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ABSTRACT

Today, the world faces an enormous increase in plastic waste pollution caused by the emergence of the COVID-19 pan-
demic. Plastic pollution has been already one of the greatest threats to our planet before the Coronavirus outbreak. The
disposal of millions of personal protective equipment (PPE) in the form of face masks has significantly contributed to
the generation of plastic waste and has exacerbated plastic pollution. In an attempt to mitigate pollution caused by the
excess PPE waste, an innovative way was developed in this research to reduce pandemic-generated wastes by using the
shredded face mask (SFM) fibers as an additive to hot mix asphalt (HMA) to enhance rutting resistance. Rutting or per-
manent deformation is one of the major distresses of asphalt pavement. Since the SFM behaves as a semi-liquid be-
tween 115.5 and 160 °C, which is in the range of HMA mixing and paving temperature, it can function as a binding
agent to glue the aggregates. When the pavement is cooled down to ambient temperature, the hardened SFM can pro-
vide stability and stiffness to HMA. Based on the results of this study, the modified mixes exhibited excellent resistance
to permanent deformation under the Asphalt Pavement Analyzer (APA), as rutting depth values were reduced from
3.0 mm to 0.93 mm by increasing the SFM content from 0% to 1.5%. From the rutting test results and premature dis-
tress mechanism study, the appropriate addition of SFM modifiers could improve the high-temperature properties of
HMA that can be used to strengthen high-compression and shearing zones in the pavement structure.

* Corresponding author.
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The COVID-19 pandemic has created serious health, financial, and envi-
ronmental issues worldwide (Garel and Petit-Romec, 2020). It is uncertain
when and how this pandemic will end (Yong, 2021). During the current
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pandemic, there has been a sharp increase in the use of Personal Protective
Equipment (PPE) compared to pre-pandemic time (Maderuelo-Sanz et al.,
2021). This is mainly because of the implemented mandatory requirements
for wearing PPE, especially face masks (Rowan and Laffey, 2021). One of
the effective health campaigns against the Coronavirus virus is using face
masks, which hasled to the necessity of face masks as part of the global pub-
lic health initiative to avoid the spread of the virus (Royo-Bordonada et al.,
2020). Compound annual growth of 20% for the supply of facial and surgi-
cal masks is estimated from 2020 to 2025 (Ilyas et al., 2020). This trend will
continue.

Though the use of face masks is incredibly needed, the disposal of the face
mask is threatening the environment (Boroujeni et al., 2021). A large amount
of discarded face masks is generated globally on a daily basis. It was estimated
that 129 billion face masks were generated in 2020 monthly (Prata et al.,
2020). Another estimation showed that over 6.68 billion (approximately
206,470 tons) face masks were used globally daily due to the COVID-19 pan-
demic (Saberian et al., 2021a). Masks made from lightweight materials can
easily be moved around by wind and rain, even if they are dumped in bins
or sent to landfills. This is why the used face masks are ubiquitous in our
cities, parks, parking lots, and local areas. Ultimately, the used face masks
can easily find their way to rivers and oceans, threatening marine life
(Kilmartin-Lynch et al., 2021b). It has been reported that more than 1.56 bil-
lion masks entered oceans in 2020 (Lee et al., 2021). Also, reports state that
the number of face masks in oceans will be more than the number of jellyfish
in the near future. Therefore, the microplastic issues have already been wors-
ened due to the entering of the used PPE, including face masks, into the
oceans (Kilmartin-Lynch et al., 2021a; Torresa and De-la-Torreb, 2021).

