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1 Introduction 

 
A common cause of geometric track position defects is the presence of fine-grained materials in 

the subgrade (particularly on the subgrade surface) of railway tracks and their insufficient protection not 

only against water but also against frost. The thermal resistance of trackbed, or the sub-ballast layers, 

primarily depends on the thickness and thermal conductivity coefficient of individual structural layers. 

When thermal insulation materials with a thermal conductivity coefficient λ < 0.4 W·m⁻¹·K⁻¹ (e.g., 
expanded or extruded polystyrene, polyurethane, Liapor, foam glass, composite foam concrete, etc.) 

are applied in the sub-ballast layers, it is possible to reduce their structural thickness compared to a 

situation where the sub-ballast layers of the railway comprise solely standard natural materials (crushed 

stone/aggregate or gravel-sand mixtures). 

The construction market currently offers various types of thermal insulation materials with different 

material compositions and technical properties. Since most developed countries worldwide strive to 

ensure sustainable development and conserve natural resources, recycled sources (e.g., foam glass 

production) or foaming agents (e.g., composite foam concrete production) are often used in the 

manufacturing of construction materials, including thermal insulation materials. At the Department of 

Railway Engineering and Track Management (DRETM), research has long focused on the possibilities 

of applying various construction materials (thermal insulation, reinforcement, or materials from recycled 

components) in the railway substructure, or the protective formation layer. For this purpose, an 

experimental facility called DRETM Test Stand (Figures 1 and 6, bottom left) was established. It consists 
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of three different sectors (sectors A, B, and C), which allow for experimental monitoring and assessment 

of the deformation and thermal insulation properties of various construction materials. Section A is 

designed for monitoring the thermal insulation properties of built-in thermal insulation materials in a full-

scale railway track construction model (1:1 scale). It contains a total of eight measurement profiles 

(MPs), each characterized by a specific structural and material composition. These measurement 

profiles typically assess the application of construction materials that have not yet been implemented 

within the Slovak Railways network, such as extruded polystyrene, Liapor, Liapor concrete, foam 

concrete, and foam glass. Detailed information on the structural and material composition of the 

individual measurement profiles, including experimental measurement results and numerical modeling, 

is provided and analyzed in detail in reference [1]. 

 

    
Fig. 1: DRETM Test Stand. 

 

This article focuses on the most recently built measurement profile no. 8 (MP 8), which is 

characterized by the incorporation of the MacDrain® W 1071 I drainage geocomposite into the sub-

ballast layers (marked in dark blue in sector A). This drainage geocomposite is designed to provide 

drainage and separation functions within the structural composition of the sub-ballast layers. 

MACCAFERRI CENTRAL EUROPE, s.r.o., requested further assessment to determine whether this 

geocomposite could also influence the thermal resistance of the track substructure. Unlike MP 1 to MP 

7, the railway superstructure in MP 8 does not include a track skeleton, only a ballast layer. This design 

allows for the potential replacement of the assessed material with a different type of geosynthetic 

material based on experimental findings. Additionally, in general, this composition enables testing of 

other thermal insulation construction materials. However, it should be emphasized that in this case, the 

structural composition does not significantly influence the observed characteristics or properties of the 

tested material. 

The application of geocomposite materials in transport infrastructure is being researched in 

several countries, including Slovakia. For example, in Portugal, research has focused on assessing the 

resistance of geocomposites to mechanical damage (repeated loading or abrasion resistance). Changes 

in geocomposites during tensile and tearing tests were observed. The results indicated that degradation 

tests often caused a deterioration of geocomposite properties under tension and tearing, affecting its 

reinforcement function [2]. In the USA, research has primarily examined the drainage properties of 

embedded geocomposites in road construction. Studies have shown that geocomposites increased the 

permeability of road structures by two to three times, effectively preventing the saturation of surface 

materials and subgrade during heavy rainfall [3]. In Italy, research has also focused on the application 

of drainage geocomposites in road construction to prevent pavement deformations caused by frost. 

