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REVIEW OF THE MODERN BALLASTED RAILWAY TRACKS’
SUBSTRUCTURE AND FURTHER INVESTIGATIONS

Purpose. The authors’ aim is to summarize the results of relevant international publications and, based on these,
to give a comprehensive review about the modern ballasted tracks’ substructure. Methodology. This article is a start
of a PhD research, which means it was proceeded by a secondary research. At first, the substructure and its protec-
tion layers were summarized, after that the geosynthetic cementious composite mat materials, especially the Con-
crete Canvas are discussed. Findings. The experiences of the geosynthetics’ and other protection layers’ functions,
show that a possible using of the GCCM (geosynthetic cementious composite mat) under the ballast can be a good
solution for renewing short sections in the railway tracks. Originality. One of the authors — namely Balazs Eller — is
a PhD student at Szechenyi Istvan University in Gyor (Hungary). His research topic is the reinforcement possibili-
ties of railway substructure with the usage of special (mainly cement-bonded) layers. This article was written to col-
lect and summarize the up to date knowledge related to modern ballasted railway tracks’ substructure to be able to
determine the following research ways and possibilities at this topic. The research plan will be sentenced in the near
future, as well as the required laboratory and field tests will be prepared. Practical value. As expectation, after hav-
ing executed the related research, the advantages and disadvantages of GCCM layers in the railway substructure will
be able to defined, as well as factual deterioration process can be determined related to the ballasted tracks and their
geometrical stability.

Keywords: substructure; subgrade; ballasted track; protection layer; concrete canvas

Purpose Methodology

The basis of this paper is the research in sci-
ence education, and study current state-of-the-art
technologies. The authors studied the different ma-
terials, the investigations with them and their be-
haviour from usability aspect. Both laboratory and
in situ tests are being studied. The different tech-
nologies are being compared, for study the better
and cost effective ways to use.

The railway substructure
In general

The degradation process of the railway track is
a natural process. The ageing of the different types
and different materials of elements is not the same.
For example, from a bad (insufficient) rail welding
or rail joint, there can be increased dynamical ef-

The aim of this paper to summarize the experi-
ences about the connection between the substructure
and superstructure, and the railway protection layers
at relevant international publications to make
a comprehensive review about the adequate tech-
nologies of nowadays. After that a new possibility is
being showed, which could help to reduce future
maintenance costs. This paper deals with the bal-
lasted tracks, because this is what was established
almost in Hungary, and because of the weaker and
flexible base, the substructure fouling is more sig-
nificant here.
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fect which leads to more pumping effect and con-
taminated ballast. From another aspect, the conse-
guence is the same if the problem comes from the
weak soil properties or inadequate drainage. In this
complex system, all the elements influence all the
other elements. The degradation has to be main-
tained, but while a welding or a rail can be
changed relative easily, the subgrade could only be
renewed after the established of the whole super-
structure. So the superstructure of the railway
needs permanently and adequate support from the
subballast, subgrade.

If the substructure has not got enough bearing
capacity or it has got weak soil mechanical proper-
ties, a new protection layer is needed. Otherwise,
the many speed limits that caused by the obsoleted
faults, need more excess energy that could cost bil-
lions in every year [15], furthermore the maintain-
ing of these faults also costs a lot. If the axle load
is increased by 2.5 tons, the total maintenance cost
increased by 4.2% too [28]. If the substructure has
not got enough bearing capacity and other appro-
priate soil mechanical properties, soil replacement
or new protection layer is needed. That improves
the bearing capacity, drainage and other significant
tasks that are indispensable.

On the other hand, the ballast layer is the other
important element because it connects to the sub-
structure and distributes the load to there. Ballast
and subballast contribute to protect the subgrade
from overstressing [39]. However, subballast,
which is always needed, is preferred for complet-
ing the total granular layer thickness beyond the
minimum ballast layer thickness required for ful-
filling the other ballast functions. Thanks to this,
the track deformation is closely related to the
quality of ballast. Fouling causes accumulation of
fines between ballast particles and consequently
increases the permanent deformation within the
ballast layer and results in increased surface devia-
tion of railway track [8]. Fouling can also inhibit
drainage and may lead to deterioration in the me-
chanical properties of the medium. In the worst
case, mud pumping effect occurs. If the fine parti-
cles from the subgrade is mixed with the ballast,
the way out of the water is ended (Fig. 1). This can
be a straight way for a water pocket (or in other
words: ballast pocket or water bag) to being
formed. This problem can be hard to solve, be-

cause the simple ballast exchange is not enough,
very ineffective [36].
Fouling

The major causes that may contribute to the de-
velopment of subgrade problems can be catego-
rized into three groups [29]:

e |oad factor,

e soil factor,

e environmental factor (soil
temperature).

There are two types of loads in the railways:

¢ the deadweight of the railway structure,

¢ the dynamic loads of the traffic.

The deadweight occurs less problem than the
dynamical effects, but a badly constructed or de-
signed embankment could cause stability or shear
failure problems. The dynamical traffic loading is
a repeated, cyclic loading. The effect of the static
and dynamic loads are different on the subgrade,
even if the magnitude of the axle load is the same
[29].

The soil factor means soils with poor
(mechanical and geotechnical) characteristics, like
the fine graded soils (clay and silt). In these soils,
the moisture content could occur change in the
strengthening and the permeability. Furthermore,
the dynamical loads on the weak soil with large
moisture level occur higher and faster (or in other
words: more extensive) degradation on the plane of
the subgrade. Besides that, the coarse-grained ma-
terials drain well, so the moisture in the subgrade is
also lower.

The environmental factor contains the earlier
mentioned soil moisture and the temperature, too.
The water comes by infiltration from the surface
and from the groundwater, as well. The moisture
level in the substructure is different in every sea-
son. If the temperature is below zero, the freeze
can cause more problems and faster degradation
process. The frost sensitivity depends on the capil-
larity, the degree of irregularity and the sum of the
multiplied frost days [30].

