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ABSTRACT

ARTICLE INFO

This work presents the results of an experimental investigation into the strength and
durability properties of fiber-reinforced concretes that have polypropylene (PP) fi-
bers added to the concrete by volume and nano-SiOz2 (silicon dioxide) and nano-TiO2
(titanium dioxide) used as partial substitutes for cement. Nano-SiOz and nano-TiO2
particles used ranged in size from 40 nm to 400 nm. The specimens were cast using
cement blended nano-SiOz and nano-TiOz percentages of 1%, 2%, 3%, and 4% by
weight of cement. M55 grade concrete was employed for the casting process. The ad-
dition of PP fibers to the concrete was 0.5% by volume. The specimens underwent a
battery of mechanical tests, including microstructural testing, compression testing,
split tensile strength testing, and rupture modulus testing. Furthermore, tests for du-
rability factors such as porosity, sorptivity, and degradation were conducted, and the
findings are presented. Flexural strength of 2% nano-SiOz or nano-TiOzincreased by
8.09% and 6.89% and porosity decreased by 16.13% and 13.92% with respect to the
reference concrete. By comparing the outcomes, it was shown that the inclusion of
0.5% PP fibers and 2% nano-SiOz or nano-TiO2 improved the mechanical qualities,
but this was followed by a decrease in strength. The findings demonstrated that 2%
nano-SiO2 combined with 0.5% PP fiber had a greater mechanical strength than 2%
nano-TiOz.
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1. Introduction

Concrete is the most often used construction material
worldwide due to its reasonable cost and durability. One
of the primary ingredients of concrete, cement, produces
significant COz emissions during its production —-roughly
two billion tons annually, or about 7% of all CO2 emis-
sions on Earth- during the process (Shi et al. 2011). Itis
projected that cement production will have grown to
over six billion tons per year by 2060. (Pacheco-Torgal
et al. 2013). Severe measures have been implemented to
reduce the harmful effects of cement on the environment
and climate change. There have been a lot of experi-
ments done on finding cement substitutes, like adding
pozzolanas and nanoparticles. It would be more accurate

to refer to nanoparticles as recently developed concrete
additives. Because of their strong reactivity and large
area of coverage, nanoparticles are generally employed
in cement-based materials not only as additives but also
as a substitute for cement to improve certain mechanical
and durability-related properties. Over the past ten
years, nanotechnology has garnered a lot of attention
(Reches 2018; Kim et al. 2015). The use of nanoparticles
in cement-based materials has been the subject of much
research since their inception. Given their physical im-
pacts (filling and nucleation effects) and chemical reac-
tivity, nanoparticles are known to significantly improve
the performance of cement-based materials (Murad
2021; Feng et al. 2023; Luo et al. 2023). For usage in ce-
ment-based materials, nano-SiO2, nano-Al203, nano-
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TiO2, nano-CaCOs3, nano-Fez203, and nanotubes have all
been investigated. Among them, nano-SiOz and nano-
CaCOs are frequently employed. This is because nano-
SiO2 can perform better because to its high specific area
and pozzolanic activity, while nano-CaCOs3 is very inex-
pensive because it is readily available in limestone,
chalk, and marble. The addition of nano- and micro lime-
stone shortened the setting time of ultra-high-perfor-
mance concrete (UHPC), according to this study's inves-
tigation of the material's early age properties
(Karthikeyan et al. 2020; Karthikeyan and Dhinakaran
2018; Mohseni et al. 2016). Additionally, compared to a
sample without any nano limestone, the inclusion of
2.5% to 5% nano-limestone may result in a 35%-74%
boost in first day compressive strength. This study
looked into how adding 3% nano-SiOz to the mass of ce-
mentation materials sped up the hardening process and
improved the mechanical qualities of UHPC (Yoo et al.
2022; Hakeem et al. 2022; Marcos-Meson et al. 2020).
This study looked into how nano-SiO2 enhanced com-
pressive strength and decreased UHPC workability, par-
ticularly at early stage. While nano-CaCO3 and nano-SiO2
have the potential to enhance mechanical qualities, their
hydration tactics and hardening process are different.
Although it is widely acknowledged that adding mineral
admixtures, either conventional or nanosized, to con-
crete increases its strength, numerous researchers have
also noted that concrete becomes more brittle as its
strength rises (Khotbehsara et al. 2018; Sharmila et al.
2016). The researchers identified inadequate binding
and low tensile strength as the causes of this brittleness.
Fibers can be added to concrete to aid with the problem
of reduced tensile strength. It is widely known that fibers
increase the energy absorption capacity of concrete,
making it more ductile and resistant to fatigue and im-
pact loads. Numerous studies utilizing fibers in concrete
have been conducted; among them, further reports are
available for fibers such polymer, carbon, and steel. The
impact resistance of concrete containing silica fume and
polypropylene fiber—which was added in increments of
0.0%, 0.2%, 0.3%, 0.4% and 0.5% was examined in this
study. According to the authors, adding 0.5% of fiber in-
creased the impact resistance. Using silica fume as an ad-

