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The effect of the track plan on the damage to rails by contact fatigue
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Abstarct. An analysis of foreign and domestic experience in improving
traffic safety while extending the service life of rails and improving their
interaction with the wheels of rolling stock shows that the working conditions
of rails are much more difficult in curved sections of the track, especially in the
outer thread, due to the intense impact of the ridges of the wheels of rolling
stock on the lateral working

One of the reasons for the formation of contact fatigue stains on the lateral
working surface of the rail head is the presence of tangential stresses that
occur in the absence of perpendicular pressure of the wheel on the rail head. In
addition, the movement of the wheels on the rails is accompanied by slippage,
which appears due to the taper of the wheels and the occurrence of the wheel
crest on the rail head. A typical case of the wheel crest running over the rail
head is the movement of the crew along curved sections of the track. In this
case, the guide axle runs over one of the wheels on the rail head. As a result,
there is a transverse slip of the wheel on the rolling surface and friction forces
between the wheel and the rail are appropriately oriented to the axes. These
processes, enhanced by an increase in dynamic action, cause more intense
damage to the rail heads by defects 11 in the curves, while defects mostly
appear on the outer rail thread.
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Introduction

As the radius of the curves decreases, the number of rails removed from the track due to
defects and damage increases. In areas with small radius curves, especially in the presence of
steep ascents and descents, the intensity of lateral and vertical wear is so high that there is
no removal of rails due to contact fatigue defects [1, 2]. From this it can be concluded that the
nature and level of damage to rails in curves are greatly influenced by operating conditions.
Numerous observations on the roads confirm that with a decrease in the longitudinal slopes of
the track, the number of rails removed from the track with excess wear of the head decreases,
and the intensity of removal of severely defective rails with contact fatigue damage increases,
i.e. two interdependent processes are observed.

An analysis of domestic rail operation experience indicates that external rails in curves with
aradius of R =351-650 m at longitudinal slopes are particularly intensively damaged by defects 11
-70/00<1 < +70/00, and in curves with radii R =651-1000 m at longitudinal slopes -100/00
<1<+100/00.

The wheels, when moving the carriage, have the ability to press the ridge against the side
face of the rail head ("wag"). The probability of such a pinch increases dramatically when the
crew enters the curve. Under certain, quite normal conditions, up to 50-100% of the wheels
rolling along this thread can be pressed against the outer thread.

When pressing the wheels, having an average or more rolling value, with a ridge to the rail
head, a so-called "single-point" contact occurs. As a result, the zone of vertical force influences
on the head shifts from the middle band to the main working face of the rail head. The greater the
wheel wear, the greater the offset. Therefore, in the outer thread of the curves, the probability
of wheels contacting in the area of lateral rounding of the head is much higher than in straight
sections, and even more so than in the inner thread of the curves. Accordingly, the probability of
rail failures is distributed according to contact fatigue stains.

Despite the variety of rail operating conditions in the outer thread of the curves, the area of
accumulation of the observed centers of origin of internal longitudinally inclined cracks (defect
11) is mainly located within the boundaries of 4-14 mm from the side face of the rail head.

In other words, this zone practically coincides with the zone of the so-called "single-point"
contact of worn wheels with the head of an unworn rail. This zone, according to statistical data
on failures of elements of the upper structure of the track in modern conditions, makes up 3/4
of all failure zones.

Therefore, when predicting the intensity of the formation of dents and discolorations, an
analysis of defects 11 should be carried out taking into account the curvature of the line. The
analysis of the track plan consists in the fact that it is necessary to assess the intensity of the
total removal of rails according to defect 11 in sections with different radii and compare it with
the length of these sections.

The methodology

The correlation between the curvature and the damage to the track can be quantified using

11
the coefficient ﬂRl, which is generally calculated using the formula:
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11
where NRZ' - the proportion of 11 rails seized due to a defect in sections of the i-th radius;

LR,- - the proportion of curves of the i-th radius in this section.

Thus, using the obtained data and the results of structures and calculations, it is possible to
more accurately predict work on replacing rails damaged by defect 11 on specific sections of the
path. For example, if there is a track with non-hardened rails of the P65 type on the site with a
load of 70 million tons.t km gross / km per hour 40% of curves with a radius of 450-650 m, it is
necessary to plan to include in the per-kilometer reserve an additional 1 Rail per 3 km of track.

