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Abstract: The wastes from polyethylene terephthalate (PET) packaging can be turned into armatures
for concrete used in the transports infrastructure (roads with rigid concrete structure, pedestrian and
concrete pavements and borders), as well as in the construction of safety elements (support walls,
bulwark foundations). This experimental research was meant to create dispersed reinforced concrete
with armatures from polyethylene waste, originated from the recycling programmes of PET-type
packaging. The experimental programme was aimed at constructing some samples of dispersed
reinforced concrete from recycled material coming from polyethylene terephthalate (PET) packaging
wastes, their testing to the compressive strength and the comparison of results with the characteristics
of the standardised samples of concrete (class C30/37). All the reinforcements used in this work to
consolidate the dispersed reinforced concrete type were made from a mix of polyethylene terephthalate
(PET) packages, of different types and characteristics, which are found daily in supermarkets and
which then reach waste. The choice of a mix of polyethylene terephthalate (PET) packaging was
chosen in order to render the general recycling of these types of materials as good as possible.

Keywords: polyethylene terephthalate PET-type packaging, dispersed reinforcement concrete, PET
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1.Introduction

Concrete is one of the most widely—used materials in the construction industry, due to the
continuous adaptability as well as the high performance obtained throughout the years [1,2]. This
material was and it is still used in building infrastructure, massive structures, high constructions,
industrial, cultural or sports constructions etc. The concrete is a composite construction material
obtained through the hardening of the homogenous mixtures of aggregates, binders and water (Figure
1) [3-6]. The mixture of binder and water forms a plastic paste which, by hardening, binds the
aggregate granules (it conveys mechanical tension between the granules), rendering the concrete its
monolith character, transforming into a rigid solid version of itself with a higher mechanical resistance
(Figure 2). The aggregates, which take approximately 80% of the volume of concrete, making up its
rigid skeleton, by their properties, they influence decisively the durability and performance of
concrete, including its resistances to compression, stretch and abrasion [2, 3, 5, 7].
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Figure 2. Solid factions of the concrete recipe

The concrete with dispersed reinforcement represents a generation of reinforced concrete, which
combines the compression behaviour of the concrete with the good tensile behaviour of the
reinforcement. Fibre—reinforced concrete results by addition in the concrete mass of a certain amount
of staple fibre that can be obtained from steel, glass, polymers or other materials [1,8,9]. The great
variety of composite materials resulted by combining different types of reinforcement has been the
subject of many studies and researches [10-15].

Regarding the systematic researches in the field of reinforced concrete dispersed with polyethylene
fibres, it can be said that they are still in a less developed stage. Concrete with dispersed reinforcement
(Figure 3) is one of the ways to maintain the competitiveness of the concrete as one of the main
building materials. The opportunity to use fibre reinforcement appears in the situation of using a small
percentage of reinforcement or in the case of constructive reinforcement of ordinary reinforced
concrete. In reinforcing concrete, fibres are increasingly used because they provide control of the
cracking process and increase the resistance to impact, shocks and temperature variations [1,8,9, 16—
19].

Figure 3. Concrete with polymer reinforcement

2. Materials and methods

Concrete with dispersed reinforcement is a concrete, which contains in composition, in addition to
the conventional components of an ordinary concrete (mineral binder — cement, aggregates, water,
additives), and quantities of dispersed material. The present work refers to the concrete in which the
dispersed reinforcement is made of polymeric materials.

Non-reinforced concrete (class C30/37) and reinforced concrete dispersed with reinforcements
from polyethylene terephthalate (PET) waste were made in laboratory conditions, on an exact recipe
and in accordance with the norms in force. Non—reinforced concrete (class C30/37) is based on the
following materials: water, Portland cement, sand (sort 0—-4 mm) and gravel (sorts 4-8 mm and 8-16
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mm) and additives, in proportion of about 77% aggregate, 15% cement and 8% water. When preparing
the concrete, the mixing of the components ensured a good homogeneity of the concrete and the
dispersion of the cement, favouring hydration.

