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Abstract

The aim of this work was to propose a possibility of using plastic aggregates
from waste to reduce the shrinkage and expansion observed in concrete. The
process of obtaining plastic aggregates was presented. Natural aggregates

and Applications, 14, 255-272.
https://doi.org/10.4236/msa.2023.144015

Received: January 13, 2023
Accepted: April 7, 2023
Published: April 10, 2023

Copyright © 2023 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(ORORY o s

were partially substituted by plastic aggregates in the percentages: 0%, 5%,
10%, 20% and 30%. Drying shrinkage, water absorption and expansion tests
were carried out on three families of concrete: control concrete (BT), concrete
with addition of BAgP-PEHD high-density polyethylene plastic aggregate and
with polyvinyl chloride BAgP-PVC. Given the slow appearance of the internal
sulfate attack (ISA), an experimental technique was proposed to accelerate the
appearance of this pathology. This technique involves heat treatment which
stimulates the heating of the concrete at a young age, followed by a cycle of
drying and cooling and ends with total immersion in water. The method of
measuring expansions through sample image correlation was also proposed.
The results showed an increased skrinkage of BAgP-HDPE compared to BT.
On the other hand, a significant decrease in shrinkage was observed in BAgP-
PVC samples. Water absorption increased in BAgP-HDPE and BAgP-PVC
compared to BT. Greater expansion was observed at the cement paste-plastic
aggregate interface than at the cement paste-natural aggregate interface. Giv-
en these properties, BAgP-PVC can be recommended for paving surfaces ex-
posed to the hard weather conditions.
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Properties

1. Introduction

Plastic was a highly useful material and its applications were expected to increase
as more new products and plastics were developed to meet demands. The in-
creased use and production of plastic in developing and merging countries was a
particular concern, as the sophistication of their waste management infrastruc-
ture may not be developed at an appropriate rate to deal with their increasing
levels of plastic waste [1]. However, environmental concerns associated with in-
creasing plastic waste and the extraction of non-renewable natural aggregates
has led to the search for sustainable alternatives. Plastic consumption has been
rajsing exponentially for several decades [2]. According to the Plastics Europe
Report, the global production of plastic in 2013 was around 241 million tons,
with Europe and China as the major consumers [2]. Plastics were also known as
polymers or a “long chains of monomers,” which were bonded to other identical
subunits to form a polymer [3]. The inclusion of an artificial aggregate made
from waste plastics to produce lightweight concrete has been widely studied [4].
Of all the pathologies of concrete, expansion and drying shrinkage continue to
be a concern in our construction.

The mechanism according to which the expansion generated by the ISA
would originate from the formation of ettringite at the paste/aggregate interface
was based on the hypothesis of the development of high crystallization pressures
in the large pores. The observations made attest to the presence of so-called
compressed ettringite around the aggregates [5] [6]. If the cracking of the paste,
filled by ettringite crystals, has been observed, it has been observed for already
very high levels of expansion and well after the first observations of ettringite at
the paste/aggregate interface [6]. In addition, the observations made by [7] high-
light slower expansion kinetics for cement pastes compared to concretes, which
attests that, if the presence of aggregates was not essential, it plays an important
role in the development of the deleterious phenomena of ISA. The experimental
observations of [8] [9] have shown that the type of aggregates used could have
an impact on the appearance of ettringite at the paste/aggregate interface and on
the importance of expansive phenomena. This confirms the importance of the
role of aggregates on expansions induced by ISA. There was therefore a signifi-
cant difference in behavior between the concretes affected by ISA composed of
siliceous and calcareous aggregates. If the type of aggregate used can influence
the expansion at the paste/aggregate interface, non-siliceous and non-calcareous
aggregates such as plastic aggregates which were inert aggregates deserve to be
studied.

