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Abstract

The inclusion of farm waste to concrete can effectively lessen the environmental impact of cement manufacturing.
This research studies the influence of Wheat Straw Ash as a partial cement substitute on the mechanical and
workability parameters of M25-grade concrete. WSA was made by controlled burning of dry wheat straw and
subsequently sifting through a 75 um filter. Concrete mixes containing 0%, 5%, 10%, 15%, and 20% WSA by weight
of cement were made and evaluated after 28 days of curing. The different parameters evaluated include compressive
strength, split tensile strength, modulus of elasticity, and slump. The test results showed that 10% replacement of
cement with WSA gave optimum performance and yielded about a 12% increase in compressive strength and 10%
increase in split tensile strength compared to the control mix. The modulus of elasticity was similarly greatest at 27.1
GPa. Strength and stiffness decrease beyond this replacement level was attributable to dilution of cement and
inadequate particle packing. Workability was lowered with increasing WSA, but was within acceptable limits up to
10% replacement. Therefore, WSA has showed extremely strong promise as a sustainable additional cementitious
material for eco-efficient concrete.

Keywords: Wheat Straw Ash, Supplementary Cementitious Material, Sustainable Concrete, Pozzolanic Material,
Cement Replacement

1 Introduction

The building sector is responsible for a large quantity of worldwide CO: emissions, out of which cement alone
contributes roughly 7-8% (Mabhi et al., 2024). This rising environmental challenge has stimulated investigations into
the creation of sustainable binders as alternatives to regular Portland cement. Agricultural residues have showed
tremendous promise in this area due to their renewable resources, regional availability, and potential to minimize
environmental impacts along with material cost (Espinoza-Pérez et al., 2024). Of them, Wheat Straw Ash, which is
created by the controlled burning of wheat straw, has been recognized in recent times as a potentially active additional
cementitious ingredient. However, unlike other ashes from rice husk and sugarcane bagasse that have been researched
at length, the behavior of WSA in concrete remains poorly examined up till now (Xu et al., 2023; Khan et al., 2024;
Choudhary et al., 2024). Thus, the present study analyzes the effect of WSA as a partial cement substitution (0—20%)
on the mechanical characteristics and workability of M25-grade concrete with the objective of determining the
optimum dose that boosts performance while supporting sustainable building methods.

2 Materials and Methodology

2.1 Materials

e Cement: Ordinary Portland Cement (ASTM C150 Type I) with no impurities or lumps and stored airtight
was used.

e Wheat Straw Ash (WSA): WSA was produced by limited oxygen burning of dried wheat straw in a 600—
700°C and was air cooled sieved (75 pm) following ASTM C618, sealed and stored till use.
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o Fine Aggregates: According to ASTM C33, pure and properly graded sand (finseness modulus 2.7), without
silt or organic matter was used.

o Coarse Aggregates: Crushed angular stone (20 mm max) complying to ASTM C33 grading was used as
coarse aggregate.

2.2 Concrete Mix Proportions

M25 concrete was designed with a 0.45 water-cement ratio and 400 kg/m?® binder (cement + WSA). WSA replaced
cement at 0%, 5%, 10%, 15%, and 20% by weight. Mix details are in Table 1. Concrete was mixed in a pan mixer.
Cylindrical specimens (150 mmx300 mm) were cast in three layers per ASTM C192, compacted, covered with plastic,
demolded after 24 h, and cured in water (27 & 2°C) for 28 days as per ASTM C511.

Table 1. Mix design of concrete.

