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Abstract - The annual consumption of plastics has been
increasing gradually and resulting in a huge amount of plastic
waste. The inappropriate disposal of plastic causes many
environmental problems due to the shortage of space for
landfilling and low biodegradability. Therefore, one possible
solution is to recycle and reuse plastic wastes in the construction
industry. The objective of this research is to investigate the
possibility of evolon ® non-woven plastic textile for
strengthening concrete specimens. Hence, an experiment was
carried out to investigate certain properties of the ordinary
concrete strengthened by the layers of non-woven plastic tissue.
For this purpose, concrete specimens with five various
configurations; no sheets (Ref), one layer at the bottom (1-
Layer), samples strengthened at two vertical sides (2-Sides),
sheets at the bottom and two vertical sides (3-Sides), and full
wrapping (4-Sides) were cast and tested. The cubical and
cylindrical compressive strengths, flexural strength, and split
tensile strength tests were measured after 7, 14, and 28 days of
curing, while ultrasonic pulse velocity (UPV) and thermal
conductivity values were calculated only after 28 days of curing.
The findings clearly demonstrate that the mechanical properties
of strengthened samples (compressive, flexural, and split tensile
strengths) were improved significantly compared to the control
ones at each curing regime. Moreover, it was obtained that the
attachment of non-woven sheets alters the failure mechanism
from very brittle to much ductile. Besides, non-woven sheets had
the capacity to maintain the samples from deterioration into
many portions as was observed for reference samples after
mechanical testing. Finally, the attachment of such sheets
resulted in the reduction of UPV and thermal conductivity of
concrete samples compared to the control ones. Therefore, non-
woven fabrics are recommended to improve certain properties
of concrete.
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1. Introduction

Recently, the huge amount of low biodegradability
plastic wastes resulted in serious challenges to the
environment and public health. Therefore, the reuse of
plastic wastes could be counted as one of the important
ways in sustainable waste management and helps to
save natural resources and decrease environmental
pollutions [1]-[3]. In total, 348 million tons of plastic
were produced worldwide in 2017, with 61.8 million
tons only in Europe in the same year. This figure was
raised in 2018 to 359 million tons for the entire world
and 64.4 million tons for Europe. Besides, plastic
production is expected to become double by 2035 and
quadruple by 2050 [4]-[7].

There are several options for dealing with this
massive volume of plastic wastes, but one viable and
practical method is to incorporate plastic waste into
cementitious materials. Generally, researchers utilized
plastic wastes in two methods as aggregates
replacement or as incorporated fibres in cementitious
mixtures. In addition, these incorporated materials were
derived from polyethylene terephthalate (PET),
polypropylene (PP), polyethylene (PE), polyvinyl
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chloride (PVC), polystyrene, etc. [8]. Applications of
waste plastic to cementitious materials are common and
many researchers have studied the effect of such wastes
on various properties of cementitious materials [1], [9]-
[13].

For instance, experimental work was carried out
to study the mechanical properties of mortar containing
3%, 10%, 20%, and 50% of PET waste aggregates
replaced by sand. The researchers revealed that the
compressive strength decreased with the increase of the
amount of PET plastic aggregates. This drop could be
attributed to inadequate cement paste-to-plastic
aggregate bonding [12]. In addition, a research study
was conducted on concrete specimens having 5%, 10%,
15%, and 20% of plastic waste fibres derived from PET
bottles and replaced by sand. The results underlined that
the flexural strength enhanced up to 10% replacement of
PET fibres and then gradually reduced for 15% and 20%
replacements [14]. Moreover, it was observed from the
research study which was carried out on concrete
samples having 0.5%, 1.0%, 1.5%, and 2.0% of PET fibres
that the split tensile strength enhanced significantly with
the increase of PET fibres percentage up to 1.5%, but
afterward, slightly decreased [15].

