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Abstract: For many decades, researchers have been working on finding innovative and sustainable
solutions to address the enormous quantities of plastic waste that are produced every year which,
after being collected, are transformed into energy, recycled, or sent to landfills. Giving a second life
to plastic waste as a material to be incorporated, in the form of macro-fibres, into concrete, could be
one such solution. The purpose of this study was to analyse the mechanical and physical behaviour
of the hardened concrete reinforced with macro plastic fibres (RPFs) obtained from food packaging
waste (FPW) discarded during the packaging phase. By varying the quantity of macro-fibres used,
physical and mechanical properties such as compressive strength, modulus of elasticity, flexural
strength, and toughness were evaluated. It was observed that, although the presence of macro plastic
fibres reduced the mechanical resistance capacity compared to that of traditional concrete, their
contribution proved to be of some importance in terms of toughness, bringing an improvement in the
post-crack resistance of the composite material. This innovative mixture provides a further impulse
to the circular economy.

Keywords: circular economy; recycled macro plastic fibres; physical properties; mechanical properties;
toughness

1. Introduction

Concrete is a widely used construction material worldwide due to its great availability
of raw materials and low cost [1]. Although concrete has good compressive behaviour, it
does not respond adequately under high tensile stresses. To alleviate this, steel reinforce-
ments have usually been used to improve its tensile and flexural strengths [2–4]. However,
in recent years, natural (mainly vegetable), steel, glass, and synthetic fibres have also been
used [1]. Synthetic fibres help to prevent plastic shrinkage cracks in fresh concrete [5], and
improve concrete performance after cracking [6].

In recent years, the EU and its member states have endowed themselves with har-
monized European standards regarding the production, classification, and use of FRC
(fibre-reinforced concrete) (EN 14889-1 for steel fibres, and EN 14889-2 for polymer fibres).
The current trend of international legislation, therefore, is to produce a fibre-reinforced
concrete (FRC) that can be classified on the basis of its guaranteed performance, and not
just the volumetric percentage of fibres contained within it (EN 206:2013 + A1:2016).

Plastic fibres are synthetic fibres that are known to help improve the ductility, crack
resistance, and impact resistance of conventional concrete. However, the contribution of
the addition of these fibres was found to be less significant with respect to compressive
strength and flexural strength [1]. Kazmi et al. [7], for their part, after investigating the
fracture behaviour, mechanical characteristics, and microstructure of recycled aggregate
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concrete, observed an increase in mechanical properties—particularly, split tensile strength
and residual flexural tensile strength—with the increase in dosage of these synthetic fibres.

Plastic fibres can be in the form of micro plastic fibres or macro plastic fibres [1]. Micro
plastic fibres refer to plastic fibres with diameters ranging from 5 to 100 µm and lengths
ranging from 5 to 30 mm [8]; they are used to control plastic shrinkage cracking [9], which
is caused by the shrinkage of fresh concrete during the first 24 h after placement due to
excessive evaporation of bleed water [10]. Macro plastic fibres, which were used in this
study, normally have a length of 30–60 mm and a cross-section of 0.6–1 mm2 [11]; these
are used not only to control plastic shrinkage [12], but also to control drying shrinkage [6].
Another significant benefit is the post-cracking performance provided by the addition of
macro plastic fibres [13,14].

On the other hand, world plastic production reached almost 368 million tons in 2019,
of which approximately 58 million tons was generated in the EU (European Union). Of all
the plastic produced in the EU in the year 2019, more than 20% was used in the building
and construction sector, while almost 40% was used in packaging [15].

In the EU, in 2018, 24.9% of collected plastic waste was landfilled, 42.6% was trans-
formed into energy (by incineration [16]), and the remaining 32.5% was intended for
recycling [15]. According to a recent report [16], the target set by the new EU Directive
2019/852 provides for the achievement of a recycling percentage of plastic for packaging
of 50% by 2025, and 55% by 2030. Hence, plastic wastes are universally considered to be a
threat to the environment [17].

