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Abstract: Transition zones are in the places on the track with a change in the main composition of the
railway body. There are many sections with a sudden change in the stiffness of the structures built.
When the trains are running, a longitudinal shock wave is created from the wheels, which hits these
building objects with a higher stiffness and deforms the surroundings of these zones. The most
outstanding attention should be paid mainly to the transition points from the fixed track to the classic
track with a track bed, including objects of the railway substructure such as bridges, portals of
tunnels, etc. As part of the research sections on the main corridor lines, a long-term inspection and
monitoring were carried out using the KRAB trolley with a continuous measurement system [1].
Height changes in the deflections of rails are evidence of their behaviour. The measurements took
place on a fixed track and a track with a ballast. Changes in the height jumps between the fixed
railway track and the track with a gravel bed are significant and have been recorded since the tracks
were put into operation. These certain height deflections allow designers to develop new, more
durable construction designs.

Keywords: railway line; transition zone; change in stiffness; long-term monitoring; height deflections
of rails; fixed railway track; track bed

1. Introduction

Increasing the quality of the design and construction of the tracks for railway vehicles and
improving the safety and comfort of their driving are among the main tasks of the international
railway group UIC and the European Community. Depending on the quality of the designed track,
the smooth running of train sets may be disturbed by some objects built into the tracks. The shock
wave hits these objects, spreading from the wheels. These objects are called transition zones (TZ), in
which the rail upper structure and lower substructure objects suddenly change the track’s stiffness.
They are located on all railway lines as a transition between a fixed railway track (FRT) and a classic
one with a gravel track bed (railway ballast) or between gravel track construction and reinforced
concrete structures embedded in the railway substructure of the fixed track of bridges or tunnel
portals.

We know from railway practice and research tasks that these locations cause complications in
structural design, construction, and operation of train sets over these short sections. If a train set
travels on a fixed track (FRT) and its section ends, it will hit the ground in the transition zone, i.e. the
track ballast bed. This transition phenomenon also occurs at bridge structures. The trains must also
travel in reverse along this transition section. An impact force is generated, which causes the track's
geometric directional and vertical position to collapse. The same applies if objects (for example,
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bridges, tunnel portal foundations, tunnel tubes, etc.) are located on the railway substructure with a
continuous track bed above it.

If the rail bed were continuous, two options would arise. If it is a fixed track, it is in a long-term,
high-quality, sustainable condition but cannot be tamped. Similarly, if the track is on a continuous
track bed, there are directional and height deformations of the track position and height caused by
traffic. Still, the track is tamped regularly with mechanical tamping machines to the designed or
required position and height. In both cases, it is necessary to ensure that the time interval between
their position and height adjustments is as long as possible. This can be achieved with high-quality
constructed track sections with an emphasis on the behaviour of objects in transition zones. A
malfunction of a part of the train set or the poor condition of the structures on the track may cause
accidents in these sections. The primary cause, the "trigger", may be hidden in this poor directional
and elevation position of the track in each section with deformations, i.e. they may trigger the cause
of the accident. Conversely, in a poorly constructed transition zone, the forces acting on it can degrade
the railway track and the rolling stock of trains.

Monitoring the health condition of the objects of the railway lower substructure of the transition
zones would be appropriate, but the monitoring is carried out on railways as follows. Such
monitoring and evaluation of the conditions of the track of the entire carriageway take place with the
help of hand-held measuring devices (trolleys), especially with the measuring wagons based on the
measurements of the track parameters. The reconstruction measures of the lower substructure objects
will only be started based on the detected deformations of the geometrical position of the track. The
limits for corrective interventions in the track are given in the prescribed criteria of standards and
regulations (further on in the text). In our research, we perform very detailed measurements of the
geometric position and height of the track on the transition zones.

If transition zones do not maintain the designed or prescribed geometrical position and heights
of the tracks for a long time, there would be increased costs for their maintenance during their
operation and unwanted deformations of parts of rolling stock driving on them from wheel impacts.

