Impact of recycled rubber and PVC on mechanical
properties of modified asphalt mixtures
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Abstract:

When modifying asphalt mixtures with rubber powder
and polymers such as blister-type PVC, the aim is to
improve certain properties such as durability and
maintenance time, thereby reducing costs. Additionally,
it could be also benefit from an extended lifespan.
Indirectly, this would contribute to the reduction of
plastic and rubber waste, which currently lack proper
managementand are highly polluting to the environment.
This article presents the results of research utilizing
recycled rubber from used tires and blister-type PVC
derived from waste produced by factories that market
compounds of this material for various applications.
When determining the Marshall properties for the
asphalt-rubber mixture, percentages of 1 %, 2 %, and 3
% of rubber powder in relation to the asphalt aggregate
were used. The same was done with the asphalt-PVC

Resumen:

Al modificar las mezclas asfélticas con polvo de caucho
y polimeros como el PVC tipo blister, se busca mejorar
ciertas propiedades en los pavimentos como su dura-
bilidad, la disminucién de tiempos para ejecutar man-
tenimientos, y extender su vida util. Indirectamente, se
contribuiréa en la reduccion de desechos plasticos y de
caucho gue no cuentan con un correcto manejo y son
muy contaminantes para el medio ambiente. Este arti-
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mixture, using percentages of 0.5 %, 1%, and 1.5 % of
blister-type PVC. The results obtained show that rubber
powder exhibits significantly lower stability and flow
values compared to blister-type PVC, suggesting that
PVC greatly enhances the asphalt mixture compared to
rubber powder. To compare the modified asphalt, tests
were also conducted for maximum theoretical specific
gravity, obtaining the density of the asphalt mixture (Rice
method), bulk density (unit weight), and percentage of
voids in compacted or loose aggregates. These results
provide valuable insights for future research on the
benefits of asphalt modified with rubber powder and
blister-type PVC.

Keywords: Modified asphalt, blister, rubber, bulk
density, RICE method, Marshall properties.

culo muestra resultados de una investigacion donde se
emplea el caucho reciclado de neumaticos usados y el
PVC tipo blister que proviene de desechos de fabricas
que comercializan compuestos de esta materia para
diversas aplicaciones. Al determinar las propiedades
Marshall para la mezcla de asfalto - caucho se utiliza-
ron porcentajes de 1 %, 2 % y 3 % de polvo de cau-
cho en relacién con el asfalto. Lo mismo se hizo con la
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mezcla de asfalto - PVC usando porcentajes de 0.5 %,
1%y 1.5 % de PVC tipo blister. Los resultados que se
han obtenido muestran que el polvo de caucho pre-
senta valores de estabilidad y flujo muy inferiores con
respecto al PVC tipo blister, lo que sugiere que el PVC
mejora de gran manera la mezcla asfaltica con respec-
to al polvo de caucho. Para realizar la comparacion
del asfalto modificado también se hicieron pruebas de
gravedad especifica maxima tedrica, obtencion de la

densidad de la mezcla asféltica (método Rice), densi-
dad bulk (peso unitario) y porcentaje de vacios de los
agregados compactados o sueltos. Estos resultados
son un aporte importante para futuras investigaciones
sobre los beneficios del asfalto modificado con polvo
de caucho y PVC tipo blister.

Palabras claves: asfalto modificado, blister, caucho,
densidad bulk, método RICE, propiedades Marshall.

1. INTRODUCTION

In recent decades, waste management
has become a major challenge due to the
large increase and generation of waste, es-
pecially those made of polymers. The ac-
cumulation of these materials that are not
biodegradable in the short term poses en-
vironmental problems such as soil or water
pollution. Thus, the revaluation of waste re-
sults in a basic strategy to promote sustain-
ability, where waste from one industry can
become raw material for another.

The construction industry is an industry
that has incorporated waste in the manu-
facture and construction of new infrastruc-
ture, allowing the reuse of discarded ma-
terials and reducing the dependence on
non-renewable natural resources. Thus,
applications have been developed where
waste such as rubble (Ma et al.,, 2020),
polymeric waste (Saikia & De Brito, 2012),
glass (Mohajerani et al., 2017) and metals
(Yellishetty et al., 2008) are incorporated
into composite materials such as hydraulic
or asphalt concrete.

The incorporation of waste into asphalt con-
crete is an innovative solution to improve
the mechanical properties of pavements,
converting them into modified asphalt.
This technique involves the incorporation
of a variety of materials, such as glass fi-
bres, steel, organic compounds, rubber
fibres, rubber powder, among others. The
use of rubber from tires in pavements is a
technique used for more than 100 years,
with the first application reported in 1840
(Heitzman, 1992). However, it is from the
1950s that interest in the subject becomes
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more relevant (Alfayez et al., 2020). It has
demonstrated a potential material to im-
prove deformation, performance and even
noise reduction in vehicle-pavement con-
tact. This incorporation can be done either
through a dry process, where the rubber
replaces part of the aggregates (Takallou
& Takallou, 1991), or through a wet pro-
cess, where the rubber is diluted in the as-
phalt by heat.

