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INNER SHEAR RESISTANCE INCREASING EFFECT OF CONCRETE CANVAS
IN BALLASTED RAILWAY TRACKS

Purpose. To prove that the GCCM (geosynthetic cementitious composite mat) — type Concrete Canvas (CC) — is an adequate
supplementary layer on the top of the subgrade. As its drainage function is known, this article tries to prove the reinforcement pos-
sibility. This layer is relatively thin; nevertheless, it can behave like the geogrids. It is the main path to finding out the opportunity
of the interlocking effect and its impact on the railway ballast’s inner shear resistance.

Methodology. The laboratory measurements were performed in a multi-level shear box, which allows simulating the multi-
level shift of the ballast layer. The tests were planned with and without the CC layer. After shearing, the samples were also tested
for load-bearing capacity (E,; according to the Hungarian Standard) and particle breakage. On the other hand, the contact surface
between the lowest part of the ballast and CC was also measured by a sophisticated 3D laser scanner (GOM ATOS) and graphi-
cally by AutoCAD software.

Findings. After the results of the laboratory experiments are analyzed, the following parameters are calculated and determined:
1) the reinforcement ratio as the tangent of the inner shear resistance curves in the 5—15 mm horizontal shearing interval as well as
the area under graphs by integration in the 0—40 mm interval; 2) the change in load-bearing capacity of the layer-structure with
and without CC; 3) the amount of the cement particles; 4) the amount of the broken particles; 5) contact surface between the low-
est layer of ballast and CC; 6) flatness of CC sheets after shearing. Based on the results, the Concrete Canvas provides significant
reinforcement to the railway ballast.

Originality. Any other type of measurement with Concrete Canvas in a multi-level shear box is unknown. The topic is unique.

Practical value. In the future, these results may provide baseline data to verify the suitability of the Concrete Canvas in the
railway sub- or superstructure for various types of transport.
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Introduction. Nowadays, railway track maintenance in
Hungary is slightly different from that a few decades ago. Many
railway lines have been renewed thanks to the European Union’s
support [1]. It means brand new subgrades, protection layers (in
other words, supplementary layers), and superstructures. With
these supports also come additional (extra) requirements. One
of these is preventive maintenance [2, 3], which means yearly
maintenance like leveling and rail grinding. These two cost a lot,
while the other lines need the same or more money. If the
amount of maintenance does not increase, there will be no
money for maintaining the not frequented railway lines used
only by a few trains. However, these mentioned railway lines can
also have importance, for example, because of the industry.
Even though the mentioned rarely used railway lines have lower
traffic, the deterioration and failures in the structures can be the
same or worse [4, 5]. Ultimately, these costs come from the
same pocket, so that preventive maintenance may take resources
from the other sections. New technologies are needed that are
easy to handle and increase the lifetime of the railway structure,
for example, replacing track slab with lateral pushing rail in one
maintenance window time [6], increasing the maintenance reli-
ability of railway curves [7], finite element modeling and para-
metric investigation of a rail damper [8, 9].

The railway projects and the connecting risk analysis are
also worth mentioning when investigating railway tracks, lines,
or maybe an entire railway network [10].

In the case of reviewing the international literature related
to railway and road transport, researchers dealt with related
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issues of transportation possibilities in foreign countries [11,
12], as well as quarry ballast [13—15]. Proposed by Naumoyv, et
al. [11], the approach is based on the fuzzy-logic mathematical
apparatus and uses the surveys’ data to calculate the member-
ship functions. Saukenova, Oliskevych, et al. [12] dealt with
the simulation possibilities of cargo delivery by road carrier.
Milosevic, et al. [13] investigated the model-based remote
health monitoring of ballast conditions in highway-railway
grade crossing panels taking into consideration multibody
simulation. In this research, the complex wheel-rail interac-
tion in the crossing transition area was considered, using a fi-
nite element (FE) representation.