The adequate drainage is another important part
that needs well-formed substructure crown (i.e. top
surface), appropriate material for water spillage
and (relative) clean ballast. For a longer life-time,
protection layer is recommended which can guar-
antee the drainage and the bearing capacity, as
well.

moisture, soil
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Fig. 1. The fouling of the ballast
and the substructure [42]

Improving technologies

The generally requirements related to the sub-
ballast and the protection layer on it [40, 44]:

e stress reduction,

o separation (preventing the mix of the fine
particles and the ballast),

e drainage,

o filtration,

e increase bearing-capacity (it is very
important according to the growing axle loads),

o frost protection,

e damping vibration.

These requirements are not featured on every
protection layers. It can be talked about more pos-
sibilities that are used for various work or work
steps, because of their different thicknesses, mate-
rial properties or the technological instructions. Es-
sentially, the best protection layer can solve the
perfect separation and drainage functions. The
technologies of the mechanical life are being de-
veloped continuously, in this way the protection
layers are being developed also.

The most mentionable protective layers are:

e coarse grained materials, sandy gravel, etc.,

e geosynthetics (geogrid, geotextile,
geocomposit, geomembrane),

¢ asphalt concrete layer,

o extruded polystyrene (XPS) foam layer.

In this paper only the extraordinary technolo-
gies are being discussed.

Geosynthetics

The application of geosynthetics is technologi-
cal solution that used in the building industry to re-
inforce structures, create the appropriate drainage
or other problems to solve. There are many types
of geosynthetics with many functions that can be

applied in many different ways. The most
important geosynthetic products are the following:

e geotextile (separation, filtration, dewatering
in the level of the textile),

e geogrid (reinforcement),

e geocomposite (combined tasks),

e geomembrane: dewatering, separation.

According to [23], if any type of geosynthetics
are laid in the fresh or the recycled ballast, the set-
tlement and the degradation will be decreased,
however the fresh material has always better char-
acteristics than the recycled ones. The most rec-
ommended variation, if adequate chosen geocom-
posite (e.g. geogrid + geotextile) is being laid, be-
cause it increases the bearing capacity while the
separation function also happens.

Geotextiles

Because of the many producers, there are many
types of geotextiles. The classical usage of these to
reduce the settlement in the embankments and in-
crease the slope stability [26]. With geotextiles,
significant increasing of bearing capacity is not ex-
isted [45]. In railway construction, geotextiles are
a good solution to separate the fine particles of the
subgrade and the ballast’s particles. On the other
hand, in [35] was described that if the geotextile is
being installed in the embankment, the depth
should be between 200-300 mm below the sleeper
base and until the ballast spreading tamping is pro-
hibited.

The experimental study [41] describes the fil-
tration of the geotextiles. It is turned out that the
filtration is very influenced by the vertical or hori-
zontal orientation of the geotextile. The best filter-
ing characteristics can be achieved with a well-
graded soil. On the other hand, it has «worth re-
sults for the configuration consisting of a vertical
filter filtering a horizontal flux of clayey sludge».

Because of their synthetic base, the geotextiles
have very long lifetime which helps to reduce the
life time cost. In [35], experiences showed from an
American railway track which influenced by very
physically harsh environment, that the geotextiles
are still showing excellent durability after 18 years
of service life. At the railways, where the track di-
agnostics are continuous, at many cases the geotex-
tiles can get an aluminium sensor strip, for exam-
ple in every 5 meters (Fig. 2.) [18]. These alumini-
um strips are detected by the georadar, so after an
analysis, experiences can be drawn about the
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thickness of the layers, the deformations of the
substructure etc., which help in the further mainte-
nance designs [19, 20].

' & o e

Fig. 2. Geotextile with radar detected
aluminium strip [18]

Geogrids

The geogrids are synthetic nets for strengthen-
ing a soil structure or the railway ballast. There are
monoaxial, biaxial, triaxial (Fig. 3.), etc. geogrids.
The first is oriented in just one direction, the sec-
ond is oriented into both perpendicular main direc-
tions. The principle of the triaxial geogrid is that
the triangular shapes can take the load from any di-
rection. Thanks to this, it has the highest the rein-
forcement effect [9]. The better geogrids are
evolved by welding-thawing, because the orienta-
tion of the loads passes through the intersections of
the geogrid. In these intersections the tensile
strength is nearly the same like at the crossings.
These are called rigid intersections.

Fig. 3. Geocomposit from Triax geogrid
and geotextile [34]

These have separate function and thanks to
their formation, the bearing capacity is being in-
creased, too. On the other hand, there is no filtra-
tion, and it has no effect on drainage. Laboratory
tests have been conducted, which are related to
such application of geogrids in railway construc-
tions where the subgrade/subsoil was not rein-
forced, but the ballasted bedded railway super-
structure was. In these structures geogrids were
placed under — and in some cases into — the ballast
material. It was expected that the geogrid would
clamp particles of ballast material at the bottom of
the ballast; in this way the railway track would be
floating in the ballast material and exposed to dy-
namic effects. For other vibrations the structure
would be more resistant to the deformation of the
tracks. This phenomenon is the so-called interlock-
ing effect (Fig. 4.) [43].

The interlocking effect has three different
zones:

¢ unconfined zone,

e transition zone,

e fully confined zone.

There is the unconfined zone in the top zone
where the reinforcement effect is not considerable.
The middle zone is a transition zone. The inter-
locking effect is increasing in non-linear way. The
last, lower zone is directly at the geogrid, which is
the fully confined zone. On the upper 10 cm above
the plane of the geogrid the interlocking effect is at
maximum value. The particles can not move easi-
ly, so the internal shear stress resistance is really
high [15, 43]. Furthermore, based on the results of
the presented multi-level shear box tests it can be
seen that a geogrid with a correct aperture size can
radically increase the inner shear resistance of the
soil mass with an influence even 20 cm from the
level of the reinforcement layer due to the effective
interlocking effect [15]. This aperture size of the
geogrid is very important if the best effective rein-
forcement should be reached. For a max. 50 mm
size ballast the best aperture size was 60-80 mm
[4]. A part of this is tried to confirm in [9], where
“SmartRocks” were used in the ballast box to mon-
itor individual ballast particle movement. In this
experiment, ballast box with and without geogrid
was investigated under 500 cycles, and the result
of the comparison was that the “SmartRock™ in the
box without geogrid had much more noticeable
movement and rotation were noted.
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Fig. 4. The interlocking effect in the ballast [43]

In [3] also a large-scale direct shear testing was
made under low normal stresses. A generalised
empirical formulation was developed from the
measurement of the interface shear resistance be-
tween subballast and the different types of geosyn-
thetics. Although, the results showed that the dif-
ferent types of geosynthetics provide different in-
terface shear resistance values.

