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In this investigation, nanotechnology is employed as a way of improving the fresh and mechanical
properties of fiber-reinforced concrete containing Poly Propylene (PP) and Nano-Silica (NS). Nano-silica
was used as partial substitute of cement (0%, 2.5%, 5.0%, 7.5% and 10% by weight of cement) and
polypropylene (PP) fibers as reinforcement from 0% to 0.75% in steps of 0.25. The fresh and hardened
properties of concrete such as workability, density, compressive strength and tensile strength were
tested. The investigation was done on plain concrete as control, fibre reinforced concrete (without
nano-silica) and fibre-reinforced concrete containing nano-silica. Results showed that utilizing 5%
nano-silica (by the weight of cementitious materials) improved the compressive strength by as much
as 36%, but workability is significantly reduced. Test results also showed that fusing polypropylene
strands in concrete improved the splitting tensile strength of the concrete considerably. In conclusion,
nanotechnology and fibre reinforcement improves concrete performance in that the mechanical proper-
ties are significantly enhanced.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Sympo-
sium on Nanostructured, Nanoengineered and Advanced Materials.
1. Introduction

Nanoparticles have been found to fundamentally improve the
mechanical properties of many materials, this include metals,
polymers, ceramics and concrete [1]. Nano-Silica (NS) has been
reported to improve the strength and quality of high-
performance and self-compacting concrete [1,2]. Portland cement
concrete is a complex nano-organized, multi-stage, multi-scale
composite material that has advanced over time [1]. The rudimen-
tary block, calcium-silicate-hydrate (C–S–H), which holds the con-
crete composite together, is additionally a nano-organized material
[3]. The properties of concrete exist in multiple length scales (nano
to micro to macro). Improvement in concrete strength and durabil-
ity has been credited to a few impacts of the nanoparticles. Well
dispersed nanoparticles act as activators for concrete hydrates,
quickening the hydration reactions. Also, they act as filler, occupy-
ing the voids within the concrete matrix, in this way decreasing the
material porosity. Well dispersed nanoparticles have likewise been
used to advance the development of micro-sized crystals (Ca(OH)
2), densifying the microstructure, this improves crack arrest and
interlocking within the concrete, and the overall mechanical prop-
erties of the concrete.

Unlike Silica Fume (SF), the use of nano-silica at doses of 1–5%
has been shown to improve the thickness and consistency of
superplasticized cement pastes and reduce the initial and final set-
ting time [4]. Nano-silica was reported to have significantly
improved the compressive strength development at the early
stages of hardening. It was found that at 3-days curing age, cement
paste containing 5% nano-silica recorded a compressive strength
which was 41% higher than the reference concrete. While at 28-
days curing age, the strength was 25% higher.

The use of nano-silica has been reported to altogether improve
the pozzolanic ability of fly ash. In an investigation performed by Li
et al. 2006 [5], the addition of 4% nano-silica to concrete with 50%
type F fly ash, a water-cement proportion of 0.28, and a superplas-
ticizer dose of 2% (by weight of cement) accomplished response
levels typically requiring half a year, after it was only 24 days.
The pozzolanic response of nano-silica was found to be fast, arriv-
ing at 70% of its ultimate strength (accomplished by ‘‘normal” poz-
zolans at 2 years) within three days and 95% in a fourteen-day time
terials.

-silica,

https://doi.org/10.1016/j.matpr.2020.03.123
mailto:adesolaadetukasi@gmail.com
https://doi.org/10.1016/j.matpr.2020.03.123
http://www.sciencedirect.com/science/journal/22147853
http://www.elsevier.com/locate/matpr
https://doi.org/10.1016/j.matpr.2020.03.123


2 A.O. Adetukasi et al. /Materials Today: Proceedings xxx (xxxx) xxx
span. Interestingly, plain fly ash will react with lime quite slowly,
arriving at a critical hydration degree only after two years.

