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Abstract: The sudden increase in industrialization has reduced the availability of natural
building materials and triggered the growing awareness of sustainable practices within
the construction industry. The study presented here deals with marble powder, which
is one of the by-products obtained from the marble industry, as a cement replacement in
concrete mixtures. The main aims will be to investigate the impact of marble powder waste
materials on the mechanical properties of concrete and to promote the recycling of various
industrial wastes for environmental sustainability. Material testing was conducted with
the levels of substitution of marble powder for cement ranging from 0% to 50%, and the
resulting concrete was evaluated for compressive and tensile strength over different curing
periods. The results show that concrete compressive strength and tensile strength are most
efficiently improved when marble powder replacement is up to 10-15%, attaining its full
potential after 28 days. Beyond this replacement level of 15%, the mechanical properties
decrease, suggesting that higher substitution levels may not be effective. This paper
consolidates findings, provides a novel comparative analysis, and addresses key challenges
regarding the use of marble powder, providing room for the future industrial development
of supplementary cementitious materials (SCMs), eventually leading to sustainability in
the construction sector.

Keywords: concrete durability; waste materials; cement admixture; marble powder;
supplementary cementitious materials (SCMs)

1. Introduction

Rapid industrialization and infrastructure development over the last few decades
have tremendously reduced the availability of natural building materials. Over the last
decade, green and sustainable building materials have witnessed a significant increase in
attraction worldwide. The requirement for sustainability has gained further significance,
not only for present times but also for future growth of the construction industry, through
awareness being spread among participants about environmental concerns, apart from its
extensive utilization in construction.

Moreover, this development generates significant waste from industries, adversely
affecting the environment’s CO, emissions. One effective solution to these problems is to
seek methodologies that minimize the excessive use of natural materials. One such method
is the rational use of industrial waste in concrete mixes. Several industrial by-products can
serve as additives in concrete, with some of their properties coinciding with the primary
components of the mix [1-4].

Marble, a material that has been used since ancient times in construction, is processed
in many parts of the world, generating substantial amounts of waste and by-products. The
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mechanical properties of concrete, when combined with marble powder and limestone
waste, have shown improvements, offering greater sustainability for the industry. One
of the major problems is the disposal of waste from the marble industry, which poses
environmental challenges. For example, in Romania, approximately 100 tons of marble
powder slime waste is generated daily, leading to environmental pollution and potential
health risks [5].

In addition to its environmental impacts, this waste can also be repurposed. Marble
powder can be used not just as an admixture but also in the production of other building
materials, such as ceramic bricks [6,7]. Figure 1 illustrates the percentage of waste generated
by industrial marble processing, most of which is being dumped as rejected material. Net
marble gain refers to workable marble after processing, whereas quarrying, processing, and
polishing wastes refer to wastes left from these processes, which include irregularly shaped
pieces and fine marble dust or slurry. Often, 30% of the marble being processed ends up as
slurry waste; when dried, it contributes to dust pollution and displaces agricultural land,
rendering the land infertile. Additionally, the waste has caused detrimental conditions for
surrounding areas, contaminating surface and underground water reserves [7,8].

Polishing waste
5%

Processing waste
15%

Net marble gained
50%

Quarrying waste
30%

Figure 1. Percentage of waste generated by industrial marble processing [8].

Cement industries produce around 5% of the total man-made CO, emissions [9]. Inter-
estingly, concrete life cycle assessment (LCA) revealed the astonishing results that energy
consumption during the manufacturing of concrete is relatively high, i.e., 0.25 GJ /ton, as
compared to the mere extraction of raw materials, requiring only 0.13 GJ/ton. This can
be explained by the fact that raw materials such as gravel, sand, and water are readily
available. The production of cement, however, consumes much more energy, i.e., about
70%, or 1.18 GJ/ton. Replacing the waste marble powder at a rate of just 15% of the cement
will reduce energy consumption by approximately 1.05% [9,10].

Compressive strength, in most cases, is considered to be the most significant me-
chanical characteristic of cementitious construction materials. It is one of the most critical
parameters involved in the design of concrete structures. It is a measure of performance in
structural engineering, and it plays an imperative role in concrete structure design [11-13].
Several methods exist to determine the strength of concrete, and these methods are ap-
plicable in the fracture mechanics of concrete, helping to estimate its strength. Concrete
materials are well-known for their high compressive strength but relatively low tensile
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strength. In structural design, tensile loads are typically avoided in concrete structures due
to this limitation. However, tensile strength remains one of the key properties of concrete
and is essential for the safety of a structure [14,15].

