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ABSTRACT

Nylon fibers are used as strengthening material to increase the mechanical properties of concrete.In this
study mechanical properties of concrete containing latex modified nylon fiber reinforced concrete was
assessed with fractional substitution of cement by flyash for M40 grade concrete at 7 days, 14 days and 28
days of curing. The dosage of fibres used in this study was 0.05%, 0.1% and 0.15% of volume fraction.
Cement was replaced with fly ash at a percentage of 10%, 15%, 20% by weight. SBR latex was varied at a
rate of 0.05%, 0.1%, 0.15% to the total cementitious content in concrete. Cube, cylinder and prism specimens
are tested to determine the compressive, split tensile and flexural strength at 7 days and 28 days curing.
Results shows that Nylon fiber reinforced concrete with 0.15% of fiber, 0.05% SBR Latex with 10% has
higher influence on flexural strength, split tensile strength and compressive strength of concrete.
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Introduction

Concrete is broadly utilized synthetic construction
material. Concrete is very good at compressive
strength and very weak at resisting tensile forces. In
order to enhance the tensile properties fibres are in-
corporated in concrete. These fibers in the concrete
distribute and orient randomly along the volume of
the concrete. They are very helpful in preventing
cracks and controlling the crack propagation
(Sridhar et al., 2021). Mechanical properties of Nylon
fiber reinforced concrete increases with increase in
fibre addition upto 1% by weight of cement. Beyond
that the compressive strength decreases whereas
split tensile strength increases about 70% when re-

lated to conventional concrete (Anirudh Swami
et.al., 2016). The properties of Nylon Fiber Rein-
forced Concrete (NFRC) with recycled aggregate
with 25% replacement showed higher strength
when associated to concrete with polypropylene fi-
bers with 25% recycled aggregate (Vineetha et al.,
2017). Concrete with flyash replacement of 15% with
coconut fiber of 0.15% shows higher strengths than
other replacements (Kaviya and Chamundeeswari,
2015). Concrete containing 40% flyash with 2%
hooked end steel fibers shows better mechanical
properties than samples containing only hooked end
steel fibres (Amirtharaj and Vinod Kumar, 2018).
Latex modified reinforced concrete beams with 10%
SBR latex shows improved ductility and energy ab-
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sorption than those of control beams(Palson and
Vidivelli et al., 2018). Concrete of M40 grade with
10% dosage of polymer and fly ash was attaining
higher compressive strengths against 20% and 30%
fly ash and polymer content (Vipin et al., 2017).
Strength properties of concrete with 0.5% nylon fi-
ber increases up to 17% under compression,21%
under tensile loading and 13% under flexure when
related with control specimens. Mechanical prop-
erty of cement-based mortar improves with nylon
fiber as additive which can be effectively used as
sustainable product to conserve marine environ-
ment (Hanif ef al., 2017). Nylon fiber with volume
fraction 0.05%,0.10% and 0.15% with latex addition
of 5%, 10% and 15% may be used for road pave-
ments. Improvement in the latex will improve the
flexural strength, permeability resistance and im-
pact resistance with increase in volume fraction of
nylon fiber. These improvements contribute to the
strong bond between the nylon fiber and latex (Rio
et al., 2014). Concrete with polypropylene fiber with
volume fraction 0.5% shown improvement in the
mechanical property of concrete between ranging
between 4.3% to 6.3% due to improved distribution
of fibers in the concrete (Songa et al., 2005). Concrete
with nylon fibers increases the mechanical proper-
ties by transferring and distribute the stresses
through cracks (Teeranai et al., 2020). Increasing the
amount of latex in polymer modified concrete re-
duces the strength. Butantifoaming agent (de-
foamer) and correct curing method, can improve the
strength properties (Farhad et al., 2013). In this
study, nylon fiber are subjected to SBR latex treat-
ment at a dosage of 0.05%,0.10% and 0.15% by
weight of cement to improve their performance in
concrete. Treated nylon fibers were used with differ-
ent dosage of fly ash replacement for cement and the
comparison of performance has been reported.

Materials and Mix Proportion

The material properties used for the investigation
and concrete mix used is discussed below

Cement

Ordinary Portland cement of 53 grade cement with
specific gravity 3.15, initial setting time of 45min
was used as per IS 12269,2013.

Fly ash: Fly ash used was collected from local fly ash
brick manufacturing agency. Fly ash which is oven
dried and free from moisture was used for casting.
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Water: Potable water which is free from impurities
has been used for both casting and curing of speci-
mens.