Research has been carried out at the Department of Railway Engineering for several years since
2013 at transition zones near the Turecky Vrch railway tunnel in Trencianske Bohuslavice and the
railway bridge over the Vah River in Trencin, both with FRT. The research involves continuous
measurements, ensuring a comprehensive understanding of the transition zones. Currently, a new
section near the Milochov bridge near the city of Puchov is being prepared with a continuous gravel
bed. The measurements were carried out continuously with the KRAB measuring device [1]. In
addition, sensors for measuring the forces between the rail and sleeper and acceleration and speeds
will be built into the upper part of the railway structure. Measurements will be made while the train
sets are passing. In the first phase at the Milochov bridge (in the 3rd stage measurement), based on
the previous monitoring, the positions of these devices (sensors) in the transition zones will be
determined, and now preparation is underway.

2. Inspection, Monitoring and Methods

In the inspection and monitoring courses, research is conducted on the transition zones built
into the railway's upper structure and lower substructure. The train creates a longitudinal shock
wave, which hits a solid object, such as a reinforced concrete slab (FRT) or, for example, constructing
arailway bridge, tunnel portal, etc. The research was carried out on the track with these objects, either
with FRT or a classic track bed.

Sanudo et al. [2] research presents the measurement program and data collection on the
Dinatrans track transition solution. This novel solution consists of two inner and outer rails from slab
track to ballast track, pads with different stiffness over sleepers of variable lengths installed from
ballast track to slab track, and a simple substructure formed by non-structural concrete poured over
the natural ground. Authors Park et al. [3] mentioned that track irregularities in the transition zone
often occur due to differential settlement, which arises from the difference between the vertical
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supporting stiffness of the abutment and the backfill. This is disadvantageous because it increases
the maintenance requirements and deteriorates the ride quality.

Jain et al.'s comprehensive study [4] addresses the persistent issue of transition zone degradation
in railways, evaluating the efficacy of the most used mitigation measures and proposing a novel Safe
Hull-Inspired Energy-Limiting Design of a transition zone structure. These same researchers in [5]
solve railway transition zones' experience with higher degradation rates compared to open tracks,
which leads to increased maintenance costs and reduced availability.

Weaker zones of a railway body, such as the approach sections, are prone to differential
settlement under the action of repeated train loads by Idczak et al. [6]. The layer and objects degrade
more quickly at a critical section adjacent to a traditional rail bridge because of progressive
deterioration as a transition zone. Opting for an integral abutment instead of a conventional bridge
is gaining importance due to its improved track stiffness and reduced settlement performance.
Subsequent research by Hu P. et al. [7] introduces a multi-depth deflectometer combined with a
global navigation satellite system, which was developed for measuring the deformation of railway
slab track layers with the addition of laser sensor modules for increasing precision in which the
system head is fixed at the top of the track slab.

Park, S. et al. built a numerical analysis model to simulate the deformed concrete slab track [8].
For verification, they compared it with measured data from field tests. The field tests to measure the
stresses on the rail were performed at a train speed of 280 to 300 km/h in railway transition zones.

The authors Fortunato, E. et al. [9] speak about railway tracks frequently showing higher
degradation rates at transition zones from earthworks to bridges or other structures. To guarantee
the safety and comfort of passengers, this aspect results in higher maintenance costs and disturbs
railway operations. The behaviour of transition zones is rather complex, and their poor performance
has been mainly attributed to variations in the vertical stiffness of the track and to differential
settlements.

Authors Wang W. et al. [10] solved that transition zones in railway tracks are the locations with
considerable changes in vertical support structures, e.g., near bridges. Due to possible water flow
constrictions in transition zone structures, there is frequently an increased moisture level in the
ballast/sub-ballast layers, a potential source of track degradation.

