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Abstract. This paper presents the results of numerical modelling of the influence of various factors (geometrical layout of 
the structural layers of the railway track, climatic factors and ballast fouling) on the freezing of railway track structure with 
a built-in thermal insulation layer of extruded polystyrene (Styrodur). At the same time, the suitability and expediency 
of incorporating the thermal insulation layer at the sub-ballast upper surface level (i.e. below the rail ballast construction 
layer), or at the level of subgrade surface are discussed. Numerical modelling results in the main factors that should be 
taken into account in the dimensioning of the sub-ballast layers with a built-in thermal insulation layer. Based on the data 
on the depth of freezing of the railway track structure obtained from numerical modelling, a design nomogram for dimen-
sioning was created and subsequently the influence of the changes of climatic characteristics on the freezing of the railway 
track structure was then mathematically expressed.

Keywords: railway track, non-traffic railway track loading, freezing of the railway track structure, sub-ballast layer dimen-
sioning, thermal insulation layer, extruded polystyrene, thickness of protective layer.

Introduction

In general, the thermal regime of the track bed character-
izes the course and changes of temperatures in its con-
struction. The course of the thermal regime depends on 
the structural composition of the track bed, material char-
acteristics (bulk density, moisture, specific heat capacity, 
thermal conductivity coefficient, ...) and climatic condi-
tions of the area through which the railway track passes. 
All modifications of the thermal regime of the track bed 
are aimed at preventing the formation of frost heaves 
(causing uneven track lifting and disturbance of the track 
geometry) by limiting some of the necessary conditions 
for their formation. Adjustment of the thermal regime of 
the track bed is usually achieved by inserting a protective 
layer of crushed aggregate, by incorporating thermal insu-
lation layers (TIL) between the frost-susceptible subgrade 
surface and the railway superstructure or by replacing 
the frost-susceptible soil (Ižvolt, 2008). The application of 
TIL can be justified especially in cases when the railway 
track is built in areas with higher (above 600 °C.day) or 
high values of the frost indices (above 1000 °C.day). Also, 

it is suitable when the design of the required construc-
tion thickness of the protective layer is not economical. 
In the conditions of the Railways of the Slovak Republic 
it is when the thickness of the protective layer is greater 
than 600 mm. 

Observation of changes in soil properties and building 
materials caused by frost is the subject of research activi-
ties in several countries, especially the Nordic countries. 
Research activities are focused mainly on frost heaves 
(Long et al., 2018; Wang & Zhou, 2018; Wang et al., 2014; 
Zhou et al., 2018), water freezing in porous materials (Kou 
et  al., 2018; Lu et  al., 2019; Zhang & Liu, 2018; Bąk & 
Chmielewski, 2019), thermal-technical parameters of soils 
and building materials (He et al., 2017; Kömle et al., 2007, 
2010; Gnip et  al., 2001). Significant results of Canadian 
research (Fredlund, 2019; Pentland, 2000; Soliman et al., 
2008; Tam, 2009) led to the development of the SoilVision 
software (Fredlund, 2011) which addresses various prob-
lematic processes occurring in soils. One of these complex 
processes is the thermal regime of soil, which can be mo-
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delled in the software using the SVHeat program product 
(Thode, 2012).

The paper aims to determine parameters, based on 
numerical modelling, that significantly affect the freezing 
of the railway track structure with a built-in thermal in-
sulation layer of extruded polystyrene boards. Thermal 
insulation materials are characterized by a  low value of 
the thermal conductivity coefficient λ compared to com-
mon building materials (crushed aggregate, sandy gravel). 
Their incorporation into the structural composition of the 
subballast layers will cause significant thermal resistance 
and prevent the penetration of frost (zero isotherm) to 
the frost-susceptible subgrade surface. In the past, natural 
materials (peat, bark, sandy gravel, or crushed aggrega-
te) were used to establish the TIL, but now the empha-
sis is on saving natural resources of building materials, 
and therefore the use of alternative artificial or waste 
materials is preferred. These materials include Keramzit 
(Liapor) – light ceramic aggregate, foam glass, polymers 
(polyurethane, extruded polystyrene) and others. Out of 
these thermal insulation materials, the polymers have the 
best thermal insulation properties (Göbel, 2007; Göbel & 
Lieberenz, 2013).

Polymers and their excellent thermal insulation pro-
perties were known as early as the 19th century, but the 
best-known form of extruded expanded polystyrene 
(XPS) was only commercialized in the mid-20th century 
(Isowall Group, 2018). Thermal insulation materials (es-
pecially polymers) are usually applied at the sub-ballast 
upper surface level (Addison et  al., 2016; Nurmikolu & 
Kolisoja, 2005; Styrodur, 2019). In the numerical model-
ling, this method of incorporating the thermal insulation 
layer is confronted with the method of its incorporation 
at the subgrade surface level to identify its efficiency in 
terms of thermal resistance of the structure. The thicker 
the thermal insulation layer, the higher the thermal re-
sistance of the track bed, and the lower the thermal con-
ductivity coefficient of this layer. In general, however, it 
is also necessary to take into account the technological 
possibilities of incorporating the thermal insulation layer 
into the sub-ballast layers and the investment costs for its 
establishment in comparison with the conventional buil-
ding materials.

 Input parameters of numerical modelling could be ob-
tained based on the availability of a real model of a railway 
track on a scale of 1:1 (Experimental stand DRETM). Its 
structure and material composition are described in Sec-
tion 1.1.

The following influences are considered among the 
observed factors of numerical modelling, influencing the 
freezing of the railway track structure:

 – the method of placing the thermal insulation layer in 
the sub-ballast layers (at the level of the sub-ballast 
upper surface or the level of the subgrade surface);

 – number of tracks (single-track and double-track);
 – ballast material fouling;
 – air frost index, average annual air temperature;

 – amount of snow cover, or nf factor (which expresses 
the relationship between the mean daily air tempera-
ture and the mean daily temperature on the ballast 
bed surface).

 The result of the numerical modelling is a nomogram 
for the design of the necessary thickness of the protecti-
ve layer of crushed aggregate (see Section 2.1), in combi-
nation with the design of the necessary thickness of the 
thermal insulation layer of extruded polystyrene boards. 
The design of the thermal insulation layer in the structural 
composition of the sub-ballast layers makes it possible to 
save resources of natural materials (crushed aggregate), 
reduce the thickness of the structural composition of the 
sub-ballast layers and in some cases (high value of air 
frost index Im) reduce financial costs of construction. Ba-
sed on the obtained data on the depth of freezing of the 
railway track structure, the mathematical expression of 
the influence of changes of climatic characteristics on the 
railway track structure freezing is specified in Section 2.2.  
It specifically focuses on the mutual relation of values used 
for the railway track dimensioning for the non-traffic load 
(the air frost index, the average annual air temperature, 
the thickness of the protective layer and the thermal insu-
lation material – extruded polystyrene).