Rao, et al. [16] applied FE simulation based on structural
dynamics on a railway freight wagon. The papers [11—13] can
be connected to the logistics of ballast: simulation, cost opti-
mization, lowering in transport routes, et cetera. The price of
fossil and energy storage and construction materials was sig-
nificantly increased due to the COVID pandemic, the Rus-
sian-Ukrainian war, the global financial crisis, etc. Without
optimization, the cost of logistics can be increased, which in-
fluences the result of a project’s cost-benefit analysis (CBA)
anywhere in the world.

Nowadays, the research dealing with railway infrastructure
and connecting to ballast concentrate on many topics, e.g.,
non-exhausting, increasing the resistance against breakage
[14, 15, 17], and considering point load test to classify them
[18], etc.

The main lines’ traffic is loaded with passenger and freight
trains; however, the industrial sidings and mine tracks [19, 20]
are utilized for transportation in the production process. Cur-
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rent research is mainly related to standard public railways;
however, the results can be applied to industrial sidings, mine
tracks, tramways, and metros, as well. In addition, the authors
have dealt with the determination of interlocking effect [21],
GCCMs [22], as well as Digital Image Correlation (DIC) and
GOM [23] in the past decade.

Statement of the problem. This article deals with railway
lines that have lower maintenance costs. It is important to
mention because the authors have experiences mainly in Hun-
gary. On the other hand, if the research shows promising re-
sults, this solution could also solve other similar states or prob-
lems. So, the previously mentioned less-used railway lines also
have serious problems, while the solutions can be cheap and
ineffective. The primary solution is introducing a speed re-
striction that fits the track geometry maintenance limit values.

In this research, the authors look for solutions to prevent
or maintain more significant substructural problems like weak
substructure soil, water bags (water pockets), lack of drainage,
etc. These problems can be fixed effectively by removing the
whole superstructure, which is a time-consuming methodol-
ogy. On the other hand, one intervention could increase the
lifetime by many years. The question is, what is the most cost-
effective solution? Is it worth spending much money on an
underutilized railway line? Of course, the answer depends on
the destination railway station’s importance. If it is not worth
it, the operator needs technologies or solutions which are cost-
effective and easy to install without any external contractor.

One of these solutions is the geosynthetic cementitious
composite mats (GCCMs), especially the Concrete Canvas
(CC). These mats contain three layers. A fibrous fabric 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. According to official data
scripts, the compressive strength reaches 80 % (but at least
50 MPa) after 24 hours of hydration. The notable types are
CC5, CC8, CC13, and CCX. The numbers mean the thickness
of the material in the ‘mm’ unit, while the CCX was made of
Portland cement [22].

The hypothesis was that the CC deforms under loading,
and the ballast particles are pressed (penetrated) into the CC.
Thanks to this, the lower layers will be more stable, while the
shear stress resistance will increase significantly. This state can
be seen in Fig. 1. Furthermore, according to the function of
the geogrid, the interlocking effect is created with this proce-
dure.

The purpose of the article is to prove that the Concrete
Canvas GCCM type can fulfill the same functions as geogrids
and geomembranes. Thanks to the cemented material, the bal-
last’s crushed stone particles can be pushed into the CC while
it isbonded to the cement layer. Thanks to this, the shear stress
resistance is increasing significantly.

Materials of the article. The investigations were performed
in the laboratory of Széchenyi Istvan University, Gy6r. In the
2010s, geogrids were investigated in this topic. Thanks to this,
the multi-level shear box was given, and only the method and
the layer structure were redesigned.

During the investigations, ballast crushed stone was an-
desite, with 31.5/50 mm grain sizes (i.e., the nominal mini-

Ballast

- CC layer

Subgrade

Interlocking effect cause of pressing?

Fig. 1. Assumed behavior of the CC layer under the railway ballast

mum grain size was 31.5 mm; hence the maximum is 50 mm)
according to the MSZ EN standard [24]. The sample was giv-
en by Colas Hungary Ltd., from the quarry of Szob, Hungary.

The authors planned to connect this research to other pre-
vious research from the 2010s, when geogrids and other geo-
synthetics were investigated for inner shear resistance. The
related research was published in [21]. Thanks to this, the pa-
rameters had to be quite the same, i.e., £,load-bearing capac-
ity [24] was tried to reach.

