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Abstract

This research aims to evaluate the impact of incorporating steel fibers [SF] and partially substituting
cement with rice husk ash [RHA] and fly ash [FA] on the properties of concrete. SF were added in
different volume fractions [0%, 0.25%, 0.5%, 0.75%, and 1.0%)], combined with 10% RHA and 20%
FA. Initially, the concrete mix contained 30% FA with no RHA, which was then adjusted to a mix of
15% FA and 15% RHA. The study explores how SF affects workability, compressive strength [CS],
bending strength, splitting tensile strength [STS], resistance to acid and chloride attacks, and the
overall cost when FA and RHA are used. Experimental findings show enhanced mechanical properties
with the inclusion of FA, RHA, and SF. However, when the substitution surpassed 22.5%, the
mechanical properties diminished. Furthermore, an increase in RHA content was found to reduce the
concrete's workability.

Keywords: Rice husk ash, steel fibers, sustainable concrete, fiber reinforced concrete, cementitious
materials

INTRODUCTION

The application of concrete in construction holds the second position in terms of usage, following
only water. Nearly all components of concrete are sourced from natural resources [1]. The civil
engineering field is actively striving to find substitutes for cement, exploring the potential of utilizing
agro-industrial waste. Fiber Reinforced Concrete [FRC] is a composite material made of hydraulic
cements, fine and coarse aggregates and a reinforcement fiber. FRC provides improved tensile strength,
toughness, durability and ductility over traditional concretes. Reinforced Concrete: Speaking of beating
climate change, adding fiber including steel, glass or synthetic to the mix can help to protect against
cracking, hopefully enabling a larger load-bear on your universal map and enduring less wear-and-tear.
Though a rise in need for sustainability and cost-
effective solutions the alternative materials that has
been experimented to replace it partially with
conventional cement content based on Fly Ash and
Rice Husk Ash [RHA] by Various researchers and
Engineers, due to improving the properties of FRC
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provides economic faster farming revolution. In our
reaesrch we have use Steel Fibre [SF] . SF were
added in different volume fractions [0%, 0.25%,
0.5%, 0.75%, and 1.0%], combined with different
percentage of FA and RHA. RHA, in its most
general sense, is generated by burning rice husk
under controlled conditions. Once it gets
combusted to ash, this RHA harms the environment
and damages the land and its surroundings when
disposed of but RHA is silica-rich material whose
industrial use has been really diverse. RHA is
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widely used in construction as an additive cementitious material, that improves the properties of
concrete with enhanced strength and durability while providing resistance to chemical attacks. It is
further applied outside construction in ceramic, steel industries and applications of environment related
to it, that opens up to more sustainable ventures [2,3][4]. One byproduct of burning pulverized coal in
an industrial setting is FA. As a pozzolanic and cementitious component in concrete, FA has become
increasingly popular in recent years[5]. It is a substance that can be added to blended cement or used as
a stand-alone batch. Considering the production of these agricultural and industrial wastes, it is
necessary to connect them with the rapidly growing construction industry which can be a viable solution
for sustainable construction practice [6—12]. Both FA and RHA are waste materials, by using them in
concrete decreases the volume of waste being delivered to landfills which is impact positively on
environment from production view point. FA and RHA are known for providing better workability,
reduce water demand, improve overall durability. Adding fibers in FRC also increases tensile strength
and crack resistance, such that this combination is especially beneficial for high-performance
construction applications. The use of FA and RHA as partial replacement in fiber reinforced concrete
is a novel sustainability oriented method. While being helpful in addressing an environmental issues on
one hand reduction in the usage of cementitious material, on the other it improves mechanical and
durability properties of FRC. More research in this area will continue to benefit the improvement of
concrete performance, which will be an effective means of construction for modern and ecological
conservation[13,14].

An extensive experimental inquiry was undertaken to examine the impact of substituting a portion of
cement with FA and RHA while incorporating SF into concrete[15,16]. The experimental procedure
involved initially mixing 30% FA and 0% RHA in concrete, followed by a gradual adjustment where
RHA increased by 2.5% and FA decreased by 2.5% until reaching a final proportion of 15% FA and
15% RHA.

