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Abstract

The paper presents the results of an experimental study conducted to examine the effectiveness of polypropylene fibres on
the strength and deformation capacity of concrete beams containing nanosilica and alccofine. Six beams, each 150 mm in
diameter and 250 mm in cross section, totalling 3000 mm in length, were cast and tested. Out of six beams, one was the
control beam without polypropylene fibres, nanosilica, or alccofine. One beam was made with concrete containing nanosilica
(1%) and alccofine (15%). The remaining four beams were prepared with concrete containing alccofine and nanosilica and
having polypropylene fibres in four different volume fractions. The volume fraction of polypropylene fibres was taken as
the primary variable. All the beam specimens were subjected to a four-point bending test in a loading testing frame. The
results showed that the introduction of polypropylene fibres increased the load capacity by 29.35%, reduced the deflection

by 35.81%, and enhanced the ductility by 8%.
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Introduction

The concrete was used around the world as a construction
material and as a standard material because of its properties
like strength, durability, reflection, and versatility. Due to
these features, it is a reliable long-term choice in many local
and business contexts. The cement industry uses a tremen-
dous amount of energy and natural resources, which results
in the emission of enormous volumes of carbon dioxide.
The cement industry is therefore bad for the environment.
At the same time, engineers have developed a novel, mul-
tipurpose cementitious composite using nanotechnology
and fibres that has great mechanical properties, durability,
and perhaps many novel properties, such as low electrical
resistance, high ductility, self-healing, and cracking self-
control. Nanotechnology in cement is a rapidly develop-
ing field. Nanomaterials’ constituent parts make it easier to
develop new cement admixtures, such as novel plasticisers,
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superplasticisers, nanoparticles, and nanoreinforcing agents.
In the past few years, there has been a significant increase in
the usage of nanomaterials in RC structures to address the
issue of low concrete tensile strength, and fibre-reinforced
concrete is also gaining popularity in the building industry
around the world. Therefore, utilisation of these micro- and
nanomaterials in construction is a matter of great signifi-
cance, which can save the usage of cement and energy in
concrete production. Numerous studies have been conducted
to assess the qualities of concrete, including supplementary
cementitious elements such as nanosilica and alccofine with
microreinforcement.

