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Abstract: The initiation of micro-cracks in concrete is primarily due to its brittleness, which causes
severe impacts on the overall behavior of the concrete. However, incorporating fibers in concrete
could significantly improve its mechanical properties. The current study demonstrates the influence
of two types of fibers on the mechanical properties of concrete. Nylon Fiber Threads (NFT) and
Nylon Fiber Strands (NFS) at a fiber content of 2.5 kg/m> were incorporated in the concrete mix.
Concrete with a compressive strength of 30 MPa and a water-cement ratio of 0.4 was produced to
investigate the fresh and mechanical properties of conventional and nylon-fiber reinforced concrete
(NFRC). The concrete prims and cylinders were tested for compressive, splitting, and flexural
strength using ASTM standards (ASTM C-39, C-496, and D-790, respectively). It was found that
NFT-reinforced samples achieved higher mechanical properties of concrete (13.05%) compared to
NFS-reinforced samples. Test results showed that incorporation of nylon fibers (NF) in concrete
decreased the compressive strength of cylindrical and cubical specimens by 0-10% and 5-15%,
respectively. However, it increased the splitting tensile and flexural strengths by 0-15%, and 5-15%
respectively. Furthermore, the incorporation of NF in concrete significantly improved the ductility
and delayed the crack initiation in concrete.

Keywords: nylon fibers; mechanical properties; stress-strain response; nylon-fiber reinforced
concrete

1. Introduction

The construction industry is one of the most rapidly growing industries across the globe. In this
industry, concrete is a commonly used construction material and is acceptable for many applications
in construction industries [1,2]. Fresh concrete can be shaped and molded as needed, which offers a
suitable replacement for other construction materials such as brick and stone masonry. The strength
of concrete can be suitably changed by changing the composition and mix design ratio of its
components [3]. Concrete will continue to be widely used worldwide due to its good compressive
strength, high plasticity, and flowability when in a fresh condition, durability and fire resistance
when hardened, and even relatively low cost [4,5]. Research on the mechanical properties of newly
developed concrete construction materials is necessary for characterizing their performance for field
execution [6-8].

The performance of concrete is governed by its compressive, splitting tensile, and flexural
strength. Its tensile strength is comparatively lower than the compressive strength due to the early
crack propagation. The compressive strength, in turn, is influenced by progressive cracking
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phenomena that have an impact on the meso- and macro-scale behavior of concrete [9], requiring
particular attention in the identification procedure starting from experimental data [10]. Aggregates
with fibers attain high compressive strength of concrete and increase the impact strength of concrete
by binding all the constituents of the concrete together. Meanwhile, concrete has undesirable
properties like brittleness, weak tension, low resistance cracking, and an instant breakdown under
certain weights [11]. On the other hand, these drawbacks can be addressed by adding various fibers
to the concrete mix. The incorporation of concrete with fibers is called fiber-reinforced concrete
(FRC)[12]. FRC is a composite material of cement, sand, aggregates (fine and coarse), water, and fibers
[13]. The short discrete fibers are randomly arranged throughout the total mass of concrete in the
composite material [14]. Using discontinuous concrete fibers to increase concrete's tensile strain
capacity is one approach to prevent crack formation in concrete [15].

