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Assessing the Influence of Bagasse Ash as a Partial Cement and Fine Aggregate Substitute on the Concrete's Compressive Strength

Abstract:
Due to the use of natural sand and Portland cement, the production of concrete becomes costly and detrimental to the environment. The byproduct of the agro-industrial industry, sugarcane bagasse ash (BA), has been identified as a viable substitute due to its abundance and pozzolanic nature.This research investigates the pozzolanic effect of bagasse ash as a partial replacement of both cement (0–30%) and fine aggregate (0–100%) on the compressive strength of concrete. The experimental program developed five mixtures comprising a control and four with the varying dual replacement levels. Change of compressive strength was recorded during a 7 and 28 day cycle, and the specimens were in the shape of regular cylinders. The results indicated a general decrease in strength with increasing BA replacement. The highest strength among BA mixes was achieved by the mix with 30% cement and 10% sand replacement, yet it represented a 35.2% reduction from the control. The strength reduction is attributed to the dilution of cementitious materials and insufficient pozzolanic activity from the BA. The optimal dual replacement level identified was 30% for cement and 10% for fine aggregate. Despite the compressive strength reductions, utilizing BA aligns with broader environmental benefits, reducing waste, conserving natural resources, and lowering carbon emissions, motivating its application in non-structural contexts.
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1. Introduction 
Concrete has extensively developed as the most widely used construction material globally, but its production relies heavily on Portland cement and natural sand, contributing to environmental degradation and high costs(Hamza Hasnain et al. 2021) (Loganayagan, Mohan, and Dhivyabharathi 2021)(Chindaprasirt et al. 2020) (Hasrat et al., 2025). The global demand for cement is a significant contributor to environmental degradation due to its high carbon footprint, with cement production alone accounting for approximately 7–8% of global CO₂ emissions(Hamza Hasnain et al. 2021)(Gudia et al. 2023)(Berenguer et al. 2020).Sugarcane bagasse ash (BA), an agro-industrial by-product from sugar production, has emerged as a sustainable alternative due to its pozzolanic properties and large-scale availability in sugar-processing regions(Kunchariyakun, Asavapisit, and Sinyoung 2018)(Mangi et al. 2017)(J. A. Rossignolo et al. 2018). BA is comprised predominantly of SiO₂ (65%), Al₂O₃ (3.95%), and Fe₂O₃ (9.17%), which makes it suitable for use in the manufacture of concrete (Mangi et al. 2017)(João Adriano Rossignolo et al. 2017). The use of BA in concrete is an example of waste valorization and aligns with the principles of circular economy, and simultaneously resolves environmental and resource issues (Anandaraj et al. 2023)(Nangulama and Rimoy 2025)(Setayesh Gar, Suresh, and Bindiganavile 2017). Based on the studies, BA has the potential to cut CO₂ emissions by 94 kilotons when utilized as a cement substitute (Gudia et al. 2023) as well as reduce the production cost by 20% (Loganayagan, Mohan, and Dhivyabharathi 2021). In addition to this, the use of BA in concrete has the added advantage of aiding in the disposal of waste produced by the sugar industries and reduces the exploitation of sand and cement (Torres de Sande et al. 2021)(J. A. Rossignolo et al. 2018)(Lourdu and Ali 2023).
	From an environmental Point of view, The production of concrete is associated with significant depletion of global sustainability resources as well as emissions of CO₂(Alvarenga and Cordeiro 2024)(Jagadesh, Ramachandramurthy, and Murugesan 2018)(França et al. 2023). As per estimates, manufacturing of cement releases roughly 820 kg equivalent CO₂ for every ton of cement manufactured, whileThe practice of sand mining is equally destructive, resulting in ecosystem disruption (Chindaprasirt et al. 2020)(França et al. 2023).The heavy reliance of the construction sector on these materials is alarming, and calls for the development of structural alternatives with minimization of adverse impact on the environment (Jha, Sachan, and Singh 2020)(Jahanzaib Khalil, Aslam, and Ahmad 2021)(Yogitha, Karthikeyan, and Muni Reddy 2020).BA, often