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Purpose. Justification of the feasibility of using new types of drainage materials, such as Concrete Canvas (CC), under the up-
per structure of the railway permanent way.

Methodology. The tasks were solved by a complex research method, including analysis and generalization of literary and patent 
sources, analytical, experimental studies, using computer and mathematical modeling methods. Tests were conducted with and 
without the CC layer in a multi-level shear box. After the shear test, the specimens were also tested for load-bearing capa city (E2, 
according to the Hungarian standard) and particle breakage. The contact surface between the bottom of the ballast and the CC was 
measured using a precision 3D laser scanner (GOM ATOS) and visualized graphically using AutoCAD software.

Findings. Experimental testing of the vertical load during connection and analysis compared with the test results of geocompos-
ite/geogrid structures, internal shear resistance, and other parameters proved the structure’s higher load-bearing capacity with the 
CC layer. Based on the results, the Concrete Canvas structure provides higher reinforcement than the average geogrid type.

Originality. The advantages of using new Concrete Canvas materials in the structure of a railway track have been demonstrated 
for the first time to provide greater internal shear resistance than the average for geogrids.

Practical value. These results may provide primary data for using Concrete Canvas in railway tracks and superstructures in the 
future.
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Introduction. This article deals with some aspects of sus-
tainability, mainly from the perspective of the field of transport 
infrastructure within civil engineering, i.e., geotechnical and 
railway engineering. When examined in isolation, this field is 
challenging to come by and typically transport(ation) sciences 
[1, 2], logistics [3–5], mining, geology, rock physics [6–8], 
architecture and civil engineering [9–11], mechanical and ve-
hicle engineering [12,13], mechanical engineering [14], and 
other subfields can be essential. The keyword and concept of 
sustainability can primarily explain the relationship, but this 
does not exclude other related areas.

The appropriate drainage of the railway permanent way is 
essential, which needs a well-formed subgrade crown and 
clean ballast. A supplementary layer is highly recommended to 
increase the structure’s lifetime, which ensures drainage and 
can increase the geometrical stability of the railway track and 
the load-bearing capacity [15].

The authors made several tests with the geosynthetic ce-
mentitious composite material (GCCM) – type Concrete Can-
vas (CC) – to find out its behavior in the layer structure of the 
railway permanent way. Many case studies show the technology’s 

widespread uses [16]. The earlier mentioned two essential func-
tions can prove that it could be a useable technology in railways.

First of all, the CC is basically a material to ensure ade-
quate drainage. Thanks to this, many ditches have been paved 
with this technology in the previous years. Nowadays, in Hun-
gary, many problems have occurred from poor drainage or the 
weak subsoil. The two problems often generate each other, and 
the problem can easily become more serious. As it is known, 
the geometrical deterioration of a railway track is an exponen-
tial process, so weak support will soon affect the elements of 
the superstructure in line with the deterioration process of the 
railways. Unfortunately, in Hungary, there are many railway 
lines whose alignments run on embankments full of poor-
quality soil, which needs permanent solutions. The most cost-
effective intervention can be if drainage is constructed cor-
rectly in these cases. In these cases, two side ditches are not 
enough; adequate drainage is highly needed from the plane of 
the substructure [17, 18].

On the other hand, this GCCM technology could also en-
sure increasing ballast stability. In [19], the authors showed 
that ballast under loading can be pressed into the CC material, 
which means that the bottom layer of ballast is cemented into 
the layer which increases the inner shear resistance, as well as 
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the case when geogrids are used. From this aspect, one of the 
aims of this article is to compare the behaviors and technical 
effects of geogrids in railway track structures.

In previous years, many studies have shown that using 
geogrids in railway track structures has many advantages and 
that it is not difficult for large railway construction machines 
to install [20]. The rolled-up transport method makes it easy to 
install the material in the railway track structure, and this is 
another link with CC because the CC is also delivered in this 
way [16, 21].