The disposable surgical face masks, which are mainly made of polypropyl-
ene (PP), are the most commonly used masks (Kwak and An, 2021). In addi-
tion, since disposable face masks are mainly made of non-biodegradable
plastics, these single-use masks will take as long as 450 years to break down
in the environment (Saberian et al., 2021a). To alleviate these critical environ-
mental issues, we must take advantage of sustainability principles to collabo-
rate on used face mask disposal to reduce the environmental risks. A potential
option would be the adoption of used face masks for large-scale civil and con-
struction projects. The effects of polypropylene in HMA have been already
studied to some extent. Othman (2010) used PP as a coating material to eval-
uate the long-term aging of HMA. The PP additive has managed to counteract
the effect caused by the long-term aging of HMA. It was also observed that the
coating method could significantly enhance the tensile strength and fracture
energy under the aged and unaged conditions since the inclusion of polypro-
pylene could improve the surface roughness and the mechanical properties of
the aggregates. Hamedi et al. (2018) used PP in HMA as an antistripping ad-
ditive. The test results indicated that the use of PP improved the resistance of
asphalt mixtures in both wet and dry conditions. The investigation of the ef-
fect of PP in HMA on rutting resistance has rarely been found. The effects of
PP fibers on the properties of asphalt binders were studied by Kathari
(2016). It was observed that the incorporation of PP fibers decreased the ther-
mal sensitivity and increased resistance to permanent deformation at high
temperatures. However, little research has been conducted to investigate
the effect of PP in HMA on rutting resistance. More recently, two research
have been conducted on the repurposing of single-use face masks for civil en-
gineering applications, concrete application (Kilmartin-Lynch et al., 2021b),
and road base and subbase application (Saberian et al., 2021a). Another po-
tential application of adopting single-use face masks in civil engineering can
be the asphalt application to modify the quality, performance, and properties
of asphalt, which is the main aim of the current study.

In highway construction, asphalt binder is used to bind mineral aggre-
gates (sand, gravel, rock, filler, etc.) that form pavement surfaces. Asphalt
binder is influenced by a variety of factors, including temperature swings,
solar radiation, oxidation, and average daily traffic (ADT) (Zhang et al.,
2020). As a result, road surfaces are prematurely losing viability due to
the physical stresses on the asphalt binder. Therefore, the asphalt binder
needs to be rejuvenated. Some types of fresh asphalt binder also require
modification to comply with the pavement requirements (Roberts et al.,
1996).
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In terms of pavement structure, one of the challenges facing many
asphalt roads today is to control rutting in pavements due to traffic vol-
ume, tire pressure, and axial load (Saberian et al., 2020a; Saberian
et al., 2021b). This pattern often emerges in the first few years after
the service area is opened (Suo and Wong, 2009). There are three
forms of rutting in asphalt pavements: structural rutting, wheel path
wear and densification, and asphalt concrete instability (permanent de-
formation) (Saberian et al., 2018; Saberian et al., 2021c¢). The latter two
types of rutting are illustrated in Supplementary Fig. 1(a) and Supple-
mentary Fig. 1(b), respectively. The most severe type of rutting is as-
phalt concrete instability rutting, as shown in Supplementary Fig. 2
(Wang, 2016). The rutting of the pavement layers is a cumulative defor-
mation that has persisted for years, which can be caused by the aggre-
gate particle shape, toughness, and angularity of coarse and fine
aggregates. It also can be caused by an incorrect asphalt binder and
mix design, for instance, a binder that does not meet AASHTO M320
(AASHTO, 2017), or AASHTO M332 (AASHTO, 2020) specifications,
a poorly designed mix, or a mix with a high percentage of asphalt
binder. To look at it in another way, such a poor pavement has the char-
acteristics of densification and lateral deformation, or differently, it
looks like a depression in the wheel paths and erosions on the edges
(Khan et al., 2013).