Many researchers studied the evaluation of utilising
micro- and nanocementitious materials and fibres. The
properties of concrete can be improved by using randomly
oriented discrete fibres that prevent or control crack propaga-
tion or coalescence. Conventional concrete, which consists
of hardened cement paste and aggregate, has microcracks
and porosity, which can be overcome by using fibres [1, 2],
such as polypropylene fibres and steel fibres. The fibre rein-
forcing technique was developed to use the advantages of
fibres, such as their inherently remarkable tensile strength,
high toughness, and durability, to delay the formation of
the initial fracture and limit the propagation of fractures in
concrete [3, 4]. Polypropylene fibres improve post-crack
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resistance, ductility, toughness, fatigue strength, and impact
strength in concrete [5—7]. Alccofine is a ground-granulated
base slag ultrafine product with a lot of glass and pozzo-
lanic reactivity. Concrete's compressive strength, as well
as its fluidity and workability, is improved when alccofine
additives are used [8, 9]. Fibre-reinforced concrete with alc-
cofine demonstrated superior durability and strength proper-
ties than control concrete. [10—13] Because of its capacity
to react with free lime during the cement hydration pro-
cess, nanosilica has a stronger pozzolanic nature than other
nanofiller materials [14], forming more C—S—H gel, which
improves the strength and durability of concrete [4]. The
nanosilica pozzolanic reaction would occur first, resulting
in a relatively high 7-day strength [15, 16], followed by the
microsilica pozzolanic reaction, resulting in a relatively high
28-day strength [17, 18]. The combination of 2% nanosil-
ica, 1% nanoalumina, and 0.5% polypropylene fibre had the
lowest sorptivity. In addition, the microstructure analysis
indicated that the nanomaterials significantly improved the
matrix and that the porosity of the matrix was consider-
ably reduced [19]. This research work has been taken up to
examine the effect of introducing polypropylene fibres into
the concrete containing nanosilica and alccofine. Alccofine
1203 is a slag-based product that has undergone consider-
able processing to improve its reactivity and glass content.
Alccofine was studied by researchers [20, 21] and shown
to be an effective pozzolanic substance. Alccofine is pro-
duced by the granulation process and results in a controlled
distribution of particle size. Jelodar et al. [22] studied an
experimental investigation on the mechanical characteristics
of cement-based mortar containing nanosilica, microsilica,
and PVA fibre. The authors considered 28 mix designs with
various percentages of particles and fibres, and 112 differ-
ent specimens were prepared to conduct the experimental
research. The authors concluded that a mix containing 8%
silica fume was the optimal mix design in binary mode,
whereas 8% silica fume and 2% nanosilica were the opti-
mal mix design in the ternary mode condition. The authors
reported a flexural strength improvement of 24% and a com-
pressive strength increase of 49% under the binary mode
condition, whereas a flexural strength enhancement of 3.5%
and a compressive strength of 4.6% were obtained. Shameer
et al. [23] conducted an experimental study on the prop-
erties of ternary blended steel fibre-reinforced concrete;
the authors were replacing cement with GGBS (35%),
and nanosilica (1%), which was found to be the optimum
combination. Hooked-end steel fibres were used in volume
fractions of 0.5%, 1%, 2%, and 2.5%. The authors carried
out compressive strength, flexural strength, and modulus
of elasticity tests. The authors concluded that the incor-
poration of 2% steel fibres resulted in a 70% improvement
in flexural strength and a 24.65% increase in modulus of
elasticity when compared to the control beam. Murthi et al.
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[24] investigated enhancing the strength properties of high-
performance concrete using ternary blended cement. The
authors considered fine aggregate to be composed of 60%
river sand and 40% recycled aggregate; crushed rock was
used as coarse aggregate. The authors replaced cement with
bagasse ash and nanosilica. The authors observed that with
the addition of nanosilica up to 1.5%, the initial and final set-
ting times decreased. The authors reported that adding 0.5%
and 1% nanosilica increased compressive strength by 38.3%
and 80.07%, respectively. Swetha et al. [25] investigated
strength and durability studies on steel-fibre-reinforced
ternary blended concrete containing nanosilica and zeolite.
The authors replaced cement with zeolite and nanosilica.
Dramix steel fibres were used in volume fractions of 0.5%,
1%, and 1.5%. Six beam specimens were cast and tested
under static loading conditions. The authors found that add-
ing 1% nanosilica, 10% zeolite, and 1.5% fibres resulted in
a 40% increase in strength, a 86.83% and 41.66% reduction
in deflection and crack width, and a maximum increase of
35.32% in energy ductility and 34.37% in deflection ductility
when compared to the reference beam. Tuga Waleed Ahmed
et al. [26] reviewed the properties and performance of poly-
propylene fibre-reinforced concrete; the authors replaced
cement with silica fume. Polypropylene fibres were used
in volume percentages of 0%, 0.15%, 0.3%, 0.45%, 0.6%,
0.75%, and 0.9%. The authors reported that 0.6% fibres
increased the 24.8% compressive strength, and the increase
may be due to high fineness and length variation in the sta-
ple, which create a bridge action for preventing the crea-
tion of more microcracks. The authors also observed that
mechanical properties decreased by more than 0.6% due to
fibre inclusion, due to the non-uniform dispersion of fibres
leading to a mass collection that created voids. Hemavathi.S.
et al., 2019 [27] conducted an experimental investigation
on the properties of concrete by using silica fume and glass
fibre as admixtures. The authors write that cement has been
replaced with 20% silica fume. Natural river sand is replaced
with m-sand in three different percentages: 0%, 50%, and
100%. From the experimental results, the optimum percent-
ages were 1% glass fibre, 20% silica fume, and the addition
of 30% m-sand to 70% natural sand, achieving maximum
compressive strength, flexural strength, and split tensile
strength. Sankar et al. [28] studied the experimental and
statistical investigation of alccofine-based ternary blended
high-performance concrete. The authors reported that higher
replacement levels of alccofine (more than 10%) led to a
decrease in strength due to the dilution effect. Denser parti-
cle packing reduces water absorption in ternary mixes.

