CETRA?2018

5t International Conference on Road and Rail Inf_ra;t‘?u'cture _
17-19 May 2018, Zadar,Croatia ] -

Road and Rail Inffastructure V/ >
Stjepan\l;akuéié— EDITC P-




CETRA?018
5t International Conference on Road and Rail Infrastructure
17-19 May 2018, Zadar, Croatia

TITLE
Road and Rail Infrastructure V, Proceedings of the Conference CETRA 2018

EDITED BY
Stjepan Lakusic

ISSN
1848-9850

ISBN
978-953-8168-25-3

ple]l
10.5592/CO/CETRA.2018

PUBLISHED BY

Department of Transportation
Faculty of Civil Engineering
University of Zagreb

Kaciceva 26, 10000 Zagreb, Croatia

DESIGN, LAYOUT & COVER PAGE
minimum d.o.o.
Marko Uremovic - Matej Korlaet

PRINTED IN ZAGREB, CROATIA BY
“Tiskara Zelina”, May 2018

COPIES
500

Zagreb, May 2018.

Although all care was taken to ensure the integrity and quality of the publication and the information herein,
no responsibility is assumed by the publisher, the editor and authors for any damages to property or persons
as a result of operation or use of this publication or use the information’s, instructions or ideas contained in
the material herein.

The papers published in the Proceedings express the opinion of the authors, who also are responsible for their
content. Reproduction or transmission of full papers is allowed only with written permission of the Publisher.
Short parts may be reproduced only with proper quotation of the source.



Proceedings of the
5" International Conference on Road and Rail Infrastructures — CETRA 2018
17—-19 May 2018, Zadar, Croatia

Road and Rail Infrastructure V

EDITOR

Stjepan Lakusié

Department of Transportation
Faculty of Civil Engineering
University of Zagreb

Zagreb, Croatia



CETRAZ2018

5t International Conference on Road and Rail Infrastructure

17-19 May 2018, Zadar, Croatia

ORGANISATION

CHAIRMEN

Prof. Stjepan Lakusié, University of Zagreb, Faculty of Civil Engineering
Prof.emer. Zeljko Korlaet, University of Zagreb, Faculty of Civil Engineering

ORGANIZING COMMITTEE

Prof. Stjepan Lakusi¢

Prof. emer. Zeljko Korlaet
Prof. Vesna Dragcevic

Prof. Tatjana Rukavina
Assist. Prof. Ivica Stanceri¢
Assist. Prof. Maja Ahac
Assist. Prof. Sasa Ahac
Assist. Prof. lvo Haladin
Assist. Prof. Josipa Domitrovié
Tamara DZambas

Viktorija Grgi¢

Sime Bezina

Katarina Vranesi¢

Zeljko Stepan

Prof. Rudolf Eger

Prof. Kenneth Gavin

Prof. Janusz Madejski

Prof. Nencho Nenov

Prof. Andrei Petriaev

Prof. Otto Plasek

Assist. Prof. Andreas Schoebel
Prof. Adam Szelag

Brendan Halleman

INTERNATIONAL ACADEMIC SCIENTIFIC COMMITTEE

Stjepan Lakusi¢, University of Zagreb, president
Borna Abramovié, University of Zagreb

Maja Ahac, University of Zagreb

Sasa Ahac, University of Zagreb

Darko Babi¢, University of Zagreb

Danijela Bari¢, University of Zagreb

Davor Bréié, University of Zagreb

Domagoj Damjanovi¢, University of Zagreb

Sanja Dimter, J. J. Strossmayer University of Osijek
Aleksandra Deluka Tibljas, University of Rijeka
Josipa Domitrovi¢, University of Zagreb

Vesna Dragcevi¢, University of Zagreb

Rudolf Eger, RheinMain Univ. of App. Sciences, Wiesbaden
Adelino Ferreira, University of Coimbra

Makoto Fujiu, Kanazawa University

Laszlo Gaspar, Széchenyi Istvan University in Gy&r
Kenneth Gavin, Delft University of Technology
Nenad Gucunski, Rutgers University

