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Abstract: The use of synthetic fiber and natural fiber for concrete production has been continuously
investigated. Most of the materials have become popular for their higher flexibility, durability,
and strength. However, the current study explores the engineering properties of cement concrete
reinforced with nylon and jute fibers together. Varying proportions and lengths of nylon and jute
fibers were utilized in the concrete mixture. Hence, the combined effects of nylon and jute fibers on
workability, density, water absorption, compressive, tensile, flexural strength, and drying shrinkage
of concrete were investigated. Results showed that concrete with 1% of nylon and jute fibers together
by the volume fraction showed a maximum enhancement of the compressive strength, split tensile
strength, and flexural strength by 11.71%, 14.10%, and 11.04%, respectively, compared to the control
mix of concrete at 90 days. However, the water absorption of concrete increased with increasing
nylon and jute fiber contents. The drying shrinkage of concrete decreased with the addition of nylon
and jute fibers together after 90 days. Thus, the sparing application of both nylon and jute fiber as
discussed in this study can be adopted for concrete production.

Keywords: nylon fiber; jute fiber; reinforcement material; concrete; fresh and hardened properties

1. Introduction

Concrete has been a broadly utilized construction material for the development of
infrastructures for a long time. It is composed of binder and aggregates with a suitable
quantity of water [1,2]. The use of concrete is measured as the 2nd most consumed compo-
nent after water, and today, construction of any structure is deemed impossible without
the use of concrete [3-10]. Such a wide acceptance of concrete as a construction material
is due to its durability, availability, and strength properties [1,11]. Moreover, nowadays,
researchers are using different waste materials in concrete, which contributes a lot to a
sustainable environment [12-14]. Except for these beneficial peculiarities, concrete also
has undesired attributes such as low tensile strength, quasi-brittle failures, low resistance
to wind and earthquake loads, and increased self-weight and/or density. These defi-
ciencies demand optimal solutions, and hence, concrete is blended with supplementary
cementitious resources and is conventionally reinforced with steel rebars and fibers, etc.,
to supplement the strength deficiencies [15-17]. Although the utility of fibers is not new,
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the research concerning the use of fibers has been rising since the early 1900s to supple-
ment the strength deficiencies of concrete [18]. The introduction of fibers in the concrete
matrix not only increases the toughness of the concrete body but also delays crack devel-
opment [19]. The effect of fibers has been investigated in various studies. In addition,
the fibers in the mixture of concrete also improve the shear and punching resistance of
concrete and aid in recovering post-cracking strength losses [20-22]. Apart from these
merits, the only risk associated with fiber reinforcement in the concrete matrix is the decline
in workability of concrete which can be conventionally complemented with the use of
admixtures [17].

In conclusion, the utility of fibers for supplementing concrete deficiencies up to a
substantial extent is well-established [23]. The properties of fiber-reinforced concrete
are highly influenced by the physical parameters of fibers, i.e., diameter, aspect ratio,
length, etc. Unlike fibers with larger diameters, fibers with small diameters have been
reported to be difficult for dispersion in fresh concrete [13,24,25]. Although the best-suited
modifications in deficiencies of concrete can be achieved by the unidirectional orientation
of fibers with fibers being parallel to the applied forces, it is still impractical because of the
short lengths of fibers [26,27]. Numerous fibers such as sisal, steel, plastic, hemp, carbon,
hybrid, glass, human scalp hair, etc., are used for reinforcement of concrete, depending
upon their availability, characteristics, and feasibility [13,17,25,28,29].

The current study focused on using natural fiber, i.e., jute, and synthetic fiber, i.e., ny-
lon, as reinforcing materials for concrete. Nylon fiber is a textile fiber invented in 1938
by Wallace Carothers to compete with the strength of silk fiber [30]. The tensile strength
of nylon fiber was claimed to be 750-1000 MPa by [31], which became the reason for a
30% increment in the tensile strength of concrete in a recent study conducted in 2020
by [32]. Nylon fibers are also tough in their textures, and hence, 49% improvement was also
observed in the toughness of concrete when reinforced with nylon fibers [32]. Similarly,
Nitin and S. Verma [33] concluded that adding nylon fiber by 1% of volume increases the
crushing strength of concrete by 10% and tensile strength of concrete by 25%. An increase
of up to 17% in crushing strength and up to 21% in tensile strength was witnessed with
the water-binder ratio of 0.63 and nylon fibers in 0.5%, 1.5%, and 2.5% by weight fraction
of cement mortars [34]. Moreover, the nylon fibers are also observed to be effective in
enhancing the mechanical, microstructural, and durability properties of concretes prepared
with recycled aggregates [35]. The nylon fibers have also been studied for their usefulness
in concrete composites along with fly ash for prominent growth in strength values [36].