Nowadays, in Hungary, thanks to the European Union’s 
support [22], several railway lines were fully renewed, but they 
reached less than 20 % of the total railway network. The au-
thors believe that the investigated technology could be an ap-
propriate solution for short sections where substructure prob-
lems occurred; on the other hand, it could be an appropriate 
solution for track maintenance.

Statement of the problem. This research is concerned only 
with railway engineering and according to the authors’ experi-
ences, particularly with Hungarian relations. Although CC has 
been experimentally installed in the road structure by Hungar-
ian Public Roads Ltd., that case is a unique and separate ex-
periment [23].

As mentioned in the introduction, the authors would like 
to find a fast, cost-effective, and easily installed solution with 
this technology, which can ensure dewatering problems and 
increase the geometrical stability of the structure.

The financial sources for the secondary railway lines are 
minimal, even though many existing defects affect the track’s 
operational speed. Most of these problems occur due to the 
weak subgrade or subbase, mainly when the substructure con-
tains clay, organic material, or other water-sensitive soils. Wa-
ter affects some of the soils very much; thanks to this, the soil 
volume can be highly increased, and after drying, it can be 
“collapsed”. In these cases, the most crucial exercise is to 
close the plane of the subgrade (and the slope of the embank-
ment, too) from the rainwater. As it is known, the capillary 
water could still exist, but in this case, the surface precipitation 
is in focus. From this aspect, a good solution can be to asphalt 
the plane of the subgrade [24], but it needs complex organiza-
tion. This is why renewing a whole or longer section can be a 
good solution, not a shorter local failure. As the authors aim to 
find a new solution for reconstructing short sections and local 
defects, they do not discuss this issue.

CC can be compared to the best way to planar geosynthet-
ics, such as geogrid and geotextile, which are still excellent, 
easy-to-install solutions under the railway ballast. In addition, 
the geosynthetics product family, next to geogrids and geotex-
tiles, also includes geomembranes, which are used to drain 
water under the ballast to protect the subgrade. According to 
the authors’ experiences, the latter is a less used solution now-
adays. The most used types are the geogrids and geotextiles 
(together: geocomposites), but the impact of geogrids is now 
highlighted. Geogrids installed directly under the railway bal-
last can stabilize the geometry of the railway track significant-
ly. That means it can increase the lifetime of the track, which 
is an essential aspect. The crushed stone particles are wedged 
into the geogrid opening and held together by the geogrid’s 
ribs or bands, as seen in Fig. 1. It increases the inner shear re-
sistance in the lower zone in the railway ballast [25].

The inner shear resistance was measured in [26] with dif-
ferent types of geogrids in the mentioned multi-layer shear 
box. The graph of the summarized results showed that, on av-
erage, 14–15 % more inner shear resistance was measured on 
the 30 cm plane; the bottom 10 cm was also significantly stabi-
lized. These results are easily comparable with CC measure-
ments due to the existing test box and the ease of reconstruct-
ing the measurement.

Returning to the primary problem, the most used geosyn-
thetics, for example, geotextiles, can improve the drainage but 
cannot entirely avoid the rainwater from the subgrade and the 

embankment. That is why geosynthetics cannot ensure com-
plex solutions if the main problem is the lack of drainage.

To solve both problems, the geosynthetic cementitious 
composite mats, especially the CC layers, can be an alternative 
solution. The CC products contain three layers. A fibrous fab-
ric is on the top, while the lower layer is waterproof PVC 
(polyvinyl-chloride). These two are connected by a 3D fiber 
matrix, while a unique cement mixture fills it [16]. According 
to official data scripts, the compressive strength reaches 80 % 
(but at least 50 MPa) after 24 hours of hydration, but the au-
thors also did compression, 4-point bending, and puncture 
tests. Based on these previous investigations, the characteriza-
tion and properties are 95–96 % after seven days [27].