In this way, in the ballast floating, dynamic
loaded railway track will geometrically be more
stable and more resistant against evolving of set-
tlement faults. Stresses arise in the ribs and junc-
tions of the geogrid due to vehicle load, the ge-
ogrid can offer resistance against these stresses
with tensile strength and low strain. Tensile
strength should be adequate high, but failure strain
should be acceptable low, because of the load bear-
ing capacity with low strain. The latter property is
important because the geogrid should bear ade-
guate magnitude load [21].

On the other hand, literature [4] described that
the reinforcement effect is larger if the subgrade
had soft soil, than stiff one. Nevertheless, based on
[15] the ballast particles can connect to the geogrid
the best way if there is sandy layer below the ge-
ogrid, because it helps the indentation and save the
lower geotextile if it is existed.

Geocomposite

The geocomposite is two or more geosynthetics
that are attached together (Fig. 3). The combina-
tions can be made from all earlier mentioned geo-
synthetics. For example, the geogrid and the geo-
textile make correct geocomposite, cause the ge-

ogrid provides more bearing capacity, while the
geotextile provides the better separation, filtration,
etc. Because of the geogrid aperture size, the mud
could mix with the ballast, but the geotextile can
prevent that. The attach (assembly) of the materials
can be in factory or at the construction site too [45,
34]. This structure called sandwich structure.

According to the [23] research’s results, the ge-
ocomposits occurs less vertical settlement in the
recycled ballast, even less than the fresh ballast
which does not contain geocomposite. Further-
more, the brakeage index was also decreased like
the fresh ballast. These results are considerable
consequence at the railway maintenance, because it
can make longer the life-time of the ballast and the
whole superstructure.
Geomembrane

The geomembranes are continuous, elastic and
water tight synthetic plates which ensures very
good drainage. The tensile strength is also appro-
priate. The most important function of the ge-
omembrane is the perfect drainage, because the
water sensitive substructures can be defending
from the rainfalls, and the moisture content in the
embankment could be effected only by the capil-
larity, and the volume change of the soil could be
minimized [27]. The particles of the ballast can
tear the interface of the geomembrane so a min.
10 cm coarse-grained layer is needed above the
plane. The thickness is normally between
0.15-3.00 mm [45].
Other protection layers
Asphalt protection layer

Asphalt concrete is an alternative or supple-
ment to sand/gravel subballast materials, but the
economics will probably limit asphalt to special
cases [39]. It is a good alternate solution to save
the homogeneity, increasing the bearing capacity
and protecting the crown of the substructure (Fig.
5). The technology is also a good solution in bal-
lastless tracks. Because of its elasticity, the sup-
porting is not so rigid like at the concrete slabs.

The previous experiences showed that this type
of protection layers can be fully adequate at the
forming requirements of the railway track. The
bearing capacity and the separation are solved
equally. At case of soils that have low E, modulii,
considerable bearing-capacity growing happens,
that is thanked to the better distribution of trains’
static and dynamic loads. The bituminous binders
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are perfectly watertight and separated, so the em-
bankment’s soil and the ballast do not connect to
each other. It prevents many unfavourable events.
In this case the fine materials cannot pump up to
the ballast so the drainage is not blocked [45]. Ac-
cording to Peter Veit, who is an expert of the life-
time cost research, the need of the leveling-lining-
tamping (LLT) works were delayed by 67%. From
the connection of life-time cost and the working
life, the lifetime of the superstructure was in-
creased by 17% [37]. Furthermore, the noise levels
of slab tracks are higher than tracks on asphalt
pavement under train running [31]. The various hot
mix asphalt is also good in damping vibrations [6,
45].

With this technology, there are very convincing
international experiences from Germany, Italy,
Spain, Japan, USA, etc. [10]. In Germany, there
are many technological solutions in the creation of
a hot mix asphalt based railway track like system
Sato, Getrac, etc. [16, 17], which give very good
solutions at high speed railways. These technolo-
gies are in ballastless tracks. Investigations in liter-
ature [17] showed that at the Getrac system the as-
phalted section has 50% better results than the con-
trol section from the aspect of longitudinal and
transversal movements. The continuous line walks
and investigations showed that the track has no
sign of fatigue and the connective cylinders were
in good condition. The maintenance experiences
were positive, too. In the case of unexpected fail-
ures like the indentation, it was easy to access the
faulty part. It was enough to elevate the track, be-
cause there is no ballast to dredge it down.

In the literature [2] asphalt and concrete base
were compared to each other under turnouts, and
the asphalt layered turnout showed better results,
because it is elasticity. The article [32] described
that in Japan the asphalt is used in ballastless and
ballasted tracks, too. In ballasted tracks 50 mm of
asphalt subballast is being used, while in every
other country 100-120 mm are the minimum thick-
ness. This solution is applied for 30-40 years. In
Hungary the experience of using 60 mm of asphalt
layer is inadequate, the protection layer cracked
soon. The solution of this contradiction has to be
searched at the foundations of these layers. In the
USA until 2008, quality investigations were made
at eight sections between the age of 12 and 29. The
measurements were repeated in every 2-3 years, so

the little failures and fatigue signs can be seen easi-
ly. By these tests the fatigue life-time of the asphalt
was proved scientifically and officially. It was seen
also squarely that the failures of the roads do not
exist under the ballast [38].