Meanwhile, the jute fiber is a natural fiber with tensile strength ranging from 400
to 800 MPa [26]. M. Zakaria et al. [37] stated the use of yarn and jute fibers in concrete
and concluded that there is a tremendous scope of using jute fibers in concrete. Similarly,
Gupta et al. [38] recently conducted a study on the use of jute fibers of 15 mm and 25 mm
long in 0.1-0.4% of the volume of concrete. The outcome was detected that the inclusion of
15 mm fibers increases the crushing strength up to 12.4%, and the introduction of 25 mm
fibers in concrete increases its compressive strength up to 8% at 0.3% fiber inclusion level.
Similarly, an incredible increase in tensile strength was observed, i.e., 58% with 15 mm
fibers and 42% with 25 mm fibers with a reinforcement level of 0.3% by the total volume
of concrete. In addition, the jute fiber also attenuated the brittleness and shrinkage of
concretes [38]. These results were also in agreement with the study of [39]. Moreover,
0.4-0.5% jute fiber content was found to be optimum for concrete compressive and tensile
strength [40-42]. The jute fibers have also found their effectiveness in strengthening the
concrete beams as it improves strength values, ductility, stiffness, and toughness of concrete
beams [43]. In addition, the jute fiber can also be utilized in high-strength concrete as a
spalling prevention agent [44]. The reinforcement of concrete with jute fibers not only
impedes the crack instigation but also helps in post-cracking propagation [45].

This review led to an observation that literature is scarce on studies focusing on a
combination of synthetic nylon fiber and natural jute fiber. The present study intends to fill
this gap and to investigate the influence of nylon and jute fibers combined reinforcement
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on various engineering properties of concrete, i.e., workability, water absorption, density,
compressive strength, flexural and split tensile strength, elastic modulus, and drying
shrinkage of concrete.

2. Materials

The materials utilized in this study were nylon fiber, jute fiber, and basic constituents
of concrete, i.e., water, cement, fine aggregate, and coarse aggregate. The properties of
materials are detailed as follows:

2.1. Cement

The Portland cement in concrete works as a binder to bind the materials together.
In this research, the Grade 43 cement meeting the standards set in ASTM C150/C150M-
19 [46] was employed. The chemical composition of cement is detailed in Table 1, while other
physical and mechanical characteristics are listed in Table 2.

Table 1. Chemical composition of cement.

Oxide SiOz CaO MgO Na20 A1203 F6203 503 KQO
orcC 18.11%  60.22% 3.66% 0.18% 4.31% 2.38% 2.87% 0.67%

Table 2. Physical and mechanical properties of ordinary Portland cement.

Property Value Standard [46]

Normal Consistency 32% -

Initial Setting Time 55 min >45 min

Final Setting Time 225 min <375 min

Compressive Strength

2 days 27.63 MPa -
7 days 40.27 MPa -

28 days 48.94 MPa >19 MPa

2.2. Fine and Coarse Aggregates

The fine and coarse aggregates, conforming to specifications set in ASTM C33/C33M-
18 [47], were acquired from the local market. The maximum size of fine aggregates was
4.75 mm and that for coarse aggregates was 19 mm. Further properties of fine and coarse
aggregates are detailed in Table 3, and sieve analysis curves for coarse and fine aggregates
were done by using ASTM C136 [48], respectively, displayed in Figures 1 and 2.

Table 3. Properties of fine and coarse aggregates.

Property Fine Aggregate Coarse Aggregate
Fineness Modulus 2.34 -
Water Absorption 1.67% 1.23
Specific Gravity 2.63 271

Density 2640 kg /m?3 2718 kg/m?>
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Figure 1. Grading curve of coarse aggregate (CA).
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Figure 2. Grading curve of fine aggregate (FA).

