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The use of recycled waste in road construction is part of the sustainable development of
countries. Plastic waste poses an ecological problem because it is not biodegradable.
Recycling this waste to reuse it in different areas seems to be a solution to reduce it. This
article is devoted to the use of varieties of additions of recycled plastic waste (RPW) (5
and 10%) without and with Portland cement compound (PCC) (2 and 4%) moistened at
the Proctor optimum, to stabilize the foundation layer of the section of the road
connecting the highway at the Tixter dry port (Algeria). The results showed, that RPW
increases the CBR (California Bearing Ration) of SO approximately to 139.32%, however
the use of 5% of RPW with 2% of PCC raises the CBR of the soil to 386.59% in unsoaked
samples and 404.54% in soaked samples. Whereas, UCS (Unconfined Compressive
Strength) tests, is marked by increases in compressive strength from 0 t01471.18 KPa
and from 754.67KPa to 2051.53KPa of samples dosed with 5% RPW and 4% PCC,
soaked and unsoaked respectively. This study offers the opportunity to find the right soil-
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RPW-PCC combination to stabilize future roads.

1. INTRODUCTION

The last two decades, Algeria launched the creation of dry
ports, far from urban areas and near highway axes, in order to
control, reduce and rationalize the entry/exit of freight carriers
to and from main ports. The choice is always made on non-
exploitable and infertile land, most of which has poorly
geotechnical characteristics. The connecting such paths, such
highway-dry port is often subject to disorders under the
expected wheel load, this state leads to practice stabilization in
order to improve its bearing capacity and reduce its
vulnerability to water.

Since its invention, the use of plastic has not stopped
increasing; its global production reaches 8.3 billion tons. In
2015, the amount of plastic waste amounted to 6.9 billion tons,
of which 9% was recycled. World Wildlife fund (WWF),
estimates that by 2030, global plastic waste production will
increase by 41%. At this rate, approximately 12 million tons
of plastic waste will be deposited in landfills or in the natural
environment by 2050 [1]. The abandonment of plastic has
serious repercussions on the environment; it increases soil
impermeability and contributes to the degradation of the
natural environment in an alarming way [2]. Most studies refer
to the stabilization of pavement soils in order to improve its
physical and chemical characteristics [3], some propose to use
additives in the construction of pavements is more economical
to replace them with good quality soil [4]. These additives
decrease its compressibility [5] modifies its drainage
characteristics [6], and increases its bearing capacity [7]. The
materials most commonly used in pavement stabilization are
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cement and lime, either alone or in combination [8]. However,
others propose to recycle waste materials for highway
construction [9]. Studies have proven the possibility of using
packaging bags, tires and recycled waste in the realization of
pavement wearing course and as alternative materials for their
reductions [10-12]. To this effect, multitudes of initiatives are
engaged to recover and reuse them in different fields and
especially in the building and public works, in order to reduce
their impact on the environment and even face economic and
ecological pressures [13].

The problem of soils at risk is manifested worldwide,
Algeria is not immune to these problems [14], and the latter is
distinguished mainly by their poor quality, their low resistance
to shear, their high compressibility and low carrying capacity
[15]. The obligation to improve soil parameters, the sub-base
layer in the realization of roads and highways can be achieved
by using different stabilizers [16]. Today, the advantageous
use of all kinds of waste in the treatment of road layer soils is
a practice in full development from year to another [17]. Pierce
(2001) [18], shows that the UCS increases with the proportion
of binder and with the curing time for the samples, however
[19], state that the mechanical parameters vary when the UCS
changes. The appearance of disorders on a 2 km section of the
road mentioned above, under the effect of an important traffic
flow of heavy trucks, transporting containers, where the
expertise on site showed the effect of water infiltrations, which
induces the leaching of fine particles, and a fall of intrinsic
characteristics of the embankments used in the base layer, and
in particularly in the sub-base layer which causes its
degradation.
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Our work consists in evaluating the effect of the addition of
RPW, without and with PCC at studied rates, on the physical
(porosity), mechanical (strength) characteristics and the
bearing capacity of the layer to be stabilized. Finally, the
essence of our study, is to contribute to the preservation of
nature by reducing plastic waste, because it takes four
centuries to degrade (greenhouse gas emissions) by
developing the best possible formulation of So, RPW and PCC
mixtures, which gives a maximum dry density and allows, to
resize the strong layer of the pavement in order to ensure a
good bearing capacity.