1. Materials and applied methods

This part of the paper will characterize the properties of 
building materials and compare the freezing of the railway 
track structure based on the results of experimental and 
numerical methods for the winter period 2018/2019.

1.1. Experimental method – Experimental stand 

To conduct the experimental research, six different types 
of sub-ballast layers, characterized by the different struc-
tural and material compositions were built at the campus 
of the University of Žilina. The structural composition of 
the sub-ballast layers, besides the commonly used con-
struction materials (gravel), also included the non-stan-
dard ones, especially thermal insulation materials (extru-
ded polystyrene – Styrodur, Liapor, Liapor concrete, and 
foam concrete). Collectively, these six measurement pro-
files are referred to as Sector A, which is one of the three 
sectors that make up a real 1: 1 railroad model – a part of 
the Experimental stand DRETM (Figure 1) (Ižvolt et al., 
2019). Sector A serve to verification of the material ther-
motechnical characteristics and monitoring of the thermal 
regime of the track substructure construction. The other 
two sectors of this stand (Sectors B and C) serve to verify 
the deformation resistance of materials incorporated into 
the sub-ballast layers.

A total of 150 temperature sensors and 20 protective 
tubes for moisture measurement are built in the individual 
measurement profiles of the experimental stand of the sec-
tor concerned. The reason for their incorporation in the 
structure is the monitoring of the thermal and moisture 
regime of the railway track structure and obtaining input 
parameters for numerical modelling.
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As mentioned in the Introduction, the paper examines 
the effects of the extruded polystyrene (Styrodur) layer in-
corporated in the experimental stand on the freezing of 
the railway track structure. 

The extruded polystyrene (Styrodur) boards were in-
corporated in the railway track structure no. 3 (Figure 2). 
The measuring profile no. 3 consists of a ballast bed, a pro-
tective layer of crushed aggregate and extruded polystyre-
ne placed on a levelling layer of sand and a subgrade of 
clay with river gravel. On the surface of the ballast bed 
there is a track skeleton consisting of concrete sleepers 
type SB 8 and rails type 49 E1, which are used for edu-
cational purposes (diagnostics of the track skeleton and 
a comprehensive view of the construction of the railway 
track). As the track skeleton has a minimal effect on fre-
ezing or thermal resistance of the track bed, its influence 
was not considered within the numerical modelling (fol-
lowing parts of the article).

The temperature of the individual building materials 
incorporated in the sub-ballast layers can be monitored 
at 8 depth levels using 18 Pt 1000 resistance temperature 
sensors (see Figure 2 – red circles). The air temperature 
is measured by a separate protected temperature sensor, 
located 2.0 m above the surrounding terrain of the expe-

rimental stand. Temperatures are recorded automatically 
and continuously with the dataTaker DT80 data logger 
(DataTaker, 2006) at 30-min intervals. The moisture of 
the individual 

building materials in the sub-ballast layers can be mo-
nitored along the axis of each measuring profile (in some 
measuring profiles also at a distance of 1500 mm from the 
track centreline) by the built-in protective tube of the Tri-
me Pico IPH T3 hygrometer. It is especially monitored in 
periods with significant precipitation, or, on the contrary, 
after a very warm and dry period (IMKO, 2017).

Monitoring of climatic characteristics on the Expe-
rimental stand DRETM has been carried out since 2013 
(winter period 2013/2014 for measuring profile no. 1). 
On measuring profile no. 3 (measuring profile with built-
in thermal insulation layer of extruded polystyrene in 
sub-ballast layers) only two winter periods (winer period 
2018/2019 and winter period 2019/2020) have been recor-
ded so far since its construction. The most unfavourable 
winter period in terms of the achieved value of the air 
frost index and the depth of freezing of the railway track 
structure (winter period 2018/2019) was used to compare 
the achieved results of freezing of the railway track stru-
cture by experimental and numerical methods. The de-

Figure 1. Experimental stand DRETM– ground plan (Pieš & Môcová, 2019)

Figure 2. Experimental stand DRETM – measuring profile no. 3 (Pieš, 2020)
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termined climatic characteristics of the winter periods in 
question are demonstrated in Table 1, where qs,min is the 
minimum mean daily air temperature of the winter pe-
riod, qs,max is the maximum mean daily air temperature 
of the winter period, qm is the average annual air tem-
perature, IF is the air frost index, IFS is the frost index on 
the surface of the ballast bed and DF, max is the maximum 
depth of freezing of the structural layers of the railway 
track during the winter period.

The winter period in which the climatic characteristics 
were evaluated is the time period bounded by the first and 
last frost period (in the case of unfavourable winter peri-
ods, it can be formed by only one frost period). A sequen-
ce of at least three days with a mean daily air temperature 
qs < –0.1 °C can be considered as a frost period. The snow 
cover was removed from the surface of the ballast bed du-
ring both winter periods in order to achieve the maximum 
effects of frost on the railway track structure.

Figure 3 shows the course of freezing of the railway 
track structure in the winter period 2018/2019 and the 
maximum value of freezing of the structure achieved.

1.2. Numerical method – SVHeat

SoilVision software is the product of SoilVision Systems 
Ltd., established in the late 20th century. The software 
was developed primarily based on research conducted on 
unsaturated soils at the Canadian University of Saskat-
chewan, as well as at other universities in Canada (Soil-
Vision, 2019).

The first step in numerical modelling was to create a 
numerical model (Figure 4 – 2D transient model), whose 
geometrical layout was identical to the geometrical layout 
of measurement profile no. 3 of the Experimental stand 
DRETM. The numerical model consists of 5 different 
material layers (ballast bed of gravel, protective layer of 
crushed aggregate, thermal insulation layer of extruded 
polystyrene, leveling layer of sand and subgrade of clay), 
each of which is defined as a separate region with specific 
physical and thermal technical properties.