The published studies looked at the mechanical proper-
ties of concrete using cementitious materials and fibre at the
hardening states, as was clear from the previous paragraphs.
However, there are not many studies on the effectiveness of
reinforced concrete beams when using nanosilica, alccofine,
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Table 1 Physical properties of

Property Value
cement

Specific gravity 3.15

Initial setting time 60 min

Final setting time 320 min
Table 2 Physical properties of Property Value

coarse aggregate

Table 3 Physical properties of fine aggregate

Property River sand
(55%) + m-sand
(45%)

Specific gravity 2.66

Water absorption 0.43%

Grading zone I

Fineness modulus 2.58

Specific gravity 2.68

Water absorption  0.72

Bulk density 1600 kg/m?
Shape Angular

and other kinds of fibres. Therefore, the flexural performance
of reinforced concrete beams constructed using nanosilica,
alccofine, and polypropylene fibres has been examined and
contrasted with a control one in this work.

Research significance

To make concrete more ductile and environmentally friendly,
research has been done to change it by adding fibres and
partially replacing the cement with micro- and nanofiller.
According to the literature reviews, there is minimal data
available on ternary blended reinforced concrete beams that
are subjected to static loading conditions. An effort has been
made to research how alccofine and nanosilica affect the
behaviour of polypropylene fibre-reinforced concrete beams.
On the basis of the conducted experimental investigation,
appropriate conclusions have been obtained.

Experimental program
Materials used

The concrete beams were developed using ordinary Port-
land cement, grade 53, in accordance with IS 12269:2013
[29], as shown in Table 1. According to IS 383:2016 [30],
crushed granite with a maximum particle size of 20 mm and
12 mm was utilised as coarse aggregate, as shown in Table 2.
As fine aggregate, a mixture of river sand and m-sand was
employed, and the physical properties are shown in Table 3.
In this study, Astrra Chemicals, Chennai, provided nano-
silica as shown in Fig. 1 and alccofine as shown in Fig. 2.
Table 4 shows the properties of alccofine and nanosilica.
In this study, several volume fractions (0.1 per cent, 0.2
per cent, 0.3 per cent, and 0.4 per cent) of commercially
available Recron 3 s polypropylene fibres that comply with
ASTM C1116 [31] (Fig. 3) were utilised (Table 5). Conplast
SP 430 (Fig. 4), a high-range water-reducing admixture that
conformed to ASTM C494 [32] (Table 6), was employed.

Fig. 1 Nanosilica

Fig.2 Alccofine

Table 4 Physical properties of Ns and alccofine

Properties Nanosilica Alccofine
Particle size 17 nm 6 microns
Specific gravity 1.6 2.90

Specific surface area 160 (m2/g) 12,000 (cmzlg)

*Ns Nanosilica
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Fig.3 Polypropylene fibre

Table 5 Physical properties of
polypropylene fibre

Fig.4 Super plasticiser

Table 6 Physical properties of
super plasticiser
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Property Value
Length 12 mm
Shape Triangular
Specific gravity 0.91
Elasticity modulus 4000 MPa
Alkaline stability Very good
Tensile Strength 4 MPa
Elongation 90%
Effective diameter 40 micron
Property Value
Appearance Liquid
Specific gravity 1.18
Colour Brown
Chloride content Nil

High yield strength ribbed reinforcement bars of Fe 500D
were used for the main reinforcement.

Control specimens

All the tests were conducted as per code 1S516:2004 [33].
The compressive strength, flexural strength, and elasticity
modulus of control specimens were measured. Table 7 shows
the mix proportions of beam specimens. Table 8 shows the
nomenclature of all the test specimens.

Concrete mix design

The mix design was carried out for M25-grade concrete
according to IS 10262:2019 [34] for the preparation of con-
trol and beam specimens. The mix proportion proposed has a
water-to-cement ratio of 0.5. The slump achieved was about
50 mm to 70 mm. The mix proportions used are presented
in Table 7.

Details of tested beams

Six reinforced concrete beam specimens with a cross sec-
tion of 150 mm X 250 mm and a length of 3000 mm were
cast and tested. For the beam specimens, the longitudinal
steel ratio was 0.603 per cent (2 bars, 12 mm diameter). At
125 mm C/C, 2-legged, 8-mm-diameter shear stirrups were
installed to prevent early shear failure and ensure flexural
action of beams until collapse. Table 8 lists the specifics
of the tested beams. Figure 5 represents the reinforcement
details of the beams.