This paper reviews marble powder as a cement replacement material, considering
its effect on the strength and sustainability of concrete, while exploring a wider range of
replacement levels, establishing that the 10-15% replacement level is most suitable for
enhancing the mechanical properties of concrete. It also discusses the reutilization of
marble waste, which equals “between 690,000 and 920,000 tons generated annually” [16],
reducing CO, emissions and hence, assisting in achieving sustainable development in the
construction arena. The review provides new insights into the mechanical performance and
long-term durability of marble powder concrete, thereby offering a more environmentally
friendly alternative for the industry.

Overall, this review provides a comprehensive, advanced, and up-to-date synthesis of
developments in the use of marble powder as a sustainable cement replacement in concrete,
specifically emphasizing its effects on compressive and tensile strength, workability, and
environmental sustainability. In addition to summarizing the state-of-the-art findings,
this review identifies key challenges in the field and offers possible solutions, while also
projecting future research trends and directions. By consolidating all relevant data and
insights into one document, this review serves as a valuable resource for researchers,
engineers, and policymakers aiming to advance sustainable construction practices.

The following are the primary contributions of this review paper:

o  Comprehensive Overview: this review consolidates the research and state-of-the-art
findings on the durability and mechanical characteristics of concrete made with marble
powder, including a broad spectrum of replacement levels (0-50%) and identifying
optimal substitution levels (10-15%).

e  Focus on Environmental Impact: the paper emphasizes the role of marble powder in re-
ducing carbon emissions and conserving natural resources, making a vital contribution
to green construction practices.

o Comparative Analysis: a novel aspect of this review is the comparative analysis
of results from multiple studies, providing clarity regarding compressive and ten-
sile strength trends, workability changes, and durability characteristics at different
replacement levels.

e  Addressing Challenges: this review identifies and discusses key challenges, including
the performance of marble powder concrete under extreme environmental conditions
(e.g., freeze—thaw cycles, sulfate-rich environments) and the variability of waste marble
powder properties.

e  Future Directions: the review projects future trends in research, such as the integration
of marble powder with other supplementary materials (e.g., fly ash, nano-silica)
and mix design optimization to strike a balance between sustainability, strength,
and workability.

1.1. Concrete Behavior and Sustainability

Siliceous limestone, aluminosilicate, or calcium aluminosilicate substances are supple-
mentary cementitious materials (SCMs), soluble or not, that replace a portion of clinker
in the manufacture of cement or a portion of cement in concrete mix. Many of the SCMs
used today are byproducts of different industries, e.g., fly ash is obtained from the electrical
generation industry. Some SCMs are naturally occurring minerals, whose processing costs
are much lower than those of Portland cement. As a rough example, Portland cement
clinker is approximately 3.5 GJ /t clinker in terms of thermal energy intensity [17].
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SCMs can be made from a variety of materials, including biomass ashes, industrial
byproducts, and raw and calcined natural minerals. Partially substituting SCMs for Port-
land clinker is one of the most popular and efficient strategies to lower cement production
costs and CO, emissions. Currently, an estimated 800 million tons of materials like fly
ash and blast furnace slag are utilized annually as SCMs. However, between 5 and 8%
of the world’s CO, emissions (see Figure 2) still come from the cement industry. Instru-
ments for evaluating the effects, energy usage, and CO, emissions of construction products
should meet international standards [18-22]. If no further action is taken, this share could
rise beyond 25% by 2050 [23]. The cement of the future, whether Portland or another
type, will be blended with residues from other industries. Currently, blended Portland
cement containing one or more SCMs already constitutes the majority of cementitious
binders produced. New SCMs will need to emerge as the demand for sustainable materials
grows with the development, application, and management of concrete life cycle analysis
(LCA) [24-28]. LCA methodology might be cumbersome to a non-expert; thus, there has
been a shift towards the use of simplistic tools such as the ecological footprint and carbon
footprint. These latter two are all emission accounting tools and thus, are easy to apply [29].
The increasing societal pressure for sustainable waste management and resource efficiency
in a more circular economy will continue to drive the expansion and diversification of
SCMs, both in combination with Portland cement and in other emerging cementitious ma-
terials. Since most SCMs are by-products of other processes, their quality has traditionally
been secondary to the efficiency of the primary industrial activity. This has often resulted
in suboptimal SCM quality and significant variability between sources over time [30,31],
sometimes preventing the use of environmentally friendly materials due to their practical,
technical, and economic impacts [32,33].
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Figure 2. Carbon cycle: CO; emissions and their sources.