In [19], the hypothesis was that the CC deforms under 
loading, and the ballast particles are penetrated into the CC. 
This hypothesis has been confirmed, so the interlocking effect 
was successfully observed. In Fig. 2, the theory is seen that the 
inner shear resistance in the bottom 10 cm was significantly 
increased. The increase was an average of 52 %. The ballast 
particles successfully wedged into the CC and cemented, so a 
large amount of crushed stone was hard to remove from the 
CC layer. In Fig. 2, the cemented particles were dark grey, 
while the surface with the shear resistance was marked with 
small red arrows.

In [19], it was proved that the CC layer is not punctured in 
this layer structure under this amount of loading (Fig. 3).

The objective of the article is to make a correct comparison 
between the CC tests with different preparations (loading time 
while bonding) and show the effectivity of the interlocking ef-
fect. In addition, another purpose is a comparison between the 
previous results from the different types of geogrids and a CC-
reinforced layer structure. For this purpose, the needed basic 
parameters of the comparison are the loading of inner shear 
resistance, the tangent of the graph of the resistance, and the 
area calculated under the graphs. On the other hand, the 
wedged/cemented crushed stone particles ratio, the changing 
of surface flat, and the measurement of the load-bearing ca-
pacity are also important values to determine. The new shear 
tests had to be done in three planes, too. The authors aim to 
prove that the optional CC layer can solve complex problems 

Fig. 1. The zones of the interlocking effect in a granular mate-
rial on the basis of  [21, 25]:
where Zone #1 is an intact zone; Zone #2 is a transition zone; Zone 
#3 is the affected zone

Fig. 2. Behavior of the CC under the railway ballast
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like increasing the inner shear resistance more significantly 
while providing complete drainage.

Materials of the article. In this topic, investigations with 
the different types of geogrids were made in the laboratory of 
Széchenyi István University, Győr, in the 2010s. From these 
measurements, the multi-level shear box was given; thanks to 
this, the results were easy to use in this topic so that this re-
search can be connected to geosynthetics-based inner shear 
resistance research. The related research was partly published 
in [26].

During the investigations, ballast crushed stone was an-
desite, with 31.5/50 mm “B type” grain sizes (i.e., the nominal 
minimum grain size was 31.5 mm; hence, the maximum is 
50 mm) according to the MSZ EN standard [28]. This type of 
ballast had a breakage test in [29]. The sample was given by 
Colas Hungary Ltd., from the quarry of Szob, Hungary. There 
is a difference in this part of the tests; in the earlier investiga-
tions from the 2010s, it was 31.5/63 “E type”.

In this research, the CC was purchased from Concrete 
Canvas Ltd. The authors decided to continue measuring in 
7-day cycles. In [27], the measurements were executed with 
type CC13 (where 13 means the thickness of the material in the 
‘mm’ unit); the new test was made with newer type CCT3. 
This is because the manufacturer has modified the structure 
and reduced the maximum thickness to 11 mm. The notable 
types are the CCT1, CCT2, and CCT3, with 5, 7 and 11 mm 
thicknesses. Nevertheless, the product range has expanded in 
recent years. Other types, like CCH, are available in 6 and 
8 mm thicknesses (CCHT1 and CCHT2), respectively, with 
different structures and CCX, which also ensures a different 
layer structure and filler [16]. The authors decided and real-
ized that the difference between the CC13 and the CCT3 is 
mainly the layer thickness; the experienced behavior will not 
be significantly modified. That means the results can be com-
pared to each other.

In this measurement, the 3D laser scanner (GOM ATOS) 
was the same as before. GOM creates accurate 3D point clouds 
and measures with an accuracy of 0.01 mm [30] In [27], after 
the test, so-called flatness values were used to define the state 
of the CC layer’s plane. In mechanical engineering, it is regu-
lated by ISO 1101 [31]. With this procedure, the location of 
wedged stones can be detected with very high accuracy.

Methods. In [27], the authors stated that this measurement 
method is a valid methodology, so the tests’ methodology was 
the same as before. The laboratory measurements were per-
formed in a multi-level shear box, like in the first part.

The authors continue to reach the best load possibility for the 
CC. The well-compacted layer structure got a 100 kN vertical 
load to reach the nominal loading of 0.1 MPa (i. e., 10 N/cm2), 
according to [15, 32].

