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Abstract
This research presents a new method for determining the impact of healthy personal protection materials
HPPM stripes, such as surgical masks, protective suits, overhead and safety foot shoes, on the durability,
physicomechanical characteristics of concrete for use in architectural forms. As a result of the current
global epidemic caused by Coronavirus, the use of (HPPM) such as surgical masks, protective suits,
overhead and safety foot shoes has increased considerably (COVID-19). COVID-19's second and third
waves are currently affecting various countries, necessitating the use of face masks (FM). As a result,
millions of single FS have been discharged into the wild, washing up on beaches, �oating beneath the
seas, and winding up in hazardous locations. The effect of stripes �bers on physicomechanical aspects
of concrete, such as workability, UCS, FS, IMs, spalling, and AbR; sorptivity, Sw; n; water penetration,
permeability, and economic and eco-friendly aspects, was also discussed. With a focus on HPPM
especially single-use face masks, this research investigates an innovative way for incorporating
pandemic waste into concrete structures. SEM and XRD were also employed to analyze microstructures
and the interfacial transition zone, as well as to identify the elements. HPPM was found to have a pore-
blocking effect, which reduced permeability and capillary porosity. It was also discovered that the best
concentrations of HPPM, particularly masks, were applied by volume at 0 %, 0.1, 1.5, 2.0, and 2.5 %. The
usage of single-use face masks increased the strength qualities and overall performance of the concrete
samples. The tendency of growing strength began to disappear around 2%. The results of this
investigation show that stripe content has no effect on compressive strength. The stripe, on the other
hand, is critical in determining the �exural strength of concrete. A SEM was used to analyze the
microstructure of concrete. HPPM �bers are discovered to act as bridges across cracks, enhancing the
matrixes transfer capability. From a technological and environmental standpoint, the study found that
using healthy personal protection materials �ber in the production of concrete is viable.

Highlights
The effect of a polypropylene (HPPM) stripes on architectural shapes performance is investigated.

 Fibers could not participate in any chemical reactions, according to SEM and XRD.

In�uence of HPPM �bers on crack blocking of concrete was investigated.

Effect of HPPM �bers on permeability of cracked concrete was studied.

 The pore-blocking impact of �bers may diminish permeability and capillary porosity.

1. Introduction
Concrete has a strong compressive strength but a tensile strength of ten times that of steel. It also has a
brittle property that prevents stress transmission after cracking. It is feasible to add �bers to the concrete
mix in order to prevent brittle failure and increase mechanical qualities. HPPM stripes are cementitious
composite material having �bers scattered throughout, such as steel, polymer, polypropylene, carbon,
glass, and others (Blazy and R. Blazy 2021). The steel bars protection from corrosion and sulfate attack,
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as well as water and ions in�ltration through pores as well as cracks, is linked to improving the longevity
of reinforced concrete (Kumar Mehta and Burrows, 2001). Plastic shrinkage at an early age is commonly
acknowledged as one of the principal causes of concrete cracks. As a result, both the insertion of �bers
and the replacement of traditional reinforcement with �bers appear to be quite favorable in terms of long-
term development (Blazy and R. Blazy 2021). Polypropylene �ber reinforced concrete was investigated by
Islam and Gupta (2016) in an experiment. Compressive strength fell marginally over the testing period
after the addition of 3 % polypropylene stripeby volume, with the most signi�cant reduction being 10%.
Splitting tensile strength improved by 39% while compressive strength reduced with the inclusion of 1 %
polypropylene stripe by volume.

Researchers have mentioned a number of bene�ts of employing HPPM in concrete mixtures, but few
experimental studies on enhancing the durability and engineering qualities of concrete for use in
architectural forms for public spaces have been carried out.

Many studies (Soutsos et al 2012) refer to the concept of an optimally constructed mix, which achieves a
balance of workability and strength. When it comes to understanding FRC behavior, �ber size and
slenderness are critical. Increasing the aspect ratio of steel �bers from 65 to 80 increased modulus of
elasticity, �exural tensile strength, and toughness by 0.32–7.16%, 0.63–50.97%, and 32.06–155.32%,
respectively, depending on the number of �bers and silica fume, according to (Garca et al 2014). The
work of took into account different �ber volumes (0.5, 1.0, and 1.5 percent) as well as slenderness (45, 65,
and 80). (Yazici et al. 2007). In compared to the �ber with the smallest slenderness, the scientists found
that increasing quantity of the �ber increased compressive, tensile, and �exural strength by 10, 14, and 58
%, respectively. Furthermore, based on the �ndings of Garca-Tengua (2014), thin �bers may be a viable
solution for reducing creep strain. The e�ciency of the �bers is determined not only by the metrics listed
above, but also by their concrete bonding strength (Yin et al. 2015). In addition, the �bers can be crimped,
twisted, sinusoidal, or hooked to improve the contact surface with the matrix, and their indents can be
�brillated (the ends split while mixing). The mechanical properties of the concrete mixture are also
affected by the form of the �ber (Balaguru, H. Najm. 2004).

Xu et al. (2020) conducted similar experiments on �bre reinforced concrete and discovered that when
cellulose �bre (CTF) was used in dosages of 1.5 kg/ m3, the concrete's UCS increased to 12 percent, but
when polyvinyl alcohol �bre (PF) was used in dosages of around 4.0 kg/ m3, the concrete's UCS reduced
by 35 percent. When the dosage was increased to 2.0 kg/ m3, CTF's splitting tensile strength declined by
23%, while PF's decreased by 55%. The splitting tensile strength of polyole�n �bers was also degrading. It
should also be noted that the use of �ber reinforcement in concrete imposes speci�c mix composition
constraints, therefore it may be required to make changes (Mohajerani et al 2019). The number, form, and
slenderness of the �bers affect the workability of concrete (Markovic, 2006; Karahan and Atiş, 2011; Zych
and Krasodomski, 2016; Wan Ibrahim, 2017). It's a promising �eld of use, particularly in metropolitan
locations where there are adverse conditions of environmental, impact of damages, abrasion of surface,
and vandalism. HPPM �bers, on the other hand, are more commonly used in architectural applications.
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Speci�cally, HPPM �bers are particularly successful in reducing plastic shrinkage fractures in the early
days of concrete's life and considerably improve concrete's post-cracking behavior.