SCMs can be classified as industrial waste materials [34]. Sustainability regarding the
built environment is based on important principles of resource conservation, life cycle cost,
and human-friendly design. Resource conservation utilizes the concept of the 3Rs (reduce,
reuse, and recycle), which are widely employed in the construction and manufacturing
industries [35]. The general chemistry of SCMs, except for fine limestone, which is not
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discussed further here, is characterized by a lower calcium content compared to that of
Portland cement [36].

1.2. Mechanical Testing of Concrete

The compressive strength test is by far the most common test carried out on concrete.
This mainly stems from the fact that the test is easy and relatively inexpensive to carry
out [37,38]. Depending on various testing standards, compressive concrete strength is
determined using different specimen geometries. Among others, the most used specimen
geometries are cylinders, possessing a slenderness ratio of two, and cubes. Most of the
studies investigate the effect of shape on compression strength, and some relationships
have been proposed, in most cases, using a technological approach. This idea often over-
shadows the fact that the failure of the specimen is directly correlated with the initiation
and spread of fracturing processes. Experimental findings consistently demonstrate that a
localized microcracked area forms during periods of high stress, which leads to specimen
failure [37,39,40].

Brittle fracture theory states that the largest crack perpendicular to the applied load is
what causes a specimen to fail. Since the occurrence of such a crack is a stochastic problem,
the specimen’s strength is influenced by its size and shape. Larger specimens are more
likely to contain critical cracks, increasing the probability of failure initiation [41]. In the
case of concrete, the energy released during the initiation of cracking may be insufficient to
sustain crack propagation; it can be obstructed by a large pore or a more malleable material,
which requires greater energy to break [42].

Flexural strength is crucial for assessing concrete durability and performance under
load. Ref. [43] highlights that incorporating marble dust (MD) as a cement replacement
enhances flexural strength by 7.8% at an optimal 6% replacement level due to its filling
effect. Granite dust (GD) performs even better, with a 10.7% improvement at the same
replacement level, attributed to its pozzolanic activity. Nano alumina (NA) significantly
enhances flexural strength, achieving an 11.7% increase at a 1% addition by refining pores
and accelerating hydration. Combining additives, such as 6% GD + 1% NA, results in the
highest improvement of 13.6%, demonstrating synergistic effects. The potential of marble
powder and supplementary materials to enhance concrete’s mechanical properties while
promoting sustainable construction practices is high.

Tensile strength is one of the most important material parameters in concrete structure
analysis. Often, it is determined from either a direct pull test or a splitting tensile test.
Although the concept of both tests is extremely simple, they proved to be quite complicated
to perform in a manner that would yield trustworthy findings, regardless of specimen size
and boundary circumstances. Traditionally, cylindrical specimens of 300 mm in length and
150 mm in diameter are used to perform the splitting tensile test, also known as the Brazilian
test. The utilized dimensions are appropriate for the preparation of representative test
samples of almost all the fiber-reinforced concrete mixtures. However, this splitting tensile
test, as with the direct tension tests, also has several disadvantages. Another disadvantage
of the direct tension tests is that they do not provide suitable data concerning post-crack
behavior. The tensile strength in the splitting tensile test measures only tensile strength;
in the case of normal-strength concrete, the tensile strength obtained via this test usually
yields an actual uniaxial tensile strength of the material about 10-40% higher than the
results of other tests [44].

1.3. Particle Size Influence on Mechanical Properties

The particle size distribution and shape of WMP significantly influence the mechanical
properties and performance of concrete [45] in the following ways:
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e  Smaller particles enhance the packing density by filling voids, resulting in improved
strength, durability, and reduced permeability.

e  Angular particles provide better mechanical interlocking, enhancing structural integrity.

o Rounded particles improve the flowability and workability of the concrete mix.

e  Optimal replacement ratios, typically, below 15% replacement, maintain compres-
sive, tensile, and flexural strengths, while higher ratios increase porosity and reduce
performance [45].

e  Fine particles accelerate the hydration process due to their larger surface area, promot-
ing the formation of dense, crystalline microstructures.

e Balanced particle size distributions improve density, reduce shrinkage, and enhance
resistance to cracking.