2.3. Water

For this study, potable water, free from all impurities and meeting the standards set
in [49], was used.

2.4. Nylon Fiber

Nylon fibers (NF) were purchased from the local market with various lengths and
then cut into two different lengths of 10 and 20 mm. After cutting into the required length,
the nylon fibers were used by the volume fraction of concrete in the mixture. It possessed
0.10 mm in diameter. Moreover, the properties of nylon fiber, such as density, tensile
strength, and modulus of elasticity, are measured by 1120 kg/ m3, 36.80 MPa, and 3.88 GPa,
respectively.

2.5. Jute Fiber

Jute fibers were used of 10 mm and 20 mm in length for this research work and col-
lected from the local market. This fiber is a long, soft, and shiny vegetable fiber possessing
an off-white to brown color. However, the collected jute fiber possessed various lengths,
and then was cut into two different lengths, namely 10 and 20 mm. After that, it was
ready to be used in concrete by the volume fraction. Properties such as tensile strength,
density, diameter, and modulus of elasticity are noted as 488 MPa, 1440 kg/ m3,0.10 mm,
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and 28.50 GPa, respectively. Therefore, the use of jute fiber in concrete might provide better
results as compared to nylon fiber as jute fiber has superior material properties compared
to nylon fiber.

3. Mix Design and Specimen Preparation

In this experimental program, five mixtures were made with concrete ingredients,
nylon, and jute fibers. The fibers were used in concrete as reinforcement at 0%, 0.5%,
1%, 1.5%, and 2% levels where the content of nylon and jute fibers kept the same level
based on a preliminary evaluation of the raw materials, and it was discovered that an
equal fiber constituent would be utilized to balance the volumetric fraction of fibers in
each of the mixtures. However, a combination of different contents of jute and nylon fiber
could be considered in a future study. The NFJFO mix was a control or conventional mix,
only constituting the basic ingredients of concrete, while other mixes such as NFJF0.5, NFJF1,
NEFJF1.5, and NFJF2 represented the fiber introduction levels of 0.5%, 1%, 1.5%, and 2%,
respectively. For example, NFJF1 means the mix employed nylon and jute fibers at a 1%
reinforcement level. The mix proportions are detailed in Table 4. A total of 135 specimens
were equipped. The preparation of specimens was completed in line with standards set
in [50].

Table 4. Mix proportions (kg/m?).

. Nylon and Jute Nylon Fiber Jute Fiber Fine Coarse
Mixture ID PC Fibzrs Content (%) Y (%) (%) Water Aggregate Aggregate
NFJF0 375 0 0 0 188 562 1125
NFJF0.5 375 0.50 0.25 0.25 188 562 1125
NFJF1 375 1.0 0.5 0.5 188 562 1125
NFJF1.5 375 1.50 0.75 0.75 188 562 1125
NFJF2 375 2 1 1 188 562 1125

3.1. Procedures for Testing
3.1.1. Slump Test

The slump test was performed on the freshly made concrete, including several per-
centages of nylon and jute fibers by the volume fraction combined in the concrete by
conforming BS EN 12350-2 [51] code.

3.1.2. Hardened Concrete

The water absorption and density of hardened concrete were performed on concrete,
including various percentages of nylon and jute fibers combined in concrete by follow-
ing BS 1881 [52] and BS EN 12390-7 [53] procedures at 28 days, respectively. However,
the cubical samples (100 mm x 100 mm x 100 mm) were prepared for testing the compres-
sive strength, and cylinders (200 mm x 100 mm) were made for exploring the splitting
tensile strength concrete mix with the accumulation of nylon and jute as fibers by the
mass of PC together in concrete by following the BS EN 12390-3 [54] and BS EN 12390-
6 [55] code practice correspondingly. Similarly, flexural strength was achieved on prism
(500 mm x 100 mm x 100 mm) samples of concrete prepared with nylon and jute fibers
combined in a mixture by obeying BS EN 12390-5 [56] code practice. Moreover, the modu-
lus of elasticity of concrete was determined with the accumulation of various percentages
of nylon and jute fibers combined in concrete by following the BS EN 12390-13 [57] code
procedure. These all-concrete samples were cured and tested at 28 and 90 days. Further-
more, drying shrinkage of concrete was performed on the cylindrical samples made of
concrete with the addition of several percentages of nylon and jute fibers by the mass of
PC in concrete by confirming the BS ISO 1920-8 [58] code procedure at 5, 10, 15, 20, 30, 60,
and 90 days, respectively. The experimental setup of concrete testing is shown in Figure 3.
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(c) Water Curing

(e) Flexural Strength Test (f) Split Tensile Strength Test
Figure 3. Experimental details of concrete testing.