Among the various types of recycling management approaches, the reuse of waste
and recycled plastic material in the construction industry is considered an ideal method for
disposing of plastic waste [18]. A review has been published recently about current trends
in plastic waste composites as construction materials [19], reporting diverse uses of the
most common plastics, such as polypropylene (PP), polyethylene (PE), and polyethylene
terephthalate (PET), after proper recycling treatment—for instance, in bricks, as aggregate
or filler in concrete, or as reinforcement in concrete in paving tiles or slabs. Benefits and
drawbacks are weighed, highlighting as benefits the fact that its use increases its value, so
recycling is encouraged, and raw material consumption is reduced; meanwhile, as draw-
backs, sorting and selection, and the lack of study of recycled plastic waste in construction
materials, are cited. Other studies, such as the one carried out by Platon et al. [20], dealt
with other uses, such as the production of composite materials for sound insulation pur-
poses produced by thermocompacting mixed plastic waste, from the production process of
sanitary wares, and thermoplastic polymers.

The use of recycled aggregates from plastic waste to replace natural aggregates has
been previously studied. Mohammadinia et al. [21] showed the feasibility of substituting
up to 50% of natural aggregates for a combination of recycled plastic and glass aggregates in
the construction of concrete footpaths. Corbu et al. [22] found that a combination of recycled
aggregates from waste plastic and waste glass can totally replace natural aggregates in
precast concrete pieces. Thorneycroft et al. [23] proved the feasibility of substituting up
to 10% by volume of sand for recycled plastics in the manufacture of concrete. Elsewhere,
Merlo et al. [24] detected a lack of adhesion between recycled plastic and cementitious
matrix, explaining the loss of mechanical properties as ratio incorporation increased.

In addition, authors such as Foti went even further, studying the use of PET plastic
waste in strips of large size [25] or in grids of macro-strips [26] as reinforcements in
concrete, suggesting the possibility of being considered for the reinforcement of concrete in
place of steel. Within this sector, recycled plastic fibres can be used in FRC, which allows
improvement of the concrete properties, in addition to the environmental benefits that this
entails [4,18,27,28].

The global value of the packaging industry is around EUR 345 million, of which
the EU accounts for one-third, and of which 50% is related to food packaging. Forecasts
indicate that the sector will continue to grow both in size and in importance [29]. In terms
of structure, monolayer and multilayer can be distinguished: monolayer films consist of a
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thermoplastic polymer sheet made mostly of PE, PP, or PET, with a range from 20 to 200 µm
of thickness, while multilayer films are made up of a different number of sheets that can
be polymeric (thermoplastics) or non-polymeric materials (paper or aluminium foils) [30].
Multilayer plastic waste used in food packaging does not enter the waste recycling stream
due to the wide variety of materials, its multilayer composition [31], and the colours
that make up the food packaging; hence, a call for a circular economy is proposed [32].
Currently, the technical feasibility of recycling this waste at low cost is not close to being
achieved [31,33]. Indeed, due to the fact that it is not always managed properly, the
recycling process is quite complex and, with the great environmental concern attached, the
plastic sector is encouraged to participate in projects to deal with this issue [34,35].

This confirms the need to address studies such as the present work, which are essential
in finding solutions that transform plastic waste from packaging into new resources, en-
abling not only contribution to the circular economy, but also the production of innovative
materials for civil construction.

In particular, this study deals with the analysis of the mechanical behaviour of concrete
with the addition of macro-fibres obtained by cutting plastic sheets; specifically, measure-
ments such as crack mouth opening displacement (CMOD) and toughness were obtained.
Three different levels of fibre addition were used in the production of concrete (2 kg/m3,
4 kg/m3, and 6 kg/m3), and two reference concretes were produced (one without fibre, and
another with a commercial fibre). The main novelty of this research consists of having used
not commercial plastic fibres, but waste material derived from the processing of plastic
for food packaging. These multilayer plastic wastes are difficult to recycle due to their
heterogeneous composition. Hence, this work aims to valorise this waste, contributing to a
circular economy.

2. Materials and Methods
2.1. Recycled Plastic Fibres (RPFs) from Food Packaging Waste (FPW)

The recycled plastic waste (RPW) consisted of macro plastic fibres obtained from
the waste derived from the production and processing of plastic, supplied in waste rolls
by a local company that deals with the production of multilayer plastic for packaging.
The plastic sheet was made of four overlapping layers of different materials: polyester,
aluminium, biaxially oriented polyamide, and polypropylene (PET + ALU + OPA STE + PP
G). The fibres used in the experimentation were obtained in the laboratory by cutting
plastic sheets (Figure 1a,b). A commercial polypropylene fibre (CPF) was also used as a
comparison (Figure 1c). The fibres were in compliance with the EN 14889-2:2006 standard.
The dimensions and main properties of the plastic fibres used are summarised in Table 1.

