ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKoro
HaL[lOHAJIIBHOTO YHIBEPCHTETY 3aJIi3HUYHOro Tpancnopty, 2019, Ne 3 (81)

3AJIIBHMYHA KOJIII TA ABTOMOBUIBHI JOPOI'

UDC 625.1.032.43

O. M. PATLASOV?, E. M. FEDORENKO?*

1Dep. «Track and Track Facilities», Dnipro National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 42, e-mail am_patlasov@ukr.net, ORCID 0000-0003-2081-5648
2*Dep. «Track and Track Facilities», Dnipro National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (066) 868 53 59 , e-mail rapunzeeelliza@gmail.com,

ORCID 0000-0002-7518-9106

IMPACT OF CARS WITH 25 TF/AXLE LOAD ON THE TRACK
CONDITION

Purpose. The research is aimed at determining changes in the state of the geometrical parameters of the railway
track, depending on the passing tonnage in dynamic interaction with the 25 tf/axle load rolling stock.
Methodology. For data acquisition, the authors carried out a statistical analysis of the indicators of digital measure-
ments of the track condition by KVL-P track-measuring cars. Using the program of calculating the mean-square
deviation of the geometric parameters of the track, the deviation of the track parameters within the test sections was
estimated. Findings. During the observation period it was found that on average the intensity of track strain accu-
mulation increases. However, according to the results of the factor dispersion analysis with 0.95 probability, it is
impossible to unequivocally state the impact of the factor of using the cars with an axial load of up to 25 tf/axle on
the deterioration of the track condition parameters. Herewith it should be noted that the share of cargo carried in the
cars with axial load of up to 25 tf/axle during the observation period was less than one per cent. According to the
values of the mean-square deviation, the state of the geometrical parameters of the track and their predicted changes
were estimated, which showed that the increased axial load will lead to decreased life of the rails, which are the
most expensive elements of the track structure, shortened service life of the railroad switches and increased labor
costs for workers involved in track repair and maintenance. The corresponding reduction of inter-repair periods,
which corresponds to the standards, is projected. In order for heavy-duty wagons not to destroy the infrastructure,
there must be at least two limitations: by the types of goods transported and by the speed of movement.
Originality. The authors conducted a study to assess the impact of cars with 25 tf/axle load on the state of the geo-
metric parameters of the railway track and proposed solutions to the issue of introducing the 25 tf/axle load rolling
stock in Ukraine. Practical value. On the basis of the obtained results it is possible to estimate the impact of the
axial load on the intensity of the track condition changes and to predict the reduction of inter-repair periods in con-
nection with the track deterioration and in accordance with the train speed restriction.

Keywords: railway track; cost standards; stress; vertical and lateral forces; axle load

Introduction funding, the introduction of axle load of 25 tf/axle
can lead to a significant deterioration of the track
and hence to the restriction of train speed, as re-
flected in the scientific works of domestic and for-
eign scientists [1, 2, 3, 4, 13, 14-19, 20].

Taking into account the above, increase in the
axial load can lead to increased costs for materials
and labor, which will undermine the introduction
of heavy cars.

The increase in freight capacity on the Ukraini-
an railways is closely related to increased axle
load. In recent years, in many countries of the Eu-
ropean Union (EU) with 1520 mm gauge, the axle
load is 25 tf/axle in accordance with the technical
specifications [8]. In addition to the EU, such axle
load was introduced by the countries neighboring
to Ukraine, namely Russia, Byelorussia, the Baltic
States.

In Ukraine, the axle load is 23.5 tf/axle, which Purpose

is a restraining factor in the organization of transit
freight transportation. In addition, at present,
Ukraine already has a rolling stock with an axle
load of 25 tf/axle, which must meet the conditions
of wear-life and durability. In the case of limited

Increasing the carrying capacity of cars up to
25 tons per axle is considered as one of the priority
directions of railways development. It is estimated
that the productivity of such cars is higher by
7-10% due to increased inter-repair mileage and
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reduced traction costs assuming transportation of
one ton of cargo. But a heavier car wears the track
more intensely [9].