Subsequently, it was necessary to enter the input data 
of numerical modelling (climatic and material characte-
ristics), obtained by experimental monitoring on the ex-
peri-mental stand, or by laboratory measurements (Ižvolt 
et al., 2013). The input parameters of numerical modelling 
are demonstrated in Table 2. The temperatures of the in-
dividual materials presented in Table 2 characterize the 
real measured temperatures of the materials (temperature 
in the middle of the structural layer) built-in the expe-
rimental stand determined on January 1, 2018. The mo-
isture content of the individual materials was determined 
using the time domain reflectometry (TDR) method or 
the destructive method (sampling and drying) for mate-
rials where the use of the TDR method was not possible 
(ballast bed, extruded polystyrene). The thermal conduc-
tivity coefficient and the heat capacity were determined in 
the laboratory by calorimetry and method of determining 
the freezing time interval of the structural layer. Within 

the numerical modelling, the values of heat capacity and 
thermal conductivity coefficient of individual materials 
corresponding to their moisture were used. Knowledge of 
the relevant input data is essential, as they have a signi-
ficant effect on the depth of freezing of the railway track 
structure determined by numerical modelling and also on 
the relevant comparison of the results.

In the Materials Manager dialog box, in addition to 
the characteristics demonstrated in Table 2, it was neces-
sary to define the boundary conditions for water freezing 
(temperature interval of phase change and method for 
determining the soil freezing characteristic curve) in in-
dividual material regions of the model. The soil freezing 
characteristic curve (SFCC) was set for the subgrade in 
the software as a function of temperature using an empiri-
cal relationship derived by Tice and Anderson (Thode & 
Zhang, 2012). The SFCC for sand and gravel was set as a 
curve derived by Fredlund and Xing (Fredlund, 2011). In 
other materials (extruded polystyrene and ballast bed), the 
SFCC was not defined as these materials have a minimum 
moisture content. The numerical modelling used the cli-

Figure 3. The course of freezing of the railway track structure – 
winter period 2018/2019 (measuring profile no. 3)

Table 1. Determined climatic characteristics – measuring 
profile no. 3 (Pieš, 2020)

Winter 
period

qs, min
(°C)

qs, max
(°C)

qm
(°C)

IF
(°C.day)

IFS
(°C.day)

DF
(m)

2018/2019 –11.25 6.68 10.30 125 125 0.653
2019/2020 –7.65 10.90 10.10 50 49 0.490

Figure 4. Numerical model – measuring profile no. 3
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matic characteristics identified for the year 2018 (mean 
daily air temperatures or average annual air temperature) 
and winter period 2018/2019 (mean daily air temperatures 
or air frost index) determined on the measurement profile 
no. 3 (see Table 1). In the numerical model, the first day of 
the model (TIME = 1) is January 1, 2018, and the last day 
of the model (TIME = 430) is March 6, 2019, the 10th day 
after the last negative mean daytime temperature in winter 
2018/2019. The range of days TIME = 331 to TIME = 420 
represents the whole winter period 2018/2019 (the effect 
of the air frost index on the freezing of the railway track 
structure) and the range of days TIME  = 1 to TIME  = 
365 represents the year 2018 (the effect of average annual 
air temperature on the freezing of the railway track stru-
cture). Climatic characteristics (representing the climatic 
load in the numerical model) were defined in a Climate 
Manager dialog box and assigned as boundary conditions 
to the individual region edges that are in contact with 
the air. The analysis and calculation of the freezing of the 
structural layers of the railway track in the numerical mo-
del were realized by the method of finite elements using 
the program FlexPDE. The solution time step was set to 
0.1/day. Visualisation of outputs (see Figure 5 and Figu-
re 6 on the right) of the solution is implemented using 
the ACUMESH program (Fredlund & Haihua, 2011). A 
mesh generation module constructs a triangular (3, 6, or 
9-noded triangles) finite element mesh over an arbitrary 

two-dimensional model domain. The mesh generator al-
lows spatially-varying node density, in order to concentra-
te cells in regions of structural detail. Figure 5 depicts the 
393rd day, which is characterized by the achievement of a 
maximum freezing depth of the railway track structure in 
the numerical model DF = 0.656 m.

1.3. Comparison of achieved results 

By comparing the results of the rail track structure free-
zing obtained by the experimental and numerical method, 
it can be stated that if the real input parameters of the 
numerical modelling obtained in situ or labo are entered, 
a very good agreement of the monitored parameter can 
be achieved. The difference between the freezing depth of 
the railway track structure determined by the experimen-
tal method (see Table 1) and the freezing depth determi-
ned by the numerical method (see Figure 5) is 0.003 m,  
which is a negligible or irrelevant difference with regard 
to the dimensioning methodology of the sub-ballast layers 
(rounding of the designed construction thickness of the 
protective layer to 0.05 m upwards  – according to the 
methodology (Directorate General of Railways of the Slo-
vak Republic, 2005). 

In addition to monitoring the position of the zero is-
otherm or an isotherm characterized by a different tem-
perature, it is possible to monitor the point temperature of 
the monitored material at different depths in the SVHeat 
program by defining a network of points of interest (see 
Figure 4 – blue circles). In the numerical model, the tem-
perature monitoring points of interest are defined in loca-
tions identical to the Pt 1000 temperature sensors in the 
experimental stand (identified for measurement profile 
no. 3). The differences in temperatures (Δq) of modelled 
(qSVH) and actual measured  temperatures on particular 
days of the monitored winter period on the experimental 
stand (q22, q42, q82) are demonstrated in Table 3. The first 
number in the thermometer marks the row (2 – sub-bal-
last upper surface, 4 – lower edge of the thermal insulation 
layer, 8  – subgrade) and the second number marks the 
column (2 – rail axis) of the experimental stand structure. 
In Table 3, the most important date is January 28, 2019 
(TIME = 393), when the maximum depth of freezing of 
the railway track structure was reached. On this day, it 
can be observed (see Table 3) that the difference between 

Table 2. Input parameters of numerical modelling – material characteristics

Structural part/characteristics Ballast bed (new) Protective layer Thermal insulation layer Levelling layer Subgrade
Layer material gravel fr. 31.5/63 mm crushed aggregate 

fr. 0/31.5 mm
extruded polystyrene sand fr. 0/1 mm clay

Temperature (°C) 2 3 5 5 10
Moisture (%) 1 5.5 12 12 26
Bulk density (kg.m–3) 1900 1930 35 1750 1650
Heat capacity (J.kg–1.K–1) 980 1090 2060 960 1095
Thermal conductivity 
coefficient (W.m–1.K–1)

0.7 1.73 0.04 2.0 1.55

Figure 5. The day of reaching the maximum freezing value  
of the railway track structure (DF = 0.656 m)
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the temperature determined by the experimental method 
and the temperature determined by the numerical method 
(∆q) is in all construction levels (at the level of the sub-
ballast upper surface, at the level of the lower edge of the 
thermal insulation layer and at the level of the subgrade) 
±0.2 °C. On other days of the winter period 2018/2019, 
the difference between these temperatures was up to ± 
0.5 °C. From the above, we can state that the differences 
between experimentally and numerically determined pa-
rameters (depth of freezing of the railway track structu-
re and temperature in individual construction levels) are 
negligible and setting of input parameters of the numeri-
cal model is suitable for further use (numerical modelling 
for design nomogram construction).