landfilled as waste, presents an opportunity for repurposing in concrete, potentially reducing CO₂ emissions by up to 20% (Arbelaez Perez et al. 2022)(Chindaprasirt et al. 2020). Economically, BA’s local availability in sugar-producing regions offers cost-saving benefits, with estimates suggesting it is 4.3 times cheaper than ordinary Portland cement(Chindaprasirt et al. 2020)(Rerkpiboon, Tangchirapat, and Jaturapitakkul 2015). However, despite studies on BA as a partial cement or sand replacement, limited data exist on its dual replacement potential, leaving gaps in optimizing both mechanical performance and sustainability(Jha, Sachan, and Singh 2020)(Srivani and Vamsi Mohan 2023)(Kannan 2018).Also, the differences in optimal replacement ratios (10–30% for cement, 10–100% for fine aggregate) warrant additional investigation (Bheel et al. 2022)(Imran et al. 2023)(Dineshkumar and Balamurugan 2021).
	Moreover, the improper disposal of BA, the by-product of sugar industries, contributes towards landfill waste and pollution and, therefore, the environment as a whole (Anandaraj et al. 2023)(J. A. Rossignolo et al. 2018)(Francioso et al. 2023). High silica-containing BA exhibits pozzolanic activity and, as a result, used in cement concrete, help in improving the concrete strength and durability by reacting with calcium hydroxide (Mangi et al. 2017)(Setayesh Gar, Suresh, and Bindiganavile 2017)(Berenguer et al. 2020).Using BA in concrete helps reduce the cement usage in the construction industry which accounts for 8% of the total CO2 emissions on the planet (Berenguer et al. 2020).Natural sand mining is also a resource depleting activity that, coupled with the above, BA is easy to harvest and helps improve large scale ecology conservation (Hamza Hasnain et al. 2021)(Jagadesh, Ramachandramurthy, and Murugesan 2018)(Wang and Lee 2020).Research shows that concrete with BA has comparable compressive strength and, more interestingly, less material costs, when the cement is replaced by 10% to 20% BA and the fine aggregate by 10% to 30% (Loganayagan, Mohan, and Dhivyabharathi 2021)(Imran et al. 2023)(Dineshkumar and Balamurugan 2021). For instance, a blend of cement with 20% BA replacement shows an 8% increase in compressive strength (Alvarenga and Cordeiro 2024), while 10% BA in fine aggregate replacement yielded 28.19 N/mm²(Srivani and Vamsi Mohan 2023). Economically, the proximity of BA in sugar-producing regions helps in decreasing construction costs and transportation emissions (Gudia et al. 2023)(Lourdu and Ali 2023).However, the reduction in workability beyond 20% BA addition, along with other other issues like variability with high LOI and quartz formation, need additional research (Anjos et al. 2020)(Barbosa and Cordeiro 2021)(Bheel et al. 2022).
	In addition, natural sand depletion and cement’s environmental impact have driven research into alternative materials like BA(Jagadesh, Ramachandramurthy, and Murugesan 2018)(Yogitha, Karthikeyan, and Muni Reddy 2020)(Wang and Lee 2020). Previous studies confirm BA’s effectiveness as a supplementary cementitious material (SCM), with optimal replacements (10–20%) improving compressive strength by 4.35–12% (Mangi et al. 2017)(Dineshkumar and Balamurugan 2021). As a fine aggregate substitute, BA enhances thermal insulation and durability at ≤30% replacement(Kunchariyakun, Asavapisit, and Sinyoung 2018)(Khawaja et al. 2021a)(Rerkpiboon, Tangchirapat, and Jaturapitakkul 2015). For example,(Khawaja et al. 2021a) reported a 14.5% strength increase at 10% BA replacement, while(Wang and Lee 2020) observed 36.34 MPa when combining BA with stone dust. However, higher replacements (>30%) often reduce workability due to BA’s porous nature(Hamza Hasnain et al. 2021) (Torres de Sande et al. 2021)(Fauzi et al. 2018). Combined replacement studies remain limited, with only a few exploring dual roles (e.g., P18’s 15% cement + 20% fine aggregate mix achieving 31 MPa). Processed BA (e.g., re-burnt, ground, or microwave-calcined at 600°C) enhances reactivity and durability, mitigating drawbacks like high water demand(J. A. Rossignolo et al. 2018)(França et al. 2023). Despite these findings, no consensus exists on optimal BA ratios for dual replacement, and most studies lack long-term durability assessments(Joshaghani and Moeini 2017)(Kannan 2018)(Bheel et al. 2022).
