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Comparative analysis of damages and defects in rails of different railway transport
systems

This article provides an analysis of the accumulation of detected damages and defects in the rails of
two transportation systems - urban (metro) and mainline railway transport. Summarizing the analysis
conducted, it should be noted that defects according to figures 10 and 11 are more often encountered
on the tracks of the Kyiv Metro. At the same time, defects according to figure 27 are more often
encountered on the tracks of the mainline railway transport, and it is also worth noting a wider range
of defects, the share of which does not exceed 5%. According to the authors, this is related to the
peculiarities of the conditions for operating transportation systems, particularly the load on the axle of
the moving equipment, the movement characteristics, and other operational parameters. In order to
make more accurate conclusions, it is necessary to perform a number of works using mathematical
modeling methods to take into account the influence of individual parameters on the accumulation of
defects and damages in rails.

Keywords: rolling stock, transport system, wheel pair, rail, railway track, defect, damage, fatigue,
cracking.

Introduction. One of the most common types of transportation in every country in the world is rail
transport. This type of transport provides passenger transportation in large cities, intercity and
international connections. A significant share of freight transportation falls precisely on rail transport
[1]. To ensure the transportation process, the railway transport system must provide uninterrupted and
safe train traffic. The railway infrastructure is a significant part of the railway transport system, and the
organization of a safe and timely transportation process depends largely on its technical condition [2,
3]

The interaction of the rolling stock and the railway track (the weight of the wagon, the speed of
movement, the intensity of the applied loads), the influence of natural factors - air temperature (frost
causes cracks in the railway track, heat - track buckling, primarily in continuous welded rail),
precipitation (rain, snow melting lead to washouts or moistening of the ballast layer), and human factors
(untimely or poor elimination of malfunctions that arose during operation) have a significant impact on
the speed of appearance of damage and defects in the elements of the railway track and rolling stock.

To ensure the safety of trains traveling at established speeds, periodic monitoring of the condition of
railway infrastructure is carried out. One of the components of the system for ensuring the trouble-free
operation of railway infrastructure is the technical diagnostics of rails using a complex of non-
destructive testing methods. The management of the lifecycle of rails plays an important role in
optimizing the overall costs of railway infrastructure and includes the optimal selection of rail types, rail
diagnostics, and maintenance. This article analyzes the accumulation of detected damages and defects
in the rails of two transportation systems - urban (metro) and mainline railways.
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Analysis of recent research and problem statement. During operation, the condition of rails
gradually deteriorates and their load-bearing capacity decreases, which leads to the need for individual
or overall replacement of rails due to defects formation in them.

Management of damages and defects in rails during rolling contact is of crucial importance for
transport safety worldwide, as uncontrolled development of these defects can cause railway accidents,
including derailments.

A large number of scientific papers and research projects have been published that consider railway
defects from the aspects of metallurgy, testing methods, railway infrastructure, and transport means [6,
7, 8].

The article [9] provides a critical analysis of the classification of rail defects. The general system of
classification of defects in the main transportation system based on their localization, causes, and
external appearance was considered. Special attention was paid to the correspondence of the names and
code numbers of rail defects used in EN standards and UIC recommendations. In addition,
recommendations were presented for improving the coding system based on experience with defects in
the Serbian main transportation system.

The authors proposed a database of rail defects, which should consist of defect photographs,
information about the localization of defects, methods of detecting and classifying rail defects.
Fragments of information contained in the database should be used for planning maintenance activities.
To ensure effective management of rail defects, it is necessary to consolidate data on the design of each
structural element of the track superstructure. The collected data on rail defects and the conditions of
maintenance of the railway transportation system should be prepared for planning comprehensive
maintenance of the railway infrastructure, which allows coordinating structural units responsible for
maintaining the railway infrastructure.

An important factor that affects the speed of defect formation and growth is the stress-strain state of
the structural element being considered. Therefore, it is advisable to use mathematical modeling
methods [10, 11, 12], which make it possible to estimate the stress-strain state of the structure for the
real geometry of the wheel and rail.

To ensure the rapid detection of defects and the determination of priority work on their localization
or timely replacement of defective rails, so as not to allow emergency situations in operation and to
improve the reporting system on defects and damages for their research and analysis in the development
of specific measures to increase the operational work of rails, a catalog of defects and damages of
railway rails of Ukraine [13] has been developed and put into operation.

In curved sections of the railway track, additional forces of interaction with the moving rolling stock
arise [14], which leads to an increase in stresses and strains in rails and as a result to the acceleration of
defect formation and growth in rails.

To form a technical plan for servicing the railway infrastructure of various railway transport systems,
the manager should have information on the types and patterns of accumulation of damages and defects
in rails depending on the type of rolling stock and operating conditions.

