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 Abstract 

Research in recent times has focused more and more on alternatives to concrete 
manufacturing that are sustainable, cost effective, and socially beneficial. This 
includes industrial waste, potential advantages of which can be addressed 
through recycling, reusing and creative approaches. The use of such wastes as 
supplementary and substitute resources may provide significant energy savings 
and reduction in Portland cement (PC) consumption and consequently lead to 
lower carbon dioxide (CO2) emissions. Therefore, utilization of marble powder 
(MP) as a supplementary cementitious material (SCM) in mixture can decrease 
the environmental impacts and the amount of Portland cement (PC) in the 
compositions. This study investigates concrete including 0% to 20% of MP as 
cementitious materials. The core objectives of this study are to assess the effects 
of MP as a SCM on both fresh and hardened concrete. A total of 15 concrete 
samples were employed to assess the compressive strength of the material. Besides, 
the workability decreases with increasing amount of MP in the mix. At 10% 
MP, the compressive strength increases to 37.80 MPa after 28 days. It has been 
suggested to utilize 10% MP in construction to provide better results for the 
building industry in civil engineering. 
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INTRODUCTION 
The growing environmental problems and 
depletion of natural resources have forced the 
construction industry to look for sustainable 
alternatives of conventional materials especially 
cement, which is known to release huge amounts 
of carbon dioxide during its manufacture [1-4]. 
Marble powder (MP) is a byproduct produced in 
huge quantities from marble processing industries 
and due to its chemical composition and wide 
availability, it is a promising environmentally 
friendly supplementary material for concrete [5-8]. 
Waste constitutes about 50-60% of the marble 

production, which causes environmental 
problems like dust pollution and waste disposal 
problems [9, 10]. MP can be used as a SCM in 
concrete. This will help in managing the 
environmental waste and enhance the concrete 
performance and decrease the carbon footprint of 
construction activities. 
The literature revealed that different studies on 
SCM by MP showed different effects on 
mechanical and durability properties of concrete. 
It has been proved that the utilization of MP at 
optimum replacement levels increases the 
strength. The use of finely MP improves particle 
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compaction and matrix density, potentially 
increasing concrete strength, especially at lower 
substitution rates of around 5–15% [5, 6, 11]. 
Nonetheless, an overabundance of 
MP substitution may diminish strength due to 
cement dilution and the comparatively poor 
pozzolanic reaction of MP [12-14]. Marble powder 
not only increases strength but also positively 
influences other properties of concrete like 
workability, durability against chemical attack and 
development of micro structure [15, 16]. Ali et al. 
(2022) indicated that incorporating marble 
powder and polypropylene fibers into self-
compacting concrete enhanced its strength as well 
as its chloride resistance [17]. The components of 
marble waste demonstrated enhanced durability, 
exhibiting superior resistance of marble waste 
aggregate mixtures to sulfuric acid [18]. The use of 
marble powder has demonstrated the potential to 
produce finer pore configurations and improved 
adhesion of the hydrated components, hence 
augmenting the mechanical characteristics and 
longevity of mortar and concrete [6, 19]. 
The recycling of the marble powder, in addition to 
the benefits in terms of performances, offers 
advantages in terms of sustainability, through 
waste reduction and reduction of the 
environmental impact related to the cement 
production. Life cycle assessments showed 
significant reductions in global warming potential 
and other environmental indicators, which are 
attributed to the partial replacement of marble 
powder for the content of cement, making 
concrete production more sustainable and aligned 
with green construction practices [18]. 
To conclude, the application of MP in concrete is 
a SCM to improve the characteristics of the 

material and to solve environmental and 
economic problems. The effectiveness depends on 
the right substitution level and the interaction of 
the material with other constituents of the 
concrete mix, with optimal concentrations usually 
cited to be in the range of 5% to 10%. The present 
work shows the potential of MP as a sustainable 
SCM that may improve concrete performance and 
durability, thus contributing to the development 
of eco-friendly construction technologies. The aim 
of the present study is to systematically evaluate 
the effect of marble powder on the workability and 
compressive strength of concrete and optimize the 
utilization of MP in practical applications. 
 