	Furthermore, numerous investigations concluded that BA can partially replace cement or fine aggregate, but no studies have comprehensively evaluated its dual role in concrete(Jha, Sachan, and Singh 2020) (Bheel et al. 2022)(Wang and Lee 2020). Key gaps include limited data on combined replacements, inconsistent optimal ratios, and a lack of integrated environmental-mechanical analyses(Arbelaez Perez et al. 2022)(Arenas-Piedrahita et al. 2016)(Gaddam 2021). This study aims to evaluate BA’s effect as a partial replacement for both cement (0–30%) and fine aggregate (0–100%) on the compressive strength of concrete. The objectives are (1) to measure the variation of compressive strength at 7 and 28 days and (2) to determine the optimal BA ratios which provide maximum strength with maximum sustainability. The focus is restricted to compressive strength testing only, with no consideration of the durability, microstructure  (Subedi et al. 2022) (Mangi et al. 2017)(Fauzi et al. 2018) analysis, and others. This research is aimed to bridge the gaps by adopting sustainable practices while utilizing agroindustrial waste in concrete.
2. Methodology
The experimental program was designed to evaluate how partially replacing cement and fine aggregate with sugarcane bagasse ash (SBHA) effects on the compressive strength of concrete. The methodology included material preparation, mix proportioning, specimen casting, curing, and testing, adhering to relevant ASTM standards.
2.1. Materials
The constituent materials used in this investigation are Ordinary Portland Cement (OPC), Sugarcane Bagasse Ash (SBHA), water, fine aggregate as well as coarse aggregate Ordinary Portland Cement of Stallion brand which was used as the main binder. The SBHA was obtained from the Kama District of Bagasse and was burnt in a specially designed Bagasse Ash SBHA oven with the captured pure ash later carted to the Khurasan University Laboratory and was air with the help of a No. 4 sieve (4.75 mm). Fine, coarse aggregate were obtained from Zangal Bagh of  Sra Road District and coarse aggregate had a maximum size of 20mm and a log anglis of 24.36%. The water used for mixing and curing all the concrete specimen was captured as potable from a bore hole located at Khurasan University.This approach is consistent with methodologies from other studies which utilized processed ash, such as "SCBA (sieved to 300μm)"(Mangi et al. 2017) or "SCBA (processed at 600–800°C)"(Yogitha, Karthikeyan, and Muni Reddy 2020).
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Figure 1:Materials: a) Raw Sugar Cane Bagasse, b) Bagasse Ash, c) Cement ,d) Sand and e) Coarse Aggregate
2.2. Mix Proportions
The mix design was formulated using the ACI 318 method. A total of five concrete mixes were prepared: one control mix (0% replacement) and four experimental mixes with varying replacement levels of cement and fine aggregate with SBHA. The replacement levels for cement were 10%, 20%, 25%, and 30% by weight of OPC. The corresponding replacement levels for fine aggregate were 80%, 50%, 100%, and 10% by weight of sand, respectively. This investigation of dual replacement (cement and aggregate) addresses a noted gap, as other studies have typically focused on single replacements, such as "5–40% cement replacement" or "10-40% fine aggregate" replacement alone(Jahanzaib Khalil, Aslam, and Ahmad 2021)(Bheel et al. 2022). The detailed mix proportions for all mixes, measured by weight (kg) per batch, are presented in Table 1. The water-cement ratio was maintained consistently across all mixes.
Table 1: Mix Proportions of Concrete Specimens with Partial Replacement of Cement and Fine Aggregate by Sugarcane Bagasse Ash (SBHA)
[image: ]2.3. Experimental Program and Test Procedures
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Figure 2:Schematic Diagram of Experimental Program
All materials were measured by weight (kg). The mixing sequence involved first adding the coarse aggregate, followed by the fine aggregate, then the cement and SBHA; these dry materials were mixed until a homogeneous mixture was achieved, after which water was added. Mixing was performed manually until the mixture was completely homogenous. The workability of each fresh concrete mix was assessed immediately after mixing via a slump test conducted in accordance with ASTM C143 at an ambient temperature of 25°C. The measured slump values for each mix are recorded in Table 1 and 2 .
