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Abstract
One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional
maintenance and renewal
renewal (or even overhaul), which are disproportional compared to other sections of the
railway track, several European railway authorities define the transition zones between the “normal” open tracks
and "rigid" track sections or substructure
substructures such as bridges/
bridges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of
new innovative solutions for transition zones.
Keywords: railway transition zones,
zones, rehabilitation project, SMART RAIL research project
Résumé
L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au
maintien de l'infrastructure ferroviaire. En raison du besoin fr
fréquent
équent d'y effectuer des travaux additionnels
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre les voies «
normales » et les sections « rigides » ou sous-structures
sous structures telles que les ponts, tunnels et arches, comme des parties
problématiques de la voie.
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conception
conception et la mise
en œuvre de nouvelles solutions innovantes pour les zones de transition
transition.
MotsMot -clé:: zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL
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1. Introduction
One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional
maintenance and renewal (or even overhaul), which are disproportional compared to other sections of the
railway track, several European and American railway authorities define the transition zones between the
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/ culverts as problematic
parts on the track (Coelho
(Coelho,2010;
Coelho,2010; AAR Report
Report, 1993
1993.) Frequent repairing of the places like these has resulted in
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.
Transition
Transition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast
and non
non-ballast
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in
the rigidity of the track struct
structure
ure and track settlement occurs between individual transverse profiles, as a result of
the change in the structural elements and the foundation. Regarding to the emerging needs, higher axle load,
increases of the traffic load and higher train speed, the mo
more
re urgent the transition zone issues are.
In order to limit additional and frequent costs of rehabilitation or renewal of the transition sections
sections,, the
degradation mechanisms are analysed within S
SMART
MART RAIL, FP7 research project
project,, with the aim to find a high
high-quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail
infrastructure (Gavin
Gavin et al.,
al., 2012.).
2012.)
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of
new innovative solutions for transition zones between the open track on embankment and the bridge. Starting
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical
investigation works,
works, different
different approaches for both ends were applied for a systematic comparison of the overall
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the
design. Geotechnical specialized FEM modelling work with PLAXIS software was then carried out for a
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of
passing tra
trains
ins are not negatively affected at these locations.
2. Transition zones
Transition zones are defined as parts of the railway track where a change of basic characteristics that define a
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
2006.;
6.; Rossmann et al., 2008). Under the basic
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of
each substructure layer and each superstructure part, overall value of track deformations, geometric restraints.
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC Report
Report,,
2008.).
Type of the transition zone depends on where it is located:
• transition between different types of superstructure,
• transitio
transition
n from one type of substructure to another,
• direct transition between two different types of rigid substructures.
Within the SMART RAIL project,
project focus is on solving the problem in the transition zones between two different
types of substructure, between tthe
he open track on embankment and the bridge.
2.1. Negative mechanisms that occur in the transition zones
Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In
order to find the best possible solution for solving the problems that happen in the transition zones, all the
negative mechanisms which influence the behaviour of the track structure should be taken into account and
analysed. Negative mechanisms that occur in the transition zones are:
• discontinuity in the sstiffness
tiffness of the track structure;
structure;
• differential settlements of the rail track structure;
structure
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• influence
nfluence of rail services speed;
speed
• influence of the direction of the train.
The above
above-mentioned
mentioned degradation mechanisms, which in fact act each on their own, may also be conditioned by
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality
and safety of driving as an immediate consequence (Vajdi
(Vajdić et al., 2012.)
2012.).
2.2. Role of transition zones
A certain structural solution is in fact hidden behind the term “transition zones”.
The main role of transition zones is to prevent sudden changes in stiffness of the load
load-bearing
bearing structural elements
of the track. The aim is to minimize/ or prevent the occurrence of additiona
additionall negative dynamic loads over a part
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e.
dynamically irrelevant intervals, (Esvald, 2001.; Jenks, 2006.).
Ideally these inconsistencies occurring in parts of transition zones do not influence the performance of a passing
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other
dynamic occurrences, (Rossmann et al., 2008).
3. Case
ase study: transition zones at ''
''Buna''
una'' bridge
“Buna” bridge (Error!
(Error! Reference source not found.
found.a),
), situated at the railways track M104 Novska – Sisak –
Zagreb at km 398+422, is selected for the case study
study because of the obvious problems in the transition zones,
immediately before and after the bridge. In the transitions zones irregularities in the geometry have been noticed,
such as track unevenness and under ballast gaps, and vertical displacements of the
the whole track structure. These
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track
stiffness (Error!
(Error! Reference source not found.
found.b).
b).