However, other phenomena such as concrete shrinkage were often the cause

of cracking, loss of prestressing, redistribution of stresses, and even, more rarely,
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the collapse of the structure [10]. This dimensional variation depends on several
parameters such as the composition of the concrete, the quality of its constitu-
ents, the size of the elements as well as the external storage conditions [10].
Three major classes of shrinkage were known: endogenous, drying and total
shrinkage. The improvement of concrete shrinkage by the use of waste plastics
was increasingly observed. The high cement content of high performance con-
crete results in improved strength, but also high shrinkage. The substitution of
natural aggregates by recycled aggregates notably affects these properties in
conventional concretes [11] [12]. The Role of aggregate and fibre in strength and
drying shrinkage of alkali-activated slag mortar had been studied, the author has
presents an investigation on the influences of aggregate-to-binder ratio, aggre-
gate size, polypropylene (PP) and steel fibre dosages on the strength and drying
shrinkage of alkali-activated slag mortar [13]. The drying shrinkage and creep
properties of prepackaged aggregate concrete reinforced with waste polypropy-
lene fibers was investigated [14]. Given that concrete structures were increasing-
ly exposed to the problem of elevated temperatures, normal conventional con-
crete was less and less resistant to this sudden change in temperature which ne-
gatively influences shrinkage in general. The incorporation of plastic waste, in
particular PET (Polyethylene terephthalate), in granular form into concrete in-
creases the shrinkage of concrete [15] [16]. But the influence of other types of
plastics on shrinkage was very little known. This work aims to use other types of
plastic waste in the form of aggregate to solve the problem of drying shrinkage,
that was why the choice was made on HDPE and PVC.

The objective of this research was to propose the use of two types of plastic
waste (HDPE and PVC) as substitute aggregates for natural gravel to solve the
problem of drying shrinkage and expansion due to ISA, and also to understand
the behavior of the material in the presence of water. The study of the expansion
of concrete with plastic aggregates remains little known, which makes this work
a scientific novelty. The expansion phenomena seem more marked and faster
with plastic aggregates (HDPE and PVC) than with natural aggregates due to the
greater detachment of the plastic aggregates under the effect of the expansion of
the paste. The reduction of drying shrinkage by the use of PVC-type plastic ag-
gregates in concrete could be a scientific novelty that was in the past very little

demonstrated in previous research work.

2. Materials and Methods
2.1. Nature and Source of Materials

Portland Cement used was from Dangoté (Douala-Cameroon); River sand 0/5
was siliceous nature, coming from Sanaga (Ebebda-Cameroon); Quarry gravel
(Gneiss) crushed 6/10 was from Yaoundé-Cameroon; Plastic waste: Rigid HDPE
was from used Communal garbage bins and PVC from rigid pressure pipes col-
lected in landfills from PVC pipe manufacturing and recycling industries (Ba-

foussam-Cameroon); tap water was from CAMWATER-Cameroon.
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2.2. Preparation and Characterization of Raw Materials

2.2.1. Cement

The cement used was gray cement. It was of class CEM II/B-P 42.5 R produced
locally according to the Cameroonian Standard NC 234: 2009-06. The chemical
composition and the specific surface of the cement were recorded in Table 1

below.

2.2.2.Sand and Gravel

The sand was first washed with a 0.063 mm sieve, and then dried in an oven for
24 hours at a temperature of 105°C. The particles greater than or equal to 6.3
mm were eliminated by sieving before its use in the formulation of the concrete.
The gravel was also washed and then dried in an oven for 24 hours at a temper-
ature of 105°C. Then the particles greater than or equal to 14 mm were elimi-
nated by sieving. Table 2 presents the physical characteristics of the quarry sand

and gravel used.

2.2.3. Preparation of Plastic Waste

The preparation of plastic waste was a very important phase. It began with the
collection of plastic waste, then passing through sorting, washing, shredding and
ending with crushing and sieving. Figure 1 presents the mode of preparation of
the HDPE and PV C plastic aggregates used.

2.2.4. Characterization of Plastic Aggregates
Table 3 presents the physical characteristics of the plastic aggregates used.

Table 1. Chemical composition and specific surface area of the Dangoté cement powder used [17].