For each mix, six cylindrical specimens (150 mm diameter and 300 mm length) were cast. The specimens were not demolded and were cured fully submerged in a water tank maintained at a temperature of 25 ± 3°C until testing. The primary test conducted was the compressive strength test, a common method employed in similar studies (Loganayagan, Mohan, and Dhivyabharathi 2021)(Joshaghani and Moeini 2017). The tests were performed at 7 and 28 days of curing using a digital compressive strength machine following the standard procedure outlined in ASTM C39. For each mix and testing age, three specimens were tested, and the results were averaged. There were no deviations from the norms defined in the standard regarding the application of the loading rate. During the various procedures of mixing, casting, curing, and testing, no issues, abnormalities, and apparent demerits such as physical cracks or segregation of the base materials were detected.
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Figure 3:a) Specimen testing for compressive Strength, b) Specimen after testing and d) Specimen in curing tank.
3. Results and Discussion
This research focused on the impact concrete properties when cement and fine aggregate are substituted with sugarcane bagasse ash (SBHA) on partial basis. There are five concrete mixes which were prepared: one control mix (S1: 0% SBHA) and four experimental mixes with varying dual replacement levels (S2: 10% cement, 80% sand; S3: 20% cement, 50% sand; S4: 30% cement, 10% sand; S5: 25% cement, 100% sand). The main tests done were liquid permeability tests and compressive strength tests that were done after 7 and 28 days and.
3.1. Experimental Scope and Mix Design Summary	
The objective was to examine the impact of SBHA as a replacement for both cement and fine aggregate. The mix designs had one control (S1: 0% SBHA) and four experimental mixes: S2 (10% cement, 80% sand), S3 (20% cement, 50% sand), S4 (30% cement, 10% sand), and S5 (25% cement, 100% sand). The property of interest was the compressive strength, taken within the 7 to 28 day frame.
3.2. Workability (Slump)
The workability of fresh concrete, measured by slump test, is presented in Table 1. The control mix (S1) exhibited a slump of 25.4 mm. Among the SBHA mixes, only S2 (10% cement, 80% sand) showed increased workability with a slump of 50.8 mm. Mixes S3, S4, and S5 all resulted in a slump equal to the control at 25.4 mm. This variation aligns with literature findings, where "finer SBFA improved packing density"(Alvarenga and Cordeiro 2024). which could explain the increased workability in Mix S2. However, the general consensus indicates that ">20% replacement reduces workability/strength due to higher water demand from porous ashes" (Hamza Hasnain et al. 2021). This variability aligns with findings that "Workability decreased with higher replacements"(Fauzi et al. 2018) and "Workability and density decreased with higher replacements" (Bheel et al. 2022) The similar slump values in three of the four mixes, despite high aggregate replacement, suggest that the water demand of the specific SBHA used was manageable within the established w/c ratio.
Table 2: Slump Flow vs Concrete Mix
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Figure 4: Slump Flow vs Concrete Mix
3.3. Compressive Strength
3.3.1. Data Presentation and Overall Trend
Compressive strength was the primary focus of this investigation. The results are summarized in Table 2 and visualized in Figure 1. A clear overall trend was observed where the incorporation of SBHA as a dual replacement led to a significant reduction in early and later-age compressive strength compared to the control. The overall trend indicates that compressive strength decreases as the replacement level of SBHA increases, with all experimental mixes showing lower strength than the control at both testing ages.
Table 3: Compressive Strength of Concrete with Partial Replacement of Cement and Fine Aggregate by Bagasse Ash
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Figure 5: Compressive Strength of SBHA Concrete Mixes at 7 and 28 Days
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Figure 6:Compressive Strength Development of Concrete with Varying SBHA Replacement Levels
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Figure 7:Compressive Strength Reduction of Concrete with Bagasse Ash Replacement at 7 and 28 Days