2. TEST MATERIALS AND METHODS
2.1 Materials

2.1.1 Initial soil (So)

The soil used in our study is taken directly from the site.
Sampling is taken carefully from three areas, known for their
significant deformations and their dangers for road users. The
irregularity coefficient C, and particle classification
coefficient C. of Sp have values greater than 3 and between 1
and 3 respectively, these data reveal a well graded identity
with the presence of a multitude of diameter [20]. However,
the calculation of limits (Wr, Wp) and the plasticity index (Ip)

shows the collapsible aspect of Sy in the presence of water [21].

Table 1, summarizes the results of the Sy characterization tests.

Table 1. Basic geotechnical characteristics of Sg

Geotechnical characteristics Values
Apparent bulk density (g/cm?) 1.178
Mass of solid grains ys (g/cm?) 2.670
Dry density yd (g/cm?) 1.947
Irregularity coefficient Cu (%) 39.84
Particle classification coefficients Cc (%) 1.77
Liquid limit WL (%) 34.55
Plasticity limit Wp (%) 26.06
Plasticity index Ip (%) 9.49

2.1.2 Recycled plastic waste (RPW)

The recycling of polyethylene terephthalate (PET) after a
pre-process of collection, sorting, washing or grinding [22]. To
manufacture of fibers for domestic using PET by heating to
150°C, after this stage we got new waste (RPW), which we
purpose to use in current research. This new product will be
mixed at rates of 5 and 10% of the volume of Sy to stabilize
the foundation layer of the road pavement mentioned above.
The particle distribution of Sg and RPW, are shown in Figure
1.
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2.1.3 Portland compound cement (PCC)

MATINE cement CEM 11I/B 42.5 N (EN 197-1) [23], from
the Lafarge complex in M'sila (Algeria). The calcining a
mixture of limestone and clay in a rotary oven at a temperature
of 1450°C, produces the clinker, finely ground with precise
mineral additions in order to attribute specific properties of the
cement, adapted to its field of use. In the study, the PCC is
chosen, due to its hydraulic character and at low contents (2
and 4%) in order to reduce the cost of stabilization. Binder
materials cost about half of the cost of deep soil stabilization
work [24]. Table 2 illustrates the physical and chemical
properties of PCC according to the European (EN 197-1)
standard.

Table 2. Physical and chemical characteristics of PCC

Designation Characteristics - CEM 11/B 42.5 N-
Physical Normal consistency (%) 26.5 £ 2.0
properties Specific area Blaine (cm?/g) 3700 +5200
Chemical Initial setting at 20° (min) 150 =+ 30
properties End setting (min) 230 + 50

Shrink at 28 jours (um/m) < 1000
Bulk density (kg/dm?) 1.005
Specific density (kg/dm 3.02

Expansion < 3.0
Sulphate content (SO3) (%) 2.5 £0.5
MgO) (%) 1.7+0.5
Chloride content 0.02+0.05
Alkali content (%) 0.3 +0.75
Insoluble residues 0.7 +2.00
Fire loss (%) 10 +2

2.1.4 Soil formulation

Two main materials used in the stabilization of So, namely
the RPW at two rates 5 and 10%, then at each rate associated
two doses of PCC (2 and 4%). The mixtures are carefully
mixed to obtain homogeneous samples (Figure 2) and stored
in a place at room temperature 20+2°C. The rates of binder
addition are calculated on the basis of the weight of soil to be
stabilized. Table 3 shows the formulation of test soils and the
level of additives to the soil Sy.

Table 3. Composition of design test soil mixtures

Designation | Composition of mixtures
So Natural soil (from the site)
Sai So+ 5% RPW
Sa2 Sa1+2% PCC
Sa3 Sa1+4% PCC
Ss1 Sot+ 10% RPW
Sp2 Sei+ 2% PCC
Ss3 Seit 4% PCC

Figure 2. Preparation of test mixtures (Sa3)
2.2 Sample preparation and experimental protocol

The soil samples (So) collected from the site were dried in
the oven at 105 + 2°C and sieved to 5 mm. The physical



characterization tests were described in accordance with BS
1977:1990 [25].

2.2.1 Modified proctor test

Compaction parameters, optimum water content (Wowc)
and maximum dry density (ympp) are performed according to
ASTM D1557 (2021) [26], for all samples listed in Table 3.
These two factors must reflect the worst soil conditions in situ.
The stabilization of sub-base layer of the pavement bound
between the particles of soil is generally carried out using
binders as cement. Our studies focus on stabilization of the
sub-base layer, not between sub-base and base layer. The
maximum dry density (MDD) of Sy is 1.947g/cm?3, for an
optimal water content (OWC) equal to 13%.

