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Abstract. The process of destruction of reinforced concrete
sleepers under the railway wheel impact loading is being
studied, The article proposes the impact test method of sleepers
using a pendulum impact machine. It was developed a device
fomeasure the parameters of impact marks. Using the proposed
device it was analyzed the form of the impact marks left by the

wilway wheel.
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The rolling stock derailments followed
by the movement of derailed wheelset
along the track panel leaving characteristic
marks on the surface of reinforced concre-
te sleepers often take place at the Ukra-
inian railways. At this, the train move-
ment resistance affecting the results of
wraction calculations, which take place
during investigation of railway accident
is increased [2, 7].

The methodology of determining the ad-
ditional train movement resistance caused
by the wheelset movement along the track
panel is currently under development [1].
One of the components of this movement re-
sistance is the impact resistance and the fol-
lowing wheel rolling along reinforced con-
crete sleepers. The value of this resistance is
equivalent to the energy absorbed by the
sleeper and should be connected with the pa-
ameters of the marks left on the sleepers.
The destruction of reinforced concrete sle-
eper is a stochastic process; after the wheel
impact on the sleeper surface there appear ir-
wegularities of different forms and depths.

One of the methods to study the reinfor-
eed concrete sleepers is the impact loading
est [3, 4]. During the test various types of
impact machines are used. They make it
possible to determine the energy with
which the striker affects the sleeper. Using
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Research of derailed
wheelset impact marks

on the concrete sleepers
Badania uszkodzen podktadow kolejowych w wyniku wykolejenia

(Oryginalny artykut naukowy)

Streszczenie. W artykule przeanalizowano charakter uszkodze-
nia zelbetowych podktadéw kolejowych poddanych dziataniu
dynamicznego obciazenia udarowego od kot taboru kolejowe-
go (na bazie badan z uzyciem kafara wahadtowego). Przepro-
wadzono badania laboratoryjne zelbetowych podktadéw kole-
jowych az do zniszczenia. Opracowano urzadzenie do pomiaru

geometrycznych parametréw $ladu uderzen kota pociagu.
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wykolejenie, profilograf, pomiar.

such impact machines it is possible to si-
mulate the actual processes taking place in
the railway track with no need for experi-
ments on the track.

Design of measuring device
(profilograph)

To measure the parameters of the impact
marks it was designed and manufactured
the profilograph. The operation of the devi-
ce is based on the destruction surface scan-
ning by the laser beam, its position on the
destruction surface is fixed by high-resolu-
tion digital camera. As a result of the scan-
ning the spatial position of surface points of
the destruction surface is obtained.

Scanning the surface
of impact mark

Before scanning it is measured the length
of the mark formed on the reinforced con-
crete sleeper. It determines the maximum
distance of the laser and camera movement
that defines the number of scanning steps.
Commands from the PC to the stepper mo-
tor are transmitted through the microcon-
troller programmed in Matlab 10.0. Accor-
ding to the commands the stepper motor
moves laser and camera along the horizon-
tal guide bar at the given distance, as a re-
sult of this it is shott he profile surface of the
impact mark with the given step of the ca-
mera and laser movement. The camera re-
cords the graphic representation of the laser
beam on the surface of the mark (Photo 1).

Using the developed software according to
the developed algorithms for automatic reco-
gnition and measurement of bitmap images it
is determined the parameters of scanned laser
trail on the surface of sleeper that are trans-
ferred to the computer memory and display-
ed on the monitor. After measuring the cross-
-section of the impact mark surface of the sle-
eper in the given number of steps of longitu-
dinal movement of measuring system, the re-
sults of individual measurements are connec-
ted and the mathematical model of the impact
mark surface is being formed (Figure).