Other benefits of including rubber in as-
phalt reported in the literature are improved
resistance to deformation of the asphalt
pavement during traffic actions (Mashaan,
2012), prevent fatigue cracking on pave-
ments (Moreno-Navarro et al., 2016), im-
proves adhesion between the aggregates
and the asphalt, improve its stability and re-
sistance under greater traffic load (Wulan-
dari & Tjandra, 2017). As a negative point,
according to (Mohammed et al., 2021), the
addition of crumb rubber reduces indirect
tensile strength up to 30 %.

The use of polymers such as PVC (polyvi-
nyl chloride) in the modification of asphalt
mixtures has generated increasing inter-
est in the field of pavement engineering
due to its potential benefits in mechanical,
economic and environmental performance.
This approach aligns with the concept of
circular economy, which promotes the use
of plastic waste to mitigate environmental
pollution and improve the properties of ma-
terials used in road construction.

Concerning to use of PVC in asphalt pave-
ments, (Xu et al., 2022) highlights that the
addition of recycled polymers such as PVC
significantly improves the thermal and me-
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chanical performance of pavements by
reducing permanent deformations and
increasing resistance to oxidative aging.
Likewise, the authors point out that the
use of physical and chemical modification
techniques can optimize the interaction
between asphalt and polymers, achieving
better long-term performance.

Another relevant aspect is the variability in
the properties of PVC and its compatibility
with asphalt. According to (Li et al., 2022),
the PVC incorporation method, its particle
size, and the mixing conditions, such as
temperature and stirring speed, significant-
ly influence the final properties of the mix-
ture. The experiments carried out showed
that modified PVC significantly improves the
stiffness of asphalt at high temperatures and
maintains good flexibility in cold climates.

In addition, research (Jwaida et al., 2023)
underlines the importance of evaluating the
environmental and economic effects of us-
ing recycled PVC. These studies conclude
that PVC recycling not only helps reduce
the accumulation of plastic waste in land-
fills, but also decreases the need for virgin
polymers, thus promoting more sustain-
able road construction

On the other hand, the work of (Fakhri et
al., 2022) investigated the use of recycled
PVC particles, specifically from water
pipes and candy wrappers, in Stone Mas-
tic Asphalt (SMA) mixes. Their mechanical

properties were evaluated by testing for
moisture resistance, shear strength, and
crack resistance. The results showed that
these particles increased asphalt stiffness,
load deformation resistance, and fracture
energy at intermediate and low tempera-
tures. However, they also reduced skid
resistance (BPN). It was concluded that
recycled water pipe particles significantly
improved mechanical properties more than
those from candy wrappers, with an opti-
mal content of 5% being recommended to
optimize real traffic conditions.

Similar benefits were observer by (Ziari et
al., 2019) that analyzed the impact of elec-
tric arc furnace dust (EAFD) and recycled
PVC as additives in asphalt mixtures, evalu-
ating their influence on resistance to aging,
permanent deformation, moisture sensitiv-
ity and fatigue. Both materials were found
to improve stiffness, rutting resistance and
durability under repetitive loads, as well as
reducing moisture sensitivity. In particular,
EAFD showed a greater improvement in
aging and moisture resistance, while PVC
excelled in rutting resistance.

Table 1 presents some of the studied pub-
lished in literature where PVC was added in
asphalt mixtures. As it can be seen, most of
the percentages used of PVC are over 2 %
while particle sizes in some cases are not
specified and in others is over 2 mm. Thus,
the studies analyzed do not explore PVC
particle sizes smaller than 1 mm.

Table 1. Summary of the use of PVC in previous studies

Percentage of . Method of
Study Type of PVC PVC Size of PVC Introduction Tests Conducted
(Nobinur Shredded and Marshall Stability,
Rahman et Waste PVC Upto7.5% 2-3 mm mixed with Flow, and Voids
al., 2013) bitumen Characteristics
Chemically Visco-elastic
(Behl et al., PVC Pipe o o ) treated, properties, Rutting
2014) Waste 3% and5 % 2-4 mm blended with resistance,
bitumen Fatigue life
Marshall
(Rasel et al., o o o Mixed with Stability, Flow,
2011) Waste PVC 2.5 %1020 % Not specified bitumen Stiffness. Void
Characteristics
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Mixed with Static creep test,
: Recycled PVC . . ITS test, Rutting
(Fakhri et al., . o o o Passed No. 50 | bitumen using : .
(pipes, candy 2% ,3.5%,5% : . resistance, Skid
2022) sieve high shear .
wrappers) ; resistance, SCB
mixer
fracture test
FTIR, SEM, LAS
i Powder added f T
(Ziari etal, Waste PVC Not specified Not specified to asphalt MSCR, Tensng
2019) binder strength, Rutting
resistance

Within this context, the present investiga-
tion aims to investigate the use of rubber
from used tires and blister-type PVC from
factory incorporated to mix asphalt to eval-
uate the changes on main Marshal proper-
ties. For this, one size of rubber and three
sizes of PVC are explorer as well as the
manner of how these compounds are in-
corporated on mixtures.