So, while in the first part, the CC specimens were loaded 
beyond their (self) weight by 100 kN for a week, new tests in 

[19] show that minimal time of loadings is enough for the ce-
mentation of the ballast particles.

According to this, the authors planned a more realistic way 
to measure the effectiveness of the CC. At the new tests, the 
100 kN initial loading was retained; only the load time was re-
duced from 7 days to 30 minutes. The previous preparation 
was adequate to show a measurement that can show valid re-
sults under a continuously loading railway track, while this 
change was made to model a situation when the CC was laid in 
under the structure, the superstructure was reconstructed, and 
then a railway working machine stays there for 30 minutes. Af-
ter that, the hypothetical railway traffic is negligible. It is a 
quasi-realistic situation. After that, the CC got 7 kN/m2 dead 
load from the ballast (~600 kg) and the loading steel plates 
(~100 kg).

The crushed stone layer was compacted in 20 cm thick-
nesses using an L-2/C plate vibrator. Its mass is 68 kg, and its 
power is 1.1 kW, with a nominal vibration rate of about 3,000 ro-
tations/min. The size of the vibrating plate is 500 × 500 mm. 
The compaction was always carried out with the same number 
of passes to achieve the same amount of compaction work on 
the layers.

The measurements were executed in a multi-level shear 
box in October 2023 (Fig. 4). The layer structure was given 
thanks to the previous tests (Fig. 5). To make a correct com-
parison with geogrids, the authors tried to reach the same 
characteristics as in the previous tests from 2010–2012. From 
[27], the E2 load-bearing capacity on the plane of the sandy 
gravel was 7.2 MPa, while the new measurements were made 
on a 5.8 MPa load-bearing surface. To be able to reach the 
necessary load-bearing capacity, only a sandy gravel layer was 
usable.

The thickness of the support layers was different because the 
authors could exchange the previous 40 cm XPS supported layer 
structure for two pieces of (2 cm thick each) under ballast mats 
(UBMs). It was also crucial because adequate elasticity could be 
reached; on the other hand, with only one layer of UBM, the 
load-bearing capacity was 18–19 MPa. Under the rubber mats, 
the floor (support) was a steel plate. It can be seen in Fig. 5.

Three shearing planes were determined. The total thick-
ness of the ballast was 40 cm thick, so the 1st shearing was 

Fig. 3. The bottom of the CC layer after the test. No puncture 
happened, and the lower PVC layer was not torn

Fig. 4. The loading of the multi-level shear box

Fig. 5. The structure of the multi-level shear box
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made – 10 cm, the 2 nd was made – 20 cm, and finally, the 3 rd 
was made – 30 cm from the top. The 3rd plan is the most af-
fected part. On – 40 cm, the measure was not made because 
the CC was laid on this plane; on the other hand, the CC could 
be broken from past experiences thanks to the cemented par-
ticles.

First, an initial measurement was performed without the 
CC layer to compare the results from the 2010–2012 test. After 
the evaluation, the results were close, so the authors found the 
study suitable for comparison with previous studies.

3D scanning at the initial state was not made; the previous 
study was well usable to compare. Thanks to the shear box’s 
frame and the unchanged base layer in the flatness, significant 
differences could not happen.

In hydration, the author followed the methods from [27], 
watering directly the CC plane and watering after compacting 
the 20 cm ballast layer.

The tests were made after seven days of bonding for the 
best comparison. Then, the measurements were made on 
three planes to get the necessary data to see the amount of in-
terlocking effect. To collect proper data, the frame had to be 
supported vertically to avoid the vertical movement of the 
frame due to the evolved torque.

After the measurement, the ballast particles were removed 
from the box as in the previous research [27]. It was vital to see 
and measure the weight of the cemented particles because this 
could be a spectacular comparison between the preparations. 
In this case, it must be mentioned that there were far fewer 
cases where a hammer had to be used to remove the ballast 
particles; most of it could be removed by hand.