2. Characteristics of the procedure for  
the construction of the design nomogram

The protection of the railway track structure against the 
adverse effects of frost in cases where the subgrade surface 
is characterized as frost-susceptible is based on the design 
of a sufficiently thick protective layer of coarse-grained 

material, currently usually of crushed aggregate. In are-
as with adverse climatic conditions (high value of the air 
frost index, or the need for the design of protective layer 
thickness greater than 0.60 m), it is advisable to reduce 
the protective layer thickness by using suitable thermal 
insulation material for structural (reduction of the struc-
tural thickness of the sub-ballast layers), and also econo-
mic reasons. 

This part of the paper analyzes the effects of incorpora-
ting the thermal insulation material, namely the extruded 
polystyrene (XPS) boards on the railway track freezing. 
Moreover, it identifies the factors that most influence the 
achieved depth of freezing DF of the observed structure. 
The influence of the method of incorporation of extruded 
polystyrene in the monitored structure (at the level of the 
subgrade surface, or the sub-ballast upper surface) was 
also determined. 

Input material characteristics of numerical modelling 
were determined by laboratory or experimental measu-
rement at the Experimental stand DRETM (Dobeš et al., 
2017; Ižvolt et al., 2013; Pieš et al., 2019) and are presented 
in Table 4. In numerical modelling, in this case (in con-

Table 3. Comparison of temperatures of individual track bed layers determined by experimental and numerical methods

Date (TIME in numerical model) q22
(°C)

qSVH
(°C)

∆q
(°C)

q42
(°C)

qSVH
(°C)

∆q
(°C)

q82
(°C)

qSVH
(°C)

∆q
(°C)

27.10.2018 (300) 10.13 9.82 –0.31 14.54 14.11 –0.43 15.78 15.25 –0.53
6.11.2018 (310) 11.89 12.06 +0.17 13.74 13.25 –0.49 14.47 13.99 –0.48
16.11.2018 (320) 8.87 9.33 +0.46 12.89 12.39 –0.50 14.06 13.68 –0.48
26.11.2018 (330) 6.62 6.63 +0.01 11.36 11.08 –0.28 13.23 13.07 –0.16
6.12.2019 (340) 2.78 3.11 +0.33 9.37 8.98 –0.39 12.09 11.86 –0.23
16.12.2018 (350) 1.33 1.74 +0.41 8.18 7.78 –0.40 10.84 10.71 –0.13
26.12.2018 (360) 1.77 2.16 +0.39 7.64 7.29 –0.36 9.47 9.16 –0.31
5.1.2019 (370) 1.54 1.58 +0.04 7.02 6.63 –0.39 9.02 8.63 –0.39
15.1.2019 (380) 0.76 0.82 +0.06 5.68 5.77 +0.09 8.13 7.84 –0.29
20.1.2019 (385) 0.72 0.77 +0.05 5.44 5.63 +0.19 7.76 7.58 –0.18
25.1.2019 (390) –0.38 –0.62 –0.24 5.10 5.19 +0.09 7.50 7.33 –0.17
28.1.2019 (393) –0.33 –0.41 –0.08 4.82 5.00 +0.18 7.24 7.16 –0.08
30.1.2019 (395) –0.25 –0.22 +0.03 4.70 4.89 +0.19 7.12 7.05 –0.07
4.2.2019 (400) 0.00 0.12 +0.12 4.24 4.70 +0.46 6.64 6.78 +0.14
9.2.2019 (405) 0.10 0.43 +0.33 4.18 4.65 +0.47 6.44 6.56 +0.12
14.2.2019 (410) 1.42 1.78 +0.36 4.32 4.77 +0.45 6.13 6.40 +0.27

Table 4. Input material characteristics of numerical modelling

Structural part/
characteristics

Ballast bed 
(moderately dirty) Protective layer Thermal insulation layer Levelling layer Subgrade

Layer material gravel  
fr. 31.5/63 mm

crushed aggregate  
fr. 0/31.5 mm

extruded polystyrene 
(Styrodur) sand fr. 0/1 mm clay

Temperature (°C) –2 3 3 4 10
Moisture (%) 4 5.5 12 12 26
Bulk density (kg.m–3) 1900 1930 35 1750 1650
Heat capacity (J.kg–1.K–1) 980 1090 2060 960 1095
Thermal conductivity 
coefficient (W.m–1.K–1)

1.00 1.73 0.04 2.00 1.55
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trast to the input parameters demonstrated in Table 2), the 
most unfavourable input material characteristics are used 
(lower material temperature of the structural layers of the 
railway track, moderately dirty ballast bed). This process 
was approached due to numerical modelling of the unfa-
vourable condition (railway track in operation –modera-
tely dirty ballast bed), the effect of less favourable climatic 
load (less favourable air frost index and average annual 
air temperature) and different geometrical layout of stru-
ctural layers of the sub-ballast layers (greater thickness of 
the protective layer). The soil freezing characteristic curve 
(SFCC) was defined in the same way as in Section 1.2. 

The result of this part of the paper is the identification 
of the factors that most influence the freezing of the stru-
ctural layers of the railway track structure. These factors 
were then used to compile a design nomogram for dimen-
sioning of the sub-ballast layers for non-traffic load (see 
Section 2.1), where part of the protective layer is replaced 
by thermal insulation material (extruded polystyrene). 

For this purpose, a total of three railway track mo-
dels (see Figure 6) were created, which were subject to 
following boundary climatic conditions used in numerical 
modelling (IF = 2000 °C.day, qm = –1 °C, IF = 1400 °C.day,  
qm  = 3 °C and IF = 600 °C.day, qm = 6 °C). The avera-
ge annual air temperature qm in the numerical model is 
represented by the range of days TIME  = 1 to TIME  = 
365. The frost period in numerical models is defined for 
the air frost index IF = 600 °C.day and average annual air 
temperature qm = 6 °C for 110 days (28 November to 17 
March  – TIME  = 333 to TIME  = 442) and air frost in-
dex IF = 2000 °C.day and average annual air temperature 
qm = –1 °C for 255 days (3 October to 14 June – TIME = 
277 to TIME = 531).