Studies confirming the presence of mutual correction between the depth of occurrence of
internal longitudinal cracks, the intensity of formation of protrusions and the level of impact
on the path of axial loads are devoted to the work of many authors [3]. In general, the higher
the axial load value, the greater the depth of the VPT. The process of changing the geometric
dimensions of the notches formed after the VPT enters the rail surface, depending on the level
of impact of the maximum axial loads, requires research and an appropriate assessment of the
impact of these changes on the durability of the rails. For this purpose, the actual materials
and primary data on measurements of geometric dimensions (length and depth) of defects 11
formed on rails of type P65 of mass production at the time of their removal from the path along
this damage when traveling along Ring paths of mobile composition with ROS=230, 250 and
270 kN. operating tonnage to harvest from 50 to 660 million tons. t gross. The sample consisted
of 268 rails obtained at Ros=230 kN, 398 rails at Ros=250 kN, and 532 rails at Ros=270kn

Findings/Discussion

The main results of the statistical analysis of the geometry of defects 11 are shown in Table 1.
It follows from the analysis of Table 1 that when the rail loading mode is weighted, the geometry
of the defect changes, which consists in the fact that with an increase in the axial carriage
load acting on the track, the length decreases and at the same time the depth of the gouges
increases[4,5]. Such a mechanism for changing the geometric characteristics of the defect 11
indicates an increase in the force loading of the rail and, as a result, a decrease in the level of
resistance to damage to the rails at high loads.

Table 1. Dependence of the geometric dimensions of the defect 11 on the axial ones

The indicator Unit of Values of indicators at axial load, kN
of the defect geometry | measurement 230 250 270
The maximum possible MM 194 163 159
length
Maximum possible MM 8,3 8,1 7,6
depth
JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N23(148)/ 2024 11

TexHUKAIbIK FbIALIMOAD HCIHE MEXHO102UANAP CepUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Maira Ozturk, Rafal Burdzik

The angle of inclination degree 4,5 2,6 59
of the defect to

For example, at Ros = 230 kN, the number of defects with a length of more than 150 mm is
20% of the total, whereas at Ros = 270 kN - 12%. Accordingly, the number of defects with a
depth of more than 7 mm at an axial load of 230 kN is 20%, and when exposed to a load of 270
kN, this amount increases to 59%, and 12% of them have a maximum depth of 10 mm. Thus, the
kinetics of changing the geometry of rail damage by defect 11 with an increase in axial load is
characterized by an increase in the effect of "concentration” or "wedge", as a result of which the
stress concentration in the area of rail damage increases, and, as a result, the resistance of rail
steel to the development of contact fatigue cracks decreases[6,7].

To quantify the degree of resistance of rail steel to the development of defect 11, a classical
physics problem was used to assess the resistance to movement of a rigid wedge in an ideal
elastoplastic medium, which is not characterized by dissipative properties. Such a medium, as
is known in mechanics, is classified as potential (conservative), for which the following ratio
between normal pressure (stress) is valid and some potential function[8,9,10], which can be
considered as the potential for the rate of development of the defect 11 and must be determined:

_op @)
o p
Yoo

where P - the density of rail steel.
For the potential, we use the following Laplace equation, which is used for conservative

media: 82¢ 82(0
~+—=0.
ox~ oy
In the analysis under consideration, equation (4) is solved under the following boundary

conditions: on the deformable surface (-C: C) of the rail head (wedge) along the axis OX at some
point in time t at -C X C, the ratio takes place

(3)

on 0y B (4)

where n - normal to the surface of the defect 11;

On the remaining, undamaged chipped working surface of the rail head, the speed potential
is zero ((0=0): X<-Cu X>C

If, along with the velocity potential, according to the wedge continuity equation, another
harmonic and, therefore, necessarily conjugate function is introduced, then the problem of the
"concentration" or "wedge" effect posed in the analysis under consideration can be solved in the
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complex plane Z=x+i and in this plane the analytical function W, called in the theory of elasticity by
a complex potential. At the same time:

W=y +iv W =yiv, (5)
dz

Conclusion

In the course of the study, the task was set to determine how much the GDP growth rate
changes with an increase in the axial carriage load. The time of crack growth was considered
from the moment of its detection to the formation of a chink and it was assumed that its growth
occurs evenly as tonnage is passed.