Test set-up

A total of six beams were tested under flexure using a four-
point bending test pattern in a standard loading frame of 500
kN capacity. A beam was made to rest on simple support
over a span of 2.8 m. Deflections were measured at mid-
span and at load points using mechanical dial gauges with an
accuracy of 0.01 mm. The crack width was measured using
a crack detection microscope with a precision of 0.02 mm.
Crack development has been monitored throughout the load-
ing history. Figure 6 shows the loading set-up and equipment
used in the test. Table 9 shows the results of the tests of
control specimen.

Test results and discussion
Load-deflection relationship
The load—central defection responses of the tested beams

are shown in Fig. 7. The force—displacement responses in
all beam specimens were found to be linear up to the first
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Table 7 Mix proportions of beam specimen

Mix.no Specimen Wi/cratio Water Cement (kg) NS (kg) Alccofine (kg) Coarse River sand (kg) M-sand (kg) Fibre
content aggregate volume
(kg) (kg) (%)

1 CBS 0.50 168 350 0 0 1257 380.6 311.4 0

2 NASO 0.50 168 294 3.5 52.5 1257 380.6 311.4 0

3 NAS1 0.50 168 294 3.5 52.5 1257 380.6 311.4 0.1

4 NAS2 0.50 168 294 3.5 52.5 1257 380.6 3114 0.2

5 NAS3 0.50 168 294 3.5 52.5 1257 380.6 311.4 0.3

6 NAS4 0.50 168 294 3.5 52.5 1257 380.6 311.4 0.4

Table 8 Nomenclature of test specimens

Description

CBS: Control

Ns: Nanosilica

NASO: Specimen with 15% alccofine and 1% NS (replacement of cement)

NAS1: Specimen with 15% alccofine and 1% NS (replacement of cement) and 0.1% polypropylene fibre (added by volume of concrete)

NAS2: Specimen with 15% alccofine and 1% NS (replacement of cement) and 0.2% polypropylene fibre (added by volume of concrete)

NAS3: Specimen with 15% alccofine and 1% NS (replacement of cement), and 0.3% polypropylene fibre (added by volume of concrete)

NAS4: Specimen with 15% alccofine and 1% NS (replacement of cement), and 0.4% polypropylene fibre (added by volume of concrete)

Fig.5 Reinforcement details
of beam
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crack stage. After the commencement of the first crack
stage, the gradient of the response curves rapidly dropped,
with a higher number of cracks emerging as the longitudi-
nal rebars began to yield. After the yield stage, the gradi-
ent of the response curves dropped considerably, indicat-
ing that deflection had increased. This was the case until
the maximum load was achieved. The test observations are
presented in Table 10. Figure 8 shows the cracking history
of beam specimens.

Influence of polypropylene fibre with NS
and alccofine on strength

The load at the first crack stage (through visual examina-
tion) for a polypropylene fibre-reinforced concrete beam
with NS and alccofine is presented in Table 11. The effect
of the polypropylene fibre-reinforced concrete beam with
NS and alccofine on the first crack load was calculated as

@ Springer
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Fig.6 Loading arrangement
and instrumentation

Steel spreader beam

950 mm

950 mm

2800 mm

Table 9 Results of the tests

S. No Designation Alccofine % PPF % Ns % Avg. compressive strength Avg. flexural strength ~ Avg. values of modulus
of 28 days (N/mm?) of 28 days (N/mm?) of elasticity [E (Gpa)]
1 CcC 0 0 0 33.02 6.5 26.03
2 NAO 15 0 1 35.19 6.9 26.28
3 NALl 15 0.1 1 36.59 7.1 27.02
4 NA2 15 0.2 1 38.95 7.8 27.47
5 NA3 15 0.3 1 41.26 8.2 28.25
6 NA4 15 04 1 37.35 8.5 29.22

*PPF Polypropylene fibre, Ns nanosilica

Load(kN)

0 5 10 15 20 25
Deflection (mm)