Researchers have identi�ed a number of bene�ts of employing HPP in concrete mixtures, but few actual
studies on enhancing concrete's durability and engineering qualities for use in building have been
conducted. Due to the strong effect of HPPM on concrete behavior, multiple laboratory samples
containing various percentages of HPPM were built in the current study utilizing the standard mix design
of concrete used in architectural fabrication.

The primary goal of this research is to explore if single-use face masks can be recycled and reused in
order to reduce the quantity of pandemic-related garbage that ends up in land�lls or littering the streets
during the crisis. The impact of HPPM �bers on concrete's physical and mechanical qualities, as well as
how HPPM �bers might be employed in a potential sector of application: public spaces. The
interdisciplinary study of engineering works and architecture is addressed in this presentation. This is a
revolutionary technique that aids in the comprehension and integration of those various areas of
knowledge. This research is additionally noteworthy because no previous research on the use of HPPM
�bers in public settings has been published.

2. Materials And Methods

2.1 Materials
2.1.1 Cement
The cement used in this study was Type I ordinary Portland cement from Najran cement (OPC). The
speci�c gravity is cement of 3.15 and a Blaine Fineness of 410 m2/kg. The Bogue phases of the cement,
according to the manufacturer, were 59 % C3S, 12.1 % C2S, 10.6 % C3A, and 10.4 % C4AF. The oxides
found in cement are mentioned in Table 1.

 
Table 1

Cement Chemical composition
Items SiO2 Al2O3 Fe2O3 CaO SO3 MgO K2O Insoluble LOI

wt.% 19.73 6.2 3.44 63.78 2.23 0.96 1.02 0.93 1.51

2.1.2 Aggregates
For casting the concrete samples that meet with ASTM C33/C33M-18, the �ne aggregate gathered from
natural sand which have maximum size of 4.75 mm and the coarser aggregate was natural crushed
stone with a maximum size of 20 mm. The physical parameters of the aggregates are listed in Table 2.
Coarse sand was employed as �ne aggregate in the concrete samples, whereas crushed stone chips
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complying to ASTM C33 were used as coarse aggregate. Table 2 lists the physical features of the
aggregates.

  
Table 2

Materials properties
Material Fineness

Modulus

Speci�c

Gravity

Absorption

(%)

Dry rodded

unit weight (kg/m3)

Coarse Aggregate -- 2.81 0.46 1555

Fine Aggregate 2.43 2.63 1.65 1596

(HPPM) -- -- 8.8 ----

2.1.3 Water
Concrete mixtures and curing is made with potable tap water. The ASTM C1602/C1602M criterion was
met for the water's properties.

2.1.4. Characteristic Of Polypropylene Stripes (Hppm)
The polypropylene stripes (HPPM) employed in this study are commercially available polypropylene
stripes like as (surgical masks, protective suits, overhead lighting, and safety foot shoes), as indicated in
Fig. 1. Polypropylene �bres are mixed into concrete at a rate of 2.5 % of the total volume.

3-experimental Program
The samples mixed with cut-up HPPM were analyzed using a total of six concrete combinations in
proportions of 0 % (control mix), 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 % by volume of concrete. This choice is in
line with prior research by Al-Hadithi and Hilal (2016), Xu et al. (2020), and Islam and Gupta (2016).
Najran cement with a speci�c gravity of 3.15 and a bulk density of 1250–1650 kg/m3 was utilized
throughout the experiments, as well as coarse aggregate with a nominal size of 20 mm and �ne
aggregate with a speci�c gravity of 2.63 that had been oven-dried for 48 hours at 110°C to remove excess
moisture. Table 1 lists the parameters of the cement that was used. The physical parameters of HPPM,
�ne and coarse aggregate are shown in Table 2. However, due to limits imposed by the coronavirus
"COVID-19," we are unable to use the HPPM, particularly the face masks described in this study. To limit
community transmission and infection risk from coronavirus, new, unused HPPM were utilized in this
study. The HPPM were cut into small pieces with a length of 1 cm and a width of 1 cm (Fig. 1).
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3.1- Concrete Mix Proportions
Table 3 shows the mix pattern used to cast the samples, as well as the varied amounts of HPPM. CM0
denotes a control mix containing no surgical masks, whereas CM25 denotes concrete with a 2.5 % by
volume concentration.

In a normal mixer, concrete samples were prepared according to ASTM C192M with a water/cement ratio
of 0.50. There were no extra materials or chemical admixtures employed in this study. HPPM �bers were
employed in the proportions of 0.5%, 1 %, 1.5 %, 2.0 %, and 2.5 % as an extra percentage. Table 3 shows
the proportions of the concrete mix. Concrete was mixed and placed into various molds (cubes, cylinders,
and prisms) for 24 hours before being demolded and cured in clean drinkable tap water. The concrete
samples were cured for 28 days at room temperature (Fig. 1).

  
Table 3

Mix proportions of concrete
Percentage % 0 0.5 1 1.5 2.0 2.5

Water 217 217 217 217 217 217

Cement 400 400 400 400 400 400

Coarse Agg. 1054 1054 1054 1054 1054 1054

Fine Agg. 666 666 666 666 666 666

HPPM 0 11.68 23.36 35.04 46.72 58.4

3.2-casting And Curing
All of the dry materials were weighed and then placed in the concrete mixer for three minutes to mix. After
3 minutes of mixing with water, the dry materials were gently added and combined for another 3 minutes.
The HPPM fragments were slowly and in small amounts added to the solution during this period to
ensure even dispersion and prevent clumping. After being detached from the mixer, the concrete was
poured into the cylindrical molds. To avoid concrete adhesion, the inner surfaces of the assembled mold
should be thinly coated with mold oil. To allow the concrete to settle, the cylindrical molds were �lled with
concrete and placed on the vibrating table for 20 seconds. The molds were �lled with concrete after the
�rst 20 seconds then vibrated for another 20 seconds to ensure there were no voids. The new concrete
surface was �nished with a smooth steel trowel. After casting, the samples were covered with a moist
Hossain bag and left in the mold for 24 hours at room temperature. The specimens were taken from the
molds after 24 hours and immediately submerged in clean fresh water to cure for 28 days, respectively,
for the strength test. This procedure was followed for each concrete batch. Previous research (Al-Hadithi
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et al., 2019; Al-Hadithi and Hilal, 2016; Sadiqul Islam and Gupta, 2016) employed identical casting
procedures (1).