Materials and Methods 
Materials 
Portland Cement (PC) is used as binding agent in 
this research work, and MP is used as SCM having 
the particle size of 75 µm. Besides, crushed stone 
was used as coarse aggregates having the size of 20 
mm while the river sand was used as fine aggregate 
which passed from 4.75 mm in sieve size. 
Superplasticizer was used as chemical admixture in 
this study. Additionally, potable water was utilized 
for mixing and curing of the concrete samples. 
 
Mix Proportions 
In this study, concrete mixtures with 0-20% 
replacement of PC with MP were used to find the 
ideal MP formulation. It was used a mix 
proportion of 1:1.5:3 and a water to cement ratio 
of 0.45. Table 1 presents the information of the 
mixture proportions and the required 
components for producing 1 m3 of concrete for 
each mix ratio. 
 

 
Table 1: Mix Design of MP modified Concrete 

Mix ID Binding Material (%) Quantity of Concrete Constituents (kg/m3) 

PC MP PC MP CA FA Water 
MP0 100 0 425 0 1275 638 192 
MP5 95 5 403.75 21.25 1275 638 192 

MP10 90 10 382.50 42.50 1275 638 192 

MP15 85 15 361.25 63.75 1275 638 192 
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MP20 80 20 340.00 85.00 1275 638 192 

 
Testing Procedure 
The slump test was performed on a number of 
fresh concrete mixtures with varying proportions 
of MP as a SCM in compliance with BS EN 12350-
2. In addition, the compressive strength was done 
on cubic specimen of 100 mm x 100 mm x 100 
mm with different proportions of Portland cement 
replaced by MP according to BS EN 12390-3. 
 
 
 
 
 

RESULTS AND DISCUSSION  
Slump Test 
It carried out to estimate the workability of green 
mixture with the use of MP as a SCM is presented 
in Figure 1. The best slump recorded for the 
control mix is 65 mm. The lowest slump reported 
is 26 mm with the integration of MP as a SCM in 
the mix at 20%. The slump of concrete shows to 
decrease with the addition of MP in the mix. The 
performance decreases because of the higher 
specific surface area of MP particles in comparison 
to PC, which means more water is retained as the 
quantity of MP in the concrete mix increases. 

 

 
Figure 1: Slump Test of MP modified Concrete 

 
Compressive Strength (CS)
Figure 2 displays the CS achieved on cubical 
concrete specimens with MP as a SCM. The 
optimum CS obtained is 37.80 MPa with 10% 
MP, and the minimum strength obtained is 26.70 
MPa with 20% MP as SCM in concrete after 28 
days. The investigational outcomes showed that 
the CS was improved with the accumulation of up 

to 10% MP. The fineness MP particle filled the 
micropores formed by the various components of 
concrete. But over this limit, strength starts to 
decrease as MP dilutes the cement, reducing the 
pozzolanic interactions of the concrete 
ingredients. 
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Figure 2: Compressive Strength of MP modified Concrete 

 
Conclusions 
The scientific evaluation demonstrates that the use 
of MP as SCM in concrete provides better results 
for the construction sector. The deductions of this 
inquiry are as follows: 
• In all the samples, the workability reduced 

with the addition of MP when compared to 
the CM. The reduction in workability is 
attributed to higher water absorption 
capacity of MP as a SCM than PC. 

• The optimum CS was 37.80 MPa for 10% 
MP and minimum strength was 26.70 MPa 
for 20% MP as SCM in concrete. Research 
indicates that the addition of up to 10% MP 
enhances the CS of concrete, which is 
associated to the fineness of MP that fills the 
micropores inside the material. 

• Test results indicate that the best strength is 
achieved with 10% MP concentration. 
Hence it is recommended for use in 
construction industry. 
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