Rutting contributes to the deterioration and hydroplaning propen-
sity of pavement (Fontes et al., 2010). Rutting can also lead to major
failures of the pavement structure (Saberian et al., 2020b; Suo and
Wong, 2009). As a result, the rutting has a negative effect on the safety
of pavements and can harm the lives of the commuters on the roads
(Dhir OBE et al., 2019). Rutting is an important parameter for structural
evaluation and selection criterion for new pavements (FHWA and
NAPA, 2001). Research has found that both inappropriate selection of
asphalt binder and aggregates, such as less crushed sides of coarse ag-
gregate and uncrushed gravel, can contribute to rutting (Li et al.,
2021). Manufactured sand is better than natural sand. For asphalt
binder rutting, the ratio of dynamic shear modulus to the sine of the
phase angle, |G*|/sin8, is used as a parameter in the performance grad-
ing (PG) standard. This parameter is measured using an oscillation test
in the linear viscoelastic (LVE) range. However, in pavements, the de-
formations that occur during rutting are substantially higher and in-
volve non-linear viscoelastic (NLVE) behaviors (Salim et al., 2019).
Improving asphalt binder selection criteria can improve rutting, as the
Superpave design method has suggested, which has been used in the
US in the last 20 years. As traffic volumes, traffic flows, and pressures
have increased recently, the likelihood of tires causing rutting and
cracking has increased (Xu and Huang, 2012). Some modifiers, such as
polymers and some plastics, can make the asphalt binder stiffer to
make it less susceptible to stress cracking and make the asphalt binder
become softer to resist better to the stiffness changes at service temper-
atures (Speight, 2015). Therefore, different types of residual plastic
wastes have been recently used as asphalt binders for increasing the ef-
fectiveness and improving the performance of asphalt (Almeida et al.,
2021; Veropalumbo et al., 2021). Some waste plastics, including poly-
ethylene, polypropylene, and polystyrene, do not produce any toxic
gas during heating; if sprayed on hot aggregate at 160 °C, they tend to
create a film covering the aggregates to form plastics coated aggregates,
resulting in a better raw material for the construction of flexible pave-
ments. (Rajasekaran et al., 2013; Sarkar et al., 2016). It has also been re-
ported that the adoption of plastics as asphalt binders can improve the
engineering properties of flexible pavements (i.e., Marshall stability,
water resistance, and resistant to crack propagation) (Esfandabad
et al., 2020; Haider et al., 2020; Needhidasan and Agarwal, 2020).
Therefore, the recycling and repurposing of COVID-19 generated
wastes, including single-use face masks, solid waste plastics, and indus-
trial by-products (such as asphalt shingles, glass, and ash), will not only
reduce the environmental issues and provide added financial values, but
also can be considered for asphalt applications, where they may be an
ingredient in HMA.
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2. Significance of the research

To mitigate the spread of the pandemic's deleterious environmental
effects, rigorous partnerships and collaborations are needed across all disci-
plines. This study explores the possibility of using face masks to convert
them to an additive for hot mix asphalt (HMA) to modify the mechanical
properties of asphalt pavement, therefore opening an avenue to reduce
the increased PPE pollutions. In this research, a series of experiments on
the volumetric properties of Superpave specimens and rutting were con-
ducted on the blends of different percentages of the shredded face masks
(SFM) added to the normal HMA mixes for pavement applications. This
study attempts to evaluate the improvements in the modification of asphalt
due to the addition of SFM.

The specific objectives of the current study can be summarized as follows:

» To evaluate the effects of SFM on the rutting of the modified flexible
pavement.

» To determine the effect of the inclusion of SFM in the modified mixture
from the Superpave test.
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3. Materials and methods
3.1. Preparation of the single-use face masks as HMA modifier

In this study, shredded single-use face masks were used as a modifier for
the hot mix asphalt. The physical properties of the face masks were evalu-
ated through a series of experiments, and the results are outlined in Supple-
mentary Table 1. However, since this study was conducted on new masks,
to simulate the disinfection process and observe the physical changes of
the treated face masks, the masks were disinfected by placing them in the
oven at a temperature of 70 °C for 60 min (Xiang et al., 2020). Then, the
nose metal strips and ear-loops were removed from the face masks prior
to use. To evaluate the behavior of the face masks in the HMA mixture,
the main process of the sample preparation of masks started at this point
by placing the face masks in an oven at 160 °C for 10 min to melt the face
masks. Then, the melted face masks were removed from the oven and
cooled at room temperature to be hardened. It should also be mentioned
that the face masks started melting at 115.5 °C after 10 min in the oven.
Fig. 1(a and b) shows views of the face masks in the oven for the

Fig. 1. (a) Disinfection of face masks in the oven, (b) melted/semi-liquefied face masks at 160 °C temperature in the oven, and (c) shredded face masks after the cooling/

hardening process to be added in the HMA mixes as a modifier.
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disinfection process and the liquefying process. Then, the cooled and hard-
ened face masks were shredded into small pieces to a size of 40 mm X
5 mm using a paper shredder. Considering the fiber was melted under the
mixing temperature acting as a binder and uniform size of the SFM, the ef-
fect of the size under this situation is neglected (Fig. 1(c)).