The concrete samples were removed from the cylinder molds after 24 hours and placed in a curing tank
�lled with clean, fresh water for the next 28 days at a temperature of roughly 22 degrees Celsius. The
concrete samples were removed from the curing tank and allowed to dry for 28 days before being ground
back to provide a smooth contact surface with the compression and testing apparatus, as required by
ASTM C31/C31M-21. The loading rates vary between 0.14 and 0.34 MPa/sec (ASTM C39).

3.3.description Of The Experimental Work
Compressive, split tensile, and �exural strength testing were conducted using ASTM C39/C39M, ASTM
C496/C496M, and ASTM C78/C78M, respectively. The compressive strength test was done on 100 x 100
x 100mm3 cube specimens, while the split test was done on 100 mm diameter, 200 mm height, and
strength test on 100 mm diameter, 200 mm height, and strength test on 100 mm diameter, 200 mm
height, and strength test on 100 mm diameter, 200 mm height, and strength test on 100 mm diameter
Flexural strength of 100 mm diameter, 200 mm height, and strength of 100 mm diameter, 200 mm height,
and strength of 100 mm diameter, 200 mm height, and strength of 100 mm diameter, 200 mm height, and
strength of 100 mm diameter, 200 mm height, and strength of 100 100 mm diameter, 200 mm height, and
100 mm �exural strength Flexural strength of 100 mm diameter, 200 mm height, and strength Flexural
strength of 100 mm diameter, 200 mm height, and strength Flexural strength of 100 mm diameter, 200
mm height, and strength The cube specimens were weighed in water immediately after being taken from
the water basin, in the saturated surface dry state, and in the dry state to determine the densities of the
samples. The compression testing apparatus has a force of 2000 kilograms per square meter. Three
samples of each mix con�guration were inspected for defects before being subjected to a force of 157
kN/min. To assess the homogeneity and structural integrity of the manufactured HPPM concrete, non-
distractive pulse velocity (PV) testing was done on compression samples in accordance with ASTM
C597-16 (2016). The test can be used to assess concrete samples' consistency and uniformity, as well as
cracks and voids that are not visible on the surface. To evaluate effective porosity, two to three
representative specimens (with individual mass > 50 gm) from a sample were immersed in water in a
desiccator (e). A vacuum pressure more than 800 Pa (needed by ISRM 2007) was maintained within the
desiccator for at least 2 hours to saturate the specimens. The dry (Mdry) and saturated (Msat) masses of
the specimen, as well as the saturated specimen suspended in water (Msus), were all calculated. To
calculate effective porosity (e) and dry density (dry), the following equations were used: The concrete
samples were removed from the cylinder molds after 24 hours and placed in a curing tank �lled with
clean, fresh water for the next 28 days at a temperature of roughly 22 degrees Celsius. After 28 days of
curing, the concrete samples were removed from the curing tank and allowed to dry. The tops of the
cylindrical samples were ground back after air drying to produce a smooth contact surface with the
compression and testing gear, as per ASTM C31 / C31M-21. The loading rates vary between 0.14 and
0.34 MPa/sec (ASTM C39).
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The Hitachi U8040 Scanning Electron Microscope was used for the scanning electron microscopic (SEM)
research. On hardened specimens, the liquid permeability was determined according to EN 12390-08.
(2009). A 150 mm cube specimen was used for the permeability test. Before being measured for
permeability, the specimen was cured for 28 days. Figure 1 depicts the experimental setup for all tests.

4. Results
HPPM stripes (polypropylene) were utilized in concrete as a crack-resistant improvement material. The
HPPM is constructed of plastic polypropylene �bers, according to the producers. It also has a high level
of chemical stability and strength. By volume, �ber content ranged from 0.5 % to 2.5 %. HPPM were
chopped into little pieces of one centimeter in length and one centimeter in width. The physical
parameters of the single-use HPPM are listed in Table 4.

 
Table 4

Physical properties of healthy personal protective materials (HPPM)
Shabrian et al., 2021.

Physical properties SHM Standard

Speci�c gravity 0.91 ASTM D792-20 (2020)

Melting point (Co) 160 ASTM D7138-16 (2016)

Water absorption 24 h (%) 8.8 ASTM D570-98 (2018)

Tensile strength (MPa) 3.65 ASTM D638-14 (2014)

Tensile strength at break (MPa) 3.97 ASTM D638-14 (2014)

Elongation at break (%) 118.9 ASTM D638-14 (2014)

Rupture force (N) 19.46 ASTM D638-14 (2014)

Aspect ratio 24 ---

4.1.xrd And Sem Of Hppm Stripes
Figure 2a, b shows the face mask and HPPM �bers' integrated X-ray diffraction patterns. The diffraction
peaks of all �bers were obtained between 10 and 30 degrees, as shown in the Fig. 2b. The peaks obtained
at approximately 14 o, 17o, 18.6o, 21–22 o, and 28 o are similar to the peaks generated by -polypropylene
(JCPDS 00-050-2397- 1970). Any micro structural changes in HPPM were observed using SEM. The
HPPM layer (polypropylene) was sliced into a 10 mm x 10 mm size and examined using a SEM (Hitachi,



Page 9/40

TM3000) at 1000 magni�cation. Figure 2c shows structural changes in polypropylene �bers such as
melting, distortion, tangling, and cracking.

4.2.XRD results of concrete containing the HPPM �bers.
Specimens were studied using XRD to show the in�uence of adding HPPM Fibers to concrete mixtures on
phase changes. Figure 3 shows the results of a 2 % HPPM test at the age of 28 days. The crystalline
phase, i.e. portlandite Ca(OH)2, calcite Ca(CO)3, and silicon dioxide SiO2, are the primary peaks. Ca(CO)3

and Ca(OH)2 levels did not change appreciably when HPPM �bers were added. Similarly, when �bers are
added, it is represented at 650. This phenomenon demonstrates that �bers are incapable of participating
in chemical processes. Furthermore, the presence of amorphous materials may be indicated by the
convex form between 2theta = 16° and 36°.