4. Results and Discussions
4.1. Slump Test

The slump test is used for measuring the workability of a freshly mixed concrete
mixture. In simple terms, workability refers to the ease with which it can be placed and
compacted, while workable concrete refers to concrete that can be placed and compacted
without segregation. Figure 4 displays the slump test of concrete reinforced with several
percentages of nylon and jute fibers. The maximum outcome of slump values was estimated
by 60 mm at 0% of nylon and jute fibers together. The minimum value was calculated
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by 28 mm at 2% of nylon and jute fibers together by the volume fraction. However,
the outcome was detected that the slump of freshly made concrete is declined with the
incline in the amount of nylon and jute fibers in concrete. This decrease in workability
could be linked to an increase in the constituent’s specific surface area, increasing the
cement mortar required to cover their area. Hence, the necessary quantity of water for
the workability of reinforced concrete with nylon and jute fibers was lowered. According
to Onuaguluchi and Banthia [59], increasing the amount of fiber in concrete reduces its
workability. Similarly, Bayasi and Soroushian [60] found that when the amount of jute fiber
in concrete increases, the workability decreases. According to Bheel et al. [61], when the
amount of jute fiber in concrete increases, the workability of the concrete decreases. Gao and
Wang [62] reported that the slump of steel fiber reinforced recycled fine aggregate concrete
(SFRFAC) is reduced by improving the content of steel fiber in the mixture.

NFJFO NFJFO.5 NEFJF1 NEFJF1.5 NFIF2

Nylon and Jute Fibers Content

Figure 4. Slump test.

4.2. Density of Concrete

Figure 5 shows the bulk density of concrete reinforced with several percentages of
nylon and jute fibers. The highest density was estimated by 2388 kg/m? at 0% of nylon
and jute fibers, and the least density was recorded by 2300 kg/m? while using 2% of nylon
and jute fibers in concrete at 28 days, respectively. It was deemed that the density of
concrete is declined with reinforcement of nylon and jute fibers. This reduction in density
may be attributed to growing porosity and air void, which brought about inadequate
compaction of the high nylon and jute fiber content in the mixture. Moreover, the density
was decreased as the density of nylon and jute fibers is lesser than other components of
concrete, and nylon and jute fibers entrapped more air in concrete than that in the control
mixture. This opinion is associated with Ismail et al. [63], where it was deemed that the
density of concrete reinforced with jute fiber is reduced as compared to concrete without
reinforced fiber. Similarly, Bheel et al. [64] itemized the density of concrete and found that
it declined with growing in the amount of human hair fiber at 28 days.
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Density of Concrete (kg/m?)
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NEJFO NFTFO0.5 NFJF1 NFIF1.5 NFJF2
Nylon and Jute Fibers Content

Figure 5. Density of concrete.

4.3. Water Absorption of Concrete

Figure 6 displays the water absorption of concrete reinforced with nylon and jute
fibers together after 28 days. The maximum outcome of water absorption was estimated by
3.07% at 2% of nylon and jute fibers together, and the smallest value was considered by
2.40%, whereas applying 0% of nylon and jute fibers together by the volume fraction after
28 days, respectively. However, it was believed that the water absorption is increased with
the inclusion of nylon and jute fibers together by the volume fraction. This improvement
in the water absorption of concrete may be due to more water being absorbed by nylon
and jute fibers in concrete than that of concrete without reinforced nylon and jute fibers by
volume fraction, as well as the higher entrapped air in concrete by nylon and jute fibers
than that in the control mixture. This opinion is in agreement with Bheel et al.’s study [64],
where it was found that the water absorption of concrete is improved by the accumulation
of human hair fiber in concrete.