Fig.7 Load—central defection responses of the tested beams

the percentage increase in strength with respect to the virgin
specimen. The specimens NAS1, NAS2, NAS3, and NAS4
exhibit an increase of 10.76%, 24.70%, 38.46%, and 53.84%,
respectively, with respect to the NASO beam. The NASO
beam exhibits an increase of 12.06% with respect to the CBS
(control beam) and polypropylene fibres have a beneficial
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effect even at the first cracking stage. The results presented
in Table 11 and Fig. 9 show that polypropylene fibres have
an appreciable effect on the first crack loads. The load at
yield stage (load beyond which force displacement response
becomes nonlinear) for a polypropylene fibre-reinforced con-
crete beam with NS and alccofine is presented in Table 11.
The experimental load at the yield stage was obtained (by
visual inspection) and corresponded to the stage of loading
beyond which the force—displacement response was not lin-
ear. The specimens NAS1, NAS2, NAS3, and NAS4 exhibit
an increase of 4.62%, 14.9%, 19.1%, and 21.7%, respec-
tively, with respect to the NASO beam.

The specimens at NASO showed an increase of 3.81%
with respect to the control beam. The results presented in
Table 11 and Fig. 10 show that polypropylene fibre-rein-
forced concrete beams with NS and alccofine have a notice-
able influence on the yield loads of test beams. The load
at ultimate stage (load beyond which the beam would not
sustain additional displacement at the same load level) for a
polypropylene fibre-reinforced concrete beam with NS and
alccofine is presented in Table 11. The specimens NASI,
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Table 10 Test results of the S.No Beam First crack

First crack  Yield load (kN)  Yield deflec- Ultimate Ultimate

beams load (kN)  def (mm) tion (mm)  load (kN)  def (mm)

1 CBS 14.50 2.11 31.02 7.32 50.00 15.22

2 NASO  16.25 2.56 32.25 7.62 52.25 16.84

3 NAS1  18.00 2.77 33.74 8.1 55.75 17.95

4 NAS2  20.25 3.00 37.08 8.55 57.50 18.77

5 NAS3 2250 3.38 38.42 8.92 60.50 20.65

6 NAS4  25.00 3.88 32.95 9.7 65.00 22.87
;:::;; :no?i;aglfdtgft:cilslt;;};nznd SI. No Beam designation Maximum width ~ Maximum no. Average spacing  Mode of failure

of crack (mm) of cracks of cracks (mm)

1 CBS 0.48 15 135 Flexure

2 NASO 0.46 16 120 Flexure

3 NAS1 0.44 18 110 Flexure

4 NAS2 0.38 21 100 Flexure

5 NAS3 0.36 25 82 Flexure

6 NAS4 0.24 37 70 Flexure

Fig.8 Cracking history of
specimens

NAS2, NAS3, and NAS4 exhibit an increase of 10.95%,
14.42%, 20.39%, and 29.35%, respectively, with respect to
the NASO beam. The specimens NASO showed an increase
of up to 0.49% with respect to the control beam. The results
presented in Table 11 and Fig. 11 show that polypropylene

fibre-reinforced concrete beams with NS and alccofine
have a noticeable influence on the ultimate loads of the test
beams. The following factors may have contributed to the
rise in strength: The incorporation of polypropylene fibre
with NS and alccofine increased the fibre-matrix interfacial
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First Crack Load
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Fig.9 Effect of fibres on first crack load

Yield Load

Percentage increase in First
Crack Load

NASONAST NAS2 AS3 \Asa

Test Specimen

Fig. 10 Effect of fibres on yield load

Ultimate Load

NASO
NAS1
NAS2
NAS3  Nasa

Percentage increase in Ultimate

Test Specimen

Fig. 11 Effect of fibres on ultimate load

connection significantly. Polypropylene fibre's tying effect
prevents concrete microcracking, resulting in increased flex-
ural stiffness. Furthermore, the addition of polypropylene
fibre to concrete resulted in favourable synergetic effects.

Influence of polypropylene fibre with NS
and alccofine on displacement

Displacement capacity of beams is largely controlled by
sectional moments of inertia, elasticity modulus, span, and
loading. The addition of polypropylene fibre with NS and
alccofine leads to improved stiffness. This augmented stiff-
ness has a significant impact on the displacement response
of beams incorporating polypropylene fibre with NS and
alccofine at all stages of their response. The specimens
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Deflection at First Crack Load
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Fig. 12 Effect of fibres on deflection at first crack load
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Fig. 13 Deflection at yield load