4.3. Slump
Figure 4 depicts the slump values for concrete mixtures including various amounts of HPPM as an
addition. Slump values are anticipated to decrease linearly as the percentage of HPPM added to concrete
increases. In comparison to the reference slump of the reference sample, the slump has decreased by
approximately 5%, 13%, 20%, 30%, and 43%, respectively. The decreased slump could be attributed to the
HPPM particles' heterogeneity and roughness, which could diminish the �uidity of the mixtures as well as
HPPM's high absorption (8.8%) Fig. 4. Because of HPPM's high porosity (avg. 8.8%) and high
cohesiveness between HPPM and concrete matrix (Das CS, et al. 2018), increasing the amount of HPPM
resulted in lower slump values. The volume, form, and slenderness of the �bers, as well as the mix
composition, in�uence the workability of concrete (Markovic, 2006, Karahan and Atiş, 2011 Zych and
Krasodomski 2016, Wan Ibrahim 2017, Blazy and Blazy 2012). When the �ber dose exceeds this crucial
amount, the likelihood of �ber clamping or balling increases, resulting in uneven �ber distribution and a
greater reduction in �owability (Ranjbar and Zhang, 2020).

4.4.compressive Strength (Ucs)
The UCS of the samples is shown in Fig. 5. The control mix in the experiment had a 28-day UCS of
448Kg/Cm2, but a 2% addition of shredded HPPM by volume produced the best results. In UCS to the
control mix study, UCS increased steadily between 1% and 1.5 % before falling marginally at 2.5 %. In
comparison to the control sample, volume increments of 0.5 %, 1%, 1.5 %, and 2% resulted in sample
increases of 8.82, 11.05, 13.68, and 9.40 %, respectively (Fig. 5). As a result, the �ndings show that
incorporating HPPM into concrete had a signi�cant impact on the UCS of the mixture. Xu et al., 2020,
reported similar results in UCS, where the addition of different plastic �bers boosted UCS to the point
where it began to fall. The improvement in UCS with the additional content of polypropylene �bres may
be related to the �ber's crack restriction effect, as demonstrated in earlier investigations (Nili and
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Afroughsabet, 2010). According to the study by Mohammadhosseini et al., the declining trend at 2.5 %
could be owing to the presence of voids at 2.5 % and the existence of weakening interfacial connections
between the cut-up HPPM and the cement (2017).

When the �ber dosage was raised from 0 % to 3 %, the UCS increased by 6% (Ravinder et al 2019). In
other circumstances, such as (Ahmed et al 2020), fc rose until a speci�ed �ber content value was reached
and subsequently reduced. This could be due to poor workability induced by too many �bers and an
increase in air content (Gencel et al 3011) and porosity (El-Newihy et al 2018).

The addition of HPPM to the mixtures, on the other hand, considerably modi�ed the concrete's failure
mode from brittle to ductile, as seen in Fig. 6. The specimens did not crush because of the bridging effect
of the HPPM �bers, and they maintained their integrity until the completion of the test. It was discovered
that mixtures containing HPPM had lower compressive strength at an early age, but that after a longer
period of curing, they had a higher compressive strength. This suggests that the bridging imacte of �ber
can improve UCS of the concrete over time.

4.5. Nondestructive Wave Velocity (Pv)
At the age of 28 days, an ultrasonic test was performed on water saturated cubic concrete specimens of
150 mm to assess the number of internal pores in the specimens. This non-destructive test uses re�ected
waves that have radiated between probes to assess the permeability of a specimen, according to ASTM
C597. The test was performed by crossing the two faces of the specimen with the instrument's two
probes. The PV test is a nondestructive method for determining concrete's consistency and e�ciency.
Concrete cracks and pores are also referred to as PV (Ahmmad, et al., 2016). Non-destructive testing is a
good way to assess the quality of concrete. The PV test's effects are depicted in Fig. 7a. PV grew
consistently as HPPM content by volume climbed until the volume crossed 2.0 %, after which it declined
marginally to 2.5 %, as seen in the data. Similarly, to UCS, the HPPM material with a volume of 2.0 %
produces the best results. According to Sims et al., (2019) and Khatib et al., (2019), concrete with a PV
result more than 4500 m/s is considered very good to outstanding concrete with a high-quality rating.
The quality of the concrete fell once more at the 2.5 % volume mark when compared to the control
specimen for the experiment; nonetheless, it should be noted that the quality of the concrete improved in
all mix designs, signifying bene�cial features. According to Yap et al., (2013), good quality concrete has
no substantial voids or cracks in the ranges mentioned; consequently, as proven in research by Shen et
al., (2020), the usage of shredded face masks reduced the amount of microcracks in the concrete, thereby
enhancing the overall quality of the concrete. No voids or cracks can jeopardize the structural integrity of
the concrete within the above-mentioned limit. Due to an increase in void content and hence porosity with
increased �ber, PV values tend to drop beyond a �bere composition of 2.5%. According to BIS, the UPV
measurements range between 3.8 and 4.04 Km/sec, indicating that the concrete quality is good (IS
13311-1) (1992). HPPM was added to the equation, which increased the UPV values up to a particular
volume fraction. However, as expected, increased HPPM stripes content resulted in lower UPV values.
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This decrease in change of velocity is thought to be owing to the existence of voids and microcracks in
the concrete specimens, which reduced homogeneity at higher �ber volume fractions. For specimens
containing HPPM at any %, UPV values ranging from 4200 to 4600 m/s were discovered, and it was
regarded as good quality concrete.

The values of ultrasonic pulse velocity have been shown to be connected to their matching cube
compressive strength. The relationship between UCS and UPV values of concrete mixtures including
HPPM �ber have a strong relationship, as seen in Fig. 7b. A power regression method was used to
correlate the experimental results, with an R2 of 0.872 for all samples, indicating a high level of
con�dence in the association.

4.6. Sorptivity
The �ndings of the (S) are shown in Fig. 8. When �ber concretes are compared to ordinary concrete, the
(S), which is a measure of concrete durability, is lower. It's possible that the loss of connection in the pore
space is caused by HPPM �bers �lling porosity (Ramezanianpour et al 2013). The minimum (S) for 2 %
HPPM is 2.55(106) (m/s), whereas the maximum value for 2.5 % HPPM is 3.46 (m/s). Furthermore, every
HPPM concrete has a lower (S) than the control mix, despite the fact that the high value for 2.5 % HPPM
is similar to a mix with a lot of porosity. This result demonstrates a considerable reduction in capillary (n)
and inner conductivity of pores when HPPM �bers are used, and it con�rms all of the other durability
�ndings in this study.