2. MATERIALS

Two types of natural crushed limestone
gravel and one type of sand were used,
along with asphalt AC-20. Aggregates
undergo a sieving process to obtain the
required sizes for asphalt mixture design.
The photograph in Fig. 1 shows how the
material which are named as 3/4", 3/8",
and sand.
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A granulometric analysis was carried out
based on INEN 696:2011 [8], evidencing a
maximum particle size of 19.0 mm for 3/4"
and 3/8” agreggate while maximum par-
ticle size of sand was 4.75 mm, as shown
in Figure 2a.

Figure 1. Natural material for mix design
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Figure 2. Granulometric curve of the aggregates, and polymers.
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Being a material directly involved in the
asphalt mix, the abrasion resistance of the
aggregates was determined according to
INEN 860:2011 [9] and resulted in 24.5 %
for agreggate 3/4” and 30 % for agreggate
3/8”. In accordance with ASTM C127-15
[10] and ASTM C128-22 [11], the analysis
of densities and the absorption percent-
age of each aggregate was performed, as
shown in Table 1.

The crushed rubber powder was obtained
from a company that processes used tires.
The material obtained has different par-
ticle sizes since it is subjected to a shred-
ding process of recycled tires. This does
not provide uniformity in particle size, so it
was necessary first to determine particle
size distribution by granulometric process.
Results can be seen in Fig. 2b. It is advis-
able for all rubber particles to have a size
capable of passing through sieve No. 8
(2.36 mm), as established by the INEN
2680:2013 (NTE INEN 2680:2013, 2013)
standard.

Rubber powder can be viewed as an addi-
tive to aggregates or as a partial replace-
ment of a portion of the fine aggregates.
According to (Cutucuamba & Fernandez,
2024) it is observed that the fine rubber
powder has a better workability than the
coarse rubber powder since it adheres
very well to the mixture unlike the other.
This could be to its smaller size and larger
specific surface area, ensures better dis-
persion within the asphalt mixture, leading
to enhanced cohesion and homogeneity. It
effectively modifies the rheological proper-
ties of the binder. Based on the previous
observations, to incorporate rubber into the
mixture design, the cumulative retained on

sieve No. 30 (0.60 mm) was used as seen
in Figure 2b.

On the other hand, the PVC used herein
was a residue of manufacturing processes
which is usually discarded. Similar than
rubber, to know the particle distribution, a
granulometric text was performed. Results
are presented in Fig. 2b. The 97.40 % of
the particles used in the mixture, present-
ed a size between the N°4 sieve opening
(4.75 mm) and the N°16 sieve opening
(1.18 mm). So, in order to obtain the de-
sired particle PVC sized, it was crushed to
obtain smaller particles that could be incor-
porated more effectively into the mixture. A
manual mill was used to achieve particle
sizes of sieve No. 16 (1.18 mm), sieve No.
30 (0.60 mm), and sieve No. 50 (0.30 mm)
to ensure better workability and achieve a
uniform mixture.

3. TEST METHODOLOGY
3.1 Desing of control mix

In order to design the control mix of asphalt,
the guides provided by (ASTM D6926-20,
2020) were followed. In the asphalt mixture
design, once the aggregates to be used
have been selected and the granulometric
analysis has been conducted, a combina-
tion of materials is formulated based on the
results obtained.

For the mixture, optimal percentages of
each material size were determined, aim-
ing to fall within the lower and upper limits of
the specifications of the MOP-001-F-2002
(Republica del Ecuador, 2002) standard ,
for a nominal size of 3/4". (See Table 3).

Table 2. Results of densities and absorption test in agreggate

o | Moo spelle | Specllcgrauty | Apmarot | pugoppan | Sl gy
A - 3/4" 2.358 2.422 2.519 2.710

B - 3/8" 2.452 2.553 2.728 4.126 2.444

C - fine 2.518 2.560 2.629 1.667
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Table 3. Percentages of the combined mixture.

Material % Optimum
A -3/4" 35
B-3/8" 25
C —fine 40

It is worth mentioning that in order to verify
the percentages, a granulometric curve
must be constructed and superimposed
with the curves generated by the limits of
the aforementioned standard (See Figure 4).
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Figure 3. Granulometric curve of the mixture

Based on the initial asphalt content value
obtained from the formula, briquettes are
prepared with asphalt contents of 6.5 %,
with an increase and decrease of 0.5 %.

Once the quantity of materials for the de-
sign is determined, the preparation and
compaction of specimens according to
(American Society for Testing and Materi-
als, 2020) is carried out. A total of 15 spec-
imens should be prepared, with 3 speci-
mens for each asphalt content.

Each briquette is made with 1200 grams of
granular materials plus the corresponding
percentage of asphalt. The materials that
are added to the mixture must be dried at a
constant temperature ranging from 120 °C
to 160 °C, then mixed in a pot until reach-
ing a temperature of 130 °C to 150 °C for
compaction.

Given that it is designed to withstand
heavy traffic, it is recommended to apply
75 strokes to each briquette.

Tests are conducted on the samples with the
aim of meeting the conditions established in
ASTM D1559 and ASTM 2041 (American
Society for Testing and Materials, 1989,
2010) standard, as detailed in Table 3.

