
Organizer
University of Zagreb

Faculty of Civil Engineering
Department of Transportation

2nd International Conference on Road and Rail Infrastructure
7–9 May 2012, Dubrovnik, Croatia

Road and Rail Infrastructure II
Stjepan Lakušić – editor

Road and Rail Infrastructure II
Stjepan Lakušić – editor

Proceedings of the  
2nd International Conference on Road and Rail Infrastructure – CETRA 2012
7–9 May 2012, Dubrovnik, Croatia

KEynoTE LECTuREs

EduCATion

TRAffiC pLAnning And modELLing

infRAsTRuCTuRE pRojECTs

infRAsTRuCTuRE mAnAgEmEnT

RoAd infRAsTRuCTuRE pLAnning

RoAd pAvEmEnT

RoAd mAinTEnAnCE

sTRuCTuREs And sTRuCTuRAL moniToRing

RAiL infRAsTRuCTuRE pLAnning

RAiL TRACK sTRuCTuRE

innovATion And nEw TEChnoLogy

EnviRonmEnTAL pRoTECTion

gEoTEChniCs

inTEgRATEd TimETAbLEs

uRbAn TRAnspoRT pLAnning And modELLing

uRbAn TRAnspoRT infRAsTRuCTuRE

vEhiCLEs

TRAffiC sAfETy



✁✃
2nd International Conference on Road and Rail Infrastructure
7–9 May 2012, Dubrovnik, Croatia

TiTle
Road and Rail Infrastructure I I, Proceedings of the Conference CeTRA 2012

ediTed by
Stjepan Lakušić

iSbN
978-953-6272-50-1

PubliShed by
Department of Transportation
Faculty of Civil Engineering
University of Zagreb
Kačićeva 26, 10000 Zagreb, Croatia

deSigN, lAyouT & CoveR PAge
minimum d.o.o.
Katarina Zlatec · Matej Korlaet

CoPieS
600

A CiP catalogue record for this e–book is available from the National and University Library in Zagreb under 805372

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  
2nd International Conference on Road and Rail Infrastructures – CeTRA 2012
7–9 May 2012, Dubrovnik, Croatia

Road and Rail Infrastructure II
ediToR 
Stjepan Lakušić
Department of Transportation
Faculty of Civil Engineering
University of Zagreb
Zagreb, Croatia



 4

✁✃
2nd International Conference on Road and Rail Infrastructure
7–9 May 2012, Dubrovnik, Croatia

oRgANiSATioN
ChAiRmeN

Prof. Željko Korlaet, University of Zagreb, Faculty of Civil Engineering
Prof. Stjepan Lakušić, University of Zagreb, Faculty of Civil Engineering 

oRgANiZiNg CommiTTee

Prof. Stjepan Lakušić
Prof. Željko Korlaet
Prof. Vesna Dragčević
Prof. Tatjana Rukavina
Maja Ahac
Ivo Haladin
Saša Ahac
Ivica Stančerić
Josipa Domitrović

All members of CeTRA 2012 Conference Organizing Committee are professors and assistants of the Department 
of Transportation, Faculty of Civil Engineering at University of Zagreb.

iNTeRNATioNAl ACAdemiC SCieNTifiC CommiTTee

Prof. Ronald Blab, Vienna University of Technology, Austria
Prof. Vesna Dragčević, University of Zagreb, Croatia
Prof. Nenad Gucunski, Rutgers University, USA
Prof. Željko Korlaet, University of Zagreb, Croatia
Prof. Zoran Krakutovski, University Sts. Cyril and Methodius, Rep. of Macedonia
Prof. Stjepan Lakušić, University of Zagreb, Croatia
Prof. Dirk Lauwers, Ghent University, Belgium
Prof. Giovanni Longo, University of Trieste, Italy
Prof. Janusz Madejski, Silesian University of Technology, Poland
Prof. Jan Mandula, Technical University of Kosice, Slovakia
Prof. Nencho Nenov, University of Transport in Sofia, Bulgaria
Prof. Athanassios Nikolaides, Aristotle University of Thessaloniki, Greece 
Prof. Otto Plašek, Brno University of Technology, Czech Republic
Prof. Christos Pyrgidis, Aristotle University of Thessaloniki, Greece
Prof. Carmen Racanel, Technical University of Bucharest, Romania
Prof. Stefano Ricci, University of Rome, Italy
Prof. Tatjana Rukavina, University of Zagreb, Croatia
Prof. Mirjana Tomičić–Torlaković, Univiversity of Belgrade, Serbia
Prof. Brigita Salaiova, Technical University of Kosice, Slovakia
Prof. Peter Veit, Graz University of Technology, Austria
Prof. Marijan Žura, University of Ljubljana, Slovenia