4.4. Compressive Strength of Concrete

The cubical samples were tested for investigating the compressive strength of the
concrete reinforced with various proportions of nylon and jute fibers at 28 and 90 days,
correspondingly. The optimum outcomes of strength were estimated by 30.15 MPa and
31.28 MPa at 1% combined use of nylon and jute fibers, and the lowest strength was
calculated by 25.48 MPa and 26.8 MPa while using 2% of nylon and jute fibers together
after 28 and 90 days, respectively. Hence, the concrete with 1% of nylon and jute fibers
together by the volume fraction showed the highest increase in compressive strength
of 11.71% at 90 days. However, it was predicted that the compressive strength of mix-
tures was augmented with increases in the content of nylon and jute fibers together up
to 1% by the volume fraction and rose with the curing age, as shown in Figure 7. The in-
crease in strength of concrete when reinforced with fibers may be due to the quantity of
fibers increasing up to a certain limit, which helps in controlling the formation, widening,
and propagation of cracks more effectively. On the other hand, it has been discovered that
the fiber-connecting effect prevents transverse deformation, resulting in increased concrete
compressive strength [65]. Besides, the smaller volume of nylon and jute fibers binds the
composite ingredients tightly and proceeds to an intact bound [66].
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Figure 6. Water absorption of concrete.

B28 days *90 days

NFJFO NFJFO0.5 NFJF1 NFJF1.5 NFJF2
Nylon and Jute Fibers Content

Figure 7. Compressive strength of concrete.

Furthermore, once the percentage of nylon and jute fibers in the concrete mixture
exceeds 1%, the strength begins to decline owing to enhanced air spaces and porosity,
resulting from poor compaction of a large number of nylon and jute fibers in the concrete
mixture. Similarly, nylon and jute fibers have a ball-up tendency with an aspect ratio larger
than 120, resulting in inadequate spreading in concrete mixes and reduced compressive
strength [66]. The study of a similar trend was related to Zakaria et al. [67], where it
was revealed that the compressive strength of concrete was boosted while using 0.5%
of jute fiber. According to Bheel et al. [64], the compressive strength was increased by
up to 1% when the amount of human hair was increased, and then it began to decrease.
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Lehner et al. [68] described that the self-compacting concrete blended with steel fiber up to
1% provides the best compressive strength. Zhong et al. [69] testified that the compressive
strength of fiber-reinforced concrete is improved while using the steel fiber up 1.5% by the
volume fraction at 28 days.

4.5. Splitting Tensile Strength of Concrete

Figure 8 indicates the splitting tensile strength of concrete reinforced with different
percentages of nylon and jute fibers after 28 and 90 days. The optimum outcome of split
tensile strength reinforced with 1% of nylon and jute fibers together was recorded by
3.35 MPa and 3.65 MPa, and the minimum strength was calculated by 2.68 MPa and
2.98 MPa at 2% of nylon and jute fibers by the volume fraction after 28 and 90 days,
correspondingly. Hence, the highest increment of split tensile strength of 14.10% was
achieved by the concrete with 1% of nylon and jute fibers together by the volume fraction
at 90 days. Moreover, it was deemed that the split tensile strength was boosted with the
inclusion of nylon and jute fibers together up to 1.5% and enhanced with time. This increase
in split tensile strength could be related to the strength of nylon and jute fibers, as well
as the suitable physical/chemical connection between the nylon and jute fibers and the
concrete matrix. Fibers can thereby prevent the spread of microcracks and, as a result,
increase the split tensile strength of concrete. Due to the balling effect and improper
bonding with concrete, the split tensile strength begins to decline after adding 1.5 percent
nylon and jute fibers to concrete. Besides, this decrement in split tensile strength during
the cracking may be owing to the smaller density of concrete at a greater percentage of
fiber reinforcement in concrete. This finding is consistent with Bheel et al. [64], who found
that the split tensile strength decreased as the extent of human hair increased up to 2%,
then decreased after 90 days. A similar kind of study was explored by Bheel et al. [61].
Lehner et al. [68] described that the split tensile strength of self-compacting concrete is
enhanced while reinforced with steel fiber up to 2% in the mixture.