The previous research activities of the Department of Railway Construction [11-14] were carried
out on transition zones with fixed railway track (FRT only), i.e. the transition of a fixed reinforced
concrete track to a gravel bed, including objects with FRT such as small and large bridges, tunnel
portals, etc., to a speed zone of 160 km/h. These places with a sudden change in the stiffness of the
railway track are also continuously monitored by the KRAB trolley. In this newly presented research,
locations are measured in the positions of sensors to detect force effects acting on individual parts of
the railway substructure [15], but this is not the subject of this text. Basic experimental measurements
as part of monitoring were already carried out after the new corridor line was handed over to
operation near the Milochov bridge in this new time stage, 4/2023 and 9/2023. We are expected to
install the sensors in the upper rail superstructure and proceed with further measurements in 2025
(preparation of the experimental section during 2024).

3. Discussion - Results of Measurements in the Track

A new section with input measurements on the track exclusively with a track bed was also
included in the measurements (previous monitoring since 2013 always with FRT). So far, two
measures have been carried out on the new section, i.e. after putting the railway line into operation
and then after five months of operation. The characteristic features of the shape of the track geometry
include the longitudinal height changes of the deflections (LHD) of the R/L rails. In the transition
zone and its adjacent sections, experimental measurements are carried out in the railway substructure
at points S1 to 54, i.e. determined in certain characteristic places observed by long-term monitoring
in particular transition zones in the years 2013-2024 [13-15], etc.
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Experimental measurements were performed continuously in a measurement and evaluation
step of 25 cm. The accuracy of the KRAB measuring device is reliable +1 mm of the average height
determination error due to the deflection of the LHD rails R/L, which is also documented by the
graphic outputs in individual stages; the same waves are recorded everywhere and, what is essential,
the curves of the graphs are transformed gradually (also confirmed from previous research
measurements). Each new stage of measurement on the transition zone as part of the monitoring
confirmed the curve of the last measurements and certain new developments of the deflection of the
deformation of the heights of the LHD rails over time.

3.1. Bridge Objects and Transition Zones

First, we point out the bridge object with adjacent parts of track sections, whose measured values
of LHD rails R/L are shown in Figure 1. Markings "ZA1", "ZA2", "BA1", and "BA2" are marked
directions of the location of measured transit zones near objects (bridge, tunnel), for example, ZA -
towards the city of Zilina, BA - towards the city of Bratislava, 1 and 2 are track numbers. In the figure,
the transition zone is in the railway substructure (bridge), where the railway's upper structure forms
a classic ballast bed. The “arrows” represent the prevailing direction of trains (approx. 80 %). We can
conclude that the results show characteristic deflections of the track geometry after the train sets pass
through the track. The figure shows the bridge object and the positions of the sensors for measuring
forces S1 to S4 (they are not the subject of this text and are prepared for subsequent physical
measurements in the track, not only monitoring using the KRAB trolley).

The lower parts of all figures with LHD curves present the composition of the structural parts
of a particular transition zone (e.g. bridge, tunnel, portal, ballast, FRT, FRT-block, tub, etc.).
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Figure 1. Longitudinal height deflection LHD by KRAB, track No. 1 — Milochov bridge: (a) L — left Dyn_L; (b) R

—right Dyn_R.

The height deformation of rail R in Figure 1b is more significant than rail L in Figure 1a because
it is the outermost rail R on the slope of this embankment. Although the gravel bed decreases to a
minimal extent due to running away into the hill, the track meets the criteria for operation. Measuring
sensors S1 to 54 are also located under this rail R, which caused small height shifts in these places.
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After the next tamping of the track with tamping machines, the heights will be levelled like the L rail
in Figure 1a.

These resulting deflections of the LHD height geometry of the R/L rails are evident in details of
this bridge object in Figure 2. We note that the height waves at the LHD in the continuous track bed
are not as significant as at the ends of the fixed carriageway. This is because a layer of the track ballast
dampens the sudden transition change in the railway substructure to the bridge object. As a rule, the
track bed is tamped with tamping machines to the required prescribed geometric position and
heights of the track (in contrast to a fixed railway track).