2. Marble Powder

Marble is predominantly composed of calcium carbonate (CaCO3); the marble charac-
teristics shown in Table 1. The extraction and processing of marble for various applications
generate substantial waste. Mining techniques, particularly blast mining, contribute signifi-
cantly to this waste stream. Two primary types of waste are generated [46], as follows:

e  Disintegrated rocks—large fragments and chunks of marble resulting from the blasting
and excavation process.

e  Fine-grained powder—produced during the various stages of marble processing, such
as cutting, shaping, and polishing, resulting in a significant amount of fine marble dust.

Table 1. Marble characteristics.

Physical Appearance
Color White
Form Powder
Odor Odorless

2.1. Environmental Challenges of Marble Waste Disposal

The construction and manufacturing industries generate significant amounts of marble
waste, primarily in the form of dust and small chips. This waste often ends up in landfills,
contributing to environmental pollution and resource depletion [47]. The disposal of marble
waste poses several environmental challenges:

e Landfill space: landfills are rapidly filling up, and the disposal of large volumes of
marble waste exacerbates this problem.

e  Water pollution: leachate from landfills containing marble waste can contaminate
groundwater and surface water, harming aquatic ecosystems.

e  Air pollution: dust from uncovered marble waste piles can be carried by wind, con-
tributing to air pollution and respiratory problems.

e  Resource depletion: marble is a finite natural resource, and its extraction and process-
ing can have significant environmental impacts.

2.2. Sustainability Goals of the Construction Industry
The construction industry is increasingly focused on sustainability, aiming to minimize
its environmental impact and conserve natural resources [48]. Key sustainability goals
include the following:
e  Reducing carbon emissions: cement manufacture, a key ingredient in concrete, uses a
lot of energy and produces a lot of greenhouse gas emissions [49].
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e  Minimizing waste production: debris from building and demolition is among the
enormous volumes of garbage produced by the construction sector. Reducing waste
production is crucial for sustainability [50].

e  Promoting resource efficiency: utilizing recycled and reclaimed materials, such as
marble waste, may lessen the negative effects of building on the environment and aid
in the conservation of natural resources [51].

2.3. Marble Powder as a Sustainable Cement Substitute

Researching the use of marble powder as a cement alternative is crucial given the
environmental issues associated with disposing of marble waste and the building industry’s
sustainability objectives. In concrete, marble powder, a fine-grained substance produced
by grinding marble, can partially substitute cement [52]. Marble composition is shown in
Table 2. This strategy has several possible advantages:

e  Waste reduction: using marble waste in construction applications can significantly
reduce the amount of waste sent to landfills [53].

e Reduced carbon emissions: replacing cement with marble powder can lower the
carbon footprint of concrete production [54].

e Improved material properties: in some cases, the addition of marble powder can
enhance the strength and durability of concrete [55].

2.4. Cost-Efficiency and Eco-Efficiency of Marble Powder

The use of marble powder as a cement replacement offers potential economic and
environmental benefits, aligning with sustainable construction practices [56].

2.4.1. Cost-Efficiency:
Reduced Material Costs:

e By partially replacing cement with marble powder, construction projects can poten-
tially lower material costs [57].

e  Marble powder can be significantly cheaper than Portland cement, especially when
sourced locally from waste streams.

Waste Reduction and Disposal Costs:

e  Utilizing marble waste as a construction material diverts it from landfills, reducing
the associated disposal costs.

e  Utilizing marble waste as a construction material can also lead to lower environmental
impact fees and fines associated with waste disposal.

2.4.2. Eco-Efficiency
Reduced Carbon Footprint:

e  Cement production is highly energy-intensive and a major source of greenhouse gas
emissions [58].

e Reducing cement consumption by incorporating marble powder can significantly
lower the carbon footprint of concrete production [7].

Resource Conservation

e  Utilizing waste marble powder conserves natural resources by reducing the demand
for virgin materials [59].

Waste Minimization

e By effectively utilizing waste materials, A more circular economy can be adopted by
the construction sector, minimizing waste generation and promoting resource recovery.
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Table 2. Marble chemical composition.