The inclusion of fibers in concrete during its fresh state has the potential to mitigate the
occurrence of plastic shrinkage fractures. In addition, it plays a role in the occurrence of fiber bridging
and intermeshing, which effectively reduces the formation of micro-cracks in the first phases and
impedes the formation of macro-cracks [16]. Microfiber acts as a bridge to prevent the production of
macro cracks, increasing the splitting strength of concrete. Microfibers may be removed after macro
cracks appear because of their shorter length [17]. Moreover, properties of FRC have increased in the
construction industry because the reinforced fibers in concrete may enhance concrete's toughness,
tensile strength, flexural strength, impact strength, and failure mode [18]. In addition, it is well
recognized that incorporating fibers into concrete has little or no effect on compressive strength and
elastic modulus [19]. Adding fiber to concrete has better deformation capacity than plain cement
concrete (PCC) [20]. It is necessary to understand the mechanical characteristics of FRC in the
hardened condition to construct the structure based on its intended usage [21]. The stress-stain
relationship of concrete is crucial for the axial arrangement of short columns and the flexural design
of beams and slabs [22]. A complete stress-strain curve of concrete is essential to analyze the
mechanical performance of FRC structures [23]. Therefore, NF is one of the possible solutions to
characterize the fresh and mechanical properties of FRC. The nylon fiber is strong and has better
elastic behavior when used in concrete [24]. Apart from concrete, the flexural strength and resistance
to cracks initiation of cement mortar could be improved by adding nylon fiber. As reported in the
literature, nylon fibers have better elastic recovery, good tenacity, and toughness [25,26]. According
to Song et al.[27], the nylon fiber concrete's improved the modulus of rupture (MOR) and
compression and split tensile strengths i by 6.3%, 6.7%, and 4.3%, respectively, than the
polypropylene fiber concrete at a fiber content of 0.6 kg/m?. Najafi et.al [28] investigated the hardened
properties of NFRC by casting beams, cylinders, and cubes. The authors found a 5-15% improvement
in compressive, splitting, and flexural strength of NFRC samples compared with the control sample
with 0% fiber. In addition, as compared to the other fibers, NF is the cheapest and most easily
available fibers in the construction industry. Furthermore, nylon offers the potential for a greater
range of applications because to its higher melting point than other flexible polymers like
polypropylene (PP), polyethylene (PE), and polyethylene terephthalate (PET)[28].

The detailed literature review showed that nylon fibers are an appropriate option for increasing
the ductility of PCC composites and improving the mechanical properties. Furthermore, the
incorporation of NF also improves the flexibility of PCC composites. Hence, this research investigates
the critical performance of NF-reinforced concrete. The authors believe that the test results of this
research study would extend the potential use of widely available nylon fibers in PCC for durable
concrete structural members. The test results were conscientiously analyzed. Nowadays, the demand
for the safety of heavily loaded structures against severe loading conditions like earthquake loads
and other accidental loads is increasing. Consequently, high-performance manufacturing materials
with better flexural and shear properties are required to fulfill the intended function of novel and
modified concrete. However, the existing research focused on the typical length and types of NF and
didn’t explore their effect in terms of aspect ratio and overall stress-strain behavior. Therefore, to
achieve the selected properties, fibers with different sizes and shapes were used. The new types of
fibers were investigated as micro reinforcements, and the mechanical characteristics of fibers were
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demonstrated using stress-strain relationships. The current study investigated the axial compressive,
splitting tensile, and flexural behavior of normal strength NFRC. The nylon fibers used in this study
were of two types: NFT and NFS. The primary factors considered in this study were W/C ratio,
admixture, and fiber contents.

2. Experimental Program

2.1. Materials

An ordinary Portland cement (OPC) provided by type-1 (Pioneer Cement Ltd) following the
American Standard of Testing Materials (ASTM C-150) was used in the mix proportioning and
casting of NFRC. Cement is a binder material used in concrete. The density and specific gravity of
cement are 1440 kg/m3 and 3.15. This type of cement provides better performance and high strength
to concrete structures. The chemical compositions of OPC as shown in Table 1.

Table 1. Chemical composition of ordinary Portland Cement (OPC) Type-1.

Chemical composition ~ CaO  SiO: MgO  ALOs;  Fex0s SOs
Percentages (%) 684 195 1.3 4.6 1.2 3.1

Uniformly graded coarse aggregate (size 12.5 mm [1/2 in.]) was used in this study. The density
and specific gravity of the Sargodha crush are 1660 kg/m3 and 2.72. Fine aggregate (standard size less
than 2.36 mm) was used. The density and specific gravity of the sand are 1550 kg/m3 and 2.69. The
gradation of coarse and fine aggregate was performed as per (ASTM C-136). Table 2 shows the total
quantities of cement, sand, aggregates, and water. The high-range water reducer admixture
Rheobuild-800 used in this research was supplied by New Master Builders. Figure 1 shows the two
types of fibers (NFT and NFS) used to investigate their effect on the mechanical properties of
developed concrete. The individual NFT was 0.14 mm [0.005 in.] in diameter and 25 mm [1 in.] in
length. The NFS was prepared in the laboratory using a single layer of epoxy on fifty threads of Nylon
Fibers. The individual NFS was 2 mm [0.08 in.] in diameter and 25 mm [1 in.] in length. NF was
supplied by (Nylon Fabric). The properties of NF as shown in Table 3.

