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Analysis of the Ways to Identify Rail Running Surface Defects 
by Means of Vibration Signals

Roksana LICOW1, Franciszek TOMASZEWSKI2

Summary
Th e article discusses a preliminary concept of a method enabling the identifi cation of chosen rail running surface defects, 
such as squats, spalling, and running surface defects, by analysing the parameters of vibration signals. It features a de-
scription of the methodology of the conducted tests, the scope thereof, and the selection of the measurement points with 
specifi c defect types. Th e article covers selected results of vibration tests, the results of analyses of recorded signals for de-
fective track sections and those for control track sections. Th e presented measurement results have been obtained for the 
technical–operating conditions occurring on railway line no. 213 Reda – Hel and line no. 131 Chorzów Batory – Tczew. 
Th e preliminary test results and conclusions included in the article show that it is reasonable to pursue further research 
into the phenomena involving the utilisation of vibroacoustics in rail performance diagnostics.
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1. Introduction
Th e article describes a concept of how to use vi-

broacoustic signals to determine the condition of the 
rail running surface and discusses an analysis of the 
possible ways to identify the occurring defects [6]. Th e 
tests were conducted on two railway lines – no. 213 
Reda – Hel and no. 131 Chorzów Batory – Tczew at 
eight measurement points, analysing the three most 
common defects of rail running surface. 

Th e analysis of vibration signals was performed 
on the following running surface defects: squat (de-
fect no. 227), spalling (defects 2251, 2252), and defect 
no. 221 – running surface defect.

Th e fi rst defect subject to analysis was defect 
no.  227 in accordance with PLK’s Catalogue of Rail 
Defects. A squat defect is defi ned as a crack and lo-
cal indentation of a rail’s running surface, occurring 
outside rail ends on the running surface of a railhead, 
on straight sections of a  track and on elevations of 
a grade of up to 4.0‰ (Fig. 1) [3].

At its earliest stage, a  squat appears to be a dark 
semicircular spot, oft en still without any cracks. Fur-
ther stages of its development involve material peeling 
off  and cracking. Th e lack of appropriate diagnostics 

of rails as well as no visual inspections and no applica-
tion of proper preventive measures may lead to rails 
breaking completely and trains derailing. Th e causes 
of this type of defect are not fully known, hence it is 
important to perform appropriate diagnostics involv-
ing, among others, careful visual inspections of the 
occurring defects and rail observations involving ul-
trasound testing [4, 6].

Fig. 1. Squat defect on railway line no. 213 Reda – Hel 
[authors’ own work]
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Th e next defect is spalling, defect no. 2252 and 
no. 2251, single and multiple spalling in accordance with 
PLK’s Catalogue of Rail Defects (Fig. 2). Spalling involves 
the damage of rail running surfaces resulting entirely 
from the standard use and operation of rails, found com-
monly on track sections where trains brake violently or 
where heavy freight trains are accelerated to operational 
speed. Spalling occurs most oft en before home signals as 
well as before level crossings and turnouts.

Spalling occurs symmetrically on both isolated rail 
sections and is identifi ed by means of visual inspec-
tion. Recommended measures to be taken are obser-
vation, grinding, replacement or immediate replace-
ment of the rail [3, 7].

Fig. 2. Spalling defect on railway line no. 213 Reda – Hel 
[authors’ own work]

Th e last of the analysed defects is the rail running 
surface defect no. 221 in accordance with PLK’s Cata-
logue of Rail Defects (Fig. 3). Defect no. 221 appears 
only on the railhead during the standard use and op-
eration of the track. It is damage with a metallurgical 
origin. Its most common manifestations include shell-
ing of the running surface or groove-shaped cracks.

Fig. 3. Defect 221 – damage of the running surface on railway 
line no. 213 Reda – Hel [authors’ own work]

Damage 221 is identifi ed most oft en by means of 
visual inspection. Depending on the degree of defect 
development, the recommendation is to inspect the rail 
visually on a continual basis, grind it or re-surface it [3].

Th e ability to identify a  defect and determine the 
degree of deterioration, as well as the steps to be taken, 
depends very oft en on the diagnostic technician’s ex-
perience and on the conditions in which rail diagnos-
tics is performed. Taking advantage of vibration signals 
could make the evaluation of the condition of running 
surfaces and of particular elements of the track super-
structure quicker, more eff ective and more accurate. 
Using vibroacoustic phenomena acting as a  dynamic 
response of rails during train passage can let us evalu-
ate the condition of the rail running surface, joints, fas-
tenings, sleepers, and railroad ballast [1, 2].