Findings revealed that frost does not affect drainage efficiency, while embedded geocomposites 

reduced frost heave height and interrupted capillary rise [4, 5]. 
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Additionally, in Italy, four different geocomposites combining reinforcement geosynthetics with a 

bitumen membrane were examined for their effect on crack propagation and the bonding of asphalt 

pavement layers. Research results demonstrated that embedded geocomposites significantly extended 

pavement lifespan. However, they also weakened the interlayer bonding of asphalt layers, reducing 

pavement stiffness [6].  

In Iraq, research assessed the performance of soil reinforcement using three different types of 

geosynthetics, including a geocomposite. The study concluded that both reinforcement geocomposites 

and geogrids positively impacted the deformation resistance of the structure [7]. 

Similarly, in Slovakia, research has been conducted on embedding various geosynthetic materials 

into five different soil types (ash, sand, and gravels of various grain sizes) and assessing their shear 

strength. Results indicate that the correct placement of geosynthetics and proper compaction 

techniques (especially for well-graded coarse-grained materials) significantly influence shear strength. 

In general, the interface coefficient (α) of geosynthetics with their surroundings increases as particle 
size decreases and with poor gradation [8]. 

In the UK, research has focused on the application of polyurethane geocomposites in the 

structural composition of high-speed railway tracks with ballast beds to maintain track geometry quality. 

The findings suggest that this material has significant potential for stabilizing track geometry under high-

speed conditions [9]. 

In Portugal, researchers have developed a self-sensing cementitious geocomposite consisting of 

stabilized cemented sand with multi-walled carbon nanotubes (MWCNTs) and graphene nanoplatelets 

(GNPs) as conductive fillers. This geocomposite could be used for detecting structural layer damage in 

railway tracks [10]. 

In the Czech Republic, studies examined the application of stabilized hexagonal geocomposites 

in railway track structures to improve stability and prevent fine soil particle migration from the subgrade 

into the ballast. Research results indicate that this solution is effective in problematic areas of railway 

tracks regarding stability [11]. 

 

2 Test material and method 

The test samples of the MacDrain® W 1071 I drainage geocomposite (Fig. 2) used in our 

research were obtained from MACCAFERRI CENTRAL EUROPE, s.r.o. The MacDrain® W 1071 I 
drainage geocomposite (GCD) is manufactured through a continuous thermal bonding process, 

integrating a drainage core (extruded polymer monofilaments – GMA, shaped into a "W" profile with 

parallel channels), which is positioned between two layers of geotextile (GTX) [12]. The fundamental 

physical properties of the drainage geocomposite are presented in Table 1. 

 

    
Fig. 2: Test sample (drainage geocomposite MacDrain® W 1071 I). 

 

Table 1: Basic physical properties of the drainage geocomposite MacDrain® W 1071 I [12].  

Thickness under 2 kPa load [mm] EN ISO 9863-1 6.9 (±10%) 

Thickness under 20 kPa load [mm] EN ISO 9863-1 - 

Areal mass / Surface density [g∙m-2] EN ISO 9864 720 (± 10%) 

Tensile strength [kN∙m-1] EN ISO 10319 20.0 (-6.0) 

In-plane drainage capacity [l∙m-1∙s-1] EN ISO 12958 0.18 – 2.44 (±25%)* 
Flow reduction factor due to creep under 100 
kPa load for a design life of 100 years 

[-] ISO 25619-1 < 1.15 

* Value dependent on slope, type of contact (soft/soft, rigid/soft), and installation time 
 

At a partner research facility in Poland, specifically at the University of Bielsko-Biała, the first step 
of the joint research project involved determining the thermal conductivity coefficient (λ) and thermal 
resistance (R) of the tested MacDrain® W 1071 I drainage geocomposite in its dry state. This was 
carried out using a Heat Flow Meter LM.PLUS 305 (Fig. 3). 
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Fig. 3: Heat Flow Meter LM.PLUS 305. 

 

The device compresses the test sample between two pressing plates (upper and lower plates of 

the device) and allows for the measurement of test samples with a maximum thickness of 100 mm and 

a minimum width/length of 300 mm. The temperature of the upper plate can be set between 5 and 50 

°C (with a default setting of 15 °C), while the temperature of the lower plate can be adjusted from -5 to 

40 °C (default setting: 5 °C). The device maintains a constant temperature on both sides of the tested 
sample, with fluctuations of less than ±0.01 °C from the set value. The measurement range of the device 
is from 1/3 to 800 W·m⁻¹·K⁻¹. Heat flux is measured using two separate heat flux sensors [13]. 