Furthermore, the sound transfer velocity of self-
compacting mortar containing 0%, 10%, 20%, 30%, and
50% of plastic wastes from bags manufacturers replaced
by fine aggregates was experimentally investigated. The
outcomes present a remarkable reduction in sound
velocity when fine aggregates were replaced by plastic
wastes at each curing regime. This is due to the lower
sound velocity in plastic waste compared to the concrete
ingredients [11]. Likewise, a research study was carried
out to explore the effect of various types of plastic fibres
on thermal conductivity (k) of concrete. It was
underlined that the thermal conductivity has decreased
considerably with the incorporation of plastic fibres
compared to the control specimens. This can be due to
the lower thermal conductivity of plastic fibres than
cement and aggregates. However, this reduction was
more significant for the mixtures containing
polypropylene (PP) compared to the polyethylene
terephthalate (PET) [8].

It has been summarized from the literature that
researchers have conducted adequate studies on plastic
wastes that have been substituted by aggregates or
added to concrete mixtures. However, none of the
authors considered using recycled plastic wastes as a
layer to reinforce concrete samples. Therefore, this
research study aims to investigate the mechanical,
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sound, and thermal properties of normal concrete
containing evolon ® non-woven textiles as a layer with
different configurations, and their results were
compared.

2. Experimental Work
2.1. Materials

An Ordinary Portland Cement named GHORI
produced by Pole-Khomri Company inside Afghanistan
according to the standard of ASTM C150 [16] was used
for the preparation of concrete specimens. This cement
had a specific gravity of 3.041 and a Blaine surface area
of 2900 cm?2/gr. Moreover, the chemical composition of
GHORI cement is presented in Table 1.

Table 1. Chemical composition of GHORI cement

Components Weight (%)
CaO 63.44
Si02 17.63

Al203 4.90
Fe203 2.01
K20 0.57
MgO 1.33
Naz0 1.37
S-- 1.69
Cl- 0.01
SOs3 4.21

Furthermore, the concrete mixture included two
types of crushed coarse aggregates as well as natural
river sand as fine aggregates. Coarse aggregates had
maximum sizes of 10 mm and 25 mm, whereas fine
aggregates had a maximum size of 6.3 mm. Besides, size
distribution observed from sieve analysis and other
physical properties of both fine and coarse aggregates
are shown in Figure 1 and Table 2.
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Figure 1. Size distribution of coarse and fine aggregates

Table 2. Physical properties of coarse and fine aggregates

Properties
Types of Specific Water Bulk
aggregates pect absorption density
gravity

(%) (kg/m?3)

Fine aggregate 2.653 1.051 1624.52
Coarse aggregate

(2-10) mm 2.634 1.442 1288.90
Coarse aggregate

(6.3-25) mm 2.586 1.128 1299.98

In addition, the superplasticizer named ADUIM
150 sourced from alocal Isomat supplier and certified by
EN 934-2 [17] was added into concrete mixtures. This
superplasticizer was brown in colour and with a density
of 1.03 - 1.07 kg/lit and pH of 5.0 = 0.5.

Finally, evolon ® non-woven tissue or textile from
FREUDENBERG Company which was produced through
splitting, entangling, and bonding by higher water
pressure jets was applied in all concrete samples. The
result is a unique technical textile with a microfilament
structure that provides woven-like mechanical strength
and softness as shown in Figure 2. In addition, such
sheets are flat, porous, very strong and isotropic, have
similar properties in any direction, good mechanical,
durability, sound absorption, and thermal insulation
properties, etc.
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Figure 2. Non-woven plastic tissue [18]

2.2. Mix Design

The mix proportion of concrete ingredients is
designed based on the ACI Standard Practice, ACI 291.1
[19] (volume basis) that contains a constant w/c ratio of
0.45 and a total binder content of 455 kg/m3. The
detailed amount of concrete components are
summarized in Table 3.

Table 3. Mix proportion of concrete

. Weight of
Materials Materials (kg/m3)

Cement 455

Water 205

Sand 782
Coarse Aggregate

(2-10) mm 358
Coarse Aggregate

(6.3-25) mm >38

Superplasticizer 4.6

2.3. Specimens Preparation

In order to cast the samples, the moulds were oiled
to make demolding easier, and non-woven plastic tissues
were put in the moulds according to their configurations,
as presented in Table 4. The concrete mixtures were
prepared using a tilting drum mixer by introducing
concrete ingredients into a mixer in proper order.
Concrete was poured into the moulds after the mixing
was finished and compacted using a vibrating
mechanism. Afterward, the samples were kept in the
moulds for 24 hours, then demolded, and eventually
cured in a curing tank for up to 28 days at a normal
temperature of (20 * 2) C°.



