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Abstract: This study investigates the application of Geosynthetic Cementitious Composite 
Mats (GCCMs), specifically Concrete Canvas (CC), to reinforce railway substructures. 
Combining waterproofing, durability, and ease of installation, CC addresses challenges in 
ballasted railway tracks, such as local failures, moisture, and dynamic forces. The research 
fills a gap in the literature on CC's dynamic performance and its comparison to geogrids. 
Experimental methods, including shear box and static plate load tests, revealed that CC 
increases load-bearing capacity by up to 72% and improves shear resistance through its 
semi-rigid interlocking mechanism. Robust under dynamic forces, CC ensures stability 
without deformation. Compared to geogrids, CC offers similar reinforcement, with added 
benefits like easier hydration and installation. The study concludes that CC is a cost-effective 
solution for reinforcing railway substructures and improving load distribution and stability. 
Future research should address environmental impact and integration with advanced 
materials for enhanced performance and sustainability. 
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1 Introduction 

Railway tracks are a vital form of fixed-rail transportation, facilitating efficient 
land-based travel. They enable the movement of substantial quantities of goods and 
passengers at relatively high speeds, with low energy consumption and minimal 
environmental impact – particularly for railways powered by electric traction. For 
freight transport, rail is especially effective over long distances exceeding 1,000 km, 
while passenger transport is more relevant for shorter distances, generally under 
1,000 km. 

Railway operations depend on multidisciplinary collaboration, functioning 
continuously around the clock. This encompasses a broad range of engineering 
tasks, such as structural designs, load-bearing capacity, and stability (primarily the 
domain of civil engineering [1-7]); the configuration and reliable operation of 
vehicles [8, 9]; logistics and traffic management [10-12]; high-voltage traction and 
hybrid systems [13,14]; signaling, safety, and telecommunication systems; etc.  
(The following can also be mentioned subsidiary: transportation and vehicle 
engineering as well as cognitive mobility [15-18]; etc.). 

Railway track structures, whether traditional crushed stone ballast or ballastless 
designs, consist of two main components: the superstructure and the substructure. 
This article focuses on thin structural elements at the ballast-substructure interface, 
analyzing their applicability through laboratory testing, including both static and 
dynamic assessments. 

Adequate drainage and robust subgrade support are crucial for railway structures. 
Maintenance organizations seek solutions that are multifunctional, cost-effective, 
and easy to implement, requiring minimal human and mechanical resources while 
meeting renewal requirements. These solutions enable deferring more costly and 
extensive interventions, which are often delayed due to financial constraints. Key 
contributors to track deterioration include inadequate drainage, weak subsoil, and 
mudding effects. The authors address these challenges through insights from 
Hungarian State Railways (MÁV) and the Hungarian division of Raaberbahn 
(ROeEE, Győr-Sopron-Ebenfurth Railways). However, these issues are broadly 
applicable to railways in other countries as well. 

Geosynthetic Cementitious Composite Mats (GCCMs), such as Concrete Canvas, 
have gained attention in the construction industry [19, 20]. GCCMs are a unique 
construction material composed of a three-layer structure: a waterproof PVC 
covering at the bottom, a 3D fiber matrix infilled with a cementitious mixture in the 
middle, and a textile layer at the top surface [19, 20]. This unique composition 
allows GCCMs to be easily installed and shaped according to the required form; the 
authors consider them a promising material for railway substructure reinforcement. 

Han et al. [21, 22] studied the influence of 3D spacer fabrics on the drying shrinkage 
and mechanical properties of Concrete Canvas (CC), highlighting its potential for 
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use in applications such as slope protection and retaining walls. Niu et al. [23] 
published that the CC is found to be a promising material for strengthening concrete 
structures. 