Table 2. Quantities of Materials.

Materials Quantity
(Kg/m?)
Cement 540
Sand 742.44
Coarse aggregates 849.3
Water 239.3

Table 3. Properties of nylon fiber (NF).

Fiber NFT NFS Fiber  Specific Tensile Elastic Water
type diameter diameter length  gravity strength modulus absorptio
[mm] [mm] [mm] [MPa] [MPa] n
[%]

Nylon 0.14 2 25 1.14 827.4 5300 2.8-5.0

do0i:10.20944/preprints202311.0338.v2
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Figure 1. Nylon fibers: (a) Nylon fibers in yarn form; (b) NFT and NFS.

2.2. Mix Proportions

For this research, concrete with a desired compressive strength of 30 MPa was produced to
investigate the fresh and mechanical properties of NFRC mixes. The design mix proportion ratio of
1:1.4:1.6 with a water-cement ratio (W/C) of 0.4 was used to prepare the concrete specimens. There
were three mixed proportions, including the conventional concrete for the cylinders, cubes, and
prisms. Table 4 shows the mix proportion ratio of the cylinder for compressive and tensile strength.
Table 5 shows the mix proportions of Plain, NFT, and NFS mixes of the cube for compression
behavior. Table 6 shows the mix proportions of Plain, NFT, and NFS mixes of the prism for flexural
behavior. In mix proportion, the mix with 0% fiber was considered as the reference mix. The mix
proportions were designed by adding nylon fiber to the total mass of the coarse aggregates (2.5 kg/m?)
and a low amount of Superplasticizer (10 mL per 1 kg cement). A total of 9 mixes were developed 3

for each (cube, cylinder, and prim) to assess the mechanical properties and stress-stain behavior of
NEFRC.

Table 4. Mix proportions of plain, NFT, and NFS mixes of the cylinder for compression and splitting
tensile properties.

Description Abb** Cement Coarse Fine Nylon SP*(ml)
(kg/m?) Aggregates Aggregates Fibers
(kg/m3) (kg/m3) (g)

Plain CC/CT 3.48 5.85 5.16 0 34.8
NFT TC/TT 3.48 5.76 5.16 91 34.8
NEFS SC/ST 3.48 5.76 5.16 91 34.8

Note: SP* = Superplasticizer (10 mL per 1 kg cement) and Abb** = Abbreviation.

Table 5. Mix proportions of plain, NFT, and NFS mixes of the cube for compression property.

Description Abb** Cement Coarse Fine Nylon SP*
(kg/m?) Aggregates Aggregates Fiber (ml)

(kg/m?) (kg/m?) (g
Plain CcC 2.53 4.23 3.75 0 25.3
NFT TC 2.53 4.17 3.75 58 25.3

NES SC 2.53 4.17 3.75 58 25.3
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Table 6. Mix proportions of Plain, NFT, and NFS mixes of the Beam for Flexural.

Description Abb** Cement Coarse Fine Nylon SP*
(kg/m3)  Aggregates  Aggregates Fiber (ml)

(kg/m?) (kg/m?) (g)
Units : (kg/m)  (kg/m’) (kg/m?) &  (m)
Plain CF 3.08 5.17 4.57 0 30.8
NFT TF 3.08 5.09 4.57 80 30.8
NFS SF 3.08 5.09 4.57 80 30.8