Regular tamping works with automatic tamping machines (to the prescribed, designed position
and heights) do not allow monitoring the time course of the LHD deflection with the KRAB trolley
and similar devices. Evaluations can only be done at intervals between two tampings of the track bed,
as tamping returns the heights to the same prescribed height position.

This is confirmed by measurements on the fixed railway track near the tunnels and the classic
ballasted track (next chapter). A railway line with a classic construction is generally tamped to the
projected height (or optimised, prescribed) regularly according to the criteria for evaluating the
operational condition in STN 736360-2 [16] for track monitoring, unlike FRT, where tamping works
are not possible. These are operational deviations for the AL level - monitoring limit, IL — intervention
or repair limit, and the IAL limit deviation — the limit of immediate intervention in the track.

It is assumed that shocks and shock waves at construction objects under the track bed in the
railway substructure. The track will more easily guide the vehicle over these objects in places of
stiffness change. This applies if the track is correctly and qualitatively built without subsequent
deformations. The FRT demonstrates long-term stability; only when the FRT is affected by a change
in the stiffness of the lower track structure does it adjust in height - it deforms.

MILOCHOV ZA1: LHD_Dyn_R
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Figure 2. Detail of LHD monitoring: R — right Dyn_R.

The following results of experimental measurements when changing a track with FRT to a track
with a track bed point to problems when changing the stiffness of the railway track. In these places,
one structure is interrupted, and there are significant shocks from the wheels of train sets, for
example, in Figures 3-6.

To comparison, measurements are presented from the monitoring of a direct transition (at the
point of change in track stiffness) from a fixed railway track to a track with a railway bed, for example,
sections near the Turecky Vrch tunnel near the city of Trencianske Bohuslavice according to Figure 3
or near the bridge in the town of Trencin in Figure 6. Reinforced concrete tubs for the track bed are
designed here as transition zones. The zero point "0" represents this transition ("jump") where
structural layers and objects are deformed, and the resulting values are R/L rail geometry position
LHD deflections.
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Figure 3. The overall evolution of LHD deformation — transition zone Turecky Vrch, track. No. 1: R — right
Dyn_R.
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Figure 4. Steady height deformation LHD - transition zone Turecky Vrch, track. No. 2: R — right Dyn_R.
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Figure 5. Overall LHD development and stabilisation deformation — transition zone Trencin, track. No. 1: R -
right Dyn_R.
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Figure 6. Overall LHD development and stabilisation deformation — transition zone Trencin, track. No. 2: R —
right Dyn_R.

Based on the results of long-term experimental measurements, we can conclude that the
transition zone with its beginnings and ends of the fixed railway track (the ends of the FRT), where
there is a transition from a reinforced concrete slab to the track bed, or the end of a bridge structure
without a track bed, causes more significant problems on the railway line. In contrast to the FRT, in
the transition zone from the gravel track bed, for example, at a bridge object located at the railway
bottom of the track, here, the track can be tamped regularly with automatic machine tampers
(provided that the structural layers of the railway's lower substructure under the transition zone can
affect their deformations, i.e., the TZ).

During this transition at the end of the FRT structure, a "vertical cut" occurs in the longitudinal
profile of the track, causing a significant change in its stiffness. This start or end of FRT at zero point
"0" approximately above 1 m in the track bed is tamped poorly. Also, for this reason, "jumps"
(deformation waves) arise, created by the forces of the wheels of train sets at these points.

The research shows that the most significant height wave of the change in the geometry of the
R/L rails occurs at the transition point, and in the case of the constructed reinforced concrete tub, also
at its end (schemes — lower parts of figures), but approx. with half the value of the height/depth of
the wave ("double jump" height curve, in this case, the length of the tub is 20 m). When the trains
travel in the opposite direction, the material at this point is pushed under the fixed track or the
transitional reinforced concrete tub, or the structural layers of materials under the concrete objects or
the reinforced concrete tub of the transition zone are deformed.