4.7. The Flexural Strength
The FS of UCS and PV follows the similar pattern, with a rise up to 2 % HPPM �bre content and then a
reduction as the number of �bres increases. The results shown in this graph show that, similar to tensile
strength, concrete �exure strength increased as the HPPM concentration increased. In comparison to the
control mix, specimens with HPPM of 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 % had FS of 17.8 %, 24 %, 27.5 %,
33.4 %, and 1.6 %, respectively. Furthermore, HPPM played a vital role in the development of FS,
particularly after a longer duration of water curing. The overall effect of HPPM appears to be geared
toward increasing FS, as evidenced by a 33.4 % increase in �exural strength in concrete with 2.0 % of
HPPM. The drop in FS values as �ber content increases can be due to the fact that voids in the matrix
grow as 2.5 % HPPM �bres are added to the matrix. As a result of applying HPPM to sustainable
concrete, the sample's FS was considerably boosted. As a result, further FS enhancements may be
accomplished by introducing HPPM with an optimized geometric shape to create better concrete FS. The
adoption of mechanically enhanced �bers with increased bond strength should result in more resilient
structural concrete capable of producing bigger residual capacities as a result of developments in
recycled HPPM processing.

The �bers intersecting the cracks in the tension zone of the specimens caused the rise in FS. HPPM �bers
�ex to hold the crack face separation, offering a larger energy absorption capacity and stress relaxing the
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micro-cracked area adjacent to the crack tip (Fig. 9a, b). Increased �ber content, on the other hand,
resulted in reduced FS. This issue could be caused by the concrete's decreased workability at larger
volume fractions in the combinations. The recorded FS of prismatic beams are shown in Fig. 9c.

4.8. Impact Strength
In terms of the number of blows required to cause the concrete specimen to collapse, the IMs of concrete
was investigated for different volume fractions of HPPM �ber. PPF improves the impact resistance of
concrete (Feng et al 2018). The addition of just 1% micro PPF increased the number of blows till failure
by nearly thrice (Widodo 2012). The number of blows at �rst crack was assessed to be 76, 35, 546, 654,
987, and 698 percent for 0 percent, 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 % of HPPM, respectively, when HPPM
was added to concrete mixtures. Furthermore, with 0 %, 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 % of HPPM, the
number of strikes required to destroy the sample increased 3.0, 3.3, and 4.8 times, respectively (Fig. 10).
These �ndings are consistent with (Jain et al 2011), which found that the number of blows for failure
increased from 76 (100%) for ordinary concrete to 355 (367.105%), 546 (618.421%), 654 (760.526%)
987(1198.68%), and 689 (818.421%) for concrete with HPPM �bers equal to 0 %, 0.5 %, 1 %, 1.5 %, 2 %,
and 2.5 %, respectively, for concrete with HPPM �bers equal to mix control (Fig. 10).

4.9. Spalling resistance
Furthermore, when compared to concrete without �bers, the proportion of spalling for PPFRC is lower
(Broda 2016). It is the outcome of the advancement of �re protection. HPPM melts at 160 degrees
Celsius, while spalling occurs at 190 degrees Celsius (Olgun, M., 2013). As a result, as the �bers melt,
empty channels emerge and a new pathway for gas to escape is generated. At the same time, it lowers
the internal pore pressure. These �ndings have also been con�rmed in publications by Kalifa et al. (2020),
Algourdin et al. (2020), and others (2020). Finally, HPPM considerably improves the �re resistance of
concrete.

4.10. Abrasion Resistance 
It's worth noting that using HPPM �bers improves concrete's abrasion resistance. Horszczaruk (2012)
demonstrated that after including 0.9 kg/m3 of �bers, the mean depth of wear for HPPM fell from 29 to
42 % as compared to plain concrete. The increase in abrasion resistance for concretes containing
�brillated 0 %, 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 %HPPM varied from 6.4 %, 5.7 %, 4.9 %, 3.7 %, and 4.6 %,
depending on the water to cement ratio (Grdic et al 2012).

This phenomenon can be explained by the fact that incorporating HPPM �bers into concrete inhibits the
creation of cracks and effectively diminishes the concrete's intrinsic cracking tendency. Furthermore, the
pore blocking effect of HPPM �bers causes the pore structures in hardened concrete to become more
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detached, resulting in less capillary porosity and lower water penetration of the concrete. In addition,
HPPM's abrasion resistant strength is improved. On the resistance to abrasion damage, HPPM �bers
outperform control concrete (Fig.11).

4.11. Water absorption and porosity
The resistance of concrete to the intrusion of hostile ions is another important aspect that in�uences its
durability. The porosity of concrete is indirectly represented by its absorption characteristics, which also
provide useful information regarding the permeable pore volume within the concrete and the connectivity
between these pores. Ozbakkaloglu and Afroughsabet (2015). The percentage of Sw is a measure of pore
volume or (n) of concrete after hardening, and it is one of the fundamental factors of concrete durability.

When it comes to water absorption, many studies show that HPPM absorbs less water than plain
concrete (Li and Liu 2020). According to Afroughsabet and Ozbakkaloglu (2015), regular concrete
absorbs 1.52 % of water, but concretes containing 1.5, 3.0, and 4.5 % PPF absorb 39, 46, and 49 %of
water, respectively. Similarly, in (Behfarnia, Behravan 2014), the water absorption was reduced by roughly
45 %, from 2.481 %to 1.366 %. PPFRC absorbed 24.7 %less water than concrete without �bers in tests
(Bolat et al 2014). This could be due to the �bers' action limiting the number of cracks to a minimum.
Fibers, on the other hand, have been shown in some tests to have a negative impact on absorbability.

The �ndings show that injecting HPPM into concrete reduced concrete's Sw signi�cantly. When compared
to the respective values obtained from control concrete mixes, water absorptions of concrete mixes with 0
% 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 % HPPM decreased by 25% and 36%, respectively. The results of
polypropylene HPPM �ber-reinforced concretes show that HPPM �bers have a favorable effect on
reducing concrete water absorption. As shown in Fig.12 a, increased �ber content resulted in a greater
reduction in water absorption. As a result, among all HPPM �ber-reinforced concretes evaluated in this
study, the combination containing 2% HPPM �ber had the lowest water absorption. Adding �bers to
concrete provides a variety of advantages, but it also causes the thickness of the transition zone to rise in
hybrid �ber-reinforced concretes.