In order to solve the problem issues, the authors
of the article aim to analyse the changes in the state
of the geometric parameters of the railway track,
depending on the passed tonnage in dynamic inter-
action with the rolling stock, the axle load of which
is 25 tf/axle.

Methodology

The work was carried out by the employees of
the Track and Track Facilities Department and the
Track-Testing Branch Research Laboratory, which
is accredited as part of the testing center of the
DNURT (accreditation certificate of NAAU No.
2N0011).

These tests were carried out in accordance with
the program and methodology of conducting tests of
impact on the track of the 25 tf/axle load rolling
stock, heavy-duty trains. In order to obtain statistical
data, the program envisaged assessing the impact of
cars with an axle load of 25 tf/axle on the state of
the geometric parameters of the railway track, as
well as comparing them with the projections.

Statistical surveys were conducted on a single-
gauge section of r.st. Ukrainska — r.st. Kakhovske
Sea (PCh-4 Melitopol, regional branch of
«Prydniprovska Railways»). The section is one-
track railway, of the V-VI track category. With the
density of freight traffic G = 5.5 million tons km
gross / km per year, the tonnage passed during the
observation period is 225 million tons gross. The
station Dniprorudne is located on the section.

Given that from the side of railway station
Kakhovske Sea to the railway station Dniprorudne
all cars go with a load of 23.5 tf/axle, and from r.st.
Dniprorudne to r.st. Ukrainska — tested cars with
load of up to 25 tf/axle, two test sections were con-
sidered separately:

1) From 30 to 22 km of the block r.st.
Kakhovske Sea — r.st. Dniprorudne, rolling stock
with axial load of up to 23.5 tf/axle.

2) From 20 to 3 km of the block r.st. Dne-
prroudne — r.st. Ukrainska, rolling stock with
25 tf/faxle load [3].

Equipping of track measuring means and track
facilities with modern computer technology can
significantly improve methods for assessing the

geometry of rail track and expand the range of
practical problems solved by these methods.

As it is known, for estimating the track state
and planning the track work, some European rail-
ways use the mean square deviation (MSD) of the
track geometric parameters (TGP) and the fore-
casts of their changes. For example, this practice is
adopted at the railways of Austria, Great Britain,
the Netherlands, and others [10].

MSD is the most common index of dispersion
of the random variable values relative to its math-
ematical expectation.

MSD shows how much the average value of
a characteristic deviates from its average value.

Since the magnitude of MSD characterizes the
deviation of the track across the entire considered
front, it allows us to estimate the actual state of the
track on the experimental section [9].

In this case, a linear model is used that de-
scribes the variability of the MSD of TGP depend-
ing on the tonnage passed along the track section.

The mean square deviation is always greater
than the mean linear deviation.

A small value of the mean square deviation indi-
cates that these points are closer to the mean (math-
ematical expectation) of the sample, while large
values of the standard deviation indicate that the
points are distributed in a wider range of values.

The practical use of MSD for data sampling is
to estimate the magnitude of how much they devi-
ate from the mean value.

The initial data used for the studies of the actu-
al track state with the help of MSD of TGP were
the results of measurements of the track state by
KVL-P railroad cars.

In our studies, for this purpose, we obtained
copies of the electronic files with the records of the
results of the track-measuring car passage along
some sections of the Pridniprovska Railways.

The TGP MSD calculation program is devel-
oped at the Track and Track Facilities Department
of DNURT in MS Excel. This program allows you
to evaluate the MSD of the track geometrical pa-
rameters within the experimental sections. Con-
verting the records of track-measuring cars we ob-
tained a tabular data on six geometric indicators of
the track state (pocket of the left and right lines,
position in plan of the left and right lines, pattern,
level) [8]. Information on each indicator was con-
sidered at intervals of approximately 1.84 m.
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Findings

In order to analyze the track state according to
the proposed method, all records of the track-
measuring car for April — November 2018 are pro-
cessed. Each electronic file is recognized and in-
cluded in a document with the name of the sheet,
which corresponds to the month and year.

The track state indicators for April 2018 on the
1st section are shown in Fig. 1
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Fig. 1. Explanation of electronic file
for April 2018 (2018 _04)

Taking into account the lack of accuracy, when
binding the measurement commencement to the
distance in kilometers, at first all records (for each
month) were adjusted in such a way that the initial
base would coincide.

