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The coronavirus (COVID-19) pandemic has not only created a global health crisis, but it is also now threatening
the environment. Amultidisciplinary collaborative approach is required to fight against the pandemic and reduce
the environmental risks associatedwith the disposal of used personal protective equipment (PPE). This paper ex-
plores an innovative way to reduce pandemic-generated waste by recycling the used face masks with other
waste materials in civil constructions. In this research, for the first time, a series of experiments, including mod-
ified compaction, unconfined compression strength and resilientmodulus tests, were conducted on the blends of
different percentages of the shredded face mask (SFM) added to the recycled concrete aggregate (RCA) for road
base and subbase applications. The experimental results show that RCA mixed with three different percentages
(i.e., 1%, 2% and 3%) of SFM satisfied the stiffness and strength requirements for pavements base/subbase. The in-
troduction of the shredded facemask not only increased the strength and stiffness but also improved the ductility
and flexibility of RCA/SFM blends. The inclusion of 1% SFM to RCA resulted in the highest values of unconfined
compressive strength (216 kPa) and the highest resilientmodulus (314.35MP). However, beyond 2%, increasing
the amount of SFM led to a decrease in strength and stiffness.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

During the coronavirus (COVID-19) pandemic, the use of personal
protective equipment (PPE) such as face masks and plastic gloves has
risen sharply (Daryabeigi Zand and Vaezi Heir, 2020; Klemeš et al.,
(M. Saberian),
u.au (S. Kilmartin-Lynch),
2020; Ludwig-Begall et al., 2020; Prata et al., 2020; Silva et al., 2020;
Zambrano-Monserrate et al., 2020; Boroujeni et al., 2021). Many coun-
tries have implemented mandatory requirements for wearing face
masks in public. The use of face masks by general populations can re-
duce the spread of COVID-19, but it also causes severe problems for
the environment. It is estimated that the daily face mask use in Africa
is more than seven hundred million, while this number is more than
2.2 billion in Asia every day (Nzediegwu and Chang, 2020; Rowan and
Laffey, 2020; Sangkham, 2020). To the best knowledge of the authors,
there is no up to date statistics of the daily number of face mask use
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Table 1
The mixes considered for the experimental program.

Mix composition Mix name

100% RCA (control sample) 100RCA
99% RCA + 1% SFM 99RCA1SFM
98% RCA + 2% SFM 98RCA2SFM
97% RCA + 3% SFM 97RCA3SFM
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around theworld; however, itwas estimated in June 2020 thatmonthly,
129 billion face masks were discharged into the environment (Prata
et al., 2020). These numbers come back to the dates before the manda-
tory face mask policies enforced in several countries around the world.
Thus, it is anticipated that currently, the global use of facemasks ismore
than 129 billion every month due to the COVID-19 pandemic. Using the
model of the daily global face mask proposed by Nzediegwu and Chang
(2020), the authors estimate that 6.88 billion (approximately 206,470 t)
face masks are generated around the world each day, which are ulti-
mately sent to landfills or incinerated.

Unfortunately, used face masks can be spotted almost everywhere
from city streets to car parks to local parks because of an uptick in
littering. Even if the masks are thrown in trash bins or sit in landfill
sites, due to the lightweight nature of the masks, wind and rainwater
can move the masks freely into city streets or rivers and oceans,
where the plastic-based masks can be fragmented into microplastics.
Thus, throwing away the masks or improper waste management of
the used personal protective equipment can end up causing problems
for wildlife or killing animals and marine life (Fadare and Okoffo,
2020; Hirsh, 2020; Prata et al., 2020). Furthermore, the single-use
masks are made of non-biodegradable plastics, which means that they
take hundreds of years to break down in the environment (Dhawan
et al., 2019). Therefore, multidisciplinary collaboration is urgently re-
quired to fight against the COVID-19 pandemic and reduce the environ-
mental risks associated with the disposal of used PPE.

