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Abstract - Nowadays plastic is closely linked to the way of our life. The annual consumption of plastics has been increasing gradually.
The inadequate disposal of plastic has been resulted in major environmental problems due to the shortage of space for landfilling and
low biodegradability. The reuse of plastic wastes as construction materials provides a remarkable future market for waste recycling. This
work aims to study the possibility of Evolon ® plastic non-woven sheets in concrete mixtures. For this purpose, an experimental study
was conducted to investigate some properties of the ordinary concrete wrapped by non-woven PET plastic sheets. Samples with five
various configurations; reference, 1-layer, 2-sides, 3-sides, and full wrapped were considered and prepared. The compressive, flexural,
and split tensile strengths and ultrasonic pulse velocity (UPV) were measured. The outcomes of the study highlight that the compressive
strength was improved for the wrapped samples, particularly for the cylindrical specimens. In addition, split tensile and flexural strengths
of the wrapped samples improved significantly compared to the reference ones at each strengthened configuration. Moreover, it was
observed that reference samples were damaged to many parts after mechanical testing, while wrapped specimens were taken by the
applied configurations and were not separated into many small fragments. Therefore, non-woven fabrics are recommended to improve
certain properties of the concrete.
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1. Introduction

In recent decades, large quantities of non-degradable wastes, especially plastic wastes have caused many environmental
challenges. Besides, these wastes are considered to be one of the most hazardous sources of pollution [1-6]. Recycling and
reuse of plastic wastes play an important role in sustainable waste management. The aim of waste management is to save
natural resources, decrease pollution of the environment, and reduce embodied energy [7].

Plastic wastes are used in many Civil Engineering applications such as; partial replacement of aggregate in concrete,
strength and durability enhancement of road construction and pavement, insulating of building construction, a raw material
for textile production, etc. [8]. Totally 359 million tons of plastic were manufactured worldwide in 2018, whereas 64.4
million tons of plastic were only produced in Europe in the mentioned year. In 2018, 32.5% of such waste was recycled,
42.6% was used for energy recovery, and 24.9% was landfilled worldwide [8-11].

PET is a kind of thermoplastic that is used in many applications like blown bottles, soft drink bottles, packing, and food
containers, etc. In the year 2007, PET consumption was about 10 million tons all over the world, which was equivalent to
250 billion bottles, and this figure rises about 15% per year. Mostly PET bottles thrown away after single usage and their
wastes are landfilled which causes many environmental problems. Therefore, another possible solution to overcome these
environmental problems is the incorporation of PET waste as a plastic aggregate or plastic fiber into concrete mixtures
[8,12,13].

Experimental work was performed to investigate the structural behaviors of the lightweight concrete containing 10%,
20%, 30%, 40%, and 50% of waste plastic aggregates replaced by natural ones. The results indicate that the workability of
concrete mixtures was remarkably decreased, while plastic aggregates were incorporated into concrete mixtures [14]. The
lightweight concrete that contains PET plastic waste aggregates between 1-10% by weight of cement was experimentally
explored and the outcomes have highlighted that the compressive strength decreased with the increase of waste plastic
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content. It is due to the low adhesive strength between plastic aggregates and cement paste [15]. Moreover, a research study
was conducted to investigate behaviors of the concrete with 10%, 20%, and 30% of E-plastic waste substituted by both fine
and coarse aggregates. A remarkable drop was recorded in the flexural strength with an increase in the percentage of plastic
waste [16]. Similar results were documented that the tensile splitting strength enhanced for concrete mixtures with PET fibers
up to 10% and then reduced back for 15% and 20% of PET fibers [17]. Furthermore, a research study was performed to
explore the ultrasonic pulse velocity (UPV) of the cementitious composites containing 0%, 30%, 40%, 50%, and 60% of
PET waste aggregates. The authors found that UPV value noticeably decreased with the increase of the percentage of waste
aggregates because of PET low unit weight [18].

On the other hand, the strengthening and retrofitting of structural elements is not a new subject in Civil Engineering, but
plenty of research works have conducted and underlined that strengthening and retrofitting is the most suitable and
economical way to enhance their structural behaviours and service life [19-21]. Besides, different types of cementitious
materials [22], FRP composites, etc. have been utilized to strengthen structural members.