2.3. Mixing Procedure

Mixing procedures of NFRC mixes included the following outline. Initially, the coarse
aggregates were washed to remove the dust and placed in a dry clean area to achieve Surface-
saturated dry (SSD) condition. Then they were placed in a concrete mixer with fine aggregates. The
aggregate and sand were mixed for 2 minutes, and add cement mixed for 1 minute. A specified
amount of nylon fibers was added to the mixer and continued mixing for 1.5 minutes. Next, the water
to the concrete mixer for 30 seconds was added, and then the Superplasticizer was mixed with the
remaining water for 2 minutes. The mixer stopped after 7 minutes. This mixing technique was
effective in achieving the desired workability. The fresh mixes of PCC and NFRC were poured into
the cylinders and cube molds for the compressive and splitting tensile strengths. Prism molds were
filled and cast to investigate the flexural behavior of NFRC. The dimensions of cylinders, cubes, and
beams molds were 150 x 300 mm?, 150 x 150 x 150 mm?, and 500 x 100 x 100 mm? as depicted in Figure
2.

Aggregates

Concrete Mixer

s

Cement

Water '

| — + _.
Admixture m

Concrete Placing Concrete Casting NFS
Figure 2. Mixing procedure for casting of specimens.

2.4. Preparation of Specimens

Cylindrical steel molds of compressive strength (CS) of size (150 mm diameter and 300 mm
length) as per (ASTM C39) were used to cast the specimens. The specimens for splitting strength were
also cast in cylindrical steel molds of the same size (150 mm diameter and 300 mm length) as per
(ASTM (C496). All cylindrical molds were capped with high-strength plaster before testing. The
specimens for the flexural strength test were cast in plywood prism molds of cross-section and length
(100 x 100 x 500 mm). The prism molds were prepared at the laboratory as per the specifications of
the beam for flexural strength using ASTM (D790). The vibrating table was employed to compact the
cast specimens and was found effective in eliminating the air voids entrapped from the specimens
during casting. The upper surface of the specimens was finished using a trowel. After that, specimens
were left in the laboratory for one day under ambient curing conditions (temperature of 33 + 2°C).
The day after the casting, the samples were demolded, and the specimens were submerged in the
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water tank till the testing day for the determination of the mechanical properties of concrete
according to ASTM standards.

2.5. Methods for Testing

Slump cone tests were conducted to find out and compare the workability of PCC with NFRC.
The slump tests were performed to determine the workability of plain and fibrous concrete mixes
under (ASTM C143). The density of PCC and NFRC specimens was determined under (ASTM C29)
at 28 days. The compressive strength of standard specimens at 7 and 28 days as shown in Figure 3
was tested through a compression testing machine (CTM) according to (ASTM C39) with a loading
rate under 0.250 MPa/s for a cylindrical specimen and 0.600 MPa/s for a cubical specimen with a total
capacity of 1500 kN. To investigate the splitting tensile (ASTM C496) and flexural (ASTM D790)
strengths at 28 days of the developed concrete, a loading rate of 0.02mm/s and 0.250 MPa/s for
cylinders and prisms respectively, with a total machine capacity of 1,000 kN. was applied as showed
in Figure 3(c, d). The comparison between the different mechanical properties of the tested concrete
specimens was made through the stress-strain curve calculated from the test results.

(d

Figure 3. Mechanical testing of the hardened specimens: (a) compression test setup for the cylinder;
(b) compression test setup for cube; (c) splitting tensile test setup; and (d) flexural test setup.

3. Experimental Results and Discussion

3.1. Workability

The workability of fresh NFRC was determined using the slump cone and compacting factor
test. Adding NFS and NFT decreased the workability of fresh concrete. However, a superplasticizer
was used to achieve the desired workability of fresh concrete. The slump cone test was organized for
fresh concrete. Table 7 shows the slump test values in the 3rd column for PCC, NFT, and NFS. It was
noticed that the addition of fibers in concrete can diminish the workability of concrete using the W/C
ratio of 0.4.

Table 7. W/C ratio, slump, and density of PCC, NFT, and NFS.

Concrete type ~ Water cement ratio  Slump (mm) Density (kg/m?)