Fig. 1. (a) “Buna“ bridge
bridge;; (b) Deformed geometry of superstructure
superstructure.

3.1. Technical characteristics of the
thett track section
Longitudinal gradient on the planned intervention section is 0.02 ‰. According to the characteristics of this
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893,
when this track was designed and built. The line was for the first time rehabilitated betwe
between
en 1971 and 1972,
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a
t/axle
xle and 8.0 t/m. Next rehabilitation which included
the whole rai
railway
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/axle
t/axle and 8.0 t/m,
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at

Vajdi
Vajdić.
ć.. Liu, Lenart, Oslakovi
Oslaković/
Oslaković/ Transport Research Arena 2014
2014,, Paris

4

this section the speed limit is today restricted to 50 km/h. The original rehabilitation project for the “Buna”
bridge replacement was designed in 2010, which was then extended with the new solution for transition zones in
2013.
According to the business plan of Croatian Railways (H
(HŽ
Ž Infrastructure) reconstruction of the “Buna” bridge
was planned for year 2013, and that is also the reason why it was chosen for the case study.
Currently rails are fastened on the wooden sleepers on distance of 60 cm, 50 m before and after the “Buna”
bridge
ridge with rigid fastening system (type K). The rest of the track has prestressed concrete sleepers. The wooden
sleepers are much less stiff compared to the rigid concrete sleepers and thus they easier absorb additional
dynamic effects that degraded the track structure. Their use in zones before and after the bridge, and on the
bridge presented one kind of solution that was used in the past for transition zones to prevent negative
consequences in the track caused by the differential stiffness.
The new
new track design predict the rails type 60E1 with adequate hardness (hardness category of at least R260) and
inclination 40:1, elastic fastening system SKL
SKL-14
14 (direct fastening without a base plate), pre
pre-stressed
stressed concrete
monoblock sleepers, ballast of adequate
adequate quality and protective layers of the adequate thickness (min. 30 cm) and
material texture. Sleepers are installed at distance between centres of sleepers of 60 cm (1670 pieces per km).
Continuous
ontinuous welded rail will be used on the entire section.
3.2. Traffic data
At the selected section there is mixed type of traffic; on average there are 28 passengers and 13 freight trains
daily, which gives about 1.270.827 passengers and 1.554.401 tons of goods annually. Type of locomotives that
are operating on this railway
railway line are: 1141, 2132, 2041 and EMU 6111
6111,, (Croatian Railways,
Railways, Annual report
2012).
2012).
3.3. Pe
Performed
formed geotechnical and geophysical investigation works
An extensive geotechnical and geophysical investigations have been carried out on site in March 2012. Field
tests
tests have been supplemented by numerous laboratory tests to provide accurate information about ground
conditions
conditions,, which results are presented in Fig
Figures
ures 2).
). All these investigations were performed in order to detect
the causes of degradation in the transition zones, and to provide
ovide necessary information for appropriate
reconstruction solution for that
at area.
area.

Fig 3. Ground characteristics
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Soil profile on the location of “Buna” bridge site was determined as follows
follows::
• The railway embankment, which is about 1,0 m thick, consists of crushed stone and gravel material;
• The subsoil to a depth from 3,5 to 3,8 m consists of high
high--plasticity
plasticity clay (CH) of soft consistency, anorganic,
blue
blue-gray
gray coloured. At borehole B3 and B4 high-plasticity
high plasticity firm to stiff green
green--gray
gray coloured
coloured clay is to a depth
4,5 m.
• Following layer up to the depth 4,80 -5,70
5,70 m consists of silty sand (SM), medium to fine grained, loose, gray
to dark brown coloured. Dominantly high plasticity silt (MH), dark brown coloured with soft consistency was
registered at borehole B3.
• The bottom layer to the boring depth of 12 m consists of silty, poorly graded gravel (GP/GS) with gray
coloured rounded firm grains. Pockets of medium to fine grained silty sand (SM), green-gray
green gray coloured, were
found at boreholes B1 (from 8,4
8,4 m to 9,3 m) and B2 (from 8,3 m to 9,7 m).
Based on the results of ground investigations, settlements and poor distribution of traffic load within the layers
below ballast layer were defined as a main reason for track structure degradation immediately before and after
the “Buna” bridge. Thus the transition zone solution should be based on the strengthening of the railway
embankment and the wedge behind the abutment.
4. Modeling
The idea was to design a two different transition zones, from each sides of the „Buna“ bridge, in order to have
ability to compare more than one solutions. First one (from Zagreb side) is based on present experiences
describe
describedd in guidelines “UIC CODE 719R: Earthworks and ttrack
rack bed on railway lines”
lines”,, (Fig 3.a)
.a). This technical
solution is based on the application of various types of embankment materials (cement stabilized layers, infill
material with controlled composition and granulation, material with better mechanical characteristics). The
second one (from Sisak side) represents inno
innovative
vative approach using prestressed geogrid reinforced soil (GRS)
(GRS),,
(Fig 33.b)..