RAil TRACK STRuCTuRe 625

fwd APPliCATioN To RAilwAy TRACK–bed 
lAyeRS ChARACTeRiZATioN

Simona Fontul¹, Govind Kamlesh², Francesca De Chiara³, Eduardo Fortunato¹
1 National Laboratory for Civil Engineering–LNEC, Portugal
2 Instituto Superior de Engenharia de Lisboa ISEL, Portugal
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Abstract

The evaluation of the railway track condition represents one of the most significant parts of 
maintenance planning. Generally, only the track geometry is measured and then, during the 
maintenance process, the parameters of the track layout are restored, through tamping and 
levelling processes. Nevertheless, one of the main causes of track geometry deterioration is 
related to the track–bed condition. An evaluation of track stiffness can contribute to identify 
foundation problems and to adopt adequate maintenance actions.
In order to identify structural problems, a continuous monitoring of the track through non–
destructive load tests can be performed. The Falling Weight Deflectometer (fwd) equipment 
is commonly used to evaluate pavement´s condition and, due to its advantages, has been 
recently used also for railway platform evaluation. Thus, various fwd tests were performed 
during the construction of a new railway section, designed for high speed traffic. Three test 
campaigns were undertaken on different months, aiming to study the climate effect, and 
also different load levels were applied on each test point, in order to analyse the non–linear 
response of the track–bed layers to load level. 
Based on the fwd tests results, the elastic moduli of the track–bed layers are back–calculated 
and, consequently, the stiffness variation along the track can be estimated. This enables the 
identification of possible settlements caused by foundation. 
The main results obtained so far are presented in this paper, together with proposals for 
future developments.

Keywords: railway platform, non destructive tests, loading tests,  
Falling Weight Deflectometer, back–calculation 

1 Introduction

The railway evaluation consists generally in monitoring the geometry of the track with dedi-
cated equipment that performs the measurement without contact with the track elements. 
Based on the results obtained, any track settlements or rail geometry problem detected is 
solved through tapping and levelling. This process consists in adding more ballast to the 
existing track in order to re–establish the initial geometry. However, this process does not 
solve the real causes of the track settlements, such as fouled ballast or drainage problems 
[1, 2]. In these cases, the tapping will only increase the settlement due to increased weight. 
The Falling Weight Deflectometer (fwd) is usually applied for pavements evaluation. Several 
tests were performed at subballast level in order to study the applicability of this equipment 
to railway evaluation. The troubleshooting and the main results obtained so far are presented 
herein. 
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2 Falling Weight Deflectometer 

The Falling Weight Deflectometer (fwd) is presently the device for deflection testing most 
widely used in Europe, North America and Japan [3, 4] for pavement evaluation. The test load 
is obtained by dropping a weight from a certain height on a set of buffers. The load is tran-
smitted to the surface through a metal plate and the resulted deflections are measured by 
transducers resting on the surface, up to about two meters distance from the load centre. This 
equipment has the advantage that the impact load applied on the surface can be changed 
by changing the weight, the height and the loading plate diameter. In this way, simulation of 
various loading levels is enabled. The equipment measures the structure response in 6 to 9 
points (see Figure 1), resulting a deflection bowl that reflects the influence of different layers 
on the structure response. 

Figure 1 Falling Weight Deflectometer equipment.

The measurements are performed at equal distances along the infrastructure studied, chosen 
according to the length of the section to be tested (from 10 to 100 m). The measured deflection 
bowls, together with the information on layer thickness, are used for the estimation of 'in situ' 
bearing capacity [3, 4].