Specific

Sample ALO, BaO CaO Cr,0,Fe,0, K,0 M,0 N,O P,0, PbO SO, SiO, TiO, ZrO, H,0 Total surface

area g-m™

Dangoté
Cement

3.34 0.04 6223 0.01

2.50 095 0.00 0.01 0.00 0.01 5.01 19.22 0.33 0.09 2.50 96.25 1.26

Table 2. Physical characteristics of sand and gravel used.

Characteristics River Sand Quarry Gravel
d/D ratio 0/5 6/10
Fineness modulus (4£) 291 3.8
Coefficient of Curvature C, 0.79 1.0
Uniformity Coefficient C, 3.13 1.6
Bulk density M,,,, (Kgm™) 1532.45 1497.07
Absolute density M, (Kg-m™) 2.73 3.0
Water absorption coefficient C ;. (%) 7.2 9.6
Porosity of aggregates P (%) - 0.60
Los Angeles Coefficient C,, (%) - 36.80
Equivalent of visual sand after washing ESV (%) 82 -
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Plastic »| Collect, Sorting Shredding then Grinding then Plastic
waste and washing Drying Sieving Aggregates
Figure 1. Method of preparation of plastic waste aggregates.
Table 3. Physical characteristics of plastic aggregates used.
Characteristics HDPE aggregates PVC aggregates
d/D ratio 6/10 6/10
Fineness modulus (A4) 3.03 3.9
Coefficient of Curvature C, 0.99 1.02
Uniformity Coefficient C, 1.6 1.6
Bulk density A, (Kg:m™) 428.19 657.71
Absolute density M, (Kg-m™) - 1.250
Porosity of aggregates P (%) 6.60 4.50
Water absorption coefficient C ;. (%) 10.8 7
Los Angeles Coefficient C,, (%) 0.42 0.72

The particle size curves of the aggregates used were shown in Figure 2 below:

2.3. Experimental Protocol

2.3.1. Mix Optimization

The concrete was made in accordance with the NF EN 206-1 standard, valid for
concrete whose density was >800 kg-m~ [18]. Gravel, Sand and Cement were
mixed with water in the following proportions: 0.4 m® of cement, 0.785 m’ of
Sand, 1.2 m’ of Gravel and 0.22 m’ of water. The gravel to sand G/S ratio was
1.53 and the E/C ratio was 0.55. Several dosages were carried out with the aim of
gradually replacing natural gravel with plastic aggregate waste. The plastic ag-
gregates of the HDPE and PVC type were in the proportions: 0%, 5%, 10%, 20%
and 30% of the density of the gravel (1.2 m®). The proportion of sand, cement
and water remained constant. The constant quantity of water stopped (0.22 m?)
depending on the standard consistency on each dosage. These operations were
recorded in Table 4 below.

In addition to the reference concrete (control concrete), two families of plastic
aggregate concrete were produced. The families of concretes produced have been
listed below as follows:

BT: Control concrete.

BAgP-PEHD: Concrete with high density polyethylene plastic aggregates.

BAgP-PVC: Concrete with polyvinyl chloride plastic aggregates.

The mixing was carried out mechanically using a concrete mixer for homoge-
nization of the constituents of the concrete in accordance with standard XP-P
18-305 [19]. Contrary to the reference concrete, an increase in the mixing time

was applied on the plastic aggregate concretes to optimize the mixture.
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Sieve diameter (mm)

Figure 2. The particle size curves of the aggregates used.

Table 4. Dosage of concrete constituents in HDPE and PVC plastic aggregates.