The load-bearing capacity was measured according to the 
standards with a 300 mm steel plate and the necessary coun-
terweight (loading) [33].

From [27], the state of the surface after the test was very 
rough. The authors also waited for fewer wedges stone particles 
into the CC due to the less vertical pre-loading. Finally, the 
differences between the initial and final surface at the new 
measurements were not as significant as in the previous mea-
sures where 100 kN vertical pre-loading was applied. The bal-
last particles are wedged into the CC material, but the amount 
of immovable stone particles was much less.

The contact surface was measured graphically, and after 
that, the surface was again measured by a GOM ATOS system, 
a 3D laser scanner, to measure the difference in the flatness. 
There were four tests, one without CC and three times with 
CC.

Results. The evaluation of the measurement was the same 
as in [27], but the final analysis was an extra part. The previous 
results were compared to each other and the geogrids’ inner 
shear resistance results.

The measured inner shear resistance can be seen in Ta-
ble 1; line 0 shows the average of the measurements of the 
layer structure without any reinforcement, while the second is 
the geogrid reinforced structure. The specimens are named 
1.1–1.3 and 2.1–2.3, where the first number means the first or 
second type of measurement period, and 1–3 means the num-
ber of the sample.

The inner shear resistance is significantly increased com-
pared to the measurements without CC. In Table 1, in the -10 
and -20 cm zones, the resistance increased by 25–26 %, while 
in the lower plane, it increased on average by 57 % (that means 
7 kN). The standard deviation only in the -20 cm zone was 
more significant; at the other layers, it was smaller.

In Table 2, a comparison can be seen between the previous 
and the new measurements. It must be mentioned that the 
high difference between the results is not only because of the 
“new” less loaded preparation. In the previous tests, only the 
bottom layer was sheared, while the new ones were in every 
zone. That means the upper ballast layers were moved while 
the compaction was much less at the time of the bottom zone 
loading. In Table 1 as described above, there is a significant 
difference between the previous and the new CC-reinforced 
measurements. On the other hand, in case 1, there is no data 
from the -10 and -20 cm planes, so case 1 is not included in 
Table 2.

The measurement with geocomposite reinforcement can 
be seen in Fig. 6. The typical inner shear resistance was be-
tween 13–15 kN, but it appears that a higher measurement has 
been made. The graph of the measurement results is shown in 
Fig. 6 and Table 2, which contains its evaluation. In Fig. 7, the 
authors, as in [27], visualized the inner shear resistance curves 
with the Concrete Canvas in the 0–55 mm horizontal dis-
placement interval. The samples were reinforced by CC. Un-
fortunately, the resistance graph flattened as the shear resis-
tance was removed, so the measurement was completed before 
the 55 mm horizontal displacement, but the result still gives a 
good picture. The graphs show that the maximum shear resis-
tance is mostly higher in the case of CC reinforcement.

To make it possible to compare the CC results with the ef-
fect of the typical geogrids, the tangent of the graph in a hori-
zontal 5–15 mm displacement was determined. In Table 3, the 
results were summarized in every shearing plane. In the last 
row of Table 3, the authors gave typical results with geocom-
posites from [26] to compare the data with the CC-reinforced 
results.

As it is seen, it is somewhat interesting that the average 
tangent of the geogrid reinforcement was nearly twice the oth-
er ones on the -10 and -20 cm plane, while on –30 cm, the 
tangent is nearly the same; there is no difference between the 
values.

Table 1
Results of the maximum inner shear resistance on the 

different shearing planes (Samples 2.1–2.3 are the cases 
“2.1–2.3 sample with CC”)

No.

Average max. 
inner shear 
resistance, 

kN

Increase,
%

Standard 
deviation

Relative 
standard 

dev.,
%

without
reinforcement

12.17 – 1.856 15.3

with
geocomposites/ 
geogrids

16.218 33.26 1.087 6.7

1.1–1.3 samples 
with CC

36.78 52.04 4.295 11.7

2.1–2.3 samples 
with CC

19.13 57.19 1.51 7.9

Table 2
Average results of maximal inner shear resistance on the 

different shearing planes [26]

No.