Table 4. Results of the volumetric and mechanical properties of the mixture

Voids (¥ e . e
Asphalt oids (%) Stability Flow Bulk Sp-eCIflc Rice Sp_eclflc
(%) (Ibs) (1/100") Gravity Gravity
VAM VFA Vv (Gmb) (Gmm)
50 15.06 45.91 8.14 3433 9 2.185 5379
: (1.0 %) (12%) | (2.0%) (19 %) (6.7 %) (0.2 %) :
55 14.60 61.85 557 3814 10 2.208 5339
(04%) | (05%) | (1.1%) (10 %) (5.6 %) (0.1 %)
6.0 14.04 73.40 3.74 4022 11 2.235 5301
’ (1.1 %) (1.3 %) (4.8 %) (7.1 %) (5.1 %) (0.2 %) '
6.5 14.36 77.58 3.22 3962 12 2.238 51313
: (0.8 %) (0.8 %) (3.6 %) (5.4 %) (4.7 %) (0.1 %) '
70 14.40 84.72 2.20 3715 14 2.249 51300
(1.0 %) (1.2 %) (7.7 %) (1.3 %) (4.2 %) (0.2 %)

* Coefficient of variation in brackets
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Based on the obtained data, the ideal
amount of asphalt for the mixture is deter-
mined based on the 4 % voids percentage.
(See Figure 4).
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Figure 4. Void Volume vs Asphalt Content
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Therefore, all analyzed properties are cal-
culated and presented in Figure 5 consid-
ering this asphalt content.

As shown in Table 4, the volumetric and
mechanical properties meet the require-
ments established by the MOP-001-F-2002
standard (Republica del Ecuador, 2002)
for heavy traffic.

Upon obtaining an approximate optimal
asphalt content of 5.9 % in the design, a
verification was conducted with 3 addi-
tional specimens, resulting in values with
which a comparison will be made with the
different PVC and rubber mixtures.

3.2 Rubber powder - Asphalt mixture

The rubber powder was used as an addi-
tive in the mixture, as an additional aggre-
gate, and also as a replacement for a por-
tion of the fine aggregate.

Before using the three percentages of rub-
ber powder (1 %, 2 %, and 3 %), the prepa-
ration of 3 specimens with 2 % rubber was
scheduled, considering the three ways it
will be added to the mixture. This resulted
in a total of 9 briquettes (3 briquettes with 2
% added as an additive, 3 briquettes with 2
% added as an additional aggregate, and
3 briquettes with 2 % added as a replace-
ment in the fine aggregate). This was done
to obtain values of the mechanical and
volumetric properties of the mixture (see
Table 5) to compare them and determine
which method of adding rubber to the mix-
ture might be the most effective.

Table 5. Verification of established requirements of the Marshall test
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Property Value Verification | Specification Unit
Vv 4 4.67 (2.95 %) 3-5 %
VAM 1410 | 14.31(0.76 %) > 13 %
VFA 72 67.36 (0.88 %) 65-75 %
Gmb 2.231 2.225 - adim
Stability 4000 4813 (8.66 %) > 2200 Lbs
Flow 11.10 11(5.34 %) 8-14 1/100 in
Filler / bitumen 112 112 08-1.2 adim

Figure 2. Granulometric curve of the aggregates, and polymers.
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Figure 5. (a) VAM vs. Asphalt Content, (b) VFA vs. Asphalt Content, (c) Gmb vs. Asphalt Content, (d) Stability vs.
Asphalt Content, (e) Flow vs. Asphalt Content.
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Table 6. Mechanical and volumetric properties of rubber powder.

Voids (%)
Rubber powder (%) Stability (Ibs) Flow (1/100")
VAM VFA Vv
2%
Additive 20.62 50.50 10.21 1900 13
Aggregate 17.40 37.88 10.81 2768 13
Replacement 19.64 48.16 10.18 2434 12
With Replacement of fine aggregate

19 15.98 56.99 6.87 3561 10

° (7.5 %) (9.2 %) (11.2 %) (2.9 %) (10.1 %)
59 19.64 48.16 10.18 2434 12

° (14.4 %) (18.5 %) (10.3 %) (13.4 %) (7.1 %)
39 2217 47.52 11.63 1544 16

° (2.3 %) (2.9 %) (5.0 %) (7.0 %) (9.7 %)

* Coefficient of variation in brackets

Taking into account the previous values (Ta-
ble 5), the option of using rubber powder re-
placement in a small portion of the fine ag-
gregate was considered. This is because it
exhibits a lower voids percentage with bet-
ter stability and flow compared to the other
methods of adding rubber powder.

The briquettes were made with rubber per-
centages of 1 %, 2 %, and 3 % as a re-
placement for a small portion of the fine ag-
gregate, resulting in 3 briquettes for each
rubber percentage, totaling 9 briquettes. In
Table 5, the variation in volumetric and me-
chanical properties obtained with respect
to the different percentages and methods
of adding rubber powder can be observed.

The incorporation of rubber powder into as-
phalt mixtures significantly influences pave-
ment performance. As the air void content
increases, from 4 % without rubber to val-
ues exceeding 10 % with rubber as an ad-
ditive, aggregate, or replacement, the mix-
ture's stability decreases, compromising
its ability to resist deformation under load.
Additionally, higher air void levels lead to
increased susceptibility to water infiltration
and oxidation, accelerating pavement ag-
ing and reducing durability. In other hand,
1 % of rubber added as replacement of fine

agreggate increases, although not consid-
erably, the volume of voids, also altering the
stability and flow, although it keeps them
within the specified limits.