Figure 6 presents numerical models with the different 
structural and geometrical layout of the sub-ballast layers, 
where the thickness of the protective and thermal insula-
tion layer was designed to withstand the maximum clima-
tic load (IF = 2000 °C.day, qm = –1 °C). Other numerical 
models with a defined lower climatic load (IF < 2000 °C.day,  
qm >  –1 °C) differ in the design of a smaller structural 
thickness of the protective and thermal insulation layer. 
The achieved maximum depths of freezing of the railway 
track structure, corresponding to a particular climatic 
load and a particular structural or geometrical composi-
tion of the sub-ballast layers are given in Table 5, where IF 
is the air frost index, qm is the average annual air tempe-
rature, tsnow is the thickness of the snow cover, nf is a fac-
tor expressing the dependance between the mean daily 
air temperature and the temperature on the surface of the 
ballast bed, tPL is the thickness of the protective layer, tXPS 
is the thickness of the thermal insulation layer of extruded 
polystyrene and DF, max is the maximum depth of freezing 
of the railway track structure. 

In Table 5, the most important parameter is the ma-
ximum depth of freezing of the railway track structure 
(DF,max), which was identified in individual numerical 
models (presented in Figure 6). The depth in question 
depends on the input material characteristics (Table 4), 

the climatic load (IF, qm and tsnow / nf – Table 5), the con-
struction thickness of the protective layer (tPL) and the 
thermal insulation layer (tXPS). The achieved railway track 
structure freezing values   demonstrated in Table 5 indicate 
that the incorporation of a thermal insulation layer (ex-
truded polystyrene) at the sub-ballast upper surface is 
suitable under the influence of a lower intensity climatic 
load (air frost index ≤ 1200 °C.day). If the intensity of the 
climatic load is higher, and there is considerable freezing 
of the railway track structure in the direction from the 
embankment slopes to the core, in this case, the applica-
tion of the thermal insulation material at subgrade surface 
is more suitable (see Model no. 1 and 2 – air frost index 
1400 °C.day and 2000 °C.day). 

For the above reasons, and to protect the thermal in-
sulation material from degradation by considerable con-
tact stress between it and the ballast grains when placed 
at the level of the sub-ballast upper surface, Model no. 3 
considers the placement of the thermal insulation mate-
rial (extruded polystyrene) only at the level of the frost 
susceptible subgrade surface. 

The last observed factor in terms of the impact of the 
track layout and track geometry on its freezing was the 
comparison of the single track and the double track and 
thus the influence of a larger volume of material incor-
porated into the railway track (Models no. 2 and 3). The 
achieved freezing values   of the railway track structure 
shown in Table 5 indicate that in case of unfavourable 
climatic conditions (air frost index IF > 1200 °C.day) and 
double track (larger material volume of the monitored 
structure), it is possible to design much smaller protective 
layer thickness (up to approx. 0.25 m in the track axis). In 
the case of more favourable climatic conditions (air frost 
index IF = 600 °C.day), it is necessary to design the same, 
i.e. minimum protective layer thickness of 0.15 m, in com-
bination with extruded polystyrene 0.03 m thick boards. 
In the following procedure of numerical modelling, the 
most unfavourable case is considered, i.e. the single track 
(Model no. 2). 

In the case of monitoring the influence of changes 
in physical properties of the ballast bed and consequent 
changes of its thermal-technical properties on the railway 
track structure freezing, the ballast bed used for numerical 
modelling is both clean and moderately dirty (4% content 
of polluting or fine-grained particles). The Model no 2. 
(see Figure 6), in which a material moisture value of 1.0% 
and a  corresponding value of the thermal conductivity 
coefficient of 0.70 W.m–1.K–1 are used for a clean ballast 
bed, is used as a reference model. For the moderately dir-
ty ballast bed, the material parameters given in Table 4, 
which were determined by laboratory measurements or 
long-term experimental monitoring (material moistu-
re of 4.0% and the thermal conductivity coefficient of  
1.0 W.m–1.K–1), were considered. The specific heat capa-
city and bulk density of materials in the numerical model 
are entered for the dry state, so these parameters remained 
unchanged. The achieved values   of the track structure fre-
ezing, depending on the change of monitored parameters, 
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are given in Table 6, where IF is the air frost index, qm is 
the average annual air temperature, tsnow is the thickness 
of the snow cover, nf is a factor expressing the dependance 
between the mean daily air temperature and the tempera-

ture on the surface of the ballast bed, tPL is the thickness 
of the protective layer, tXPS is the thickness of the thermal 
insulation layer of extruded polystyrene and DF, max is the 
maximum depth of freezing of the railway track structure.

Model no. 1 – Extruded polystyrene built-in at the level of the sub-ballast upper surface, single track (IF = 2000 °C.day, qm = –1 °C)

Model no. 2 – Extruded polystyrene built-in at the level of subgrade surface, single track (IF = 2000 °C.day, qm = –1 °C)

Model no. 3 Extruded polystyrene built-in at the level of subgrade surface, double track (IF = 2000 °C.day, qm = –1 °C)

Figure 6. Overview of created models for assessment of various input modelling parameters (images on the left)  
and the corresponding days of the numerical model with a maximum achieved freezing depths  

of the railway track structure (images on the right)

Table 5. Achieved depths of freezing of the railway track structure corresponding to the numerical models  
depending on different climatic loads

Model no. IF (°C.day) qm (°C) tsnow / nf (m) / (–) tPL (m) tXPS (m) DF, max (m) TIME in numerical model
1 600 6 0.18/0.65 0.15 0.03 0.56 400
1 1400 3 0.23/0.55 0.15 0.10 0.65 451
1 1400 3 0.23/0.55 0.50 0.05 1.12 472
1 2000 –1 0.23/0.55 0.50 0.10 2.20 497
2 600 6 0.18/0.65 0.15 0.03 0.67 400
2 1400 3 0.23/0.55 0.15 0.10 0.74 443
2 1400 3 0.23/0.55 0.50 0.05 1.075 450
2 2000 –1 0.23/0.55 0.50 0.10 1.13 452
3 600 6 0.18/0.65 0.50*/0.58 0.00 0.96 400
3 1400 3 0.23/0.55 0.15*/0.23 0.05 0.78 444
3 2000 –1 0.23/0.55 0.15*/0.23 0.10 0.825 444

Note: * in the axis of the double-track axes.
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By comparing the maximum depths of freezing of the 
railway track presented in Table 6, it can be concluded that 
the fouling of the ballast bed has a significant effect on 
the railway track structure freezing. In the case of a lower 
intensity climatic load (IF = 600 °C.day, qm = 6 °C) and a 
clean ballast bed, a protective layer of thickness lower in 
0.30 m can be designed. As the intensity of the climatic 
load increases when the frost starts to act on the side of 
the embankment, the thickness of the protective layer can 
be reduced by 0.20 m for areas with an air frost index IF = 
1400 °C.day, qm = 3 °C and by 0.10 m for areas with air 
frost index IF = 2000 °C.day, qm = –1 °C.