The concrete used in all the samples, for all the reinforcement modes and for the concrete samples,
was one and the same, from the same preparation batch, with the same characteristics. In this way, the
influence of the reinforcements on the compression characteristics of the analysed concrete was
followed.

All the reinforcements used in this work to consolidate the ceramic composite materials — dispersed
reinforced concrete type — were made from material from a mix of polyethylene terephthalate (PET)
packages, of different types and characteristics, which are found daily in supermarkets and which then
reach waste. The choice of a mix of polyethylene terephthalate (PET) packaging was chosen in order
to render the general recycling of these types of materials as good as possible.

(b)
Figure 4. Preparing the PET reinforcement: a) PET flat strips; b) PET chips

In the first of the reinforcement methods, the extraction of flat strips from polyethylene
terephthalate (PET) packaging was chosen. (Figure 4.a) The second reinforcement method uses
reinforcements in the form of chips from polyethylene terephthalate (PET) packaging (Figure 4.b).

The technological processes for the preparation of concrete with dispersed reinforcement do not
differ substantially from the conventional procedures; they require additional equipment only for
dosing the dispersed reinforcement. For the production of quality concrete, using quarry and pit
aggregates, the quality conditions were respected compared to the component materials and the
principles specific to each technological stage [1,8,9]. All additives were dosed and used according to
the provisions of their technical data sheets issued by the manufacturers. The preparation of the
concrete with dispersed fibres implies:

— dosing of the concrete components (types of dry aggregates and cement) and primary mixing,

— dosing and adding of water and additive, continuing the mixing as with any concrete.

— making reinforcement of concrete, by pouring concrete into formworks and subsequently
adding the dispersed polymer reinforcement, in a stratified way.

The strength of the concrete depends, first of all, on the density, which is evidenced by a small
volume of pores and which gives the concrete the possibility to withstand the attack of aggressive
substances. It is possible to obtain an appreciable resistance to corrosion through a carefully made,
well compacted concrete. The determination of the volumetric mass (density) is made according to
[20-23]. The norms in force, elaborated on the basis of the in—depth knowledge of the influence of the
components on the properties of the concrete, of a long experience regarding its technology, specify
the way in which the composition of the concrete is established, on the basis of the principle of
maximum compactness, so that it corresponds to the quality conditions imposed. The volumetric mass
of the concrete provides useful information on the composition, especially during the control of the
concrete production, being able to signal, operatively, certain errors of dosage of the components if it
is determined systematically. It is expected that the determined value of the concrete density of class
C8/10-C35/45 will be in the range 2200-2400 kg/m?®.
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Compressive strength is one of the main criteria for assessing the quality of a concrete. The
determination of the compressive strength of the reinforced concrete (at 28 days) is determined
according to [24] and [25], based on the test carried out on a minimum number of three samples of
cubic form (cubic strength).

Experiments
Making of reinforcements

The polyethylene terephthalate PET flat strips made from the threads extracted from polyethylene
terephthalate (PET) bottles were cut to the required dimensions (with approximate sides of 0.5x10 cm),
after which they were weighed for the 15 grams (about 1.5% of the reinforced concrete component,
experiment no.2), requiring about 300 pieces (Figure 5.a).

For the 15 g of chips used for reinforcing the specimen (about 1.5% of the reinforced concrete
component, experiment no.3), on average, 70 pieces of polyethylene terephthalate (PET) chips, made
by cutting from the polyethylene terephthalate (PET) containers, in triangular form (with approximate
sides of 3x3x3 cm) were required (Figure 5.b).

(b)
Figure 5. Weighing of the PET flakes reinforcement:
a) PET flat strips; b) PET chips

Making the concrete samples

Special formworks were prepared for the samples to be made and they were emulsified with special
oil for easy subsequent stripping (Figure 6). After the realization of the concrete class C30/37, it was
poured as a concrete sample, considered as the standard sample. The vibrating mass ensured the
homogenization and elimination of the casting holes in the tubes. After completion, the samples were
properly labelled so that they could be easily identified at the time of testing (Figure 6). The day after
the casting the samples were stripped and kept in laboratory conditions for 28 days until the concrete
maturation.