Fig. 5. Ballasted track with asphalt subballast [10]

Summarized, it can be noted that the applica-
tion of the asphalt protection layer can be very
multiple. The adequate support and the perfect de-
watering provide the sustainability; the increasing
of the axle loads or the velocity in the substructure
aspect.

Another important aspect is the changing cli-
mate that results short and large intensity rains.
This factor will be accentuated in the sooner fu-
ture, because the rain damages more the top of the
substructure. The asphalt layer gives perfect drain-
age, so it can be a very efficient solution [10].

XPS polystyrene slabs

Another technology which is used because of
its insulation ability is the XPS polystyrene slab.

Extruded polystyrene (XPS) foam was utilised
several times in Finland, Austria and other Europe-
an countries, too. First of all, the XPS boards has
frost protection function, but it has separation and
drainage function as well. It has very good insula-
tion properties thanks to its good strength and wa-
ter resistance, which has to be adequate after the
ballast particles’ mechanical damages. After
40 years of service life, the materials were exam-
ined with sufficent results [33].

This material has high compressive and bend-
ing strength. The hydration is negligible, so the
frost resistance of the slabs is adequate for their
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application. Because of the long lifetime, the aging
and the dry-rotting are not important in this case.
The dead load is weak and it makes the polysty-
rene slabs easily workable. It can be built in the
track structure, while the ballast cleaning
(screening) machine is working. The boards can
move, but with serious technological discipline, the
failures can be eliminated. These factors make the
expanded polystyrene applicable for the building
into or below the superstructure. Previous investi-
gations show that 1 cm thick polystyrene is equal
to approx. 10 cm thick original frost protection
layer [34].

Fig. 6. XPS specimens from the railway
track after 5-10 years [33]

Several investigations were made that showed
the mechanical damage of the ballast stone was
maximum 10 mm (Fig. 6), the compressive defor-
mation was adequate, and the maximum moisture
content was 10-12% during their expected service
life of 40 years [33]. This material can significant-
ly reduce the frozen depth and frost under the track
structure, and compressive degradation was also
less under a high-speed railway [11].

Other technologies to use under investigation

The most applied technologies were discussed
in the previous chapters. Using the railway experi-
ences of these, the following new ideas are com-
ing.

Nowadays a relative new technology, the under
ballast mats (UBM) are being applied which in-
creases the elasticity. Thanks to this, vibration and
the secondary noise is being reduced, while the
ageing of the ballast particles also decreased [34].

From this, other technologies like this are the
geosynthetic cementious composite mats (GCCM).
This GCCM and textile reinforced concretes
(TRC) are based of using cement impregnated fab-
ric. From functioning aspect, it is nearly the same
like the shotcrete, but easier to install, and needs
less time for application. These are comprised of
the geotextile layers and cement powder [14].
These can be used for many geotechnical applica-
tions like ditch covering, retaining walls, soil ero-
sion control, slope protection, etc. [1, 5, 7, 14].
Concrete Canvas

One of these technologies is the Concrete Can-
vas (CC for short), which was invented by Brewin
and Crawford in 2004, in the UK. The types of the
product showed in Table 1. The material was uti-
lised like a soft cloth in civil (slope protection,
a trackway for vehicles, pedestrians or protection
layer for pipe and lining) and in military engineer-
ing (prefabricated shelter) [18, 43]. The CC is
barely investigated in the professional literatures
yet; the only varied investigations were showed in
[1,7,13, 22, 24, 25].

Table 1
The types of the Concrete Canvas [12]
Concrete
Concrete Mass | mean | Change in
Bulk roll .
PIOdECt thickness | 2 WidTI?IEm) (unset) | density  |density when
P (mm) |26 (M) (kg'm?)| (unset) | set (%)
(kgm)
CC5 5 200 1 7 1430-1540 | +30to 35
CC8 8 125 11 12 | 1430-1540 | +30to 35
CC13 13 80 11 19 | 1430-1540 | +30to0 35

As it is already discussed, Concrete Canvas is
a geosynthetic cementitious composite mat and
barrier for use in a range of geotechnical applica-
tions, with minimum 50 years’ life time [12]. Itis a
flexible cement powder impregnated fabric (Fig. 7)
that hardens on hydration to form a thin, durable,
water proof and fire-resistant concrete layer. The
mat is easy to install, because the material in non-
bound form is easy to lay and spray by water. The
only problem to solve is the access to water, if the
work area is difficult to access. At non-bound form
its density is 1300-1500 kg/m? because of the dry
cement powder. After the spraying with water, the
final density is around 1700-2000 kg/m?® which is
nearly 70-80% of the ordinary concrete (2200-
2400 kg/m?®) [5, 13].
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Fig. 7. The structure of the Concrete Canvas [12]

Similar material is the shotcrete layer. Com-
pared to this, the CC is not just faster (shorter con-
struction) and easier to install, it is more cost-
effective too, and the environmental impact is also
reduced [7].

As described in the literature [22, 24, 25] the
mechanical strength and volume stability depend
on the geometric patterns of the material, the type
of fibre and the type of the cement matrix.

The effective usage was examined in [7] with
good results. Comparing to the shotcrete, the CC’s
properties were faster and better or nearly the
same, so it is more suitable to be used for slope
protection. On the other hand, the layer is protect-
ing the slope from rainfall, so the stability of the
slope also in safe. In [1] the application design in
soil reinforced structure was discussed. The whole
construction process is considerably shorter, be-
cause after the CC wall reached the 70% of the fi-
nal strength. It is nearly 24 hours [5]. After the wa-
ter spraying the backfill can be filling back in few
days.

Application in railway layer structures

The CC may also have potential application as
a rigid railway protective layer. Summing the ad-
vantages of the geosynthetics, it is seen that their
functions in the railway structure is nearly the
same what the geosynthetic cementitious compo-
site mats can provide under the ballast. If it is used
under the superstructure, it can function like geo-
textile, geomembrane and geogrid at the same
time. Furthermore, if the mat hardens after that the
ballast was already replaced, the deformed mat will
become rigid while taking the shape of the parti-

cles. Thanks to this, it is hypothesized that inter-
locking effect is being achieved — more or less.

