
5,

91
0

64
6,

30
4

68
6,

69
8

72
7,

09
2

TK, Service life (years) 24 26 28 30 32 34 36

tional conditions involving variable wall thickness. The 
research covers an extended service period, up to 
1.5 times the normative service life (24–36 years) for all 
analyzed Variants 1–4, reflecting different levels of ma-
terial degradation.

The modeling took into account the probabilistic 
nature of loads depending on the train’s speed. The ob-
tained data were systematized to evaluate the long-term 
effect of operation on the boiler’s load-bearing capacity.

Fig. 5. Graph of fatigue safety factor vs. service life for the 
boiler (Speed = 90 km/h, no corrosion, Variant 3)

Fig. 6. Graph of fatigue safety factor vs. service life for the 
boiler (Speed = 100 km/h, no corrosion, Variant 3

Fig. 7. Graph of fatigue safety factor vs. service life for the 
boiler (Speed = 120 km/h, no corrosion, Variant 3)
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The approach combines computer simulations and 
real-world tests, providing an objective evaluation of the 
structural condition. The results support reasoned deci-
sions on the permissible duration of extended operation.

The method is especially effective for tanks trans-
porting aggressive substances. The evaluation criteria 
account for both general wear and localized defects. Ap-
plying this method can prevent premature decommis-
sioning of structurally sound wagons and inform the 
development of new safety standards.
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End caps: Structural strength falls below safe levels 
after 30 years at 100 km/h.

Brackets: Exceed safe limits after 34 years at 120 km/h.
The structure loses integrity across all main ele-

ments, requiring immediate repair or replacement.
Key conclusions. Corrosion significantly reduces the 

structural lifespan of the boiler, especially in the man-
hole and end cap areas.

When corrosion exceeds 2 mm, critical conditions 
may arise before the normative service life ends.

Increased operating speeds accelerate fatigue failure.
Brackets and saddle supports exhibit greater strength 

reserves than the boiler’s main elements.
To extend service life, anti-corrosion measures and 

regular condition monitoring are essential.
The findings support the need for preventive mainte-

nance and speed restrictions on tanks with significant 
corrosion wear.

General conclusions. The diagnostics revealed signifi-
cant corrosion of the load-bearing system in chemical 
tank wagons that have exceeded their normative service 
life. This necessitates: Evaluation of residual structural 
strength; Calculation of ultimate service life; Develop-
ment of technical solutions for extending safe operation.

Both directions emphasize: The seriousness of cor-
rosion-related defects; The direct threat to operational 
safety; The need for urgent engineering actions.

This paper presents the results of a stress-strain state 
analysis of the tank boiler using SolidWorks. The theo-
retical analysis confirmed that the depth and location of 
corrosion significantly influence structural strength. 
The most dangerous zones under corrosion damage ex-
ceeding 3 mm were identified as the end caps and man-
holes. Corrosion of 3 mm or more renders further op-
eration of the boiler unsafe.

With corrosion up to 2 mm, the maximum service life 
is approximately 30 years. If no corrosion is present, ser-
vice life may be extended by an additional 12 years, result-
ing in a total of 36 years. The SolidWorks simulation sys-
tem effectively identified critical stress zones. The results 
highlight the necessity of regular metal condition moni-
toring, with particular attention to end caps and manholes.

The study revealed a clear relationship between re-
duced wall thickness due to corrosion and the decrease 
in the fatigue safety factor. Corrosion has the most criti-
cal impact on highly stressed zones of the tank boiler. 
Metal thickness is a key parameter when assessing the 
structure’s remaining life. The proposed methodology 
allows for accurate prediction of safe operating limits. 
For tank wagons beyond their nominal service life, cor-
rosion monitoring is especially critical. Chemical car-
goes accelerate the corrosion process.

The established patterns provide a basis for justified 
service life extension. A systematic approach to condi-
tion assessment helps prevent accidents. The methodol-
ogy accounts for the individual wear characteristics of 
each tank. The findings can serve as a basis for updating 
safety regulations.

The proposed method enables residual life assess-
ment of tank wagon boilers after the normative period 
ends. By factoring in corrosion wear and stress concen-
tration, the method forecasts safe continued use. Analy-
sis of the most loaded structural areas is crucial for de-
termining fitness for further use.
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Мета. Визначення напружено-деформованого 
стану оболонки котла вагона-цистерни та оцінки її 
втомної міцності при виникненні різного рівня ко-
розійного зносу засобами комп’ютерного моделю-
вання.

Методика. Для оцінки стійкості до руйнування 
від багаторазових навантажень котла вагона-цис-
терни застосовувалася спеціальна методика. Вона 
базується на загальних принципах розрахунку, 
що використовуються для вузлів і деталей заліз-
ничних вагонів. Розглядалися різні сценарії, що 
імітують корозійні пошкодження металу: повна 
відсутність корозії, наявність корозії глибиною 
до одного міліметра, корозія глибиною до двох 
міліметрів і корозійне пошкодження глибиною до 
трьох міліметрів.

Результати. Результати проведеного аналізу 
вказують на значний вплив глибини корозійного 
ураження та його розташування на міцність котла 
вагона-цистерни. Ці фактори є критично важливи-
ми при оцінюванні надійності елементів конструк-
ції. Отже, при визначенні міцності необхідно 
обов’язково враховувати ступінь і місце корозійно-
го зносу металу.

Наукова новизна. Проведене дослідження вия-
вило наукові залежності зміни коефіцієнтів запасу 
міцності щодо втоми в найбільш навантажених 
зонах котла вагона-цистерни. Ці зміни безпосе-
редньо пов’язані з появою й розвитком корозій-
них дефектів. Отримані закономірності чітко де-
монструють важливість товщини металевої обо-
лонки для забезпечення надійності конструкції. 
Особливо це актуально для вагонів, термін екс-
плуатації яких добігає кінця. Запропонована ме-
тодика дозволяє оцінити можливість подальшого 
використання таких цистерн зі збільшеним термі-
ном служби, ураховуючи рівень корозійних по-
шкоджень.

Практична значимість. Дослідження виявили, 
що критичними зонами при корозійному руйну-
ванні глибиною від трьох міліметрів є ділянки 
днищ і люка котла вагона-цистерни. Пошкоджен-
ня такого рівня роблять подальшу експлуатацію 
котла неможливою. Водночас, при виникненні 
корозії з меншою глибиною, до двох міліметрів, 
граничний термін служби котла може сягати трид-
цяти років. За умови відсутності будь-яких ознак 
корозії, термін експлуатації може бути значно по-
довжений. Зокрема, його можна збільшити на два-
надцять років понад встановлений термін. Таким 
чином, загальний можливий термін служби стано-
витиме тридцять шість років. Упровадження цих 
результатів дозволить більш обґрунтовано при-
ймати рішення щодо продовження терміну служ-
би вагонів-цистерн і допоможе запобігти виник-
ненню аварійних ситуацій, пов’язаних зі зноше-
ністю рухомого складу.

Ключові слова: транспортна механіка, рухомий 
склад, вагони, комп’ютерне моделювання, корозія ме-
талу
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