ditional cementitious material, this study conducted ex-
perimental investigations using various fibers and com-
binations in a high strength concrete mix (Sharmila et al.
2016). While previous studies have focused on single
nano material with most commonly steel fiber, our study
is the first to investigate the effect of nano material such
as nano silica and nano titanium dioxide with polypro-
pylene fiber providing new insights into nanotechnology
in concrete. Additionally, we employed different tests to
know the optimum percentage of nanomaterials which
gives best results in the field of concrete technology. The
authors employed a total fiber volume fraction of 1% by
volume of concrete using both steel and polypropylene
fibers separately as well as in a combination of 0.85%
steel and 0.15% polypropylene. According to reports,
the combined use of polypropylene and steel performed
better than either substance utilized alone. The purpose
of this work was to conduct a mechanical, durability and
microstructural analysis of ultra-high-performance con-
crete modified with the addition of nanoparticles. Nano-
SiO2 and nano-TiOz used in this research as a nano mate-
rial with a percentage of 1%, 2%, 3% and 4% as a re-
placement of cement. In addition, to improve the ductile
properties, polypropylene fibers were added with a
weight percentage of 0.5% of volume of concrete.

2. Experimental Investigation
2.1. Materials

Ordinary Portland Cement (OPC 53 grade) was used
in this study, confirming as per IS code 4031 (1996). Nat-
ural coarse aggregate and natural river sand (fine aggre-
gate) was used in this study. All required test of aggre-
gate as per the IS 383 (2016) and IS 2386 (1963). In this
study nano-SiOz and nano-TiOz used size range from 40-
300 nm provided from Delhi distributers. Polypropylene
fiber (PP fiber) of length 12mm used in this research
work provided from Kalyani fiber distributer. To gain re-
quired flowability Fosroc Conplast SP 430 superplasti-
cizer was used. All experimental test data are showed in
Table 1.

Table 1. Experimental test data of materials.

Designation Results IS codes
W/C ratio 0.33 -
Cement type OPC53 -
Initial setting time of cement 40 min
Final setting time of cement 382 min 1S 4031:1988
Specific gravity of cement 3.01
Specific gravity of fine aggregate 2.64
Specifi ity of t 2.77
pecific gravity of coarse aggregate TG
Coarse aggregate water absorption 0.5 &
i ) IS 2386:1963
Fine aggregate water absorption 0.9
Fine aggregate zone Zone Il
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2.2. Mix proportion

High strength concrete of grade M55 used in this
study. Mix proportion ratio 1:1.27:2.52 arrived as per
the IS 10262 (2019). Total of 9 mix were constructed
such as C1, CS1, CS2,CS3,CS4,CT1,CT2, CT3 and CT4. C1
represented the reference concrete, CS1, CS2, CS3 and
CS4 represented the 1%, 2%, 3% and 4% nano-SiO2

along with 0.5% PP fiber, and CT1, CT2, CT3 and CT4
represented the 1%, 2%, 3% and 4% nano-TiOz along
with 0.5% PP fiber.

The mixing procedures followed as first dry mixing of
nano materials and cement with fibers, after dry mixing
all ingredients mixed properly in the drum mixer for 2 to
3 min. Table 2 represented the mix proportion of all con-
crete mix.