Further investigations will be made, to confirm
the usability of the GCCMs, particularly the CC
under railway loads. The examination of Concrete
Canvas’ (three-point static and dynamic bending
laboratory tests) are in progress. If it is used under
the ballast, the mat can have deformed before the
rigid state. The technology could be used at local
failures, while the ballast is being exchanged
(screened, cleaned), even by manual or machine
ballast replacement technologies.

In the case of 210 kN axle load, approximately
10 N/cm? could be the loading on the surface of the
hardened CC [10, 34]. The question that has to be
investigated is the CC’s behaviour in the railway
structure, because the significant loads are trans-
missioned from the ballast particles dynamically.
On the rigid CC layer, the loads would be distrib-
uted in larger zone, so the loads could be absorbed
easier.

If the CC would be used with XPS polystyrene
slabs, the dynamical impacts could be more ab-
sorbed, so the CC layer could be more in safe. At
this solution, the thickness of the frost protection
layer could be reduced, while the structure could
get extra bearing capacity by the rigid CC layer.
This version could be more effect at the local fail-
ures.

Findings

The adequate support is a fundamental part of
the railway tracks. Because of it, there are many
good technologies to use, while others are under
development. The authors’ main purpose is to in-
vestigate the GCCM technology, how it can be ap-
plied on the railway substructure to earn more life
time to the sub- and superstructure.

From the experiences which was drawn in the
article, it is hypothesized that the CC and other
GCCM layer could be even or better than the geo-
synthetics, and the local track failures (moisture
problems in the substructure, muddy ballast, etc.)
could be solved.

Originality and practical value

As the authors introduced, there are a lot of
possible technologies that are or can be adequate
for improving the insufficient railway substruc-
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tures, i.e. solve some of the problems related to e.g.
railway embankments. These problems can be load
bearing capacity problems due to dewatering or
material (soil) property inadequacies (e.g. density,
strength, stress state, shearing characteristics, etc.).
These problems have to be solved.

One of the authors — namely Balazs Eller — is
a PhD student at Széchenyi Istvan University in
Gy6r (Hungary). His research topic is the rein-
forcement possibilities of railway substructure with
the usage of special (mainly cement-bonded) lay-
ers. This article was written to collect and summa-
rize the up to date knowledge related to modern
ballasted railway tracks’ substructure to be able to
determine the following research ways and possi-

bilities at this topic. The research plan will be sen-
tenced in the near future, as well as the required
laboratory and field tests will be prepared. As ex-
pectation, after having executed the related re-
search, the advantages and disadvantages of
GCCM layers in the railway substructure will be
able to defined, as well as factual deterioration
process can be determined related to the ballasted
tracks and their geometrical stability.
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OI'JISA ] HUKHBOI BYJOBU CYYACHUX 3AJII3HUYHUX KOJIIN
3 BAJIACTHUM IIAPOM I ITIOJAJIBIIT JOC/IIIKEHHSA

Meta. OcHOBHa MeTa IbOTO JOCII/KEHHS — y3arajlbHUTH Pe3yJIbTaTH BiIIOBIIHUX MIXHAPOAHHUX ITyOiKarii
i Ha TX OCHOBI JaTM BHYEPIHHUIl OIS HMXKHBOI OYNOBM CyYaCHHX 3aJI3HMYHUX KOJIi 3 OalacTHUM IIapoM.
Metoauka. L5 cTarTst € HO4aTKOM aclipaHTCHKOTO JOCHIPKEHHS; BIIIOBIAHO iICHYE Jpyra YaCTUHA JIOCIIiPKSHHSI.
CriouaTKy aBTOPH MiABOIATH MIACYMKH IOCIIKCHb MPO HIDKHIO OYJOBY KOJIi Ta i 3aXWCHI MIapH, MICIsA YOTro
AHATI3YIOTh MaTepialii T€OCHHTETHYHOTO IIEMEHTHOTO CKJIaJEHOTO MaTa, 0coOiImMBO — OETOHHE IIOJIOTHO.
PesyabraTn. JlocBin BUKOpHCTaHHS (YHKIIH T€OCHHTETHYHUX Ta IHIIMX 3aXMCHUX IIapiB IOKa3ye, M0 MOKIIUBE
BUKOPHCTAaHHS TEOCHHTETHYHOTO IIEMEHTHOTO ckiageHoro mara (I'LICM) mix 6anacTHUM IIapoM MOKE CTaTH XO-
POIIMM PIIIEHHSAM JUIS MTOHOBJIEHHS KOPOTKHX IUISHOK 3ali3HUYHHX Koiid. HaykoBa HoBm3Ha. OnuH 3 aBTODIB,
a came bamamr Ennep, € acmipantrom B YHiBepcureti mtBana Ceueni y [pepi (Yropmunaa). Tema fioro qociimpkeH-
HSI — MOXJIMBICTD 3MIITHEHHSI HIKHBOT OyZ0BH 3alli3HMYHOI KOJIii 3 BUKOPUCTAHHSAM CIElialbHUX (TIEPEBaXKHO I1e-
MeHTHHX) mapiB. Ll cTarTsa Oyna HammcaHa Uit 300py Ta y3aradbHEHHS HOBHX 3HAHB IPO HIDKHIO OyIOBY cydac-
HUX OalaCTHUX MIapiB 3aJi3HUYHUX KOJiH, o6 Mo)kHA OyJI0 BU3HAYMTH HACTYIHI IUISIXH Ta MOXJIMBOCTI JOCIIi-
JokeHHS 1iel Temu. [Iman gocnimkens 0yae chopMyTboBaHO HAHOMIDKYNM 4acoM, TaKOXK OyIyTh IiIrOTOBJIEHI He-
00ximHi 1abopaTopHi Ta MONbOBI BUNpoOyBaHHA. IIpakTHYHA 3HAYMMIcTh. SK 1 oWiKyBanocs, micis MPOBEACHHS
BIIMOBIAHUX MOCIIHPKEHb MOXKHa OyJle BU3HAUWTH TiepeBaru W Hemoliku BukopuctanHs mapiB [TICM y HmwkHIA
OyI1OBi 3aJII3HUYHMX KOJiH, @ TAKOXK BU3HAUYMTH (PaKTHYHMI Ipoliec 3HOCY, OB sI3aHUH 13 OATaCTHUMH KOJISIMHU Ta
X reoMeTpUYHOIO CTA0IIBHICTIO.