2. Test methodology 

2.1. Th e scope of tests and the location of 
measurement points

Th e tests were carried out on two railway lines 
managed by PKP PLK S.A., on the premises of the 
Railway Track Development and Construction Unit 
in Gdynia [PL: Zakład Gdynia]. Railway line no. 213 
is the fi rst of the analysed lines. It is found in the Po-
meranian Voivodeship and connects the Reda station 
with the Hel station. It is a regional line, non-electri-
fi ed and redeveloped in the period 2011–2015. Rail-
way line no. 213 measures 62.827 km in length.

Th e second analysed line is railway line no. 131 – 
a line with the highest volume of freight traffi  c in Poland, 
formerly referred to as the coal trunk-line. Line no. 131 
connects the Chorzów Batory and Tczew stations. Line 
no. 131 measures 493.391 km in length, and its annual 
traffi  c intensity amounts to approximately 30 Tg.

Th e measurements were performed at eight meas-
urement points for the two above-mentioned railway 
lines. Th ere were at least nine measurements of vibra-
tion for diff erent train types taken at each point. Th e 
scope of the tests, including the location, the chainage, 
and the superstructure type, is specifi ed in Table 1.

Th e tests were carried out on line no. 213 Reda – Hel 
at four measurement points: a control track section and 
a track section with a squat defect, spalling, and a run-
ning surface defect. Th e tests were also carried out at 
four measurement points on line 131 Chorzów Batory 
– Tczew: a control track section and a track section with 
a squat defect, spalling, and a running surface defect [5].

2.2. Vibration measurement methodology

Vibration measurements were taken using two con-
verters: a  4504A type three-axis vibration converter 
and a 4513-B-001 single-axis vibration converter. Th e 
three-axis converter was fi tted to the rail web, and the 
single-axis converter was mounted underneath the rail 
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foot (Fig. 4). Th e transducers were located directly in 
the axis of the research defect. Th e three-axis converter 
recorded signals in three directions: X – in line with 
the train movement, Y – transversely to the train move-
ment, Z – perpendicularly to the train movement.

Fig. 4. Placement of vibration measurement converters 
[authors’ own work based on http://www.bruel.com.pl/]

Th e analysis of the results of the conducted vibra-
tion signal tests has been based on the assumption 
that all wheels of the considered rolling stock are 
characterised by the same kind and degree of wear.

3. Measurement result analysis

Figures 5–10 show a  compilation of measurement 
results of the RMS values of vibration acceleration for se-
lected running surface defects, including measurements 
of vibration for control track sections. Th e curves repre-
sent the values over time for the average values of vibra-
tion for all measurement samples during train travel.

Figure 5 presents a  comparison of the RMS val-
ues of vibration acceleration for the control track sec-
tion with a  track section featuring a squat defect on 
lines no. 213 and no. 131. Th e results were recorded 
by a 4513-B-001 single-axis sensor placed under the 

Table 1
Vibration measurement points on railway lines no. 213 and no. 131 [8]

Measurement point name Measurement date Number of 
measurements

Investigated defect / 
/ damage Track superstructure

213 – Control KM 30.900 LT 24.06.2017 10 control track section

S49 type rail, SB-3 
fastening, PS-93, 
sleepers

213 – 227 squat KM 38.760 LT 26. 06.2017 10 squat
213 – 2252 Spalling KM 11.500 LT 27.06.2017 10 spalling
213 – 221 Running surface defect 
KM 16.100 RT 1.07.2017 9 running surface 

defect

Measurement point name Measurement date Number of 
measurements

Investigated defect / 
/ damage Track superstructure

131 – Control KM 458.900 RT 9.07.2017 14 control track section

60E1 type rail (2010), 
fastening SB-3, PS-93 
sleepers

131 – 227 squat KM 466.150 LT 10.07.2017 11 squat
131 – 2252 Spalling KM 458.750 RT 11.07.2017 12 spalling
131 – 221 Running surface defect 
KM 458.880 RT 13.07.2017 10 running surface 

defect

[Authors’ own work]

Fig. 5. Measurement 
results recorded by 

a single-axis sensor (left ) 
and a three-axis sensor, 
direction X (right) for 

a track section with 
a squat defect – RMS 
acceleration values 

[authors’ own work]
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rail foot and by a three-axis sensor in direction X – ac-
cording to the train movement direction.

Th e maximum values recorded by the single-axis 
sensor for the track section with a squat defect on line 
no. 131 amounted to 400 m/s2. In the case of line no. 
131, the values of acceleration of travel over the squat 
defect were four times higher than the values of sig-
nals recorded on the control track section. In the case 
of line no. 213, the recorded values were two times 
higher than those recorded on the control track sec-
tion. Th e acceleration values recorded by the three-
axis sensor for direction X were twenty times lower 
than the acceleration values recorded by the single-
axis sensor. In the case of line no. 131, the maximum 
RMS value obtained for the three-axis sensor in direc-
tion X was 18 m/s2, which is two times more than the 
values obtained for the control track.