Ivo Haladin, University of Zagreb

StaSa Jovanovié, University of Novi Sad

Lajos Kisgyorgy, Budapest Univ. of Tech. and Economics

Anastasia Konon, St. Petersburg State Transport Univ.
Zeljko Korlaet, University of Zagreb

Meho Sasa Kovacevic¢, University of Zagreb

Zoran Krakutovski, Ss. Cyril and Methodius Univ. in Skopje
Dirk Lauwers, Ghent University

Janusz Madejski, Silesian University of Technology
Goran Mladenovié, University of Belgrade

Tomislav Josip Mlinari¢, University of Zagreb

Nencho Nenov, University of Transport in Sofia

Mladen Nik3i¢, University of Zagreb

Andrei Petriaev, St. Petersburg State Transport University
Otto Plasek, Brno University of Technology

Mauricio Pradena, University of Concepcion

Carmen Racanel, Tech. Univ. of Civil Eng. Bucharest
Tatjana Rukavina, University of Zagreb

Andreas Schoebel, Vienna University of Technology
Ivica Stanceri¢, University of Zagreb

Adam Szelag, Warsaw University of Technology

Marjan Tu8ar, National Institute of Chemistry, Ljubljana
Audrius Vaitkus, Vilnius Gediminas Technical University
Andrei Zaitsev, Russian University of transport, Moscow



CETRA?2018 17-19 May 2018, Zadar, Croatia
5th International Conference on Road and Rail Infrastructure

EFFECTS OF UNDER-SLEEPER-PADS ON
LONG-TERM TRACK QUALITY BEHAVIOUR

Johannes Neuhold, Matthias Landgraf
Graz University of Technology, Institute of Railway Engineering and Transport Economy, Austria

Abstract

Under-sleeper-pads (USP) are elastic elements, which are placed under concrete sleepers.
The main task of USP is to decrease track ballast degradation. The aim of the present study
is to analyse and compare track quality behaviour of sections with concrete sleepers and
concrete sleepers equipped with USP. Around 600 km of track are investigated for the study.
The initial quality after track renewal and/ortamping and also the deterioration rate are used
for the analysis. Based on these results, it is possible to calculate average tamping intervals
for both sleepertypes and to make a comparison between them. By this means, the potential
is provided for pointing out a reduction in maintenance requirements by using under sleeper
pads, which results in a prolongation of service life and a reduction of life cycle costs.

Keywords: under-sleeper-pads, track, railway infrastructure, quality behaviour
1 Introduction

The ballast bed is an essential component of railway track and influences track quality and
its service life. Because of increasing traffic loads, ballast is exposed to higher condition
degradation, ultimately limiting the service life of track. When the threshold of ballast fouling
is reached, ballast cleaning is necessary. This is a very costly measure and often equals the
end of tracks service life if — depending on the track age — ballast cleaning as an additional
maintenance taskis no longer a reasonable option [1]. This means that ballast is a major factor
for the service life of railway track.

By using under-sleeper-pads (USP) ballast condition can be improved and thus service life
prolonged. The plastic properties of USP should allow a continuous embedding of ballast gra-
ins in the material. Hence, contact areas between ballast and sleeper increase and stresses
on the ballast layer are reduced significantly [2].

In Austria, concrete sleepers with USP are installed in the context of the investment strategy of
the Austrian Federal Railways (OBB) [3]: on tracks with traffic loads above 30,000 gross-tons
per day (Gt/d), on lines with speeds higher than 160 km/h and in radii that are smaller than
600 m. In addition, turnouts on lines with a traffic load greater than 30,000 Gt/d and speeds
higherthan 160 km/h should be equipped with concrete sleepers with USP. The present study,
however, focuses on plain track for reasons of comparability.

