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Abstract: The cement industry is one of the largest contributors to global carbon dioxide 
emissions, prompting a growing demand for sustainable alternatives. This study investigates the 
potential of wheat straw ash (WSA), an abundant agricultural waste, as a partial replacement 
for cement in concrete. Utilizing Response Surface Methodology (RSM), the research aims to 

optimize key mix parameters to achieve the best balance between mechanical performance and 
environmental benefits. A series of concrete mixes were prepared with varying WSA 
replacement levels (0%–20%) and water-to-binder ratios. Experimental responses, including 
compressive strength and workability, were evaluated and statistically analyzed using a Central 
Composite Design (CCD) framework. The results demonstrate that an optimal WSA content can 
significantly enhance the sustainability of concrete with minimal compromise on strength and 
durability. This optimization approach offers a promising pathway for incorporating 
agricultural waste into construction materials, contributing to circular economy goals and 

reduction of greenhouse gas emissions. 
 

 

I.INTRODUCTION 

The construction industry is rapidly growing due to urbanization and infrastructure development. As a result, the 

demand for concrete—one of the most widely used construction materials—continues to rise. However, traditional concrete 

relies heavily on cement, the production of which releases large amounts of carbon dioxide (CO₂), contributing significantly 

to global warming. 

To make construction more sustainable, researchers are exploring alternatives to reduce the use of cement. One such 

solution is the use of Supplementary Cementitious Materials (SCMs) like Wheat Straw Ash (WSA). WSA is a by-product 

obtained from burning wheat straw, and it contains high levels of silica, which gives it pozzolanic properties—meaning it 

can partially replace cement in concrete. 

This study focuses on using Response Surface Methodology (RSM), a statistical tool, to optimize the amount of 
WSA and water-cement ratio in concrete. The goal is to improve the concrete’s strength and workability while reducing 

environmental impact. By finding the right combination of materials, this research aims to promote eco-friendly construction 

practices and add value to agricultural waste like wheat straw. 

 

Scope of the Research: 

 Study the use of Wheat Straw Ash (WSA) as a partial replacement for cement in concrete. 

 Reduce environmental impact by minimizing cement usage and CO₂ emissions. 

 Prepare and characterize WSA for its pozzolanic properties. 

 Design concrete mixes with varying WSA content and water-cement ratios. 

 Test fresh and hardened concrete properties, including workability and compressive strength. 

 Use Response Surface Methodology (RSM) for mix optimization and performance prediction. 

 Develop statistical models to identify optimal mix proportions. 

 Promote sustainable construction through agricultural waste utilization. 

 Limit the study to laboratory-scale testing under standard curing conditions. 

 

Objectives Of the Project: 

 to evaluate the suitability of wheat straw ash (wsa) as a partial cement replacement in concrete. 
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 to reduce the environmental impact of concrete by lowering cement consumption. 

 to characterize the chemical and physical properties of wsa. 

 to design concrete mixes with varying wsa content and water-cement ratios. 

 to assess the workability and compressive strength of wsa-based concrete. 

 to apply response surface methodology (rsm) for optimizing concrete mix design. 

 to develop predictive models for concrete performance using statistical analysis. 

 to promote sustainable construction by utilizing agricultural waste materials. 

 to identify the optimal wsa and water-cement ratio for balanced strength and sustainability. 

 to provide a replicable methodology for eco-friendly concrete mix optimization. 

 

II.LITERATURE SURVE 

 A. Wheat straw ash as hydraulic binder substitution in binder-based materials made of an admixture superplasticizer: 

M. S. Kırgız and H. Biricik, 2023,[1] This study evaluates wheat straw ash (WSA) as a partial cement substitute, 

noting its high silica content. Findings show WSA enhances mortar compressive and tensile strengths while reducing 

capillary water absorption. Optimal WSA ratios improve durability and sustainability in concrete applications, positioning 

WSA as an effective supplementary cementitious material   

 

 B.A facile process for efficient extraction of lignin with controllable morphology from wheat straw-based bio- mechanical 

pulping effluent 

Z. Fan et al.,2023,[2] This research introduces a modified LignoForce™ process to extract high-purity lignin from 

wheat straw bio- mechanical pulping effluent. Findings reveal high-yield lignin with controllable particle size and 

morphology, suitable for industrial applications. This method offers a sustainable approach to valorize agricultural waste 

while mitigating environmental pollution.  