Railway track structures are often exposed to track failures, moisture, freeze-thaw 
cycles in the substructure, and other stresses. From these aspects, the use of GCCMs 
can provide several benefits, especially in conventional ballasted railway tracks. 
Compared to traditional materials, GCCMs are easy to install, durable, and can be 
formed to fit the required substructure geometry [19, 20]. On the other hand, the 
ability of GCCMs to provide waterproofing gives more advantages for railway 
applications. This makes them suitable for reinforcing railway substructures or 
subgrades, particularly in short, local failures. 

The flexibility and conformability of GCCMs allow them to be easily integrated 
with other railway substructure components, such as geotextiles or geogrids, if 
necessary [24, 25]. 

While the use of GCCMs in railway substructures is a relatively new concept, the 
available literature suggests that they have the potential to address several 
challenges faced by traditional substructure materials. 

In addition to the benefits of GCCMs, the professional literature also highlights the 
potential of other innovative technologies for railway substructure reinforcement. 
For instance, studies have explored the use of asphalt protection layers [24, 25], 
recycled aggregates [26, 27], and supplementary cementitious materials or 
stabilizations [28, 29] to enhance the performance and durability of railway 
substructures. Integrating these materials with GCCMs could further improve the 
overall resilience and sustainability of railway infrastructure [24-29]. Moreover, 
professionals emphasize the importance of considering the environmental impact 
and sustainability of railway substructure materials. Using waste materials, such as 
fly ash, slag, and recycled aggregates, can contribute to developing more eco-
friendly and resource-efficient railway substructures [26-29]. 

The results confirmed the material's applicability, but one of the key aspects from a 
railway perspective is highlighted in this paper. Specifically, the load beneath a 
railway track is unique. In addition to the dead load, the components of the track 
structure experience and are subjected to substantial dynamic forces. Given that CC, 
when bonded, forms a quasi-rigid layer structure, a crucial question arises regarding 
the material's behavior under dynamic forces. This loading pattern and the material 
properties cause the ballast stone particles to penetrate the CC, thus working 
together with the two materials. In addition, the material is resistant to railway loads, 
and tearing and breakage are not expected under load [30]. Eller and Fischer [31] 
concluded that the behavior of the CC in this environment is much more similar to 
that of a semi-rigid structure. Overall, this behavior significantly increases the shear 
resistance in the railway ballast bed, thanks to the strong interlocking effect [32, 
33]. 
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In addition, the rigid layer can affect the distribution of forces, so the authors 
assumed the possibility of increasing the load-bearing capacity. This assumption 
was based on the tests of [32, 33], where the load-bearing capacity measurements 
before and after the multi-level shear box test showed promising results. 

According to previous research, a parallel can be found between geogrids and 
GCCM materials. Therefore, current articles were searched in this professional 
direction during the literature search. Several studies have already demonstrated the 
effect of different geogrids on load-bearing capacity. Among the earliest studies 
relevant to this topic are [34, 35], where the load-bearing capacity measurements 
were made similarly to those in the current article. It has been confirmed that one 
or more geogrid layers in the soil can increase the load-bearing capacity of various 
soil types. These articles are also good references, helping to evaluate the workload 
of the present work. This can also serve as a direction for designing with CC if 
someone wants to build permeable and impermeable layers on top of each other in 
a percolating manner. 

2 Materials and Methods 

2.1 Materials 

The ballast crushed stone used in this test was not the primary focus, as the goal 
was to assess the total surface loading. However, it is worth noting that the stone 
was andesite, with grain sizes ranging from 31.5 to 50 mm (the nominal minimum 
grain size was 31.5 mm, and the maximum was 50 mm) according to the MSZ EN 
standard [36]. The sample was provided by Colas Északkő Ltd. from the Szob 
quarry in Hungary. 