The purpose and tasks of the study. The aim of the work is to establish regularities in the
appearance of damages and defects in rails when interacting with various types of rolling stock and
operating conditions. Establishing the main operational, design, and technological reasons for their
appearance.

Tasks:

- conducting a statistical analysis of the appearance of damages and defects in rails in railway
transport systems with different operating conditions;

- establishing the causes of damages and defects in rails depending on the design features of the
rolling stock running gear and train operation modes.

Materials and methods of research. To compare the influence of rolling stock and operating
conditions, rail defect data from the Kyiv Metro and mainline railway transport were analyzed. These
data were obtained during periodic diagnostic measures of non-destructive rail testing.
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When analyzing the operating parameters of these transport systems, it should be noted that the
maximum axle load on the Kyiv Metro tracks is set at 150 kN, while the maximum allowable axle
load for rolling stock on mainline railway tracks is 250 kN [15].

The operating conditions on the Kyiv Metro tracks are characterized by passenger rolling stock
only, short interstation distances with a large number of accelerations and decelerations.

In turn, the operating conditions of mainline railway transport are characterized by a mixed traffic
of passenger and freight trains with a higher average axle load.

We should also note that most of the operating sections of the Kyiv metro are located in tunnels,
which ensures consistent operating conditions, ambient temperatures, and the absence of the influence
of atmospheric phenomena such as rain, snow, wind, etc.

Data on detected defects on the rails of the Kyiv metro over five years of operation and on the
tracks of the mainline railway over two years of operation were analyzed. The entire sample of data
on detected defects was sorted by their code. We will analyze the detected defects separately for each
year of the study, first for the tracks of the Kyiv metro, and then for the tracks of the mainline transport.

Figure 1 shows the distribution of defect codes detected in the rails of the Kyiv metro in the first
year of the study.
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Fig.1. Statistical distribution of detected defects in the rails of the Kyiv metro in the first
year of the study

As can be seen from the figure, the largest number (26%) is represented by defects with code 11.
Slightly less defects were detected with codes 69 (20%) and 30H (19%). The number of defects with
code 21 was 13%, and with code 17 - 11%.

Figure 2 shows the distribution of defect codes detected in the rails of the Kyiv metro in the second
year of the study.

As can be seen from the diagram, the percentage of defects under codes 11 and 17 increased to
32%. The percentage of defects under code 21 was 11%, while defects under codes 30H and 19 were
7% and defects under code 69 were 6%. It should be noted that there were no defects under code 19
detected in the previous year.
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Fig.2. Statistical distribution of detected defects in the rails of the Kyiv metro in the second
year of the study

Figure 3 shows the statistical distribution of defects detected in the rails of the Kyiv metro on the
third year of research.
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Fig.3. Statistical distribution of detected defects in the rails of the Kyiv metro on the third
year of the study

On the third year of research, the percentage of defects detected under code 11 increased to 43%.
The percentage of defects under code 17 also increased to 21%. The percentage of defects under code
30H was 10%. The number of defects under code 27 increased. While there were no defects under
this code in the first and second years of research, their percentage of the total defects detected in the
third year was 8%. Unlike the previous year, no defects under code 19 were detected. The percentage
of defects under code 69 was 5%. Unlike the two previous years, defects under code 99 were detected,
although their percentage was only 2%.
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Figure 4 shows the statistical distribution of defects detected in the rails of the Kyiv metro on the
fourth year of research.
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Fig.4. Statistical distribution of detected defects in the rails of the Kyiv metro on the fourth
year of the study
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Fig.5. Statistical distribution of detected defects in the rails of the Kyiv metro on the fifth
year of the study

The percentage of defects coded as 17 was 45%, 33% for code 11, and 14% for code 30H. No
defects were found this year for codes 19 and 99.

Figure 5 shows the statistical distribution of defects detected in the Kiev Metro on the fifth year of
research.

The highest proportion of defects were coded as 11, accounting for 48%. Defects coded as 17
accounted for 14%, 21 accounted for 13%, and 30H accounted for 13%.
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Figure 6 shows the statistical distribution of defects detected on the mainline railway tracks in the
first year of research.
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Fig.6. Statistical distribution of detected defects in rails of the mainline railway transport in
the first year of the study
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Fig.7. Statistical distribution of detected defects in rails of the mainline railway transport in
the second year of the study

The highest number of defects were coded as 17, accounting for 42%, followed by 27 at 32%, 19
at 6%, 52 and 53 at 5.2%, and 30H at 4.4%. Figure 7 shows the statistical distribution of defects
detected on the mainline railway tracks in the second year of research.

As shown in the diagram, the highest number of defects this year were coded as 17, at 27.4%. The
number of defects coded as 27 sharply increased to 26.6%. The number of defects coded as 30H also
increased to 10.7%. The proportion of defects coded as 44 accounted for 6.5%, while the proportion
of defects coded as 52 and 53 decreased to 2.4%.
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In summary of the analysis conducted, it can be noted that defects depicted in figures 10 and 11 are
more common on the tracks of the Kyiv metro. Meanwhile, on the tracks of the main railway transport,
defects depicted in figure 27 are more frequent, and a wider range of defects was observed, with none
exceeding 5% frequency.