It has been summarized from the above literature that researchers have conducted enough work on plastic wastes that
were substituted by aggregates or added into concrete mixtures as fibers. However, none of them considered such recycled
plastic waste as a layer to strengthen concrete samples. Therefore, the aim of this research study is to investigate certain
properties of normal concrete containing PET non-woven tissue as a layer with different configurations and their results were
compared.

2. Experimental Work

Ordinary Portland Cement named GHORI was used confirming to ASTM C150 [23] and manufactured by Pole-Khomri
Company inside Afghanistan with a specific gravity of 3.041, Blaine surface area of 2900 cm?/gr. Two types of crushed
coarse aggregates and natural river sand as fine aggregates were used for the production of concrete mixtures. In addition, a
new generation of polycarboxylate-based superplasticizer named ADIUM 150 certified by EN 934-2 [24] was added to
improve the workability of concrete mixtures. Evolon ® non-woven tissue produced by FREUDENBERG Company was
applied to strengthen all specimens as shown in Fig. 1.
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Fig. 1: Non-woven PET plastic tissue

The mix proportion of concrete is designed based on the ACI Standard Practice ACI 291.1 [25] which contains a
constant wi/c ratio of 0.45 and a total binder content of 455 kg/m?. Before casting the specimens, molds were oiled for easy
demolding, and then non-woven tissues were placed in molds according to their configurations, as presented in Table 1.
Thereafter, concrete was poured into the molds and was kept inside molds for 24 hours, and finally, all the samples were
cured inside the curing tank for 28 days under a normal temperature of (20 + 2) C°.
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Table 1: Samples’ sizes and descriptions

Samples type

. Name Description Conducted tests
and sizes
Ref No sheet Compressive strength and UPV
1-layer A layer of non-woven sheet at Compressive strength and UPV
Cube the bottom
(200 mm) 2-sides Non-woven she_ets at two Compressive strength and UPV
vertical opposite sides
. Non-woven sheets at all four .
4-sides . . Compressive strength
vertical sides
Cylinder Ref No sheet Compressive and split tensile
strengths
(100x200) . ) . .
Completely covered with non- Compressive and split tensile
mm Layer
woven sheets strengths
Ref No sheet Flexural strength
A layer of non-woven sheet at
1-layer the bottom Flexural strength
Beam Non-woven sheets at two
(100x100x500) 2-sides - S Flexural strength
mm vertical opposite sides
Non-woven sheets at two
3-sides vertical opposite sides and Flexural strength

bottom

3. Results and Discussions
3.1. Compressive Strength

The results of the compressive strength are shown in Table 2 and Fig. 2. The findings indicate that applying non-woven
sheets to strengthen samples has a minor effect on cube compressive strength. However, the compressive strength of
cylindrical specimens covered with non-woven fabrics has remarkably improved compared to the reference ones as presented
in Table 2 and Fig. 2b. 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 2: Compressive strength of concrete specimens after 28 days
Type of Compressive

sample Name strength (MPa)
Ref 29.81
1-layer 30.55
Cube 5 sides 31.21
4-sides 31.84
. Ref 25.54
Cylinder Layer 28.95
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Fig. 2: a) cubical compressive strength, and b) cylindrical compressive strength

Moving to the crack pattern, it was observed that reference samples were damaged into many parts after the ultimate
load, but samples of 1-layer, 2-sides, and 4-sides configurations were not separated into many fragments and were taken by
such layers especially the faces which were strengthened by the layer, as shown in Fig. 3. For the cylindrical samples, a hon-
woven plastic sheet plays a more significant role to save the samples from separation as presented in Fig. 4. This behavior
of non-woven plastic sheets can be more beneficial in the case of sudden failure especially earthquake damages. It means
that the building elements strengthened by such sheets will be safer than members without non-woven sheets during an
earthquake.

a b
Fig. 3: Cracking pattern after the cubical compression test a) Ref, b) 1-layer, ¢) 2-sides, and d) 4-sides
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Fig. 4: Cracking pattern after the cylindrical compression test a) Ref and b) covered samples

3.2. Flexural Strength

The results are shown in Table 3 and Fig. 5 and reported that the flexural strength has enhanced remarkably for the
beams strengthened by non-woven sheets compared to the reference ones. It was clearly observed that 3-sides strengthened
beams had the highest ultimate load capacity followed by 2-sides and 1-layer. This can be attributed to the fact that attachment
of the sheets leads to delay the crack propagation and more load is required to damage the specimens because non-woven
sheets play as a strengthening material.