Table 4. Samples configuration and description
Type and
dimensions
of samples

Conducted

Name tests

Description

Ref No sheet
Alayer of non-
woven sheet at
the bottom
Non-woven
sheets at two
vertical
opposite sides
Non-woven
sheets at all
four vertical
sides
No sheet
Completely
covered with
non-woven
sheets
No sheet
A layer of non-
woven sheet at
the bottom
Non-woven
sheets at two
vertical
opposite sides
Non-woven
sheets at two
vertical
opposite sides
and bottom
No sheet
Alayer of non-
woven sheet at
one face
A layer of non-
woven sheet at
two faces

1-Layer

Compressive
strength and
UpPVv

Cube

100 mm 2-Sides

4-Sides

Ref

Compressive
and split
tensile
strengths

Cylinder
(100%200)

mm Layer

Ref

1-Layer

Beam
(100x100x5
00) mm

Flexural
strength

2-Sides

3-Sides

Ref

Cylinder
(100x70)
mm

1-Layer Thermal

conductivity

2-Sides

3. Results And Discussions

3.1. Fresh Properties

The workability of concrete mixtures was
determined using the ASTM C143 code guidelines [20].
Since non-woven fabrics were used as a layer with
different configurations at the specimens’ outer faces,
therefore, the same mix design was used for all samples
and configurations. It means that such sheets did not
have any effect on the workability and homogeneity
properties of concrete mixtures. However, the average
slump value of concrete mixtures prepared based on the
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above mix design was observed as 158 mm with no
segregation and bleeding. In addition, the utilization of
such sheets had no effect on the fresh density of concrete
as well. The average fresh density of concrete mixtures
prepared based on the above mix proportion and
ingredients was 2680.4 kg/m3.

3.2. Mechanical Properties
3.2.1.Compressive Strength

ASTM C39 [21] standard was used to determine
the compressive strength of cube and cylindrical
specimens. The results of cube compressive strength and
their comparison after 7, 14, and 28 days of curing are
shown in Figure 3a and Table 5. The findings indicate
that applying layers has a minor effect on the cube
compressive strength. Whereas the compressive
strength has increased slightly, while cube samples were
covered by non-woven sheets with different
configurations. However, as compared to the control
specimens, the compressive strength of cylindrical
specimens covered with non-woven textile improved
significantly as presented in Figure 3b and Table 5. For
instance, at 28 days of curing, the compressive strength
of cubical samples strengthened with 1-Layer, 2-Sides,
and 4-Sides configurations enhanced by 2.5%, 4.7%, and
6.8%, respectively, compared to the references ones.
While at the same curing time, the cylindrical
compressive strength was enhanced by 13.4% for the
wrapped samples compared to the control ones. This is
due to the ability of non-woven sheets to restrain cracks
extension, alter cracking direction and delay cracking
growth rate, therefore, more energy is required for the
propagation of cracks inside samples and samples
failure.

Table 5. Compressive strength after different curing regimes

Type of Name Compressive strength (MPa)
sample 7days 14 days 28 days
Ref 17.25 21.16 29.81
Cube 1-Layer  18.85 22.78 30.55
2-Sides  18.90 22.79 31.21
4-Sides  19.25 22.95 31.84
Cylinder Ref 13.30 18.90 25.54
Layer 15.80 21.72 28.95
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Figure 3. a) Cubical compressive strength, and b) cylindrical
compressive strength

The cracking mechanisms illustrate that the
control specimens were deteriorated into many
portions, whereas the specimens strengthened by 1-
Layer, 2-Sides, and 4-Sides configurations were not
separated into many pieces but were taken by such
layers, especially the faces which were strengthened by
the layer as shown in Figure 4. In the case of cylindrical
samples, a non-woven plastic sheet is particularly
importantin preventing separation as shown in Figure 5.
This behaviour of non-woven textiles
may be more advantageous in the case of sudden failure
especially earthquake damages. It indicates that during
an earthquake, building elements reinforced with such
sheets will be safer than components without non-
woven tissue.
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Figure 4. Cracking pattern after the cubical compression test
a) Ref, b) 1-Layer, c) 2-Sides, and d) 4-Sides