Coarse

. Cement WSA Fine Aggregate Water
Mix Type N 3 N Aggregate R
(kg/m’) (kg/m’) (kg/m’) hea/m) (kg/m’)
Control (0% WSA) 400 0 650 1200 180
5% WSA 380 20 650 1200 180
10% WSA 360 40 650 1200 180
15% WSA 340 60 650 1200 180
20% WSA 320 80 650 1200 180
3 Results and Discussion
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Figure 1. Slump Values for Concrete with WSA at Different Replacement Levels

The slump test according to the requirements of ASTM C143 was used to examine the workability of fresh concrete
that contained varied percent levels of Wheat Straw Ash (WSA). A summary of results can be shown in Figure 1. The
slump of the control mix (M0) was 85 mm (medium workability), which is adequate in most of the reinforced concrete
work. M5 and M10 sank 80 mm and 75 mm respectively, falling in the middle range too, which means that, up to 10%
WSA does not have a significant impact on the workability. But M15 and M20 were lower with the respective 60 and
50-mm slumps, falling into the low medium and low classifications. This deterioration is explained by the porous
same structure and rough texture of WSA that boosts the water requirement along with the failure to lubricate
internally. Therefore, substituting cement with WSA can be done easily in a particular proportion but any addition that
surpasses 10 % would influence the workability badly unless plasticizers or water addition is applied. In practical
terms, up to 10 % WSA will give a very acceptable balance between sustainability and workability with no chemical
admixtures.
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3.2 Compressive Strength

The compressive strength of concrete that included Wheat Straw Ash (WSA) as a partial cement replacement at the
0%, 5%, 10%, 15%, and 20% level of replacing cement was tested after 28 days. They are shown in Figure 2.
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Figure 2. Compressive Strength of Concrete with Different WSA Replacements at 28 Days

The control mix (MO) attained 27.5 MPa which is identical to M25 grade concrete. Increased strength by 5%
(29.0 MPa) and 10% WSA (30.8 MPa), whereas the latter shown a 12% improvement. This improvement is linked to
pozzolanic reactions between WSA silica and by-products of cement hydration lead to the development of more C-S-
H gel and dense substances due to microfilter effects. At 15% WSA and 20% WSA, strength was lowered to 25.6 and
22.4 MPa respectively, which was caused by binder dilution, rising water consumption, and the ability of the binder
to break the particle packing. So, 10 % WSA seems to be a decent value. These results prove the potential of WSA as
a sustainable supplemental cementitious material (SCM), which minimizes the quantity of cement consumed and
reuses agricultural waste. The performance above 10% can be sustained utilizing an admixture or change in the mix
which fits into the trend in studies on rice husk and bagasse ash.

3.3 Split Tensile Strength

Split tensile strength in 28 days of concrete of varying Wheat Straw Ash (WSA) contents was determined according
to the ASTM C496 on 150 mm x 300 mm cylinders. These results (shown in Figure 3) indicate that the control mix
(MO) obtained 2.60 MPa, which is in line with standard M25 concrete and approximates 9.5% range of compressive
strength. There was a rise in strength to 2.75 MPa (M5), and 2.86 MPa (M10), by 5.8% and 10% respectively, through
the influence of pozzolanic processes, which provide more C-S-H gel and the micro-filler effect of the WSA. M15
and M20 however, displayed reduced strength- 2.45 and 2.18 Mpa, exhibiting loss in strength due to cement dilution,
higher porosity and weak ITZs when WSA content is high. This research reveals that 10% WSA is the most acceptable
concentration that enhances tensile performance and increases sustainability. Where tensile strength of structural
components is important, WSA should be kept as low as 10%, as this can give crack resistance to durability, before
unfavorable effects associated with higher replacement rates take hold unless the mix designs are further adjusted.
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Figure 3. Split Tensile Strength of Concrete with WSA at 28 Days
3.4 Modulus of Elasticity
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Figure 4. Modulus of Elasticity vs. WSA Content
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Figure 5: Stress vs strain graph for 10% usage of WSA Content
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The static modulus of elasticity (E), which describes the stiffness and deformation resistance of concrete, was
measured at 28 days in line with ASTM C469 using 150 x 300 mm cylindrical specimens. The results for varied
percentages of waste silica ash (WSA) are provided in Figure 4, whereas Figure 5 displays the equivalent stress—strain
behavior for the 10% WSA mix on a semi-logarithmic scale.