In the current article, the CC was purchased from Con-
crete Canvas Ltd. Based on previous investigations, it was ob-
served that the properties and characteristics of the materials
reached a 95—96 % state after seven days of hydration. It is
crucial because the fully cemented properties can be reached
after 28 days. However, in the multi-level shear box, with 28-
day cycles, it would need at least four months; however, it
could not be handled. Thanks to this, the authors decided to
measure it in 7-day cycles, which means the CCs were near at
95—-96 % state.

A 3D laser scanner (GOM ATOS) was utilized for the lab-
oratory experiments. The measuring system is easy and simple
to use; the measurements can be carried out relatively quickly.
GOM creates accurate 3D point clouds. Because of the low-
frequency blue light, ambient light effects interfering with the
measurement can be easily eliminated during digitalization.
The device is measuring with an accuracy of 0.01 mm [25]. In
the current research, the GOM is necessary to measure the
so-called flatness on the surface of the CC. On the other hand,
the depressions (deformation due to the particle penetration
into the CC layer) can also be measured very well.

Methods. The measurements were executed in a multi-
level shear box in October 2022. First, the layer structure had
to be determined. Compared to the previous investigations,
the now-considered one was less thick. With the original layer
structure, the E, load-bearing capacity on the plane of the
sandy gravel was 7.2 MPa, so that was the purpose of reaching
for an adequate comparison. The thickness of the sandy gravel
was approximately ~13 cm, as well as the 40 cm XPS layer was
exchanged to under ballast mats (UBMs). In the first case,
some wooden plates were above the steel plate under the thick
sandy gravel layer. The reason is that the necessary elasticity
was created by rubber plates (i.e., UBMs). With one layer of
UBM (and 18 cm sandy gravel), the achieved bearing capacity
was 18.1 MPa. With this, the results were significantly higher
than the previous measurements, so the elasticity had to be in-
creased. Then, three layers of rubber mats were applied with
13 cm of sandy gravel. With that layer structure, 5.8 MPa load-
bearing capacity was reached, which is an appropriate value in
the comparison. Under the rubber mats, the floor (support)
was a steel plate. It can be seen in Fig. 2.

Sample No. 0 was performed, where CC was not incorpo-
rated in the layer structure. It was necessary to check the
shearing resistance without any strengthening. Against the
mixing of the sandy gravel and the ballast particles, one layer
of geotextile was used. The experiences were adequate so that
the CC measurements could be executed.

l Fv=100 kN before shearing

upper frames
— loading plate
COUNTERF.
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Fig. 2. The structure of the multi-level shear box
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It is essential that before any investigation, the plane of the
sandy gravel must be flat again, and it has to be recompacted.
Because of this, these results can be more valid.

During the following measurements, the installation of the
Concrete Canvas was critical. First, a 1.0 x1.0 m sample was
cut. It was essential to do it carefully, not to let the cement
powder out. Then, before the hydration, it was surveyed by a
3D laser scanner, detailed in the previous paragraph (Fig. 3). It
was crucial to know the flatness of the material at the begin-
ning of the measurement.

For hydration, the material was watered carefully. The rec-
ommendation prescribes 9.5 liters per square meter until the
material absorbs water. After the watering, 20 cm of crushed
stone was laid and compacted. Next, a vibratory plate com-
pactor was applied for the compaction. After the compaction,
the layer structure was watered again. Then the next 20 cm was
laid and compacted.

The authors aimed to reach the best possibility of this type of
GCCM under the ballast, so it had to be loaded. It was decided
that the well-compacted layer structure got a 100 kN load, which
means nominal loading of 0.1 MPa (i.e., 10 N/cm?). It was de-
termined according to load distribution calculation/estimation
[26].