2.2. Fibre-Reinforced Concrete (FRC) Specimens Made with RPF

Specimens of PFRC were prepared by adding recycled plastic fibres (RPFs) to the
concrete mix at 2, 4, and 6 kg per m3 of concrete. The prepared mixtures were assigned
the following codes: PFRC-2, PFRC-4, and PFRC-6, respectively. Two control specimens
were also prepared: a control specimen of concrete without reinforcement (C-REF), and
fibre-reinforced concrete made with a commercial polypropylene fibre (PFRC-REF; dosage
of 2 kg per m3 of concrete).

Figure 1. Plastic fibres: plastic waste rolls from food packaging (a); the prepared fibres (b); commercial polypropylene
fibre (c).
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Table 1. Technical data of recycled plastic fibres (RPFs) and commercial polypropylene fibre (CPF).

Technical Data Unit RPF CPF

Thickness mm 0.125 -
Width mm 4 -
Length mm 50 50

Diameter mm - 0.682
Aspect ratio - 63.00 73.53

Density g/cm3 1.13 0.91
Tensile strength MPa 500 530

Modulus of elasticity GPa 9.0 7.4

The aggregates used for manufacturing the concrete mixes in the laboratory were
coarse gravel (7–25 mm) at 960 kg per m3 and sand (0–7 mm) at 970 kg per m3, both with a
siliceous nature. A total of 280 kg of CEM II 42.5 AV-R cement per m3 of concrete produced
was used, reaching a water-to-cement ratio of 0.54. In order to improve the workability
and avoid segregation of the mixture, along with having an S3 slump class according to
UNE-EN 206:2013 + A1:2018, two different types of additives were used: the plasticizer
Complast MR260 at 5 mL per kg of cement, and the superplasticizer Structuro 357 at 7.7 mL
per kg of cement. The slump ranged between 15 cm for C-REF and 10 cm for PFRC-6
mix. Slump values decreased as macro-fibre content increased, in agreement with the
findings of other authors [18]. The concrete produced for each single mixture was casted,
resulting in nine cubic specimens with a length of 100 mm, three prismatic beams measuring
100 mm × 100 mm × 400 mm, and six cylindrical specimens with a diameter of 150 mm
and a height of 300 mm, which were then cured in a climatic chamber (at 20 ◦C and
95% ± 5% relative humidity) and subjected to testing at various ages.

3. Experimental Methods
3.1. Physical Properties

The dry density and the open porosity of the concrete specimens were obtained
following the standard UNE 83980:2014. The performance of the mix concrete in terms
of capillarity was determined using the Fagerlund method, following the standard UNE
83982:2008. Both tests were carried out on three cubic specimens with a length of 100 mm.

3.2. Compressive Strength

The compressive strength test was performed in accordance with the UNE-EN 12350-
2:2009 standard; it was carried out on three cubic specimens with a length of 100 mm after
7 and 28 days of curing, as well as on three cylindrical specimens with a height of 300 mm
and a diameter of 150 mm after 28 days of curing.

3.3. Elastic Modulus

The elastic modulus was determined, in accordance with UNE-EN 12390-13:2014, after
28 days of curing on three cylindrical specimens (Ø150 × 300 mm).

3.4. Flexural Strength

The flexural strength was determined using three prismatic specimens
(400 × 100 × 100 mm3 by length × width × height) after 28 days of curing. The tests were
carried out using a four-point bending tensile testing machine, with notch-opening control,
complying with the UNE 83509:2004 standard.

3.5. CMOD and Toughness

The toughness index and CMOD were determined for each mixture by subjecting
three prismatic specimens (equal to the flexural strength ones), notched (5 mm in width
and 20 mm in height) in the central part, to a four-point bending tensile test, after 28 days
of curing, in accordance with the UNE 83510:2004 standard.
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The measurement of the crack opening at the mouth of the notch of the specimen
(CMOD) was performed using two linear variable displacement transducers (LVDTs) at-
tached to the bottom of the concrete specimen. At the end of the test, the fissure was unique
and corresponded to the notch. During the test, the applied loads and the corresponding
opening of the notch made along the centre of the specimen were detected and recorded,
thus obtaining, for each mix design, the load–CMOD curve. From the load–CMOD curve,
the load and the relative resistance at the point of first cracking of the specimen were
determined. The values of toughness T (N·m) were obtained by calculating the area under
the load–deflection curve, from the point where the linear section of the diagram began,
and up to the point where the arrow reached the value of 1/150 of the span between the
supports of the specimen. The toughness index, I30, was obtained as the ratio between the
area under the curve from the origin of the curve to the point where the deflection reached
the value of 15.5 times the deflection corresponding to the formation of the first crack, and
the area under the curve between the origin of the curve and the deflection related to the
first crack.