The modulus of the control mix, M0, was 25.3 GPa, within the predicted range for M25-grade concrete. Addition of
WSA at 5% and 10% raised E to 26.2 GPa and 27.1 GPa, by roughly 3.6% and 7.1%, respectively. This rise was
ascribed to enhanced production of C—S—H gel and micro-filler effect by finely split particles of WSA that improve
pore structure and increase matrix density owing to pozzolanic reactions. Beyond 10%, E dropped to 24.6 GPa at 15%
and to 22.9 GPa at 20%, perhaps due to cement dilution, increased porosity, and poor bond quality.

This tendency is in keeping with the compressive strength measurements, demonstrating that WSA would increase
the mechanical performance only at an ideal dose. From a structural point of view, the modulus of elasticity directly
effects stiffness and deflection; consequently, the replacement of WSA at 10% may be deemed ideal, while above this
value would require the inclusion of appropriate admixtures or revision of mix proportions to retain performance.

3.5 Statistical Analysis of WSA’s Effect on Concrete Properties

A one-way Analysis of Variance (ANOVA) was done to statistically assess the sort of impact the replacement of
Wheat Straw Ash (WSA) had on the mechanical and workability qualities of concrete. This approach was utilized to
ascertain the statistical significance of changes in compressive strength, split tensile strength, modulus of elasticity,
and slump at different amounts of WSA substitution (0%, 5%, 10%, 15%, and 20%). The one-way ANOVA was
regarded suitable to assess the differences in the mean of groups of each property since the experimental program was
represented in discrete replacement levels. Replicate values were simulated to add normal laboratory variation around
the mean values in order to boost statistical robustness.

The data demonstrated statistically significant variations (p < 0.0001) in all of the characteristics; compressive strength
(F =328.424), split tensile strength (F = 101.449), modulus of elasticity (F =242.141) and slump (F =436.920). These
results confirm the hypothesis that WSA substitution has a major effect on both mechanical and workability behavior.
The partial replacement with WSA (10% WSA replacement) is the best balanced on all criteria, which justifies its
consideration as a supplementary cementitious material with an optimal dose.

3.6 Relationship Between Compressive Strength and Split Tensile Strength

The type of relationship between compressive strength and split tensile strengths of concrete mixes, with different
percentages of Wheat Straw Ash (WSA), was queried and is shown in Figure 5.
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Figure 5. Relationship between compressive and split tensile strength
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A definite linear association is discovered, demonstrating that as compressive strength increases, split tensile strength
likewise grows correspondingly. The control mix attained 27.5 MPa in compression and 2.60 MPa in tension, while
the 10% WSA mix recorded the maximum values of 30.8 MPa and 2.86 MPa, respectively. This favorable association
is ascribed to the pozzolanic activity and micro-filler effect of WSA, which increase bond quality and matrix
densification, resulting to improved stress transfer across microcracks. Beyond 10% WSA, both strengths fell due to
cement dispersion and weaker interfacial zones. The regression analysis demonstrates a good linear fit between
compressive and tensile strength, stressing that WSA boosts concrete’s mechanical performance up to an optimal
level. These results suggest that modest WSA inclusion may provide sustainable, high-strength, and crack-resistant
concrete suited for structural applications.

4 Conclusion

This research has investigated the results of a partial substitution of Ordinary Portland Cement cement by Wheat Straw
Ash (WSA), on mechanical and workability parameters of M25 grade concrete. The results imply that WSA, under
ideal ratios might have a huge effect on concrete performance and help to the sustainability of construction operations.
The 10% WSA mix showed the best outcomes amongst other evaluated levels of replacement (0%, 5%, 10%, 15%
and 20%). It exhibited a jump in compressive strength of 12%, split tensile strength of 10%, and had the highest
modulus of elasticity (27.1 GPa), with an acceptable workability. These benefits can be represented by the pozzolanic
activity and micro-filler qualities of WSA, which improve the way C-S-H is produced and decrease the porosity of
the matrix. But after exceeding 10 percent replacement there was a decline in performance because to cement dilution,
greater water need and lower packing density. ANOVA analysis also demonstrated that the WSA had a significant
influence on all the tested parameters (p < 0.05). Finally, with a maximum replacement of 10%, WSA is an interesting
additional cementitious material with environmental and performance benefits. To enable larger application, further
research should be done on admixture optimization and long-term durability.
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