@28 days @90 days

Split Tensile Strength (MPa)

NFJFO0.5 NFJF1 NFJF1.5 NFIF2

Nylon and Jute Fibers Content

Figure 8. Splitting tensile strength of concrete.

4.6. Flexural Strength of Concrete

Figure 9 represents the flexural strength of concrete reinforced with various percent-
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Flexural Strength (MPa)

ages of nylon and jute fibers together after 28 and 90 days. The highest flexural strength
was predicted by 5.38 MPa and 5.85 MPa at 1% of nylon and jute fibers together, and the
lowest flexural strength was noted by 4.45 MPa and 4.97 MPa while combined utilization
of 2% nylon and jute fibers by the volume fraction of concrete after 28 and 90 days, respec-
tively. Hence, the concrete with 1% of nylon and jute fibers together by the volume fraction
showed the highest increase of flexural strength of 11.04% at 90 days. It was thought that
the flexural strength was enhanced with growing in the content of nylon and jute fibers
together up to 1.5% by the volume fraction. The growth in flexural strength of concrete
blended with fibers may be due to the quantity of fibers increasing up to a certain limit
(1.5%) which helps in controlling the formation, widening, and propagation of cracks more
effectively. On the other hand, the ductile behavior of prism made of concrete is observed
owing to the bridging effects of fibers across the cracks and enhances the ductility of the
concrete prism, which increases the flexural strength of concrete.

028 days B90 days

NFJFO NFJFO0.5 NFJF1 NEJF1.5 NFJF2

Nylon and Jute Fibers Content
Figure 9. Flexural strength of concrete.

Similarly, beyond the 1.5% utilization of nylon and jute fibers together, the flexural
strength starts dropping due to the balling effect and improper bonding of fibers with
concrete, and it may reduce due to high porosity and irregular dispersal of reinforcing fibers
in concrete. A comparable trend of findings was correlated to Meddaha and Bencheikh [70],
where the flexural strength was reduced by using above 1% of fiber reinforcement in
concrete after every curing period. Similarly, Bheel et al. [64] stated that the flexural strength
was improved as the dosages of human hair fiber increased up to 2%. Zhong et al. [69]
found that the flexural strength of fiber-reinforced concrete under four-point loading was
enhanced up to the applied content of the steel fiber, which was 1.5% by the volume fraction
at 28 days.

4.7. Modulus of Elasticity (MOE)

The deformation properties of the concrete reinforced with nylon and jute fibers
together were estimated with the help of the elasticity modulus test. However, modulus
of elasticity describes stiffness; greater MOE of a substance thus denotes a stiffer one.
The optimum outcomes of modulus of elasticity were measured by 29.55 MPa and 31 MPa
at 2% of nylon and jute fibers, and the minimum value was calculated by 26.5 MPa and
27.2 MPa at 0% of nylon and jute fibers together by the volume fraction after 28 and 90 days,
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respectively. From Figure 10, it was shown that the MOE was amplified with growth in the
content of nylon and jute fibers together by the volume fraction. A higher amount of nylon
and jute fibers together used in concrete creates a stiffer concrete. Moreover, the MOE of
concrete blended with nylon and jute fibers together generally depends on the kind of
fiber, its volume, and direction. Besides, the addition of nylon and jute fibers in concrete
would control the proliferation of the crack and its propagation. Additionally, concrete
reinforced without nylon and jute fibers indicated brittle failure, while concrete reinforced
with nylon and jute fibers displayed less brittle failure compared to unreinforced concrete.
This finding agrees with Bheel et al. [64], where the MOE of concrete was improved as the
content of human hair fiber rose in concrete at 90 days.

028 days E190 days

NFIFO NEJF0.5 NFIJF1 NFIF1.5 NFJF2

Nylon and Jute Fibers Content

Figure 10. Modulus of elasticity of concrete.