On the other hand, the consumption of quarry aggregates has in-
creased significantly due to increasing activities in civil and infrastruc-
ture sectors (Saberian et al., 2021). Consequently, large amounts of
natural resources are being used in civil engineering. Besides, the ex-
traction of virgin materials results in large quantities of greenhouse
gas emissions (Saberian et al., 2019a). Moreover, the construction sec-
tor, compared to the other waste generators, is responsible for the gen-
eration of significant amounts of waste materials (i.e. almost about half
of the global generated wastes), which are mainly produced by
demolishing buildings and other infrastructure projects (AzariJafari
et al., 2016; Saberian and Li, 2019; Kazemi et al., 2020; Hajforoush
et al., 2019). Fortunately, to alleviate the negative environmental impact
caused by the wastes, the possibility of recycling and reusing construc-
tion and demolition waste in civil engineering projects has significantly
surged (Li et al., 2018a; Lei et al., 2018). Construction and demolition
waste comprises a wide variety of materials including recycled concrete
aggregate, reclaimed asphalt pavement, crushed brick, crushed glass
and crushed rock. Among these, concrete waste is produced from the
construction and demolition activities of concrete structures (Saberian
et al., 2019d). The concrete waste constitutes a significant proportion
of the construction and demolition wastes at about 45%. Recycled con-
crete aggregate (RCA) is obtained from crushing the concrete chunks
into aggregates. The 20 mm nominal size of RCA is generally used in
pavement applications (Saberian et al., 2020b).

In order to reduce thenegative environmental impacts caused by the
pandemic, urgentmultidisciplinary collaborations are required. The en-
vironmental geotechnics scientific community can utilize its long-term
accumulated professional skills to make important contributions to
fight against the COVID-19 pandemic. Using sterilized waste materials
in geotechnical applications has been suggested to be an effective way
to address the waste management issues caused by the pandemic
(Tang et al., 2020).

2. Significance of research

The outbreak of the COVID-19 pandemic has created not only a
global health and financial crisis but also an unprecedented impact on
the environment. An enormous amount of PPE is produced and used
every day worldwide, which is eventually sent to landfills or inciner-
ated. To date, few studies have been conducted to tackle COVID-
generated waste. This research proposes an innovative way to reduce
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pandemic-generated waste by recycling and reusing the shredded face
mask (SFM) and mixing with recycled concrete aggregate (RCA) for
pavement constructions. For the first time, a series of experiments, in-
cluding modified compaction test, unconfined compression strength
test and resilientmodulus test, was performed to evaluate the feasibility
of using SFM with RCA as road pavement materials. The outcomes of
this study can provide practical guidance on the application of SFM
and RCA.

3. Materials and methods

The used face masks were not allowed to use in laboratory testing
due to the laboratory work safety rules and restrictions during COVID-
19 pandemic. Therefore, clean surgical face masks were used in the ex-
perimental programand shredded to the sizes of 0.5 cmwidth and 2 cm
length. Supplementary File 1 illustrates a view of the shredded face
mask (SFM) adopted in the current study. It should be pointed out
that the metal strips and earloops were removed from the masks. In
terms of the physical properties of the masks, top and bottom layers
of the face masks were made of non-woven fabric (spunbond) while
the middle layer of the masks was meltdown polypropylene.

A commercial RCA (i.e., Class II 20 mm) was utilized in this study as
the aggregate for pavements base/subbase applications. It was collected
from a recycling plant in Victoria, Australia. The physical appearance of
RCA used in experimental testing is shown in Supplementary File 1. The
RCA was oven-dried for at least one day in an oven with a temperature
of 105 °C (Saberian et al., 2020c).

Regarding the sample preparation, the shredded face masks were
mixed with dry RCA by 1%, 2%, and 3% (percentage by weight). This is
in agreement with the inclusion of plastic fibers in pavement
geotechnics, ranging from 0 to 5% (by weight% of soils) (Yaghoubi
et al., 2017; Mishra and Gupta, 2018). Table 1 presents the four mixes
of RCA and shredded face mask utilized in the current research.

The necessary precautions were taken to obtain a sample incorpo-
rating representative particle sizes and all conditions, as suggested by
ASTM D75-03 (2014). The experimental testing for basic characteriza-
tion purposes of RCA included particle size distribution test, organic
content test, particle density test, specific gravity test, pH test, Los
Angeles (LA) abrasion test, aggregate crushing value test, and flakiness
index test. Moreover, the laboratory test program of basic characteriza-
tion of the shredded face mask consisted of the tensile strength test,
water absorption, melting point, and specific gravity. Moreover, the
modified Proctor compaction, unconfined compression strength, and
Repeated Load Triaxial (RLT) tests were undertaken on the blends of
RCA and SFM at the room temperature of 20 ± 1 °C.