NAS1, NAS2, NAS3, and NAS4 showed an increase of
8.2%, 17.18%, 32.03%, and 51.56% in displacement at
the first crack stage with respect to the NASO beam. The
NASO specimens showed an increase of up to 17.57%
when compared to the reference specimen. The test results
presented in Table 11 and Fig. 12 show that NS, alccofine,
and polypropylene fibre have an appreciable effect on the
deflection under the first crack load. The specimens NASI,
NAS2, NAS3, and NAS4 showed an increase of 6.29%,
12.2%, 17.06%, and 27.29% in displacement at yield stage
with respect to the NASO beam. The NASO specimens
showed an increase of up to 3.93% with respect to the
reference specimen. The test results presented in Table 11
and Fig. 13 show that polypropylene fibres with NS and
alccofine have a noticeable influence on the yield stage
deflections of test beams. The specimens NAS1, NAS2,
NAS3, and NAS4 showed an increase of 6.59%, 11.46%,
19.06%, and 35.81% in displacement at load at the ultimate
stage with respect to the NASO beam. The NASO speci-
mens showed an increase of up to 5% with respect to the
reference specimen. The test results presented in Table 11
and Fig. 14 show that polypropylene fibres with NS and
alccofine have a noticeable influence on the ultimate stage
deflection of test beams. The improvement in deforma-
tion carrying capacity may be due to the following. The
bridging action of polypropylene fibre controls the micro-
cracking of concrete, resulting in higher flexural rigidity.
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Deflection at Ultimate Load

(%4
o

35.81

o 659 1146 19.06

Percenatge Decrease in
Deflection at Ultimate Load
o

NASO
NAS1
NAS2
NAS3  Nasa

Test Specimen

Fig. 14 Deflection at ultimate load
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Fig. 15 Impact of polypropylene fibre and NS, alccofine on maxi-
mum crack width

Furthermore, the introduction of polypropylene fibre also
caused positive synergetic effects with concrete.

Impact of polypropylene fibre with NS and alccofine
on failure modes and crack patterns

Figure 8 shows the crack pattern of all tested beams at
the ultimate stage. Fine vertical cracks were observed
in the moment zone during the early stages of loading.
With an increase in applied load, these flexural cracks
extended and new flexural cracks were initiated in the
moment zone. On further application of load, the flexural
cracks formed away from the mid-span and progressed
diagonally towards the loading point. The maximum crack
width, maximum number of cracks, average spacing of

Deflection Ductility

NASO
NASL NAS2 \1acs nca

Percentage increase in Dlection
ductility

Test Specimen

Fig. 16 Impact of polypropylene fibre and NS, alccofine on deflection
ductility

cracks, and mode of failure of all specimens are presented
in Table 11. The results presented in Table 11 and Fig. 15
show that all the polypropylene fibre R.C. beams with NS
and alccofine showed an increase in the number of cracks
and a decrease in crack width with respect to the refer-
ence beam. Possibly, the higher energy absorption capacity
of polypropylene fibre with NS and alccofine would have
enabled the tested beams to experience large displacement
prior to failure, resulting in wider cracks.

Impact of polypropylene fibre with NS and alccofine
on ductility

The deflection ductility index is defined as the ratio of
deflection at ultimate load to deflection at yield load. The
energy ductility index is defined as the ratio of the area
of the load deflection curve up to the ultimate load to the
yield load. Table 12 shows the ductility ratio of all tested
beams. As a general rule, a structural member’s ductil-
ity index reflects its capacity to withstand considerable
deformation prior to failure and thus offers enough notice
of failure. In comparison to the control beam, the ductility
of the polypropylene fibre concrete beams treated with NS
and alccofine increased by up to 8.78% in energy ductility
and 6.25% in deflection ductility. With increasing fibre
content, both displacement ductility (Fig. 16) and energy
ductility (Fig. 17) increased, and the better energy absorp-
tion capacity of NS, alccofine, and polypropylene fibre

Table 12 Ductility Indices of

SI. No Beam designation Deflection Deflection duc-  Energy ductility Energy
tested beams ductility tility ratio ductility

ratio

1 CBS 2.08 1.00 3.53 1.00

2 NASO 221 1.06 3.84 1.02

3 NAS1 2.22 1.067 3.92 1.04

4 NAS2 2.24 1.7 4.07 1.08

5 NAS3 2.29 1.10 4.16 1.12

6 NAS4 2.36 1.13 4.18 1.15
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Energy Ductility
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Fig. 17 Effect of fibres on energy ductility

Table 13 Energy capacity for tested beams

S. No Beam designation Energy capac-
ity (kN-mm)
1 CBS 488.34
2 NASO 579.68
3 NAS1 662.06
4 NAS2 796.15
5 NAS3 906.26
6 NAS4 1042.63
Energy Capacity
& 100
g
=
¢ 5 50
2o
25 o
X
©
g
&

NASO
NASL NAS2 \c3 rsa

Test Specimen

Fig. 18 Effect of fibres on energy capacity

would have allowed the tested beams to display higher
ductility. This rise might also be attributed to a stronger
fibre—matrix interfacial connection.