Ozturk Maira - text writing, data collection, data sorting, trend analysis and technology
application of additive technologies in the automotive industry

Rafal Burdzik - checking the analysis and data, summarizing, concluding, checking the
integrity of the article.
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Maiipa O3T0pK, Padan Byp3uk
Cuse3kull yHusepcumem mexHo102uu

Kot )KocnapbIHbIH, peJibCTeP/AiH, KOHTAKTLIi-Iapmay 60sy/IapbIHbIH 3aKbIMAa/IybIHA dcepi

AHHOTanus. AHaM3 3apy6eXHOr0 U OTEYECTBEHHOTO OIbITA MOBBIIIEHUST 6E30MaCHOCTH JABUKE-
HUS NIPU OJIHOBPEMEHHOM IPOJJIEHUU CPOKA CIAYXKObI PeJIbCOB U YJAYUIIEeHUH WX B3aUMOJIEUCTBUS C
KOJIecaMU IO/IBUKHOT'0 COCTaBa MOKA3bIBAET, UTO YCJOBHS IKCIIyaTalMHU PeJIbCOB 3HAYUTEIBHO YC-
JIOXKHSIOTCS HAa KPUBOJIMHEMHBIX YY4aCcTKaX MYyTH, 0COGEHHO Ha BHeIIHeN pe3b0e, U3-3a UHTEHCUBHOIO
BO3/lelicCTBUS IpebHel U3 KoJiec MOJABUKHOTO COCTaBa Ha 60KOBOM paboyeil IOBEPXHOCTHU

OnHOM M3 NpUYMH 06pa30BaHUs MSTEH KOHTAKTHOH yCTaJOCTU Ha 60KOBOU paboyell NOBEPXHOCTH
TOJIOBKH peJsibca SIBJSIeTCS HATMYMe KacaTe/IbHbIX HANPS»KEHUH, BOSHUKAIOLIUX [IPU OTCYTCTBUH Tep-
IeHAUKY/SIPHOTO JaBJeHHs KoJleca Ha T0JIOBKY peJibca. KpoMe Toro, ABUKeHHMeE KoJieC 10 peJibcaM co-
IPOBOXK/IAeTCS MPOCKAJIb3bIBaHHEM, KOTOPOE MOSIBJISIETCS U3-32 KOHYCHOCTH KOJIeC Y MOSIBJIEHUS IPeOHs
KoJleca Ha roJIOBKe peJsibca. TUIMYHBIM C/Iy4aeM, KorJa rpebeHb KoJjieca IPOXOJUT MO TOJIOBKE peJsibca,
SIBJISIETCS IBUKEHY e 3KUTIaXKa 110 KPUBOJIMHEHHBIM y9acTKaM MyTU. B 3ToM ciiydae HanpaBJisitonias ocb
IPOXOJAUT 110 OLHOMY U3 KOJIeC Ha roJIOBKe peJibca. B pe3y/ibTaTe NpoucXo4UT NONEPEUYHOEe CKOTbKEHHE
KOJIeca 10 MOBEPXHOCTU KauyeHUs], U CUJIbl TPEHUS MEX/Y KOJIECOM U PebCOM COOTBETCTBYIOLIUM 06-
pa3oM OpUEHTUPYIOTCH [0 0CSAM. ITU MPOLECCH], YCUIUBAEMbIE YBeJUYEHHEM JUHAMUYECKOT0 BO3el-
CTBUS, IPUBOJIAT K 60Jiee MTHTEHCUBHOMY TOBPEX/IEHHIO TOJIOBOK peJibCOB U3-3a ZiedpeKkToB 11 B u3ru-
6ax, B TO BpeMs1 Kak ZiedeKTbl B OCHOBHOM NPOSIBJISIIOTCS HA BHELIHEN IOBEPXHOCTH PEJIbCOBOM HUTH.

KnioueBble c10Ba: leQeKT, pesibc, 3ae/laHue pPesibca, FoJIOBKa peJibCa.