Particle size distribution testswere conducted on the blends, accord-
ing to AS 1289.3.6.1 (2009). The utilized sieves had the aperture sizes
ranging from 75 μm to 26 mm. For each mixture, a 2 kg sample was
sieved before the compaction to be able to draw the particle size distri-
bution curves, as per mentioned in the standard. ASTM D2487-17
(2017) was adopted to classify RCA based on the Unified Soil Classifica-
tion System (USCS). RCA was tested for obtaining the values of pH, spe-
cific gravity, organic content, fine particle density, coarse particle
density, and flakiness index according to the AS 1289.4.3.1 (1997),
ASTM D854-10 (2010), ASTM D2974-14 (2014), AS 1141.5.1 (2000),
AS 1141.6.1 (2000), and AS 1141.15 (2018) standards, respectively.



Table 2
Physical properties of SFM.

Physical properties SFM

Specific gravity 0.91
Melting point (°C) 160
Water absorption 24 h (%) 8.9
Tensile strength (MPa) 4.25
Tensile strength at break (MPa) 3.97
Elongation at break (%) 118.9
Rupture force (N) 19.46
Aspect ratio 24
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Degradation and crushing of aggregates such as RCA are significant for
geotechnical and pavement applications (Saberian et al., 2020a).
Therefore, Los Angeles abrasion test (AS 1141.23, 2009) and
aggregate crushing value test (AS 1141.21, 1997) were also con-
ducted on RCA.

The tensile strength test was conducted on the shredded surgical
face masks using a universal testing machine at room temperature fol-
lowing ASTM D638-14 (2014) to measure the mechanical properties
of the shredded face masks, including maximum tensile strength, ten-
sile strength at break, rupture force, and elongation at break. The load-
ing rate and load cell of the machine were set at 50 mm/min and 1
kN, respectively. The test was undertaken on five replicate pieces, and
the average value of the five samples was reported. Besides, water ab-
sorption, 24 h at 23 °C, and melting point tests were conducted accord-
ing to ASTMD570-98 (2018) and ASTMD7138-16 (2016), respectively.
Moreover, ASTM D792-20 (2020) was followed to determine the spe-
cific gravity of the SFM.

Modified Proctor compaction test was conducted on the four blends
following AS 1289.5.2.1 (2017) to measure the maximum dry density
(MDD) and optimum moisture content (OMC) of each blend. The dry
RCA was mixed with SFM and water at different water contents for
5 min by a commercial Hobart mixer. The blends were then sealed in
plastic bags for a minimum of 2 h to allow the absorption of free
water, according to AS 1289.5.2.1 (2017). This pre-curing treatment
was also followed for the sample preparations for the UCS and RLT
tests. To avoid segregation, the methods recommended by Yaghoubi
et al. (2017) was followed, so that for each layer, the mixed materials
were poured inside the mold by keeping the scoop very close to the
top layer of the sample inside the mold. Besides, to visually evaluate
the uniformity of the blends, random scoops of the mixtures were col-
lected from the batches and spread on a table. No major differences in
the shredded facemask contents were observed in each random extrac-
tion. The uniformity of the mixture of the RCA and shredded face mask
can also be observed in Supplementary File 2, which shows a batch of a
blend before the compaction and a sample after the testing (breakage
was done by hand after the completion of the test). Therefore, it can
be assured that the shredded mask pieces were mixed properly with
RCA and evenly distributed in the compacted samples. It is worthy to
note that three replicate identical samples were adopted and tested
for each mixture for the mechanical testing of compaction, unconfined
compression strength, and RLT tests.

With respect to the unconfined compression strength, the samples
were prepared at their OMC, obtained from the compaction test results,
and compacted in 5 layers and 25 number of blows per layer in the rel-
evant compression strength mold with the height and diameter of
11.55 cm and 10.5 cm, respectively, according to the AS 5101.4
(2008). After extrusion from the mold, the samples were tested by a
universal Shimadzu testing machine with a loading rate of 1.0 ±
0.1mm/min. The average value of three replicate sampleswas reported.