After seven days of hydration under load, the sample was
ready for laboratory experiments. According to creation of the
interlocking effect, the inner shear resistance was measured
10 cm above the CC layer’s plane because this parameter is
assumed to be the largest at this level. During the measure-
ment, the shear box had to be supported vertically. It was be-
cause the evolved torque wanted to rotate it — due to the con-
traction of the ballast —and the upper part of the box wanted to
elevate (Fig. 4).

After the measurement processes, the ballast particles were
removed from the box. The crushed stones were collected into
three types of baskets. In the first basket, further usable stone
particles were collected. The next phase was to collect the par-

Fig. 4. The multi-level shear box during the shear test

ticles that were broken into small pieces or abrased and were
smaller than 31.5 mm in diameter. The third collection was the
particles pressed into the CC layer, and the CC cemented
them under stress. These particles could not be removed by
hand, only by a hammer. It is essential to mention that not all
the particles were removed; some could not move without
breaking. Therefore, these particles were also measured sepa-
rately. In this case, the aim was to determine the lost material
which stayed-remained in the CC.

After the ballast was entirely removed, the load-bearing
capacity was measured on the surface. It was observed that the
rigid CC did not break due to the 300 mm diameter plate load-
ing. Therefore, it is due to the layer’s load distribution.

The difference between the initial and final surface is sig-
nificant; the material had a very irregular surface due to the
ballast particles (Fig. 5). On the other hand, this state is spec-
tacular and allows the contact surface to be checked under
loading.

First, the contact surface can be measured graphically,
showing how much the CC loaded. Second, the surface was
again measured by a 3D laser scanner to show the resulting
flatness.

After these steps, the measurement started from the begin-
ning.

Results. First, it must be mentioned that the CC13 is rela-
tively thin; it has only 1.3 cm thickness; on the other hand, it is
rigid because of the hardened cement powder. This pair(ing)
means that it is susceptible to breaking. It is not a significant
problem because its structure enables good drainage in case of
breakage, but in the case of railway loading, it could be a prob-
lem. At this measurement, the material did not break under
loading; the sample came out ideally from the structure.

The evaluation of the measurement contained five phases:

1) measurement of inner shear resistance;

2) measurement of load-bearing capacity (£,);

3) measurement of particle abrasion/breakage;

4) sign and evaluate the contact surface;

5) evaluation of the flatness of the CC from 3D laser scan-
ner measurement helped by the GOM ATOS system.

The measured inner shear resistance can be seen in Ta-
ble 1. However, the standard deviation is relatively high; the
inner shear resistance increased significantly. The average of
this parameter was 12 kN higher, which means a 52.04 % in-
crease due to the CC. These values were compared to those of
a similar investigation [21]. In this measurement, the shearing
was only in one level (plane), i.e., 10 cm above the CC; how-
ever, in [21], the measurements were made in 4 levels (planes),
10—20—30 cm above the geogrids as well as in the lowest plane
(i.e., the geogrids’ plane). Current results were significantly
higher than the values in [21], which can be due to the mea-
surement process. The previous shear tests [21] were per-
formed starting with shearing from the top plane, shifting the
frame to the original position, and continuing the shearing of

) VIR

Fig. 5. The surface of the CC after the shear test
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Table 1

Results of the inner shear resistance (Sample No. 0 means
the case Without CC; Samples Nos.1—3 are the cases

Reinforced by CC)
Sample Max.. inner shear | Average, lpcreas— Star}d.ard
resistance, kN kN ing, % deviation
No. 0 24.19 24.19 - -
No. 1 32.62
No. 2 41.20 36.78 52.04 4.295
No. 3 36.54

the plane below it, until the lowest plane. However, current
experiments were executed only in the plane 10 cm above the
CC, so there was no disturbed layer and particles before the
shearing, which can be the reason for the relatively high differ-
ence in the results.

The measurement graphs are shown in Fig. 6 and Table 2.
In Fig. 6, the authors visualized the tangent of the inner shear
resistance function with and without the Concrete Canvas in
the 0—55 mm horizontal displacement interval. The changing
of the inner shear resistance is relatively different related to the
considered samples, but all of them significantly higher than
the unreinforced case (Sample No. 0, Fig. 6). To be able to
determine the tangent of the inner shear resistance graph, an
interval was needed which is nearly the same at every case. For
that, the 5—15 mm was determined. As it is seen, the average
tangent is nearly 2.5 times larger than the unreinforced case
(Table 2).