Concrete sleepers with USP have been installed in relevant quantities on the Austrian core
network since 2008 (Fig. 1.) From 2008, 60 % of all newly installed sleepers have been concre-
te sleepers with USP. Still only about 10 % of all sleepers in the Austrian core network are
concrete with USP due to the long service life of railway track.
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Figure1 Distribution of new installed sleeper types in the core network of OBB

2 Previous studies

Various studies have already demonstrated the positive effects of USP. One investigation
[2] could show that using USP increases the contact areas between sleeper and ballast. This
leads to a significant decrease of stresses between the sleeper and ballast grains and to an
improved load distribution. Another examination [4] reveals that using USP increases the
resistance against lateral movements. Within the project “Load Labs” the effects of different
ballast types with and without USP were analysed [5]. Moreover, this project could show the
increased contact areas between sleeper and ballast for concrete sleepers equipped with
USP. Furthermore, it turned out that sleepers with USP show a more favourable behaviour
regarding settlements and in case of impact stresses. Under certain conditions, it is also
possible to reduce the wear of rail pads and corrugation on the inner rail in small radii [6].
Another possibility for evaluating the behaviour of concrete sleepers with USP offers fractal
analysis of vertical track geometry [7]. This analysis allows the determining of the specific
wavelength range that is responsible for track geometry failures. Itis thus possible to evaluate
whether a trackirregularity is mainly caused by poor ballast (mid-waved-range) or substructu-
re (long-waved-range) condition. The usability of this method was confirmed in the course
of an extensive evaluation process [8]. Fig 2 shows an evaluation of the mid-waved range of
fractal analysis, which describes the ballast condition. This evaluation contains 4,000 km
of track of the Austrian main network. In the course of this, the ballast condition of tracks
with conventional concrete sleepers and concrete sleepers equipped with USP are compared
over the track service life (in the form of cumulated traffic load). The result was that concrete
sleepers with USP show a much better ballast condition in general together with a lower de-
gradation of ballast condition. Hence, this result means a further evidence for the improved
load distribution and a positive impact on track ballast of concrete sleepers with USP.
Proving the positive effects of USP was already possible on test track sections in Austria in
2007 [9]. First analyses of these track sections in terms of track quality behaviour were carri-
ed out within the project “Wirtschaftlicher Nutzen von Schwellenbesohlungen” (WINS) [10].
The investigation shows, that using USP leads to a significant improvement of track quality
after tamping and a decreasing deterioration of track quality. Within the economic analysis,
it turned out that the life cycle costs can be significantly reduced, although the investment
costs for sleepers with USP are slightly higher [11].
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Figure 2 Fractal analysis (mid-waved-range) confirm track ballast protection by using USP

The evaluations for the project WINS were made at the point in time, when concrete sleepers
with USP had started to become a standard component. Thus, only a low volume of data and
a short time series were available for the analysis. Because of the implementation of the
investment strategy of the Austrian Federal Railways, the present study can refer to a much
higher data-volume. The goal of the current investigation is to evaluate, whether the promi-
sing results from former studies can be confirmed with long-term experiences regarding USP.

3 Track quality behaviour

The Institute of Railway Engineering and Transport Economy at Graz University of Technology
focuses on the topic of track quality and its development over time during a period of many
years. A comprehensive data warehouse has been established in the course of this including
measurement data from the measuring car, asset information, constraint points, line para-
meters and executed maintenance tasks. The information is stored every 5 m and denoted
as a cross section, [12].

For the present study, the modified standard deviation of the vertical track geometry [13] is
used to describe track quality. Between two maintenance tasks — in most cases tamping —
track quality can be described by means of a regression function. A linear function is thus
used, that shows track quality in dependency of time as follows:

Q(t)=q, + b*t 0

In Eq. (1) Q(t) describes the quality level at time t, Q_the initial quality after tamping, b the
deterioration rate and t the elapsed time.

If a specific quality threshold is reached, it is necessary to carry out a maintenance task for
guaranteeing safe and comfortable railway operation. In order to keep track quality on a high
level, it is necessary to obtain a good initial quality plus a low deterioration rate. The service
life of track is extended by these means and life cycle costs are reduced.

Fig 3 shows the deterioration process of a railway track in one cross section. The black points
represent quality figures (SigmaH) that are calculated out of data from the measuring car. The
vertical lines illustrate maintenance tasks. The red line between two maintenance actions is
calculated based on the quality figures and by means of the linear regression function in Eq.