PC 0.4 collapsed 1146.4
NFT 0.4 Zero 1176.4
NFS 0.4 collapsed 1092.5

3.2. Density

Densities of concrete specimens of PCC and NFRC as per (ASTM C29) at 28 days. Table 7 shows
the density test results in the 4th column for PCC, NFT, and NFS. Adding fibers (only NFT) in
concrete increased the densities of NFRC when compared to PCC. The increased density of NFT
showed better mixing and compaction of NFRC specimens. The densities of PCC, NFT, and NFS were

do0i:10.20944/preprints202311.0338.v2
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1146.4 kg/m?, 1176.4 kg/m?3, and 1092.5 kg/m? respectively. An increase of 30 kg/m?was noted in the
density of NFT. The density of NFT was increased by 2.5% compared to PCC. Figure 4 shows the
slump and densities of NFRC. Equation (1), which was used to find out the density of concrete.
(M — My,) Eq. (1)
Vin
Where “D” density of concrete (kg/m?), “M,” mass of the container holding the concrete (kg),
“M,,” mass of the container (kg), and “V,,” volume of the container (m?).

D=

| Densities of NFRC

1176.4

1200 - 1146.4

1000

800

600

Densities (Kg/m3)

400

200

Conventional Threaded Strand
FRC Mixes

Figure 4. Densities of NFRC.

3.3. Compressive Strength (CS)

During testing, the PCC, NFT, and NFS specimens' compressive behavior was observed. The
failure mode of cylinders with conventional (CC1 and CC2), threaded (TC1 and TC2), and strand
(5C1 and SC2) tested specimens is depicted in Figure 5(a). The failure mode for cubes in conventional
(CC1 and CC2), threaded (TC1 and TC2), and strand (SC1 and SC2) is depicted in Figure 5(b). It can
be observed that during testing edges of PCC specimens were fractured, and spalling occurred,
whereas NFRC specimens were noticed to be ductile. Moreover, the use of NF inhibits concrete
spalling. When weak particles were present, large cracks were seen in PCC specimens; however, this
experience was not seen in NFRC specimens because the fibers in the concrete specimens controlled
the distribution of cracks.

(b)

Figure 5. The failure mode of compression test for cylinders and cubes: (CC) failure mode of
conventional compressive; (TC) failure mode of threaded compressive; and (SC) failure mode of
strand compressive.
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Figure 6(a) shows the experimental results of average CS for cubes. The CS of PCC, NFT, and
NFS were 44.92 MPa, 40.98 MPa, and 40.08 MPa at 28 days for the cube, respectively. The CS of NFT
and NFS decreased by 3.94 MPa and 4.84 MPa (8.8% and 10.8%), respectively, as compared to PCC.
Figure 6(b) shows experimental results of the average CS of plain and NFRC (Plain, NFT, and NFS)
for cylinders, and The CS of PCC, NFT, and NFS were 34.32 MPa, 33.66 MPa, and 32.48 MPa at 28
days for cylinder respectively. The CS of NFT and NFS decreased by 0.66 MPa and 1.84 MPa (1.9%
and 5.4%), respectively, compared to PCC. Noticing the CS of the cylinder of NFT and NFS, NFT had
more compressive strength than NFS, meaning that NFT was more effective. The NF, which fills the
gap between aggregates having low compressive strength, could be the reason for less compressive
strength in the case of NFC. The second reason for low CS, NF being a low-density material, imparts
in the heterogeneousness of concrete mix design up to some extent. The third reason for the low
compressive strength value was that the cement percentage in the mix design was relatively less due
to the addition of nylon fibers.

Il 7 Days
I 28 Days

33.66

Il 7 Days
I 28 Days

44.92 3432

s
n
T

s
[=3

[

=

W

=]
(]
A

Compressive Strength (MPa)
=]
(=]

Compressive Strength (MPa)
(%]
<

Conventional Threaded Strand

N Conventional Threaded Strand
FRC Mixes FRC Mixes
(a) (b)

Figure 6. Compressive strength of plain and fiber-reinforced concrete mixes; (a) Cubical strength; (b)
Cylindrical strength.