Also, taking into account that during measure-
ments a slip of a measuring wheel can occur, the
given step (1.84 m) may differ from the actual one
in different trips. This step in the data for each
month of observations was also corrected (Fig.2).

17 16

Fig .2. Non-coincidence of highs
at the end of the section

According to the proposed method, all records
of the track-measuring car for April — November
2018 were processed. The information for each
month was stored in a separate sheet MS EXEL
with the sheet name corresponding to the month
and year.

For each value of the indicator its deviation
from the mobile mean value was -calculated

(Fig. 3).
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Fig. 3. Dependence of horizontal forces
on running speed

Upon defining the MSD of all parameters for
each kilometer of each section, we built the consol-
idated tables and the charts of MSD change by the
passed tonnage (monthly data tied to the passed
tonnage).

The deviation of a certain value from the mid-
dle line was found by approximating the values
located at a distance of 50 meters before and after
this value. Approximation is carried out according
to the polynomial of the second order.

After composing the equations, we constructed
the mean square deviation graphs. The graphs are
shown in Figures 4.

To sum up these figures, the mean value is giv-
en, determined by the formula:

S L+RL+LL+RP+LP+P
6

)
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where L — level in mm; RL- right levelling in mm;
LL- left levelling in mm; RP- right pocket in mm;
LP— left pocket in mm; P —pattern in mm.

Change in MSD of track state parameters
depending on the passed tonnage
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Samples of MSD changes are depicted in Fig-
ure 3. The graphs show the equations of the trend
lines, which determined the intensity of the change
in MSD for the test period for each kilometer.

Change in MSD of track state parameters
depending on the passed tonnage
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Fig. 4. Change in mean square deviation on the section of 22-30 km (23.5 t/axle) and 3-18 km (25 t/axle)

Upon determining the intensity of the change in
MSD of TGP depending on the passed tonnage in
the sections of r.st. Kakhovske Sea — r.st. Ukrain-
ska, by means of factor dispersion analysis we es-
timated the influence of the axial load on the inten-
sity of track state changes [7].

From the charts it is seen that the intensity in-
creases by 20%, therefore one can conclude that
the axial load affects the state of track geometric
parameters. But given the significant spread of
these values, we conducted the factor analysis.

To do this, all the received intensities (for kil-
ometers) are divided separately for sections 1 (up
to 23.5 t/axle) and 2 (up to 25 t/axle). Output data
and the results of the conducted factor analysis are
presented in Fig. 4.

The factor dispersion analysis confirmed that,
with a probability of 0.95, it cannot be asserted that
during the observation period, the axial load af-
fected the intensity of the growth of track irregular-
ities.

It should be noted that with the density of
freight traffic along the section of 5.5 million
tkm/km per year, during the period of observations
(April-October 2018) 5.5/12*6 = 2.75 million tons
of cargo was passed, while the cars with an axial
load of up to 25 t/axle transported about 3 ths. tons,
which was about 0.1 per cent.

It should also be noted that according to Fig. 3,
the average intensity of the growth of track irregu-
larities on the sections with axial load up to 23.5 t
was 0.0144 mm/m.t, while on the sections with
axial load up to 25 tf — 0.0172 mm/m.t.
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Increase in intensity under axial loads

to235t
0.0451
-0.0225
0.0157

to 25t
0.0451
0.0224
-0.001

RESULTS

Single-factor dispersion analysis

0.028%] 0.0451 Groups

Count

Sum Mean Dispersion

0.0206
00156

0.0451
0.0451

to 235t
to25t

9 02689
18 04489

0029878 0.0014294%
0.02493% 0.00075361

0.1134
0.048
0.0041

0.0451
0.0451
0.0229

Dispersion analysis

0.0142 Source of variation

55 MS F P-value F critical

af

0.0356
0.0137
00363
0.0086

Between groups
Inside groups

Total

0.0001
0.0242

0.000146 0.15089902 (.70096619
0.00097

424168905

(]
L

0.0244

00577
0.0409

-0.03
-0.043

Fig. 5. Factor dispersion analysis of impact of 25 t/axle load cars on the intensity of track deterioration increase

Originality and practical value

The research was conducted for the possibility
of estimating the impact of cars with 25 t/axle load
on the state of geometrical parameters of the rail-
way track and suggested the ways of solving the
issue of introducing the 25 t/axle load rolling stock
in Ukraine.