Table 2. Mix proportion data (kg/m3).

Mix ID c1 cs1 €S2 CS3 CS4 CT1 CT2 CT3 CT4
Cement 47796 47318 46840  463.62 45885 47318 46840  463.62 45885
AELI A0S 0.00 4.78 9.56 14.34 19.12 4.78 9.56 14.34 19.12
Nano-TiO2
PP fiber 0.5% of concrete volume
FA 611.40
CA 1212.50
Water 169.21
SP 1% by weight of cement

2.3. Testing methods as per standard

The Indian standard code IS 516 (2021) was followed
when performing the compressive, split, and flexural
tests. Table 3 shows all of the experimental tests, codal
provisions, and specimen kinds that were used in the

testing. A specimen's impact resistance can be deter-
mined using a variety of techniques, including the drop
weight method, instrumented impact, and explosive im-
pact. Many researchers favor the drop weight method
over other impact resistance testing techniques because
of its ease of use.

Table 3. Test types and IS codes.

Tests Property IS codes Specimen type and size
Compressive strength Cubes (150x150x150mm)

Strength Split tensile strength 1S 516:2021 Cylinders (100x200mm)
Flexural test Beams (150x150x700mm)
Chloride attack Degradation BS 1881 Cubes (150x150x150mm)
Sorptivity Water absorption BS 1881-122 Cubes (150x150x150mm)

Porosity Volume of pores Cylinders (100x200mm)

Scanning electron microscope (SEM)

Microstructural study

Shards of samples

3. Results and Discussion
3.1. Compressive and split tensile strength

Fig. 1 represents the test results of the compressive
strength test. CS2 has shown maximum compressive
strength above all the mix proportions. CT4 registered a
lowest compressive strength in all the mixes. All the con-
crete mix proportion passed the mean target strength of
the concrete and CT4 was minimum. When nano-SiO:
used in the concrete mix, CS1 and CS2 increased load
gradually but after 2% of nano-SiOz strength reduces
gradually up to CS4. When nano-TiO2 was used in the
concrete mix, strength increased gradually from CT1 to

CT2 but after that strength start decreasing. CS2 com-
pressive strength is 0.76% more than CT4 and 3.48%
more than C1.

3.2. Split tensile strength

Larger percentage variation of nano materials cannot
increase strength because of the less quantity of ce-
ment, which degrade the bindings properties of the
concrete and nano materials might be react with other
minerals (Karthikeyan et al. 2020; Karthikeyan and
Dhinakaran 2018). Fig. 2 represents the tensile
strength of the concrete. As PP fiber used in the con-
crete mix, all concrete mix proportion strength in-
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creased from a target strength, but above all CS2 con-
crete mix showed higher strength. Larger amount of
nano material not much affected on the split tensile

strength properties on the concrete. Split tensile
strengths of CS2 and CT2 were higher than C1 about
9.93% and 5.31% respectively.
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Fig. 1. Compressive strength of the concrete mix at 7, 14 and 28 days.
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Fig. 2. Split tensile strength of the concrete mix at 7, 14 and 28 days.

3.3. Flexural strength

Fig. 3 represents the flexural strength of the concrete
mixes. Flexural strength does not show the higher varia-
tion between the concrete mixes. PP fiber works as a re-
inforcement for the concrete specimens. PP fiber re-
duces the effects of brittle failures and makes a higher
bond between the concrete ingredients and the fiber.
CS2 and CT2 flexural strength increased by 8.09% and
6.89% respectively than C1.

3.4. Deterioration of concrete mixes
The elements that originate in the wet atmosphere,

such as SOz, damage specimens exposed to acidic environ-
ments. More importantly, the sulphur compounds thatare

present cause more deterioration because they react
with C3A and calcium hydroxide to form calcium sulphur
aluminate, or ettringite, or CaSO4. Because both of these
compounds typically occupy a larger volume than their
parent compounds, they disrupt the concrete and cause it
to become weak and porous. Concrete mixes with 0.5% PP
fiber show a higher compressive strength for all the mixes
along with flexural and split tensile strength. According to
the data, specimens exposed to bases often show a lower
percentage of deterioration than specimens exposed to
acids (Son et al. 2023; Chithra et al. 2016; Rong et al.
2015; Razak et al. 2004). The rationale for this is that ce-
ment's calcium hydroxide can react with salts or other ba-
ses to generate aragonite, brucite, and gypsum. They can
impede additional infiltration of the salt water and serve
as a transient barrier or protective layer.
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Fig. 3. Flexural strength of the concrete mix at 7, 14 and 28 days.