 It should be noted, however, that the existence of a 
clean ballast bed is not realistic, as the ballast bed is being 
dirty continually as a result of operational loading (by loo-
se material from leaking railcars, the fallout from the air, 
technological bed cleaning procedures, etc.). Therefore, in 
further numerical modelling, the input values   for the mo-
derately dirty ballast bed are used.

2.1. Influence of climatic characteristic change  
on the railway track structure freezing

To obtain a comprehensive overview of the factors af-
fecting the freezing of the railway track structure, it is 
mainly necessary to analyse the influence of changes 
in climatic characteristics, namely the air frost index IF 
and the average annual air temperature qm. The Model 
no. 2 (see Figure 6), in which the thickness of the protec-
tive layer and the thermal insulation material (extruded 
polystyrene) was modified depending on the intensity of 
the climatic load applied was interpreted as a  reference 
model. For this purpose, the numerical modelling uses 
the range of air frost indexes IF = 600 to 2000 °C.day and 
their respective annual average temperatures qm = –1 to 
6 °C, which were determined from real measured values   
of mean daily air temperatures from various meteorologi-
cal stations in the Slovak Republic. The value of the air 
frost index IF = 600  °C.day takes into account the limit 
when it is no longer efficient to design a greater thickness 
of the protective layer from an ecnonomic point of view 
(design of a combination of protective layer and thermal 
insulation material). The value of the air frost index IF = 
2000 °C.day is the limit value for areas e.g. the Nordic and 
Far Eastern countries through which the railways run. The 
input material characteristics were defined as in Table 4. 

The SFCC, the method of defining the climatic load, the 
method of calculating the freezing of structural layers of 
the railway track structure, the time step of the solution 
and the method of visualising the solution outputs are the 
same as in Section 1.2.

The results of numerical modelling enabled to design 
a nomogram of the dependence of the structural thickne-
ss of the protective layer of the frost-susceptible subgrade 
surface (crushed aggregate layer) combined with the ther-
mal insulation material (extruded polystyrene) and the 
dependence on the non-traffic or climatic load (air frost 
index, average annual air temperature) – Figure 7. Due to 
comprehensive application of the nomogram in dimensi-
oning the sub-ballast layers depending on the non-traf-
fic load, it also includes a dependence of the structural 
thickness of the protective layer for the sub-ballast layer, 
established without the thermal insulation layer. 

The correct design of the structural thickness of the 
sub-ballast layers (protective and  thermal insulation 
layer) should prevent the penetration of zero isotherm 
to the frost susceptible subgrade surface (freezing of the 
subgrade surface could cause uneven track lifting during 
the winter period and decrease in deformation resistance 
in spring with an adverse effect on required track geo-
metry). The required thickness of the protective layer of 
crushed aggregate (tPL) and the thermal insulation layer of 
extruded polystyrene (tXPS) is determined from the value 
of the air frost index of the area of interest (the area where 
the railway track is designed) – horizontal axis and ave-
rage annual air temperature – oblique (ascending) lines. 
The horizontal lines characterize the required thickness of 
the crushed aggregate protective layer (tPL), and the area 
between the dashed lines characterizes the required thick-
ness of the extruded polystyrene (zi). 

2.2. Mathematical expression of the influence  
of changes in climatic characteristics  
on the railway track structure freezing

Due to the possibility of continuous monitoring of the im-
pact of changes in climatic characteristics (air frost index 
and average annual air temperature) on the railway track 
structure freezing and based on the results of numerical 
modelling (design nomogram for the railway track dimen-
sioning for non-traffic load – Figure 7), the mathematical 
model expressing the relationship between these quanti-
ties was created. 

Table 6. Achieved depths of freezing of the railway track structure depending on the moisture of the protective layer  
and the quality condition of the ballast bed (its fouling)

Model no. IF (°C.day) qm (°C) tsnow / nf (m) / (–) tPL (m) tXPS (m) DF, max (m) TIME in numerical model
2 (clean BB) 600 6 0.18/0.65 0.30 – 0.77 402

2 (clean BB) 1400 3 0.23/0.55 0.30 0.05 0.87 450

2 (clean BB) 2000 –1 0.23/0.55 0.40 0.10 1.025 452

2 (contamined BB) 600 6 0.18/0.65 0.15 0.03 0.67 400

2 (contaminated BB) 1400 3 0.23/0.55 0.50 0.05 1.075 450

2 (comtaminated BB) 2000 –1 0.23/0.55 0.50 0.10 1.13 452
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From the numerically obtained data and their distri-
bution (the average annual air temperature is also nega-
tive) and on the basis of the already known relation for 
calculating the deth of freezing of the railway track struc-
ture 0.045F FD I=  (Directorate General of Railways of 
the Slovak Republic, 2005) can be assumed that there is 
such an increase in the depth of freezing DF of the railway 
track structure depending on the air frost index IF and the 
average annual air temperature qm, which can be approxi-
mated by the power function in the form:

( )3 ,  3, 0.        a b
F m F m FD c I I= q + q > - >  (1)

The unknown coefficients are determined by a suffi-
ciently stable method of least squares (Buša et al., 2006) 
and a sum function is formed:
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The minimum of this function determines the coef-
ficients a, b, c in such a way that the sum of the squares 
of the deviations between the obtained and approximated 
data will be minimal. To simplify the calculation, the func-
tion is logarithmised and the problem is linearised.
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The global error for this approximation is:

( )( )2
1

3 / .
n

a b
m Fi Fi

i

c I D n
=

ε = q + -∑   (5)