Maximal inner shear 
resistance in the different 

shearing planes, kN

-10 cm -20 cm -30 cm

average without reinforcement 3.78 8.24 12.17

with geocomposites/ geogrids 4.87 11.82 16.30

2.1–2.3 samples with CC 4.73 10.45 19.13

Standard deviation (CC) 0.67 4.50 1.51

Relative standard deviation (CC), % 14.2 43.1 7.9

Increasing compared to 
 geogrid-reinforced case, %

-2.87 -11.59 17.36

Increasing compared to unreinforced 
case, %

25.13 26.82 57.19
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In the case of the longer pre-loaded samples, the average 
ratio between the tests and the geogrid reinforcement ones is 
2.53. As concluded earlier, the measurement was significantly 
influenced by the longer pre-loading period and the reduced 
number of shear planes.

The following comparison is the calculation of the area 
under graphs by integration, as seen in Table 4. From previous 

experiences, the authors decided to investigate the 0–40 mm 
interval because of the enabled data. Unfortunately, during the 
test of sample “2.1”, after reaching the maximal inner shear 
resistance, the test was stopped. Because of this, the men-
tioned sample cannot be evaluated from this aspect. It must be 
mentioned that [26] is dealing with this topic, and its research 
suggests that the most appropriate comparison method would 
be between 40–80 mm horizontal movement. This should be 
an essential consideration for future studies.

From the available data for evaluation, this approach showed 
the CC reinforced track structure to be stronger at -30 cm depth, 
while the upper layers on -10 and -20 cm are weaker.

The load-bearing capacity (E2) was measured before and 
after the measurement. The initial load-bearing capacity was 
5.96 MPa, the same as the previous measurement. It is crucial 
from the aspect of the comparisons. In [27], the average im-
proved E2 was 11.425 MPa, while in the second measurement 
series, the average of E2 was 12.837 MPa. The average increas-
ing was 115 %. From that, it can be stated that the effect of the 
tested CC13 and the CCT3 is nearly the same. The results of 
these tests are seen in Table 5. The measurements confirmed 
that further research in this area is also worthwhile.

After the load-bearing capacity measurements, the cement-
ed particles were collected. As mentioned before, there were far 
fewer cases where a hammer had to be used to remove the bal-
last particles; most of it could be removed by hand, so the un-
movable amount of the particle was decreased. The amount of 
cemented particles can be seen in Fig. 8. The authors got a big 
difference between the two types of measurements: while the 
more prolonged loading pressed the particles harder into the 
CC, the shorter time ensured that too, but with less effective-
ness. In Table 6, the average cemented particles were 38.163 kg, 
while in the newer tests, this value was only 17.59 kg, represent-
ing a 54 % decrease. On the other hand, the previous tables and 
graphs showed that the inner shear resistance still increased by 
~50 %, so the less cemented particles did not affect negatively.

In addition, it must be mentioned that the interlocking ef-
fect still happened from visualization.

As mentioned, the immovable stone particles were much 
less like the previous tests. It follows that fewer of the very con-
spicuous pressed areas were visible. The bedding areas were 
edited and re-evaluated by CAD software, as seen in Fig. 9. 
The calculated areas are shown in Table 7.

Fig. 6. Example of geogrid reinforcement: Typical compression-
displacement diagram, with geocomposite reinforcement un-
der a compacted crushed stone, shearing plane -30 cm [26]

Fig. 7. Comparison of the inner shear resistance in a 0–55 mm 
horizontal displacement (shearing) interval at -30 cm plane

Table 3
The results of the tangent of the inner shear resistance in the 

5–15 mm interval, comparison with the case of geogrid 
reinforced structure

No.