METHODOLOGY

A total of 12 distinct concrete mixes were developed for this study to minimize cement usage and
enhance strength through the use of steel fibers [SF]. Cement utilized was of grade 43 Ordinary
Portland, conforming to the IS 269 and featuring a specific gravity of 3.15.[17]. The primary waste used
for the fractional replacement of cement was FA, and the cement was substituted by FA from 15% to
30% with an increment of 2.5%. The specific gravity obtained for FA was 2.16. The RHA utilized is of
specific gravity of 2.14 in this study.[18-20]. The amount of RHA incorporated in the concrete was
from 0% to 15% with an increment of 2.5% by the weight of cement. The amount of SF included in the
mix as a volumetric fraction from 0% to 1% with an incremental ratio of 0.25%. To enhance the strength
of modified concrete, steel fibers with dimensions of 30 milimeter in length and 0.60 milimeter in
diameter, resulting in an aspect ratio of 50, were used. The strength of concrete mixes incorporating
RHA, FA, and SF was compared to that of conventional concrete. The chemical characteristics of
cement, RHA, and FA were examined, as detailed in Table 1. The concrete mixtures were made by
following the IS 10262[21]. The partial substitution of cement using FA and RHA along with the
amalgamation of SF by volume of concrete is demonstrated in Table 2. The quantities of constituents
required for each concrete mix are evaluated and shown in Table 3.

Table 1. Constituent Elements for Cementitious Materials.

Constituent elements | Cement % | FA % | RHA %
SiO2 19.68 39 81.21
AlLOs 5.22 27 5.26
Fe203 3.73 5 6.28
CaO 61.86 18.50 6.53
MgO 2.54 4.52 -—-
SOs 2.89 1.74 -—-
K20 0.9 0.8 -—-
LOI 0.96 3 4.98

© STM Journals 2025. All Rights Reserved S172



Journal of Polymer & Composites
Volume 13, Special Issue 1
ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print)

Table 2. Percentage of Cement, SF, FA, and RHA for 1m? Concrete.

Sr.N. | DesignMix ID | SF % | Cement % FA % RHA %
1 MO 0.00 100.00 0.00 0.00
2 M1 0.00 70.00 30.00 0.00
3 M2 0.00 70.00 27.50 2.50
4 M3 0.00 70.00 25.00 5.00
5 M4 0.00 70.00 22.50 7.50
6 M5 0.00 70.00 20.00 10.00
7 M6 0.00 70.00 17.50 12.50
8 M7 0.00 70.00 15.00 15.00
9 M8 0.25 70.00 20.00 10.00
10 M9 0.50 70.00 20.00 10.00
11 M10 0.75 70.00 20.00 10.00
12 Ml11 1.00 70.00 20.00 10.00

Table 3. Quantity of Constituents of Concrete Mixes are in [kg] for 1 cubic meter.

DesignMix ID | Cement FA RHA SF Sand Coarse aggregate Water
MO 443 0 0 0 647 1195 195
M1 310 133 0 0 647 1195 195
M2 310 122 11 0 647 1195 195
M3 310 111 22 0 647 1195 195
M4 310 100 33 0 647 1195 195
M5 310 89 44 0 647 1195 195
M6 310 78 55 0 647 1195 195
M7 310 66 66 0 647 1195 195
M8 310 89 44 19 647 1195 195
M9 310 89 44 39 647 1195 195
M10 310 89 44 59 647 1195 195
Ml11 310 89 44 79 647 1195 195

The concrete mixes were tested for their plastic properties and at the hardened stage. The slump test
is the most frequently used technique for evaluating workability.

Slump test procedure: A cone-shaped mould [slump cone] is placed over flat surface. Fresh concrete
is then placed in the cone in three layers, each layer tamped with a rod 25 times to consolidate. The cone
is then raised straight up. We measure the difference in height of this concrete after we take its cone off
[slump]. The tests were conducted according to the Indian standards [22—25]. Indian Standards used to
determine properties of concrete IS1199 Part 2:2018 [26,27]. The evaluation of concrete mix
workability hinges on the slump test, alongside investigating the impact of incorporating FA, RHA, and
SF on concrete density. Density testing is used to find the mass per unit volume of concrete, which is
vital for evaluating the quality and strength ASTM C138/ C137 M [28].

Density test procedure: Preapared concrete is added to a cylindrical mold in layers after mixing. Each
layer is compacted with a rod to remove air voids. The mass of the sample is then weighed. The volume
of the cylinder is given, therefore, the density [taking mass/volume] is determined.

One essential characteristic of concrete that shows how well it can withstand axial loads is its
compressive strength. Compressive Strength

Test procedure: Concrete cubes and cylinders are casted and cured for a designated time.The
specimens are then positioned in a compression testing machine, where a load is applied gradually until
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they fail[13,14,29,30]. The highest load at the point of failure is noted, and the compressive strength is
calculated accordingly, IS 456:2000 [31].

The splitting tensile strength [STS] is a measure of the tensile strength of concrete, which is known
to be weak in tension Splitting Tensile Strength

Test procedure: A cylindrical specimen is positioned horizontally in a compression testing machine.
A load is applied across the diameter until the specimen fractures along the vertical axis[31].