Figure 7(a) shows the cylinder's CS stress-strain curves of Palin, NFT, and NFS. The CS is the
peak value of the stress-strain curve. Figure 7(b) shows the CS stress-strain curves of NFS for the
cube. Strain at the highest stress was 0.03, 0.014, and 0.016 for PCC, NFT, and NFS, respectively.
However, a higher dose of nylon fiber reduces the CS of FRC due to the concrete's lack of workability,
which allows for greater compaction to form more pores in hardened concrete, lowering compressive
strength. In case of a hazard or disaster, this increment of NFT can reduce concrete's spalling and
keep concrete particles from falling. Equation (2) was used to find out the concrete's compressive
strength (CS).

fc' = E Eq. (2)

Where, “fc” compressive strength of concrete (N/mm?), “P” load at failure (N), and “A” area
subjected to compression (mm?).
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Figure 7. Stress-strain curve for compression test: (a) CS stress-strain curves of Palin, NFT, and NFS
for the cylinders; and (b) CS stress-strain curves of NFS for the cubes.

3.4. Splitting Tensile Strength (STS)

The STS of PCC, NFT, and NFS specimens were critically observed during testing. Figure 8(a)
shows the failure mode of conventional (CT1 and CT2), Threaded (TT1 and TT2), and strand (ST1
and ST2) for cylinders. It was found that NFS crack behavior was more crucial than NFT crack
behavior. Thus, NFT exceeded NFS in terms of effectiveness. At the maximum load, the crack sizes
were increased in the concrete specimens of NFT and NFS. In PCC samples, cracks were negligible
because PCC samples tested in a compression testing machine (CTM) by loading control method was
0.250 MPa/s. Figure 9(a) exhibits the experimental results of average STS of plain and fiber-reinforced
concrete (Plain, NFT, and NFS). The STS of cylinders made with PCC, NFT, and NFS at 28 days was
3.32 MPa, 3.73 MPa, and 3.35 MPa, respectively. Compared to PCC, NFT showed a higher STS, with
an improvement of 0.41 MPa (12.3%) over PCC. On the other hand, NFS showed a less significant
improvement of 0.03 MPa (1%) over PCC. These results indicate that NFT has better resistance to
crack formation in all mechanical properties of concrete. The enhanced STS of NFT and NFS over
PCC is attributed to the pozzolanic reaction caused by the addition of NF. Additionally, the fibers in
NFT and NFS prevent crack formation, resulting in an increase in splitting tensile strength that is
more efficient than compressive strength. Research has shown that even if cracking occurs in fiber-
reinforced concrete, the fibers can prevent the crack's length and width from spreading. Furthermore,
the nylon fiber micro filler in NFT fills the gaps between the components of concrete, making it denser
and further increasing its splitting tensile strength. Equation (3) was used to find out the concrete's
splitting tensile strength (STS).
£o=22 Eq. (3)

St mLD
Where, “f;,” splitting tensile strength of concrete (N/mm?), “P” test's peak load (N), “L” cylinder

specimen's length (mm), and “D” cylinder specimen's diameter (mm).
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(b)

Figure 8. The failure mode of splitting tensile and flexural test for cylinders and prisms: (a) (CT)
failure mode of conventional tensile; (TT) failure mode of threaded tensile; and (ST) failure mode of
strand tensile; (b) (CF) failure mode of conventional flexural; (TF) failure mode of threaded flexural;
and (SF) failure mode of strand flexural.

3.5. Flexural Strength (FS)

Figure 8(b) Critical crack sizes were observed and found at 125mm, 75mm, and 90 mm, in the
samples of PCC, NFT, and NFS. The behavior and formation of the crack pattern of conventional
(CF1 and CF2), Threaded (TF1 and TF2), and strand (SF1 and SF2) prisms were recorded through
stress-strain response. Visual observation pointed out that NFRC prim samples were not broken into
parts and remained intact due to nylon fiber, whereas the PCC beam samples were fully broken into
two parts. When the load was further increased, the sizes of cracks were also enlarged in NFRC. This
paragraph concludes that NF was well distributed and showed better results under the flexure test.
The fiber pull-out mechanism can be minimized by surface treatment and using some admixture in
FRC. Figure 9(b) depicts the experimental results of the average FS of plain and fiber-reinforced
concrete (Plain, NFT, and NFS). PCC, NFT, and NFS FS were 6.59 MPa, 7.50 MPa, and 6.95 MPa at 28
days for the beam, respectively. The FS of NFT and NFS were enhanced by 0.91 MPa and 0.36 MPa
(13.8% and 5.5%), respectively, compared to PCC. The results show that NFT has better flexural