3.2. Hot mix asphalt composite materials

In this research study, Superpave PG 64-22 asphalt was used. The per-
formance graded (PG) system is a methodology for evaluating the perfor-
mance of asphalt binder materials. It was created in the early 1990s as
part of the strategic highway research program (SHRP). The Superpave per-
formance grading (PG) standard assigns a performance grade to asphalt
binders that vary by 6 °C depending on the ambient environmental temper-
atures (Clayton et al., 2009). PG64-22 is an asphalt binder Performance
Grade (PG) determined by two factors: traffic and pavement temperature.
Adjustments are made to the PG grade of asphalt binder based on traffic cir-
cumstances and volume, with the goal of extending the pavement's design
life. This asphalt grade is used for the high pavement design temperature
of 64 °C and low pavement design temperature of minus 22 °C.

Two specimens for each combination were prepared for this research.
Coarse aggregate, fine aggregate, Reclaimed Asphalt Pavement (RAP), hav-
ing 5.2% asphalt binder, and 7.6% asphalt content (AC) were chosen for the
control mix design. Crushed stone manufactured sand, natural sand, and
baghouse fines were also used. The same mix was used for different con-
tents of SFM. Table 1 shows the aggregate gradation for RS 4.75A surface
mix (control). RAP has been utilized for paving in hot mix asphalt (HMA)
blends since the 1930s. The option of using the old asphalt binder in the
new mixes, in contrast to the recycled aggregate or crushed portland con-
crete, reduces the needed (new) asphalt content, makes the use of RAP
for HMA combinations more cost-effective (Huang et al., 2005). To guaran-
tee that the aggregate in the RAP had identical features as the new one, the
RAPs were sampled from the same geographic region. RAP sources were
approved by the NCDOT (the North Carolina Department of Transporta-
tion) and blended with asphalt binder PG 64-22. A total of seven HMA
mixes incorporating different proportions of SFM (i.e., 0% (control mix),
0.25%, 0.5%, 0.75%, 1%, 1.25%, and 1.5% by weight of the mixtures)
were considered for testing in this study. Supplementary Fig. 3 shows the
mixing of SFM with the asphalt binder for preparing the HMA mixes. It is
worth mentioning that during the mixing process, the uniformity of the
SFM dispersion in the mixes was controlled by observing the SFM with
light color.

Table 1
Aggregate gradation for RS 4.75A surface mix.
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Table 2
Mix properties of N.

% Asphalt Binder-Total Mix 7.0 7.5 8.0 8.5
Gmp' @ Ndes” (or Nppax') 2.188 2200 2.211 2.222
Max. Specific Gravity (Gym’) 2.338 2322 2.307 2.291
% Voids-Total Mix (VTM) 6.4 5.3 4.2 3.0
% Solids-Total Mix 93.6 94.7 95.8 97.0
% Effective Binder Content (Py.") 6.9 7.4 7.9 8.4
Dust to Py Ratio (P g75/Ppe) 1.22 1.14 1.06 1.00
By volume of Effective Py," 14.6 15.8 16.9 18.1
% Solids by Vol. of Agg. Only 79.0 78.9 78.9 78.9
% Voids in Mineral Agg. (VMA) 21.1 21.1 21.1 21.1
% Voids Filled w/Binder (VFA) 69.2 74.9 80.1 85.8
%Gmm @ Nip;i* 6 87.2 88.0 88.8 89.8
% Gmm @ Nges 50 93.6 94.8 95.8 97.0
% Gmm @ Nimax 98.5
Sand Equivalent: 58.4 P, in RAP 5.2
C. Agg. Angularity: 100/100 P, from RAP 0.8
F. Agg. Angularity: 47.2 Ppa’ 0.1

ASH%

TSR"% 83.8

Ign. Furn. Calib.” 0.29

% Gmp: bulk specific gravity of compacted mixture; Nges: the number of gyrations
specified to reach the target density of the mix and it is based on the estimated field
density in the middle of its service life; Ny,y: the number of gyrations based on an
estimate of the final density expected in the field at the end of its service life after
years of further densification by traffic; Nj,;: The number of gyrations used as a mea-
sure of mixture compactability during construction; Py.: effective asphalt content,
percent by the total mass of mixture; Gy,,: maximum specific gravity of paving mix-
ture (no air voids); Py,: asphalt content, percent by the total mass of mixture; Py,: ab-
sorbed asphalt, percent by mass of aggregate; TSR: tensile strength ratio; Ign. Furn.
Calib.: ignition furnace calibration.