Figure 6 presents measurement results provided 
by a three-axis sensor for direction Y – transverse to 
the rail-borne vehicle movement direction – and for 
direction Z – perpendicular to the rail-borne vehicle 

movement direction – for travel along a track section 
with a squat defect.

Th e RMS values of vibration acceleration for line 
131 recorded during travel along a track section with 
a defect in axis Y were nine times higher than in the 
case of the control track section. Th e maximum value 
for axis Y was 98 m/s2. Th e results given by the three-
axis sensor in direction Z are ten times lower than 
those recorded by the single-axis sensor.

Figure 7 presents a comparison of the RMS values 
of vibration acceleration for the control track section 
with a track section featuring a spalling defect on lines 
no. 213 and no. 131.

When trains travelled along a  section with 
a spalling defect, the single-axis sensor recorded val-
ues similar to those recorded on the control track sec-
tion on line no. 213. In the case of the results recorded 
by the three-axis sensor in direction X, the RMS val-
ues obtained for travelling over the defect were two 
times higher than the values recorded on the control 
track for both railway lines.

Fig. 6. Measurement 
results recorded by 
a three-axis sensor, 

direction Y (left ) and 
direction Z (right) for a 

track section with a squat 
defect – RMS acceleration 

values [authors’ own 
work]

Fig. 7. Measurement 
results recorded by 

a single-axis sensor (left ) 
and a three-axis sensor, 
direction X (right) for 

a track section with 
a spalling defect – RMS 

acceleration values 
[authors’ own work]
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Figure 8 presents measurement results provided 
by a  three-axis sensor for direction Y and direction 
Z for travel over a track section with a spalling defect.

Th e maximum RMS value was recorded by the 
three-axis sensor in direction Y for the measurement 
on line no. 131, amounting to 32 m/s2. In the case 
of both railway lines, the recorded values were two 
times higher than the values for the control track sec-
tion in direction Y. Th e results of the measurements 
performed using the three-axis sensor in direction Z 
showed values for travelling over the defect that were 
two times lower than in the case of the values for the 
control track section.

Figure 9 shows a comparison of the RMS values of 
vibration acceleration for the single-axis sensor and 
the three-axis sensor in direction X for the control 
track section and the track section with a  running 
surface defect no. 221 on lines 213 and 131.

Th e values of the results recorded by the single-
axis sensor placed under the rail foot were similar to 

those recorded for travelling over the spalling defect. 
Th e three-axis sensor in direction X showed values 
which were two times higher for travelling over a de-
fective track section than in the case of the control 
track section.

Figure 10 shows a comparison of the RMS values 
of vibration acceleration for the three-axis sensor in 
directions Y and Z for the control track section and 
the track section with a running surface defect no. 221 
on lines 213 and 131.

Th e results obtained for travelling over a running 
surface defect, as recorded by the three-axis sensor 
in direction Y, featured values which were, on aver-
age, fi ve times higher than in the case of values for the 
control track section on line no. 131. No similar rela-
tionship occurred on line no. 213. Th e measurements 
performed using the three-axis sensor for direction Z 
produced similar values for travelling over the defect 
and over the control track section in the case of both 
railway lines.

Fig. 8. Measurement 
results recorded by 
a three-axis sensor, 

direction Y (left ) and 
direction Z (right) for 

a track section with 
a spalling defect – RMS 

acceleration values 
[authors’ own work]

Fig. 9. Measurement 
results recorded by 

a single-axis sensor (left ) 
and a three-axis sensor, 
direction X (right) for 

a track section with 
a running surface defect 

– RMS acceleration values 
[authors’ own work]
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4. Conclusion

Th e article shows that the conducted tests prove 
that it is reasonable to pursue further analyses in or-
der to determine the condition of the rail running 
surface and discusses an analysis of the possible ways 
to identify the occurring defects appearing during the 
utilisation of railway lines. It appears just as reason-
able to explore the relationship between the defect 
types and the characteristics of the vibration signal.

During measurements, the 4513-B-001 vibration 
sensor was exposed to impacts beyond the measure-
ment range, which has been considered in the com-
pilation of the obtained results. Using a  sensor with 
a broader dynamic range is recommended if measure-
ments are to be continued.

Th e obtained results of vibration measurement 
performed at one measurement point off ered a similar 
value distribution for particular vibration directions, 
regardless of the train speed or train set composition.

In the context of further tests, the authors plan to 
extend the base of measurement data by including 
additional railway lines with defect parametrisation 
and by taking tests performed on non-standard su-
perstructures into consideration. In addition, the au-
thors intend to continue their tests with an increased 
number of measurement points, including a seismic 
transducer that would enable the monitoring of vibra-
tion of the soil below the track superstructure.
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Fig. 10. Measurement 
results recorded by 
a three-axis sensor, 

direction Y (left ) and 
direction Z (right) for 

a track section with 
a running surface defect 

– RMS acceleration values 
[authors’ own work]
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