(.
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Figure 3 Deterioration process of track quality

The present analyses contain cross sections with sleepers installed in the year 2005 or later,
since sleepers with USP have been installed in reasonable amounts since then. Based on corre-
lation analysis, the result emerge that there is no general trend for the deterioration process
in dependency on line speeds or radii. By contrast, however, traffic load shows a significant
influence on deterioration and is therefore clustered separately. Altogether, about 120,000
cross sections (equals 600 track-km) can be evaluated within the present examination.

4 Results
The most important results are illustrated and described in the following section.
4.1 Generalresults

Fig. 4 shows a comparison of initial quality and deterioration rate of concrete sleepers and
concrete sleepers equipped with USP. The results show, that the usage of conventional concre-
te sleepers leads to an initial quality (quality after tamping) of 0.5 mm and to a deterioration
rate of 0.14. Concrete sleepers with USP display an initial quality of 0.3 mm and a degradation
rate of 0.07 in average. Hence, initial quality can be improved significantly by using USP.
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Figure 4 Comparison of quality after tamping and deterioration rate for concrete sleepers and concrete
sleepers with USP
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This effect can be observed independently of the traffic loads. The higherinitial quality is cau-
sed by the increased contact area between sleeper and ballast, which leads to an enhanced
load distribution. Thus, breaking of ballast grains and subsequently initial settlements are
reduced [2]. Furthermore, the investigation shows that the application of USP reduces the
deterioration rate of track quality significantly. This effect can also be confirmed for all ranges
of traffic loads. Within higher traffic loads the positive effect is even greater.

4.2 Resulting tamping-coefficient

What are known as “tamping-coefficients” are calculated for examining the impact of USP on
the maintenance demand during the life cycle of the track. These factors represent the prolon-
gation of the tamping interval due to the installation of USP. A prolongation of maintenance
intervals is achieved by improved initial track quality and reduced degradation rates (based
on SigmaH). The calculation of such a coefficient is explained by the example of cross sections
for traffic loads between 45,000 and 70,000 Gt/d.

An intervention limit fortamping must first be defined. This intervention limit depends on line
speed. The higher the line speed, the stricter are the requirements on track quality for safety
reasons. Furthermore, the intervention limit depends on track age, because a younger track
should be maintained earlier than a track at the end of its service life, [13].

For the boundary conditions within the present analyses (average line speed of 140 km/h),
the intervention limit for the modified standard deviation of vertical track geometry is 1.2
mm. Using the median values of initial track quality and deterioration rate, it is possible to
calculate the behaviour of track quality over time for different traffic loads. This calculation is
made for conventional sleepers (Fig. 5, grey line) as also for concrete sleepers equipped with
USP (Fig. 5, orange line). The result is a time interval (tamping interval) for both sleeper types
until the intervention limitis reached. Afterwards, the tamping intervals of both sleeper types
can be related to each other, which results in the tamping coefficient.

1,8
16 11 years

SigmaH

years

= == |L SigmaH == CONCrete sleepers === concrete sleepers with USP

Figure 5 Behaviour of track quality (SigmaH) over time; 45,000 — 70,000 Gt/d
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Fig. 5 shows the development of SigmaH over time for traffic loads between 45,000 and
70,000 Gt/d. Conventional concrete sleepers reach the intervention limit of 1.2 mm after 4
years. Concrete sleepers equipped with USP exceed this intervention limit after 11 years. This
means that the use of USP leads to a prolongation of the tamping interval by a factor of 2.8.
In Fig. 6, all tamping intervals for concrete sleepers with and without USP for different traffic
loads as also the related tamping coefficients are illustrated.
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Figure 6 Tamping coefficients for different traffic loads.

The investigation reveals that in general the tamping interval decreases for higher traffic
loads. This means tracks with higher traffic loads must be maintained more frequently. The
tamping coefficient shows in all traffic-load-ranges values of 1.6 or higher. Hence, it is po-
ssible to extend the tamping interval by at least 60 % by using USP. The biggest impact of
USP can be seen at traffic loads between 45,000 and 70,000 Gt/d with a tamping coefficient
of 2.8. Former studies [10, 11] based on a much lower cross section volume and short-term
analyses, showed prolongations of tamping intervals by factors of 2 — 3 (depending on traffic
loads). This means the results of former studies can be confirmed by the current investigation.