4. Results and Discussion
4.1. Physical Properties

The results of the dry density and water absorption in concrete samples are depicted
in Table 2. The dry density values ranged between 2.21 g/cm3 and 2.25 g/cm3 for mixtures
with recycled fibres, and between 2.26 and 2.27 g/cm3 for reference concretes. Thus, owing
to the small volume fraction of the plastic fibre added to the concrete, there was no signifi-
cant reduction in the density of plastic FRC as compared to the density of conventional
concrete, in accordance with the findings of de Oliveira and Castro-Gomes [36], Gu and
Ozbakkaloglu [18], Han et al. [37], Karahan and Otis [38], and Richardson [39].

Table 2. Results of the test methods conducted on concrete samples, related to their physical properties.

Test Methods\Mixes C-REF PFRC-REF PFRC-2 PFRC-4 PFRC-6

Dry density (g/cm3) 2.27 (0.01) 2.26 (0.01) 2.24 (0.01) 2.25 (0.01) 2.21 (0.02)
Open porosity (%) 11.84 (0.24) 14.15 (0.31) 12.21 (0.20) 12.17 (0.44) 13.34 (0.49)

Effective porosity of concrete, εe
(×10−2 cm3/cm3) 5.48 (0.38) 8.72 (0.65) 6.30 (0.20) 6.55 (0.08) 6.53 (0.07)

Resistance to water penetration by
capillarity absorption, m (min/cm2) 33.22 (1.01) 34.64 (4.70) 27.62 (0.62) 28.39 (1.79) 24.98 (0.90)

Capillary absorption coefficient, K
(×10−2 kg/(m2·min1/2) 9.51 (0.50) 14.81 (0.60) 11.98 (0.44) 12.30 (0.27) 13.08 (0.37)

The standard deviation is shown in
parentheses

The open porosity (Table 2) of concretes with recycled fibres presented values between
12.17% and 13.34%, compared to between 11.84% and 14.15% for reference concretes.
In all cases, the concretes made with fibres presented higher porosity values than the
concrete made without them (C-REF). However, mixtures with recycled fibres presented
lower values than those obtained for concrete made with commercial polypropylene fibres
(PRFC-REF).

Even the effective porosity of concrete, with values ranging from 5.48× 10−2 cm3/cm3

to 8.72 × 10−2 cm3/cm3 (corresponding to the reference mixture), did not undergo signifi-
cant variation.

The resistance to water penetration by capillarity absorption, and the capillary ab-
sorption coefficient—with values ranging between 24.98 min/cm2 and 34.64 min/cm2

and between 9.51 × 10−2 kg/(m2·min1/2) and 14.81 × 10−2 kg/(m2·min1/2), respectively—
highlighted a slight decline in resistance to water penetration by capillarity absorption, and
a slight increase in the capillary absorption coefficient compared to the reference values.
This is consistent with the studies carried out by other researchers [40,41], who reported
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that the addition of plastic fibres to concrete does not affect the properties studied, since
the values obtained differ little from those of the fibre-free concrete mix.

Karahan and Atis [38], on the other hand, indicated that the water porosity and the
water absorption capacity of concrete containing PP fibres (with concentrations lower than
0.20%) increased compared to the corresponding value for the control mix.

4.2. Compressive Strength

As can be seen from the graphs in Figure 2, the addition of RPF to the mixture reduced
the compressive strength at 7 days and 28 days in the cubic specimens, as well as in the
cylindrical specimens at 28 days. This reduction increased with the increase in the amount
of fibre added. The percentage variations in the compressive strength, as a function of
the type and quantity of fibre, compared to the control specimen (C-REF), exhibited, for
the cubic specimens at 7 days of curing, decreases of 16.66% for PFRC-REF, 31.72% for
PFRC-2, 32.68% for PFRC-4, and 31.62% for PFRC-6. For the cubic specimens, at 28 days
of curing, the corresponding decreases were 15.95% for PFRC-REF, 20.73% for PFRC-2,
23.98% for PFRC-4, and 26.28% for PFCR-6. From these data, it can be seen that the
compressive strength, in the cubic specimens, underwent a minor reduction compared
to C-REF, with an increase in curing time. For the cylindrical specimens, at 28 days of
curing, the corresponding decreases were 18.39% for PFRC-2, 36.78% for PFRC-2, 47.89%
for PFRC-4, and 54.38% for PFRC-6.