Figure 5. Cracking pattern after the cylindrical compression
test a) Ref and b) covered samples

3.2.2.Flexural strength

The flexural test was conducted on beam samples
in accordance with ASTM C78 [22]. The findings are
shown in Figure 6 and Table 6 and reported that the
flexural strength has enhanced remarkably for the
strengthened beams compared to the control ones. The
outcomes clearly revealed that after 28 days of curing,
the flexural strength improved by 12.42%, 20.26%, and
34.64% for the beams having non-woven fabrics at 1-
Layer, 2-Sides, and 3-Sides, respectively, compared to
the references ones. This is due to the fact that non-
woven sheets act as strengthening materials, causing
crack propagation to be delayed and more force to be
required for beam damage. Furthermore, the 3-Sides
strengthened beams had the highest ultimate load
capacity followed by 2-Sides and 1-Layer.



Table 6. Flexural strength after different curing regimes
Flexural strength (MPa)

Name 7days 14 days 28 days
Ref 1.77 2.17 3.06
1-Layer 2.12 2.57 3.44
2-Sides 2.24 2.69 3.68
3-Sides 2.45 2.97 4.12
4.5
4.0
&
s 3.5
= 3.0
=]
g 25
s mRef
- 2.0 m]-Layer
= 15 m2-Sides
z 3-Sides
= L0
0.5
0.0
7 14 28
Testing time, days

Figure 6. Flexural strength of concrete specimens

Moreover, the cracking pattern for all
strengthened beams was similar to the control
specimens, where, flexural fractures originated in the
mid-span between two loading points, propagated to the
depth of the beams, and then being followed by a single
widening crack up to the ultimate failure. As a
comparison, control beams were failed suddenly and
split into two sections at the ultimate loading. Beams
with one layer, two sides, and three sides of non-woven
sheets were broken but not separated into two pieces,
and were taken by the layers of non-woven sheets.
Furthermore, control beams had wider cracks, but non-
woven sheet-strengthened beams had narrower cracks,
as shown in Figure 7.
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3.2.3.Split tensile strength

The split tensile strength was performed
according to ASTM (C496 code considerations [23]. The
outputs of the splitting tensile strength are shown in
Figure 8 and Table 7. The results indicate that after 7, 14,
and 28 days of curing, the split tensile strength of
cylinders wrapped with non-woven sheets is much
higher than that of the non-covered specimens.
Reference samples showed a split tensile strength of 1.99
MPa after 28 days, while this strength was raised by
16.6% to 2.32 MPa for covered specimens. This is due to
the non-woven sheets bridging the cracks and
preventing early damage to the samples, necessitating
more energy to fail the samples.

Table 7. Split tensile strength after different curing regimes
Split tensile strength (MPa)

Name

7 days 14 days 28 days
Ref 1.49 2.11 2.63
Layer 1.80 2.45 3.03
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Figure 8. Split tensile strength of concrete specimens

Furthermore, under the tensile splitting test, the
reference cylinders failed by brittle fracture, and the
specimens were divided into two separate parts. While
covered specimens were not damaged into two separate
portions but were taken by the sheets. This indicates that
with the attachment of plastic sheets, the samples can
withstand higher splitting stresses and the ultimate
fracture will be free of brittle behaviours as shown in
Figure 9. These outputs indicate that when structural
elements are subjected to such loads, they can be
protected from catastrophic failure with the help of non-
woven sheets.

a b
Figure 9. Cracking pattern after split tensile strength a) Ref
and b) covered samples

3.3. Acoustic properties

The ultrasonic pulse velocity means to measure
the transit time of ultrasonic pulses from concrete and be
influenced by the density and elastic properties of
concrete. The UPV test was carried out using the direct
method in accordance with ASTM C597 standards [24].
The findings of the UPV test are shown in Figure 10 and
Table 8. It was documented that the attachment of non-
woven sheets on concrete samples led to decrease the

value of UPV compared to the reference samples. It was
proven that attaching non-woven sheets to concrete
samples reduced the UPV value when compared to the
control specimens. After 28 days of curing the UPV value
decreased by 12.25% and 25% for the specimens
containing non-woven sheets at one side and two sides,
respectively, compared to the control ones. This can be
attributed to the lower UPV value of plastic and sound
absorbing behaviours of non-woven sheets compared to
the concrete mixtures.