The other path is to compare the measurements by calcu-
lating the area under the graphs by integration, contained in
Fig. 6. It was executed with different intervals than in Table 2.
The graph of Sample No. 0 is even, so the chosen interval was
the 0—40 mm section. It is also seen here that the standard

Inner shear resistance [KN]
o o ~ (] w w - -
=] 12/} =] 12/} =] n =] n =] n

0 5 10 15 20 25 30 35 40 45 50 55
Horizontal displacement during shearing [mm]
——Sample #0) e===Sample #1 ———Sample#2 =——Sample #3

Fig. 6. Comparison of the inner shear resistance in a 0—55 mm
horizontal displacement (shearing) interval

Table 2

The results of the tangent of the inner shear resistance in the
5—15 mm interval

Interval 5—15 mm
Sample Tangent Ratio Average ratio
No. 0 2.46 1.000 1.000
No. 1 1.04 2.386 2.470
No. 2 1.08 2.477
No. 3 1.10 2.534

deviation is relatively large, and the peak values are far from
each other. Nevertheless, the results were an average of
3.18 times larger than the base measurement.

As mentioned earlier, the load-bearing capacity (£,) was
measured before and after the measurement. The base load-
bearing capacity was only 5.8 MPa, but the average improved
E, was 11.425 MPa, nearly two times better. So the improve-
ment was not so considerable but unquestionable. The results
of these tests are seen in Table 4.

The next part was the collection of the ballast particles.
The abrasion (breakage) and the other results were calculated
from the measurement of the weight of the whole ballast mate-
rial. The weight of the cemented ballast particles and the abra-
sion were determined in the kg unit. They are shown in Tables
5 and 6. The cemented ballast particles were crucial in this
measurement. First, the loads went through these crushed
stone particles while pressed into the CC. Thanks to this state,
the cemented ballast particles were unmovable and could
close/compress the other stone particles. This effect is very
similar to the effect of the geogrid (the so-called geogrid’s in-
terlocking effect). This significant result shows that the CC
could stabilize the lower ballast well.

After the cemented ballast particles were removed, the
particles let some kind of craters be seen very well in the pho-
tos. It is because when the particles were pressed into the CC
layer, the special cement powder comes through the fibrous
fabric (a kind of geotextile). Based on that, cementation sur-
rounds the ballast particles, and after the stone particles are
removed, the “crater” is formed. That is seen in Fig. 5, too.

It provides to measure the contact surface with a graphical
evaluation. Thanks to this, the contact surfaces were signed
with red color (Fig. 7), and then the area was calculated by
CAD software. The calculated areas are shown in Table 7. It
must be mentioned that the measurement in this way is not
100 % correct, but it shows us well the contact surface where
the load distribution happens. According to this, the loading
on the CC was not the nominal 10 N/cm? loading from [26]; it
was 20.63 N/cm? instead.

According to the GOM ATOS system, the deformation of
the CC’s plane can be shown visually (Fig. 8), and a so-called
flatness parameter can determine it. These values were col-
lected in Table 8. The flatness value is used in mechanical en-
gineering regulated by ISO 1101 [27]. During the evaluation,