Table 4:Optimal Replacement Levels of Cement and Fine Aggregate with Sugarcane Bagasse Ash (SBHA)
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3.3.2. Specific Results and Mechanistic Analysis
At 28 days, the control mix (S1) achieved a strength of 22.7 MPa. The experimental mixes attained strengths of 11.3 MPa (S2), 13.6 MPa (S3), 14.7 MPa (S4), and 11.7 MPa (S5). This represents a strength reduction of approximately 50.2%, 40.1%, 35.2%, and 48.5% for mixes S2, S3, S4, and S5, respectively. The highest strength among SBHA mixes was achieved by S4 (30% cement, 10% sand) at 14.7 MPa, representing a 35.2% reduction from the control. The mechanism for this strength reduction is the dilution of cementitious compounds and the potential for higher water demand, though the latter was mitigated by maintaining a constant w/c ratio. The significant strength reduction is attributed to the dilution of cementitious materials and the potential lack of sufficient pozzolanic activity from the SBHA used in this study to compensate for the reduced cement content. This aligns with findings for less reactive ashes, where "SCB BA reduced strength unless w/c adjusted" (Torres de Sande et al. 2021). The low strength results, especially in mixes S2 and S5 with high sand replacement (80% and 100%), suggest that the SBHA used may have lacked sufficient pozzolanicity or acted primarily as an inert, fine material that disrupted the packing density. This finding is consistent with literature, which states that "Higher SCBA replacements (>20%) show reduced strength"(Dineshkumar and Balamurugan 2021).
3.3.3. Comparison with Literature and Optimal Replacement Level
The results contrast with studies on processed ash, which reported strength gains; for instance, "Best compressive strength (14.5% increase) at 10% SCBA replacement" as a sand replacement(Khawaja et al. 2021b) and "Finer SBFA (10µm) showed 8% higher compressive strength than reference mortar" at 20% cement replacement(Alvarenga and Cordeiro 2024). The results of this study contrast with some literature findings that reported strength gains at certain replacement levels. For instance, one study found "Best compressive strength at 20% SCBA replacement (4.35% increase over control)"(Dineshkumar and Balamurugan 2021), while another reported "Best compressive strength with 30% SCBA"(França et al. 2023). The discrepancy can be attributed to differences in the processing of the ash, its pozzolanic activity, and the fact that this study utilized a dual-replacement strategy, whereas the cited literature often replaced only cement or fine aggregate alone, such as "5–40% cement replacement" or "10-40% fine aggregate" replacement(Jahanzaib Khalil, Aslam, and Ahmad 2021)(Bheel et al. 2022). The observed strength reduction is a common finding in studies utilizing untreated or minimally processed ash, which can be attributed to the "Lack of clarity on optimal processing methods (burning/grinding)"(Jagadesh, Ramachandramurthy, and Murugesan 2018) and the fact that under certain conditions, "SCBA acts more as filler than pozzolan"(Arif, Clark, and Lake 2016). Based on the 28-day compressive strength results, the optimal dual replacement level from the tested combinations is 30% SBHA for cement and 10% SBHA for fine aggregate (Mix S4), which achieved the highest strength among the SBHA mixes at 14.7 MPa. The superior performance of Mix S4 suggests that replacing a higher proportion of cement while minimizing disruption to the fine aggregate skeleton yields better results. The percentage strength reduction for all mixes compared to the control is shown in Figure 2.
Table 5:Percentage Reduction in Compressive Strength at 7 and 28 Days
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Figure 8:Percentage Reduction in Compressive Strength at 7 and 28 Days
3.4. Tensile Strength, Water Absorption, and Dry Density
This study focused exclusively on compressive strength. Tensile strength, water absorption, and dry density were not tested. The scope was limited to the evaluation of compressive strength to establish a baseline for the effect of dual SBHA replacement.
3.5. Environmental Performance
While this study did not conduct a quantitative life cycle assessment, the use of SBHA aligns with the broader environmental benefits identified in the literature. Utilizing SBHA as a partial replacement for cement and fine aggregate inherently contributes to sustainability. Numerous studies confirm that utilizing bagasse ash "reduces waste/sand depletion"(Hamza Hasnain et al. 2021)(Khawaja et al. 2021a), offers "sustainability benefits" (Anandaraj et al. 2023), and contributes to "reducing cement industry CO₂ emissions"(Alvarenga and Cordeiro 2024)(Nangulama and Rimoy 2025). The primary advantage is the "reduced CO₂ emissions" associated with lowering cement consumption(Jagadesh, Ramachandramurthy, and Murugesan 2018)(Chindaprasirt et al. 2020). This is supported by multiple studies: "Yes (reduces cement demand and waste disposal)(Memon et al. 2022)" ; "Yes (cost analysis shows 8% reduction; environmental benefits highlighted)"(França et al. 2023); and "SCBA usage reduces cement consumption, minimizes agro-industrial waste, and lowers carbon emissions"(Dineshkumar and Balamurugan 2021). Therefore, despite the compressive strength reductions observed, the significant environmental benefits provide a strong motivation for further research into optimizing its application.