Photo 1. Scanning the surface of reinforced
concrete sleeper

Fot. 1. Skanowanie powierzchni podkiadu
kolejowego
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Surface of the impact mark on the reinfor-
ced concrete sleeper
Powierzchnia sladu uderzenia na zelbetowym
podktadzie kolejowym
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The process of laboratory
tests of the sleeper

For testing the reinforced concrete sle-
epers the pendulum impact machine with
experimental striker was used (Photo 1). The
experimental striker is made of standard stri-
ker of the given impact machine. The part of
the railway wheel was attached to the stri-
ker in such a way that when one installs it
in the impact machine, the sleeper would
impacted by the tip of the wheel flange.

Ten test samples were cut for research
from the middle part of reinforced concre-
te sleepers of the type SH-1-1. The samples
were installed in the impact machine so that
the direction of the impact of striker coin-
cided with the direction of railway wheel
impact when moving along the track panel.

Each sample was tested three times
~ from the lift height of the mass center of
the striker over the impact site 0.36; 0.93;
1.52 m. The striker with the weight 500 N
developed the energy 180; 465; 720 J cor-
respondingly.

As a result of the impact there remained
the characteristic marks on the sleeper, with
a certain depth in the direction of the impact
h,, length along the edge of the sleeper | , the
maximum width along the upper and lateral
b, edges of the sleeper and the volume of
material that was broken off V_(Photo 2).

Using the developed software, the men-
tioned parameters of the mark were deter-
mined automatically. The obtained value
of linear parameters (h, 1, a, b)) were te-
sted by measuring with caliper. The softwa-

Photo 2. Impact marks (a) and their
parameters (b)
Fot. 2. Slady uderzen (a) i ich parametry (b)

re calculation of the volume was tested as
follows: each site of the impact was filled
with plastic material, it was reproduced the
sleeper form and the plastic material after
separation from the sleeper was placed in
a graduated cylinder filled with water.

Laboratory tests of mechanical properties
of building materials are a classic case of di-
screte random variable, which is subjected
to the normal law of distribution [5, 6]. In
this regard, the experimental data are tested
for the conformity to normal law of distri-
bution by the Pearson criterion.

The results of the parameters check h,,
l,a,b,V_forthe conformity to the nor-
mal law of distribution are summarized in
the Table. The same Table presents the re-
sults of calculation of the energy absorbed
by the sleeper and the average value of the
parameter y. In the Table the values ¥ for
the significance level 0.9 and more are
shown in bold.

Summary results of the parameters inspec-
tion for compliance with the normal distri-
bution law

Podsumowanie wynikow badania w zgodno-
sci z prawem rozkladu normalnego

b 0% s 1061
B2 aZ60 el Ze0s |
036 180
L 093 465
1,52 760
036 150
a 093 465
152 760
0,36 180 0,403
b, 093 465 0,355
1,52 760 0,227
S 036 180 287 o
¥, | o408

093 465 631 ,
s 70 954 083

As it is shown in the Table, for the para-
meter h_(the depth of the mark in the di-
rection of impact) and the parameter |_(the
length of the mark along the edge of the sle-
eper) the check for normal law of distribu-
tion is carried out at the level of significan-
ce 0.9 for all values of the energy absorbed
by the sleeper. Therefore, these parameters
should be taken as signs in determining the
value of the energy absorbed by the sleeper.

Conclusions

The device and methodology of the
mark measurements left by the railway
wheel flange during the impact with
sleeper were developed in the research. It
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was carried out the experiment, in whic
the sleeper was subjected to impact loadir
equivalent to the loading, which affects th
sleeper when the derailed railway whef
is moving along the track panel. With
developed device, the algorithm ap
software the impact mark parameters wef
measured. The measurement results aj
checked by traditional measuring tools.

During the research statistical processin
of the measurement results of geometric
rameters of the mark and their check3
compliance with the normal law of distri
tion were conducted. It was found that th
distribution of values of the mark depth my
asured in the direction of the impact h_an
the width of the mark a long the edge of th
sleeper I corresponds to the normal law
distribution with a significance level o> 0§
As the evaluation criterion of the energ
value absorbed by the sleeper it )
recommended to use the parameter h_g
that with the smaller variation of values.

The directions for future research inclug
improving the device design to make)
possible to use it for the measuremen|
directly on the railway track.
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