Mathematically obtained values of the depth of freez-
ing of the railway track structure or the thickness of the 
protective layer are rounded to two decimal places. In case 
of more favourable climatic conditions (IF ≤ 800 °C.day 
and qm ≥ 5 °C) and construction of a protective layer only 
from crushed aggregate (without the use of thermal in-
sulation material in the body of the railway sub-ballast 
layers), for the calculation of the depth of freezing of the 
railway track structure or of the thickness of the protective 
layer the following formulas can be used:

( ) 0.485 0.2947 ;0.4675 3F m FD I-= q +  (6)

( ) 0.485 0.2947 0.4675 3  0.5.PL m Ft I-= q + -   (7)

Equations (6) and (7) are valid if the conditions 
3, 0m FIq > - >  are met. The global error for this particu-

lar mathematical model is 0.011.ε =  The difference ΔDF = 
DF, mat  – DF, num between the data calculated using this 
mathematical model (Eqn (6)) and the data obtained by 
numerical modelling according to the procedure given in 
Section 2.1 is in the interval  0.025;0.015  - – see Table 7. 
Table 7 also shows the differences between the data de-
termined by the numerical and mathematical method for 
the construction of the sub-ballast layers with a built-in 
thermal insulation layer formed by boards of extruded 
polystyrene thickness zi = 100 mm. The most significant 
parameter in Table 7 is the difference in the achieved depth 

Figure 7. Dependence of the structural thickness of the protective layer of crushed aggregate on the climatic load of the sub-ballast 
layers with a built-in thermal insulation layer of extruded polystyrene - design nomogram
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of freezing of the railway track structure obtained by the 
mathematical and numerical method ΔDF. It reaches va-
lues in the range of ± 0.030 m (for the construction of the 
sub-ballast layers without extruded polystyrene and with 
built-in extruded polystyrene of thickness zi = 100 mm). 
Since in the design of the protective layer thickness, its va-
lues are rounded (for technological reasons) to the whole 
0.05 m upwards, it is possible to design the same protec-
tive layer thickness either applying the numerical method 
or the mathematical method (Figure 7). The formulas for 
the calculation of the depth of freezing of the railway track 
and the required thickness of the protective layer (Eqns 
(8)–(13)) depending on the specific thickness of the built-
in extruded polystyrene (30 mm, 50 mm and 100 mm) in 
the sub-ballast layers are presented in the following text.

In the case of a reduction of a part of the protective 
crushed aggregate layer by using extruded polystyrene of 
thickness zi = 100 mm, for the calculation of the depth of 
freezing the function (1) is also correct. The functions for 
the depth of freezing of the railway track structure or the 
thickness of the protective layer:

( ) 0.33 0,9580.00096 3 ;F m FD I-= q +  (8)

( ) 0.33 0,958 0.00096 3 0.65.PL m Ft I-= q + -  (9)

Equations (8) to (9) are valid if the conditions 
3, 0m FIq > - >  are met. The global error for this particu-

lar mathematical model is 0.017.ε =  The difference be-
tween the data calculated using this mathematical model 
and the data obtained by numerical modelling is in the 
interval 0.030;0.020.-

In the case of high-intensity climatic load (IF >  800 
°C.day and qm < 5 °C) and reduction of a part of the pro-
tective crushed aggregate layer by using thermal insulation 
material – extruded polystyrene of thickness zi = 30 mm, 

we used the function (1) for the calculation of the depth of 
freezing of the railway track structure or the thickness of 
the protective layer and we obtain the following formulas:

( ) 0.59 1.380.000219 3 ;F m FD I-= q +  (10)

( ) 0.59 1.380.000219 3 0.58,  PL m Ft I-= q + -   (11)

where is 3, 0m FIq > - > . The global error for this particu-
lar mathematical model is 0.015ε = . The difference be-
tween the data calculated using this mathematical model 
and the data obtained by numerical modelling is in the 
interval 0.030;0.005.-  

In the case of a reduction of a part of the protective 
crushed aggregate layer by using extruded polystyrene of 
thickness zi = 50 mm, the function (1) applies to the cal-
culation of the depth of freezing, for 3, 0m FIq > - >  the 
functions are:

( ) 0.6 0.9630.0029 3 ;F m FD I-= q +  (12)

 ( ) 0.6 0.9630.0029 3 0.6.PL m Ft I-= q + -   (13)

The global error for this particular mathematical mod-
el is 0.023ε = . The difference between the data calculated 
using this mathematical model and the data obtained by 
numerical modelling is in the interval 0.040; 0.045.-  

The determined functions for the calculation of the 
depth of freezing of the railway track structure or of the 
thickness of the protective layer are considered sufficient, 
because the calculated thickness is rounded to the whole 
50  mm as part of the dimensioning of the thickness of 
the protective crushed aggregate layer. Therefore, a glob-
al calculation error of about 20  mm is acceptable (after 
rounding practically the same values as from numerical 
modelling are obtained).

Table 7. Comparison of values of the depth of freezing of the railway track structure determined by mathematical DF,mat  
and numerical DF,num method depending on the air frost index IF and the average annual air temperature qm  

(the sub-ballast layers without and with a built-in thermal insulation layer of extruded polystyrene) 

Without thermal insulation layer zi = 0 mm With thermal insulation layer zi = 100 mm

IF
(°C.day)

qm
(°C)

DF,mat.
(m)

DF,num.
(m)

ΔDF
(m)

IF
(°C.day)

qm
(°C)

DF,mat.
(m)

DF,num.
(m)

ΔDF
(m)

800 5.0 1.220 1.205 0.015 2000 –1.0 1.110 1.130 –0,020
700 5.0 1.180 1.180 0.000 1800 –1.0 1.000 0.995 0.005
800 6.0 1.150 1.140 0.010 1600 –1.0 0.900 0.900 0.000
700 6.0 1.110 1.105 0.005 2000 –0.5 1.030 1.050 –0.020
600 6.0 1.060 1.085 –0.025 1800 –0.5 0.930 0.940 –0.010
700 7.0 1.050 1.050 0.000 1600 –0.5 0.830 0.850 –0.020
600 7.0 1.010 1.025 –0.015 2000 0.0 0.970 1.000 –0.030
500 7.0 0.960 0.965 –0.005 1800 0.0 0.880 0.890 –0.010
600 8.0 0.960 0.970 –0.010 1600 0.0 0.780 0.795 –0.015
500 8.0 0.910 0.920 –0.010 2000 0.5 0.920 0.950 –0.030
400 8.0 0.850 0.847 0.003 1800 0.5 0.830 0.835 –0.005
500 9.0 0.870 0.865 0.005 1600 0.5 0.750 0.745 0.005
400 9.0 0.820 0.830 –0.010 1800 1.0 0.800 0.780 0.020
300 9.0 0.750 0.740 0.010 1600 1.0 0.710 0.725 –0.015
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3. Results and discussion

The most important findings from Section 2 are:
1. The use of thermal insulation material (extruded poly-

styrene) in the sub-ballast layers allows for a consider-
able reduction of the structural thickness of the protec-
tive crushed aggregate layer. This reduction results in 
the saving of the layer material.