3.5. Sorptivity

Fig. 4 depicts the water absorption of the concrete
mixes. CS2 and CT2 have less water absorption than C1
about 20% and 18.01% respectively. All the concrete
mixes of water absorption lie below the 5%. When ce-
ment was replaced with nano-SiOz and nano-TiO2 with
0.5% PP fiber, the water absorption gradually decreased
up to 2% and then increased. It was discovered that in-
creasing the amount of ultra-fine mineral additives had
no effect on the durability characteristics. In the experi-
mental study of Razak et al. (2013), it was found that us-

ing silica fumes as a mineral admixture could result in
water absorption of 2.9% and 4.8%. Karthikeyan and
Dhinakaran (2018) also noted that specimens containing
9.5% silica fume, 0.5% UFTiO2, and 0.5% steel fiber
showed water absorption of less than 1.5%.

3.6. Porosity

Fig. 5 represents the porosity value of all the concrete
mixes. C1, CS4 and CT4 concrete mixes showed the higher
porosity than the all-other concrete mixes. CS2 and CT2
were about 16.13% and 13.92% less than the C1.
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Fig. 4. Sorptivity of the concrete mix.
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Fig. 5. Porosity of concrete mix.
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Using nanoparticles of ZrOz, Sn0Oz, and CaCOs in vary-
ing dosages along with fly ash, conducted experimental
investigations to study the durability characteristics of
self-compacting cement mortars and reported that use
of the nanoparticles improved the durability properties,
diminishing the porosity and chloride permeability. In
their experimental efforts. This study revealed that the
sorptivity characteristics of high strength concrete were
improved by employing ultra-fine GGBS (Kim etal. 2015;
Feng et al. 2023; Karthikeyan and Dhinakaran 2018).

3.7. Microstructural imaging

Scanning Electron Microscope (SEM) image of CS2
and CT2 are shown in the Figs. 6 and 7. In Fig. 6, incor-
poration of nano silica along with PP fiber shows the
higher dense structure so as a results in higher mechan-
ical strength and durability with less water absorption
and porosity. While clearly observing the SEM image, it
shows the less voids and proper bonding between all the
ingredients. CS2 shows the higher compressive as well
as flexural and split tensile strength. Fig. 7 shows the in-
corporation of nano-TiOz along with the PP fiber, TiO2
provided a self-cleaning property to the concrete and re-
duces the pollution due to the CO2, SOz and NOx. SEM im-
age of clearly shows that, very less voids available in the
CT2 mix compared to C1. CS2 have less voids compared
to the CT2.

P R,
20kV © X5,000 © Sum..
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Fig. 6. SEM image of CS2.
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Fig. 7. SEM image of CT2.

4., Conclusions

The following conclusions were drawn from the car-
ried-out experiments:

o All specimens in the fiber-reinforced concrete speci-
mens have exceeded their mean target strength. No-
tably, the CS2 and CT2 mixes including PP fiber shown
excellent performance in both standard water and
hostile acid and base environments.

e The strength increased gradually at 1% and 2% of
nano-SiOz and TiOz with 0.5% PP fiber and began to
decrease at 3% and 4%; excessive replacement of ce-
ment with nano materials with fiber failed to provide
suitable bonding.

e (S2and CT2 flexural strength increased by 8.09% and
6.89% respectively than C1 after 28 days of curing.

e Porosity of CS2 and CT2 was about 16.13% and
13.92% less than the reference concrete.

e Nano-SiOz incorporation in concrete is more benefi-
cial than the nano-TiOz due to their availability and
higher mechanical strength.

e Water absorption value decrease as incorporation of
nano materials in concrete at an optimum dosage. All
concrete mix specimens have lower than 5%.

e Durability of nano materials concrete is more com-
pared to the referenced concrete.
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