In this study, the Concrete Canvas (CC) material was sourced from Concrete 
Canvas Ltd. The dynamic tests were conducted in 2022, while the load-bearing 
capacity tests took place at the end of 2023 after Concrete Canvas Ltd. had modified 
the composition of the CC. As a result, the initial tests were performed using CC13 
(with the "13" indicating the material's thickness in millimeters), while subsequent 
tests used the updated CCT3 type. This new type had a reduced maximum thickness 
of 11 mm due to structural modifications by the manufacturer. Currently, the 
available types are CCT1, CCT2, and CCT3, with thicknesses of 5, 7, and 11 mm, 
respectively. These materials are relatively thin compared to the overall structure of 
a railway track, making them more comparable to geopolymers. Other types of CC, 
such as CCH and CCX, exist but are less suited to railway loads due to their 
characteristics. 
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The granular layers were composed of 0/22 mm crushed stone sourced from a local 
quarry near Győr, Hungary. The particle size distribution (PSD) was measured to 
ensure reliable future comparisons, as significant standard deviations had been 
observed in previous measurements. According to the PSD, the Z0/22 (0/22 mm) 
material complies with the relevant standard [37]. The measured PSDs are presented 
in Section 3.1. For the measurement, a multi-level shear box was dismantled into 
parts for smaller crushed stone thicknesses. With this solution, even two samples 
can be built at the same time. In these cases, geogrids were not used. 

2.2 Methods 

In these tests, the increasing effect was measured by different layer structures with 
and without CC layers. In the tests, steel frame elements with a floor area of 1×1 m 
were used, which came from the other investigation's multi-level shear box. Due to 
the dimensions of the box, the test is close to full-scale tests. The cross-section 
design is seen in Fig. 1. 

 
Figure 1 

The set-up of the load-bearing capacity test 

Under the steel frames, the same UBMs were used to decrease the rigidity of the 
concrete ground floor, on that 12-24-34 cm thickness of 0/22 mm crushed stone was 
built in. The last thickness (34 cm) is due to the structural height constraint. Even 
the thickness of the CC and the crushed stone bedding occupied this surface, but the 
maximum structural height was 40 cm. In this case, the remaining weight was 
distributed in a crate. The planned thicknesses were designed according to the 
available steel frame's height and the accessibility to execute adequate compacting. 

The compaction of the protection layer was executed at every 12 cm height. 

After the sample was completed, a load-bearing capacity measurement was made. 
To avoid false results, at the measuring point, the gravel had to be loosened and 
then recompacted. The compaction method had to be the same procedure. In this 
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way, the measurement could be re-executed at the same point because only the 
compaction level has changed and is not significantly changed. The same 
compaction level was reached with the method of the compaction: same number of 
repetitions, same length of time. 

A 1×1 m CC specimen was laid on the recompacted surface and watered. In this 
test, it is very significant that the CC layer has to be flat to the surface. After the 
ballast crushed stone covering, it was watered again. 

In order to ensure the correct, necessary fit of the CC and the surface, the authors 
permanently loaded them with a 15-20 cm crushed stone layer during the binding. 
The total weight of the stone bed was ~200 kg; thanks to this, it was calculated that 
the permanent load on the CC was 2 kN/m2. This permanent loading, while the CC 
material is curing, is beneficial and helps the stone particle to cement into the CC 
layer while increasing the stability of the layer. 

The stone covering was removed after 7 days of curing. That was the end state of 
this test. First, the load-bearing capacity was measured on the CC material 
according to [38]. This means that the static plate load test was performed directly 
on the CC surface. After the measurement, it can be said that the standard 300 kPa 
plate loading made no deformation or breakage in the bonded CC material. It is seen 
in Fig. 2. 

 
Figure 2 

Load-bearing capacity measurement on the plan of the CC after measurement 
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3 Results, Discussion and Proposals 

3.1 Results 

According to the measurements of Eller et al. [32, 33], it was assumed that load 
capacity increases with the application of the CC layer. From initial E2=5.96 MPa, 
the CC layer affected E2=12-13 MPa ultimate load-bearing capacity. 

After the completed test, the ballast crushed stone bed was removed. In Fig. 3, it is 
visible that even at this small amount of static load, penetration appears on the CC 
surface, as shown in Eller et al. [32, 33]. The stone particles were not cemented into 
the CC layer; instead, they wedged themselves. 