Energy capacity

Energy capacity is computed as the area under the load
deflection curve up to the ultimate load. Table 13 shows the
total energy capacity of all tested beams. Better ductility in
a structural part often leads to higher energy capacity. The
area under the force—displacement relationship curve was
used to calculate the energy capacity. In comparison to the
control beam, the fibre-reinforced concrete beams with NS
and alccofine demonstrated a maximum increase in energy
capacity of roughly 79.86%. The energy capacity (Fig. 18)
rises when fibre content, NS, and alccofine quantum
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Fig. 19 Solid 65 element (concrete)

increase. The increased energy absorption capacity of poly-
propylene fibre with NS and alccofine would have allowed
the tested beams to have more ductility, which would have
resulted in a larger energy capacity.

Finite element analysis

To validate the experimental results with finite element anal-
ysis, a static structural analysis is executed using ANSYS
Workbench R19.2 to simulate the performance of fibre-
reinforced concrete beams. The models are simulated to fail
under the incremental two-point load at the mid-span of the
beam, where large deflections occur. The response of the
models is validated against the load deflection curves from
the experimental results.

Engineering data

A collection of material statistics is available in the engi-
neering statistics modules. The data within the library can-
not be modified because it is part of the software set-up,
but engineering records for new materials can be entered or
changed. For the model, the concrete density, Young’s mod-
ulus, and Poisson’s ratio are provided as inputs and assigned.
Figures 19, 20 shows the concrete and Reber element.

Geometry

A design simulation model is a geometrical feature-based,
completely stable modeller designed to be derived from
any other CAD programme or produced with it, allowing
for the creation of 2D sketches and 3D component models.
The modelling of concrete and steel and the 3D modelling
of concrete are shown in Figs. 21, 22, and 23. Using the
Solid 65 element, concrete was modelled. This element has
eight nodes, each of which has three degrees of freedom.
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Fig.20 Link 180 element (rebar)

The element is capable of crushing, three orthogonal
cracks, and plastic deformation.

Fig. 21 Modelling of concrete

Fig. 22 Modelling of steel rebar

Meshing

In Ansys Version R19.2, adaptive convergence was
adopted for the meshing of elements. By default, the mesh
is recreated with a denser distribution of elements, and the
model is re-analysed until the results converge satisfacto-
rily. Rectangular mesh is preferred for solid 65 element
for improved convergence. As a result, the mesh was set
up to produce square or rectangular elements. The plate
and support were mesh using the volume sweep command.
This ensures that the elements in the plates are the same
width and length as the elements and nodes in the model
concrete portions.

Loads and boundary conditions

For the model to be constrained and produce a unique solu-
tion, displacement boundary conditions are required. Bound-
ary conditions must be introduced at points of symmetry

0.00 50000 1000.00 (mm)

250.00 750.00

0.00 500.00

1000.00 (mm)

25000 750.00
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Fig. 23 3D Model of RC Beam

000 50000 1000.00 (mem)

25000 75000

0.00

200.00

Fig. 24 Load and boundary conditions

where the supports and loadings are present in order to guar-
antee that the model behaves in almost the same manner as
the experimental beam. In Fig. 24, loading and boundary
conditions are depicted.

Deflection analysis

The results of the finite element analysis for the fibre-
reinforced concrete with nanosilica and alccofine as CBS,
NASO, NAS1, NAS2, NAS3, and NAS4 are shown in
Figs. 25, 26, 27, 28, 29, and 30. In this analysis, the final
deflection obtained for each specimen was compared to
the experimental values. All the specimens were analysed
using ANSYS Workbench, and they showed results that were
slightly higher when compared with experimental work.