Kniouosi crosa: HnxHs OyI0Ba KOJIii; 3eMIISIHE TTOJIOTHO; KOJIiSl 3 0ajJaCTHUM LIapoM; 3aXMCHHH map; OEeTOHHE
MIOJIOTHO
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Ob30P HUWKHEI'O CTPOEHUSI COBPEMEHHbIX
KEJE3ZHOAOPOKHBIX IIYTEU C BAJUVIACTHBIM CJIOEM
N JAJIBHEMIIUE NCCJIIEAOBAHUA

Hean. OcHOBHAs 1ieJb JAHHOTO HCCIIEAOBaHUS — 00OOIINUTE Pe3ybTaThl COOTBETCTBYIONIMX MEXIYHAPOIHBIX
nyOJMKanuii 1 Ha X OCHOBE JIaTh MCYEPIBIBAIOIINIT 0030p HM)KHETO CTPOCHUSI COBPEMEHHBIX KENIE3HOI0POKHBIX
nmyTell ¢ GamnacTHbIM cioeM. Meroauka. [laHHas cTaThs HpencTaBisieT coOol Hayaao acCIUPaHTCKOIO UCCIIEN0Ba-
HUSI, COOTBETCTBEHHO CYIIIECTBYET BTOpasi yacTh HccienoBaHus. CHadajga aBTOpBI MOJBOJIAT UTOTH HCCIEIOBAHUMN
0 HIKHEM CTPOCHHH IYTH M €r0 3aIMUTHBIX CIOSX, ITOCIIE YeTO OHHM AHAIU3MPYIOT MaTepHaNIbl TEOCHHTETHIECKOTO
LIEMEHTHOT'0 COCTaBHOTO MaTa, B 0COOEHHOCTH — OeTOHHOE MONIOTHO. Pe3yabTaThl. ONBIT HCNONb30BaHUs (GYHKINH
TEOCHHTETHYECKUX M JPYTHX 3AIIUTHBIX CIOCB MOKA3bIBACT, YTO BO3MOXKHOE HCIOIb30BAHNUE T'€OCHHTETHYECKOTO
neMmeHTHOro coctaBHoro mara (I'LICM) mox OayutacTHBIM CIIOEM MOXET CTaTh XOPOIIUM PEHICHWEM Ui OOHOBIe-
HUSI KOPOTKHX YYacTKOB JKEJIE€3HONOPOKHBIX ImyTedl. Hayunass HoBu3Ha. OnuH M3 aBTOpPOB, a MMEHHO bamam
Dmtep, sBIsieTcs acnupanToM B YHmBepcuteTe MmrBana Cedenu B dpepe (Benrpms). Tema ero mccrienoBaHus —
BO3MOKHOCTh YKPEIUIGHHS HIKHETO CTPOCHHUS >KEIEe3HOAOPOXKHOTO IYTH C HCIOJNB30BAaHHEM CIELHANbHBIX
(IpeuMyILeCTBEHHO LEMEHTHBIX) cioeB. JlaHHas craTbs Obla HamucaHa AJisi cOopa M 000OIIeHHs HOBEHIIMX
3HAHMH O HW)KHEM CTPOCHHUHM COBPEMEHHBIX OaJIaCTHBIX CJIOEB KEJIE3HONOPOKHBIX MyTel, YTOOBI MOXKHO OBLIO
OIIpE/IeNUTh CIIeAYIOINEe IyTH U BO3MOXKHOCTH HcClIeqoBaHus 3Toil TeMsl. Ilnan uccnenosanuii Oyner chopMmymu-
poBaH B Oumkaifliiee BpeMs, Takke OyAyT IOArOTOBJICHBI HEOOXOAMMEBIE J1a0OpATOPHBIC M IOJIEBBIC HCIIBITAHMS.
IIpakTnyeckas 3HaYUMOCcTh. Kak n oxujganock, 1mocie BBIIOIHEHUS COOTBETCTBYIOIIUX HCCIIEIOBAHUN MOXKHO
OyIeT ONpenenuTh MPEUMYINECTBa M HEOCTaTKN HCIOIb30BaHMs ciioeB I'LICM B HMXXHEM CTPOCHHH XKEIE3HOJO0-
POXHOTO ITyTH, a TaK)Ke ONPEAETUTh PAKTUUECKHI MTPOIIECC U3HOCA, CBSI3aHHBIM ¢ OaJUTACTHBIMH MYTSMHU U UX T'€0-
METPHYECKOH CTAOMIBHOCTBIO.

Kniouesvie cnosa: HIxKHEE CTpOCHHE MYTH; 3eMJITHOE TTOJIOTHO; ITyTh C 0aJUIaCTHBIM CJIOEM; 3aIUTHBIN CIoit; Oe-
TOHHOE ITOJIOTHO

REFERENCES

1. Li, H, Chen, H., Liu, L., Zhang, F., Han, F,, Lv, T., ... & Yang, Y. (2016). Application design of concrete
canvas (CC) in soil reinforced structure. Geotextiles and Geomembranes, 44(4), 557-567.
doi: 10.1016/j.geotexmem.2016.03.003 (in English)

2. Berg, G., Anker, T., & Dehne, S. (2004). Langzeituntersuchungen von Weichen auf Fester Fahrbahn. ZEVrail
Glasers Annalen, 1, 84-97. (in German)

3. Biabani, M. M., & Indraratna, B. (2015). An evaluation of the interface behaviour of rail subballast stabilised
with  geogrids and  geomembranes.  Geotextiles and  Geomembranes, 43(3), 240-249.
doi: 10.1016/j.geotexmem.2015.04.002 (in English)

4. Brown, S. F., Kwan, J., & Thom, N. H. (2007). Identifying the key parameters that influence geogrid rein-

forcement of railway ballast. Geotextiles and Geomembranes, 25(6), 326-335.

doi: 10.1016/j.geotexmem.2007.06.003 (in English)

Concrete Canvas Ltd. Retrieved from https://www.concretecanvas.com.

