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Abstract

Cement production accounts for 5-7% of global CO: emissions because of energy-intensive processes and raw material
quarries. Thus the exploration of carbon mitigation strategies is required to alleviate sustainable concrete production.
Rice husk ash is generated during the process of rice milling as a waste product and can be a suitable eco-friendly
alternative. This research mainly focused on the use of RHA as a partial replacement of concrete to increase its
mechanical properties and workability. Five mix proportions with varying RHA substituent weights of cement content
were prepared, ranging from 0, 5, 10, 15, and 20% in the quantity of cement. The compressive strength, split tensile
strength, and workability were examined at 7 and 28 days of curing. It was noted in the finding that RHA by 10% had
striking positive improvements that led to the optimum values due to its high pozzolanic activity. However, higher
RHA caused a reduction in compressive and tensile strengths due to higher water need and cement dilution; the
ANOVA test showed a substantial impact of RHA on all characteristics and that 10% RHA was the optimal
replacement level. Thus, RHA might replace cement as a sustainable way to improve concrete performance and reduce
its environmental effect.

Keywords: Rice husk ash; Cement replacement; Compressive strength; Sustainable concrete; Eco-friendly
construction

1 Introduction

Concrete is one of the most indispensable infrastructure materials worldwide, but its main component, cement,
contributes to some 5-7% of global CO: emissions owing to its energy-intensive production and raw material
extraction (Zaman et al., 2025). That’s a pretty scary number, and one that makes it all the more pressing to find earth-
friendly alternatives. One of the potential answers is Rice Husk Ash (RHA), an industrial residue, which has recently
been explored as an environmentally friendly supplementary cementitious material. As a partial replacement for
cement, RHA not only has the potential to mitigate environmental impact but also to improve concrete's mechanical
strength (Suzuki and Shimamoto 2023).

RHA has a pozzolanic nature; it reacts with hydrated calcium to produce additional CSH gel, which is the material
that gives concrete its strength (Rahbar et al., 2019). Wherefore the usage of RHA decreases the cement needed and
consequently is a more environmentally friendly & resource-efficient material. According to a previous study, RHA
enhances compressive strength, tensile strength, and long-term performance of concrete (Al-Khafaji et al., 2021). The
desirable replacement level and its impact on workability are still not clear (Mounika et al., 2022). Higher contents of
RHA Iead to an increase in surface area and water requirement, which in turn makes the mix stiffer and less workable
(Natarajan et al., 2022).

In the current research, the influence of RHA as a partial replacing material for cement was studied in terms of
compressive strength and workability at different replacement levels (0%, 5%, 10%, 15%, and 20%) considering two
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curing ages (7 days and 28 days). The main goal is to find out the most suitable RHA dosage that enhances strength
without an appreciable loss in workability, so developing sustainable concrete for ecological construction.

2 Materials and Methodology

2.1 Materials

e Cement: Ordinary Portland Cement (OPC) Grade 53, meeting ASTM C150, with a specific gravity of 3.15.

¢ Rice Husk Ash (RHA): Obtained from a local rice mill by burning rice husks at 600°C, sieved through a 75-
micron sieve. Its pozzolanic activity was verified by silica (SiO:) content, as per ASTM C618.

o Fine Aggregates: River sand with a specific gravity of 2.63 and a fineness modulus of 2.8, free from
impurities per ASTM C33.

o Coarse Aggregates: Crushed granite stone with a maximum size of 20mm and a specific gravity of 2.75,
conforming to ASTM C33.

2.2 Concrete Mix Proportions

The concrete mix was designed using the ratio 1:2.75:2.89 (cement: fine aggregates: coarse aggregates), with a water-
cement ratio of 0.46. Cement was partially substituted by Rice Husk Ash (RHA) at 0%, 5%, 10%, 15%, and 20% by
weight. After being compacted in three layers using a tamping rod, the concrete was poured into cylindrical molds
that were 150 mm in diameter and 300 mm in height. After 24 hours, specimens were demolded and cured in a water
tank at 23 & 2°C for 7 and 28 days, following ASTM C192 guidelines.

Table 1. Mix design of concrete.