The use of nano-silica at a measurements of 1–2% has been
reported by Collepardi et al. [6] to advance the strength and dura-
bility of low-heat self-compacting concrete (SCC). The addition of
nano-silica to slag concrete made the blends increasingly strong
and improved the consistency of the mix, however it had little
impact on the drop recorded in slump. A high compressive strength
was recorded for the slag concrete, based on ground fly ash (GFA)
as mineral additive, 2% nano-silica, and 1.5% superplasticizer,
which achieved a compressive strength of 55 MPa at 28 days cur-
ing age. The use of nano-silica has additionally been accounted
[7] to improve the interfacial transition zone (ITZ) by consolidating
with calcium hydroxide crystals to create C-S-H prompting a den-
ser, more uniform ITZ. This brought about a huge improvement of
the compressive strength of recycled aggregate concretes.

While little amounts of nanoparticles (under 5% by weight of
bond) are generally adequate to improve the performance of con-
crete [2,6], fibers are usually applied to upgrade the flexural and
tensile capacity, crack arresting ability and post cracking ductility
of the concrete matrix. Concrete advancement by utilizing poly-
meric materials has been researched as far back as four decades
[8]. Generally, the support of fragile structural materials with
strands has been in practice from old times, for example, placing
straw into the mud for housing walls or strengthening mortar uti-
lizing animal hair and so forth. Numerous materials like jute, coco-
nut, bamboo, rice husk, sawdust and cane bagasse, as well as
manufactured materials, for example, polyvinyl alcohol, polyethy-
lene, polypropylene (PP), polyamides and so forth have addition-
ally been utilized for strengthening concrete. Innovative work
into new fiber strengthened concrete is on-going today also.

Polypropylene fibre were first recommended as an admixture to
concrete, it anyway has been upgraded further and at present it is
utilized either as short discontinuous fibrillated material for mak-
ing of fiber reinforced concrete or a continuous mat for generation
of thin sheet components. The utilization of this fibre has expanded
hugely in development of structures since addition of fibre in con-
crete improves the toughness, tensile strength, flexural strength,
and failure mode of concrete [9]. Polypropylene twine is cheap,
copiously accessible, and like all artificial strands, it’s of a steady
quality. Cracks do not just diminish the quality of concrete and
make it aesthetically unsatisfactory, it additionally render struc-
tures useless. As a result, it is imperative to lessen the crack width
and this can be accomplished by adding polypropylene strands to
concrete. This article investigates the beneficial effects of nanopar-
ticles and poly propylene fiber for the improvement of concrete
performance.
Fig. 1. Slump Value of Fibre-Reinforced Co
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2. Materials and method

2.1. Materials and mixture proportion

The materials used in this work include Ordinary Portland
Cement of 43 grade, with a specific gravity of 3.15 conforming to
specifications of [10]. The fine aggregate was river sand, with par-
ticles passing the BS sieve aperture 2 mm but retained on BS sieve
150 lm. The coarse aggregate was crushed granite with particles
passing the BS sieve aperture 20 mm but retained on BS sieve
2 mm. The nano-silica particles (purchased from dealers), has a
diameter of 20 nm, a specific surface area of 280 m2/g and density
of 1.25 g/cm3. For the cubes, polypropylene fibers with 20 mm
length was varied at 0%, 0.25% and 0.75% by volume fraction. The
water-cement ratio used for all mixtures was 0.6. The cement-
sand-aggregate mix proportions was 1:1.5:3. Superplasticizer
(SP) admixture, polycarboxylate superplasticizer with a water
reducing rate greater than 25% and density of 1014 g/m3 was
added at 2% by the weight of cementitious materials. This is to
enhance adequate dispersion of the nano-silica particles in con-
crete and to achieve good workability of concrete.
2.2. Experimental program and test methods

The following tests were conducted in order to determine
mechanical properties of concrete containing nano-particles and
polypropylene fibers with respect to control concrete.

a. Workability of fresh concrete measured by slump test
method according to the standard test method of BS
12350-2 [11].

b. Density Test on Concrete Cubes after 28 days of curing
according to the standard test method of BS 12390-7 [12].

c. Compressive Strength test on concrete cubes after 28 days of
curing according to the standard test method of BS 12390-3
[12].

d. Splitting Tensile Strength Test on Concrete Cylinders mea-
sured after 28 days of curing according to the standard test
method of BS 12390-6 [12].