3.3 PVC - Asphalt mixture

The blister-type PVC is added to the mix-
ture as an additive, as an additional aggre-
gate, and by replacing it as a percentage
of the fine aggregate. Taking this into ac-
count, before making the briquettes with
PVC percentages (0.5 %, 1%, and 1.5 %).
Tests are conducted with 1 % PVC using
the blister sizes retained on sieves; No. 16
(1.18 mm), No. 30 (0.60 mm), and No. 50
(0.30 mm), adding it as an additive to the
mixture, resulting in 9 briquettes. Tests are
conducted with 1 % PVC using the blister
sizes retained on sieves; No. 16 (1.18 mm),
No. 30 (0.60 mm), and No. 50 (0.30 mm),
adding it as an additive to the mixture, re-
sulting in 9 briquettes.

As observed in Table 6, the blister size
that comes closest to optimal void values
is sieve No. 30 (0.6 mm). With this blister
size, briquettes are made, considering
how the PVC will be added to the mixture,
resulting in 18 briquettes (3 briquettes of
0.5 % added as an additional aggregate,
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3 briquettes of 0.5 % added as a replace-
ment in the fine aggregate; 3 briquettes of
1 % added as an additional aggregate, 3
briquettes of 1% added as a replacement
in the fine aggregate; 3 briquettes of 1.5 %
added as an additional aggregate, 3 bri-
quettes of 1.5 % added as a replacement
in the fine aggregate).

In Table 6 the difference in volumetric and
mechanical properties of the modified mix-
ture can be observed with respect to the
different percentages and methods of add-
ing blister-type PVC.

4. RESULTS Y DISCUSSION

4.1 Effect of rubber powder and PVC on
the asphalt mixture

With the data obtained, it can be evidenced
that the best way to incorporate rubber

powder and blister-type PVC is by replac-
ing a small portion of the fine aggregate,
achieving more optimal values with 1 %
rubber powder and 1 % blister-type PVC.

It is worth noting that a comparison was
made with the control mixture, rubber mix-
ture, and PVC mixture while maintaining
the same asphalt percentage (5.9 %) and 1
% of each recycled element. As observed
in Fig. 6 to Figure 10 where coefficient of
variation (CV) is included. As it can be
seen, The mixtures that present the great-
est variability in the results are those that
incorporate rubber, presenting a higher CV
than the mixture without additions or those
that include PVC. Nevertheless, in all cases
except two, the CV is under 10 %, which
gives an indicative the results could be
considered consistent.

It can be observed that the void volume
(Vv) of the rubber powder and PVC dif-

Table 7. Mechanical and volumetric properties of PVC

Voids (%)
Sieve PVC (%) Stability (Ibs) | Flow (1/100")
VAM VFA Vv
Additive
No. 16 1.0 13.97 69.26 4.30 4255 11
No. 30 13.95 71.93 3.92 4268 11
No. 50 13.59 69.53 4.14 4513 9
Aggregate + PVC
0.5 13.95 67.47 4.54 4317 14
(0.0 %) (1.7 %) (2.0 %) (5.9 %) (11.4 %) (8.7 %)
No. 30 1.0 13.65 71.19 3.93 45083 13
' (0.0 %) (2.0 %) (2.4 %) (7.9 %) (18.4 %) (16.9 %)
1.5 13.99 69.16 4.32 5300 12
(0.0 %) (1.7 %) (1.9 %) (6.0 %) (12.0 %) (13.9 %)
Replacement of fine aggregate
0.5 15.56 62.19 5.88 3641 13
(0.0 %) (2.3 %) (2.8 %) (6.8 %) (6.7 %) (7.1 %)
No. 30 1.0 13.96 71.29 4.01 4465 13
' (0.0 %) (1.8 %) (2.1 %) (6.9 %) (7.2 %) (6.5 %)
1.5 14.45 67.25 4.73 4491 12
(0.0 %) (2.5 %) (2.9 %) (8.4 %) (10.9 %) (10.7 %)

* Coefficient of variation in brackets
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fers greatly, as shown in Figure 6. Rub- 2198

ber powder exhibits a higher void volume 2o | MO8 * Control mixture
compared to PVC and the control mixture. 18.0% '3:'::“.'"‘“"‘
. . L]
It is noticeable that the 1 % of rubber used 15.98% e
in the mixture does not meet the minimum 15.0% 13.96%
specifications ranging from 3 % to 5 %,
as it presents 6.87 % void volume, unlike 12.0%
PVC which has a void volume of 4.1 %, be-
ing closer to the optimal value (4 %) and 0%
improving upon the control sample which .
started with a void volume of 4.67 %. 0%
3.0%
9.0% —
Viid Volume (%) # Control mixture
8.0% ® Rubber mixture 0.0%
7.0% 6.87% = PVC mixture Figure 7. VMA - Control mixture, rubber, PVC
6.0%
5.0% 100.0% VFA (%) = Control mixture
® Rubber mixture
4.0% c0.05% = PVC mixture
3.0% 71.29%
2.0% 60.0%
1.0%
0.0% 40.0%%
Figure 6. Void volume - Control mixture, rubber, PVC
20.0%
In Figure 7, the voids in mineral aggregate
(VMA) of the rubber powder (15.98 %) 0.0%

does not increase considerably compared
to the VMA of the control mixture (14.31 %)
and PVC (13.96 %). However, it is ob-
served that the VMA of rubber is higher
than both, and that the VMA of PVC is lower