The in�uence of HPPM on porosity cannot be clearly measured, as seen in Fig.12 b. Workability is
in�uenced by a number of factors, one of which being the distribution of �bers within the mixture and the
level of porosity. There have been studies that show that when the �ber dosage increases, the porosity
increases (Fallah and Nematzadeh 2016). Porosity can decrease with the addition of �bers con�ned to a
lower amount, then increase again with bigger �ber additions, as shown in (Ismail, M. Ramli 2016). The
porosity of concrete with 0 %, 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 %HPPM varied between 4.9 %, 4.3 %, 5.2 %,
3.6 %, 4.3 %, and 5.5 %in the current study. A summary of how HPPM �ber incorporation affects concrete
porosity (Fig.12 b). The �ndings of this study show that adding more than 2.5 % of the HPPM �bers to
concrete results in increased transition zone thickness and (n), and hence higher Sw. The increased
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porosity could be due to poor compaction, which could lead to more micro-cracks, unrestrained �bers,
and cracks, as well as poor �ber-matrix bonding (Mohammadhosseini, and Yatim 2017).

4.12. Water penetration and permeability
Because of the pore blocking action of HPPM �bers, all water penetration depths for HPPM are lower
than for control mix. The �ndings support the accuracy of HPPM readings.

The specimen with 2% HPPM �ber content has a minimum depth of penetration of 7.4 mm, which is
38.33 %less than the control mix. The drop in HPPM depth of water penetration and then increase (11.6
at 2.5 %) could be attributable to an increase in “n” as the HPPM �ber content increases. In fact, the 2%
decrease in water depth is most likely attributable to pore blockage and decreased capillary porosity. This
result backs up the results of the other durability tests presented in this article. Figure 13 shows the
�ndings depth of water penetration at the age of 28 days.

In addition, the impact of HPPM �bers on permeability is not well understood. In their study, Islam and
Gupta (2016) found that adding PPF to concrete increases both water and gas permeability. Hager et al.
reported a similar �nding in their paper (2019). Many researches, on the other hand, discovered that �bers
have a favorable effect on permeability. According to Zhang and Li (2013), adding PPF to concrete
reduced the duration of water permeability. Similarly, samples with �bers demonstrated poorer
permeability than samples without them in (Kakooei et al 2012). There have also been studies that show
that permeability declines as the volume of �bers grows up to a certain point, then increases and
sometimes exceeds that of plain concrete (Flores Medina et al 2015). This is usually due to a lack of
workability and an excessive amount of �bers in the mixture.

The presence of HPPM �bers in the concrete reduces the likelihood of the concrete to break by limiting
the formation of cracks. Fibers also cause the pore structures in hardened concrete to become more
separated, resulting in lower capillary porosity and concrete water penetration.

5. Role Of Stripes In Pore Blocking And Strength Improvements

5.1. Microstructure analysis
The microstructure of HPPM �ber r with 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 % volume fraction of HPPM �ber
was examined using SEM to evaluate the bond characteristic of the combination. Figure 14a, b depicts
the HPPM �ber-matrix interface of a concrete composite including HPPM �bers, as well as �ber bridging
following fracture. The results of compressive and �exural tests on concrete incorporating HPPM �ber
show that the �ber-matrix interface is good and that the �ber-matrix bond is good.
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Another fault in concrete is that it breaks almost immediately after it is poured and before it has fully set.
These �ssures are a key source of concrete weakness, especially in large-scale worksite applications,
causing fracture and failure as well as a general lack of resilience (Sivakumar and Santhanam, 2007a).
Traditional reinforcing, as well as, to a lesser extent, the use of a suitable amount of particular �bers, will
assist in overcoming the tension weakness (Ahmed et al., 2006). The microstructure of HPPM concrete
with a 2 % volume fraction of HPPM was investigated using SEM to assess the bond characteristic of
HPPM in the combination. The microstructure at 0.5 %, 1 %, and 1.5 % of HPPM surface and hydrated
cement matrix after the fracture of concrete specimen is shown in Figs. 14 (b, c, d). The surface of the
HPPM is coated with densely hydrated cement matrix, as seen in Figs. 14 (b, c, and d). This event shows
that HPPM and the wet cement matrix have formed a strong connection.

The HPPM and cement matrix have a strong interfacial connection, as seen in Fig. 14 (e). This bonding
was important in reducing the size and number of cracks, which led to a 2 % increase in HPPM strength.
The bridging activity of �bers, via which the bridging �bers partially transferred the stress across the
crack, could also account for the improved �exural performance of concrete containing HPPM. Similar
�ndings were made by Nili and Afroughsabet (2010), who discovered that adding polypropylene to
concrete increased its �exural strength substantially.

At 2% HPPM �bre, the greatest compressive strength values were attained. The highest UCS increase
measured at 1.5 % and 2% HPPM is 13.6% and 9.40%, respectively. As a result, it is reasonable to
conclude that stripes have a signi�cant impact on compressive strength values. According to the
�ndings, HPPM stripes have a considerable impact on UCS values when compared to control concrete.
The great �neness and variable length of �bers in staple HPPM stripes form a network that works as a
bridge, preventing the micro fracture from spreading further. When the HPPM stripes level is higher (2.5%),
however, the �bre stripes is dispersed unevenly in concrete due to poor workability and mixing. As a result,
these �ber masses collected to generate weaker places (Fig. 14f)

After the �exure test, the �bres operate as a bridging element, effectively transferring the load from the
matrix to the HPPM �bres, allowing them to take on the additional load, resulting in an increase in UCS
and FS when compared to control concrete. The size and shape of the polypropylene �bres affect the
increase in �exure strength of concrete. It can also be seen that, as a result of the lower effective w/c
ratio, the splitting tensile and FS values are relatively high, with 17.8%, 24 %, 27.5 %, 33.4 %, and 1.6 %
increases in FS at 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 %HPPM, respectively, when compared to control
samples. In a scattered stripes cement matrix, stress concentrations are not uniform along the length of
the �bre.