 
Figure 3 

The deformed CC surface after w=2 kN/m2 distributed loading 

Normally, not much growth is expected from this thin CC layer structure, but if the 
CC layer is considered a semi-rigid structure (based on the four-point bending 
measurement of Eller and Fischer [31]), it can be expected that the load will be 
distributed, which can increase the angle of load distribution. This is the result of 
the mentioned growth. Following this line of thought, full-scale measurement 
showed appreciable results. All the results are summarized together. 

Table 1 contains the results of the E2 measurement. 
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Table 1 
Results of the measuring of E2 ('ult.' means ultimate) 

Layer 
structure 

Average 
ult. E2 
[MPa] 

Average 
E2 with 

CC 
[MPa] 

Average 
increasing 

[MPa] 

Average 
effect [%] 

Standard 
deviation 

[MPa] 

SG 14 cm 5.96 12.837 6.88 115.39 0.41 
CS 12 cm 20.945 26.12 5.18 28.00 2.72 
CS 24 cm 38.44 41.655 3.22 8.62 0.39 
CS 34 cm 44.1 47.14 3.04 5.46 4.02 

Average 4.58 not relevant 1.89 
SG=sandy gravel, CS=0/22 mm crushed stone 

As can be seen in Table 1, noteworthy results were achieved. It should be noted that 
the authors estimated a relatively large standard deviation for this measurement, 
too. This was true not only for the measurement with CC but also for the crushed 
stone sample in itself. The results with and without CC showed a relatively high 
standard deviation for different layer thicknesses. One of the reasons for this could 
be the fragmentation of the stone during transport or building. From one point of 
view, this is a negative experience,  on the other hand, it was good to be able to 
examine even more different starting load-bearing capacity conditions. 

The average increase in the different layer structures was between 3.04-6.88 MPa. 
That means the increasing effect was nearly the same in every case. On the other 
hand, it must be mentioned that this average increase is not the same as the effect 
of the real impact. For that, the "Average effect" column provides an answer in 
Table 1. In the weakest cases, the CC increased by more than 115%. 

According to the discussed results, the most straightforward statement is that as the 
initial load capacity increases, the growth effect also decreases. Although the 
average reinforcing effect was calculated, due to the variable reinforcing effect, this 
does not provide an accurate result for drawing more significant conclusions. For 
this reason, graphical analysis is necessary to determine the reinforcing effect. 

In Fig. 4, the full-scale measurement results are shown with and without the CC 
layer. In addition to the fact that the layer thickness increased linearly, the load-
bearing capacity showed logarithmic growth, while in the case of the CC-reinforced 
layer structure, at the same time, the increasing effect in load-bearing capacity 
decreased. 

In Fig. 5, all four layer structure cases are shown. The weakest case's layer structure 
and material were different from the new measurements; therefore, other results had 
to be considered for comparison. For that, the "Average effect [%]" column must 
be used again from Table 1. Based on the results, it can be said that the increasing 
effect in load-bearing capacity decreases exponentially with the increase in initial 
load capacity. 
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Using the tendency line's equation in Table 2, the expected reinforcement was 
calculated and attached to round values. Unfortunately, this quasi-unique approach 
cannot be compared to the materials that are competitors of CC, such as geogrids. 
Because of this, the load-bearing capacity ratio was calculated by Al-Sumaiday et 
al. [34] and Indradatna et al. [35]. The load-bearing capacity ratio (BCR) represents 
the ratio of the ultimate load-bearing capacity of reinforced soil to the ultimate load-
bearing capacity of unreinforced soil. In this case, the type of subsoil was not taken 
into account, only the proportions of the reinforcing effect. 