Conclusions

Having performed the analysis of the change in
MSD of TGP depending on the density of freight
traffic, the passed tonnage and the repairs, having
obtained the general mean adjusted value in the
sections of r.st. Ukrainska — r.st. Kakhovske Sea
before and after the modernization, we see that the
general mean adjusted value of MSD of TGP on
the track sections Ukrainska — Kakhovske Sea is
equal to 1.62 mm.

We analysed the changes of the MSD of TGP
depending on the density of freight traffic on the
track sections Ukrainska — Kakhovske Sea and

made the conclusion that at the same volume of the
passed tonnage the value of the freight traffic den-
sity does not affect the value of the MSD of TGP.

The obtained MSD of TGP allow to give an as-
sessment of the track state and to plan the perfor-
mance of track work, including track repair with
greater efficiency than by the existing norms. Be-
fore and after the repairs, it would be advisable to
carry out the analysis of the MSD of TGP and to
further assess the track state and plan the track re-
pair in accordance with this method according to
the actual state of the track.

Thus, we can conclude that in order to obtain
the MSD in both direct and circular curves and
ease curves, the basic value for determining devia-
tions can be found by approximating the actual
values by the second order polynomial.

With the continuous introduction of 25-t/axle
load cars, the track maintenance cost will increase
by 6-8%. We recommend the corresponding reduc-
tion of inter-repair periods, which corresponds to
the standards stipulated [7].
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BILJIUB BATOHIB 3 OCbOBUM HABAHTAKEHHSIM 25 TC/BICh HA
CTAH 3AJIBHUYHOI KOJIII