3. Results and discussion

3.1. Workability of fibre-reinforced concrete containing nano-silica

Figs. 1 and 2 present the results of workability in terms of slump
values of fresh fibre-reinforced concrete containing Nano-Silica
ncrete at Varying Nano-Silica content.

trength characteristics of fibre-reinforced concrete containing nano-silica,
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Fig. 2. Workability of Fibre-Reinforced Concrete at Varying Poly Propylene content.

Fig. 3. Density of Fibre-Reinforced Concrete at Varying Nano-Silica Content.
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(NS). Workability was found to reduce as both NS and PP content
increased in the mix. The highest workability recorded was
120 mm, it was that of normal concrete while the lowest workabil-
ity recorded was 20 mm. It was observed for 10% NS and 0.75% PP
content.

It was found that the downturn experienced in workability was
contributed more by the NS than the addition of PP fibre. This is
reflected in Fig. 1, where the fall in slump values are seen to be
steeper and significantly obvious as the NS content varies while
in Fig. 2 (where NS content is constant and PP content varies),
the reduction in the slump values can be seen to be gradual. The
remarkable reduction in the workability of concrete due to addi-
tion of nanosilica can be attributed to the higher surface area of
the NS particles which requires more mixing water. Also, during
concrete mixing, instantaneous reactions happen between the
nanosilica sol and the water of the mix (mainly dissolved alkalis),
this causes the formation of gels that have water retention capac-
ities. Previous research [13] reported similar results on workability
of concrete containing nano particles.
3.2. Density of fibre-reinforced concrete containing nano-silica

Figs. 3 and 4 present the results of density of fibre-reinforced
concrete containing Nano-Silica (NS). The highest density recorded
was 2623 kg/m3 at 10% NS and 0% PP contents. The lowest density
Please cite this article as: A. O. Adetukasi, O. G. Fadugba, I. H. Adebakin et al., S
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was 2508 kg/m3, this was recorded at 0% NS and 0.75% PP contents.
Density was observed to increase with increasing content of NS
(Fig. 3) but decrease with increasing content of Poly Propylene
(PP) as shown in Fig. 4. The higher density observed as a result of
addition of NS was due to the specific gravity of the NS particles
which is higher than that of the cement it replaced. Also the NS
particles act as a filler within the concrete matrix to reduce poros-
ity and voids [13] consequently increasing the overall density of
the concrete.
3.3. Compressive strength of fibre-reinforced concrete containing
nano-silica

Fig. 5 presents the results of compressive strength of concrete
containing varying percentages of NS (by weight of cement) at
given percentage of PP fibres. The highest compressive strength
recorded was 40.74 N/mm2, this was at 5% NS and 0.75% PP. The
control concrete (not containing NS and PP) recorded the lowest
compressive strength of 28.40 N/mm2. It was observed that the
addition of both PP and NS contributed to the improved compres-
sive strength recorded. However, the improvements in compres-
sive strength as PP content increased were not as much as when
the NS content increased in the concrete, (See Fig. 6). In other
words, addition of NS significantly improved concrete compressive
strength than addition of PP. This has been reported in previous
trength characteristics of fibre-reinforced concrete containing nano-silica,
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Fig. 4. Density of Fibre-Reinforced Concrete at Varying Poly Propylene Content.

Fig. 5. Compressive Strength of Fibre-Reinforced Concrete at Varying NS Content.

Fig. 6. Compressive Strength of Fibre-Reinforced Concrete at Varying Poly Propylene Content.
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research [2,14,15] that PP fibres considerably enhance tensile
strength of concrete but have very little effect on the compressive
strength.