SiOz A1203 Fe203 CaO MgO NaZO SO3 LOI [Ref.]
28.35 0.42 9.7 - 16.25 - - - [60]
0.67 0.49 0.2 53.79 0.71 - 0.09 43.72 [61]
4.99 1.09 1.09 32.23 18.94 0.63 0.02 10.63 [62]
0.94 - 0.46 - - - - [63]
0.8 0.1 0.2 58.1 0.1 - 0.1 - [64]
62.48 18.72 6.54 4.83 2.56 - - 0.48 [65]
0.48 0.17 0.12 55.09 0.4 0.2 0.06 43.48 [66]
28.35 0.42 9.7 40.45 16.25 - - - [67]
8.38 0.67 0.65 61.83 14.36 0.6 0.33 13.02 [68]
4.99 1.09 1.09 32.23 18.94 0.63 0.02 40.63 [69]
- 0.7 0.33 51.49 0.36 0.19 0.1 44.6 [70]
1.29 0.39 0.78 52.46 0.54 - - - [71]
- - 0.67 55.45 - - - 43.58 [72]

3. Literature Review

In the work of Anitha Selvasofia et al. [60], wet marble sludge was dried and sieved
through a 1 mm sieve for use as fine sand in concrete. Marble powder replaced fine
aggregates at rates of 0%, 10%, 20%, 30%, 40%, and 50% by weight, with a constant
water/cement ratio of 0.5. The mix included 43-grade Portland cement, with fine and coarse
aggregates, and was tested using 150 x 150 x 150 mm cubes, 150 mm diameter x 300 mm
height cylinders, and 500 x 100 x 100 mm prisms. Optimal results were achieved at 10%
marble powder replacement, with compressive strength increasing by 15.04% at 7 days and
split tensile strength by 30.73% at 14 days. Beyond 10%, the mechanical properties declined
due to water scarcity and finer particle size. Workability improved by 14.28% at 10%
but dropped by 33.33% at 50%. The study highlighted the benefits of marble powder for
mechanical performance, sustainability, and cost-effectiveness up to 10%, with diminishing
returns at higher replacement levels.

In the work of Rashid Ali Kanhar et al. [61], locally sourced fine and coarse aggregates
were oven-dried, and marble powder partially replaced cement at rates of 5% and 10%
by weight. A constant water/cement ratio of 0.48 was maintained, using CEM I cement,
fine aggregates (<4.75 mm), and coarse aggregates (4.75-20 mm). M30 concrete was tested
using 150 x 150 x 150 mm cubes for compressive strength (BS EN 12390-3) [73] and
50 x 10 x 10 cm prisms for flexural strength (BS EN 12390-5) [74]. The results showed that
marble powder improved workability and enhanced compressive and flexural strength
at 90 days, with compressive strength increasing by 16.65% (5%) and 17.27% (10%), and
flexural strength by 12.54% (5%) and 1.14% (10%), respectively. The 5% replacement yielded
the best early and long-term performance, while replacements above 10% reduced strength
gains. Marble powder acted as a low-level superplasticizer, improved long-term mechanical
properties, and offered environmental and economic benefits by reducing cement use
and waste disposal. However, early strength reductions were noted, warranting further
durability studies.

Marco Lezzerini et al. [75] used marble powder as a partial replacement for Port-
land cement in mortar mixes at rates of 5%, 10%, 15%, 20%, and 25%, with a constant
water/cement ratio of 0.5. The mix included standardized sand, demineralized water,
and a superplasticizer (MasterGlenium SKY 698). Marble powder was dried for 48 h
before use, and mortar specimens (40 x 40 x 160 mm) were tested according to European
standards (EN 933-1 [76], EN 933-2 [77], EN 15801 [78], EN 13755 [79], EN 1015-10 [80],
EN 1015-11 [81], and EN 12504-4 [82]). The results showed a reduction in compressive
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strength, with the highest drop at 25% replacement (43.3 MPa, a 26.1% decrease from the
reference 58.6 MPa). Strength loss began at 15% (49.8 MPa), but values remained acceptable
up to 20%. Water absorption increased slightly from 4.6% to 5.5%, indicating reduced
durability at higher replacement levels. Despite mechanical and durability limitations,
marble powder contributed to environmental sustainability by reducing waste and CO,
emissions, offering economic benefits through waste reuse. Further improvements are
needed for broader applications.

In the study by Ashish Shukla and Nakul Gupta [62], marble dust powder partially
replaced cement in M25 and M30 grade concrete at 0%, 5%, 7.5%, 10%, 12.5%, 15%, and
20%, with a constant water/cement ratio. The mix included 43-grade OPC, river sand, and
coarse aggregates (10 mm and 20 mm). Compressive and split tensile strength tests were
conducted on cubes and cylinders after 7, 28, and 56 days of curing. The results showed
that compressive strength improved for up to 10% replacement, reaching 37.16 MPa (M25)
and 43.97 MPa (M30) at 56 days. Beyond 10%, the strength declined, dropping to 29.57 MPa
(M25) and 35.80 MPa (M30) at 20% replacement. Split tensile strength followed a similar
trend, peaking at 4.85 MPa (M25) and 4.72 MPa (M30) at 10% replacement. While 10%
marble dust provided optimal strength improvements, higher replacement levels reduced
workability. The study highlighted the environmental benefits, such as reduced cement use
and CO, emissions, and economic advantages, but noted challenges regarding workability
and performance at replacement rates above 10%.