4.8. Drying Shrinkage of Concrete

The drying shrinkage was performed on the concrete specimens reinforced with nylon
and jute fibers together by the volume fraction as shown in Figure 11. It was noted that
the drying shrinkage of concrete decreases with the inclusion of nylon and jute fibers
together after every curing period. These outcomes show a dramatic lessening in the
drying shrinkage of concrete reinforced with nylon and jute fibers together by the volume
of fraction, and this decline is progressive with a rise in the content of nylon and jute
fibers. This opinion is correlated with that of Bheel et al. [64], where it was deemed
that the drying shrinkage is reduced with an increase in the amount of human hair fiber.
According to Afroughsabet and Teng [71], the drying shrinkage deformations of hybrid
fiber-reinforced concrete were smaller than the basic concrete without fibers. Fibers can
help to reduce concrete drying shrinkage by strengthening the bond strength between the
fibers and the concrete matrix, which assists to constrain shrinking [72,73] physically, or by
preventing cracks, which is the most important effect of fibers in concrete shrinkage [74].
These findings are consistent with those of other researchers who discovered that including
fibers in a composite can prevent cracking caused by drying shrinkage [75,76]. Passuelo
et al. [77] stated that the PVA fibers could lessen free shrinkage in concrete by varying
the internal water circulation within the concrete. Alrshoudi et al. [78] reported that the
drying shrinkage values of all prepacked aggregates of fiber-reinforced concrete samples
with blended polypropylene fibers were relatively lesser as compared to plain prepacked
aggregate concrete specimens up to 180 days.
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Figure 11. Drying shrinkage of concrete.

5. Conclusions

This paper investigates the effects of nylon and jute fibers on the engineering proper-

ties of cement concrete. Slump, water absorption, mechanical, and shrinkage tests were
conducted on the concrete specimens with different contents of nylon and jute fibers.
The following conclusions can be drawn from the present research:

The slump test findings demonstrate that adding nylon and jute fibers combined by
volume fraction reduces the workability of concrete. This decrease in workability
could be linked to an increase in the constituent’s specific surface area and high content
of nylon and jute fibers in concrete, causing more cement mortar requirement to cover
their area. Hence, the quantity of water necessary for the workability of concrete
reinforced by nylon and jute fibers was lowered.

The highest density was estimated by 2388 kg/m3 at 0% of nylon and jute fibers,
and the smallest density was recorded by 2300 kg/m? while using 2% of nylon and
jute fibers in concrete after 28 days, respectively. This decrease in density is due to
the lower density of nylon and jute fibers compared to other components of concrete
and higher entrapped air in concrete by nylon and jute fibers than that in the control
mixture.

The maximum outcome of water absorption was estimated by 3.07% at 2% of nylon
and jute fibers together, and the lowest value was considered by 2.40% while applying
0% of nylon and jute fibers together by the volume fraction at 28 days individually.
The concrete with 1% of nylon and jute fibers together by the volume fraction showed
the maximum enhancement of the compressive strength, split tensile strength, and flex-
ural strength by 11.71%, 14.10%, and 11.04%, respectively, compared to the plain con-
crete (concrete with 0% of nylon and jute fibers) at 90 days. Those different strengths
of concrete were increased with the increasing of the nylon and jute fibers content
together up to 1% by the volume fraction. The increase in strength of concrete may be
due to the quantity of fibers increasing up to a certain limit which helps in control-
ling the formation, widening, and propagation of cracks more effectively. Moreover,
the fiber bonding effect prevents transverse deformation, resulting in an increase in
concrete strength.

The compressive, split tensile and flexural strengths of the nylon and jute fibers
reinforced concrete begin to decline once the percentage of nylon and jute fibers
content in the concrete mixture exceed 1% due to enhanced air spaces and porosity,
resulting from poor compaction of a large number of nylon and jute fibers in the
concrete mixture, as well as the ball-up tendency of nylon and jute fibers.
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e  The MOE of concrete is enhanced while the percentages of nylon and jute fibers
increase in concrete at 28 and 90 days consistently. The more nylon and jute fibers are
used in concrete, the stiffer the concrete becomes.

e  The drying shrinkage of concrete is reduced as the content of nylon and jute fibers rises
in concrete, as fibers enhance the bond strength between the fibers and the concrete
matrix and assist to physically constrain shrinking.

In view of the above findings, it is suggested to adopt 1% of nylon and jute fibers by
the volume fraction for cement concrete because it can achieve the maximum strength and
also take into account other engineering properties.
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