These longitudinal height deformations (LHD) of the R/L rails are significant (higher values)
mainly because they are places on the railway track where there is a transition between the reinforced
concrete slab (FRT) and the railway ballast. For this reason, research is being carried out on these
sections with a change in the stiffness of the railway track. In addition, according to Figure 3, we
assume changes in the heights of the underlying layers, as it is a high railway embankment of 6 to 8
m, and the said section has problems during the entire period of operation of the railway line.
According to this figure, we can also state that the first stage measurements before and after the track
is put into operation are curves that indicate that at the point "0", where the end of the reinforced
concrete block FRT (its fall and subsequent extrusion of the material).

Even if these height waves of the geometric position of the R/L rails (LHD) are detected, solved
and analysed, the track in the given section meets the criteria of operational deviations. As an
illustration, the resulting graphs from measurements by the continuous KRAB trolley with all its
parameters are shown in Figure 7. The primary task of the research is to reduce the effects of shocks
from the wheels of train sets, vibrations, deformations, etc., on objects of track construction, including
stress and wear of structural parts of train sets, and increase the comfort of driving on the track
(people, goods). If these deformations are not considered, the geometric position and heights may
collapse at the point of change in track stiffness.
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These limit values are differentiated by colour for the specific level of intervention in the track:
AL level — monitoring limit (green), IL — intervention or repair limit (blue), and the IAL limit deviation
— the limit of immediate intervention in the track (red). The limits are set according to the importance
of the track, for example, the European railway corridor with a track speed of 160 km/h.
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Figure 7. Monitoring all parameters of the geometric position of the track in the transition zone Milochov: (a)

continuous measurement of KRAB; (b) continuation.

3.2. Tunnel Portals

Other track stiffness changes, such as tunnel portals, behave similarly to the vertical deformation
deflections of the track geometry.

Data are monitored in the measured research section of the transition zone near the portal of the
Milochov tunnel, according to Figure 8, where there are height changes on the R/L rails. Since it is a
classic construction of a railway line with a track bed, the section is tamped with automatic tamping
machines to the prescribed geometric position and height of the track according to the AL, IL, IAL
criteria according to the standard STN 736360-2 [16].
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Figure 8. LHD Height changes - Milochov tunnel portal, track. No. 1- after starting operation: (a) L —left Dyn_L;
(b) R —right Dyn_R.

In the case of tunnels with FRT, the research monitoring registered the height changes of the
wave of the geometrical position of the track (tunnel portals), where it is proven that there is a
pushing of the material into the part of the track with its softer stiffness of the track with the
subsequent pushing out of the material of the structural layers at zero point "0" of change. There is
also an uplift of the track geometry at the beginning of the reinforced concrete track, Figure 9b (Figure
9a is OK).

The positive deformation arises because it is a place with a sudden change in the stiffness of the
railway track. In this case, in Figure 9b, the train pushes a pressure wave that hits the reinforced
concrete slab. In front of the tunnel, there is still a terminal block of the fixed railway line FRT-BLOCK
with a length of 5.08 m, on which there is still an FRT; therefore, the change in stiffness is shifted up
to this point, where the TUB-BALLAST track bed begins. Figure 9a is just a continuous FRT track.
Since it is a long-term effect of pressure wave forces on the object, there are elevations of these ends
of the FRT track, which is proven by all the figures in the paper.
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Figure 9. Overall development of height changes deformations - portal of Trencianske Bohuslavice tunnel, track
No. 1 and No. 2 with FRT: (a) ZA2: Dyn_L; (b) BA1 (reversed): Dyn_L.

The driving of various vehicles during tunnel maintenance, which enters the tunnel from the
road network in this location, or the loading of parts and machines at the tunnel portals can contribute
to the deformations to a certain extent. Alternatively, there can be a double transition zone, i.e., the
end of the fixed carriageway and the associated tunnel portal (2 transition zones in a row in Figure
9b).