Fig. 3.. (a) Transition zone on Zagreb site (No1);
(No1); (b) Transition zone on Sisak site (No2)
(No2)..

Calculations of load impact of railway embankment, replacement layers in the transition zones and the
foundation soil (stress distribution in the soil, and distribution of deformations and displacements), were
performed using Plaxis 2D (version 2010.01) and
and Plaxis 3D Foundation (version 2.2), based on finite element
method.
The soil is modelled using non
non--linear
linear hardening model, hardening-small
hardening small strain stiffness model and the Mohr
Mohr-Coulomb model.
The computational model has been developed based on the geometry
geometry of the rehabilitation project, and the layers
and characteristics of the soil. It is composed from two
two--dimensional
dimensional and three
three--dimensional
dimensional finite element mesh.
The boundaries of the model, taking into account the distance from the highest strain changes, have been
selected according to the usual rules of numerical modelling. In the nodes at vertical boundaries horizontal
displacements are disabled, while the nodes at lower boundaries vertical and horizontal displacements are
disabled.
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Calculations were car
carried
ried out with effective strength parameters taking into account non
non-drained
drained condition.
Computational soil models have been adopted on the basis of investigation data presented in the previous
section. Assumed deformation characteristics of geosynthetic reinforced
reinforced soil were based upon the results of
laboratory tests (Lenart, 2012)
2012),, (Fig.
(Fig. 4)

Fig 4. Laboratory tests of GRS

4.1. Calculations with Plaxis
After the calculations of initial soil strains, calculations of deformations were conducted in the following phases:
1. Activating of substitute materials in the transition zone,
2. Activating the traffic load according to the UIC71 scheme at the beginning of the transition zone,
3. Moving the load for 0.2 m in 2D model and for 1.0 m in 3D model, or activating loads at the displaced
location all the way to the abutment
n. Defining the load at the end of the model,
model, at the abutment
abutment.
Load according to the UIC71 scheme is approximated.
The overview of calculation results for existing (past) condition at the transition zones and new designed
conditions at both sides of the bridge are given in Table 1.
Table 1 The calculation results of the transition zones (TZ)
Calculation stages
(display of vertical displacement uy) [m]
Initial stage of the
moving load (the
load is dominant at
the end of TZs)

A central phase of
the moving load (the
load is dominant at
the middle of TZ)

The last stage of the
moving load (the
load is dominant at
the beginning of the
TZ - along the
abutment)

Existing TZs

0,013

0,014

0,029

TZ No. 1

0,004

0,005

0,006

TZ No. 2

0,0
0,0066

0,0
0,007

0,009
09

Existing TZs

0,031

0,029

0,024

TZ No. 1

0,015

0,013

0,012

TZ No. 2

0,021

0,018

0,017

Software application
Plaxis 2D Model

Vertical displacement at
the beginning of the TZ
(along the abutment)
Vertical displacement at
the end of the TZ
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4.2. Interpretation of the results
On the basis of performed analysis of the distribution of load and settlement calculations, it can be concluded
that the offered technical solutions, if compared with current situation, enabled to achieve gradual linear change
in stiffness of the bearing substructure in the transition zone, and a better distribution of traffic load through the
track structure itself thus reducing the value of total settlement of the same.
4.3. F
Final
inal design - direction
direction to Zagreb
The transition zone is formed behind the abutment wall under the ballast layer. Its final length is 17 m, (Fig
(Fig 5).
).
The embankme
embankment
nt stabilized by hydraulic binder is proposed behind the abutment. The embankment is built from
the bottom of the abutment foundation to the top of the abutment. The slope of stabilized part of the embankment
is 1:1. The subgrade material of controlled com
composition
position and certain degree of compaction is built with a slope
1:2 into the embankment to the end of the transition zone.
A layer of geotextile is going to be laid at the bottom of the construction along the transition zone. Another layer
of geotextile and a geogrid is laid on the surface of the formation layer. 30 cm thick cement stabilized base layer,
is proposed at the top of formation layer near the bridge in the length of 4 m.