Figure 2. Compressive strength values for each mixture, along with the standard deviation bands: at 7 and 28 days (fck,cube)
(a); at 28 days (fck,cyl) (b).

For the cylindrical specimens, there was a greater reduction in compressive strength
than recorded for the cubic specimens. This behaviour could be attributed to the different
manufacturing methods of the two types of specimens, i.e., the vibrating method for cubic
specimens and tamping with a steel rod for cylindrical specimens. Furthermore, the similar
compressive strength performance presented by cubic specimens with RPF and CPF can
be highlighted.

In general, a reduction in compressive strength with an increase in RPF content oc-
curred, consistent with the investigations of Kim et al. [42] and Meddah and Bencheikh [29].
This could, according to some authors, have been due to the poor homogeneity and com-
pactness of the mixture [43,44], or to other factors such as (1) the formation of zones inside
the mixture where stress concentrations are created that favour the propagation of dam-
age, (2) a weak connection at the concrete–plastic fibre interface, (3) an increase in air
content [45], and (4) the presence of further voids due to the fibres [4,46].

However, other researchers—such as de Oliveira and Castro-Gomes [36], Han et al. [37],
Hsie et al. [47], Gu and Ozbakkaloglu [18], and Kakooei et al. [48]—reported the oppo-
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site, i.e., that the compressive strength of the concrete improved upon the addition of
plastic fibre.

4.3. Elastic Modulus

Figure 3 shows the variation in the values of elastic modulus (Ecm) with the quan-
tity of recycled plastic fibres. There is no consensus in the literature with respect to this
property. Kim et al. [42] reported that, for all mixtures containing recycled plastic fibres,
a decrease in Ecm could be noted with respect to the values obtained in the control speci-
men. Other researchers observed an increase in Ecm with an increase in the percentage of
plastic fibre [4,49], whereas others—such as Pelisser et al. [50], Karahan and Atis [38], and
Mazaheripour et al. [51]—indicated that the Ecm of the plastic FRC did not differ signifi-
cantly from that of conventional concrete. Our results (Figure 3) were consistent with this
latter finding, since the mixtures made with plastic fibres showed very similar values, ex-
cept for PFRC-2, which showed an increase of 31% with respect to its reference counterpart
(PFRC-REF). This could be attributed to the greater modulus of elasticity presented by the
FRP than the CPF, as seen in Table 1.

Figure 3. Elastic modulus (Ecm) values for all mixtures at 28 days, along with the standard devia-
tion bands.

4.4. Flexural Strength

Most previous studies observed that the flexural strength of concrete increased upon
the addition of PF [36,50–54].

However, as can be seen in Figure 4, the flexural strength recorded for non-notched
prismatic specimens underwent a considerable reduction for mixtures made with fibres
compared to the control concrete specimen (C-REF). The results also show that, as the
percentage of fibre increased, a significant reduction in flexural strength followed. This is
consistent with the findings of other authors [55,56], who stated that the flexural strength
only improved when the concrete had a low fibre content, whereas, above a certain thresh-
old, the flexural strength decreased (which coincides with our case).

With respect to the values of the control concrete specimen (C-REF), the decreases
were 28.45% for PFRC-REF, 39.79% for PFRC-2, 45.03% for PFRC-4, and 49.04% for PFRC-6.
According to other researchers, the reduction in flexural strength may have been due to the
presence of voids inside the concrete matrix [46], which depends mainly on the strength of
the mix, as seen in concrete specimens with fibres compared to C-REF.
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Figure 4. Flexural strength values for all mixtures, along with the standard deviation bands.

4.5. Toughness

The experimental curves of the relationship between the applied load (F) and the
CMOD as a function of the type and quantity of fibre used in the mixture are presented
in Figure 5, where the punctual values of the crack opening are shown on the x-axis.
After reaching the point of first cracking, there was a sudden drop in load, probably
caused by both the failure of the anchoring of some fibres and the breakage of others.
In correspondence with the broken surface of the specimen, slipped and broken fibres
were present. The post-cracking phase followed, during which the plastic fibres began to
make their contribution and the deformation energy was dissipated by the fibres with the
consequent remaining load, which remained constant up to a CMOD of nearly 4.5 mm, as
depicted in Figure 5. This same behaviour was observed by many other researchers using
different types of commercial or recycled plastic, and with different amounts of plastic
fibre [14,41,44,57].