Table 3

Calculating the area under graphs by integration in the
0—40 mm interval

Interval 0—40 mm
Sample Area, KN-mm Ratio Average
No. 0 505.76 1.000 1.000
No. 1 1446.10 2.860 3.180
No. 2 2127.26 4210
No. 3 1249.98 2.470
Table 4
Results of the measuring of load-bearing capacities
E,, MPa Average Standard
Sample Befo.re Afte.r MPa de\ll\iilgion,
shearing shearing a
No. 0 5.8 — -
No. 1 5.8 10.71 11.703 0.703
No. 2 5.8 12.22
No. 3 5.8 12.18
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Table 5 Table &
The amount of the cement particles Evaluation of the 3D laser scanning according to [27]
Cement Standard | Weight Avr. Hydration, Stand.
Sample | particles, Average, deviation, | perc., w.p., Sample days Flatness Average dev.
kg ke kg % %
No. 0 0 12.68 - -
No. 1 37.21 39.643 2.565 6.41 6.853 No. 1 7 2528 28.63 5.799
No. 2 43.19 7.47 No. 2 7 25.29
No. 3 38.53 6.68 No. 3 7 35.33
Table 6
The amount of the broken particles
[Slze.c0 12688 —a
Abrasion/ Standard Weight Avr.
Average, L.
Sample | breakage, X deviation, perc., w.p.,
kg £ kg % %
No.1 1.21 1.172 0.151 0.21 0.200
No.2 1.30 0.22
No.3 1.01 0.17
Table 7
Evaluation of the contact surface between the lowest layer of
ballast and CC “
Full area Contact Ratio | Average Standard
Sample area dev.
m>? m? % % %
No. 1 1.01 0.49 48.51 48.48 0.854
No. 2 1.03 0.51 49.51
No. 3 0.97 0.46 47.42

Fig. 7. Evaluation of the contact surface on a 1x1 m large CC
sample

the inner plane was measured because the sides of the material
bent up. It could happen because the sample was bigger than
the 1 x I m frame but it changed nothing in the results. There-
fore, Fig. 8 is like the graphical evaluation of Fig. 7.

In Fig. 8, the amount of pressing can be seen by the 3D
laser scanning. It was measured with an accuracy of 0.01 mm;
another important thing is the evaluation of that. The device
creates a baseline in the middle. According to it, the red color
is above this level, while the blue is below. Theoretically, the
load distribution was the same on the whole plane, but it can
be seen that the middle area has more light blue colors, and the

Fig. 8. Flatness evaluation of the 3D laser scanning:
a — before the test; b — and after the test

outer area has more yellow, so most of the loading reached this
inner zone. As the authors mentioned, the tested CC is 13 mm
thick, so the 7—8 and more mm pressing (on an individually
set baseline) were very large comparing the total thickness.
The sign shows a particle, which was not able to remove. The
procedure in Fig. 9 is more spectacular and accurate than in
Fig. 7, while the substance is nearly identical.

Conclusions. This research was executed to prove that the
Concrete Canvas (CC) can fulfill (or supplement) the geogrids
and geomembranes functions. The drainage function was known

Fig. 9. Visual evaluation of the 3D laser scanning after the test
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before, but the reinforcement function has not been investigated
yet. From the multi-level shear box tests, the interlocking effect
was proved. Furthermore, the inner shear resistance increased
significantly due to the pressed and cemented ballast particles.
These gave stabilization in the lower 10 cm zone.

Although, it must be mentioned that the laboratory ex-
periments were performed assuming the so-called best condi-
tion. It means that the ballast above the CC received enough
load(s) to press into the CC layer, more significant than the
so-called normal load. Therefore, to compare the data to pre-
vious experiments with geogrids, the authors have to think
about less loading before tests, and the shearing should be
made on three levels instead of one.

To summarize the results, the Concrete Canvas provides
adequate stabilization in the railway ballast.
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Merta. JloBectu, o GCCM (reoCMHTETUYHUIA LIEMEHT-
HUII kommo3uTHUil Matepian) — tum Concrete Canvas €
a/IeKBaTHUM JTOTaATKOBUM TPOLIAPKOM 0alacTHOTO LIapy 3a-
JII3HUYHOI Kotii. OCKiTbKY 10T0 ApeHaxHa DyHKIIis BitoMma,
y 11 poOOTi pOOUTHCS Cpoda TOBECTU MOXJIMBICTb apMy-
BaHH4. Lleit mpoiapok BiTHOCHO TOHKU, MPOTE Oro Biac-
TUBOCTI TOAIOHI A0 reopeiniTok. Lle OCHOBHMII LLISIX 10
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3’SICyBaHHsI MOXKJIMBOCTI eeKTy OJJ0KyBaHHS Ta MOro BIUIM-
BY Ha OITip BHYTPIllTHbOMY 3CYBY 0aJaCTHOTO 1Iapy 3a1i3HUY-
HOI KOJTii.