Compressive Strength increasedas PP content increasedup to the
largest percentage replacement tested, while compressive strength
increased as NS content increased only up to an optimum percent-
Please cite this article as: A. O. Adetukasi, O. G. Fadugba, I. H. Adebakin et al., S
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age content (5% NS content), beyond which a slight decline in com-
pressive strength was recorded. By replacing 2.5% of cement with
NS, compressive strength is improved by 17%. This is further
increased to 36% when the NS content increases to 5%. The strength
improvement however decreases to 33%when NS content increases
to 7.5% and further decreases to 28%, when 10% NS content is used.
trength characteristics of fibre-reinforced concrete containing nano-silica,
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Fig. 7. Splitting Tensile Strength of Fibre-Reinforced Concrete at Varying Nano-Silica Content.

Fig. 8. Splitting Tensile Strength of Fibre-Reinforced Concrete at Varying Poly Propylene Content.
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The increase in compressive strength of concrete containing
Nano-Silica (NS) compared to that of normal concrete may be
due to the effective pozzolanic reaction of nano-silica which leads
to the formation of the C–S–H gel. Also NS act as a filler within the
concrete matrix, significantly reducing porosity and improving the
bond within the concrete matrix. However, it was found that at
contents as high as 7.5%, the strength improvement is not opti-
mum. This may be attributed to the fact that the amount of NS
required for reaction with liberated lime after hydration process
is in excess, therefore the excess quantity is not productive and it
has also reduced the amount of cement that could have been pre-
sent in the mix. In addition, nano-particles have been reported to
be difficult to uniformly disperse at certain quantity if the super-
plasticizer dosage is not well adjusted to the content; this has been
reported to cause agglomeration and excessive self dessication of
specimen. These defects create weak zone within the concrete
matrix, thereby reducing strength.
3.4. Splitting tensile strength fibre-reinforced concrete containing
nano-silica

Figs. 7 and 8 present the result of the splitting tensile strength of
fibre reinforced concrete containing Nano-Silica (NS). The highest
tensile strength recorded was 3.48 N/mm2. This was at 10% NS and
0.75% PP. The normal concrete recorded the lowest tensile strength
of 2.58 N/mm2. It was observed that tensile strength increased with
increaseof bothNSandPolyPropylenefibre (PP) content in concrete.
However, the progression of tensile strength as shown in Fig. 8
Please cite this article as: A. O. Adetukasi, O. G. Fadugba, I. H. Adebakin et al., S
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(where PP content is varied at certain NS content), being steeper
than that of Fig. 7 (where NS content is varied at certain PP content),
implies that the responsibility of improving tensile strength was
bored more by the addition of PP fibre than the addition of NS. The
improved tensile strength can therefore be attributed mostly to
the ductility and crack-arresting effect of PP fibers.

It was also found that though the highest tensile strength was at
10% NS content, the values recorded at 5% and 7.5% NS content are
not significantly lower than those of 10% NS content. This is
reflected in Fig. 8, where the three upper curves are seen almost
overlapping. This may not be unconnected to the obvious drop in
compressive strength observed beyond the 5% NS content, as com-
pressive strength has been reported to be a factor on which all
other concrete strengths depend [16].

4. Conclusions

Based on the results of experiments in this study, the following
conclusions were made;

(1) Using nano-silica in concrete reduces the workability of the
concrete considerably, workability reduces as the nano-
silica content increases. The addition of poly propylene fibre
in concrete doesn’t have significant influence on workability.

(2) Using nano-silica in concrete increases the density. Density
increases as the content of nano-silica increases in the con-
crete. However, poly propylene doesn’t have a considerable
impact on the density of concrete.
trength characteristics of fibre-reinforced concrete containing nano-silica,
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(3) Addition of nano-silica to concrete has a significant influence
by considerably improving the compressive strength of
concrete. The maximum compressive strength was obtained
at 5% nano-silica content; this was 36% higher than that of
normal concrete. Higher nano-silica content gave lesser
strength than the 5% NS content, though still considerably
higher than that of normal concrete.

(4) Poly propylene fibres helped to improve the tensile strength
of concrete. The splitting tensile strength increased as the PP
content increased in the mix. Using nano-silica also helped
improve the splitting tensile strength of concrete, though
not significantly like polypropylene. The addition of
nano-silica and polypropylene improved tensile strength
by as much as 34% compared to normal concrete.
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