Aggregate

Sand having specific gravity of 2.65 has been used as
fine aggregate. The water absorption percentage of
fine aggregate were found to be 0.90%. Crushed an-
gular stone aggregates having specific gravity of
2.69 has been used as coarse aggregate in concrete.
The water absorption percentage of coarse aggre-
gate were found to be 0.40%.

Nylon fibre

Nylon Fiber of length 18mm, melting point 220 °C
and tensile strength of 896-965MPa was used for this
study which is shown in Figure 1. Nylon fibers were
pre-treated using SBR latex to improve the bonding
between fiber surfaces and concrete grid.

Fig. 1. Nylon Fiber

Styrene Butadiene Rubber Latex

SBR Latex is a cement bonding agent to progress the
bond strength, tensile strength and chemical con-
frontation. The properties of SBR Latex are shown in
the Table 1.

Table 1. Properties of SBR Latex

Properties of SBR Latex

Polymer Type Styrene Butadiene
Color White

pH 9.5 to 10.50

Form Liquid

Solid Content 50%
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Mix proportions of concrete

Concrete confirming grade M40 has been used to
determine the performance of treated fibers in con-
crete. Details of concrete mix proportions as per
1510262 2019 are shown in Table 2.

Experimental Investigation

All the materials of required quantities which are
very clean and free from organic matter are used for
the investigation. Based on the design mix calcula-
tion the cement, coarse aggregate and fine aggregate
were collected and mixed thoroughly by using me-
chanical mixer. Initially SBR latex treated or un-
treated nylon fiber were dispelled in to the cement
and mixed thoroughly in order to distribute the ny-
lon fiber homogeneously into the mix. To all test
specimens the concrete was placed into the moulds
in three layers by tamping with tamping rod and
these moulds were kept on vibrator table for vibra-
tion for one minute and the vibration should main-
tain constant for all test specimens. For compressive
strength, cube specimens of size 15 cm x 15 cm x 15
cm, for flexural strength studies, prism specimens of
size 10 cm x 10 cm x 50 cm and cylinder specimens
of size 30 cm height and 15 cm diameter for split ten-
sile strength studies were cast. After curing period
of 7 and 28 days the test specimens were tested for
compressive strength, split tensile strength and flex-
ural strength. The details of the specimens are ar-
rayed in Table 3.

Results and Discussion

Compressive strength

Compressive strength is determined with samples
of size 15cm x 15cm x 15c¢cm. The compressive
strength results of 7 days and 28 days at different
dosage of flyash, Natural fibres and SBR latex are
shown in Figure 2. From the Figure. 2 the maximum
compressive strength for NFRC6 with 10% Fly ash
at 7days and 28 days is 34.8N/mm?and 55.7N/

Table 2. Concrete Mix Proportion
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mm’respectively which is 27% and 19% higher than
the conventional concrete. Similarly, in the case of
NFRC with 15% and 20% Fly ash maximum com-
pressive strength was obtained for NFRC20 and
NFRC33 which was about 12% and 2% higher than
conventional concrete at 28 days of curing. Consid-
ering the all NFRC mix maximum compressive
strength was obtained for NRFC6,i.e Nylon fiber
reinforced concrete with 0.10% Nylon fiber, SBR la-
tex 0.05% and Fly ash 10% by weight of cement.
Specimens with SBR Latex 0.10% and 0.15% by
weight of cement tends to have reduction in com-
pressive strength irrespective of the percentage of
fibers and fly ash. Moreover, treatment of nylon fi-
ber with SBR latex has contributed to the strength of
the concrete. Similarly, it was observed that NFRC
specimens with 20% fly ash the compressive
strength reduces with the increase in SBR latex and
fiber content. The compressive strength decreased as
more latex was added (for a given nylon fiber vol-
ume fraction). The addition of latex is known to en-
hance the tensile strength of concrete, rather than its
compressive strength. This may be due to latex film
interfering with the hydration reaction. At a fixed
latex level, however, there was at most a minor in-
crease in the compressive strength as the nylon fiber
volume fraction was increased. In this research, add-
ing latex prevented the strength reduction resulting
from fiber balling because the latex improved the
dispersion of the fibers.