Resilient modulus (Mr) is one of the most critical parameters re-
quired for the structural design of different pavement layers
(Saberian and Li, 2018). Therefore, the determination of the resilient
characteristics of granular aggregates as base and subbase materials
is critical. The resilient behaviour of the blends was evaluated using
RLT test, which simulates the condition of pavement layers under re-
peated traffic loading, in accordance with the AASHTO T307-99 stan-
dard (AASHTO, 2007). The RLT samples were compacted in a mold
with a height of 200 mm and a diameter of 100 mm. Then, a triaxial
cell with the universal testing machine was utilized to measure the
Mr under a variety of stress and loading conditions comprising of
1 s haversine-shaped loading pulse with respective 0.1 s and 0.9 s
loading and unloading periods. Except for the conditioning stage,
which had 1000 loading cycles, each of the other 15 test stages of
the RLT tests involved 100 loading cycles. The average of the last
five cycles of all the stages for triplicate samples of each blend was
reported as the Mr value.
3

4. Results and discussion

Supplementary File 3 illustrates the particle size distribution curves
of themixtures before the compaction. The blends are classified as GW-
GC well-graded gravel with clay and sand, according to the Unified Soil
Classification System (USCS) (ASTM D2487-17, 2017). Well-graded
gravels can sustain large deviatoric stresses due to having higher con-
tact areas which result in higher Mr values. Also, as can be seen from
Supplementary File 3, the blends fitted within the upper- and lower-
bound limits of the standard specifications for Type 1 gradation Cmate-
rial for base and subbase specified by ASTM D1241-15 (2015).

According to Supplementary File 4, which provides RCA's geotechni-
cal properties, the aggregate has an organic content of 3.11%, which is
mainly because of wooden particles from the construction and demoli-
tion activities. Moreover, the pH value of RCA, which is higher than 7,
replicates that the aggregate is alkaline by nature. For pavement base/
subbase materials, the maximum allowable value of both Los Angeles
abrasion and flakiness index is 35% as specified by the guideline of the
State road authority in Victoria, Australia (VicRoads, 2017). Also, the
maximum limit for the aggregate crushing value is specified by 35% as
per suggested by IS-2386 Part IV (1963). As can be seen from the Sup-
plementary File 4, all the three mentioned properties of RCA are well
below the limits recommended by the state road authorities as pave-
ment base/subbase material.

Table 2 summarizes the physical properties of the SFM. The SFMwas
very light with a much lower specific gravity compared to the RCA. The
tensile strength test on the SFM showed that the middle layer of the
SFM, which is the polypropylene layer, contributed to most of the ten-
sile strength.

The aspect ratio is defined as the length to the diameter of a fiber.
The plastic fibers are classified to two categories of (a) short fibers or
discontinuous fibers with an aspect ratio of between 20 and 60, and
(b) long fibers or continuous fibers with an aspect ratio of more than
200. Long fibers are usually more difficult to disperse uniformly in a
sample and more expensive to produce while short fibers can typically
provide better strength and stiffness properties (Mishra and Gupta,
2018). According to Naaman (2003), the aspect ratio of a fiber with a
non-circular cross-section can be calculated as:

Aspect ratio ¼ l
dFIER

¼ l
4 A

Ψ

ð1Þ

where l is the length, dFIER is the equivalent diameter, A is the cross-
sectional area, andΨ is the perimeter of the fiber cross-section of the fi-
ber. The length, width, and thickness of the SFM used in this study were
20 mm, 5 mm, and 0.46 mm, respectively. Therefore, the aspect ratio of
SFM is about 24. Thus, the SFM adopted in this study can be classified as
short or discontinuous fiber.

4.1. Modified compaction test results

Fig. 1 illustrates the modified Proctor compaction test results in
terms of the changes in the optimum moisture content (OMC %) and
maximum dry density (MDD Mg/m3) due to the inclusion of different



Fig. 1. Test results of modified Proctor compaction.
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percentages of SFM. As the amount of SFM was increased from 0 to 3%,
the OMC increased from 11.99 to 13.56%, while the MDD reduced from
2.16 to 2.01 Mg/m3. The reduction in the MDD can be attributed to the
lower specific gravity of the SFM compared to that of the RCA. A similar
trend was also observed by Yaghoubi et al. (2017) and Perera et al.
(2019) on the addition of polyethylene terephthalate, low-density poly-
ethylene, and high-density polyethylene to the aggregates.