Composition Cement River Wastes PEHD  Crushed Water
For 1 m® of concrete (m?) Sand (m®) or PVC (m’) gravel (m?) (m?)
B.T 0.4 0.785 0 1.2 0.22
BAgP. 5% 0.4 0.785 0.06 1.14 0.22
BAgP. 10% 0.4 0.785 0.12 1.08 0.22
BAgP. 20% 0.4 0.785 0.24 0.96 0.22
BAgP. 30% 0.4 0.785 0.36 0.84 0.22

2.3.2. Preparation and Conservation of Test Specimens

In accordance with standard NF EN 12390-1 [20], the molds and test specimens
were made as follows: the pressure PVC pipe 100 mm in diameter and 4m long
was used for this purpose. The pipe was cut in lengths of 20 cm to make stan-
dardized molds allowing to have cylindrical test specimens with a section of
78.5 cm’. These specimens were called “10/20 specimens”, i.e. 10 cm in diame-
ter and 20 cm in height. Then the prismatic wooden molds were made to have
the prismatic specimens of dimension 7 x 7 x 28 cm. All specimens must re-
main in the mold and protected against impact. Vibrations were avoided for a
minimum of 16 hours and a maximum of 3 days. The specimens were then kept
at a temperature of 20°C * 2°C inside the laboratory until the time of the tests.
Figure 3 below shows the cylindrical and prismatic specimens after their demo-

litions.

2.3.3. Drying Shrinkage

Drying shrinkage at ambient air and humidity on concrete specimens was per-
formed in accordance with standard NF P 15-433. The shrinkage was measured
at the following different times: 0 days, 7 days, 14 days, 21 days, 28 days, 60 days,
90 days, 120 days, 150 days and 180 days. The variation in length of the 7 x 7 x
28 specimens was compared at different times ¢ with respect to its length at a

time £, taken as origin. A demometer (Figure 4) equipped with a comparator
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Figure 3. Cylindrical and prismatic specimens.

Fixed comparato

Specimen 7x7x28cm

L=280mm

Figure 4. Demometer for shrinkage test on prismatic specimen.

made it possible to carry out measurements with an accuracy less than or equal
to 0.005 mm. A 280 mm long rod was used to adjust the zero of the demometer.
This rod was made of Invar so that the temperature variations it may experience
during handling do not cause any appreciable change in its length. At the time of
measurement, the comparator was put at zero on the standard Invar rod of
length Z = 280 mm. Let d/(?) be the value read on the comparator at time # the

specimen has a length at the considered time:

I=L+di(r) (1)

Let A(£,) be the length of the specimen at time £ chosen for origin taken at the
time of demoulding, 7Ze. 24 or 48 hours after the specimens were made. The

change in length at time t was:

Al =1(1)=1(ty)=dl(t)-dI(t,) (2)
The relative length variation denoted by € has the expression:
Al(r)
" A 3
(1) 7 3)

AK#) was obtained by taking the average of the 3 specimens from the same
mould. When the test specimens were stored in air, AA¢#) was generally negative

due to specimen shrinkage. Figure 3 shows the device used.
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2.3.4. Water Absorption

In accordance with the NBN B 15-215 standard, after 28 days the specimens
were demolded then placed in an oven at a temperature of 65°C until the speci-
mens were completely dehydrated. Then they were weighed, this was the dry
mass (M), then they were immersed in water for 48 hours and weighed again to

get the wet mass (A4,). The water absorption coefficient C,,, was:

Mz _Ml %

Cop = 100 (4)

1

2.3.5. Expansion
Three days after making the 10 x 20 cm cylindrical specimens, they were re-
moved from the mold and underwent a significant heating test of the concrete at
a young age to observe the delayed formation of ettringites for one year (without
the addition of external sulphate). The formation of ettringites was likely to
cause expansion in hardened concrete. The phenomenon of internal sulphate
expansion can be manifested by the appearance on the surface of the concrete of
multidirectional cracking with a relatively large mesh of 10 to 30 mm. The spe-
cimens were removed from the mold and then placed in an oven at a tempera-
ture of 85°C, the temperature maintained for 3 hours. The test consisted in cha-
racterizing the risk of expansion of a concrete with respect to the ISA. The test
had four distinct steps:
- Manufacture of cylindrical concrete specimens

Several cylindrical specimens of 10/20 were made according to the two types
of plastic waste used (HDPE and PVC) and at different dosages (0%, 5%, 10%,
20%, 30%). The measurement of the expansion at each age of the concrete was
carried out on each cylindrical specimen.
- Heat treatment simulating the heating of concrete