Figure 6. Preparing and labelling the concrete samples

Making the samples reinforced with PET flat strips

Special formworks were prepared for the samples from the second experiment (experiment no. 2,
Figure 7.a). The entire matrix assembly and the polyethylene terephthalate (PET) flat strips
reinforcement were constantly vibrated on the vibrating table to ensure a correct homogenization of the
concrete and to make compact samples without casting holes. After completion, the samples were
labelled (Figure 8.a). The next day the specimens were stripped and then kept in optimum conditions
in the specialized laboratory for 28 days for the proper maturation of the concrete, necessary for
carrying out the laboratory tests.
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Making the samples reinforced with PET chips

Special formworks were prepared for the samples from third experiment (experiment no. 3, Figure
7.0b). The cast of concrete matrix and polyethylene terephthalate (PET) chips reinforcements is
performed on a vibrating table and under optimal laboratory conditions for results conforming to the
norms and standards in force. After proper casting and vibration of the samples, they were labelled
accordingly to be easily and correctly identified at the time of the laboratory tests (Figure 8.a). The
next day, the specimens were stripped and then kept in optimal conditions in the specialized laboratory
for 28 days for maturation (Figure 8.b).
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(@)
Figure 7. The PET flakes reinforcing process:
a) with PET flat strips; b) with PET chips

(b)

Figure 8. Labelling the reinforced concrete samples

3. Results and discussions

After the 28 days necessary to achieve the maturation of all the specimens (all cast simultaneously
in formworks and matured under the same conditions) and weighing of the concrete samples (Figure 9)
it is possible to proceed to the accomplishment of the laboratory loads. The UTest—Autocon testing
equipment was used to determine the compression load (Figure 10 and Figure 11). All the
experimental values are presented in Table 1.

Figure 10. Compression strength test of with PET flat
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strips’ reinforced concrete samples

Figure 11. Compression strength test of with PET
chips’ reinforced concrete samples

Table 1. Experimental values — Table synthesis

. - Experimental values
No. experiment Characteristics 1 > 3 Average value

. _ Breaking force, [KN] 906 908 886 900
%%é Compression strength, [N/mm2] 40.3 40.4 39.4 40.0
(etalon) Mass of the samples, [kg] 7.90 7.98 8.01 7.96
Density of concrete, [kg/m3] 2341 | 2364 | 2373 2360

Experiment no.2: Breaking force, [kN] 1027 948 970 982
PET flat strips’ Compression strength, [N/mmz2] 45.6 40.8 43.1 43.19
reinforced concrete Mass of the samples, [kg] 8.10 8.15 8.20 8.15
samples Density of concrete, [kg/m3] 2400 | 2415 | 2430 2415
Experiment no.3: Breaking force, [kN] 978 958 970 969
PET chips’ Compression strength, [N/mm2] 43.5 42.6 43.1 43.05
reinforced concrete Mass of the samples, [kg] 8.15 8.11 8.14 8.13
samples Density of concrete, [kg/m3] 2415 | 2403 | 2412 2410

We have the following comments and remarks:

— The dispersed reinforced concrete samples were weighed to determine the densities of each
(Figure 9). The average determined value of the density of concrete from class C30/37 was within the
recommended range (between 2200-2400 kg/m®), being 2360 kg/m3 (in the concrete sample), 2415
kg/m? (in the test with PET flat strips reinforcement), respectively 2410 kg/m? (in the test reinforced

with PET chips) — Figure 12.
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Figure 12. Breaking force and density of the concrete — Comparative study on the
concrete samples, the PET flat strips’ reinforced concrete samples and the PET
chips’ reinforced concrete samples
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— We started with the compression loading of the standard samples, with the average breaking
force of 982 kN, resulting in an average resistance on the 3 samples of 40 N/mm? (Figure 12).