3.3. Mix design

As mentioned earlier, seven samples were prepared with the speci-
fication of RS 4.75 A with the same mixed formula as that of the
Superpave mix PG 64-22. One is the control mix with no SFM and the
other six contain 0.25%, 0.50%, 0.75%, 1.00%, 1.25%, and 1.50%
SFM. The diameter and thickness of the specimens were 150 mm and
75 mm, respectively. The optimum asphalt content and RAP were
7.6% and 15.4% for all mixtures, respectively. %VTM, %VFA, %VMA
were found to be 5.0%, 76.0%, and 21.2% for all mixtures, respec-
tively. Table 2 summarizes the mix properties for N design, which is
the number of gyrations specified to reach the target density of the

Material 78 M UCL" base Man. sand” N sand® BgHs fines” RAP Blend Control points
Percent (MD?) 5.0 321 30.0 15.0 2.5 15.4 100
Percent (JMF?) 5.0 35.0 30.0 15.0 15.0 100
Sieves (mm) 50.0 100.0 100.0 100.0 100.0 100.0 100.0 100
37.5 100.0 100.0 100.0 100.0 100.0 100.0 100
25.0 100.0 100.0 100.0 100.0 100.0 100.0 100
19.0 100.0 100.0 100.0 100.0 100.0 100.0 100
12,5 100.0 100.0 100.0 100.0 100.0 100.0 100 100
9.5 93.0 97.0 100.0 100.0 100.0 97.0 98 95-100
4.75 37.0 86.0 100.0 100.0 100.0 84.0 90 90-100
2.36 13.0 70.0 87.0 100.0 100.0 70.0 78
1.18 4.0 48.0 61.0 99.0 100.0 59.0 60 30-60
0.600 3.0 34.0 43.0 90.0 100.0 48.0 47
0.300 2.0 20.0 26.0 43.0 100.0 33.0 28
0.150 1.0 13.0 5.0 7.0 96.0 14.0 11
0.075 1.0 11.6 21 3.3 94.0 7.8 8.4 6.0-12.0
Ign.Furn.Corr.Factor®
Agg.Bulk Dry.S.G.* 2.435 2.543 2.592 2.656 2.520 2.605 2.578
Agg. Effective S.G.": 2.584
Agg. Apparent S.G.” 2.626 2.649 2.719 2.682 2.548 2.653 2.672

# UCL: unclassified dry screenings containing 3/8” size rock; N Sand: natural sand; Man. Sand: manufactured sand; BgHs Fines: baghouse fines; MD: mix design; JMF: job
mix formula; Ign.Furn.Corr.Factor: ignition furnace correction factor; Agg.Bulk Dry.S.G: aggregate bulk dry specific gravity; Agg. Effective S.G.: aggregate effective specific

gravity; Agg. Apparent S.G.: aggregate apparent specific gravity.
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Table 3
Superpave volumetric properties RS 4.75A.
Control 0.25% 0.50% 0.75% 1.00% 1.25% 1.50%
Mix SFM SFM SFM SFM SFM SFM
Diameter (mm) 150.00 150.00 150.00 150.00 150.00 150.00 150.00
Thickness (mm) 75.00 75.00 75.00 75.00 75.00 75.00 75.00
Dry Mass in Air 2897.92 2890.80 2891.80 2891.20 2892.55 2892.45 2894.75
SSD Mass in Air 2899.60 2892.15 2893.6 2893.50 2894.70 2894.45 2896.2
Bulk Sp. Gravity 2.213 2.193 2.195 2.191 2.192 2.192 2.197
% Air Voids 4.53 5.40 5.40 5.50 5.45 5.45 5.25
%VTM 5.0
%VFA 76.0
%VMA 21.2
%AC 7.6

mix, and it is based on the estimated field density in the middle of its ser-
vice life. Table 3 shows Superpave volumetric properties RS 4.75A. The
composing materials were mixed at approximately 160 °C and immediately
compacted under the Superpave gyratory compactor (SGC).