Conclusions. The dependence of the appearance of various types of damages and defects in rails on
the design characteristics of the running gear of rolling stock and the operating conditions has been
confirmed:

- on tracks within the urban transportation system, specifically in the metro, the more prevalent
damages and defects include metal spalling or shelling on the rail head surface (constituting 26-48% of
such defects). This is due to lower axle loads (150 kN) and a constant acceleration-braking regime
between stations due to shorter distances;

- on mainline railway tracks, the following defects are more intensively observed: transverse cracks
in the rail head with fractures across them, horizontal "H" and vertical V" cracks in the rail head. This
may be attributed to higher axle loads (up to 250 kN), maximum train speeds of 160 km/h, and train
weights reaching 8000 tons.

The results of the conducted statistical analysis regarding the accumulation of rail defects and
damages in the two transportation systems can be used for further scientific research in predicting the
occurrence of rail defects under different operating conditions in both urban and mainline rail transport.
These results should also be taken into account when developing technical, technological, and structural
measures for their prevention.

To extend the service life of rails, an individual approach is necessary for the track maintenance
system of each transportation system, considering its specific operating conditions.

Conducting scientific research using modern methods of computer modeling of the interaction
between rolling stock and rail tracks in different transportation systems, taking into account the
individual parameters of the wheel-rail system, will allow for determining the influence of structural
and operational factors on the accumulation of defects and damages in rails.

REFERENCES

1. Popovié, Z., & Lazarevi¢, L. (2013). The role of railway in the european transport policy. lzgradnja, 67(7), 285-291.
Retrieved from www.scopus.com.

2. Popovi¢, Z., Lazarevié, L., Brajovi¢, L. J., & Gladovi¢, P. (2014). Managing rail service life. Metalurgija, 53(4), 721-
724. Retrieved from www.scopus.com.

3. Popovié, Z., Lazarevié, L., Brajovi¢, L., Mi¢i¢, M., & Mirkovi¢, N. (2020). Improvement recommendations for railway
infrastructure  maintenance. In  E3S Web of Conferences (Vol. 157, p. 01001). EDP  Sciences.
https://doi.org/10.1051/e3sconf/202015701001.

4. Micic, M., Brajovic, L., Lazarevic, L., & Popovic, Z. (2023). Inspection of RCF rail defects—review of NDT methods.
Mech. Syst. Signal, 182, 109568. https://doi.org/10.1016/j.ymssp.2022.109568.

5. Danylenko, E. I., Kosarchuk, V. V., Karpov M. I. ta in. (2014). Vyznachennia umov ekspluatatsii reiok na koliiakh
Kyivskoho metropolitenu [Determination of the conditions of operation of rails on the tracks of the Kyiv metro] / Ye. I.
Danylenko, V. V. Kosarchuk, Kyiv, Derzhavnyi ekonomiko-tekhnolohichnyi universytet transportu. [in Ukrainian].

6. Tao, H., & Zhang, P. (2022). Characterization and mitigation of wheel-rail impact at a singular rail defect.Journal of
Vibration and Control, 10775463221122111.. https://doi.org/10.1177/10775463221122111.

7. Kou, L. (2022). A review of research on detection and evaluation of the rail surface defects. Acta Polytech. Hung, 19,
167-186. https://doi.org/10.12700/APH.19.3.2022.3.14.

8. Murakami, Y., Takagi, T., Wada, K., & Matsunaga, H. (2021). Essential structure of S-N curve: Prediction of fatigue
life and fatigue limit of defective materials and nature of scatter. International Journal of Fatigue, 146, 106138]
https://doi.org/10.1016/j.ijfatigue.2020.106138.

9. Popovic, Z., Lazarevic, L., Micic, M., & Brajovic, L. (2022). Critical analysis of RCF rail defects classification.
Transport. Res. Proc., 63, 2550-2561. https://doi.org/10.1016/j.trpr0.2022.06.294.

10. Kosarchuk, V.V., Danilenko, E.I. & Agarkov, A.V. (2020). Effect of Railcar Wheel Tire Profiles on the Contact Stress
Level in Subway Rails. Strength Mater, 52, 398-406. https://doi.org/10.1007/s11223-020-00190-x.

11. Marques, F., Magalhies, H., Pombo, J., Ambrosio, J., & Flores, P. (2016). A three-dimensional approach for contact
detection betweenrealistic wheel and rail surfaces for improved railway dynamic analysis. Mech. Mach. Theory, 149, 1-28.