4.2. Unconfined compression test results

The unconfined compression test is one of the most popular tests in
pavement geotechnics to evaluate the strength of pavement materials
(MolaAbasi et al., 2019). Fig. 2 provides unconfined compressive
strength (UCS) results of the blended samples with the error bars. Com-
pared to the control sample (i.e., 0% SFM), the UCS value of 99RCA1SFM
(1% SFM) increased by 17% (from 185 to 216 kPa). This is because SHM
fibers played a reinforcing role in binding the RCA particles. The rein-
forcing mechanism of short and discrete SFM fibers is similar to that
of polypropylene-reinforced or plastic fiber-reinforced soils. The intro-
duction of randomly distributed SFM fibers would enhance the
stretching resistance between aggregates.

Consequently, the strength of the RCA mixed with the SFM fibers
would increase. A similar trend was observed in previous studies on
the strength properties of polypropylene-reinforced clay soils
(Zaimoglu, 2010; Tomar et al., 2020). The potential effects of short plas-
tic fibers with low aspect ratio on the compressive strength of clay soil
were also evaluated by Mishra and Gupta (2018). Fig. 2 shows that an
addition of 1% SFM provided the highest UCS value (216 kPa). As the
SFM was increased to 2% and 3%, the UCS of the blends reduced to
204 kPa and 178 kPa, respectively, indicating that there is a threshold
Fig. 2. UCA and ID resu
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value of SFM content beyond which the UCS reduced. Therefore, al-
though an introduction of the SFM improved the integrity and strength
of theRCA, increasing the SFMcontentwould lead to decreasingUCS be-
cause the excessive fiber inclusionwould result in the loss of stiffness of
the blended sample due to high amount of voids. This is consistent with
previous studies on the polypropylene-reinforced clay soil (Chen et al.,
2015). Also, it can be stated that with the SFM content beyond 2%, the
quantity of RCA matrix available for holding the fiber is insufficient to
develop an effective bond between fibers and the RCA resulting in
balling of fibers and poor mixing. A similar observation was also made
by Pradhan et al. (2012) on the effect of random inclusion of polypro-
pylene fibers on strength characteristics of cohesive clay soil. They re-
ported that the inclusion of more than 1% of the fibers to the soil led
to some difficulties in the soil compaction since thefibers stuck together
and formed lumps, which caused pockets of low density.

Furthermore, Fig. 3 shows the bridge effect of the SFM in an
underloaded situation of RCA sample along with the expansion and
the deformation of the RCA. As can be seen, the SFM fibers played a re-
inforcing role in binding the RCA particles, and therefore, the bridging
effect of the fibers in the RCA could obstruct the further development
of tension cracks. Similar results on reinforced soils with polypropylene
fibers were reported by Tomar et al. (2020) and Bojnourdi et al. (2020).

Fig. 2 shows the changes in the deformability of the samples as well.
The flexibility of pavement layers is very important for flexible pave-
ments (Saberian et al., 2019c). The flexibility can be evaluated by
Eq. (2), which formulates the deformability index (ID) that is the ratio
of the failure strain of a given sample incorporating an additive (εf
SFM) to the failure strain of the control sample (εf co) (Jahandari et al.,
2019). According to the ID results, the inclusion of the SFM into the
RCA led to increasing the deformability index. This can be related to
the higher tensile strength of the SFM with more flexibility compared
to the RCA particles. In fact, by the introduction of the SFM fibers to
the RCA, the strain at the failure tends to happen at higher strain levels
due to the mobilization of the tensile strength of the SFM fibers. This
finding is in agreement with previous results of Correia et al. (2015)
and Venda Oliveira et al. (2018).

ID ¼ ε f SFM=ε f co ð2Þ

4.3. Resilient modulus (Mr) results

Fig. 4 provides the resilient modulus results of the samples. The Mr

values are the average of the resilient modulus values from 15 stages
of RLT test. Also, this figure compares Mr values of the RCA and the
blends of the SFM-reinforced RCA with the recommended ranges of
Mr for the pavement base (79–329 MPa) and subbase (42–228 MPa)
lts of the blends.