 

 C. A novel TOPSIS linear programming model based on response surface methodology for determining optimal mixture 
proportions of lightweight concrete blocks containing sugarcane bagasse ash 

N. Wichapa, and W. Khanthirat,2023, [3Using a novel TOPSIS-RSM approach, this study optimizes sugarcane 

bagasse ash-based lightweight concrete. Findings demonstrate significant improvements: a 7.22% increase in compressive 

strength, 9.19% in density, and a 16.83% reduction in water absorption. This model advances eco-friendly concrete 

production by efficiently utilizing agricultural waste 

 

 Durability evaluation of wheat straw reinforced concrete for sustainable structures 

 M. U. Farooqi and M. Ali, 2023,[4] The study evaluates the durability of wheat straw reinforced concrete (WSRC) 

after 4 years of aging under different conditions. Specimens with 1-3% soaked, boiled, and chemically treated straw were 

tested for residual mechanical properties. Findings: SWSRC- 1% (1% soaked straw) performed best, with comparable 

strength to plain concrete and significantly improved toughness (up to 108% increase in flexural toughnessn index). Micro 
structural analysis showed straw degradation but maintained bonding with concrete matrix. 

 

 E Durability of concrete made by partial replacement of fine aggregate by colemanite and barite and cement by ashes of 

corn stalk, wheat straw and sunflower stalk ashes 

  (Orhan Aksog˘an et al., 2015),[5] This study investigates the durability of concrete made with partial replacement 

of fine aggregate by colemanite and barite, and cement by corn stalk, wheat straw, and sunflower stalk ashes. Various 

tests were conducted including compressive strength, abrasion resistance, freeze-thaw resistance, sulfate resistance, and 

radiation shielding. Findings: The ashes improved many durability properties of concrete. Colemanite and barite 

enhanced radiation shielding. Mineral admixtures generally improved  freeze-thaw resistance. Optimal ash content was 

found to be around 5%. 

 

III.MATERIALS AND METHODS 

This Flowchart Outlines A Systematic Approach To Optimizing Concrete Properties Through Experimental Design 
And Analysis. It Begins With Defining Variables And Parameters, Followed By Designing Experiments. Responses Are 

Then Selected, Distinguishing Between Fresh Concrete Properties (Such As Slump Test, Vee Bee Consistency Test, And 

Compaction Factor Test) And Hardened Concrete Properties (Including Compressive Strength, Flexural Strength, And Split 

Tensile Strength Tests). Experiments Are Conducted Based On These Selections, And Model Selection Is Performed. The 

Next Step Involves Performing Response Surface Methodology (Rsm) Regression Analysis And Anova To Evaluate The 

Data. The Actual And Predicted Values Are Compared; If They Do Not Match Satisfactorily, The Process Loops Back To 

Experiment Design For Refinement. Once A Good Fit Is Achieved, Optimization Is Defined, Concluding The Process. This 
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Fig SEM image of WSA incorporated in concrete 
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Energy-dispersive X-ray spectroscopy (EDX) and scanning electron microscopy (SEM) were used to investigate 

the structure and elemental composition of the wheat straw. The SEM image (Figure 3) displays the intricate microstructure 

of WSA at high magnification. The predominant features are elongated, fibrous particles with a rough, irregular surface 

texture. The structures likely come from the cellulosic components of wheat straw that are thermally degraded during the 

ashing process. There are irregularly shaped, porous agglomerates visible, which could be formed from the melting and 

solidification of inorganic mineral matter present in the wheat straw, such as silica, potassium, and other elements EDS 

analysis was conducted on a representative particle of WSA to determine its elemental composition, as shown in Figure 4, 
EDS analysis indicated that Si, O, K, Ca, Mg, and C were present because of the fibrous protein found in the WSA. In Figure 