The specimens were removed from the mold and then placed in an oven at a
temperature of 85°C for 3 hours.
- Drying and cooling cycle

After 3 hours of maintaining the temperature, the specimens were cooled by
immersion in water for 2 hours. Then they were again underwent the same heat
treatment and the same drying-cooling cycle before their total immersion in wa-
ter. Then the measure of expansion was calculated. Given the small dimensions
of the samples and the sensitivity of the paste-aggregate interface, the choice was
made to apply a shorter duration of the maintenance of the temperature than
that generally accepted for macroscopic samples [21].
- Total immersion in water and monitoring of longitudinal deformations

The specimens were completely immersed in a tank of unrenewed water for
12 months at a water temperature of between 13°C = 2°C. During the first
month, the longitudinal expansion was only measured closely (1 day, 7 days, 25
days and 30 days), then the follow-up of the longitudinal deformations each
month for 1 year (365 days).
- Expansion Tracking
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To carry out the follow-up of the expansions of the samples, the method by
image correlation proved to be the most suitable method for the size and the
conditioning of the samples. This method consisted of depositing a speckle
(Figure 5(a) and Figure 5(b)) on one side of the sample after heat treatment
simulating the heating of the concrete and then photographing this side every 1
month during the development of the pathology. The speckle was applied here
by spraying white paint on the surface of the sample previously tinted in black
(Figure 5(c)). The expansion was measured by calculating the distances between
well-identified points given in (mm) (Figure 6). Samples of the same assay were
photographed for image correlation every 30 days for 365 days (Figure 7). Then
the variation of these distances was calculated A/, () and A/ (¢) on each sam-
ple according to the equations (Equation (5) and Equation (6)). And finally the

expansion & and &, were calculated on each cylindrical specimen.

Al () =1, (¢)—1, (initial) (5)
et Al (t)=1(¢)-1 (initial ) (6)
0
1, (initial) @
Al
10 ®)

T (initial)

The expansion at the interface of the composite can be deduced on each sam-
ple by the average of two expansion measurements given as a percentage by the

following equation:

Figure 6. Expansion measurement.
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Figure 7. Image correlation. (a) BT; (b) BAgP-PVC.

gi(t)szgleoo 9)

Iy(t) and [ (¢) was the length measured at time on a specimen, I, (initiale)
and [, (initiale) was the initial length measured after 24 hours from the first
immersion in water on a specimen. As the test pieces were kept in water, AX9
was positive due to the expansion of the specimen. This method of measuring

expansion via image correlation has been well developed by [22].

3. Results and Discussion
3.1. Drying Shrinkage

Figure 8(a) and Figure 8(b) represent the drying shrinkage (drying shrinkage)
of three families of concrete (BT, BAgP-PEHD and BAgP-PVC). There was gen-
erally an increase in shrinkage as a function of the age of the three families of
concrete and it was significant during the first month of the concrete and then
tends to stabilize over the next month. Figure 8(a) shows an increase in drying
shrinkage when the percentage of HDPE plastic aggregates increases in the con-
crete. On the other hand, Figure 8(b) shows a decrease in drying shrinkage
when the percentage of PVC plastic aggregates increases in the concrete.

The presence of honeycombs (empty) on the surface of the BAgP-PEHD con-
cretes could be responsible for this increase in shrinkage because the evaporation
of the water contained in the pores of the hardened concrete led to the shrin-
kage. In addition, the free surfaces of the BAgP-PEHD subjected to the ambient
air have a lower degree of humidity than that of the concrete, which facilitated
the removal of the BAgP-PEHD. This drying process generates a reduction in
the volume of the concrete due to the progressive loss of water in the mass of
concrete. The risk of cracks appearing was probable in this family of BAgP-PEHD
concrete. Some authors, notably Koide H and Marques da Silva A, rather
thought that the increase in shrinkage observed was due to the low modulus of
elasticity of concretes containing plastic aggregates than common concretes [15]
[16] [23] [24]. On the other hand, the low presence of honeycombs (empty) on
the surface of BAgP-PVC concretes could be responsible for this decrease in
shrinkage compared to BAgP-PEHD. In BAgP-PVC, shrinkage was very slow and
increases less quickly than normal BT reference concrete. The low heat exchange
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Figure 8. Drying shrinkage on concrete.