2.2.2 CBR test

The CBR tests (Figure 3b), are performed according to the
ASTMD1883 (2016) [27], allow to characterize the relative
bearing capacity of the pavement foundation sub-base layer,
as well as the evaluation Sy and the stabilizers additions (RPW
and PCC). Compaction was carried out on soaked (Figure 3a)
and unsoaked samples, however the Sas, Sas, Sg2 and Sg3
specimens which contain PCC are kept in isotherm plastic
bags to avoid any contact with the external environment for 24
hours, then removed and cured in a water bag for 4 and 28 days
to satisfy the soaked conditions, While the others are left in the
bags for the unsoaked state until the end of the cementing
process (28 days). However, samples without PCC are kept in
plastic bags for 24 hours for the unsoaked state and 96 hours
for the soaked state.

Figure 3. Sample retention and CBR execution

2.2.3 UCS test

In order to understand the impact of the RPW and cement
on the strength of the soil, various samples were characterized
using a universal machine. Applied load by displacement
control with a loading rate of 1.27mm/min. Compacted the
various mixtures in still mold of 70mm diameter and 140mm
in height, then cured at immersed and non-immersed
conditions.
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The mechanical performance of the road sub-base layer,
before and after the addition of RPW without and with PCC,
was evaluated by UCS tests according to ASTM D2166 (2016)
[28], expressing the strength of the embankment under an axial
load (Figure 4a), this type of test is frequently used in the
design and construction of underground projects [29, 30]. The
cylindrical samples Sa», Sas, S and Sg3 are cured and cured
at approximately 22°C for 7, 14 and 28 days in both immersed
(Figure 4a) and non-immersed states, however the samples
without PCC namely, So, Sa1 and Sg; are tested after 1 day of
their conservation (Figure 4b).

Figure 4. Typical failure of specimens after UCS test

3. RESULTS AND DISCUSSION
3.1 Compaction testing

Figure 5 shows that the addition of RPW to the control soil
So induces a 7.91% and 13. 09% decrease in MDD in samples
Sai and Sg; respectively, followed by an increase in OWC of
14.85% for Sa; and 6.77% for Sgi. In the samples containing
RPW associated with PCC, we observe a flattening of the
curves indicating a reduction of 12.33 - 13.30% in MDD and
the increase of OWC of samples Saz, Sas, Sz, and Sg3 by 23.85;
14.85; 7.69 and 19.23% respectively, these can be explained
by the high fine particle rate (> 10%) existing in the initial soil
So, the same behavior was observed by Senol et al. [31].
However the sensitivity to water is due to the hydraulic aspect
of the PCC and the nature of the site which is a silty soil with
little plasticity. The immediate effect of PCC on the mixtures
is weak because the compaction is applied at 30 min of the test,
which is a short time away from the start of the setting of the
PCC (150 min). In this case, PCC plays the role of a filling
material and not a bonding material. However, the small
increases in OWC in the Sas3, Sgs specimens (4% PCC) is due
to the absorption of a part of the water by the PCC, giving rise
to the formation of clay flocs in the form of solid aggregates
that allow water drainage.
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Figure 5. Variation of mixture compaction curves
3.2 CBR tests

Samples without PCC (So+RPW+ 0% PCC) are tested after
24h and 4 days for unsoaked and soaked state respectively,
while the specimens with PCC (S¢+RPW+ PCC), are kept and
tested after 28 days under the same conditions. It can be seen
from Figure 6 that the CBR values increase with increasing
percentages of the RPW and PCC for both conditions.

3.2.1 Mixtures without PCC

The bearing capacity of the road sub-base layer is evaluated
by the control Sy before stabilization and Sa; and Sg; after
stabilization. The increase in the addition of RPW, improves
the CBR of Sai by 11.5% and of Sg; by 140.75% in the
unsoaked state, however, the increase in bearing capacity in
the soaked state is significant, it is 373.11% and 531.13% for
Sa1 and Sg; respectively (Figure 6a). This can be explained by
the amount and type of RPW (sand form) added which allows
water drainage and therefore makes significant corrections to
the bearing capacity of the stabilized soils.