3.6. Concluding Insights on Compressive Strength
The investigation revealed a general decrease in strength with increasing SBHA replacement levels. The key challenge is that the optimal mix (S4) still had a 35.2% strength reduction. This underscores a critical limitation: the use of untreated or minimally processed ash, as noted in the gap "Need for controlled processing"(Barbosa and Cordeiro 2021). The results suggest that for dual replacement to be viable, pre-treatment of the ash to enhance its pozzolanicity is essential. Future work should focus on improving the pozzolanic reactivity of the SBHA through more controlled burning and grinding processing techniques, as suggested by the need for "further optimization of SCBA processing"(França et al. 2023). This includes exploring methods like "microwave calcination (30 min at 600°C)" which "yielded SCBA with highest amorphous silica (17.5%) and pozzolanic reactivity"(J. A. Rossignolo et al. 2018) or ensuring "SCBA was calcined at 600°C and ball-milled to d=12µm"(Wu et al. 2022), a level of processing not employed in this study, which may be necessary for effective performance at high replacement levels.
4-Conclusion:
Based on the comprehensive experimental investigation into the use of sugarcane bagasse ash (SBHA) as a partial replacement for both cement and fine aggregate, the following conclusions are drawn. This study aimed to evaluate the effect of this dual replacement strategy on the compressive strength of concrete. The overarching trend portrays yield strengths decreasing with increased levels of SBHA replacement, with all of the experimental mixes confirming the control weaknesses at both testing ages. The highest strength among SBHA mixes was achieved by S4 (30% cement, 10% sand) at 14.7 MPa, representing a 35.2% reduction from the control. The significant strength reduction is attributed to the dilution of cementitious materials and the potential lack of sufficient pozzolanic activity from the SBHA used in this study to compensate for the reduced cement content, aligning with findings for less reactive ashes.
The optimal dual replacement level from the tested combinations is 30% SBHA for cement and 10% SBHA for fine aggregate (Mix S4), which achieved the highest strength among the SBHA mixes. The superior performance of Mix S4 suggests that replacing a higher proportion of cement while minimizing disruption to the fine aggregate skeleton yields better results. An additional observation is that the scope was limited to compressive strength, excluding assessments of durability properties such as water absorption and long-term performance, which remain unverified. Despite the compressive strength reductions observed, utilizing SBHA aligns with the broader environmental benefits identified in the literature. Utilizing SBHA as a partial replacement inherently contributes to sustainability by reducing waste and sand depletion, minimizing agro-industrial waste, and lowering carbon emissions associated with cement consumption.
The primary practical implication of these findings is that the significant environmental benefits provide a strong motivation for its application, particularly in non-structural or low-load applications where high compressive strength is not the primary requirement. For future research, it is recommended to focus on improving the pozzolanic reactivity of the SBHA through more controlled burning and grinding processing techniques. This includes exploring specific methods to enhance its properties. Furthermore, comprehensive evaluations of durability, microstructural analysis using techniques like SEM and XRD to understand the ash-cement interface, and a full quantitative environmental impact assessment via Life Cycle Assessment (LCA) are critical next steps to validate and optimize the use of SBHA in concrete.
5-Recommendations:
Based on the experimental outcomes of this study, it is recommended that sugarcane bagasse ash (SBHA) be used as a partial replacement for cement at 30% and for fine aggregate at 10% by weight, as this combination yielded the highest compressive strength among all tested SBHA mixes. This recommendation is directed primarily to non-structural or low-load applications where low cost and environmentally friendly practices are more important than maximum structural strength. This is the case since, even for the optimal mix, there was still a marked reduction in compressive strength compared to the conventional control. The use of SBHA in such contexts supports waste valorization and reduces the environmental footprint of concrete production. For future work, comprehensive studies on durability properties, microstructural analysis, and a full quantitative life cycle assessment are essential to validate and optimize these recommendations for broader application.
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Sand
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Sand
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Total Fine