Experimental measurements were carried out using different structural combinations of the
railway tracks at the tunnel portals. The results with a continuous track bed were first presented in
the paper, but the results are more interesting regarding the results for the railway track formed by
the FRT-reinforced concrete track or slabs. In the case of continuous FRT construction at the portal
site, it is influenced by this tunnel portal (its massive construction), for example, by the FRT track in
front of the portal, or vice versa by the fall or lift of the portal. For a long time, research was mainly
carried out for portals with a sudden structural change in the stiffness of the carriageway, where the
FRT ends (designed only in the tunnel tube). In these cases, the proposed reinforced concrete tub for
the track bed is before the tunnel portal. These transition zones have a proposed reinforced concrete
block glued to the foundations of the portal, and here, a "cut" occurs between these objects; for
example, they are presented in research publications [11,12] and [14].

4. Common Characteristics of Results and Comments

Based on the mentioned long-term observations of the transition zones, it is possible to state
certain characteristic basic features of the behaviour of the geometric position of the R/L rails.
Differences arise in transition zones with a fixed track (FRT), for example, with a reinforced concrete
tub, or a track with only a track bed and built-in bridge objects, tunnel portals, culverts in the railway
lower substructure, etc. We have to keep in mind that the track bed (unlike the reinforced concrete
track with FRT) is tamped regularly based on design or operational criteria, and it is difficult to
determine the behaviour of the objects below it because they have the final adjustment of the
geometric position and heights of the track made by machine tampers. On the contrary, the track
with FRT cannot be tamped, modification is impossible or exceptional (change of pads under the rails
with different thicknesses, breaking the reinforced concrete slabs and building a new one), but they
have long-term sustainability of the geometric position of the track. The problem is only the contact
zones in case of a sudden change in the stiffness of the track of these two systems.

Through monitoring and inspection of the railway track, it has been proven that there are shocks,
vibrations, jumps, and pushing and pushing of the materials of the structural layers in the transition
zones, according to the diagrams in Figure 10.

CuT BALLAST
FRT BLOCK ‘ S— I FRT CUT. BRIDGE {CUT FRT
(a)
RISE FALL
A"
eRT |BLock BALLAST
TUB |
(b)
WAVINESS TUNNEL
by tamping machines
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Figure 10. Characteristic influences in transition zones: (a) Cut; (b) Rise and fall; (¢) Double-jump; (d) Ballasted

track-waviness by tamping machines.

Figure 10 summarises all the detected characteristics on the track with FRT (Figure 10a—c).
However, if the track without FRT is only with a track bed, only the undulation of the geometric
position of the track heights is presented (Figure 10d). In this case, there is no change in track stiffness
directly under the rails and sleepers (continuous track bed) because the track is tamped using
tampers.

With a continuous track bed, it is not possible to determine during the expert measurement the
behaviour of the geometric position and height of the track depending on the built-in object under
the track bed, as even here, the track is tamped regularly or at prescribed AL, IL or IAL intervals. The
geometry of the track is characterised by height waviness in small height changes of + 2 mm. We must
note that if a bridge, tunnel portal or culvert has a continuous track bed, we cannot record it, for
example, with the tunnel portal in Figure 8 or Figure 10d. Indeed, if the track is not tamped, its
deformations will be recorded. If the continuous track bed ends at a bridge abutment or a tunnel
portal, we consider it a classic transition zone, like the end of a fixed railway track.

Figures 1-9 provide information about the measured data displayed by the curves. Figure 10a
to d summarise the general properties of this monitoring. Figure 11a to ¢ supplement them with
photos from the measured research sections on the railway.

Figure 11. Photos from research sections of transition zones [Photos: S. Hodas] - cities: (a) Milochov; (b) Trencin;

(c) Trencianske Bohuslavice.

