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Abstract  

 

The impact of both fly ash (FA) and marble dust (MD) on the strength properties of M20 grade concrete is discussed 

in accordance with the combined effect on various concrete workabilities. The objective is to evaluate the possibility 

of using these industrial byproducts for sustainable buildings. Different concrete mixes of cement replaced with 10–

50% FA and MD were made in addition to a control mix without replacement of cement. Slump tests were conducted 

to assess workability, and compressive and split tensile strengths were obtained using standard cylindrical specimens. 

The study showed that a moderate level of replacement enhanced concrete performance, and the optimum percentage 

replacement was 15% FA + 10% MD (25% overall). The pozzolanic reaction of FA and the filler effect of MD, which 

induce microstructural densification, are responsible for this improvement. However, substitution values greater than 

30% decreased strength and workability as a result of the dilution in cement and increase of water demand. On the 

whole, 25–30% of cement replacement is a succinct performance/sustainability ratio that dovetails with circular 

economy and waste-to-resource aspirations in the construction sector. 
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1 Introduction 

 

Construction is usually regarded as one of the key contributors to global greenhouse gas emissions, and Portland 

cement is likely the worst due to the extraordinarily energy-consuming nature of its manufacture (Habert et al., 2020; 

Mehta and Monteiro, 2022). With the globe suffering against the growing risk of climate change, the sustainable 

versions of traditional construction materials are in higher demand (Mahi et al., 2025). One of the solutions that shows 

good promise is employing industrial by-products, such as fly ash (FA) and marble dust (MD), as partial substitutes 

for cement (Sharma et al., 2023).  

 

The specific benefits of the two replacement materials of cement, FA and MD, have been widely reported on 

separately, but relatively little on the combined use. Fly ash (FA), the so-called structured fine particle created as a 

result of coal combustion, can give better durability and strength to the concrete due to the pozzolanic processes 

(Thomas, 2023). MD is formed during the operations of marble-cutting as the filler used to adjust the density and 

microstructure of the concrete (Li et al., 2019). Nevertheless, MD that is extremely water absorbent also negatively 

affects workability, which results in the trade-off of fluidity versus mechanical qualities (Rid et al., 2022).  
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This study explores the effect of FA and MD as a partial substitution of cement in M20 grade concrete. It is focused 

on the examination of their combined influence on the workability and strength attributes to establish the optimum 

amount of replacement in obtaining sustainable HPC. The findings will try to validate the application of waste-based 

materials in sustainable construction techniques, which is a beneficial move towards carbon reduction and a circular 

economy in the global society. 

 

 

2. Materials and Methodology 

2.1 Materials 

• Cement: Ordinary Portland Cement (OPC) of 53-grade (IS 12269:2013) was used, locally procured. The 

cement had a specific gravity of 3.15, fineness of 350 m²/kg, and compressive strength of 53 MPa at 28 days. 

• Fly Ash (FA): Class F fly ash obtained from a nearby thermal power plant. The FA had a specific gravity of 

2.35, and its main chemical constituents were SiO₂ (55%), Al₂O₃ (30%), and Fe₂O₃ (6%). The fly ash 

enhances durability and long-term strength through pozzolanic reactions. 

• Marble Dust (MD): Marble processing waste obtained from a local marble-cutting industry. It had a specific 

gravity of 2.70 and chemical composition comprising mainly CaO (45%), SiO₂ (5%), and MgO (3%). The 

water absorption capacity of MD was 1.2%. MD improves packing density and contributes to microstructural 

densification due to its filler characteristics. 

• Fine Aggregates: Natural river sand conforming to ASTM C33 specifications was used. It had a specific 

gravity of 2.50, a fineness modulus (FM) of 2.68, and a water absorption capacity of 1.0%. 

• Coarse Aggregates: Crushed angular coarse aggregates with a maximum size of 20 mm, specific gravity of 

2.65, and water absorption capacity of 0.5% were used. 