Coarse

. Cement RHA Fine Aggregate Water
Mix Type Aggregate
(kg/m?) (kg/m?) (kg/m?’) (kg/m?) (kg/m?)
Control (0% RHA) 337 0 805 998 159
5% RHA 319.15 16.85 805 998 159
10% RHA 302.3 33.7 805 998 159
15% RHA 285.45 50.55 805 998 159
20% RHA 268.6 67.4 805 998 159

3 Results and Discussion
3.1 Workability

The slump test was employed to determine the workability of the concrete mixes that contained Rice Husk Ash (RHA)
as a cement replacement according to ASTM C143. The introduction of RHA reduced workability as expected due to
its increased surface area and high water consumption, as seen in Figure 1. The mix without RHA (0% RHA) produced
a slump value of 75 mm. At 5% RHA, the slump of the concrete decreased somewhat to 72 mm, showing a preliminary
effect of RHA on water need. The droop decreased even more at 10% RHA, reaching 65 mm, indicating a further drop
in workability as a stiffer mix evolved. By adding 15% RHA, the slump fell to 55 mm, which needed extra water to
keep constant. The slump at 20% RHA dropped to 42 mm, and the mix almost became difficult to work without major
adjustment, i.e., water addition or superplasticizer addition. It can be plainly noted that the mix is stiffer and less
workable with greater amounts of RHA. Although 10% RHA indicates a compromise between mechanical properties
and workability, larger values (15% and 20%) have much worse workability. Sensitive optimization is required to
keep both strength and workability at higher RHA levels.
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Figure 1. Slump Values for Concrete with RHA at Different Replacement Levels

3.2 Compressive Strength

The compressive strength of concrete mixes including Rice Husk Ash (RHA) as a partial substitute for cement was
measured after 7 and 28 days of curing according to ASTM C39, as shown in Figure 2. The compressive strength of
the control mix (0% RHA) was 23.0 MPa after 7 days. When 5% RHA was added, the strength increased somewhat
to 23.5 MPa (2.17%), and with 10% RHA, the strength increased even more to 25.5 MPa (10.87%) due to the increased
pozzolanic activity. However, when the concentration of RHA increased, the compressive strength decreased. The
strength declined by a few percentage points as RHA levels increased; at 15% RHA, the strength was 24.0 MPa, and
at 20% RHA, it was 22.0 MPa, as the strength decreased due to dilution and the water used required more water.

The maximum compressive strength of 31.3 MPa, an 11.79% increase over the control, was achieved at 28 days in
the 10% RHA mix. Above 10% RHA, the strength decreased, with 15% RHA at 29.0 MPa and 20% RHA at 27.0 MPa,
owing to cement dilution and porosity, which reduced strength. All of these investigations support the assumption that
10% RHA is effective for increasing compressive strength while maintaining workability. The study demonstrates
how RHA may be a viable replacement for cement as a profitable method for water conservation through enhanced
material utilization at optimal levels while minimizing environmental impact.

[ 7 Days Strength
30 4 [ 28 Days Strength

Compressive Strength (MPa)

Control (0% RHA) 5% RHA 10% RHA 15% RHA 20% RHA
Mix Type

Figure 2. Compressive Strength of Concrete with Different RHA Replacements at 7 and 28 Days

3.3 Split Tensile Strength

The splitting tensile strength of concrete mixes including Rice Husk Ash (RHA) as a cement substitute was tested 7
and 28 days after curing in accordance with ASTM C496. A control mix (0% RHA) had tensile strength at a split of
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1.80 and 2.40 MPa after 7 and 28 days, respectively. At 5% RHA, the tensile strength increased slightly to 1.85 MPa
after 7 days. The 10% RHA increased the strength substantially to 2.10 MPa, representing a 16.67% improvement
over the control mix. This increase may be attributed to the pozzolanic activity of RHA and calcium hydroxide, which
produces extra C-S-H gel to support the concrete matrix. (Huet et al., 2014) Nonetheless, at 15% RHA, the tensile
strength decreased by a little margin to 1.95 MPa, and at 20% RHA, the strength fell even further to 1.75 MPa,
representing a 2.78% loss. This loss is due to cement dilutions and the additional water required to make the ingredients
workable.
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Figure 3. Split Tensile Strength of Concrete with RHA at 7 and 28 Days

At 28 days of age, as shown in figure 3, the trend remained consistent, with the 10% RHA mix exhibiting a maximum
tensile strength of 2.82 MPa, which was 17.5% stronger than the control. At higher RHA contents (15% and 20%),
the performance was worse, and with 20% RHA, a decrease of 4.17%, to 2.30 MPa, was observed. These results are
crucial to ascertain that 10% is the optimum proportion for excellent values of split tensile strength without affecting
the workability. On a broader aspect, the adverse effects of higher water content and cement dilution lead to
constriction in the tensile strength of concrete; hence, it is necessary to exploit RHA at its maximum concentration for
the sake of economy and sustainable development.