3 Load tests on a track platform – case study

3.1 General description

The case study consist of a structural modeling of an experimental field site of a railway 
infrastructure [5, 6], based on non–destructive load tests performed with fwd at the top of 
sub–ballast granular layer. In this way, an analysis of the efficiency of the load tests and their 
applicability and variability was made.
FWD load tests were performed at the top of sub–ballast, different load levels were applied 
in order to study the response of the structure and to establish the testing methodology. 
Different testing campaigns were undertaken, in different months, in order to identify the 
structural response under different weather conditions, consequently water contents. Several 
load levels were applyed in order to study their influence on the measured deflections. 
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The fwd 0.30 m diameter plate was used and minimum 3 drops were applied at each test 
point. The deflections were measured by nine transducers, one central (d0) and the remaining 
eight away from the center of the load plate by 30, 45, 60, 90, 120, 150, 180 and 210 cm. 
A brief presentation of the tests performed and the main results obtained [5] are referred 
herein.

3.2 Track section studied

The load tests of the case study were performed in a 29 km new railway section constructed 
in Portugal [5]. The recommendations of uiC 719R [7] were followed, for the design of the 
platform, in order to meet the requirements for the high–speed traffic. In this case study six 
sections (S1 to S6) of the railway platform were analysed [6]. 
The track substructure (see Figure 2) consists in a 0.30 m sub–ballast layer, generally compo-
sed by 0.15 m of granite aggregate, well–graded crushed unbound granular material (ugm), 
as top sub–ballast layer, and 0.15 m of limestone umg, as bottom sub–ballast layer, except 
for section 1 (S1) in which both layers consist on granite ugm. Generally, on the top of the 
subgrade a 0.20 m limestone ugm capping layer was placed, under the sub–ballast, except 
for section 6, in which the capping layer was 0.35 m thick. 
The first five sections (S1 to S5) were built on landfill, with an identical structural solution 
(Figure 2 left), while the sixth section (S6) was built in excavation and has a different structure 
(Figure 2 right), as already referred.

Figure 2 Geometrical characteristics of the track substructures studied

3.3 Load tests performed

Tests were carried out in six sections studied (S1 to S6), at the top of the sub–ballast layer, in 
November and December of 2008 and January of 2009.
Figure 3 presents, as an example, the deflections obtained in Section S6 during the December 
campaign, for several loading levels carried out, corresponding to 16, 25, 65, 90, 110 and 130 
kN. 
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Figure 3 FWD deflection obtained for various load levels at Section S6

3.4 Analysis of the results

From the analysis of fwd tests results for different loading levels resulted that, generally, 
the values of the granular layers modulus (E1) tend to increase with increasing loading level, 
except for the highest load (130 kN), where there is a decrease in E1 modulus (see Figure 4) 
but at the same time an increase in E2. 
It can be also observed that the subgrade layers modulus (E3) tends to decrease with the 
increase of load. The rigid layer modulus (E4) was maintained constant during this analysis.

Figure 4 Back–calculated moduli for different load levels – Section S6

The analysis of the results obtained for the three test campaigns undertaken in differnet 
months (November and December of 2008 and January of 2009) shows that the moduli obta-
ined for the first five sections (S1–S5) are similar per campaign, with small variations (see 
Figure 5).  
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In the temporal analysis (Figure 6), it is found that the modulus E1 in November tends to be 
equal to the modulus E2, with minor variations. However, in December and January, the E1 
moduli are generally lower than E2 moduli, with greater differences observed in January. This 
fact may be caused by the significant amount of precipitations that occured in December and 
January. 

Figure 5 Back–calculated moduli during different test campaigns S1–S6
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Figure 6 Back–calculated moduli during different test campaigns 

4 Final considerations

The application of non–destructive load tests has proven to be an efficient way to obtained 
continuous information of the platform condition. Several tests were performed in different 
months during the year and with different load testing levels in order to define the better 
testing approach for the railway platform evaluation. 
Some of the results obtained for structural characterisation of a test section are presented 
in this paper.
It is expected with this approach to contribute to a better characterisation of the platform, by 
using the fwd results, as they allow determining the elastic moduli of distinct layers of the 
track platform. In this way, it is possible to identify the causes of stiffness variation along the 
infrastructure and to correlate the future in service behaviour with the real causes of possible 
pathologies, such as track settlements. 
As future developments, based on the tests performed during this study it will be possible to 
define testing procedure for fwd measurements, to study the substructure response under 
different load levels and water contents conditions and to correlate the test with other loading 
tests performed in situ, such as Portable Falling Weight tests and Plate Load Tests. 
The next step is to develop testing procedures at the top of the railway track that enable the 
correlations of data obtained during construction with the structure response during service. 
In this way it will be possible to follow the track condition under traffic loading. 
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