 

2.2 Mix Design 

 

The concrete mix was designed as per IS 10262:2019 for M20 grade concrete, targeting a characteristic compressive 

strength of 20 MPa at 28 days and an average strength of 26.6 MPa (assuming a standard deviation of 4.0 MPa). The 

water–cement ratio (w/c) was maintained at 0.50, and the mix proportion (by weight) for the control mix was: 

Cement : Fine Aggregate : Coarse Aggregate : Water = 1 : 1.55 : 3.10 : 0.50 

For the modified mixes, cement was partially replaced with FA and MD in the proportions shown in Table 1. 

 

Table 1. Replacement of cement by Fly Ash and Marble dust 

FA (%) MD (%) Total Cement Replacement (%) 

10 10 20 

15 10 25 

20 10 30 

20 15 35 

25 15 40 

25 20 45 

30 20 50 

 

2.3 Testing Procedures 

• Slump Test: Measured workability of each mix, following ASTM C143. 

• Compressive Strength Test: Conducted at 7, 14, and 28 days using a Universal Testing Machine (UTM), 

following ASTM C39. 

• Split Tensile Strength Test: Measured at 7, 14, and 28 days using ASTM C496. 
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2.4 Data Analysis 

 

The results were analyzed statistically, with the standard deviation and One-Way Analysis of Variance (ANOVA) used 

to determine the statistical significance of the results. The optimum mix was selected based on the highest mechanical 

strength and workability. 

 

 

3 Results and Discussion 

 

3.1 Workability 

 

The slump test outcomes indicate that the proportions of Fly Ash (FA) and Marble Dust (MD) as a replacement of 

cement had an enormous influence on concrete workability. The control mix had a normal slump of 100 mm, which 

corresponds to a medium workability of M20-grade concrete. Workability also got better as the FA content also grew 

with the spherical shape of the FA particles reducing friction and improving the flowability. As an example, a 

combination of 10% FA and 10% MD would create a better 110 mm slump or workability. 

 
Figure 1. Slump Value of concrete 

 

Yet, the MD content also caused a decrease in workability at higher levels of replacement, predominantly at a high 

degree of replacement. When cement replacement was 35% (20% FA and 15% MD), the slump reduced to 100 mm, 

and at 45% replacement (25% FA and 20% MD), it became 80 mm. This decrease in workability is because MD has 

a high water absorption which requires large water during consistency. 

 

The best workability was recorded at 25 % total cement replacement (15 % FA, 10 % MD) providing a slump of 120 

mm. In addition to this, when MD was exceeded, the workability declined. To achieve the best of workability, the 

maximum FA content should be 25% and MD should not exceed 10-15%. 

 

3.2 Compressive Strength 

 

The research compared the compressive strength of the concrete utilizing some portion of Fly Ash (FA) and Marble 

Dust (MD) as an alternate to cement in replacing between 0 to 50 percent of cement. These findings indicate an overall 

rise in compressive strength to a maximum of 25% total cement replacement, beyond which strength reduced because 

of cement dilution and an inevitable growth in water demand by MD. At 25% total cement replacement (15% FA and 
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10% MD), the greatest compressive strength was found with compressive strength at 28 days of 24.0 MPa, 9% higher 

than a control mix. After 30% replacement, however, compressive strength reduced, with 50 % total cement substitute 

(30% FA and 20% MD) lowering to 19.8 MPa. 

 

 
Figure 2. Compressive Strength of concrete 

 

The strength gains up to 25% replacement are due to the pozzolanic reaction of FA, which adds extra cementitious 

compounds, and enhanced packing density given by MD. At the greater levels of replacement, there is a decline in 

strength because of the cement dilution and the high water absorption of the MD which elevates the water requirement. 

Also, slower rate of hydration of FA by higher levels of displacement, also contributes to a slower rate of strength 

build up as can be observed by the 7-day and 14-day results. 

 

3.3 Split Tensile Strength  

 

The stress at the split tensile test at 7, 14 and 28-days had been assessed by adding Fly Ash (FA) and Marble Dust 

(MD) that were varying percentages of partial cement-replacement concrete as shown in figure 3. The findings indicate 

there was initially strength increase, followed by a decrease later up to the maximum percentage of total cement 

replacement of 25%, whereby it peaked at 28 days under 15% FA and 10% MD to produce a tensile strength of 3.08 

MPa, equivalent to a 10 % improvement on the control mix, originally resulted in a tensile strength of 2.82 MPa. Such 

improvement can be explained by the pozzolanic reaction of FA, resulting in the formation of extra cementitious 

products, and filler effect of MD, that increases the density of packing and strength of concrete. 

