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ABSTRACT 
Transition zones between embankments and rigid structures (e.g. a bridge) generate high maintenance costs for railway companies. In
order to reduce maintenance, better understanding of the behaviour of these zones is required. The research described in this paper
focuses on a field test on a transition zone at a typical soft soil site. An initial review identifies the most probable mechanisms of
failure, selected from both literature and expert opinion. The field survey and results of short-term measurements and long-term
measurements are described. The lessons learned are then discussed. 

RÉSUMÉ
Les zones de transition entre le remblai et une structure rigide (par exemple un pont) engendrent des coûts de maintenance élevés pour
les sociétés des chemins de fer. Afin de réduire l'entretien, une meilleure compréhension du comportement de ces zones est
nécessaire. La recherche décrite dans cet article se concentre sur un essai sur le terrain relatif à une zone de transition située dans une
zone de sol mou typique. Une première analyse identifie les mécanismes les plus probables de destruction, a partir d’analyse
bibliographique et d’opinions d’experts. Le test sur le terrain et des résultats des mesures à court et long termes sont décrits.
L'expérience acquise est analysée. 
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1 INTRODUCTION 

Transition zones between embankments and rigid structures like 
bridges, tunnels and culverts, require a significant amount of 
additional maintenance on the Dutch railway network. This 
maintenance is often unexpected and causes inconvenience for 
passenger and operators alike. Also, the Dutch railway provider 
ProRail wishes to increase maximum speed and maximum axle 
load on existing railway lines, without extra loss of availability 
or extra maintenance costs. To obtain this improvement, a better 
understanding of transition zones is required.  

The differential settlements between fixed structures and 
embankments due to consolidation and creep in the soil do not 
fully explain the excessive maintenance. The required 
maintenance remains high, even when long-term settlements are 
decreasing. In 2007, a Delft Cluster research project was started 
with the aim of obtaining knowledge on mechanisms governing 
maintenance of railway transition zones. The project focuses on 
the track subsoil, since the main differences between the track 
on the structure and on the embankment are in the part under the 
ballast. Interaction between wheel, rail, sleeper and ballast are 
also taken into account. Deltares, Delft University of 
Technology and Dutch rail infra provider ProRail were involved 
in carrying out this research project with the collaboration of the 
University of Southampton. The research is monitored by a 
soundboard consisting of industry professionals and researchers. 

This paper describes the general set-up of the research and 
the results of the research up to now, with emphasis on the 
results of the field tests. 

2 STRUCTURE OF THE PROJECT 

The project is divided into four distinctive parts: 

1. An initial review of current state of the art and 
experience 

2. Field tests 
3. Modelling and validation 
4. Practical implementation 

The initial review aimed to draw up an inventory of existing 
knowledge, both in the academic world and in practical 
engineering. Academic knowledge was explored through a 
conventional literature review. Practical knowledge was 
explored by an interview technique in an electronic boardroom. 
An electronic boardroom offers the possibility of compiling the 
knowledge from experienced engineers and classifying the 
results efficiently. 

The second phase consists of field measurements. Existing 
models do not give satisfactory explanation of the observed 
behaviour. Therefore, it was considered that only extensive 
monitoring could deliver the information required for 
improvement. The inventory phase identified the most 
important aspects that would need to be monitored. A test site 
was identified near Gouda in the western part of the 
Netherlands. 

The modelling phase in the third part aims to reproduce in 
models the observations from the field experiments.  

Ideally, the results of the research will be incorporated in 
ProRail guidelines for design and delivery of new railway lines 
and for maintenance of existing railways. This practical aspect 
will be considered in the last part. 
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3 INVENTORY PHASE (INITIAL REVIEW) 

3.1 Expert sessions 

The initial phase consists of an inventory of existing structures 
and experiences and a literature review.  

Figure 1 shows the principle of the inventory of structures 
and experiences using expert sessions. Existing structures and 
experiences were collected in an electronic boardroom. The 
meeting with the experts helped to create an overview of 
transition structures and prioritized these. Since prioritization 
did not deliver a small number of structures, selection of five 
typical structures was made, because these are used in the 
Netherlands. 
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Figure 1 Structure of expert sessions 

The approach slab (see fig. 2) has become the most common 
structure used in the Netherlands since the 1970s. For a durable 
solution proper construction practices are essential, such as 
ensuring the sand densification under the slab is checked, since 
after construction, the possibility of adjustment is limited. For 
the majority of these structures, regular track maintenance has 
been required over many years after construction. 