Vijayvenkatesh Chandrasekaran [83] investigated the partial replacement of cement
with marble powder in M20-grade concrete at rates of 20%, 30%, and 40%. The study found
that 30% replacement yielded optimal compressive strengths of 15.54 N/mm? (7 days),
25.56 N/mm? (14 days), and 31 N/mm? (28 days), while 40% replacement resulted in lower
strengths. Split tensile and flexural strengths also peaked at 30% replacement, with values
of 4.20 N/mm? and 10.50 N/mm?, respectively, at 28 days. Beyond 30%, the strength
properties declined significantly, indicating weaker mixes. Marble powder improved
workability and promoted environmental sustainability by utilizing industrial waste. The
concrete mix had a fixed water/cement ratio of 0.52, with specific gravities of 2.62 (marble
powder), 2.55 (fine aggregate), and 2.78 (coarse aggregate), respectively. The study con-
cluded that marble powder can replace up to 30% of cement without compromising the
mechanical properties, offering economic and ecological benefits.

Gopi, R. et al. [84] used marble powder (MP) as a partial cement replacement in M30-
grade concrete at 0%, 5%, 10%, 15%, 20%, and 25%, with a constant water/cement ratio
of 0.45. The mix included river sand, blue granite jelly (max. 20 mm), and potable water.
The cement content was reduced from 426.67 kg/m3 (control) as the MP increased. The
specimens (150 mm cubes, 150 x 300 mm cylinders, and 100 x 100 x 500 mm beams) were
tested. The results showed that up to 15% MP replacement improved compressive strength
by 14.53% and tensile strength by 14.25% after 28 days, with peak values of 44.62 N/mm?
(compressive) and 5.13 N/ mm? (tensile). Flexural strength peaked at 6.28 MPa. Beyond
15%, the workability and strength declined, with mix consistency becoming problematic.
The study highlighted the enhanced mechanical properties, durability, and environmental
benefits due to reduced cement use, but noted reduced workability at higher MP levels.
The findings support MP as a sustainable and economical cement substitute in rates of up
to 15%.

Dr. B. Krishna Rao [85] investigated the use of waste marble powder as a partial cement
replacement in normal compacting concrete at 0%, 5%, 10%, 15%, and 20%, with a constant
water/cement ratio of 0.46. The mix included 53-grade OPC, river sand, and 20 mm crushed
granite. Specimens (150 mm cubes, 150 x 300 mm cylinders, and 100 x 100 x 500 mm
prisms) were tested. The results showed that up to 10% replacement improved compressive



Sustainability 2025, 17, 736

10 of 28

strength by 2.81% (7 days), 2.92% (28 days), and 4.58% (56 days). Split tensile strength
increased by 0.43% (7 days), 11.6% (28 days), and 5.6% (56 days), while flexural strength
rose by 11.22%, 20%, and 14.8% over the same periods. Workability increased with marble
powder content, peaking at 20%, but mechanical properties declined beyond 10%. At 15%
and 20% replacement, compressive strength decreased by 1.28% and 5.069% (7 days), and
split tensile strength dropped by 15.51% and 24.56%, respectively. The study concluded
that 10% replacement optimized strength and durability, offering environmental benefits
through waste reuse, but higher replacements led to strength loss.

A. Dhanalakshmi and M. Shahul Hameed [86] tested concrete mixes with partial
replacement of sharp sand withff marble dust powder (MDP) at 0%, 5%, 10%, 15%, and
20%, using a fixed water/cement ratio of 0.45. The optimal replacement level was 15%,
for which compressive strength at 28 days increased by 54.5% (from 22 MPa to 34 MPa)
and split tensile strength rose by 12% (from 3.54 MPa to 3.97 MPa). Workability, measured
by slump tests, peaked at 25 mm with 15% MDP. Mix 4 (15% MDP) showed the highest
modulus of elasticity (29.15 GPa), indicating improved mechanical properties. The use
of MDP also reduced marble waste disposal issues, enhancing sustainability. Beyond
15%, strength properties declined, suggesting 15% as the optimal replacement level for
performance and environmental benefits.