Since this device does not allow for measurements on samples in a wet state (due to possible 

condensation on the pressing plates and subsequent damage to the device's sensors), which is the 

typical condition when embedded in a sub-ballast layers, the drainage geocomposite was incorporated 

into a full-scale 1:1 railway track construction model — measurement profile no. 8 (MP8, Fig. 4) — at 

the DRETM experimental facility. 

 

 
Fig. 4: Measurement profile no. 8 with built-in drainage geocomposite – structural composition. 

 

Structurally, MP8 represents a railway track constructed in a cut. The material composition of 

MP8 consists of a ballast bed with a fraction of 31.5/63 mm and a thickness of 500 mm, a protective 

layer of crushed aggregate with a fraction of 0/31.5 mm and a thickness of 300 mm, the drainage 

geocomposite MacDrain® W 1071 I, and a subgrade composed of clay with an admixture of river gravel 

(frost-susceptible subgrade surface). 

The MP8 structure includes four Pt1000 resistance ground temperature sensors installed at 

different locations: on the ballast surface, at the level of the sub-ballast upper surface, on the surface of 

the geocomposite, and on the underside of the geocomposite (i.e., on the subgrade surface level). The 
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Pt1000 temperature sensors (Fig. 5, left) enable temperature measurements in the range of -55 to 125 

°C, with an accuracy of ±0.5 °C within the range of -10 to 85 °C. These sensors are connected to a data 
logger (dataTaker DT80) via a CEM20 channel expansion module (Fig. 5, center). In our case, 

temperature data are recorded every 30 minutes (although the logging interval can be adjusted to a 

shorter or longer duration), which is a sufficiently relevant time interval for measurement purposes. 

The dataTaker DT80 logger operates in environments with temperatures ranging from -45 to 70 

°C and a relative humidity of up to 85% (provided that condensation does not occur in this environment) 
[14]. Additionally, air temperature and relative humidity measurements are conducted (to evaluate the 

climatic characteristics of winter periods) using a Comet T3419 sensor housed in a specialized 

meteorological shield, positioned 2.0 m above ground level (Fig. 5, right). This sensor can record 

temperatures ranging from -30 to 105 °C, with an accuracy of ±0.4 °C [15]. Figure 6 presents images 
from the construction of MP8. 

 

              
Fig. 5: Measuring equipment -  Pt 1000 resistance ground temperature sensor (left), connection of the 

temperature sensors to the dataTaker DT80 logger via the CEM20 channel expansion modules 
(center), Comet T3419 sensor housed in a specialized meteorological shield (right). 

 

       
 

    
Fig. 6: Construction of MP8 – application of drainage geocomposite on the subgrade surface level with 
installation of temperature sensors (top left), installation of temperature sensor at the level of the sub-
ballast upper surface (top right), overall view of the DRETM Test Stand (bottom left), detailed view of 

MP8 (bottom right). 
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  3 Results and Discussion 
 

Some physical and thermal-technical parameters of the drainage geocomposite MacDrain® W 
1071 I in a dry state were initially tested using a heat flow measurement device (see Fig. 3). Details of 

the device and measurement method are provided in Section 2. Table 2 presents the measurement 

results. 
 

Table 2: Determined physical and thermal-technical parameters of the drainage geocomposite 
MacDrain® W 1071 I.  

Sample 
number 

Dimensions Thickness Mass m 
Bulk 

density ρ 

Thermal 
conductivity 
coefficient λ 

Thermal 
resistance R 

Heat flux 
density q 

[mm] [mm] [g] [kg∙m-3] [W∙m-1∙K-1] [m2∙K∙W-1] [W∙m-2] 

1 390x400 7.9 117.9 95.4 0.0458 0.17 50.52 

2 400x410 8.1 113.7 85.9 0.0459 0.18 49.87 

 
The values presented in Table 2 indicate that the drainage geocomposite MacDrain® W 1071 I 

exhibits excellent thermal insulation properties in a dry state. However, since this geosynthetic material 
is primarily used to ensure a drainage function—i.e., to accumulate and channel water—it is logical that 
within the structure of a railway track, which inherently represents an open system (where all water, 
whether from rain or snow, infiltrates the traditional railway track structure), it will never remain in a 
completely dry state. 