Figure 8. VFA - Control Mixture, rubber, PVC

than that of the control sample. Addition- 6000 | Stabitity (bs) :E:::::::z:
ally, it should be mentioned that the VMA in 000 813 # PVC mixture
all three cases meets the minimum specifi- 4465
cations, which require it to be greater than

13 %, as seen in Table 4. 4000

When analyzing the voids filled with as- e

phalt (VFA) with respect to the minimum

specifications in Table 4, which indicate 2000

that VFA should be between 65— 75 %, it is

observed that rubber powder has a lower 1000

value of 56.99 % and does not meet the

minimum requirements, unlike PVC, which 0

has 71.29 %, meeting the specifications Figure 9. Stability - Control mixture, rubber, PVC

5

EIDOS 25
2025
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and improving upon the control sample,
which started with 67.36 %. (See Figure 8).

The stability values for both are at the per-
mitted limit as they exceed 2200 Ibs, as
shown in Table 4 This value is related to
the mixture's ability to withstand deforma-
tions. It can be observed that the control
sample has a value of 4813 lbs, which is
higher than rubber (3561 Ibs) and PVC
(4465 Ibs). Consequently, it is evident that
the control sample significantly decreases
its stability when rubber is added, and de-
creases slightly when PVC is added, but
the difference in its value is not significant.
(See Figure 9).

As seen in Figure 10 the flow of the con-
trol sample is 11 (1/100"), but when rubber
powder is added, this value changes to
10 (1/100"), and when blister-type PVC is
added, the flow value is 13 (1/100"). Com-
paring with the specifications in Table 6,
which indicate that the flow should be in
the range of 8-14, it can be concluded that
the modified mixtures are within the allow-
able range.

20

Flow (1/100") Control mixture
18 ® Rubber mixture
16 ® PVC mixture
14 13
12 11
10
]
P oV

5.34%

4
2
]

Figure 10. Flow - Control mixture, rubber, PVC

5. CONCLUSIONS

This article presents the incorporation of
rubber powder and blister-type PVC in
modified asphalt mixtures, aiming to evalu-

ISSN:1390-5007

ate which of these has a greater influence
on the stability and flow of such mixtures,
as well as to assess which one provides
better workability and what percentage of
these should be added to the conventional
asphalt mixture to obtain optimal values. Af-
ter conducting various tests, the following
conclusions have been reached.

The modification of the asphalt mixture
along with the addition of recycled PVC in-
dicates better results in the tests than the
modified mixture with rubber powder, both
subjected to the same tests and with the
same study variables. It can be evidenced
that the best way to incorporate rubber
powder and blister-type PVC is by replac-
ing a small portion of the fine aggregate,
achieving more optimal values with 1 %
rubber powder and 1 % blister-type PVC

Rubber powder and PVC at different per-
centages respectively produced signifi-
cant effects on the minimum specifications,
both in the mechanical and volumetric
properties of the hot mix asphalt design.
Incorporate rubber in 1 % incremented the
void volume of mixtures in 6.87 % which is
over 5 % (maximum recommended value).
In the other hand, 1 % of PVC allowed to
slightly reduce the volume of voids. Raise
the void volume could increase suscepti-
bility to water infiltration and oxidation, ac-
celerating pavement aging and reducing
durability of mixture.

The stability in the asphalt mix design with
rubber powder and blister-type PVC meets
a minimum value for heavy traffic roads,
of 2200 Ibs, showing a decrease as the
percentage of rubber powder increases;
conversely, blister-type PVC shows an in-
crease as the percentage increases.

Rubber powder requires a temperature
equal to or higher than 175 °C before be-
ing incorporated into the conventional mix-
ture, which hinders its workability. (Wang
et al.,, 2020) affirm that temperature for
crumb rubber-modified asphalt should not
exceed 180 °C, as it ensures effective rub-
ber swelling without significant degrada-

QUIMBIULCO, et al. - Impact of recycled rubber and PVC on mechanical properties of modified asphalt mixtures. pp. 105-118



tion, enhancing the binder's mechanical
properties and stability. In other hand, the
AC-20 should not exceed its temperature
of 150 °C. This necessitates that the rubber
and aggregates be mixed before incorpo-
ration. In contrast, PVC can be added be-
fore the mixture of aggregates and AC-20
reaches 150 °C.

It is confirmed that blister-type PVC (1 %)
proved to be better in the incorporation of the
asphalt mixture with particle size from sieve
No. 30 (0.60 mm) and added as a replace-
ment for a portion of the fine aggregate. This
has better workability when added to the
conventional mixture and in the tests pres-
ents better values compared to rubber pow-
der (1 %), which was added as a replace-
ment for a portion of the fine aggregate.