The water absorption test evaluates how permeable and porous concrete is, which impacts its
durability. Water Absorption

Test procedure: First, a we dried our casted concrete sample in an oven at a temperature of 100—
110°C until it achieves a constant weight called dry weight. Next, these sample is submerged in water
for 24 hours. After this period, the sample is weighed once more called wet weight British Standards
1881-122 2011 [32]. Water absorption is calculated as a percentage increase in weight.

The acid attack resistance test serves to assess the performance of concrete against chemical attack,
mostly in acidic environments. Acid attack test procedure: Concrete specimens are cured for 28 days.

Afterwards, casted cubes immesered in a sulfuric acid [H2SO4] solution and maintaining the acid
concentration for 56 days. The specimens are removed, and the loss in weight is determined. Also, the
reduction in compressive strength after exposure is evaluated ASTM C 1898-20 [24].

Following this, the hardened properties of the modified concrete mixes are assessed over curing
durations of seven, fourteen, twenty-eight, and ninety days to ascertain compressive strength. These
results are subsequently compared with those of standard concrete, using IS 516:2021[33]. The bending
and STS of concrete mixes are calculated under the IS 5816 1999 and IS 516:2021 [23,33] and the
results are represented after twenty eight days of curing. The concrete's water absorption was assessed
following British Standards 1881-122 2011 [32], Furthermore, the resistance to acid attack of the
modified concrete was compared with that of the control concrete in accordance with ASTM C1898 —
20 [24]. Figure 1 shows the mixing, casting, slupm cone, and testing of concrete mixes repectively.

RESULTS AND DISCUSSIONS
Modified concrete mixes could potentially reduce structural dead loads, particularly beneficial for
seismic-prone areas.

Workability and Density of Fresh condition Concrete

The concrete mixes workability is determined by referring to the IS 1199 Part 2:2018 [26,27] using
the slump cone test. The modified concrete workability mixes is found to declined. This is due to
incorporation of FA and RHA. The workability of control mis is found to be 96 mm. while the least
workability is obtained for the mix M7 as 65 mm. This mix is the amalgamation of 15% each of FA
and RHA as a fractional substitution of cement. The insertion of Sf from 0% to 1% by volume with an
increment of 0.25% showed a decrement in the rate of reduction of workability[11,12]. The mixes M8,
M9, M10, and M11 showed a slump value of around 75 mm at 20% FA and 10% RHA with varying
percentages of SF. The decrease in the slump value for concrete mixes with FA, RHA, and SF is 23.9%.
the results of workability are shown in Figure 2.

The density of fresh concrete is assessed by following IS 1199 [34] . As the density of FA used in
this experiment is 2.33 and the density of RHA is 2.19, so the reduction in the densities of concrete
mixes is observed when compared to the control concrete. The minimum density is obtained for the mix
M7 with a reduction of 3%. The impact of including FA and RHA in concrete resulted in minimal
density reduction, whereas the addition of SF led to increased density. Specifically, mix M1l
experienced a density increase of 2.5%. Mix M8 demonstrated a density comparable to the control mix.
The density results for the concrete mixes are illustrated in Figure 2.
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Figure 1. [a] Mixing, [b] Casting, [c] Workability, [d, e, f] concrete's mechanical properties.
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Figure 2. Workability and density of concrete mixes

Strength in Compression of Concrete

Compressive strength [CS] evaluation across different concrete blends indicated a strengthening
trend with higher FA content, substituting a portion of cement. Strength improved with up to a 10%
replacement of RHA. However, surpassing this threshold with further RHA substitution led to a
decrease in compressive strength. Notably, mix M5 showcased a CS nearly on par with the control
concrete. Conversely, mixes M6 and M7 displayed the lowest strengths at 28 days, measuring 31.2 MPa
and 30.2 MPa, respectively. Figure 3 illustrates that an increase SF percentage correlates with enhanced
compressive strength. Mixes M2, M3, M4, and M5 demonstrated compressive strengths comparable to
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the control concrete. Notably, the CS of mix M5 measured at 35 MPa surpassed that of the control
concrete. With 20% FA and 10% RHA, mix M5 represents the optimal replacement of cement with
RHA up to 10%, as further increases in RHA content led to a decline in strength. Following the
determination of the optimal FA and RHA composition, the influence of SF on concrete strength was
assessed by incorporating it into the mix containing 20% FA and 10% RHA.