5 Conclusion

The goal of the present study is to investigate long-term track quality behaviour of track sec-
tions with conventional concrete sleepers and concrete sleepers equipped with under-slee-
per-pads. For this purpose 120,000 cross sections (equals 600 km of track) are available. The
results show, that it is possible to improve quality after tamping, as well as the deterioration
rate of track quality significantly by using USP. It turns out, that the application of USP pro-
longs the time period between necessary tamping measures by a factor of 2. For lower traffic
loads, the tamping interval can be extended by 60 %. For higher traffic loads, it is possible
to almost triple the tamping interval. The extended maintenance interval also leads to an
increased service life of the whole track. These results confirm the expectation of a significant
reduction in life cycle costs, although the investment costs of concrete sleepers with USP
are slightly higher. In conclusion, it can be stated that using under-sleeper-pads should be
an important part of a sustainable investment strategy of a railway infrastructure manager.

RAIL INFRASTRUCTURE
CETRA 2018 — 5" International Conference on Road and Rail Infrastructure



References

(1]

(2]

(3]
(4]

5]

6]

(7]

(8]

(9]

Neuhold, J., Landgraf, M.: Schotterbettreinigung als Instandhaltungsmanahme? — Wirtschaftliche
Auswertung auf Basis der Fraktalanalyse. ZEVrail Glasers Annalen, 140 (2016) 6-7, pp. 232-238.

Freudenstein, S., lliev, D., Ahmad, N.: Die Kontaktspannung zwischen elastisch besohlten Schwellen
und Schotter. Eisenbahntechnische Rundschau, (2011) 05, pp. 13 — 20.

B 50-1: Oberbauformen. OBB Infrastruktur AG. Wien 2009.

Iliev, D.: Die horizontale Gleislagestabilitdt des Schotteroberbaus mit konventionellen und elastisch
besohlten Schwellen. Dissertation, TU Miinchen, 2012.

Berghold, A.: Wirkungsweise von unterschiedlichen Gleisschotterarten mit und ohne
Schwellenbesohlung. ZEVrail Glasers Annalen, 140 (2016) 1-2, pp. 45-52.

Auer, F., Schilder, R.: Technische und wirtschaftliche Aspekte zum Thema Schwellenbesohlung — Teil
1: Langzeiterfahrungen im Netz der OBB. ZEVrail Glasers Annalen 133 (2009) 5, pp. 180-193.

Hansmann, F., Landgraf, M.: Wie fraktal ist die Eisenbahn? ZEVrail Glasers Annalen 137 (2013) 11-12,
pp. 462-470.

Landgraf, M.: Zustandsbeschreibung des Fahrwegs der Eisenbahn — Von der Messdatenanalyse zum
Anlagenmanagement. Dissertation, TU Graz, 2016.

Auer, F., Schilder, R.: Technische und wirtschaftliche Aspekte zum Thema Schwellenbesohlung — Teil
1: Langzeiterfahrungen im Netz der OBB. ZEVrail Glasers Annalen 133 (2009) 5, pp. 180-193.

[10] Veit, P., Marschnig, S.: Towards a more sustainable track. Railway Gazette International 167 (2011)

1, pp. 42-44.

[11] Marschnig, S., Veit, P.: Making a case for under-sleeper pads. International Railway Journal 51 (2011)

1, pp 27-29.

[12] Holzfeind, J., Hummitzsch, R.: Qualitdtsverhalten von Gleisen. ZEVrail Glasers Annalen, 132 (2008),

pp 212-224.

[13] Auer, F.: Gleislagequalitdtsanalyse zur Instandhaltungsoptimierung. Eisenbahntechnische

Rundschau Austria (2004) 1, pp. 838-844.

RAIL INFRASTRUCTURE
CETRA 2018 — 5" International Conference on Road and Rail Infrastructure

681