MeTtonuka. JlJabopatopHi BUMipy MPOBOIAMIMCS HA yCTaT-
KyBaHHI «multi-level shear box», 1110 103BOJIsSIE MOJETIOBATU
OaratopiBHeBUI1 3CyB OanacTHoOro 1apy. BumnpoOyBaHHS
Oysio 3amaHoBaHo i3 mpomapkoM Concrete Canvas i 6e3
Hboro. [licas 3cyBy 3pa3ku 0y/iv TakoX BUMPOOYBaHi Ha He-
cyuy 3aaTHicThb (E2; 3rifHO 3 YTOpChKUM CTaHAApTOM) i pyii-
HYBaHHS YaCTUHOK. 3 iHIIIOTO OOKY, TTOBEPXHS KOHTAKTY MixX
HWXHBOIO YacTHHOIO Oanacty Ta mnpoinapkoM Concrete
Canvas Oysia BUMipsiHa 3a JOTIOMOTOIO CKJIATHOTO JIA3epPHOTO
3D ckanepa GOM ATOS i rpagiyHo 3a 1OMOMOroI0 Ipo-
rpamHoro 3a6esneyeHHs AutoCAD.

Pesyabratu. Ilicis aHanizy pesyabTaTiB MPOBEACHUX
J1abOpaTOpHUX €KCIIEPUMEHTIB po3paxoBaHi i BU3HAuYeHi
HacTymnHi nmapamerpu: 1) KoedillieHT apMyBaHHS SIK TaH-
TeHC KPUBUX BHYTPILIHBOTO OTMOPY 3CYBY B iHTEepBaJli ro-
PU3OHTAJILHOTO 3CYBY 5—15 MM, a TaKoX IUIOLIA Mia rpa-
¢ikamu iHTerpyBaHHs B iHTepBaii 0—40 Mm; 2) 3miHa He-
Ccyy4oi 31aTHOCTI mapyBaTtoi cTpyktypu 3 Concrete Canvas

Ta 6e3; 3) KiJIbKiCTb IEeMEHTOBAHUX YaCTUHOK; 4) KiJIbKiCTb
3pyHHOBaHUX YACTUHOK; 5) TOBEPXHST KOHTAKTY MiX HIX-
HiMm 1rapom 6aracty i Concrete Canvas; 6) TUIOIIMHHICTh
suctiB Concrete Canvas miciist 3cyBy. 3TiTHO 3 OTpUMaHU-
MM pe3yjbTatamu, 6eToHHe nojoTHo Concrete Canvas 3a-
0e3nevye 3HAYHE MOCUJIEHHS 6a1aCTHOTO 11apy 3aJli3HUY -
HOT KOJIii.

HaykoBa HoBu3HA. Bynb-siKuii iHIIWI BUA BUMipIOBaHHS
6eroHHoro nojotHa Concrete Canvas 3a JOITOMOTOI0 ycTaT-
KyBaHHs «multi-level shear box» HeBimommii. Tema € yHi-
KaJIbHOIO.

IIpakTyHa 3HauuMicTb. Y MaliOyTHHOMY 1li pe3yJbTaTu
3MOXYTb 3a0€3MeUUTH BUXiIHI JaHi VISl MepeBipKy Mpuaat-
HOCTIi 3a/1i300€TOHHOTO MOJIOTHA MPU HOro 3aCTOCYBaHHI Y
BEPXHill i HUXKHiX OymoBax peiiKOBUX KOJIii 1J1s1 pi3HUX BUIIIB
TPAHCTIOPTY.

KoouoBi ciioBa: 3aniznuys, 3Houienns, bemonHe nOA0OMHO,
banracmuuil npowapox, 6HYmpIiwHiti onip 3cysy, 010Ky8aNbHUlL
eghekm, GOM ATOS
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