Tangent of the inner shear 
resistance in the 5–15 mm 

interval

-10 cm -20 cm -30 cm

with geocomposites/geogrids 0.300 0.436 0.424

1.1–1.3 samples with CC – – 1.070
(ratio: 2.53)

2.1–2.3 samples with CC 0.110 0.302 0.424

Standard deviation 0.048 0.128 0.065

Relative standard deviation, % 43.6 42.4 15.3

Ratio 0.37 0.69 1.00

Table 4
Calculating the area under the inner shear resistance graphs 

by integration in the 0–40 mm interval

No.

Area (kN∙mm) under the inner 
shear resistance graphs

on different shearing planes

-10 cm -20 cm -30 cm

with geocomposites/geogrids 278.718 544.546 285.487

2.1–2.3 samples with CC 187.057 272.152 442.345

Standard deviation 11.614 98.915 106.230

Relative standard deviation, % 0.062 0.363 0.240

Ratio 0.671 0.500 1.549

Table 5
Results of the measuring of load-bearing capacities

Average E2, MPa Standard 
deviation 

Relative 
standard 
deviation

Average
increasing

without
reinforcement

2.1–2.3 samples 
with CC

MPa % %

5.96 12.837 0.413 0.032 115



ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, № 1 55

As in [27], it must be mentioned that the graphical evalua-
tion can contain some inaccuracy. According to the calculated 
area, the nominal loading on the CC was not the nominal 
10 N/cm2 loading from [15, 32]; in the newer tests on the ce-
mented particles, it was 27.03 N/cm2 instead. Of course, this is 
a theoretical approach, not an exact one.

After the tests, the deformations of the CC layers were 
analyzed by the GOM ATOS system. The final status after the 

investigation is shown in Fig. 10. As mentioned, a so-called 
flatness value can be measured from this test. The flatness 
value is used in mechanical engineering and regulated by ISO 
1101 [31]. The average of the flatness values can be seen in 
Table 8.

It is seen that the samples with less vertical pre-loading had 
more minor flatness, too. On the other hand, compared to the 
sample before hydration, the flatness is still nearly double. 
Comparing Tables 6, 7 and 8, correlations were observed in the 
measured data. From them, it can be said that the lower inner 
shear resistance was not only due to fewer shearing planes but 
also due to the significant influence of less vertical pre-load-
ing. The standard deviation was relatively smaller compared to 
experienced CC tests, so the accuracy of the measurements 
was appropriate.

As can be seen in Fig. 10, not the whole area was mea-
sured. This is due to the edges of the sample being elevated, 
reducing the accuracy significantly. This was observed, and the 
main problem was that the cement material “flowed” out from 
the layer structure during the preparation. However, theoreti-
cally, the loading was the same on the 1 × 1 m2 area according 
to Fig. 10; the loading was probably more considerable in the 
interior parts.

Conclusions. This research was a second step to prove that 
the GCCM type Concrete Canvas (CC) can fulfill (or supple-
ment) the geogrids, geotextiles, and geomembranes func-
tions. In the first research, 100 kN vertical pre-loading was 
given to the sample, which caused the stone particles to be 
pressed and wedged into the CC layer, creating the so-called 
interlocking effect. In this second step, the measurement was 
made with less time of vertical pre-loading, which caused less 
cemented particles by 56 %. Besides the reduction, the 
strengthening effect has not changed. Although the inner 
shear resistance values decreased due to the more shearing 
planes and less loading time, the shear resistance increased 
by 52–57 % in proportion.

The results were compared to those of similar measure-
ment with geosynthetic reinforcement and 31.5/50 mm “B 

Fig. 8. The amount of the wedged, unmovable ballast particles 
after the test

Table 6
The amount of cemented particles

Time of 
100 kN vertical 

pre-loading

Average of 
cemented 
particles,

kg

Standard 
deviation, 

kg

Relative
standard 

deviation, 
%

Avr. 
w.p., %

7 days 39.64 2.565 0.065 6.853

30 min 17.59 1.363 0.077 3.03

Fig. 9. The difference between the density of the locations of the 
wedged particles:
Left: 1 week pre-loading; Right: 30 minutes pre-loading

Table 7
Evaluation of the contact surface between the lowest “layer” 

of ballast and CC

Time of 100 
kN vertical 
pre-loading

Full 
area

Contact 
area Average Standard 

dev.