3.4. Equipment employed

For laboratory and field use applications, there is a wide range of as-
phalt concrete accelerated testing equipment for evaluating the permanent
deformation (rutting). For example, Hamburg-type wheel tracking equip-
ment can be used for wet or dry rutting resistance testing (Walubita et al.,
2020), while wheel tracking equipment developed by the French LCPC is
widely used in Europe with two prismatic specimens (beam shape)
(Bodin et al., 2011). The Asphalt Pavement Analyzer (APA), as shown in
Supplementary Fig. 4, developed by PTI, is widely used in the United
States with growing international use (Uzarowski et al., 2010). A series of
laboratory tests were performed on HMA mixes for evaluating the perfor-
mance of rutting resistance of HMA mixes containing SFM. All the tests
were performed in NCDOT approved laboratories. The testing method
was established by the American Association of State Highway and
Transportation Officials and the American Society for Testing and
Materials. In this project, Asphalt Pavement Analyzer (APA) and Superpave
tests were conducted. Four replicate samples were prepared for each mix
design, and the average results were provided.

The APA chamber temperature was set at 64 °C, the wheel loading con-
dition was 100 lbs. (45 kg), and the hose pressure was 100 psi (689 kPa).
APA machine was set at 60 cycles per minute. Samples were subjected to
8000 cycles in the APA. Rut depth measurements were collected at seating
loads of 0, 25, 4000, and 8000 cycles in this study.

35
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4. Results and discussion

Fig. 2 shows the comparison between the control mix and the different
percentages of SFM mix specimens in a bar chart. As seen from the figure,
the adoption of shredded face masks (SFM) has improved the rutting resis-
tance of hot mix asphalt. At 0.5%, the rutting showed a higher value
(3.16 mm). It might be due to the testing error that does not affect the inter-
pretation of the overall results and its trend. The rutting depth of the control
sample was observed at 3.0 mm; however, by increasing the SFM content
from 0.5% to 1.5%, the rutting depth reduced from 3.16 mm to 0.93 mm,
which is lower than the control mix and lower than the maximum specifica-
tion requirements for local traffic pavement and interstate highway pave-
ment. It should be mentioned that the maximum rut depth is 4.5 mm
(= 30 million ESALSs) for interstate highway pavement in the US, and for
local traffic pavement, it is 11.5 mm (< 0.3 ESALs). The mix design incor-
porating 1.5% SFM provided the lowest rut depth at 0.93 mm, which is a
remarkable result. Therefore, it can be concluded that the melted SFM func-
tioned like an asphalt binder to bind the aggregates and reduce the rut
depth. Generally, it can be argued that the mixtures containing SFM are
more resistant to the wheel loads. This can be explained by the increase
in the stiffness of the mixes and improved adhesion between the aggregates
by the incorporation of SFM. As indicated earlier, the soft PP masks melted
under the mixing temperature and hardened under ambient temperature,
thus enhancing the adhesion between aggregate particles. Considering
the best SFM content of 1.5% in HMA in this study, for constructing one ki-
lometer of pavement with a thickness of 50 mm asphalt, approximately
2.7 tons of face masks (about 180,000 face masks) will be used. Fig. 3
shows a view of the specimens including 0%, 0.25%, 1.0%, and 1.50 SFM
after the rutting test with rutting depth.
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Fig. 2. Comparison of the rut depth between the control mix and mixes with SFM.
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Mix with
0.25% SFM
Rut Depth 2.9 mm

(b)

Mix with
1.5% SFM
Rut Depth 0.9 mm

(d)

Fig. 3. (a) Control mix (RS4.75A) 0% SFM with rut depth of 3.0 mm; (b) mix with 0.25% SFM with rut depth of 2.9 mm; (c) mix with 1.0% SFM with rut depth of 2.1 mm; and

(d) mix with 1.5% SFM with rut depth of 0.9 mm.