3.4 Modulus of Elasticity
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Figure 4. Modulus of Elasticity vs. RHA Content
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The modulus of elasticity of RHA-incorporating concretes was calculated through the ACI 318 formula based on 28-
day compressive strength and hence, was plotted in figure 4. The modulus of the control mix with 0% RHA was 24,898
MPa. The modulus increased with increased RHA content, indicating high stiffness. For 5% and 10% RCA
replacement, the modulus was 25,202 MPa and 26,409 MPa, respectively, due to increased pozzolanic activity and
increased C-S-H gel creation. The modulus of the 10% RCA mix was the highest, which makes it the best replacement
percentage for increased elasticity.

However, beyond 10% RHA, the modulus began to decrease. With 15% RHA the modulus was already decreased to
25,342 MPa, and at an RHA content of 20% it further sank to 24,415 MPa. This decrease is attributed to two factors:
dilution of the cement and the high water requirement associated with RHA particles, leading to a detrimental effect
on matrix density and stiffness. (Zakaria et al., 2023) The overall findings imply that replacing a little amount of RHA
contributes to the stiffness of concrete, while over-replacement decreases structural performance. Therefore, 10%
RHA is the best compromise between sustainability and mechanical efficiency, improving the elastic potential of
concrete without jeopardizing its material integrity.

3.5 Statistical Analysis of RHA’s Effect on Concrete Properties

An ANOVA test was performed to determine the effect of Rice Husk Ash (RHA) on the workability and mechanical
properties of M20 grade concrete by varying the substitutions (0, 5, 10, 15, and 20%). The findings indicated that
there was a significant discrepancy in all of the qualities studied, including split tensile strength, compressive strength,
and workability. With split tensile strength, the F-statistic of 7 days was 13.93 with a p-value of 0.0015, indicating a
significant improvement with the use of RHA, particularly at the 10% replacement level. The F-statistic for the 28-
day findings was 61.25, with a p-value of 7.33e-06, indicating that 10% RHA remains the best for long-term tensile
strength. When addressing compressive strength, the F-test of the 7-day test results was 100.20 at a p-value of 1.10e-
06, indicating a considerable early strength increase, with a maximum at RHA 10%. Similarly, the 28-day compressive
strength improved significantly (F-statistic = 164.81, p-value = 1.57e-07). To determine how workable the mix was,
the F-statistic of slump was 213.46 and the p-value was 5.67e-08, indicating a significant drop in workability as the
RHA percentage increased and a severe workability loss at 20% RHA. These findings show that 10% RHA provides
a good strength and workability balance, with no competitors even in replacement levels.

3.6 Relationship Between Compressive Strength and Split Tensile Strength
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Figure 5. Relationship between compressive and split tensile strength

The comparisons of scatter plots and linear regression of the compressive strength and split tensile strength of
concretes at 7 days and 28 days are shown in Figure 5. The graphs presented in Figure 5 show for both curing times,
there is a strong positive relationship between the two parameters, meaning as the compressive strength rises, the split
tensile strength also increases. However, the relationship may not always be linear, though, as noted by the regression
lines. The scatter plot presents enough evidence of a relationship.
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For the 7 days, the scatter exhibits a strong relationship between the two parameters, with the regression showing a
rising trend. This means that at early curing stages, an increase in compressive strength in concrete is directly
proportional to better tensile strength. This means that once the concrete is properly detailed in the curing phase,
greater compressive strength also leads to better tensile strength, and adding RHA increases both parameters in the
early stages. The 28-day data seals this fact, with the regression line showing an even steeper upward curve. It can be
concluded that there is a clear link between the compressive and tensile strengths of the concrete as its age progresses.
The RHA using up to 10% is the optimal percentage for both characteristics. Beyond 10%, both start decreasing,
indicating that one has to be careful while selecting the RHA content for it.

4 Conclusion

In this study, the effects of utilization of rice husk ash (RHA) as another SCM on workability and strength properties
of concrete are investigated. It is observed that the optimum blend of strength build-up and workability loss is achieved
with RHA replacement up to 10% in cement. At this ratio, the tensile and compressive strengths increased significantly
as a result of the pozzolanic reaction between RHA and calcium hydroxide (CH), which causes a greater amount of
further development of C-S-H gel and an increase in the density and strength of the concrete matrix. When RHA was
more than 10%, then it dissolved the cement together; adsorption of water increased, and normal alanite was observed
in workability and strength due to the higher ash content. The ANOVA statistical analysis also revealed that the
optimum level of RHA was a significant variable among the considered parameters, and the highest overall
performance was exhibited by 10% of RHA. Hence, this study suggests the sustainable dose of RHA for long-term
and constructional workable concrete is 10%. Utilization of RHA not only promotes better concrete quality, but also
it is eco-friendly, as there is a reduced utilization of cement and thus less CO: emission. It can realize the efficient
utilization of agricultural waste, consistent with circular economy methods and environment-friendly building.
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