Amit Kumar Sharma et al. [63] partially replaced cement with marble dust powder
(MDP) at 0%, 5%, 10%, 15%, and 20% in self-compacting concrete (SCC), maintaining a
constant water/cement ratio. The mix included 43-grade OPC, river sand, 10 mm and
20 mm coarse aggregates, and potable water. The specimens (150 mm cubes for compressive
strength and 150 x 150 x 500 mm beams for flexural strength) were cured for 7, 14, and
28 days and tested according to Indian Standards (IS 456-2000 [87], IS 516-1959 [88], IS
8112-1989 [89], IS 10262:2009 [90], IS 12269:2013 [91]). The results showed that 10% MDP
replacement optimized compressive strength, increasing it by 17% (from 24.45 N/mm?
to 28.65 N/mm?) at 28 days, with marginal flexural strength improvement. Beyond 10%,
compressive strength dropped to 21.05 N/mm? (15%) and flexural strength to 3.00 N /mm?.
Workability remained unaffected. The study concluded that MDP enhances mechanical
properties and reduces waste and costs at up to 10% replacement, but higher percentages
negatively impact performance.

Animesh Mishra et al. [64] replaced cement with marble dust in concrete at rates of
0%, 2.5%, 5%, 7.5%, and 10%, with a w/c ratio of 0.46. The mix included 43-grade OPC,
sand, aggregates, and potable water, with a proportion of 1:1.5:3 (cement-sand-aggregate).
Compressive strength tests were conducted on 150 mm cubes, showing a 39% increase at
10% replacement (39.89 N/mm? at 28 days) compared to the results for the control. Flexural
strength also improved incrementally up to 10% replacement. Beyond 10%, the strength
began to decline. The study concluded that marble dust enhances mechanical properties
up to 10%, reduces waste, conserves resources, and mitigates environmental degradation.

G. AshaLakshmi and P. Sai Pravallika [92] studied the effects of partially replacing
cement with metakaolin and marble dust in concrete mixes at rates of 5%, 7.5%, 10%, 12.5%,
and 15%, maintaining a water/cement ratio of 0.45. The mix included 53-grade OPC, local
sand, and 20 mm coarse aggregate. Optimal results were achieved at 10% replacement
for both materials, with compressive strength reaching 41.28 MPa at 28 days (compared
to 33.67 MPa for the control). Split tensile strength (4.73 MPa) and flexural strength also
peaked at 10%, alongside improved workability. Beyond 10%, all properties declined.
The study concluded that 10% replacement optimizes mechanical performance, offering
economic and environmental benefits, while higher percentages reduce effectiveness.

Md Mahboob Ali and Prof. S. M. Hashmi [65] investigated the replacement of cement
with MP (5%, 10%, 15%, 20%) and sand with stone dust (10%, 20%, 30%) in grade M30
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concrete, with a w/c ratio of 0.39. The mix included 491 kg cement, 512.62 kg fine aggregate,
and 1186 kg coarse aggregate. The specimens (150 mm cubes, 150 x 300 mm cylinders, and
prisms) were tested for mechanical and environmental performance. The results showed
that 10% marble powder replacement optimized compressive strength (14.14% increase),
split tensile strength (19.61% increase), and flexural strength (10.73% increase). Beyond
10%, the strength declined and workability decreased, requiring the addition of extra water.
The study concluded that the rates of 10% marble powder and 20% stone dust were optimal,
offering environmental benefits but posing challenges in regards to workability at higher
replacement levels.

In this study [66], marble dust powder (MDP), sieved through 90-micron mesh, was
used to partially replace cement at rates of 5%, 10%, 15%, and 20%, with a constant
water/cement ratio of 0.43. The mix included fine river sand and coarse aggregates
(60% 20 mm, 40% 10 mm). The cement content decreased from 445.58 kg to 356.46 kg at
20% replacement, while fine and coarse aggregates remained unchanged. The specimens
(cubes, 150 x 300 mm cylinders, and beams) were tested for compressive, split tensile, and
flexural strength. The results showed that compressive strength increased by 8.05% at 10%
replacement (35.85 MPa at 28 days), while split tensile and flexural strength peaked at
15% replacement (9.21% and 7.5% increases, respectively). Beyond 15%, these properties
declined. The study concluded that MDP improves mechanical properties and reduces
environmental impact at rates of up to 10-15% replacement, but workability decreased
with higher MDP content, leading to stiffer mixes.