3.2.2 Mixtures with PCC

Figure 6b, shows a significant increase CBR in the
unsoaked samples, it reaches: 386.59; 776.82 and 439.82% for
Sa2; Sas and Sgs respectively. For the soaked state, the CBR
increases as the content of RPW and PCC increases and
displays an initial value (So) of 2.12, 222% for Saz, 340% for
Sas, 55.76% for Sp; and 143.93% for Sg;. This state was
observed by Ratsifarehandahy et al. [13], on the increase of
CBR as a function of binder dose. The effect of PCC and time
are decisive in hardening, which gives the samples fairly
strong bonds. However sample Sg, makes the exception where
the effect of PCC is negligible for both conditions, this may be
due to the high levels of RPW (10%) which reduces the effect
of the chemical reaction of PCC and water and therefore its
role in bonding materials. It is noted that despite the storage
conditions are different, the CBR of the mixture evaluated in
the same direction as the rate of additions.

3.3 UCS tests

3.3.1 Mixtures without PCC

Incorporation of the RPW at rates of 5 and 10%, improves
the UCS of 749.10 KPa for Sy to 928.28KPa and 820.83KPa
for Sa; and Sg; respectively, followed by an increase of

87.03% in strain of Sa; sample and slight disturbances of
8.02% in Sg; (Figure 7). The increase in strain in Sa; and Sg;
is perhaps the result of an intergranular rearrangement in the
stabilized soils induced by RPW which gives rise to a new
matrix more or less more compact than that of S.
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Figure 7. Effect of RPW on UCS results

3.3.2 Mixtures with PCC
After 7 days, the UCS of the unsoaked samples increases,
by 68.74% for Saz, 107.62% for Sas and 17.92% for Sgs,



however the Sg, samples are the exception by the reduction of
UCS by 17.96%, the unsoaked conditions (Figure 8a), in the
soaked conditions the contribution of PCC (4%) raises the
evolution of UCS of Sasz and Sgs to 68.80% and 25.13%
respectively (Figure 8b); however decreasing the PCC to 2%
reduces the UCS by 18.83 and 17.46% for Sa, and Sg»
regardless of the percentage of RPW added. At 14 days, the
unsoaked specimens show an improvement in UCS of
137.84%, 79.11% in Sa3 and Sa; respectively and to a lesser
degree in Sp3, where the evolution of strength reaches 55.53%
(Figure 8c). For the soaked condition, a total relaxation of So
(UCS =0) is observed, the effect of adding 4% PCC to the soil
samples increases the compressive strength to 1300 KPa in Sa3
and Sgs, this value is reduced to 748.4KPa and 645.16 KPa in
Sa2 and Sg» respectively (Figure 8d). At 28 days, for the
unsoaked condition (Figure 8e), the samples whose RPW
content is 5% with 2 and 4% of PCC, mark an increase of
183.27% for Saz and 114.19% for Sa», while the samples
dosed with 10% RPW with 2 and 4% of PCC, the UCS
evaluates from 53.13% and 92.11% for Sg» and Sg;
respectively, however, for soaked conditions, samples whose
dosage of RPW is 5% and 2 or 4% of PCC, the UCS reaches
1500 KPa for Sa» and 1350 KPa for Sas, in the other specimens,
Sg> and Sgs, UCS varied between 980 KPa and 730 KPa
(Figure 8d). The addition of PCC of a content of 2 and 4% to
the mixtures: Sp with 5% of the RPW and Sy with 10% of RPW
induce a progression of the UCS in the unsoaked and soaked
conditions. These results are in accordance with the work of
[32] for obtaining the desired technical properties of the soil to
be stabilized.
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4. CONCLUSIONS

Stabilization of the water-sensitive sub-layer of the
pavement by adding RPW, alone or associated with low doses
of PCC, is possible. Tests conducted on Sp samples before and
after addition of stabilizers confirm this.

The compaction tests, proves an increase of the OWC,
especially in the samples containing 4% of PCC, which
explains the hydration of the binder by the absorption of an
amount to separate from the calcium ions. While the flattening
of the curves (decrease in MDD) may be the result of the
formation of a new less dense material, due to the low specific
gravity of RPW (80+100 Kg/cm?®) compared to So. CBR and
UCS tests generally show that the strength of stabilized soils
depends on the amount of RPW and PCC added, i.e. increasing
the rate of RPW and PCC increases CBR and UCS, especially
in samples SA3 and slightly less Sa» and Sgs. The chemical
effect of PCC provides the stabilized specimens witch
solidification by the formation of flocculates in the internal
matrix and consequently increased the strength of the
stabilized material. The best formulations are: S0+ 5%
RPW+4%PCC and SO0+ 5% RPW+2%PCC, compacted to
OWC, could be the solution to water retention in foundation
sub-layers during future road construction.
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