Split Tensile Strength

From the Figure 3 it is detected that the split tensile
strength of concrete is maximum for NFRC6,
NFRC20 and NFRC33 at 7 days and 28 days curing.
At 7 days curing maximum split tensile strength for
NFRC6, NFRC20 and NFRC33 is of 2.49 N/mm?
,2.18 N/mm?, 1.76 N/mm?which was 52%,33% and
17% respectively higher than control specimen.
Similarly, at 28 days curing NFRC6, NFRC20 and
NFRC33 split tensile strength is 4.1 N/mm?, 3.64 N/
mm?and 3.15N/mm?’respectively. Split tensile

Replacement of cement with Flyash 10% 15% 20%
Cement (kg/m?) 368.64 348.16 327.68
Fly ash (kg/m°) 40.96 61.44 81.92
Water Content (kg/m?) 147.45 147.45 147.45
Fine Aggregate (kg/m?) 644.71 642.13 639.56
Coarse Aggregate (kg/m?) 1237.01 1232.07 1227.13
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Table 3. Specimen specification

Specimen Nylon SBR Fly Ash
Designation Fiber(%) Latex (%) (%)
NFRC1 0 0 10
NFRC2 0.05 0 10
NFRC3 0.10 0 10
NFRC4 0.15 0 10
NFRC5 0.05 0.05 10
NFRC6 0.10 0.05 10
NFRC7 0.15 0.05 10
NFRC9 0.05 0.10 10
NFRC10 0.10 0.10 10
NFRC11 0.15 0.10 10
NFRC12 0.05 0.15 10
NFRC13 0.10 0.15 10
NFRC14 0.15 0.15 10
NFRC15 0 0 15
NFRC16 0.05 0 15
NFRC17 0.10 0 15
NFRC18 0.15 0 15
NFRC19 0.05 0.05 15
NFRC20 0.10 0.05 15
NFRC21 0.15 0.05 15
NFRC22 0.05 0.10 15
NFRC23 0.10 0.10 15
NFRC24 0.15 0.10 15
NFRC25 0.05 0.15 15
NFRC26 0.10 0.15 15
NFRC27 0.15 0.15 15
NFRC28 0 0 20
NFRC29 0.05 0 20
NFRC30 0.10 0 20
NFRC31 0.15 0 20
NFRC32 0.05 0.05 20
NFRC33 0.10 0.05 20
NFRC34 0.15 0.05 20
NFRC35 0.05 0.10 20
NFRC36 0.10 0.10 20
NFRC37 0.15 0.10 20
NFRC38 0.05 0.15 20
NFRC39 0.10 0.15 20
NFRC40 0.15 0.15 20

strength decreases for latex content of 0.15%. Also, it
is noted that addition of nylon fibers beyond 0.15%
gives negative effect on the tensile strength. The rea-
son behind is the occurrence of unequal distribution
of fiber in the mixture.

Flexural Strength

From Figure.4, it was noted that maximum flexural
strength was obtained for NFRC6, NFRC20 and
NFRC33 for both 7 days and 28 days of curing. It
was observed that flexural strength was about 49%,
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Fig. 2. Compressive strength of NFRC a) with 10 % Fly
ash b) 15% Flyash c) 20% Flyash

40% and 39% higher than conventional concrete for
NFRC6, NFRC20 and NFRC33 respectively for 7
days of curing. Similarly, for 28 days of curing flex-
ural strength was 46%, 40% and 24% higher for
NFRC6, NFRC20 and NFRC33 respectively. When
tensile loading or flexural load is applied the latex
film increases the bond between materials and con-
crete. The tests with varying nylon fiber volume
fraction showed that the flexural strength also in-
creased with the nylon fiber volume fraction. Reduc-
tion in strength was observed in beyond 0.1% of
nylon fibers.
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Conclusion

Inclusion of SBR latex treated nylon fiber has
considerably improved the mechanical
strengths of FRC. The optimal combination was
obtained as 10% replacement of fly ash to ce-
ment with addition of 0.1% nylon fiber and
0.05% SBR latex to the total volume of concrete.
Compared with control specimen inclusion of
0.1% nylon fiber with 0.05% of SBR latex and
10% replacement of fly ash by cement increases
the compressive strength by 27% & and 19% re-
spectively at 7 days and 28 days curing.

The split tensile strength was found to be maxi-
mum for concrete with 0.01% nylon fiber with

Flexural Strength(N/mm?) Flexural strength(N/mum?)

Flexural Strength(N/mm?)
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Fig. 4. Flexural strength of NFRC a) with 10 % Fly ash b)

15% Fly ash c) 20% Fly ash

0.05% of SBR latex and 10% replacement of
flyash by cement was found to be increased by
52% and 46% at 7 days and 28 days curing when
compared with control specimen.

The flexural test results showed the supremacy
of treated fibers in the flexural strength en-
hancement of concrete prisms. Adding 0.01%
nylon fiber with 0.05% of SBR latex and 10% re-
placement of flyash by cement improved the
flexural strength by 49% and 46% for 7 and 28
days of curing respectively.

Addition of fibers augmented the overall
strength characteristics of the concrete than the
control concrete. In particular, treated nylon fi-
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ber has been found promising in increasing flex-
ural properties of reinforced concrete prism due
to its high tensile strength.
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