Fig 55. Final design of the ttransition
ransition zone on Zagreb site

4.4. F
Final
inal design
design - direction
direction to Sisak
A prestre
prestressed
sed geogrid reinforced soil (GRS) is going to be used in transition zone between “Buna
Buna
Buna” bridge and
open ballasted track in direction to Sisak. The length of transition zone is also 17 m. The subgrade material of
controlled composition and certain degree of compaction is built into the embankment from bridge abutment to
the end of the transition zone. The embankment is constructed in a slope 1:1 from the bottom to the top of the
abutment foundation and in a slope 1:2 to the ddepth
epth 1 m bellow the top of the embankment. A layer of geotextile
is to be laid at the bottom of embankment. Upper 1 m of embankment is constructed by geogrid reinforced soil
(GRS). Horizontal layers of geogrid have a vertical spacing of 20 cm. GRS starts bbehind
ehind the abutments and
continue from 8 m (at the bottom) to 17 m (at the top) in the direction going away from the bridge (Fig
(Fig 6).
).
Subgrade material of controlled composition used for the embankment construction in the transition zone is used
as a backfill material in upper 40 cm of GRS, while bottom 60 cm of GRS is formed from the backfill material
that is used for construction of embankments oon the open track. In order to obtain higher stiffness of formation
layer GRS is designed to be prestressed in vertical direction in the length of 8 m,
m, direction going away from the
bridge.
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Fig 6. Final design of the ttransition
ransition zone on Sisak site

5. Construction process
Construction process has started in June 2013, while the end of the works are expected to be
be in November 2013.
During the construction works it was not possible to close the track permanently. New bridge design was
involving replacement of the old steel bridge with the new prefabricated concrete bridge. During the execution of
substructure and abutments
abutments rehabilitation works, provisional (temporary) bridge has been placed. Due to all
those circumstances certain modifications in the design of the transition zones had to be performed.
Before finalizing this paper, transition zone on the Sisak side of the bridge has been successfully constructed and
implemented. Prestressing of GRS has been performed by the application ofanchor plates dimensions 0.8 m ×
0.8 m × 0.02 m on both sides of prestressed vertical steel rod (IBO anchors ) to transfer reaction load on the
GRS, as presented in Fig. 7.. IBO anchors had diameter Φ=32
Φ=32 mm.

Fig. 77. Execution of GRS layer 1

Maximum prestressing force was 250 kN. Anchors were prestress
prestressed
ed in accordance with the scheme shown in the
Fig 8..:
250 kN
1

2
1

250 kN

250 kN

3
2

4
3

All loads All loads

200 kN
5
4

All loads

130 kN
7
5

All loads

6
6

All loads

Fig. 88. Load scheme of anchoring longitudinal beam at the top of GRS
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In order to optimize the distribution of prestrssing forces in the longitudinal direction of transition zone, GRS
layers are connected with two steel beams placed in longitudinal direction as shown in Fig 9.

Fig. 99. Execution of GRS layer 2

6. Monitoring
onitoring
During the construction works the level of compaction was constantly measured, as well as the quality of
embedded materials.
After the construction of the transition zones, it is necessary to carry out monitoring and measurements of
deformations and stresses, in order to calibrate the computer model and to confirm the proposed solutions.
Therefore extensometers have been embedded
embedded (welded) on the geogrids, in total 72 strain gages on 13 different
locations, and on geotechnical anchors, in total 10 strain gages on 5 differetn locations. In order to have
continuous monitoring horizontal an
andd vertical tubes have embedded to enable set
settlement
tlement measurements by
inclinometer
inclinometer, (Fig 10).
1 ).

Fig. 100. Strain
train gages
gage

onclusion
7. Conclusion
Transition zones represent discontinuity in track structures. Many studies have indicated that sudden changes in
track structure stiffness in transitions over culverts or transitions from an open part of the route onto a bridge/
viaduct/ tunnel is the main reason for the degradation of track structure in those sections.The higher the axle load
is, as the traffic load increases and as the train speed is higher, the more urgent is the transition zone issue.
here are currently no specific recommendations for dimensioning and design of the transition zones in Croatia
There
where many projects for the rehabilitation and improvement of existing railway are planned or already on going.
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With th
this
is project it has been actually achieved for the first time in Croatia that transition zones are implemented
in practice, as previously dimensioned and engineered "structures", as a part of whole railway track design.
By improving durability properties of the track structure on the part in the transition zone, we contribute to the
reduction of future costs intended for maintenance, which brings a direct benefit not only to infrastructure
owners, but also to operators and end
end-users.
users.
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