 (Sand + SBHA_sand) 

(kg)

Slump 

(mm)

Total

 Batch Mass 

(kg)

S1

Control

 (0% SBHA cement,

 0% SBHA sand)

6 10.61 0 0 0.6 36.8 29.28 0 0 29.28 25.4 76.69

S2

10% SBHA cement,

 80% SBHA sand

6 9.55 1.06 10 0.6 36.8 5.86 23.42 80 29.28 50.8 76.69

S3

20% SBHA cement,

 50% SBHA sand

6 8.49 2.12 20 0.6 36.8 14.64 14.64 50 29.28 25.4 76.69

S4

30% SBHA cement,

 10% SBHA sand

6 7.43 3.18 30 0.6 36.8 26.35 2.93 10 29.28 25.4 76.69

S5

25% SBHA cement,

 100% SBHA sand

6 7.96 2.65 25 0.6 36.8 0 29.28 100 29.28 25.4 76.69
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Specimen ID Description

Slump Flow

(mm)

S1 S1(0%) 25.4

S2 S2(10C,80S) 50.8

S3 S2(20C,50S) 25.4

S4 S2(30C,10S) 25.4

S5 S2(25C,100S) 25.4
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S2 S2(10C,80S) 2.3 11.3

S3 S3(20C,50S) 2.6 11.7

S4 S4(30C,10S) 5.5 14.7

S5 S5(25C,100S) 4.4 13.6

7 28
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Specimen ID Description
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Fine Aggregate

 Replacement 

(%)

7-day 

Strength

 (MPa)

7-day %

 of Control

28-day

 Strength

 (MPa)

28-day %

 of Control

Strength Retention Index 

(mean of 7d & 28d %)

Remarks

S1

Control

 (0% SBHA cement,

 0% SBHA sand)

0 0 14.1 100 22.7 100 100 Reference mix

S2

10% SBHA cement,

 80% SBHA sand

10 80 2.3 16.3 11.3 49.8 33.0

Low strength 

retention

S3

20% SBHA cement,

 50% SBHA sand

25 100 2.6 18.4 11.7 51.5 35.0 Low strength retention

S4

30% SBHA cement,

 10% SBHA sand

30 10 5.5 39.0 14.7 64.8 51.9

Highest retention 

among replacements

S5

25% SBHA cement,

 100% SBHA sand

20 50 4.4 31.2 13.6 59.9 45.6 Second-best retention
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Specimen ID

Replacement 

Materials by SBGA

7-day Strength

 (MPa)

28-day Strength

 (MPa)

% Reduction 

(7 days)

% Reduction

 (28 days)

S1 S1(0%) 14.1 22.7 0.0% 0.0%

S2 S2(10C,80S) 2.3 11.3 83.7% 50.2%

S3 S3(20C,50S) 2.6 11.7 81.6% 48.5%

S4 S4(30C,10S) 5.5 14.7 61.0% 35.2%

S5 S5(25C,100S) 4.4 13.6 68.8% 40.1%
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