 
Figure 4 

E2 with and without CC layer 

Before the comparison of geogrid and the CC layer examinations were discussed, it 
had to be mentioned that the tests with geogrids contained more layers of geogrids 
in the layers structure with soil cover, while the CC was on top, and only one layer 
was used. Indraratna et al. [35] concluded that the ideal number of layers for geogrid 
layers with little settlement is three. Al-Sumaiday et al. [34] that their measurements 
were also made from three layers with biaxial and multi-axial geogrids, too. On the 
other hand, the method of the test was also different. Despite all this, it can be seen 
that the average BCR is 1.22, 1.23 and 1.63 under different stress peaks and 
displacements, respectively. Therefore, it can be said that in the case of a low initial 
load-bearing capacity, the effect of CC is similar to the strengthening effect caused 
by geogrids installed in several layers. 
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Figure 5 

The average increase in E2 using the CC layer ('expon.' stands for exponential) 

Table 2 
Estimated reinforcement in percentage 

Initial E2 [MPa] 10 20 30 40 50 
Expected increment [%] 71.88 34.29 16.36 7.81 3.72 

Expected increment according to the 
initial E2 [MPa] 7.19 6.86 4.91 3.12 1.86 

Bearing capacity ratio (BCR)  1.72 1.34 1.16 1.08 1.04 
Estimated E2 [MPa] after 

reinforcement  17.19 26.86 34.91 43.12 51.86 

Two measurements were made parallel, and the layer orders were always identical, 
with no variation in material or thickness. However, one sample consistently 
showed much smaller results. The reason for this was attempted to be determined 
by taking samples from the core of the 0/22 mm base layer in the middle of the load 
distribution area. This was important because there could be no difference in the 
layer structure; the base layer material was the same on both sides. Finally, the PSD 
curves from the two samples were examined, and this is shown in Fig. 6.  
The difference can be seen on the weaker side of the samples; the material was more 
fragmented before or during installation, and less fine content was included. On the 
weaker the finesses modulus was 6.19; on the stronger side, it was 5.73. On the 
other hand, it should be mentioned that the standard normal distribution [37] was 
ensured on both sides (both samples were between the standard border lines), so the 
different results cannot be considered a serious error, only a minor anomaly. These 
measurements are equally acceptable. 
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Figure 6 

PSD from the load-bearing capacity measurements, samples' Z0/22 protection layer (the applied sieves: 
0.032, 0.063, 0.125, 0.25, 0.50, 1, 2, 4, 8, 16, 32, 63 mm) [31] 

3.2 Proposals for Structure Formation 

3.2.1 Aspects for Determination of Proposals 

The proposals are defined for conventional ballasted tracks. The primary 
consideration was correcting local failures with poor soil conditions and drainage; 
however, this does not mean it cannot be applied to ballasted high-speed railway 
lines. From a cost-effectiveness point of view, it would not be worthwhile to cover 
long sections; renewing short and weak sections could increase the lifetime of the 
railway track. On the other hand, due to technological considerations, concrete 
panel high-speed railway tracks were not examined; this solution is effective in the 
cases of ballasted tracks. 

To determine recommendations, it is necessary to clarify the specific advantages of 
using CC in railway track structures. Previous publications [30-33] have 
demonstrated the following benefits: 

 The material does not break under railway load, and there is no tearing 
after penetration; thus, the drainage remains adequate even during 
breakage [30, 31]. 

 The particles of the ballast bed are cemented into the CC, thus creating a 
thicker solid layer. Furthermore, the interlocking of the stones increases 
the shear resistance in the lower 10 cm by 52-57%, thereby increasing the 
stability of the superstructure [32, 33]. 
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 The CC does not break under the influence of dynamic loading since the 
fiber reinforcement increases the bending strength of the concrete layer by 
81.7% [31]. 

 The CC increases the load-bearing capacity, as described in Section 3.1. 

Conventional ballasted tracks and the ballast-through bridges were examined first. 
Knowing the advantages, several aspects must be considered during the design of 
the layer order. These are the problems to be solved, the existing conditions and 
circumstances, and the production width of the material. With the advantages 
described above, the following proposals were determined: 

1. Solution for water drainage, increasing the stability of the superstructure - 
closure of the substructure crown at full width, connected with the trench 
lining, implemented by removing the entire superstructure. 