For this reason, it was necessary to assess its thermal insulation properties in a wet state. 
However, the heat flow measurement device does not allow for such testing. 

To evaluate the effect of the drainage geocomposite MacDrain® W 1071 I on the thermal 
resistance of the sub-ballast layers in its wet state, the previously mentioned MP8 was constructed. The 
structural and material composition of MP8, as well as the measurement techniques used, are further 
specified in Section 2. 

The thermal-technical properties of the drainage geocomposite are best assessed during an 
actual winter period, particularly one in which the highest possible air frost index IF is reached or in which 
a prolonged (main) frost period can be identified. Since MP8 was constructed in 2023, at the time of 
writing this paper, only one winter period—2023/2024—had been recorded and analyzed for MP8. Table 
3 presents the determined climatic characteristics of the winter period 2023/2024. 

 
Table 3: Determined climatic characteristics of the winter period 2023/2024 for the MP8.  

Winter 
period 

Minimum average daily 
air temperature θs 

Average annual air 
temperature θm 

Air frost 
index IF 

Surface air frost 
index IF,S 

Frost penetration 
depth DF 

[°C] [°C] [°C, day] [°C, day] [m] 

2023/2024 -8.30 10.15 49 63 0.53 

 
Figure 7 presents an evaluation of the main monitored climatic parameters of the winter period 

2023/2024, specifically the air frost index (Figure 7, left) and the frost penetration depth of the structure 
(Figure 7, right). 

From Figure 7 (left), it is evident that the achieved air frost index IF during the winter of 2023/2024 
was very low, reaching only about 10% of the design value for the Žilina region (IF,D = 480 °C, day), 
where MP8 is located. Consequently, the 0 °C isotherm penetrated only slightly below the formation 
level, resulting in frost penetration limited to the ballast layer (Figure 7, right). 

The observed climatic characteristics are insufficient for a comprehensive or definitive 
assessment of MP8 in terms of resistance to climatic loads. However, by comparing the determined 
climatic characteristics and the measured temperatures in the individual structural layers with those 
recorded for MP5 (a standard sub-ballast layers where the protective layer consists solely of crushed 
aggregate, fraction 0/31.5 mm), as well as with over 20 years of experimental measurements monitoring 
the effects of frost on frost penetration depth and the thermal resistance of railway track structures, 
certain conclusions can still be drawn. 
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Fig. 7: Evaluation of the air frost index IF (left), evaluation of the structure frost depth DF (right). 

 
In MP5, the achieved frost penetration depth DF was 0.43 m, which is 0.10 m less than that 

observed in the MP8 structure. Based on long-term experience with various thermal insulation materials 
embedded in railway substructure construction—such as extruded polystyrene, foam glass, expanded 
clay (Liapor), and composite foam concrete—previously published multiple times by the authors, it is 
evident that thermal insulation materials prevent cold penetration into the subgrade. However, this 
results in increased frost penetration in the overlying layers. 

Therefore, if the railway track structure is not exposed to climatic conditions severe enough to 
cause frost penetration below the thermal insulation material, the frost penetration depth in such a 
structure will always be greater than in a standard sub-ballast layers without embedded thermal 
insulation material. 

The key parameter for confirming the thermal insulation effect of a material within the railway 
substructure—specifically its ability to protect the frost-susceptible subgrade surface from freezing—is 
the temperature measured beneath the thermal insulation material. In a modified structure where 
thermal insulation material is applied, the temperature beneath it must be higher than at the same depth 
in a standard structure without insulation material. For instance, in cases where extruded polystyrene 
was embedded, the temperature remained 1 to 4 °C higher throughout the year. Figure 8 presents a 
comparison of the relevant temperatures recorded in MP5 and MP8. 

 

 
Fig. 8: Comparison of measured temperatures under the drainage geocomposite (MP8) and at the 

same depth level in MP5 during the winter period 2023/2024. 
 