Table 8. UPV value for concrete specimens after 28 days

Name UPV (m/s)
Ref 4647.6
1-Layer 4077.7
2-Sides 3827.5
5000
4500
é 4000
-
A
-}
3500
3000
Ref 1-Layer 2-Sides
Type of configuration

Figure 10. Ultrasonic pulse velocity of concrete

3.4. Thermal properties

The thermal conductivity of concrete (1) is one of
the most important parameter for understanding the
amount of heat transfer by conduction. The amount of
heat transfer or thermal conductivity was measured
using the equipment of ISOMET 2104 heat transfer
analyser. The use of non-woven PET textiles on concrete
examples led to a reduction in the amount of heat
transfer when compared to the control specimens. After
28 days of curing the thermal conductivity (A) decreased
by 9.83% and 19.67% for the specimens containing non-
woven sheets at one side and two sides, respectively,
compared to the control ones as presented in Figure 11
and Table 9. This is due to the fact that the heat transfer
in plastic is less than in concrete mixtures.
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Table 9. Thermal conductivity of concrete specimens after 28

days
Name Thermal conductivity
(w/mk)

Ref 0.261

1-Layer 0.235

2-Sides 0.210
0.30
0.27
0.24
0.21
g 0.18
E 0.15
3 012
0.09
0.06
0.03
0.00

Ref 1-Layer 2-Layer
Type of Configuration
Figure 11. Thermal conductivity of concrete
Discussions

Figure 12 illustrates the relationships between the
strengthen configurations and various behaviours of
concrete such as cubical compressive strength, flexural
strength, thermal conductivity, and UPV. R-squared
correlation coefficient measured as an average of
compressive strength, flexural strength, UPV, and
thermal conductivity is 0.98, which indicate a good
correlation between the certain properties of concrete
and number of strengthened faces.
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Figure 12. Relations between strengthening configurations
and various properties of concrete

4. CONCLUSIONS
Based on the outcomes illustrated above, the main
concluding points can be described as follows:

e Since non-woven sheets were attached as a layer
on the outer faces of specimens, therefore, such
fabrics do not have any effect on the workability
and fresh density of concrete mixtures.

The cube compressive strength was slightly
enhanced with the attachment of non-woven
tissue, whereas such strength improved
considerably for the cylindrical samples
wrapped by non-woven textile. Moreover, at
ultimate compressive load, samples with non-
woven tissue were not separated into many parts
like reference ones.

The flexural strength has remarkably increased
for the beams strengthened with 1-Layer, 2-
Sides, and 3-Sides of non-woven sheets
compared to the control ones. In addition, the
reference beams failed in a brittle manner and
entirely divided into two parts, while the
strengthened beams had ductile behaviors
during failure and were not divided into two
parts but were taken by the sheets.

[t was observed that the splitting tensile strength
enhanced significantly for the wrapped cylinders
compared to the control ones at all curing
regimes. Similar to other mechanical properties,
non-covered cylinders were absolutely divided
into two separate parts with a brittle failure,
while covered samples were taken by non-



woven tissue after peak load and showed much
ductile behaviors.

The UPV value has decreased significantly for the
samples containing layers of non-woven sheets
compared to the control ones. The highest UPV
value was achieved for the control specimens,
while the lowest UPV value was recorded from
the samples having non-woven sheets at two
opposite sides.

Finally, it was found that the attachment of non-
woven sheets on concrete specimens was
beneficial to enhance the thermal insulation
properties of concrete. It means that thermal
conductivity decreased remarkably for the
specimens with non-woven sheets than the
control ones.
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