6. D’Andrea, A., Loprencipe, G., & Xhixha, E. (2012). Vibration induced by rail traffic: evaluation of attenuation
properties in a bituminous sub-ballast layer. Procedia-Social and Behavioral Sciences, 53, 245-255.
doi: 10.1016/j.sbspro.2012.09.877 (in English)

7. Li, H., Chen, H., Li, X., & Zhang, F. (2018). Design and construction application of concrete canvas for slope
protection. Powder Technology, 344, 937-946. doi: 10.1016/j.powtec.2018.12.075 (in English)

o

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/195831 © B. Eller, S. Fischer, 2019

83


http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.geotexmem.2016.03.003
http://dx.doi.org/10.1016/j.geotexmem.2015.04.002
http://doi.org/10.1016/j.geotexmem.2007.06.003
http://doi.org/10.1016/j.sbspro.2012.09.877
https://doi.org/10.1016/j.powtec.2018.12.075

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec TpancrnopTy. BicHux J[HinponeTpoBcsKoro
HaLliOHAJBHOTO YHIBEPCHTETY 3alli3HHYHOTO TpaHcropTy, 2019, Ne 6 (84)

3AJIIBHUYHA KOJIISI TA ABTOMOBUIBHI JOPOT'

8.

9.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.
28.

Ebrahimi, A., Tinjum, J. M., & Edil, T. B. (2014). Maintenance Model for Railway Substructure. Geotechnical
Engineering Journal of the SEAGS & AGSSEA, 45(1), 48-55.

Shushu, L., Huang H., Qiu T., & Kwon, J. (2016). Effect of geogrid on railroad ballast studied 2 by «Smar-
tRock». Transportation Research Board Annual Meeting : Conference paper (2016, Washington D. C.).
Washington, D.C., 1-14.

Eller, B. (2016). Efficiency of the asphalt protection layer, cataloguing of its failures and technological sug-
gestion for the renewing of the Dombévdar-Godisa railway track section. Dissertation submitted for the degree
of Master of Science in Engineering Mechanics. Széchenyi Istvan University.

Cai, D., Yan, H., Yao, J., Cui, Y., & Chen, F. (2016). Engineering Test Research of XPS Insulation Structure
Applied in High Speed Railway of Seasonal Frozen Soil Roadbed. Procedia Engineering, 143, 1519-1526.
doi: 10.1016/j.proeng.2016.06.179 (in English)

European Technical Assessment ETA-19/0086 (2019). British Board of Agrément. Retrieved from
http://szebeton.hu/new/images/resources/Eta-europai_muszaki_ertekeles19 0086il.pdf. (in English)

Zhang, F., Chen, H., Li, X,, Li, H., Lv, T., Zhang, W., & Yang, Y. (2017). Experimental study of the mechani-
cal behavior of FRP-reinforced concrete canvas panels. Composite Structures 176, 608-616.
doi: 10.1016/j.compstruct.2017.05.072 (in English)

Jirawattanasomkul, T., Kongwang, N., Jongvivatsakul, P., & Likitlersuang, S. (2019). Finite element analysis
of tensile and puncture behaviours of geosynthetic cementitious composite mat (GCCM). Composites Part B:
Engineering, 165, 702-711. doi: 10.1016/j.compositesb.2019.02.037 (in English)

Fischer Sz., & Széchenyi 1. E. 4 vasuiti zizottkd dgyazat ala beépitett geordcsok vaganygeometridt stabilizalo
hatasanak vizsgalata. PhD thesis. Civil Engineering. Gy6r, 2012. 148 p. doi: 10.13140/RG.2.1.4958.9921 (in
Hungarian)

Frenzel, Jirgen, & Frenzel, Jorg. (2010). Vier Jahrzehnte Feste Fahrbahn System Sato auf Asphalttragschicht.
Der Eisenbahningenieur in German, 61(9), 54-62. (in German)

Freudenstein, S., & Ripke, B. (2007). Feste Fahrbahn auf Asphalt — System GETRAC nach 10 Jahren Betrieb.
ETR-Eisenbahntechnische Rundschau, 9, 539-544. (in German)

Gonczi, E. (2014). Radarral detektalhato geotextilia alkalmazasa a vasuti alépitményben. Sinek Vildga, 56(3),
21-24. (in Hungarian)

Gonezi, E., & Sandorné Oré, E. (2016). Radarral detektalhato geotextilia diagnosztikai tapasztalatai. Sinek
Vilaga, 58(3), 23-26. (in Hungarian)

Gonezi, E., & Sandorné Oré, E. (2016). Radarral detektalhato geotextilia diagnosztikai tapasztalatai. 2 rész.
Sinek Vilaga, 59(5), 29-33. (in Hungarian)

Horvat, F., Fischer, Sz., & Major Z. (2013). Evaluation of railway track geometry stabilisation effect of ge-
ogrid layers under ballast on the basis of laboratory multi-level shear box tests. Acta Technica Jaurinensis,
6(2), 21-44. (in English)

Han, F., Chen, H., Li, X., Bao, B., Lv, T., Zhang, W., & Hui Duan, W. (2015). Improvement of mechanical
properties of concrete canvas by anhydrite-modified calcium sulfoaluminate cement. Journal of Composite
Materials, 50(14), 1937-1950. doi: 10.1177/0021998315597743 (in English)

Indraratna, B., Shahin, M. A., & Salim, W. (2007). Stabilisation of granular media and formation soil using
geosynthetics with special reference to railway engineering. Journal of Ground Improvement Proceedings of
the Institution of Civil Engineers-Ground Improvement, 11(1), 27-44. doi: 10.1680/grim.2007.11.1.27 (in
English)