5. Conclusions

The classic construction of the railway's upper structure and the construction of the so-called
fixed reinforced concrete roadway (FRT), or ballast-less superstructure and in the case of
constructions of the body of the railway substructure. Because in the Slovak Republic, this issue is
not sufficiently addressed in the relevant legislative documents, it is necessary to proceed with their
amendment in connection with the long-term experience of advanced railway administrations and
to incorporate European standards into the proposals of designers in railway engineering.
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Based on experimental measurements of selected test sections established on the European
railway corridors, the current options for solving transition zones must be optimised using numerical
modelling, or new solutions must be proposed [17]. From this aspect, these solutions must not only
respect the experiences gained from the research of the given issue but also accept new experiences
and perspectives on the solution of transition zones by advanced railway administrations. At the
same time, the effort will be to apply, to the maximum extent possible, innovative structural materials
and elements in the construction of the transition zones, not only in the part of the construction of the
railway superstructure but also in the railway substructure (different types and shapes of structural
layers and their different materials, reinforced concrete plates and wedges, small pilots, etc.). From
this point of view, the expected benefit will be the differentiation of structural materials and elements
and their influence on achieving a numerically optimal gradation of roadway stiffness between
structures with different stiffnesses, which occur in large quantities on every railway line.

All the presented research tasks of the Department of Railway Engineering are carried out to
verify the long-term behaviour of the geometric position and heights of the tracks in each section of
transition zones. The tasks are carried out within the framework of track exclusions, organised in
cooperation with the Railways of the Slovak Republic — the Infrastructure Manager and the Railway
Research and Development Institute (VVUZ). The presented data is used by designers in the field of
railway engineering in the modernisation of the European railway corridors in the Slovak Republic
for future designs of transition zones [18]. In the case of the current state, the tracks are maintained
based on the measurements found for a smooth and comfortable ride of the train sets with the help
of intervention in the track by working machines or by changing the components of the railway's
upper superstructure.

A relevant contribution will be, in addition to the optimisation of the applied current transition
zones, their modification, i.e. preparation of structurally and materially new constructions of
transition zones for different areas of different stiffness parts on modernised railway infrastructure
lines, respecting actual operating conditions (track speeds, type and number of trains) and also
various parts of construction objects of the underlying structure (bridges, tunnels, culverts, etc.).
Several years of track modernisation experience show that increased investments in the quality of
transition zones can increase driving comfort and the life of the track and reduce the costs of its
maintenance and repairs (by increasing the time intervals between the necessary AL, IL or IAL
interventions). At increased speed, the running of trains along these transition zones and their
subsequent track sections will be more reliable and safer with increased resistance to their
deformations by reducing the effects of the forces acting on the given places. Numerical modelling
of these elements and the forces acting between them (from the chassis wheels through the R/L rails
to all layers of the railway body) is a subsequent step of the new project [17].

From the point of view of a passenger on a passenger train and, of course, also of goods
transported on freight trains, these places with a sudden change in the stiffness of the running track
(iron-concrete on the track bed) are very unpleasant. Undesirable horizontal and vertical forces,
including shocks and vibrations, occur. In this section, the driving comfort is disturbed, especially at
high speeds on the track. In the Slovak Republic (and in other countries), there is mixed train traffic
(passenger and freight), and forces from heavy, long, and old freight trains act very unfavourably on
these sections of tracks. The struggle with the consequences of these forces begins with a high-quality
design proposal from designers during the construction of railway lines and continues during their
operation.
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Abbreviations

KRAB Name of continuous measurement system

TZ Transition zone

LHD Longitudinal heights deflections

FRT Fixed railway track

R/L Right and left rails

STN Slovak technical standard

AL Monitoring limit

IL Intervention or repair limit

IAL Limit of immediate intervention

VEGA Scientific Grant Agency of the Ministry of Education, Research and Development
vvuz Railway Research and Development of Slovak Railways
ZSR Railways of Slovak Republic

UIC International Union of Railways
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