12. Sadeghi, J., Khajehdezfuly, A., Esmaeili, M., & Poorveis, D. (2016). Investigation of rail irregularity effects on
wheel/rail dynamic force in slab track: comparison of two and three dimensional models. Journal of Sound and Vibration, 374,
228-244. https://doi.org/10.1016/j.jsv.2016.03.033.

52


https://doi.org/10.1051/e3sconf/202015701001
https://doi.org/10.1016/j.ymssp.2022.109568
https://doi.org/10.1177/10775463221122111
https://doi.org/10.12700/APH.19.3.2022.3.14
https://doi.org/10.1016/j.ijfatigue.2020.106138
https://doi.org/10.1016/j.trpro.2022.06.294
https://doi.org/10.1007/s11223-020-00190-x
https://doi.org/10.1016/j.jsv.2016.03.033

e-ISSN 2617-9059 Transport Systems and Technologies, 41, 2023

13. Klasyfikatsiia ta kataloh defektiv i poshkodzhen elementiv strilochnykh perevodiv Ukrainy [Tekst]. (2013). TsP-0285;
K.: Vydavnytstvo TOV «Inpresy», 196 p. [in Ukrainian].

14. Tverdomed, V. M., Voznenko, A. D., & Boiko, V. D. (2016), Rozrakhunok poperechnykh horyzontalnykh syl u
kryvykh diliankakh reikovoi kolii [Calculation of cross horizontal forces in the curved sections of railway tracks]. Zbirnyk
naukovykh prats Derzhavnoho ekonomiko-tekhnolohichnoho universytetu transportu. Seriia: Transportni systemy i
tekhnolohii, 29, 134-142. [in Ukrainian].

15. DBN V.2.3-19-2018 Sporudy transportu. Zaliznytsi kolii 1520 mm. Normy proektuvannia. [in Ukrainian].

Onexcanop Azapkoe*', Bonooumup Teepoomeo?

ouent, Kadenpa TeoperwuHoi Ta NpuKIanHoi MexaHiku, JlepkaBHUI YHiBEPCHTET iH(pPacTPyKTypu Ta
TexHouori#, By, Kupunisceka, 9, M. Kuis, 04071, Vkpaina, ORCID:_https://orcid.org/0000-0001-8250-6280

2Jlouenrt, Kadenpa 3anizHu4HOT KOJIii Ta KOJIIHHOTO rocroapcTsa, JlepkaBHuil yHIBEpCUTET iHPPACTPYKTYpH
Ta TeXHOJOriH, By, Kupuisceka, 9, M. Kuis, 04071, Ykpaina, ORCID:_https://orcid.org/0000-0002-0695-1304

IMopiBHAILHUIT aHAJI3 MOIKOIXKEHb i JedeKkTIiB B peiikax pi3HUX 3aTI3HUYHUX
TPAHCIIOPTHUX CHCTEM

Y cmammi nposedeno ananiz HakonuuenHs BUAGIEHUX NOUKOOddCEHb | OeheKkmie peliok 080X
MPAHCNOPMHUX CUCTEM — MICbKO20 (Mempo) ma Ma2iCmpaibHo20 3ANi3HUYHO20 MPAHCHOPIY.
Lliocymosyrouu nposedenutl ananis, ciio 3asHauumu, wo oeghekmu 32i0H0 3 pucynkamu 10 ma 11
yacmiwe 3ycmpiuaiomocs Ha Konisix Kuiscvkoeo mempononimeny. Ilpu yvomy Oegexmu 32i0H0 3
pucynkom 27 uwacmiwe 3ycmpiuanmvci HA KONIAX MA2iCmpanbHo20 3AaMi3HUYHO20 MPAHCNOpmY, a
MAaKodic 6apmo GiO3Hayumu OiNbW WUPOKULl cnekmp oeghexmie, uacmra saxux ne nepesuwye 5%. Ha
OYMKY asmopis, ye nos'sa3ano 3 0COOIUBOCMAMU YMOG eKCHLyamayii mpancnopmHux cucmem, 30Kpema
HABAHMAJICEHHAM HA  6iCb  PYXOMO20 OONAOHAHHA, XAPAKMEPUCMUKAMU DYXYy ma — IHWUMU
eKCnyamayiuHumy napamempamu. s Oiibuws mOYHUX UCHOBKIE HEOOXIOHO BUKOHAmMU psd podim 3
BUKOPUCTNAHHAM ~MemoO0i6 MameMamuyHo20 MOOem08anHs Olsl  8PAXYEAHHS GNIUBY OKPEMUX
napamempie Ha HaKONU4eHHs 0edheKmis i NOUWKOOICeHb PElioK.

Knrouoei cnosa: pyxomuii cknao, mpancnopmua cucmema, KOoNicHa napa, peuka, 3aui3HuyHa Kois,
Oepexm, NOUKOONCEHHS, 8MOMA, YIMBOPEHHSA MPIUUH.
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