2. Reinforcement of the substructure in the load zone – installation with a 
screening machine at a width of 4 m. 

3. Construction of bridge insulation, improving the stability of the 
superstructure - installation as bridge insulation. 

3.2.2 Construction on Conventional Ballasted Track 

When determining the options, we considered a standard ballasted track with the 
following main parameters: 

 0.5 m ballast thickness, effective ballast thickness min. 0.32 m, 

 the breakpoint of the subgrade is 2.0 m from the axle, 

 31.5/50 mm "B" type ballast [36], 

 2.42 m sleeper length, 

 0.6 m sleeper distance, 

 5% subgrade inclination. 

The first case is shown in Fig. 7. The design assumes that the subsoil material is 
weak and water-sensitive. In addition, the previous protection layer is also wet and 
inadequate. In such cases, complete insulating of the earthwork may be necessary, 
which can be easily implemented with the CC material. Besides water exclusion, 
the cover can be connected to the trench cover to create continuous drainage. For 
that, a proper overlap is necessary. The trench cover can also be built from a material 
with less thickness, such as 5 mm, since the loads from railways are not considered 
there. Installing a moisture-absorbing granular layer under the CC layer with a 
thickness of at least 10 cm is recommended. With this design, in addition to water 
drainage, it is also possible to increase the stability of the superstructure due to the 
increase in the shear resistance of the ballast bed. Furthermore, an increase in load-
bearing capacity is also possible depending on the initial load-bearing capacity.  
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The disadvantage of the solution is that it can only be created by completely 
removing the superstructure. On the other hand, the hydration, in this case, is easier 
to solve. 

 
Figure 7 

Track renewal by removing the entire superstructure (the embankment is closed from surface waters) – 
'Rfc.' means reinforced concrete 

The next option is possible if it is not feasible to remove the superstructure 
completely. The material can be laid under the ballast bed while the screening 
machine is working. The widest production width of the CC material is 4.0 m, which 
is ideal for the screening machine. This formation is seen in Fig. 8. The CC can be 
attached to a screening machine and "pulled" under the crushed stone ballast, similar 
to the geotextile and/or geogrids. This solution can increase the stability and load-
bearing capacity of the superstructure. In addition, although complete drainage is 
not achieved, this solution reduces the possibility of permanent deflection, thus 
increasing the service life of the track. With this solution, special attention must be 
paid to ensuring appropriate hydration. Previous tests have shown that post-
watering through the stone subgrade can provide an adequate water supply to 
achieve the desired consistency. Additional difficulties may arise from the 
appropriate overlap, but this must be resolved depending on the construction 
technology. 

As described above, it is recommended install a 10 cm layer of moisture-absorbing 
granular material under the CC layer, while the CC material should be installed 
directly under the subgrade for the best effect. For optimal results, the CCT3 
material is recommended, as it has the most considerable thickness. No further 
deviation from the standard is required in the railway track structure. As mentioned, 
the increase in load-bearing capacity improves weak subsoil; however, an increase 
of more than 10 MPa cannot be achieved based on measurements. For this reason, 
it is necessary (if possible) to ensure the load-bearing capacity and compactness 
specified in the standards when using the material. 
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Figure 8 

Track renewal involving ballast cleaning and replacement using a screener machine (track stability 
improvement) – 'Rfc.' means reinforced concrete 

3.2.3 Install on Bridges 

The following proposal is made for the cases of ballast-through concrete bridges. In 
these cases, the main concern is the CC's insulating ability. In addition to the 
insulation, the track's stability is also achieved thanks to the interlocking effect; 
however, an important aspect is that the track's rigidity will still differ significantly 
from that of the connecting track section, and the material does not provide 
additional flexibility. As a result, two roughly identical options have been 
determined. The first option is when there is no under-ballast mat (UBM), while in 
the second case, there is one. Regardless, sleepers with under-sleeper pads (USP) 
are recommended on these sections to increase flexibility. 