strength than NFS.
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Figure 9. Mechanical strengths of plain and NF-fiber reinforced concrete mixes; (a) Splitting tensile
strength; and (b) Flexural strength.
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The summary of experimental results for compressive, splitting tensile, and flexural strength of
concrete specimens is presented in Table 8. When comparing the stress-strain curves of NFT and NFS,
it can be observed that NFT exhibited a higher maximum stress level strain of 0.014, as opposed to
NES's 0.0063. Consequently, NFT was found to be more ductile than NFS. The incorporation of fibers
in concrete has been shown to improve the flexural properties of NFRC, allowing for an increase in
load carrying capacity, reduction in brittle behavior, and minimization of shearing cracks. The
optimal increase in flexural strength of NFRC was achieved at a 2.5% volume fraction of nylon fiber.
As per ACI standard, equation (4) was used to determine concrete's flexural strength (FS), because
the major cracks under flexural loading appeared near to the supports of specimens.

3Pa Eq. (4)
=@

Where, “0” flexural strength (N/mm?), “P” test's peak load (N), “a” distance from the support to
the nearest cracking point (mm), “b” and “d” cross-section of the beam (mm).

Table 8. Experimental results of plain and NF-fiber reinforced concrete mixes.

NFRC Mix
Characteristics size Day
Specimen Plain NFT NEFS
Compressive strength 150x150x150 28 4492 40.98 40.08
(MPa) (mm)
Compressive strength 150x300 (mm) 28 34.32 33.66 32.48
(MPa)
Splitting tensile strength 150x300 (mm) 28 3.32 3.73 3.35
(MPa)
Flexural strength (MPa) 100x100x500 28 6.59 7.50 6.95
(mm)

3.6. Stress-Strain (6 — & ) behavior

The ¢ — ¢ curves of plain and fiber-reinforced concrete mixes at 28 days (non-fibrous, NFT, and
NFS). Complete o — ¢ curves of the concrete specimens were obtained from the compressive,
splitting, and flexural tests of the concrete under a universal testing machine (UTM) having a capacity
of 1000 KN with a controlled displacement rate of 0.02 mmy/s. Figure 10 shows the ¢ — & curves of
CS of cylinders (CC1, TC1, SC1) and cubes (SC1) at 28 days. In CS of cylinders, strain (¢) at the
highest stress was 0.0070, 0.0079, and 0.014 for plain (PCC), NFT, and NFS, respectively. The strain
value was increased by 12.85% and 100% in the case of NFT, and NFS, respectively, compared to
plain (PCC). In the compressive test, NFS has a more significant stain (¢) compared to NFT. This
means that NFS has better elongation ability in compression compared to NFS. This increment of
strain in NFRC shows that nylon fiber (NF) had better elongation ability than PCC. In case of a hazard
or disaster, this increment of NFRC can reduce concrete spalling and keep concrete particles from
falling.
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Figure 10. Load displacement curve for compression test: (a) CS load-displacement curves of Plain,
NFT, and NFS for the cylinder; and (b) CS load-displacement curves of NFS for the cubes.

The o-¢ curves of the FS for beams (TF1, SF1) at 28 days are displayed in Figure 11. The greatest
stress in the beam's FS was found to be 0.0068 for NFT and 0.0032 for NFS, respectively. NFT exhibits
a greater strain (¢) in the flexural test than NFS. Consequently, it was determined that under flexural
stress, NFT has a greater capacity for elongation than NFS. Additionally, the results showed that all
of the concrete specimens had ultimate load values that were higher than plain (PCC).
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(a) (b

Figure 11. Stress-strain curve for splitting tensile and flexural test: (a) STS stress-strain curves of NFT
for the cylinder; and (b) FS stress-strain curves of NFT and NFS for the prisms.