Fig. 3. The bridge effect of SFM fiber reinforcement in RCA that impeded the further development of tension cracks.
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(AASHTO, 1993; Saberian et al., 2019b). It was found that the Mr value
was highly dependent on the axial cyclic stress and confining stress.
Similar to the UCS results, the inclusion of 1% SFM to RCA provided
the highest Mr result at 314.35 MPa. In other words, the optimal SFM
content was 1% by the dry weight of RCA. The increase in Mr values
can be attributed to the increased stretching resistance between RCA
particles by the inclusion of short SFM fibers. Further increasing of the
SFM content led to a decrease in Mr, due to the high amount of voids
and tangling of the excessive SFM fibers together in some parts of the
samples that obstructed bonding between the fibers and RCA particles.

To evaluate the data obtained from the experimental testing results,
two popular Mr prediction models were considered in this study. The
models were the bulk stress model (AASHTO, 2007) and the three-
parameter model (Puppala et al., 2011). The bulk stress model, as
shown in Eq. (3), is one of the most suitable models for the prediction
of Mr of granular materials like RCA (AASHTO, 2007). Previous studies
found that confining pressure and deviator stress could have contradic-
ting effects on resilient modulus of granular materials (Puppala et al.,
2011; Li et al., 2018b; Saberian and Li, 2021). Therefore, Puppala et al.
Fig. 4. Comparison of theM
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(2011) suggested a three-parameter model which separately considers
the effects of deviator stress and confinement, as shown in Eq. (4).

Mr ¼ k1 � θk2 ð3Þ

Mr ¼ σatm � k3
σ3

σatm

� �k4
� σd

σatm

� �k5

ð4Þ

where θ= σ1+σ2+σ3= 3σ3+ σd; σatm is the atmospheric pressure;
σd is the deviator stress;σ3 is the confining pressure; k1, k2, k3, k4 and k5
are regression constants. Table 3 presents the regression parameters of
the three-parameter model and bulk stress model of the samples.

Fig. 5 shows comparisons between the measured Mr from the labo-
ratory and the predicted Mr using the three-parameter model and bulk
stress model. Based on the results, it can be concluded that the test data
demonstrated an excellent fit for both models. In fact, the accuracy of
the predictions with both models is noticeably high (R2 > 0.99). This
implies that the existing models can also be used to predict or evaluate
the resilient behaviour of RCA reinforced with SFM fibers.
r values of the samples.



Table 3
Regression parameters of the three-parameter model and bulk-stress model of the
samples.

Sample Bulk-stress model Three-parameter model

K1 K2 R2 K1 K2 K3 R2

100RCA 2.817 0.812 0.979 3.674 0.511 0.311 0.974
99RCA1SFM 3.683 0.774 0.968 3.796 0.478 0.306 0.961
98RCA2SFM 2.178 0.858 0.989 3.716 0.537 0.332 0.985
97RCA3SFM 1.651 0.899 0.985 3.599 0.532 0.386 0.985
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4.4. Limitations of the study

The methodology proposed in the current study would be restricted
to pavements and not building materials. Although the research has
reached its aims, there was a potential limitation. Due to COVID-19
restrictions, we were not allowed to employ used facemasks in the lab-
oratory testing. Instead, clean facemaskswere used in the experimental
program.

There are several methods available for disinfecting and sterilizing
the face masks for reuse or before disposing. Ilyas et al. (2020) con-
ducted a comprehensive review of the disinfection technologies to con-
trol/prevent the novel coronavirus spread and the proper management
of COVID-waste. Doan (2020) recommended the microwaved method
for disinfecting disposable medical masks. In this method, an antiseptic
solution (i.e., 0.9% physiological saline)must be sprayed on themasks to
Fig. 5. Comparison of the measured Mr of the samples from the laboratory with the
predicted Mr using (a) bulk-stress model and (b) three-parameter model.