Table 3: Flexural strength of concrete specimens after 28 days
Flexural Strength

Name

(MPa)

Ref 3.06
1-layer 3.44
2-sides 3.68
3-sides 412

Flexural strength, MPa
N
(6]

Ref 1-Layer 2-Sides 3-Sides
Strengthening configuration
Fig. 5: Flexural strength of concrete
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On the other hand, modes of failure for all the strengthened beams were similar to the control specimens, where flexural
cracks initiated at the mid-span between two loading points, propagated to the depth of the beams, and followed by a single
widen crack up to the ultimate failure. As a comparison, the control beams were failed suddenly and separated into two
separate parts during ultimate loading. However, beams with 1-layer, 2-sides, and 3-sides were cracked and showed
somewhat ductile behaviors but not parted into two portions and were taken by the layers of non-woven sheets. In addition,
widen cracks were observed for the control beams and the crack width has decreased for the beams strengthened by non-
woven plastic sheets, as shown below in Fig. 6.
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Fig. 6: Cracking pattern of the beams

i

3.3. Split Tensile Strength

The outputs of the splitting tensile strength are shown in Table 4 and Fig. 7. The results clearly illustrate that the split
tensile strength has significantly enhanced for the cylinders covered with non-woven sheets compared to the non-covered
ones. This is due to non-woven fabrics bridging cracks, preventing early damage, and necessitating more energy to fail the
samples.

Table 4: Split tensile strength of concrete specimens after 28 days

Name Split tensile
strength (MPa)
Ref 2.63
Layer 3.03
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Fig. 7: Split tensile strength of concrete

The failure mode of the reference cylinders after the tensile splitting test was brittle fracture and specimens were
completely divided into two separate parts. Whereas, specimens covered with non-woven fabrics were not separated and
were taken by the sheets. This means that the attachment of plastic sheets makes the samples to sustain more splitting loads
and the final fracture will be without brittle behaviors as shown in Fig. 8. These findings prove the prevention of catastrophic
failure, while structural elements are subjected to such loads.

b
Fig. 8: Cracking pattern after split tensile test a) Ref, and b) covered samples

3.4. Ultrasonic Pulse Velocity (UPV) Test

UPV value means to assist the transit time of ultrasonic pulses from concrete and depends on the density and elastic
properties of concrete. The findings of the UPV test are presented in Table 5 and Fig. 9. It can be clearly observed that the
attachment of non-woven sheets on concrete samples led to a remarkable decrease in UPV values compared to the reference
samples. This can be attributed to the fact that the pulse velocity is less in plastic compared to the concrete.

Table 5: UPV values for the concrete specimens after 28 days
Name UPV (m/s)

Ref 4646
1-Layer 4077
2-Sides 3627
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Fig. 9: Ultrasonic pulse velocity of concrete

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

The attachment of non-woven tissue has a minor effect on cube compressive strength, whereas such strength
improved significantly for cylindrical samples covered by non-woven fabrics. Moreover, at the ultimate compressive
load, samples with non-woven tissue were not separated into many parts like reference ones.

Flexural strength of the beams strengthened by 1-layer, 2-sides, and 3-sides of non-woven sheets is higher than the
control ones. In addition, the control beams had a brittle failure and were separated into two parts but beams having
1-layer, 2-sides, and 3-sides of non-woven tissue showed somewhat ductile behavior and were not divided into two
portions, and had less widen cracks than the control beams.

The splitting tensile strength has significantly enhanced for the cylinders covered with non-woven sheets compared
to the non-covered cylinders. Similar to other mechanical properties, non-covered cylinders were absolutely divided
into two separate parts, while covered samples were taken by non-woven tissue after peak load.

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.

Since no research is performed to consider non-woven plastic sheets in cementitious materials. Thus, this study only
confirms that such fabrics are possible to be used in concrete due to good bonds with specimens and have the ability
to improve certain properties of concrete as well. Therefore, more investigations are required to study other
properties rather than mechanical ones such as physical, thermal, durability, microstructural analysis, resistance in
severe environments, etc. However, the fact behind the bond between non-woven sheets and cementitious materials
needs further investigation.
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