@ Springer

800.00 (mm)

Table 14 compares the displacement acquired at the ultimate
stage by experiment and numerical modelling. When com-
pared to the reference specimen, the beam specimens NASO,
NAS1, NAS2, NAS3, and NAS4 indicated an increase of
up to 3.45%, 19.84%, 21.95%, 23.17%, and 27.05%, respec-
tively. It was observed that utilising 0.4% fibre-reinforced
concrete could significantly improve strength and deform-
ability. The increased fibre—matrix interfacial connection is
mostly responsible for the improvement in flexural strength
and deformability.

The experimental and analytical results of conventional
concrete (NASO, NAS1, NAS2, NAS3, and NAS4) are pre-
sented in Table 14. The maximum percentage error was also
presented in Table 14. The percentage error for the results
obtained through nonlinear finite element analysis varies
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Fig. 25 Ultimate deflection profile of conventional beam
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Fig. 26 Ultimate deflection profile of NASO

from 1.35 to 9.67%. The ultimate deflections of finite ele-
ment analysis are shown in Figs. 25, 26, 27, 28, 29, and 30.
The force—displacement response obtained through analyti-
cal modelling for all specimens is presented in Figs. 31, 32,
33, 34, 35, and 36. Through it, it can be seen from the results
that the experimental and numerical solutions are in reason-
ably good agreement, satisfying the validity of the numerical
model adopted for the purpose.

Conclusions

In this study, the effect of polypropylene fibres at varying
percentages (0, 0.1%, 0.2%, 0.3%, and 0.4%) with 15% alc-
cofine and 1% nanosilica is attempted. Through this work,
the authors hoped to offer a comparative picture of how
polypropylene fibre can be efficiently employed to improve
the qualities of M25-grade concrete, even when alccofine
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Fig. 27 Ultimate deflection profile of NAS1
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Fig. 28 Ultimate deflection profile of NAS2
and nanosilica are also used to partially replace cement. The The addition of 0.4% of the volume fraction of polypro-
reader learns a lot about the best ways to use alccofine and pylene fibres resulted in an increase of 29.35% in the
nanosilica in concrete, as well as how polypropylene fibre strength capacity of concrete beams incorporated with
works to increase the properties of concrete. As a result, 15% of alccofine and 1% of nanosilica.
researchers and practitioners now have access to informa- The beams with 0.4% volume fractions of polypropyl-
tion about quality, both with and without the use of fibres. ene fibres exhibited a reduction of 35.81% in deflection
Based on the results obtained through the experiment, the compared to the concrete beams incorporated with 15%
following conclusions are drawn: alccofine and 1% nanosilica.
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Fig.30 Ultimate deflection profile of NAS4

Table 14 Comparison of experimental and analytical values

Beam Ultimate Experimental Analytical ulti- % of error
load (kN) ultimate deflec-  mate deflection
tion (mm) (mm)
CBS  50.00 15.22 16.692 9.67
NASO 52.25 16.84 17.346 3.0
NAS1 55.75 17.95 18.194 1.35
NAS2 57.50 18.77 19.505 391
NAS3 60.50 20.65 21.145 2.40
NAS4 65.00 22.87 23.277 1.77

An increase in energy ductility of 8.87% and deflection
ductility of 3.37% has been observed in beams with
0.4% of polypropylene fibres.

An increase in energy ductility of 8.87% and deflection
ductility of 3.37% has been observed in beams with
0.4% of polypropylene fibres.

An increase of 68.75% in number of cracks, a decrease
of 26.08% in crack width, and a change of 41.66% in the
spacing of cracks have been observed in beams with a
0.4% volume fraction of polypropylene fibres incorpo-
rated with 15% of alccofine and 1% of nanosilica.
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An increase in energy capacity of 79.86% has been
observed in beams with 0.4% polypropylene fibres.

The results obtained from finite element analysis showed
better convergence with experimental values.

This experimentation helps the researchers and practi-
tioners in developing new green concrete, but still a lot of
work needs to be done towards the investigation of different
grades of concrete to understand the use of fibres in vary-
ing percentages. Similarly, the researchers may extend this
work to determine the optimal use of alccofine, nanosilica,
and fibres by using mathematical optimisation or simulation
modelling. The authors believe that their research attempt
will open up new avenues of research and applications for
both researchers and practitioners.
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