Mera. JlocnimKkeHHS CIIpsIMOBAaHE HAa BH3HAYCHHS 3MiH Y CTaHI TEOMETPHUYHHUX MapaMeTpiB 3ai3HUYHOI KOl
3aJICKHO BiJI TIPOIYIIEHOTO TOHHAXY 33 IWHAMIYHOI B3a€EMOZII 3 pyXOMHUM CKJIaIOM i3 HaBaHTaKCHHAM 25 TC/BICh.
Metoauka. /{51 TOCSATHEHHS METH aBTOPU NMPOBENM CTATUCTHYHUIA aHali3 MOKa3HUKIB BHMIpIOBaHb CTaHY KOJii
BaroHaMmu-kojieBuMmiproBadyamu THny KBJI-II. 3a momomMoror mnporpamu po3paxyHKy CepeaHbOKBaIPaTUYHOTO
BiIXWJICHHS TEOMETPUYHHX IapaMeTpiB KOJil OMIHEHO BIAXWIICHHS IMapaMeTpiB y MeKaX IOCTiTHUX MiJITHOK.
Pe3yabTaTi. 3a nepiol cocTepeKeHb BUSBICHO, IO IHTCHCUBHICTh HAKONMYEHHs edopMartii Kodii B cepeqHEOMY
3pocrae. OfHaK 3a pe3yabTaTaMu (PaKTOPHOTO MUCIEPCIHHOTO aHali3y 3 UMOBIPHICTIO 95 % HEe MOXKHA OJHO3HAYHO
CTBEPJUKYBATH TIPO BIUIMB BaroHiB 3 OCbOBHM HABaHTAXKCHHSM 10 25 TC/BiCh Ha MOTIPIICHHS MOKAa3HHUKIB CTaHy KO-
mii. Tlpy npoMy Ciiji 3a3HaYMTH, IO YaCTKa BaHTaXy, MEPEBE3EHOT0 y BaroHax 3 OCHOBUM HABAHTAKEHHSIM 0
25 Tc/Bich, 3a MepioJl CIIOCTEPEKEHb CKIIala MEHIIIE OJJHOTO BiZICOTKA. 3a MOKa3HUKaMH BEJIMYHHH CEepeIHbOKBaApa-
TUYHOTO BIJXWJICHHS OL[IHEHO CTaH F€OMETPUYHUX IapaMeTpiB Kouii Ta X MPOrHO3HI 3MiHHM. AHai3 MOKa3as, L0
I/IBUILIEHHS] OCLOBOTO HABaHTAXKEHHsI ITPU3BEJIE JI0 3MEHILIEHHS peCypCy eKcIulyaralii pelok, siKi € HalJI0poKINM U
3 CJIEMCHTIB BEPXHBOI OyJOBH KOJIii, CKOPOUCHHS TEPMIHY CIY)KOM CTPIIOYHHX MEPEBOMIB i 30LIBIICHHS BUTpPAT
mpami poOITHHKIB, 3afHATHX PEMOHTOM 1 YTpUMaHHAM Kojii. PekoMEeHIOBaHO CKOPOYCHHS MiKPEMOHTHHX
nepioiB, sKe BiAMOBigae HopMaTuBaM. s TOTo, M00 BETMKOBAaHTa)KHI BAarOHH HE PYHHYBAIU 1HPPACTPYKTYpY,
Ma€e JIiATH sSK MIHIMyM JaBa OOMEXKEHHS: 3a BHIAMH BaHTaXiB, SKi IEPEBO3STH, 1 3a IOBUAKICTIO PYyXY.
HaykoBa HOBH3HA. ABTOpH IIPOBENHN JTOCTIKCHHS OI[IHKH BIUIMBY BaroHiB 3 OCHOBUM HAaBaHTaXXEHHSIM 25 TC/BIiCh
Ha CTaH FeOMETPUYHUX MMOKA3HUKIB 3aJII3HMYHOT KOJIIT i 3alpONOHYBAJIM LUISIXM BUPILIEHHS MUTaHHS W00 BIPO-
Ba/DKCHHS B YKpaiHi pyXOMOro CKJaay 3 OCbOBUM HaBaHTaXeHHsM 25 Tc/Bick. [IpakTuyna 3HaunMicTs. Ha ocHo-
Bi OTPUMaHHX PE3yJIbTATIB MOXKHA OLIIHUTH BIIMB OChOBOI'O HABAHTA)KCHHS HA IHTEHCHMBHICTh 3MiH CTaHy KOJIii Ta
MPOTHO3YBaTH CKOPOYEHHS MDKPEMOHTHUX TEPMIHIB y 3B’SI3Ky 3 HOTO MOTIPIIEHHSM 1 BiANOBITHO IO OOMEXEHHS
HIBUAKOCTI PyXy TOT3/1iB.

Knrouosi crnoea: 3aii3HAYHA KOJIisl; HOPMHU BUTPAT; HANPY)KEHHS; BEPTUKAIbHI i OOKOBI CHJIM; OChOBE HaBaHTa-
KEHHS
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BJIMSTHUE BATOHOB C OCEBOM HAI'PY3KOM 25 TC/OCh HA
COCTOSAHMUE KEJIE3HOJOPOXHOI'O IYTU