The main frost period of the winter season 2023/2024, during which the maximum air frost index 
IF and the frost penetration depth DF were recorded, lasted from January 7, 2024, to January 24, 2024. 

As shown in Figure 8, during this main frost period, the temperature measured beneath the 
drainage geocomposite was 0.2 to 1.0 °C lower— which is an opposite effect compared to other 
embedded thermal insulation materials. Based on these temperature measurements, it can be assumed 
that the greater frost penetration depth DF  observed in MP8 was caused by its lower thermal insulation 
properties in a wet state. This is logical, as water has poorer thermal insulation properties than air. 

 

4 Conclusions from the analysis 
 

The aim of this publication was to assess the potential impact of the drainage geocomposite 

MacDrain® W 1071 I on the thermal resistance of the track substructure, specifically the trackbed, which 
is typically influenced by the incorporation of various thermal insulation materials or structural layers. In 



Civil and Environmental Engineering Vol. 21, Issue 1, 680-688 

 
 

addition to protecting the frost-susceptible subgrade surface, an ideal solution would also achieve a 

reduction in its overall thickness (which is traditionally constructed using natural materials such as 

crushed aggregate or gravel-sand mixtures), thereby conserving natural material resources. 

Experimental measurements using a heat flow meter (Figure 3) demonstrated that the tested 

drainage geocomposite MacDrain® W 1071 I exhibits excellent thermal insulation properties in a dry 
state (see Table 1). However, it was not possible to conduct measurements on wet samples using the 

Heat Flow Meter LM.PLUS 305. Therefore, the drainage geocomposite was embedded in a full-scale 

track substructure model (DRETM Test Stand, MP8) to assess its performance under real climatic 

conditions, albeit only for a single winter period. 

Although the climatic load during the monitored winter period of 2023/2024 was relatively low, 

based on the measured values and long-term experience from the DRETM Test Stand, as well as 

numerical modeling of the thermal behavior of railway structures with embedded thermal insulation 

materials, it can be assumed that the tested drainage geocomposite MacDrain® W 1071 I alone is 
unlikely to have a direct impact on improving the protection of the frost-susceptible subgrade surface 

against the effects of frost. 

However, ultimately, it can be assumed that the incorporation of the drainage geocomposite will 

have a generally positive impact on the trackbed construction in several aspects. This is due to the fact 

that, thanks to the excellent drainage function of the geocomposite (placed above the subgrade surface), 

confirmed by the research results presented in Chapter 1 (literature [3], [4], [5]), the materials in the 

trackbed layers will remain in a relatively dry state for an extended period. As a result, they will not 

accumulate excess water but will maintain their natural moisture content. 

This influences their lower thermal conductivity, thereby increasing the required thermal 

resistance of the trackbed construction. 

An additional significant benefit of the MacDrain® W 1071 I geocomposite is that its drainage 
effect prevents excessive water saturation of the subgrade surface, allowing it to maintain only its natural 

moisture content. This stabilizes its deformation resistance over time, ensuring the necessary stability 

of the railway track. Ultimately, this will impact the operational safety and reliability of the track. The 

conservation of natural construction material resources used in railway track construction can also be 

achieved by reducing the proposed thickness of the sub-ballast layer, as its thickness depends on the 

overall resistance of the designed structure to operational (static and dynamic) loading. In the case of 

the MacDrain® W 1071 I geocomposite, the savings in construction materials were assessed with 
respect to the reduction of the proposed structural thickness of the sub-ballast (protective) layer 

depending on the applied non-traffic load (thermal-technical parameters of the materials). 

Therefore, as part of future research at our institution, the latest type of drainage geocomposite 

will be tested, specifically the reinforcement-drainage multi-composite MacDrain™ W09.EG2S (Figure 

9), which contains, in addition to the drainage core and two filtering nonwoven geotextiles, a reinforcing 

stabilizing polypropylene biaxial extruded geogrid. This material could have a favorable effect on 

achieving the desired deformation parameters of the subgrade, improving stress distribution, and limiting 

uneven settlement of railway track construction on poorly deformable subgrade surfaces, which are 

characteristic of fine-grained frost-susceptible soils. 

 

 
Fig. 9: Drainage multicomposite MacDrainTM I W09.EG2S. 
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