Figure 5. Average load–CMOD curves of three specimens of each concrete type.

Figure 6a shows the load–deflection graphs, while Figure 6b shows the initial segments
of the graphs obtained by linearly interpolating the forces between the values of 20% and
60% of the peak force, where the first break occurred, as dictated by the UNE 83510: 2004
standard, which allowed us to calculate the toughness and the toughness index. The
behaviour of the four mixtures was generally similar, wherein there was a first phase where
the force increased until it reached its maximum value (peak value), and where the first
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crack occurred in the specimen. With regard to the mixture made with the addition of
commercial plastic fibres, the graph displayed a value of peak force greater than that of the
other three mixtures. Subsequently, there was a rapid decrease in strength, followed by a
slight increase, which may have been due to the contribution of the plastic fibres contained
within the mixture. Toward the end, the force gradually decreased until the specimen
broke, showing a degrading type of post-cracking behaviour (softening behaviour). The
same results were obtained by numerous other researchers who experimented with the
addition of recycled plastic fibre to reinforce concrete, demonstrating that it is possible to
obtain a concrete that has good mechanical characteristics in terms of toughness, as well
as reduces environmental pollution by reusing material resources that would otherwise
be disposed of in landfills [12,27,58,59]. In the post-cracking phase, the concrete mix with
the highest fibre content (PFRC-6) exhibited a similar behaviour to the concrete mix with
commercial fibre (PFRC-REF).

Figure 6. Load–deflection curves of each concrete type (a); detailed view of the initial section of the curve (b).

Figure 7 shows that the presence of plastic fibres inside the matrix increased both
the ability of the concrete to resist the advancement of cracks, and its ability to absorb
energy and deform plastically before breaking, giving the compound a certain residual
tensile strength after the microcracking of the cement matrix. In Figure 7a, it can be seen
how the toughness of the concrete with commercial fibre (PFRC-REF) was higher than
that of the concrete with recycled fibre (PFRC-2) when using the same quantity of fibre.
This was mainly due to the commercial fibre used in this study having a much rougher
surface than the surface of the recycled fibre, which was practically smooth. The increase in
toughness index (Figure 7b) resulted in the value of the strength index of the mixture with
no fibre addition (C-REF) being equal to 1. An increase in the percentage of recycled fibre
confirmed the stitching action of the fibres themselves inside the cement matrix, which
was fundamentally dependent on the type of fibre and its quantity. Comparing the RPF
concrete specimens with the reference (PFRC-REF), the toughness index increased with
RPF dosage, reaching similar levels at 6 kg of RPF per m3 of concrete.
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Figure 7. Values of toughness (a) and toughness index (b).

5. Conclusions

This study addressed the use of fibre from multilayer recycled plastic from food pack-
aging plastic waste for reinforcement in concrete. Considering the results, the following
conclusions can be drawn from this research:

• The physical properties studied were not significantly affected by the addition of
recycled plastic fibres;

• The addition of RPF produces a certain decrease in compressive and flexural strength,
but an improvement in the post-cracking properties of the concrete was achieved.
The presence of plastic fibres inside the matrix increased both the ability of the con-
crete to resist the advancement of cracks, and its ability to deform plastically before
breaking, giving the concrete matrix a certain residual tensile strength during the
post-crack phase;

• The increase in toughness index with an increase in the percentage of recycled plastic fi-
bres confirmed their stitching action inside the cement matrix, which is fundamentally
dependent on the type of fibre and its quantity;

• The toughness index presented by the concrete with commercial fibres was greater
than that with the same dosage of RPF, due to its rougher surface and greater adherence
to the cementitious matrix. Furthermore, it should be noted that the toughness index
relative to the mixture with 6 kg of recycled plastic fibres per cubic meter of concrete
was comparable to that with commercial plastic fibre (PFRC-REF). This suggests that
manufacturing RPF with a rougher surface could lead to a reduction in the amount
needed to achieve similar toughness index levels to PFRC-REF.

In addition to the mechanical characteristics mentioned above, the use of recycled fibre
from multilayer plastic waste derived from the packaging industry—which is currently
difficult to recycle—in the production of this composite material could be an interesting
approach to extend the life cycle of this material.
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