5 the SEM image of WSA incorporated in concrete reveals several important microstructural features that contribute to the 

material properties of the concrete. Figure 6 represents the particle size distribution of WSA. Typically, WSA particles appear 

as irregularly shaped inclusions with rough and porous surfaces. These characteristics enhance their bonding with the cement 

matrix. In the image, you may observe the WSA particles well- dispersed throughout the concrete, ensuring a uniform 

microstructure which is crucial for the mechanical integrity of the material[20], [35]. 

A key observation would be the interaction between the WSA particles and the surrounding cement paste. This 

interaction often manifests as the formation of additional calcium silicate hydrate (C-S-H) phases around the ash particles. 

The formation of C-S-H indicates that the WSA is participating in pozzolanic reactions, reacting with calcium hydroxide in 

the cement paste to form more binding material, thus enhancing the strength of the concrete. The incorporation of WSA, rich 

in silica, likely contributes to the formation of additional C-S-H gel through pozzolanic reactions with calcium hydroxide, 

thereby improving the microstructure and the interfacial transition zone, as observed in related studies on pozzolanic 
materials. The pozzolanic propensity of WSA is due to the presence of calcium hydroxide, which generates excess C-S-H 

gel thereby buttressing the microstructure and enhancing the interfacial transition zone. This highlights that the study aligns 

with existing research on pozzolanic materials while not claiming direct observation of excess C-S-H gel formation in this 

specific experiment[8][20][35]. 

Additionally, the SEM image might show WSA particles filling voids within the concrete matrix, thereby reducing 

overall porosity. Lower porosity contributes to higher density and improved mechanical properties, such as increased 

compressive strength and reduced permeability. The absence or minimal presence of microcracks around the WSA particles 

suggests good compatibility between the ash and the cement matrix, indicating that the ash has been effectively incorporated 

into the concrete without causing weaknesses. Research has shown that incorporating agricultural ashes, such as wheat straw 

ash, may accelerate hydration reactions, as these materials often contain high levels of reactive silica that interact with 

calcium hydroxide to produce additional C-S-H phases. 
According to the IS 383:1970 standard, this experiment utilized fine aggregates and coarse aggregates with Specific 

gravity (SG) of 2.68 and 2.72, respectively. Table 1 represents conventional test of coarse aggregates. Additionally, high-

performance plasticizers are unique and enable the production of concrete that significantly differs from that created with 

water- reducing admixtures under fresh and hardened conditions. In our current research, ECMAS HP 890, a superplasticizer 

manufactured by ECMAS, was used a super plasticizer 2% of total weight of concrete mix with an SG of 1.08± 0.01, a pH 

of 7.3, and less than 0.15% Cl was used 

 

Flexural Strength of Concrete: 
presents an array of 2D and 3D plots showing the flexural strength of the cured concrete. The contour plot reveals 

the intricate relationships among the WSA concentration, w/c ratio, and flexural strength. Within regions characterized by 

lower WSA levels and higher w/c ratios, the flexural strength ranges from 3.21 to 4.17, delineated by darker green hues. 

However, as the WSA concentration increased and the w/c ratio decreased, the flexural strength increased toward brighter 
shades of green, indicating heightened resilience. The contour lines form a discernible elongated oval, suggesting that pairing 

elevated WSA levels with reduced w/c ratios may yield further enhancements in flexural strength. This graphical depiction 

underscores the nuanced interplay between the WSA and w/c in shaping flexural strength. Initially, the surge in flexural 

strength with the highest w/c ratios is ascribed to enhanced workability and intensified cement hydration, fostering a finer 

microstructure. Nonetheless, excessively high w/c ratios may yield permeable and less robust cement structures, leading to 

a decrease in flexural strength. 