In Fig. 9, it is seen that the concrete ground of the bridge is continuous, and the CC 
can lay on it normally, while the ballast particles can be penetrated and cemented 
into the CC material. The extruded cement material binds the particles located 
higher up as well. 

In Fig. 10, the layer order with UBM is presented. In this case, the UBM is deformed 
under the dead loads, while the CC will be cured in this state. The interlocking effect 
will also occur. At this point, the technological process is the same as the version 
without UBM. Nevertheless, USP is still recommended. Despite the flexibility of 
the UBM, such a significant movement is not expected due to the flat surface. 
Therefore, the CC is not likely to break or tear (due to a lack of space). The entire 
structure works together. 

The recommended layer order is shown in Figs. 9 and 10. The solution cannot solve 
the bridge-railway track transition section. With layer-by-layer installation on the 
transition sections, even CC material could be used for water drainage and 
insulation; however, achieving the correct elasticity transition is not possible due to 
the structural design and rigidity of the material. Based on the points mentioned 
above and previous experiences, installation in the backfill was not discussed. 
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Figure 9 

Schematic figure of the setup on an RFC bridge structure (without UBM, with USP sleepers) – 'Rfc.' 
means reinforced concrete 

 
Figure 10 

Schematic figure of the set-up on an RFC bridge structure (with UBM, with USP sleepers) – 'Rfc.' 
means reinforced concrete 

Conclusions 

The study demonstrated the promising potential of Geosynthetic Cementitious 
Composite Mats (GCCMs), specifically Concrete Canvas (CC), in reinforcing 
railway substructures. The research focused on assessing the impact of CC on the 
load-bearing capacity of railway track layers, revealing substantial improvements 
in both static and dynamic performance. The results indicated that CC, even as a 
relatively thin material, can significantly enhance load distribution and increase the 
stability of the track structure, comparable to the effect of geogrids. 

The dynamic tests and load-bearing capacity measurements confirmed that CC 
provides an effective solution for reinforcing weak subgrades and improving the 
overall performance of ballasted railway tracks. The material's waterproofing and 
cementation properties contribute to increased shear resistance and stability, 
making it an ideal choice for addressing local failures in the railway substructure, 
especially in areas prone to moisture infiltration or freeze-thaw cycles. 

It was found that the application of CC can increase load-bearing capacity by up to 
72%, depending on the initial load capacity. From the tests, it is seen, on a 10-50 
MPa initial load-bearing capacity scale that the reinforcement value is expected to 
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be between 1.9 and 7.2 MPa. The higher the initial value, the smaller the 
strengthening effect. While not much in terms of standard values, this helps when 
correcting local failures. This supports the statement that the material's installation 
is cost-effective on short, defective sections rather than on longer, newly 
constructed sections. On the other hand, it has been proven again that hydration can 
also work through the ballast crushed stone layer. 

Several practical applications were proposed, including its use in repairing local 
track failures, enhancing drainage, and stabilizing substructures beneath bridges. 
The study also suggested that the use of CC in conjunction with moisture-absorbing 
granular materials could further optimize its performance in these applications. 

In conclusion, Concrete Canvas presents a viable, cost-effective solution for railway 
substructure reinforcement at local failures. Its ability to increase load-bearing 
capacity, improve track stability, and provide waterproofing, combined with its ease 
of installation, makes it a valuable material for conventional railway infrastructure. 
Future research should focus on long-term performance and environmental impact 
assessments to further validate its suitability for widespread adoption in railway 
engineering. 

Future research directions include the extensive laboratory and field applications of 
Digital Image Correlation (DIC), as used in Eller and Fischer [31], and computer 
simulations [39-47]. This DIC method is predominantly used in mechanical 
engineering and materials science and engineering; its use in civil engineering is 
less well known. 
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