Combination of HPPM stripes and �bers as a factor in improving FS, especially in older people. HPPM
stripes �ex to keep the fracture face apart, offering a larger energy absorption capacity while also stress
relaxing the microcracked area adjacent to the crack tip. However, a higher �ber content (2.5 % HPPM)
resulted in a reduction in FS (Fig. 14f). This issue could be caused by the concrete's decreased workability
at larger volume fractions in the combinations. Inadequate compaction, more micro-cracks, uncontrolled
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�bers and cracks, and poor �ber-matrix bonding could all contribute to the increased permeability and
porosity. HPPM acts as a three-dimensional reinforcement, bridging cracks and preventing them from
growing and enlarging (Yang et al 2020). It is important to note that cracks are not detrimental to the
construction or serviceability if they do not surpass a particular size. When concrete transitions from a
plastic to a solid state, and the concrete's Young's modulus exceeds the Young's modulus of the �bers,
micro HPPMs are no longer thought to play a signi�cant role. Furthermore, in (Sivakumar, M. Santhanam
2007 b) the cracking area in concrete with 0.5 % PPF was reduced by 99%. PPF prevents cracks from
forming not only against plastic shrinkage, but also against drying shrinkage (Sivakumar, M. Santhanam
2007b, Yinet et al., 2015, Zych et al., 2016, and Krasodomski et al., 2016).

However, in Fig. 14f, 2.5 % HPPM has higher porosity, causing the specimen to be non-homogeneous.
Furthermore, HPPM Fibers have a bridging effect, which could lead to increased compressive and �exural
strengths. Less permeability and capillary porosity do, in reality, have a close relationship. It may be
deduced that the voids in 2.5 % HPPM, which are more than those in 2 %, are caused by HPPM �bers
trapping air in the mixture. Furthermore, the HPPM stripes and �bres can be seen as a binder all over the
�bers and aggregates in this micrograph, potentially causing pore blockage and decreased permeability.
Less permeability and capillary porosity do, in reality, have a close relationship. It may be deduced that
the voids in 2.5 % HPPM, which are more than those in 2 % HPPM, are caused by �bers that have trapped
air in the mixture.

5.2. Geometry And Crack-strengthening Mechanisms
Some academics have recently emphasized the impact of �ssures on concrete permeability (2009).
Wang et al. (1997) investigated the effect of fracture width on concrete permeability in an experimental
setting. Shin et al. (2017) studied the impacts of concrete permeability on fracture type, crack width, and
water heads. Yang et al. (2018) used X-ray CT to monitor the water transport parameters of cracked
concretes and indicated that fracture morphology and tortuosity should be studied in future research.

The main role of HPPM in the concrete construction is depicted in Fig. 15. As can be seen, stresses
arising from plastic shrinkage exceed the concrete strength in the initial hours of its age, when both
strength and Young's modulus are quite low. Shrinkage cracks form as a result of this. The formation of
cracks is slowed by a high number of equally dispersed HPPM, which reduce crack width by two orders of
magnitude (Yin et al. 2015). It is important to note that cracks are not detrimental to the construction or
serviceability if they do not surpass a particular size. When concrete transitions from a plastic to a solid
state, and the concrete's Young's modulus exceeds the Young's modulus of the �bers, micro HPPMs are
no longer thought to play a signi�cant role. Concrete samples with no �bers had a breaking area of 1743
mm2 in the study (Cao et. al., 2020), while those containing 0.5 % and 1.0 % PPF had cracking areas of
992 and 99 mm2, respectively. The presence of HPPM increased the drying shrinkage resistance of
concrete, according to the �ndings of this study.
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The addition of macro HPPM �bers can change the fracture shape, based on the physical and
mechanical data above. The behavior could be attributed to the macro polypropylene �bers, which are
scattered stochastically in the matrix, preventing the matrix fracture from propagating without stretching
and deboning the �bers, resulting in a deviated crack extension route. When comparing HPPM �ber
specimens to control concrete samples, specimens with a �ber dosage of 2.5 % showed the most
signi�cant increase in crack morphology.

The use of �bers from various raw materials is e�cient in controlling crack formation on exposed
concrete surfaces caused by early age drying shrinkage (Shi et al 2020). Because they restricted the
motions of micro level in concretes by bridging and stitching the �ne fractures, PPF in concrete decreases
drying shrinkage and early cracking (Yin et al 2015). The impact of HPPM on matrix fracture behavior
can be separated into two categories. To begin with, the addition of HPPM �ber reduces the maximum
stress as well as the elastic modulus of the mixes. Second, after the grain-bridging crack face breaks,
stress can be transferred via the cracks via the intersection of �bers and cracks. Crack bridging activity
results in increased ductility in HPPM �ber reinforced concrete (Fig. 15).

5.3. Eco-friendly and economic feasibility of HPPM
In today's construction business, the issue of susceptibility and environmentally friendly materials is hotly
debated. CO2 concentrations in the environment have raised by 50% in the twenty-�rst century (Kumar
Mehta and Burrows, 2001). Concrete manufacturing accounts for 2–3% of annual energy demand and
8–9% of total CO2 emissions in the atmosphere (Monteiro, et al 2016). As a result, the construction
industry now faces a new challenge: manufacturing concrete structures that meet environmental
standards while also being more durable. Protecting steel bars from corrosion and sulfate attack
improves the longevity of reinforced concrete, allowing water and ions to penetrate through cracks and
pores (Kumar Mehta and Burrows 2001). Plastic shrinkage at an early age is widely recognized as one of
the leading causes of concrete cracks. As a result, the idea of HPPM �ber inclusion appears to be quite
useful in terms of long-term development. Ali et al. (2020) report a comparative research of plain concrete
and concretes containing various kinds of �bers, including steel, glass, and PP. It was discovered that the
manufacture of PPF produced 30 and 9 % less CO2 than steel and glass �bers, respectively. The
environmental and economic issues of pavements made from the various concretes described above
were evaluated. In addition, depending on the �ber dose, carbon emissions per m2 of pavement were
reduced by 13–18%. The thickness of concrete pavement was lowered by 18 % in another study (Garg
and Garg 2020) thanks to the use of PPF. Inappropriate management of spent HPPM is another plausible
pathway for COVID-19 transmission. As a reason, the present work encourages scientists to express their
concerns to governments at all levels about the signi�cance of implementing suitable solid waste
management measures, such as HPPM, to prevent the spread of the novel coronavirus. With 50% of the
population, Saudi Arabia must be the most populous country in the Arabian Peninsula. Coronavirus
Cases: 417,363. There have been 6,957 deaths. A total of 375,831 dollars was recovered
(www.worldometers.info). As previously stated, the primary application of �ber reinforced concrete is the
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construction of structural elements. The prospect of employing such concretes to build architectural
shapes is considered less frequently. Public spaces are one of the �eld's applications in architecture.
Public open spaces are one of the most important aspects of city life (Gehl 2013), and their
attractiveness has an impact on how people view the city. Furthermore, as a result of them, cities are seen
as pleasant and inviting to people. HPPM stripes can be used to produce architectural shapes in public
spaces, such as decorative pavements in scienti�c centers, shopping centers, rest zoons, promenades,
zoos and gardens, bus stations, parking area, ferry terminals, feck rocks, beaches area, landscapes, door
surrounds, and skateparks. Finally, some habits of materials utilized in space should be taken into
consideration.