caused by the present of PVC aggregates could be responsible for this behavior.
Indeed, the evaporation of the water contained in the pores of the hardened
concrete was slowed down by the PVC aggregates. It can also be thought that the
low thermal conductivity of PVC plastic aggregates was responsible for this be-
havior. In this family of BAgP-PVC concrete, the risk of cracks appearing was
very low, this was because the water evaporation process was very slow and pro-
gressive in the mass of concrete. Kou et al, who had replaced natural sand with
PVC plastic aggregates, had also observed a decrease in drying shrinkage with an

increasing content of plastic aggregates [25].

3.2. Water Absorption

Figure 9 below shows the water absorption of three families of concrete (BT,
BAgP-PEHD and BAgP-PVC). It can be seen that the water absorption evolves
according to the type of plastic aggregate used and the dosage. For a BT the wa-
ter absorption is 5.21%, it evolves according to the percentage of addition of
plastic aggregates. At 30% HDPE aggregate it reaches 9.35% water absorption
against 6.61% with PVC aggregates.

One of the reasons that may explain this increase in the rate of water absorp-
tion was the porosity of the plastic aggregate concretes. In addition, plastic ag-
gregates alone, especially HDPE, showed high porosity compared to natural ag-
gregates (gravel), which contributed to a rapid increase in water absorption. On
the other hand, PVC plastic aggregates being less porous than natural aggregates
(gravel), this did not prevent an increase in water absorption because the increase

in volume of plastic aggregates in the concrete creates an increase in porosity.
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BAgP-PVC

BAgP-
PEHD

0.00 2.00 4.00 6.00 8.00 10.00
=30% ®m20% ®=10% ®™5% ®™0% (BT)

Figure 9. Water absorption of concretes.

One of the reasons which can explain the increase in water absorption was the
weak bond between the cement paste and the plastic aggregates. This weak bond
has been widely demonstrated in previous works, notably by Dame K, Hannawi
K et al and Safi, B et al [26] [27] [28]. In fact, the voids created were very
quickly occupied by water increasing the absorption of water. The rough texture
of the PVC aggregates somewhat slowed down the fragility of the cement
paste-PVC plastic aggregate bond, hence the low absorption of the concrete.

3.3. Heat Treatment Simulating the Heating of Concrete

The cracks located on the surface of the cylindrical specimens due to the heat
treatment simulating were observed (Figure 10).

After the first heating cycle, diffuse cracks were observed on the surface of the
specimens. In general, the figure shows that the microcracks observed on the
surface of the specimens decreased as a function of the increase in plastic aggre-
gates. The BAgP-PVC samples showed an absence of microcracks at 10% PVC
aggregates, unlike the BAgP-PEHD samples. During the high temperature, the
samples containing the plastic aggregates progressively prevented the opening of
the microcracks when the plastic aggregates were increased. Unlike the BAgP-
PVC samples, the high porosity of the BAgP-HDPE samples was responsible for

the microcracks observed after 10% addition of plastic aggregates.

3.4. Expansion

Figure 11 and Figure 12 below show the expansion of three families of concrete
(BT, BAgP-PEHD and BAgP-PVC) over the course of one year (365 days). The
expansion due to the development of ISA which was an endogenous pathology
responsible for the delayed formation of ettringites. It can be seen that the de-
velopment of the pathology evolves according to the type of aggregate used, but
also according to the dosage of plastic aggregates and the age of the concrete.