The percentages of PVC and rubber pow-
der used in general, and below the mini-
mum specifications for the asphalt mixture
design and the preliminary study of this
research, indicate that the use of recycled
materials presents better resistance to de-
formation in a flexible pavement.

ACKNOWLEDGMENTS

The authors thank the materials laboratory
of Empresa Metropolitana de Obras Publi-
cas de Quito for allowing the tests to be
carried out in their laboratories facilities.

6. REFERENCES

Alfayez, S. A., Suleiman, A. R. & Nehdi,
M. L. (2020). Recycling tire rubber in as-
phalt pavements: State of the art. Sus-
tainability — (Switzerland), 12(21), 1-15.
https://doi.org/10.3390/su12219076

American Society for Testing and Mate-
rials. (1989). ASTM D1559-89 Test Method
for Resistance of Plastic Flow of Bituminous
Mixtures Using Marshall Apparatus.

American Society for Testing and Mate-
rials. (2010). ASTM D2041-03a Standard
Test Method for Theoretical Maximum Spe-

cific Gravity and Density of Bituminous Pa-
ving Mixtures.

American Society for Testing and Mate-
rials. (2020). ASTM D6926-20 Standard
Practice for Preparation of Asphalt Mixture
Specimens Using Marshall Apparatus.

ASTM D6926-20. (2020). Standard Prac-
tice for Preparation of Asphalt Mixture
Specimens Using Marshall Apparatus.
https://www.astm.org/d6926-20.html

Behl, A., Sharma, G. & Kumar, G. (2014).
A sustainable approach: Utilization of
waste PVC in asphalting of roads. Cons-
fruction and Building Materials, 54, 113-
117. https://doi.org/10.1016/j.conbuildmat.
2013.12.050

Cutucuamba, P., & Fernandez, A. (2024).
Efecto del polvo de caucho en mezclas as-
falticas recicladas [Universidad Politécni-
ca Salesiana]. https://dspace.ups.edu.ec/
handle/123456789/27241

Fakhri, M., Shahryari, E. & Ahmadi, T.
(2022). Investigate the use of recycled
polyvinyl chloride (PVC) particles in impro-
ving the mechanical properties of stone
mastic asphalt (SMA). Construction and
Building Materials, 326(January), 126780.
https://doi.org/10.1016/j.conbuildmat.
2022.126780

Heitzman, M. A. (1992). Design and cons-
truction of asphalt paving materials with
crumb rubber modifier. Transportation Re-
searchRecord.https://api.semanticscholar.
org/CorpusID:107524812

Jwaida, Z., Dulaimi, A., Mydin, M. A., Ozkilic,
Y. O, Jaya, R. P. & Ameen, A. (2023). The
Use of Waste Polymers in Asphalt Mixtu-
res: Bibliometric Analysis and Systematic
Review. In Journal of Composites Science,
(7(10). https://doi.org/10.3390/jcs7100415

Li, H., Zhou, L., Sun, J., Wang, S., Zhang,
M., Hu, Y. & Temitope, A. A. (2022). Analy-
sis of the Influence of Production Method,
Plastic Content on the Basic Performance
of Waste Plastic Modified Asphalt. In Poly-
mers 14(20), 4350. https://doi.org/10.3390/
polym14204350

QUIMBIULCO, et al. - Impact of recycled rubber and PVC on mechanical properties of modified asphalt mixtures. pp. 105-118 ISSN:1390-5007

/

EIDOS 25
2025



https://doi.org/10.3390/su12219076
https://www.astm.org/d6926-20.html
https://doi.org/10.1016/j.conbuildmat.2013.12.050
https://doi.org/10.1016/j.conbuildmat.2013.12.050
https://dspace.ups.edu.ec/handle/123456789/27241
https://dspace.ups.edu.ec/handle/123456789/27241
https://doi.org/10.1016/j.conbuildmat.2022.126780
https://doi.org/10.1016/j.conbuildmat.2022.126780
https://api.semanticscholar.org/CorpusID:107524812
https://api.semanticscholar.org/CorpusID:107524812
https://doi.org/10.3390/jcs7100415
https://doi.org/10.3390/polym14204350
https://doi.org/10.3390/polym14204350

EIDOS 25
2025

Ma, M., Tam, V. W. Y., Le, K. N. & Li, W.
(2020). Challenges in current construction
and demolition waste recycling: A Chi-
na study. Waste Management, 118, 610-
625. https://doi.org/10.1016/j.wasman.
2020.09.030

Mashaan, M. (2012). Effect of Crumb Ru-
bber Modifier to the Properties and Rheo-
logical Behaviour of Asphalt. University of
Malaya, Kuala Lumpur.

Mohajerani, A., Vajna, J., Cheung, T. H. H.,
Kurmus, H., Arulrajah, A., & Horpibulsuk, S.
(2017). Practical recycling applications of
crushed waste glass in construction mate-
rials: A review. Construction and Building
Materials, 156, 443-467. https://doi.org/
10.1016/j.conbuildmat.2017.09.005

Mohammed, A.-H., Yang, Q. & Al-Bukhai-
ti, K. (2021). Using Crumb of Tires in Hot
Asphalt Mixture as a Part of Aggregate.
IOP Conference Series: Materials Scien-
ce and Engineering, 1075(1), 12005.
https://doi.org/10.1088/1757-899X/1075/1/
012005

Moreno-Navarro, F., Rubio-Gamez, M. C.
& Jiménez Del Barco-Carrion, A. (2016).
Tire crumb rubber effect on hot bituminous
mixtures fatigue-cracking behaviour. Jour-
nal of Civil Engineering and Management,
22(1), 65-72.