Application of a geogrid within the soil (combined with 
approach slabs) helps to reduce maintenance. Careful 
installation is essential to mitigate potential problems in the 
future and the design should allow maintenance with tamping 
and ballast cleaning machines in the future.  

Use of heavier (higher or wider) concrete sleepers, a new 
development, has been suggested. However, current 
maintenance equipment limits its application.  

Soil improvement near the rigid structure has been utilized. 
Many types of soil improvement techniques have been tried in 
practice, such as lightweight materials and cement stabilization. 
No guidelines or scientifically supported design methods are 
available. The construction of these solutions is time 
consuming. These solutions also do not seem to produce any 
great improvement in reducing maintenance. 

Railframes are applied mainly for emergency maintenance. 
This solution hinders current maintenance equipment too much. 

Finally, the most important geotechnical mechanisms 
suspected to cause excessive maintenance are defined and 
related to the selected structures. Owing to a limited number of 
participants, no clear relationship could be established. 

3.2 Literature review 

The literature review offers a good overview of different 
possible failure mechanisms. For the approach slab 
construction, Figure 2 (Briaud et al, 1997) summarizes the 
possible mechanisms of transition zone detoriation. 

(Dahlberg, 2003) presented field measurements showing 
considerable settlement in front of and behind a bridge on the 

West Coast line in Sweden. He observed a low stiffness close to 
the bridge, caused by the use of lightweight fill material. 

(Hogeweg, 2002) studied transition zones using numerical 
simulation with finite elements. He focused on the influence of 
the settlement due to consolidation and on maintenance. He 
found that a longer approach slab should reduce the need for 
maintenance. 

Figure 2 Overview of mechanisms identified by (Briaud et al,
1997) 

 (Cai et al, 2005) modelled the problem of an approach slab 
with end plate using a 3D finite element analysis. He studied the 
behaviour of a long approach slab (12 m), with the settlement of 
the embankment due to consolidation as primary input. This 
design seems unsuitable for railways due to too high stresses 
under the end plate. 

In general, most authors suggest reducing differential 
settlement and taking care to provide a smooth stiffness change 
between embankment and structure. 

3.3 Selection of mechanisms 

Since existing models do not explain why the required 
maintenance frequency at transition zones is much higher than 
on embankments, the project continued with extensive field 
observations. The mechanisms identified from the expert 
sessions and the literature are used to select the most important 
variables to be monitored. Figure 3 shows the selected 
variables. 
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Figure 3 Overview of mechanisms checked in field test 
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The behaviour of a 15 year old transition zone on the Dutch 
railway network, located on a typical soft soil site near Gouda 
(between Utrecht and the Hague), was monitored over a period 
of 1 year. Each hour, four intercity services and two local 
services pass over a culvert located beneath the track. A field 
survey was carried out with historical data of track quality and 
maintenance schedules taken into account, Cone Penetration 
Tests (CPT) and Vertical Seismic Profiling Tests (VSPT) have 
been carried out. The project to monitor the long-term 
behaviour of the transition zone was started in mid 2008. The 
behaviour of track, ballast and subsoil were observed over the 
one-year duration of the project, which contains 4 to 6 
maintenance cycles. Changes in the water table were also 
observed. In addition, the track deformation, the ballast 
movements and the position of the transition’s approach slabs 
were measured.  

In addition to the long-term observations, short-term 
dynamic behaviour was also included in the research. The 
dynamic behaviour of track, the transition slab and subsoil was 
observed during regular train services. Accelerations and excess 
pore water pressures were measured in the soil with dynamic 
track deflections together. The influence of critical train speed 
and wave reflections against the fixed structures will be studied 
experimentally. 

4 RESULTS OF MONITORING NEAR GOUDA 

4.1 Soil investigation 

During the field survey, the subsoil, ballast and position of the 
plate were determined. Figure 4 shows the results of five CPTs 
carried out along the track, close to the culvert. The culvert is at 
position 70 m. Between 6 and 8 m depth and 10 and 13 m depth 
soft peat layers were found. At the top, the man made 
embankment is observed. The homogeneity of the embankment 
is low. 

Figure 4 Subsoil layering from Cone Penetration Tests 

Figure 5 shows the measured position of ballast and 
approach slab. The slab has settled about 0.4 m since 
installation and at the toe of the slab a ballast pocket about 
1.0 m thick was found.  
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Figure 5 Position of slab and ballast from borings 

4.2 Long-term measurements 

The long-term measurements concentrated on the track 
geometry (position) and the horizontal movement of the 
embankment. The track position was measured by monthly 
levelling of the unloaded track. The horizontal movement is 
measured by inclinometers, installed within the embankment, 
which were also read monthly. The track levelling was 
complicated by regular maintenance. The levelling was 
undertaken shortly before and directly after maintenance. 