The figures show that the pathology increases when the plastic dosage increases
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BAgP-5%PEHD BAgP-10%PEHD BAgP-20%PEHD BAgP-30%PEHD

QQQ@Q

BAgP-5%PVC BAgP-10%PVC BAgP-20%PVC BAgP-30%PVC

Figure 10. Mapping of the cracks located on the surface of the specimens.
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Figure 11. Expansion of BAgP-PEHD concretes.
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Figure 12. Expansion of BAgP-PVC concretes.
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in the concrete. For BT, the expansion does not exceed 0.65% over the course of
a year. But it can evolve quickly and reach an expansion of 0.85% in one year
with an addition of 30% HDPE. On the other hand, the expansion tightens up to
0.76% in one year with an addition of 30% of PVC.

The expansion observed in BAg-PEHD was due to the porosity and significant
water absorption compared to normal BT reference concrete. In the concretes
with addition of HDPE plastic aggregates there was a significant development of
the pathology. More ettringites were probably formed at the cement paste-PEHD
plastic aggregate interface compared to the cement paste-natural aggregate in-
terface, which explains the significant expansion of BAgP-PEHD compared to
BT. The cement paste-plastic aggregate interface played an important role in the
development of deleterious ISA phenomena, which increased the expansion of
concrete over time. Since the expansion of simple cement paste was less impor-
tant than the expansion of concrete according to Yvan Thiebaut [29]. During the
expansion of the cement paste alone, there was a detachment between the ce-
ment paste and the HDPE plastic aggregate, the voids created facilitate transfers
within the material, which were then privileged sites of crystallization. These
phenomena were linked to the loosening of the aggregates under the effect of the
expansion of the paste. This difference in behavior between the natural aggregate
(gravel) used and the inert HDPE plastic aggregate may be due to a weaker bond
at the interface with the paste. Unlike the natural aggregate (gravel) used, plastic
aggregates were not chemically reactive with cement paste. This leads to a more
marked and faster expansion with plastic aggregates.

Not against in concretes with addition of PVC plastic aggregates (BAgP-PVC)
the same phenomenon in general was observed, but a significant decrease in ex-
pansion was observed in these concretes. At the cement paste-PVC plastic ag-
gregate interface, expansion was reduced. The detachment of the PVC aggre-
gates from the cement paste during the expansion of the cement paste alone was
more or less prevented by the rough texture of the PVC plastic aggregates which
slowed down the increase in the expansion of the concrete. This expansion phe-
nomenon could also be impacted by the fineness of the aggregates used accord-
ing to Al Shamaa [30]. Indeed, the fineness modulus of the natural gravel and
the PVC plastic aggregate being very close and higher than the HDPE plastic ag-
gregates, this contributed to the reduction in the expansion of the concrete ob-
served. The role played by the size of the aggregates used may also be responsible
for this phenomenon, although this has not yet been clearly identified [29].

4. Conclusions

This experimental study made it possible to appreciate the effect of plastic ag-
gregates on drying shrinkage and expansion of concrete. The drying shrinkage
(drying), water absorption and expansion of the three families of concretes were
studied. The results showed that:

1) The drying shrinkage increased in BAgP-PEHD because of the porosity of
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this concrete, and on the other hand the drying shrinkage decreased thanks to
the low thermal conductivity and the low presence of voids in the concrete mass;

2) Water absorption increased in plastic aggregate concretes as the percentage
of aggregates increased in the concrete. The porosity and the weak bond between
the cement paste and the plastic aggregate were responsible for this behavior;

3) The expansion of the concrete was greater in BAgP-PEHD than in BAgP-
PVC; porosity and water absorption were responsible for this behavior. The
evaporation of water in the BAgP-PVC was delayed and slowed down by the
presence of the plastic aggregates thus reducing the expansion compared to the
BAgP-PEHD.

Given the low shrinkage and acceptable expansion compared to the standard.
BAgP-PVC concretes could be recommended for slabs exposed to bad weather.

The expansion measured via the image correlation deserves to be confirmed
by a more detailed observation under a scanning electron microscope (SEM).
The expansion measured by image correlation over 1 year can extend up to 2
years to have more complete information on these materials. The behavior of

concretes in the face of drying shrinkage beyond 180 days can be studied.
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