6. Conclusion
The main function of HPPM stripes in the concrete construction is to reduce plastic shrinkage cracks. Mix
change improves many characteristics of HPPM �ber reinforced concrete. However, certain qualities have
a neutral effect or are di�cult to assess. It's also worth noting that the conclusion that higher HPPM �ber
content equals better characteristics isn't always correct and an excessive amount of �bers can cause
substantial deterioration. Polypropylene �bers, for example, improve the material's characteristics up to a
speci�c dosage, which, if exceeded, has detrimental consequences. When determining the HPPM ideal
�ber content, it is critical to consider the mixture composition and �ber qualities. HPPM �ber reinforced
concrete applications in public open places are a promising �eld. Because they are subjected to adverse
environmental conditions, damages, abrasion of surface, and vandalism, using concrete with enhanced
qualities is de�nitely advantageous.

In made sustainable concrete, various percentages of iron waste (0, 0.5, 1, 1.5, 2.0, and 2.5 %) are
employed. Slump, compressive strength, �exural strength, abrasion resistance, impact resistance,
sorptivity, spalling test, water absorption, porosity, water penetration, permeability, and UPV were all
investigated by the researchers. Based on the results of the experiment, the following conclusions can be
drawn:

When HPPM �bers are added to the concrete mixture, it reduces the new concrete's workability and has
the potential to improve some of the mechanical qualities of the concrete when utilized in small amounts.

When compared to the control mix, HPPM improved the overall quality of the concrete because the �bers
were more evenly spread, resulting in higher compressive and �exural strengths. Because they restricted
the movements of micro level in concretes by bridging and sewing the �ne cracks, HPPM in concrete
decreases drying shrinkage and early cracking. The mixture with 2 % of the HPPM �ber content yields the
highest compressive and �exural strengths.

The �ndings of the XRD test show that after introducing PP �bers, neither Ca(CO)3 nor Ca(OH)2 have
altered appreciably. This incident could demonstrate that �bers are incapable of participating in chemical
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reactions. Aside from that, the convex shape of the analyzer could indicate the presence of amorphous
materials. The presence of �bers causes a considerable change in the cracking pattern of concrete. While
unreinforced concrete forms wide crack widths and long cracks, the inclusion of �bers reduced the crack
width opening, cracked area, and crack propagation through the bridging activity of �bers. Crack
networks become less connected as a result of the �bers addition.

Water absorption in hardened concrete is reduced when HPPM stripes and �bers are added in low volume
fractions to the concrete mixture separately. Furthermore, using HPPM �bers in small volume fractions
reduces the porosity of concrete specimens. Among all the concrete specimens, the concrete containing 2
% HPPM �bers has the lowest water absorption and porosity percentage. Regardless of the volume
concentration of HPPM, all concrete mixes are subjected to the same high standard of excellent quality,
strong concrete, and structural strength.

Micro fractures propagate along the concrete with HPPM, according to concrete microstructure study. As
demonstrated in SEM pictures, HPPM �bers (2%) play a signi�cant role in fracture bridging. However,
when the volume percentage of �bers is higher (2.5 % of HPPM), voids form and grow between the
cement paste and the �bre, reducing the concrete's strength qualities. As a result, the HPPM can be
utilized to make sustainable concrete and produce a clean, healthy environment as a building material. In
addition, the HPPM �bers employed in this study were classi�ed as short or discontinuous �bers, which
could lead to increased UCS and FS and abrasion resistance.

Abbreviation

PPs Polypropylene stripes

HPPM Healthy Personal Protective Materials 

FM Single-Used Face Mask

UCS Uniaxial Compressive Strength 

FS  Flexural Strength 

PV Ultrasonic Pulse Velocity

SEM Scanning Electron Microscope

XRD X-ray diffraction patterns

n Porosity

Sw Water absorption

IMs Impact strength 

AbR Abrasion resistance

S Sorptivity coe�cients 
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Figures

Figure 1
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Experimentation protocols, casting and curing of the concrete with HPPM.

Figure 2

a) Single used Face mask, b) XRD image of FM �bers, c) appearance of face mask layers under scanning
electron microscope at 1000×.
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Figure 3

XRD analysis of concrete with 2% HPPM after 28 days.
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Figure 4

Slump of different percentage of HPPM.

Figure 5

Compressive strength results after 28-day enhanced by the adding of HPPM.
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Figure 6

Failure mode of concrete specimens under compression load
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Figure 7

a) P-wave velocity results after 28-day b) relationship between UCS and PV for concrete contain HPPM.
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Figure 8

Sorptivity enhancement after 28-day enhanced by the adding of HPPM.
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Figure 9

Flexural strength enhancement after 28-day enhanced by the adding of HPPM.
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Figure 10

In�uence of HPPM incorporation on Impact resistance.

Figure 11

Abrasion resistance enhancement after 28-day enhanced by the adding of HPPM.
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Figure 12

In�uence of HPPM on a) water absorption “SW”; b) porosity, ”n” reported in selected studies.
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Figure 13

Depth of Water penetration vs HPPM �ber content after 28 days.
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Figure 14

SEM images of concrete with HPPM �bers. (a) cubes with different percentage of HPPM, (b, c, d, e, f)
0.5%, 1%, 1.5%.2% and 2.5% of HPPM �bers.
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Figure 15

Schematic representation of mechansim of brdiging formed by HPPM �bres.