 

But split tensile strength reduced after 30% total cement replacement. The strength reduced to 2.85 MPa at 40% 

replacement (25% FA and 15% MD) and 2.49 MPa at 50% replacement (30% FA and 20% MD). This falls as a result 

of cement dilution and high-water absorption of MD, which makes it to raise the water-to- cement ratio lowering the 

degree of hydration efficiency. 
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Figure 3. Split tensile strength of concrete 

 

3.4 Statistical Analysis and Interpretation of ANOVA Results 

The ANOVA test done on concrete mixes with varying percentages of Fly Ash (FA) and Marble Dust (MD) as partial 

cement substitution showed notable modification of workability and mechanical parameters, such as compressive 

strength and split tensile strength, amongst others. Since the P-values were abnormally low, the initial variances were 

statistically significant, and the F-statistic criteria were rather big, indicating that the substitute materials caused 

significant variations in the study's results.  

 

From the workability, F-statistics value was 445.11 and P value 4.07e-17 and this shows that the study variations in 

the observed slumps were not due to chance. The data suggested that integration of FA boosted the workability since 

the particle form was spherical and operated as a lubricating agent therefore exacerbated friction amid particles. But 

when the concentration of the MD grew workability declined as the MD has a high water absorption capacity. This 

was particularly noticeable when the MD content was close to 15%. It was noted that the appropriate workability was 

seen at 25% total replacement of cement (15% FA, 10% MD) when its slump was 120 mm, thus keeping the adequate 

flowability with the smallest increase of water use.  

 

Significant effects of FA and MD on strength were shown by the compressive strength F-statistics, which were 117.59, 

68.35, and 113.53 at the 7th, 14th, and 28th days, respectively, with corresponding P-values of 1.49e-12, 9.33e-11, 

and 1.96e-12. It reached the maximum compressive strength at 28 days (24.0 MPa) when it had 25% full cement 

replacement. Additionally, the compressive strength fell, reaching 19.8 MPa for large replacement proportions such 

as 50% (30% FA and 20% MD). Also, the vulnerability was connected with diluting cement and the increased water 

need of MD.  

 

Correspondingly, the split tensile strength likewise exhibited an optimum at 25% cement replacement (3.08 MPa at 

28 days) and deteriorated at increasing replacement percentages. The statistical analysis indicated that the impacts of 

FA and MD on the strength and workability were relatively substantial. A sustainable option to the building industry 

using industrial by-products is presented by the good mechanical qualities obtained from replacing cement with 25–

30% FA and MD. 
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4 Conclusion 

 

The results of this paper indicate that Fly Ash (FA) and Marble Dust (MD) are suitable replacements for cement in 

M20 grade of concrete, hence resulting in the creation of even more environmentally friendly cement variants. When 

the performance of the cement is at an optimum of 25 percent replacement, then the cement can be replaced by the 

food stones of 15 percent fly ash and 10 percent marble dust, which gives the same performance without compromising 

the working qualities or mechanical strength. In this level, MD led to the increased density of the concrete matrix, and 

the lubricating characteristic of FA boosted the workability. These components worked well in enhancing the 

properties of concrete since the highest tensile strength (3.08 MPa) and compressive strength (24.0 MPa) were 

observed at 28 days.  

 

Out of this optimum percentage of MD replacement, the workability was reduced and the strength was compromised 

mainly by the dilution of cement and increased water requirement of MD. This results in the necessity to develop the 

right proportions of the extra cementitious materials.  

 

The current literature indicates that industrial by-products, i.e., fly ash (FA) and marble dust (MD), can be used as a 

constituent in concrete, which is also related to waste management and the circular economy. The research will be 

consistent with the international trends that are intended to minimize the emissions of carbon and become more eco-

friendly in terms of construction. 
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