The 3-dimensional surface map shown in Figure 18 reveals a captivating 3-dimensional depiction of the intricate 

correlations among the flexural strength, w/c ratio, and WSA concentration. Elevated flexural strength is intricately linked 

with reduced w/c ratios and heightened WSA levels, as shown by the increased contours on the surface. Conversely, 

diminished flexural strength values align with increased w/c ratios and decreased WSA levels, which is evident in the 

depressions of the surface. The above figure elegantly elucidates the collective impact of w/c and WSA on flexural strength, 
offering profound insight into their interplay. A harmonious balance between pozzolanic material, hydration kinetics, and 

workability establishes the optimal configuration. Appropriate w/c ratios foster optimal cement hydration and compaction, 

while moderate WSA concentrations foster pozzolanic reactivity without excessive reliance on calcium hydroxide. Through 

meticulous synchronization of these elements, an optimal microstructure characterized by a dense and uniform interfacial 

transition zone emerges, fortifying material resilience against bending failures and enhancing flexural strength. 
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(B) 
(a) 2D plots and (b) 3D surface plots of flexural strength vs w/c and WSA 

 

IV.CONCLUSION 
The growing environmental concerns associated with cement production, particularly the high energy consumption 

and carbon dioxide (CO₂) emissions, have driven researchers to seek sustainable alternatives that can reduce the 

environmental impact of concrete without compromising its performance. One such promising approach is the partial 

replacement of cement with supplementary cementitious materials (SCMs), especially those derived from agricultural waste. 

This project focused on evaluating and optimizing the use of Wheat Straw Ash (WSA)—an agro-waste by-product—as a 

partial cement replacement in concrete using Response Surface Methodology (RSM) to enhance sustainability. 

The primary objective of the study was to analyze the effects of WSA on both the fresh and hardened properties of 

concrete and to identify the optimal replacement level using a statistical and experimental approach. To achieve this, various 
tests were performed on fresh concrete (such as slump test, Vee Bee consistency test, and compaction factor test) and 

hardened concrete (including compressive strength, flexural strength, and split tensile strength). RSM, a powerful statistical 

tool for modeling and analyzing problems influenced by several variables, was employed to design experiments, analyze 

results, and predict the performance of concrete with different WSA content. 

The results of the experimental investigation indicated that WSA can be effectively used as a partial replacement 

for cement up to an optimal percentage (typically ranging between 10–20%), beyond which the mechanical properties start 

to decline. At the optimal replacement level, the concrete mix exhibited satisfactory workability and strength development. 

The addition of WSA not only helped in conserving cement but also enhanced the pozzolanic activity in the concrete matrix, 

contributing to better microstructure densification and long-term strength gain. 

Using RSM allowed for a systematic and efficient optimization process by analyzing the interaction between 

variables such as WSA content, water-to-cement ratio, and curing period. The regression models developed through RSM 

exhibited high accuracy in predicting concrete properties and offered valuable insights into the significance and effects of 
various parameters. ANOVA results confirmed the statistical reliability of the models, and the optimization process helped 

identify the most suitable WSA dosage that balanced workability, strength, and sustainability objectives. 

Moreover, this study reinforces the concept of sustainable construction by utilizing agro-waste in concrete 

production, which serves multiple environmental and economic benefits. It not only addresses the issue of waste disposal 

but also reduces the demand for cement—an energy-intensive and CO₂-emitting material. The successful incorporation of 

WSA into concrete aligns with green building practices and circular economy principles, making it a practical solution for 
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environmentally conscious construction. 

In conclusion, the findings of this project strongly support the feasibility of using Wheat Straw Ash as a partial 

replacement for cement in concrete. When optimized using statistical tools like RSM, WSA-blended concrete can provide 

comparable performance to conventional concrete while significantly reducing the environmental footprint. Future research 

may explore long-term durability aspects, scalability in real construction projects, and the integration of WSA with other 

industrial by-products for even greater performance and sustainability gains. 

Thus, the study not only contributes to the field of sustainable construction materials but also provides a clear 
pathway for turning agricultural waste into valuable construction resources, paving the way for more eco-friendly 

infrastructure development. 
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