The experimental and theoretical modulus of elasticity for the mixes (Plain, NFT, NES) are
shown in Table 9. The equation (5) was used to calculate the theoretical modulus of elasticity (E;).
The table shows the E value of compressive (CC1, TC1, SC1), splitting (TT1), and flexural (TF1, SF1)
strength. The theoretical equation:

Eq. (5)
E, = 0.043 w5 /£’ 1

Where f,' compressive strength of concrete in MPa and “w” concrete density have a value of

2300 kg/m?.
Table 9. Comparison of elastic modulus (Es) theoretically and experimentally.
Sr. Concrete Stress  Strain Theoretically ~ Experimentally Units
No. type (Es) (Es)
1 cC1 33.86 0.0070 27349 4837 (MPa)
2 TC1 30.08 0.0079 25777 3807 (MPa)
3 SC1 21.31 0.014 21696 1522 (MPa)

3.7. Ductility

The ductility of concrete is an essential parameter for the analysis of concrete structures.
Ductility is the material's degree of capability to assist significant plastic deformation before failure.
Ductility is the ratio between the deflection at the yield point and the deflection at failure. Concrete
is a brittle material that does not give a warning before failure for any construction materials. Table
10 shows the FS of fiber-reinforced concrete mixes (NFT, NES). The ductility of NFT and NFS was
2.26 and 1.88, respectively. Figure 12(a) shows the graphical analysis of FS of fiber-reinforced concrete
mixes (NFT, NFS). In fiber-reinforced concrete mixtures, the diminish of ductility is 16.8%. Therefore,
NFT had better resistance ability and elongation than NFS. Equation (6) and Figure 12(b, c) were used
to find ductility.
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Figure 12. Ductility of fiber-reinforced mixes of prisms: (a) Comparison between NFT and NFS; (b)
Stress-strain curve of TF1; and (c) Stress-strain curve of SF1.

Table 10. Ductility of fiber-reinforced mixes NFT and NFS of the beam.

Sr.No. Concrete Type Ductility Reduction

1 TF1 2.26 -
2 SF1 1.88 16.8%

4. Conclusion

The current study investigated the axial compressive, splitting tensile, and flexural behavior of
normal strength of nylon fibers reinforced (NFR) cementitious composites. The nylon fibers used in
this study were of two types: NFT and NFS. The primary factors studied include W/C ratio,
admixture, fiber content, and combinations. Based on the experimental results and evaluation, the
leading conclusions were drawn as follows:

1. Workability, density, compressive, splitting, and flexural strength tests on NFRC were examined
upon adding nylon fiber to PCC. The addition of nylon fiber in PCC enhanced the density of
NFT by 0.03%.

2. The cracking resistance of PCC was improved up to 12.85% with the addition of nylon fiber and
the ductility of NFT was enhanced by 16.8% compared to NFS.

3. Theincorporation of nylon fibers (2.5%) volume fraction of coarse aggregates in the concrete mix
had a 1-6% effect on CS of NFT and NFS. The reduction in CS of NFT and NFS was 1.9% and
5.4%, respectively.

4. NFRC specimens cast with 2.5% of NFS and NFT improved STS by 12.3% and 1%, respectively,
compared to the PCC with 0% addition of NF.

5. Both types of fibers (NFS and NFT) significantly influenced (5-14%) the FS of NFRC. An
improvement of 13.8% and 5.5% was observed in the FS of NFT and NFS.

6. The experimental results showed that NFT outperform by 13.05% than that of NFS.
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Recommendation

It is recommended that related research be done to examine the impact performance and
durability of fibrous concrete made using nylon fiber with different diameters. The hydration process
must be ensured through appropriate curing techniques, acceptable quality control procedures, and
structural maintenance. Nylon fibers could be studied in various lengths, proportions, and high-
strength design mixtures for better results. It is essential to investigate nylon fiber in various mix
combinations to explore their applicability in reducing dry shrinkage and creep deformation.
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