Maiipa O3Tiopk, Padpan Bypasuk
Cus1e3ust mexHO/102Usl/IbIK yHUBepcumemi

Ko )KocnapbIHBIH, pejibCTePAiH KOHTAKTIi-mapmay 60say/1apbIHbIH, 3aKbIM/aybIHA dCepi

Angarna. PesibcTepaiH KbI3MeT eTy Mep3iMiH y3apTy KoHe OJIapAblH, KbLDKbIMaJbl KYpaMHBIH,
JIOHFaJlaKTapbIMeH 63apa 9pPeKeTTeCyiH KaKCapTy Ke3iHJle KO3FasIbIC KAyillCi3airiH xaKcapTy 60UbIH-
Ia lIeTeNJiK XXoHe OTaH/bIK TaKIpHUOeHi Tanjay pesbCTep/iH XXYMbIC KaFAanlaaphl XKONAbIH KUCBIK
yJyackeJsiepiHze a/iieKal/ia KUbIH eKeHiH KepceTe/i., acipece CbIPTKBI XKIiNTe, »KblKbIMaJIbl KypaM A6H-
reJieKTepiHiH )KOTanapblHbIH OYHipJIiK 2KYMbIC MEXaHU3MiHe KaTThl 9Cep eTyiHe 6alIaHbICTHI.

Pesibc GacbIHBIH OYHipJiK KyMbIC OeTiHAe KOHTAKTIJII Iapinay JaKTapblHbIH Makga 6oy ceGer-
TepiHiH 6ipi pesibc 6acbIHAAFbI IOHTe/eKTiH epIeHAUKYISp KbIChIMbI 60JIMaFaH Ke3/e naiaa 6oja-
TBhIH TaHTeHLIUAJIAbI KepHeyaepAiH 60/1ybl 60JbIN Ta0bL1aabl. COHBIMEH KaTap, IOHTeJeKTeP/IiH pesb-
CTepAeri Ko3FasbIChl ChIpFaHayMeH O6ipre »ype/i, 6yJ IeHTe/leKTep/iiH, TapblIyblHA K9HE PEJIbCTIH
6acbhIH/JaFbl JOHFAJIAK KOTACBIHBIH MaiJa 60JyblHA 6aiIaHbICThI MaiAa 60s1abl. PesbcTiH 6acbiHaH
eTil 6apa XaTKaH JOHFaJIaK *KOTACbIHbIH, TUITIK XaFAalbl-0yJ1 3KUMKAbIH XKOJIAbIH KUCBIK y4yacKe-
Jiepi 6G0oWbIMeH Ko3fasybl. Bys »kaFfalia 6aFbITTaylIbl OCh PEJbCTiH, GacbIHAAFbI JAOHTeJeKTepAiH
6ipiHiH ycTiHeH eTeAi. HoaTuxkeciHae OHTe/IEeKTIH KbLDKbIMaJbl O€TiH/le KOJIeHeH ChIpFybl OaliKa-
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JlaZibl XK9He JIOHFaJIaK, [leH peJsibC apacblHJaFbl YHKeJlic KylITepi ocbTepre colikec 6arbITTa FaH. JJuHa-
MUKaJIbIK, 9pEKeTTiH, OoFapblJaybIMeH KYLIeHTiireH 6ys npouectep KUCbIKTapAarbl 11 akaysnapMeH
pesibCcTep/liH, 6acTapblHa YJKEH 3aKbIM KeJITipe/li, al akay/jap HeriziHeH pesibCTepAiH ChIPTKbI Kill-
TepiHAe naiia 6oJs1a/bl.

TyiiiH ce3aep: aKay, pesibc, peJibCTiH 6y3bL1ybl, pesbCTiH 6ackl

Information about the authors:

Ozturk Maira - Associate professor, Candidate of technical sciences, corporate university Anex,
Turkey
Rafal Burdzik - Silesian University of Technology, Poland, Professor

O3miopk Maiipa - AcconuvpoBaHHbIN Tpodeccop, KAHAWAAT TEXHUUeCKUX HayK, KopnopaTuBHBIN
yHUBepcUTeT Anex
Padgban Bypd3uk - Cue3cKuil YHUBEPCUTET TexHoJ0ruH, [losbla, -mpodeccop

63miopk Maiipa - KayblMAACTBIPbLIFAH Mpodeccop, TEXHUKA FhIIbIM/APbIHBIH KaHAUIAThI, Anex
KopnopaTuBTik yHHBepcUTETI
Padgban Bypad3uk - Cue3usi TEXHOJOTUSIBIK YHUBepcuTeTi, [lonbiia, mpodeccop

Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms
and conditions of the Creative Commons Attribution (CC BY NC) license (https://creativecommons.org/
licenses/by-nc/4.0/).

JLH. T'ymusnes amwindarsl Eypaszus yammoik yHueepcumeminiy XABAPILBICHI N23(148)/ 2024 15
TexHUKAJIbIK FbLALIMOAP HCIHE MEXHOA02USLAAP CePUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