Nobinur Rahman, M., Ahmeduzzaman,
M., A. Sobhan, M. & U. Ahmed, T. (2013).
Performance Evaluation of Waste Pol-
yethylene and PVC on Hot Asphalt Mix-
tures. American Journal of Civil Engi-
neering and Architecture, 1(5), 97-102.
https://doi.org/10.12691/ajcea-1-5-2

NTE INEN 2680:2013. (2013). INEN Pro-
ductos derivados del petrdleo. Asfalto mo-
dificado con caucho reciclado. Requisitos
e inspeccion.

Rasel, H. M., Rahman, M. N. & Ahmed, T.
U. (2011). Study of Effects of Waste PVC
on the Properties of Bituminous Mixes.
SAMRIDDHI : A Journal of Physical Scien-
ces, Engineering and Technology, 2(02),

ISSN:1390-5007

17-23. https://doi.org/10.18090/samriddhi.
v2i2.1601

Republica del Ecuador, M. de O. P. y C.
(2002). MOP-001-F-2002 Especificaciones
generales para la construccion de camio-
nes y puentes.

Saikia, N., & De Brito, J. (2012). Use of plas-
tic waste as aggregate in cement mortar
and concrete preparation: A review. Cons-
fruction and Building Materials, 34, 385-
401. https://doi.org/10.1016/j.conbuildmat.
2012.02.066

Takallou, M. B., & Takallou, H. B. (1991).
Benefits of Recycling Waste Tires in Ru-
bber Asphalt Paving. Transportation Re-
search Record, 1310(6), 87-92.

Wang, H., Liu, X., Zhang, H., Apostolidis,
P., Scarpas, T. & Erkens, S. (2020). As-
phalt-rubber interaction and performance
evaluation of rubberised asphalt binders
containing non-foaming warm-mix additi-
ves. Road Materials and Pavement Design,
21(6), 1612-1633. https://doi.org/10.1080/
14680629.2018.1561380

Wulandari, P.S., & Tjandra, D.(2017). Use of
CrumbRubberasanAdditiveinAsphaltCon-
crete Mixture. Procedia Engineering, 171,
1384-1389. https://doi.org/https://doi.org/
10.1016/j.proeng.2017.01.451

Xu, F., Zhao, Y. & Li, K. (2022). Using Was-
te Plastics as Asphalt Modifier: A Review.
In Materials, 15 (1), 110. https://doi.org/
10.3390/ma15010110

Yellishetty, M., Karpe, V., Reddy, E. H., Su-
bhash, K. N. & Ranjith, P. G. (2008). Reuse
of iron ore mineral wastes in civil enginee-
ring constructions: A case study. Resour-
ces, Conservation and Recycling, 52(11),
1283-1289. https://doi.org/https://doi.org/
10.1016/j.resconrec.2008.07.007

Ziari, H., Nasiri, E., Amini, A. & Ferdosian, O.
(2019). Theeffectof EAFdustandwaste PVC
on moisture sensitivity, rutting resistance,
and fatigue performance of asphalt binders
and mixtures. Construction and Building
Materials, 203, 188-200. https://doi.org/
10.1016/j.conbuildmat.2019.01.101

QUIMBIULCO, et al. - Impact of recycled rubber and PVC on mechanical properties of modified asphalt mixtures. pp. 105-118


https://doi.org/10.1016/j.wasman.2020.09.030
https://doi.org/10.1016/j.wasman.2020.09.030
https://doi.org/10.1016/j.conbuildmat.2017.09.005
https://doi.org/10.1016/j.conbuildmat.2017.09.005
https://doi.org/10.1088/1757-899X/1075/1/012005
https://doi.org/10.1088/1757-899X/1075/1/012005
https://doi.org/10.12691/ajcea-1-5-2
https://doi.org/10.18090/samriddhi.v2i2.1601
https://doi.org/10.18090/samriddhi.v2i2.1601
https://doi.org/10.1016/j.conbuildmat.2012.02.066
https://doi.org/10.1016/j.conbuildmat.2012.02.066
https://doi.org/10.1080/14680629.2018.1561380
https://doi.org/10.1080/14680629.2018.1561380
https://doi.org/https://doi.org/10.1016/j.proeng.2017.01.451
https://doi.org/https://doi.org/10.1016/j.proeng.2017.01.451
https://doi.org/10.3390/ma15010110
https://doi.org/10.3390/ma15010110
https://doi.org/https://doi.org/10.1016/j.resconrec.2008.07.007
https://doi.org/https://doi.org/10.1016/j.resconrec.2008.07.007
https://doi.org/10.1016/j.conbuildmat.2019.01.101
https://doi.org/10.1016/j.conbuildmat.2019.01.101