Bending and Spliting Strength in Tension

The flexural or bending strength is determined as per to IS 516 standards.[22]. Bending strength of
modified mixes is eavaluted against that of the control concrete using concrete specimens shaped as 10
x 10 x 50 cm rectangular beams. [31,35,36]. The bending strength of concrete mixtures increases as the
FA and RHA content rises, peaking with a 10% addition of RHA. However, additional increases in
RHA content lead to a decrease in bending strength. This is due to its high reactivity and fine particle
size, the optimal replacement levels for RHA are usually lower than FA, around 10%. Beyond this, too
much RHA may increase water demand and affect workability, which resulted negatively impact
flexural strength to particularly, mix M7 exhibits the lowest bending strength at 4.8 MPa, representing
a 22.3% decrease compared to the control concrete. Mixture M6 achieves a bending strength of 5.05
MPa, while mix M5 surpasses the strength of the control mix of concrete. Incorporating SF in the
modified concrete further enhances bending strength, with mix M11 displaying the maximum bending
strength, indicating an increase of 33.8%. The most effective substitution of FA and RHA occurs at
20% and 10%, correspondingly, as partial replacements for cement. Figure 4 represents a breakdown
of the bending strength of different concrete mixtures. The STS of these mixes is assessed according to
Indian Standards following 28 days of curing. [22,23].STS conducted on cylindrical specimen. It's
observed that an increase in FA and RHA content which results in declined in STS. The STS of the
control concrete measures 4.4 MPa. Mixes M6 and M7 exhibit strengths of 2.26 MPa and 2.1 MPa
respectively. Introduction of SF in the modified concrete mixes enhances their strength. Figure 4
illustrates the variance in splitting strengths of the concrete mixes under tension. The findings indicate
that modified concrete mixes lacking SF tend to experience a reduction in STS, while those
incorporating SF demonstrate improved strength.

WaterAbsorption and Acid Attack Test

Rreferring to BS 1881[32] concrete mixes water absorption of is examined. Following the procedure,
cylindrical specimens measuring 7.5 cm in height and diameter are subjected to water immersion for
30 minutes, 60 minutes, and 120 minutes. It is noted that water absorption increases with higher FA and
RHA content across all concrete specimens. RHA fine particles have a tendency to absorb more water.
If there isn't enough water in the mix, the cementitious materials may not hydrate completely, resulting
in micro-pores and voids within the matrix. These voids can lead to increased water absorption.
Incorporating SF in modified mixes results in reduced water absorption, although their absorption rates
remain higher compared to conventional concrete mixes. Mix M7 exhibits the highest water absorption
at 4.17%, while for SF-containing mixes, the maximum absorption is noted as 3.72% for mix MS. Figure
5 illustrates the varying water absorption levels across all mixes of concrete.

Accordance with ASTM standards acid attack on concrete mixes are evaluated , utilizing a sulfuric
acid [H2SO4] solution and maintaining the acid concentration for 56 days. This test entails measuring
the percentage weight loss and CS loss of concrete cubes. The findings, depicted in Figure 6, reveal that
higher FA and RHA content correspond to increased CS loss. Notably, mix M7 demonstrates the highest
percentage loss in compressive strength, indicating that excessive RHA content contributes to greater
strength reduction following acid exposure. Crack propagation in the modified concrete mixes due to
reduction in strength. Detailed results of the acid attack demonstrate that incorporating SF in concrete
can mitigate the percentage loss. Mix M7 records the maximum loss at 17.9%, while mix M11,
comprising 20% FA, 10% RHA, and 1% SF, exhibits the minimum loss. The maximum percentage
weight loss of concrete cubes is observed at 2.86% for mix M7.
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Figure 6. Percentage reduction in CS for all concrete mixes.

CONCLUSIONS

After conducting various tests on concrete, as well as durability assessments, the following

conclusions emerge:

o With higher FA and RHA content workability of concrete decreases, although mix M5 yields
satisfactory results. The addition of SF mitigates this decrease in workability to some extent.

e The impact of FA and RHA on concrete is minimal up to a 20% substitution of FA and a 10%
replacement of RHA. Further increases in both materials lead to a decline in concrete
performance. Incorporating SF proves advantageous for enhancing strength in modified mixes.

o FA and RHA inclusion result in decreased flexural and splitting tensile strengths of modified
concrete mixes. Optimal results, akin to the control concrete, are achieved at maximum FA of
20% and RHA of 10%. Incorporating SF enhances both bending and STS.

e As the content of FA and RHA rises, water absorption also increases in all modified concrete
mixes. However, mixes M5, M8, M9, M10, and M11 remain within acceptable limits, similar to
the control concrete.

e Acid attack resistance reveals increased percentage loss in compressive strengths for modified
mixes. SF incorporation into concrete can mitigate this loss in CS due to acid attack.The
experimental results of this study concluded that the incorporation of FA and RHA up to 20%
and 10% respectively can be the viable solution to make the construction activity sustainable.
The insertion of SF in this altered mix can impart more strength to the concrete than the control
concrete.
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