Fig. 4 provides the results of rut depths of different SFM mix specimens
at 0, 25, 4000, and 8000 cycles. The rutting test results and research by
others (e.g., Othman, 2010) suggest that using SFM modified HMA to mit-
igate thermal sensitivity-related cracking might be worthy of additional re-
search. In the next step of the study, the gradations will be adjusted with
coarser nominal particle size to investigate if the SFM-modified HMA can
be used as the maximum strain layer of perpetual pavement, which is an as-
phalt pavement designed and constructed to last longer than 50 years

without the necessity for major structural rehabilitation/reconstruction
and requiring only time to time surface renewal in response to distress con-
fined to the top of the pavement (Lee et al., 2020), as shown in Supplemen-
tary Fig. 5. Top-down cracking becomes prevalent due to the increase in
heavy traffic (Hu and Walubita, 2008; Walubita et al., 2011; Faruk et al.,
2016). From the rutting test results, it is reasonable to suggest that
SFM may reduce the top-down cracking, and the function of SFM-
modified HMA on top-down cracking is an area worth investigating
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(Supplementary Fig. 6). Therefore, the incorporation of SFM may lead
to mitigating the HMA distresses in a wide range of temperatures (Sup-
plementary Fig. 7).

The HMA cylinders were cut using a circular saw with a diamond blade
to observe the appearance of the cut surfaces of the control sample and sam-
ples with SFM fibers. It was observed from the cut sections that there was no
SFM fiber residue was identified. This indicated that the SFM fiber was
melted and mixed with the aggregates under mixing temperature at approx-
imately 160 °C (320 °F). Fig. 5 shows the images of cut sections of selected
HMA specimens.

5. Conclusions and recommendations for future work

The COVID-19 pandemic has created severe environmental impacts
globally. One of the serious environmental issues is the daily utilization of
billions of polypropylene single-use face masks around the world. In this
preliminary study, the effects of shredded face masks in the hot mix asphalt
were evaluated for the first time. The potential application of SFM in HMA
and the rutting performance of HMA mixes incorporating SFM were proved
through a series of Asphalt Pavement Analyzer (APA) laboratory tests. It
was observed that the rutting depth was reduced by increasing the SFM
content, which can be attributed to the melted SFM acting as an asphalt
binder in binding the aggregates. The mixes with 0%, 0.25%, 0.50%,
0.75%, 1.0%, 1.25%, and 1.5% SFM in HMA meet the requirements for
$4.75A mix type.

Cut Sections
Control Mix

_Rut Depth 3.0 mm

“Cut Sections |
1.0% SFM
| Rut Depth 2.1 mm

(©)
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This study shows that the mixes with different SFM percentages had
good resistance against rutting, while the result was outstanding for the
mix containing 1.5% SFM. A very low rut depth (0.93 mm) of the sample
was obtained, implying that the incorporation of SFM in the HMA mix,
which increased the stiffness of the mixes and improved the adhesion be-
tween the aggregates, can provide more resistance to the pavement sub-
jected to the traffic load.

This study proposed a new approach for reducing pandemic generated
waste by recycling the used face masks in HMA. It opened a new avenue
for sustainable asphalt pavement development and added knowledge in
this area. The results obtained from this study can provide the industry
and government agencies with valuable references for future efforts in de-
veloping sustainable ways for the pavement industry.

In the future study, an increased content should be considered, and its
effect on rutting will be evaluated to determine the optimum addition of
SFM for rutting correction. The mechanism of the promising results from
the preliminary study needs to be further investigated with the focus on
the interface zones of fine and coarse aggregates within 0-100 pm and
micro-hardness changes. For future works, it is also recommended to con-
duct more tests to assess the feasibility of using SFM for asphalt mixtures,
such as tensile strength, moisture susceptibility, modulus, and distribution
of SFM fibers in asphalt mixtures for quality control. Chemical composition
or micro-level by microscopy is also suggested for further mechanism study.
In addition, since top-down cracking has been recognized as one of the dis-
tresses in asphalt pavements due to the increase in heavy traffic, the

~ Cut Sections
0.25% SFM

Rut Depth 2.9 mm

(®)

Cut Sections |
1.5% SFM

Rut Depth 0.9 mm |

(d)

Fig. 5. Cut sections of (a) control mix (RS4.75A) 0% SFM; (b) mix with 0.25% SFM; (c) mix with 1.0% SFM; and (d) mix with 1.5% SFM.
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subsequent research can also explore if the SFM-modified HMA can help re-
duce and retard top-down cracking. The possibility of the SFM on mitigat-
ing the HMA distresses at various temperature ranges should be assessed.
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