Han, F., Chen, H., Zhang, W., Lv, T., & Yang, Y. (2016). Influence of 3D spacer fabric on drying shrinkage of
concrete canvas. Journal of Industrial Textiles, 45(6), 1457-1476. doi: 10.1177/1528083714562087 (in English)

Han, F., Chen, H., Jiang, K., Zhang, W., Lv, T., & Yang, Y. (2014). Influences of geometric patterns of 3D
spacer fabric on tensile behavior of concrete canvas. Construction and Building Materials, 65, 620-629.
doi: 10.1016/j.conbuildmat.2014.05.041 (in English)

Fuggini, C., Zangani, D., Wosniok, A., Krebber, K., Franitza, P., Gabino, L., & Weigand, F. (2016). Innova-
tive approach in the use of geotextiles for failures prevention in railway embankments. Transportation Re-
search Procedia, 14, 1875-1883. doi: 10.1016/j.trpro.2016.05.154 (In English)

Kézdi, A., & Marko, 1. (1974). Kozlekedési foldmiivek viztelenitése. Miiszaki Konyvkiado. (in Hungarian)
Larsson, D. (2004). A Study of the Track Degradation Process Related to Changes in Railway Traffic. Lulea
University of Technology, Luleé. (in English)

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/195831 © B. Eller, S. Fischer, 2019

84


http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.1016/j.proeng.2016.06.179
http://dx.doi.org/10.1016/j.compstruct.2017.05.072
https://doi.org/10.1016/j.compositesb.2019.02.037
http://doi.org/10.1177/0021998315597743
http://doi.org/10.1177/1528083714562087
http://dx.doi.org/10.1016/j.conbuildmat.2014.05.041
http://doi.org/10.1016/j.trpro.2016.05.154

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec TpancrnopTy. BicHux J[HinponeTpoBcsKoro
HaLliOHAJBHOTO YHIBEPCHTETY 3alli3HHYHOTO TpaHcropTy, 2019, Ne 6 (84)

3AJIIBHUYHA KOJIISI TA ABTOMOBUIBHI JOPOT'

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42,

43.

44,

45,

Li, D., & Selig, E. T. (1994). Evaluation of Railway Subgrade Problems. Transportation research Record,
1489, 17-23. (in English)

Lichtberger, B. (2005). Track compendium: Formation, Permanent Way, Maintenance, Economics. Hamburg:
Eurailpress Tetzlaff-Hestra GmbH & Co. (in English)

Momoya, Y., Horikee, T., & Ando, K. (2002). Development of Solid Bed Track on Asphalt Pavement. Quar-
terly Report of RTRI, 43(3), 113-118. doi: 10.2219/rtriqr.43.113 (in English)

Momoya, Y. (2007). New Railway Roadbed Design. Railway Technology Avalanche, 20, 118. (in English)
Nurmikolu, A., & Kolisoja, P. (2005). Extruded polystyrene (XPS) foam frost insulation boards in railway
structures. 16th International Conference on Soil Mechanics and Geotechnical Engineering, 1761-1764.
doi: 10.3233/978-1-61499-656-9-1761 (in English)

Fischer, Sz., Eller, B., Kada, Z., & Németh, A. (2015). Railway Construction. Universitas-Gy6r Nonprofit Kft.
(in English)

Raymond, G. P. (1999). Railway rehabilitation geotextiles. Geotextiles and Geomembranes, 17(4), 213-230.
doi: 10.1016/s0266-1144(99)00002-3 (in English)

Hudson, A., Watson, G., Le Pen, L., & Powrie, W. (2016). Remediation of Mud Pumping on a Ballasted Rail-
way Track. Procedia Engineering, 143, 1043-1050. doi: 10.1016/j.proeng.2016.06.103 (in English)

Rose, J., Teixeira, P., & Veit, P. (2011). International design practices, applications, and performances of as-
phalt/bituminous railway trackbeds. Georail 2011: International symposium railway geotechnical engineering,
Paris, 1-23. (in English)

Rose, J., & Lees, H. M. (2008). Long-Term Assessment of Asphalt Trackbed Component Materials’ Properties
and Performance. AREMA Annual Conference: Conference Paper, Salt Lake City, Utah, 1-26.

Selig, E. T., & Cantrell, D. D. (2001). Track Substructure Maintenance-From Theory to Practice. American
Railway Engineering and Maintenance-of-Way Association Annual Conference: Conference paper. Chicago,
1-15. (in English)

Selig, E. T, & Waters, J. M. (1984). Track geotechnology and substructure management. London. (in English)
Stoltz, G., Delmas P., & Barral, C. (2019). Comparison of the behaviour of various geotextiles used in the fil-
tration of clayey sludge. Geotextiles and Geomembranes, 47(2), 230-242.
doi: 10.1016/j.geotexmem.2018.12.008 (in English)

Szengofszky, O. (2009). Hogyan sziintessiik meg a lasstjeleket? Sinek Vildga, 3, 37-39. (in Hungarian)

Tensar Brochure (2010). Mechanical stabilisation of track ballast and sub-ballast. Tensar International Limited
Units, Blackburn, UK. Retrieved from www.tensar.hu. (in Hungarian)

Utasitas: Vasuti alépitmény tervezése, épitése, karbantartdsa és felijitisa. Magyar Allamvasutak ZRT. Buda-
pest, 2014. (in Hungarian)

Vasutépités és palyafenntartds I-11. Magyar Allamvasutak ZRT. — Budapest, 1999. (in Hungarian)

Received: August 02, 2019
Accepted: November 14, 2019

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/195831 © B. Eller, S. Fischer, 2019

85


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2219/rtriqr.43.113
http://doi.org/10.3233/978-1-61499-656-9-1761
https://doi.org/10.1016/s0266-1144(99)00002-3
http://doi.org/10.1016/j.proeng.2016.06.103
https://doi.org/10.1016/j.geotexmem.2018.12.008