Figure 6 shows the results of the levelling between July and 
September 2008. The direction of traffic is from left to right. 
The Figure shows the results for the left rail. The Figure shows 
the measurement just before (8 July) and after (9 July) 
maintenance and the measurements until the next scheduled 
maintenance. In this maintenance period, the maintenance was 
only carried out on the left hand side of the culvert. Several 
observations can be made: 
− At the right-hand side end, the settlement of subsoil-

embankment and ballast is observed: this is more than 1 mm 
per month.  

− Three weeks after maintenance the settlement of the track is 
about 6 mm (31 July, left-hand side). We suspect this is 
particularly due to ballast post compaction shortly after 
maintenance. In order to determine the rate of compaction, 
more frequent measurements are needed. 

− Six weeks after maintenance (19 August) the track 
settlements right above the approach slab are much larger 
than those further away. This indicates that the behaviour of 
the structure on the approach slab is significantly different 
from that on the free track. 

− The depth of the ‘pot-hole’ at 5 m on the right hand side of 
the culvert seems to decrease after some time. This suggests 
that there is a relationship between the two sides of the 
culvert, related to the dynamics of the passing trains. 
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Figure 6 Levelling data for one maintenance period 
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The horizontal displacements measured by the inclinometers are 
too small to measure accurately the true deformation of the 
embankment. The measurements obtained from the 
inclinometers are currently (6 months after start measurements) 
within the range of accuracy of the instrument and do not show 
a distinct pattern in direction of the movement. However, from 
visual inspection we still think that the lateral spreading of 
ballast and embankment plays a role. 

4.3 Short term measurements 

The dynamic displacements of track, the approach slab and the 
embankment during regular train services, were measured. Both 
geophones and accelerometers were used. The measured 
velocities and accelerations are integrated with respect to time 
to obtain displacement. Comparison of the results at similar 
locations and the comparison with high-speed camera 
measurements (Bowness et al, 2007) show that the integration 
steps were correct. Figure 7 shows the maximum displacement 
of the sleepers under a passing semi-fast train. 

The following observations can be made: 
− The stiffness of the track above the approach slab is a factor 

of about 4 lower than the stiffness above the embankment 
and a factor 8 lower than above the rigid culvert. This might 
be the result of hanging sleepers within the transition zones. 
The commonly used assumption of a gradual increase in 
stiffness between the free track and the culvert over the 
transition zone is not valid. 
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Figure 7 Deflection of track under passing semi-fast train 

− The displacements measured at the end of the approach slab 
and in the middle are almost equal. Since the slab is rigidly 
supported by the (piled) culvert, both bending and rotation of 
the slab play a role during train passage. 

− The vertical displacements at a depth of 1.0 and 3.0 m within 
the embankment are almost equal. This suggests that the 
embankment moves vertically as a rigid mass on a soft 
spring (formed by the peat layers). The low stiffness of the 
soft peat layer plays an important role for the behaviour of 
the embankment. Contrary to the consolidation of the soft 
subsoil, the effect of the low stiffness of the subsoil does not 
diminish with time. 

5 PRELIMINARY CONCLUSIONS AND FURTHER 
WORK 

5.1 Conclusions 

An extended field measurement has been carried out at the 
Gouda site. Both the long-term and short-term behaviour of a 
transition zone with approach slabs were monitored. The 
resulting dataset offers possibility to understand the train-
structure-ground interaction over these two time scales. 

The soil investigation shows a high variability of the cone 
resistance in the embankment. The approach slab has settled 
more than 40 cm over the last 15 years, with migration of the 
ballast into the embankment as evidenced by the ballast pocket 
at the start of the plate.  

The long-term measurements show settlements of the track 
that are much greater than settlement expected due to 
consolidation. Possible explanations include the dynamic 
loading of the transition zone. 

The short-term measurements show that the support of the 
sleepers is poor and that the embankment moves as a rigid body.  

Starting this research with extensive field measurements 
leads to essential knowledge, which cannot be gained from 
modelling alone. 

5.2 Further work 

In spring 2009 a second short-term measurement will be 
undertaken. The observations so far obtained will be checked 
and explored in more detail. The dataset will help develop a 
robust model of the transition zone, with the results being 
utilized to improve current design and maintenance guidelines. 
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