6

maintain themoisture. Then, themoistmasks have to be heated in ami-
crowave oven, having a default capacity of 800 W, for about 1 min. It is
worth to mention that the sprayed sides of the masks have to be faced
up. This sanitizing method can effectively kill 99.9% of viruses (Doan,
2020). Xiang et al. (2020) reported that dry heat at both 60 °C and
70 °C for 1 h could ensure the decontamination of the surgical face
mask while maintaining its filtering efficiency. Ultraviolet germicidal ir-
radiation and hydrogen peroxide plasma can also be used for the inacti-
vation of SARS-CoV-2 from the masks (Barcelo, 2020; Hamzavi et al.,
2020; Ibáñez-Cervantes et al., 2020). To eliminate the risk of exposure
to the COVID-19 virus during transportation and construction, it is sug-
gested to keep face masks, after the disinfecting, in an open and re-
stricted area, and exposed to sun and air for a week prior to pavement
construction. Delivery trucks should be covered with tarps or a similar
covering used to prevent dust. Trucks and road construction machinery
need to be disinfected by using goodhygiene practices and safe cleaning
techniques. Since themain aim of this study is to evaluate the feasibility
of using SFM as a road pavement material, a comprehensive discussion
on the disinfecting and sterilizing methods is beyond the scope of this
paper.

In this study, the thermal disinfection method was used to evaluate
the disinfection influence on the property of masks and the unconfined
compression strength of the blend. After heated in an oven at 75 °C, the
measured elongation and tensile strength at break of the used masks
were 118.91% and 3.63 MPa, respectively, slightly lower than those ob-
tained from the clean/newmasks (i.e., 118.96% and 3.97MPa). The UCS
value of the RCA sample containing 1% of the heated/shredded mask
was observed at 210.8 kPa, approximately 2% lower than 216 kPa
(UCS value of the new mask). Therefore, it can be stated that the ther-
mal disinfection of the used masks has a minor effect on the strength
and stiffness results.

5. Conclusions and future work

This paper proposed a new approach for reducing pandemic-
generatedwaste by recycling the used surgical facemaskswith recycled
concrete aggregate in pavements base/subbase layers. The following
findings can be drawn from the experimental results of this study.

• The mixtures of SFM and RCA fitted within the upper- and lower-
bound limits of the standard specifications for Type 1 gradation Cma-
terials for pavement base and subbase.

• The aggregate crushing value, Los Angeles abrasion and flakiness
index of RCA were well below the maximum allowable limits for
pavement base/subbase material recommended by the state road au-
thorities.

• The SFM fibers were very light with a low specific gravity. The results
of the tensile tests indicated the polypropylene layer of the masks
contributed to most of the tensile strength. Moreover, the SFM fibers
adopted in this study were classified as short or discontinuous fiber,
which could provide better strength and stiffness.

• By increasing the SFM content, the OMC increased, while theMDDde-
creased. The reduction in theMDDwas attributed to the lower specific
gravity of SFM compared to that of the RCA.

• The inclusion of the SFM into RCA could provide more ductility and
flexibility for the pavement base and subbase layers because of the
higher tensile strength of SFM with more flexibility compared to the
RCA particles.

• The addition of 1–2% SFM to RCA resulted in an increase in strength
and stiffness of the blends of SFM/RCA. This is because SHM fibers
played a reinforcing role in binding the RCA particles, and the bridging
effect of the fibers in RCA could impede the further development of
tension cracks. However, beyond2%, increasing the amount of SFMre-
sulted in a reduction in strength and stiffness. This was attributed to
the fact that the excessive fiber inclusion led to the loss of strength
and stiffness of the blended sample due to the high amount of voids.
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• The optimal SFM content, which provided the highest UCS and Mr

values, was found to be 1% of the dry weight of RCA.
• Overall, the blends of thewastematerials (i.e., RCA and SFM), as a low
carbon concept, satisfied the stiffness and strength requirements for
pavements base/subbase; therefore, can be used as a viable and alter-
native base/subbase material.

• If 1% of SFM is added to RCA to make 1 km of a two-lane road with a
width of 7 m and a thickness of 0.5 m for base and subbase, approxi-
mately 93.2 t of SFM would be required, i.e., preventing 3 million
used face masks from ending up in landfills.

• Using SFM with RCA as an alternative pavement base/subbase mate-
rial will not only reduce pandemic-generated waste and the need
for virgin materials, but also reduce the construction costs
significantly.

Given that most PPE is mainly made of plastics, including polypro-
pylene, polyvinyl chloride and nitrile butadiene rubber, the proposed
methodology can be applied to different PPE. A feasibility study, similar
to one reported in this paper, needs to be conducted to investigate the
potential use of other waste PPE with recycled concrete aggregate as
pavement base/subbase materials. For future works, it is also recom-
mended to assess the feasibility of using non-plastic face masks as an-
other sustainable option to mitigate pandemic-generated waste.
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