— The mass of the samples (with the nominal area 22500 mm?, 150x150 mm) was 7.96 kg (in the
concrete sample), 8.15 kg (in the test with polyethylene terephthalate flat strips reinforcement)
respectively 8.13 kg (in the test with polyethylene terephthalate chips reinforcement) — Figure 13.
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Figure 13. Compression strength and mass of the samples — Comparative
study on the concrete samples, the PET flat strips’ reinforced concrete samples
and the PET chips’ reinforced concrete samples

— Compression loading of the concrete samples reinforced with polyethylene terephthalate (PET)
flat strips was performed with the average breaking force of 900 kN (Figure 12). The results of the
polyethylene terephthalate (PET) flat strips reinforcement were satisfactory because, with an average
of the 3 tested samples, it showed an improvement of 3.19 N/mm?2, more precisely a total resistance of
43.19 N/mm? (Figure 13), an increase of 9.2% compared to the standard base samples of the matrix
concrete class C30/37. One of the samples even registered a resistance related to the next class of
concrete strengths, more precisely 45.6 N/mm? (equivalent of concrete C35/45).

— Compression loading of the concrete samples reinforced with polyethylene terephthalate (PET)
chips was performed with the average breaking force of 969 kN (Figure 12). The average resistance
obtained for the reinforcement with polyethylene terephthalate (PET) chips was 43.05 N/mm? (Figure
13), an increase of approximately 9% compared to the standard samples, comparable to the case of
polyethylene terephthalate (PET) flat strips reinforcement. The increase is only 3.05 N/mm? compared
to the base matrix, but given the easy and relatively short time of the reinforcement it can be
mentioned that it is a good increase of resistance, with this increase the concrete being at the top of the
strength of its class, almost of the immediately superior class as resistance.

4. Conclusions

Having in view the compressive strength experiments of the dispersed reinforced concrete
reinforced with recycled polyethylene terephthalate (PET) flakes coming from post—consumer
packaging wastes, presented above, we have the following conclusions:

— The resulting composite materials are high performance materials, which by combining the
components, lead to the obtaining of products with superior properties, as shown by the results
obtained in compression tests. The composites obtained behave very well in constructions as durable
materials with high mechanical resistance to compression. The percentage increase compared to non—
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standard concrete reinforced with polyethylene terephthalate (PET) flat strips and polyethylene
terephthalate (PET) chips is at least 9%, which is a significant increase if we refer to the related
minimum costs, the time to make the reinforcements, as well as the possibilities of reusing the waste of
polyethylene terephthalate (PET) packaging.

— Very low costs of polyethylene terephthalate (PET) reinforcement material recommend their
use as reinforcement of concrete, and the methods do not require special equipment and machinery.
Also, the reinforcement times are relatively small;

— Most PET bottles used as beverage containers become waste after their usage, causing
environmental problems. To address this issue, a method to recycle wasted PET bottles is presented, in
which short fibers made from recycled PET are used within structural concrete. To verify the
performance capacity of recycled PET fiber reinforced concrete, it was compared with reinforced
concrete;

— Both processes for achieving the reinforcement of concrete with polyethylene terephthalate
(PET) reinforcement can be easily automated, through a simple weighing—dosing system, placed above
the casting formwork or directly in the mixer. For mass production, with in—line automation of all
processes (including reinforcement dosing), the supply of reinforcement to one cubic meter of concrete
can be increased, which means a decrease in the prices of dispersed reinforced concrete production;

We conclude that these experiments must be continued. Specifically, we propose an analysis of the
methods of reinforcement with polyethylene terephthalate (PET) flat strips and chips on different
concrete matrices (different classes) and different contributions of dispersed reinforcement (3 and 5%),
to determine the optimal percentage of reinforcement required to improve the strength of these
concretes. Also, we must propose a comprehensive analysis of the different dimensions of
polyethylene terephthalate (PET) chips and flat strips. We believe that reinforcement can give better
results to other dimensions of reinforcement elements (i.e. smaller fibre sizes, but more pieces).

These polyethylene terephthalate (PET) reinforcement materials can also take different shapes and
sizes, such as braids (strands), in the form of plastic nets, but also three—dimensional. We also propose
the use of other types of reinforcement, such as braided strands and braided mesh made from
polyethylene terephthalate (PET) threads, analysing the behaviour of reinforced concrete dispersed
with fibres during compression tests. In this case, experiments are also required for the stretching load
(which is better suited).
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