Relative 
standard 

dev.

m2 m2 % % %

7 days 1.01 0.49 48.48 0.854 0.018

30 min 0.99 0.37 37.37 0.980 0.026

Fig. 10. Flatness evaluation of the 3D laser scanning

Table 8
Evaluation of the 3D laser scanning according to [30]

Specimen/Nr. Hydration Average 
of flatness

Stand. 
dev.

Relative
stand. dev.,

%

before hydration 0 day 12.68 – –

1.1–1.3 average 
with CC

7 days 28.63 5.799 20.3

2.1–2.3 average 
with CC

7 days 21.08 1.598 7.6
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type” grain-sized railway ballast in the next step. It is seen that 
the inner shear resistance graphs are very similar, but from the 
tests, the resistance in the CC-reinforced structure was larger 
by 24 %. On the other hand, on the -10 and -20 cm plane, the 
tangent was higher in the geosynthetic reinforced structure, 
while on -30 cm, the tangent is nearly the same; there is no 
difference between the values. Finally, the areas under graphs 
were calculated by integration in the 0–40 mm horizontal in-
terval. The results showed the same on the upper two shearing 
planes, they are much lower, but on -30 cm, the area was larg-
er (with a high standard deviation).

From the analysis of the inner shear resistance results, 
the tested CC layers’ surface, and the amount of wedged 
ballast particles, the authors found that although the inner 
shear resistance increases with the application of the CC 
layer, it continuously increases in proportion if the vertical 
pre-loading is also increased. Knowing the terms and condi-
tions of the track closure, we can rule that the installed layer 
should be loaded after the ready-constructed superstructure 
as long as possible if the application could be available in the 
future.

To summarize the results, the Concrete Canvas provides 
adequate stabilization in the railway ballast.
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Переваги використання матеріалів 
CONCRETE CANVAS у будівництві 

залізничної колії

В. Еллер1,2, C. Салаї1, М. Сисин3, Д. Гаррах1, Я. Лю4, 
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Мета. Обґрунтування доцільності використання но-
вих типів дренажних матеріалів типу Concrete Canvas 
(CC) під верхньою будовою колії залізниці.

Методика. Поставлені завдання вирішувалися 
комплексним методом дослідження, що включає ана-
ліз й узагальнення літературних і патентних джерел, 
проведення аналітичних, експериментальних дослі-
джень із використанням методів комп’ютерного й ма-
тематичного моделювання. Випробування проводили-
ся з використання CC шару та без нього в багаторівне-
вому пристрої для зсувних випробувань. Після зсувно-
го випробування зразки також перевірялися на несучу 
спроможність (E2, згідно з Угорським стандартом) і на 
розрив частинок. Контактну поверхню між нижньою 
частиною баласту і CC виміряли за допомогою точного 

3D-ла зерного сканера (GOM ATOS) і візуалізували 
графічно за допомогою програмного забезпечення 
AutoCAD.

Результати. Експериментальне випробування верти-
кального навантаження під час з’єднання та аналіз ре-
зультатів у порівнянні з результатами випробувань гео-
композитних/георешіткових конструкцій, внутрішнього 
опору зсуву та інших параметрів довели кращу несучу 
здатність конструкції з шаром СС. Виходячи з результа-
тів, конструкція Concrete Canvas забезпечує вище зміц-
нення, ніж у середньому типи георешіток.

Наукова новизна. Уперше доведені переваги викорис-
тання нових матеріалів Concrete Canvas у будові заліз-
ничній колії, що забезпечують більшу внутрішню стій-
кість до зсуву, ніж у середньому для георешіток.

Практична значимість. У майбутньому ці результати 
можуть забезпечити базові дані для використання кон-
струкції Concrete Canvas у залізничній нижній та верхній 
будові колії.

Ключові слова: залізниця, Concrete Canvas, баластна 
колія, внутрішня стійкость до зсуву, георешітка, GОМ 
АТОS
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