2.  In the case of the railway track design for areas with 
unfavourable climatic conditions (air frost index IF > 
1200 °C.day), it is advisable to place the extruded poly-
styrene thermal insulation layer at the level of the frost-
susceptible subgrade surface. The reason is that in the 
case of its placement at the level of the sub-ballast upper 
surface, there is significant freezing of the sub-ballast 
layers also from the sides of the earthwork in the shape 
of the embankment (see Models no. 1 and 2 in Figure 
6 and Table 5). If the extruded polystyrene is placed 
at the level of the sub-ballast upper surface, this ther-
mal insulation material is also exposed to considerable 
contact stress (pressing the track ballast grains into the 
track surface due to the operational load of the track). 
Due to its protection against degradation, it is advis-
able to build in at the subgrade surface level also in the 
areas with more favourable climatic conditions (air frost 
index IF < 1200 °C.day). 

3. In case of a double track located in an area with unfa-
vourable climatic conditions (air frost index IF > 1200 
°C.day), it is possible to design a protective layer thick-
ness in the track axis smaller in approx. 0.25 m. In case 
of designing a double track in more favourable climatic 
conditions (air frost index IF = 600 °C.day), the number 
of rails has minimal impact on the railway track struc-
ture freezing (the need to design the minimal protective 
layer thickness of 0.15 m in combination with the ex-
truded polystyrene boards 0.03 m thick). A comparison 
of the influence of a single track or a double track on 
the railway track structure freezing can be conducted in 
Figure 6, or in Table 5 (Models no. 2 and 3).

4. The ballast bed moisture (influenced by its fouling) has 
a fundamental impact on the freezing and position of 
the zero isotherm in the railway track structure. How-
ever, ensuring a long-term clean ballast bed on the 
railway line is not feasible as it is gradually degraded 
due to operation. In the case of lower intensity climatic 
load (IF  = 600 °C.day, qm  = 6 °C) and provision of a 
long-term clean ballast bed, it is possible to design a 
protective layer of the subgrade surface of the thickness 
smaller in 0.30 m. As the intensity of the climatic load 
increases and frost starts to act on the embankment 
slopes, the thickness of the protective layer can be re-
duced for areas with an air frost index IF = 1400 °C.day, 
qm = 3 °C by 0.20 m, and for areas with air frost index 
IF = 2000 °C.day, qm = –1 °C by 0.10 m (see Table 6). 

5. Climatic loads (air frost index, average annual air tem-
perature and snow cover thickness) have the greatest 
impact on the rail track structure freezing, as the ex-
tent of change of these parameters is considerable (IF =  

600 °C.day to 2000 °C.day and qm  =  –1 °C to 6 °C). 
Any increase in the frost index value in 200 °C.day (or a 
decrease in the average annual air temperature by 1 °C) 
results in the need to increase the design of the protec-
tive layer thickness by at least 0.15 m (or 0.10 m) and 
more.

6.  The design of the thermal insulation layer of XPS 
boards in the sub-ballast layers results in considerable 
material savings of the protective subgrade surface layer 
of crushed aggregate. Figure 7 indicates that for the air 
frost index of IF = 800 °C.day and average annual air 
temperature qm  = 5 °C if a 0.03 m thick thermal in-
sulation layer of XPS board is built-in, it is possible to 
save more than 0.5 m of the protective crushed aggre-
gate layer material compared to a structure without a 
thermal insulation layer. When comparing the designed 
0.03 m thickness of XPS boards with 0.05 m thickness 
of XPS boards, built in the sub-ballast layers (or com-
paring 0.05 m thickness with 0.10 m XPS boards thick-
ness), for the design value of the air frost index IF  = 
1200 °C.day (or IF = 1400 °C.day) and the average an-
nual air temperature qm = 4 °C (or qm = 1 to 3 °C), it is 
possible to achieve material savings of crushed aggre-
gate of approx.0.40 m (or 0.35 m to 0.55 m depending 
on the average annual air temperature).

7. The design nomogram (Section 2.1) was created for 
dimensioning the railway track depending on the non-
traffic load, which in the case of high-intensity climatic 
load (IF > 800 °C.day and qm < 5 °C) allows the design of 
the reduced protective layer thickness of crushed aggre-
gate and its replacement with extruded polystyrene of 
various thicknesses (30 mm, 50 mm and 100 mm). The 
design nomogram, developed using numerical model-
ling in SoilVision software (SVHeat programme), was 
subsequently supplemented by the mathematical mod-
el (Section 2.2), which allows continuous monitoring 
of the depth of freezing of the railway track structure 
depending on of the sub-ballast layers (with/without 
thermal insulation layer of extruded polystyrene), the 
air frost index and the average annual air temperature.

Conclusions and future research

The aim of achieving the resistance of the railway track 
structure to the effects of non-traffic load (climatic fac-
tors) is to influence particularly the impact of frost and 
water on the weakest element of the railway track with the 
conventional railway superstructure (track skeleton placed 
in the track ballast) – the subgrade surface (in case of fine-
grained soils). Sufficient protection of the frost-susceptible 
soils of the subgrade surface can be achieved by incor-
porating suitable natural non-freezing building materi-
als (e.g. crushed aggregate) or special thermal insulation 
materials (e.g. extruded polystyrene) with sufficiently high 
thermal resistance into the structural sub-ballast layers. In 
addition, their suitable arrangement and sufficient dimen-
sions are important, as has resulted from the long-term 
experimental work carried out at DRETM since 2003 in 
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the field of the impact of non-traffic loads on the dimen-
sioning of protective layers of the sub-ballast layers (see 
Section 1 and Section 2).

The subject of the future experimental activity will be 
the assessment of railway track structure with a built-in 
thermal insulation layer of XPS boards for (static and dy-
namic) traffic load and the assessment of the suitability of 
application of other thermal insulation materials (Liapor 
concrete, foam concrete, foam glass) in terms of traffic and 
non-traffic load. 
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