Heas. VccnenoBanue npeaycMaTpuBaeT ONpeeCHHEe U3MEHEHU B COCTOSHUM F€OMETPUUECKUX MapaMeTpoB
KEJIE3HOJOPOXKHOTO IMYTH B 3aBUCHMOCTH OT IPOITYIIEHHOTO TOHHAXa NPH INHAMHUYECKOM B3aUMOJACHCTBHUH C TI0-
IIBIDKHBIM COCTaBOM C Harpyskoit 25 tc/ocs. Meroauka. s mocTHKeHUS LeNN aBTOPHI MPOBEIH CTAaTHCTUICCKUH
aHaIN3 TI0Ka3aTeNel M3MepeHid COCTOSHUS MyTH BaroHamu-mytensMeputessiMu tana KBJI-T1. C momormsio mpo-
TpaMMBI PacueTa CPeIHEKBAAPATHIECKOrO OTKJIOHECHHS T€OMETPUIECKUX ITAPAMETPOB OLIEHEHBI OTKJIOHEHHS Tapa-
METPOB B MpenesiaX OMBITHBIX y4acTKOB. Pe3ysbTaThl. 3a mepros HaOMIOACHHUH BBISBICHO, YTO MHTEHCHBHOCTD
HakoIUIeHHs1 eopMalMu IIyTH B cpelaHeM Bo3pacraeT. OnHAaKo mo pesynbraram (PaKTOPHOTO JWUCIIEPCHOHHOTO
aHalu3a C BEPOSTHOCTBIO 95 % Henb3s OJHO3HAYHO YTBEPXKJAaTh O BIMSHUU BaroHOB C OCEBOM Harpys3kod 1o
25 1c/ochk Ha yXy/IIEHHE MOoKa3arTeleil cocTosiHus myTH. [Ipu 3TOM ciieryeT OTMETHTb, UTO J0JIS IEPEBO3UMOTO I'PY-
3a B BaroHax ¢ OCEBOW Harpyskoil 1o 25 Tc/och 3a meproj HaOMOAEHUH COCTaBMila MeHee OJHOro mpoueHTa. 1o
TNoKaszaTejisiM BCIWMYUHBI CPECAHCKBAAPATHUCCKUX OTKIIOHCHHUSA OILICHECHO COCTOAHHUEC TI'COMETPHUUYCCKHUX IMMapaMETpOB
IMyTU U UX NIPOTrHO3HBIC U3BMCHCHMUS. Amnamnus I10Ka3ajl, 4YTO MOBBIIICHUC 0CEeBOM HarpyskKu MnpuBeaCcT K YMCHbIICHUIO
pecypca 3KCIUTyaTalliy PEeNIbCOB, KOTOPBIE SBIIAIOTCSA CaMbIM JIOPOTHM 3JIEMEHTOM BEPXHETO CTPOCHHUS IYTH, CO-
KPAIIEHUIO CPOKA CIYXKOBI CTPEIOYHBIX ITEPEBOJOB M YBEJIMUCHHIO 3aTpaT TPyAa paOOTHHKOB, 3aHATHIX PEMOHTOM
U COEpKaHUEM ITyTH. PEKOMEH/I0OBAaHO COKpalIeHNE MEXPEMOHTHBIX EPHOIOB, KOTOPOE COOTBETCTBYET HOPMATH-
BaM. J[i1 Toro 4ToObBI GONBIIETpY3HBIE BAarOHBI HE pa3pyIain HHPPACTPYKTYPY, LOIDKHBI JEHCTBOBATh KAK MUHH-
MYM JIBa OTPaHWYEHHS: 10 BHAAM IIEPEBO3MMBIX I'PY30B U IO CKOPOCTH ABIDKeHHSA. HayuHast HOBU3HA. ABTOpPBI
MIPOBEJH MCCIEAOBAHUE IS OLICHKU BIIMSIHUSI BarOHOB C OCEBOM Harpyskoi 25 Tc/och Ha COCTOSHHE T€OMETpHUC-
CKHX TOKazaTesiel KeJIe3HOJOPOXKHOTO MYTH U MPEUIOKWIN MyTH pelIeHHs BOIpoca MO BHEAPEHHUIO B YKpauHe
MOJIBMYKHOTO COCTaBa C OCCBOU Harpy3koit 25 tc/ock. IlpakTuyeckasi 3HaYMMOCTh. Ha OCHOBE TONyYeHHBIX pe-
3yJbTAaTOB MOXHO OUCHUTH BJIUSHUC 0CEeBOM Harpys3kv Ha MHTCHCUBHOCTb W3MEHEHUM COCTOSHHUS IIyTAU U IPOTrHO-
3UPOBATH COKPAICHUC MEKPEMOHTHBIX CPOKOB B CBA3U C €0 YXYAUICHUEM U B COOTBETCTBHUU C OTPAHUYCHUEM CKO-
POCTH IBI)KEHUS 1OE3/10B.

Knrouegvie crosa: %ene3HOOPOKHBIN MyTh; HOPMBI PACXOJ0B; HANpPSIKEHHE; BEPTUKAIbHBIC U OOKOBBIE CHJIBI;
oceBast Harpyska
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