Chandrakar and Singh [93] studied the effects of replacing cement with marble dust
powder at 5%, 10%, 15%, 20%, 25%, and 30% in M-20 grade concrete. The mix included
Portland pozzolana cement, crushed granite (max. 20 mm, specific gravity 2.64), natural
sand, and water. Cubes of 150 mm in size were cast and tested for compressive strength at
7 and 28 days. The results showed that 10% replacement yielded the highest compressive
strength (29.92 N/ mm? at 28 days, up from 24.73 N/ mm? for the control). Beyond 10%, the
strength declined, dropping to 18.07 N/mm? at 30% replacement. The study concluded
that 10% replacement optimized compressive, split tensile, and flexural strengths, while
higher replacements reduced mechanical performance and workability, increasing water
demand. The environmental benefits included reduced cement consumption, improved
sustainability, and cost savings.

Majeed et al. [94] used waste marble powder (WMP) to replace cement at rates of 0%,
5%, 10%, 15%, and 20% by weight in concrete mixes with a constant water/cement ratio
of 0.45. The mix proportion was 1:1.5:3, using ordinary Portland cement, river sand, and
coarse aggregates. The specimens (beams and cylinders) were tested for their destructive
and non-destructive properties. The results showed that 10% WMP replacement yielded
the highest compressive strength (31.8 MPa at 28 days, a 25.6% increase over the control
at 25.3 MPa). Workability decreased with a higher WMP content due to increased water
absorption, although finer WMP particles improved concrete compactness. Beyond 10%,
compressive, tensile, and flexural strengths declined due to weaker cement paste bonding.
The study highlighted the environmental benefits, such as reduced cement use and waste
recycling, but noted challenges regarding workability and strength at replacements levels
above 10%.

Sharma et al. [95] used OPC-53 cement, local river sand, marble dust, and stone
aggregates to prepare concrete. Marble dust partially replaced cement and fine aggregate
at 5%, 10%, and 15%, with a constant water/cement ratio of 0.5. The control mix (M-25)
had a proportion of 1:1:2. Compressive strength tests conducted on cubes over 3, 7, 14,
21, and 28 days showed that 5% and 10% cement replacement increased the strength,
peaking at 23.72 N/mm? (5%) at 28 days, while 15% replacement decreased the strength to
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19.28 N/mm?. When marble dust replaced fine aggregates, compressive strength peaked
at 30.64 N/mm? (15% replacement). Workability, tested via slump, improved slightly
(55 mm to 65 mm) with higher marble dust content. The study concluded that marble
dust enhances the mechanical properties within a certain threshold, offering economic and
environmental benefits by reducing cement use and solid waste disposal. However, the
mechanical properties declined at higher replacement levels.

Shirule et al. [96] studied MP as a cement replacement in concrete and mortar at rates
of 5% to 15%, with a water/cement ratio of 0.5. The mix included cement, coarse and
fine aggregates, and water. The specimens (150 mm cubes and 150 x 300 mm cylinders)
were tested, showing significant improvements in mechanical properties, i.e., compressive
strength increased by 10% (10% replacement), split tensile strength by 5%, and flexural
strength by 7%. Workability decreased with higher marble powder content, especially
beyond 15%, where the benefits diminished. The study highlighted the environmental
advantages, such as reduced cement consumption and waste, but noted challenges in
maintaining optimal workability. Durability, particularly resistance to sulfate attacks,
improved, offering economic benefits through material cost savings.

Pal et al. [97] replaced cement with marble dust powder at rates of 0%, 5%, 10%, 15%,
20%, 25%, and 30% in M20-grade concrete, with a constant water/cement ratio of 0.5. The
mix included fine and coarse aggregates (specific gravities 2.64 and 2.81) and followed a
1:1.5:3 proportion. The specimens (150 mm cubes and 150 x 300 mm cylinders) were tested.
The results showed that up to 10% replacement improved compressive strength by 8.54%
(7 days) and 12.84% (28 days), and split tensile strength by 15.55% and 17.95%, respectively.
Beyond 10%, compressive strength dropped by 36.23% at 30% replacement. The study
concluded that marble dust optimized the mechanical properties and durability at optimal
levels, offering economic and environmental benefits. However, higher replacements
reduced workability and strength.

Vaidevi C. [67] studied marble dust as an additive in cement concrete, replacing
cement at rates of 5%, 10%, 15%, and 20%, with a water/cement ratio of 0.47. Tests for
compressive and tensile strength were conducted at 14 and 28 days. The results showed
that 10% replacement yielded the highest compressive strength (38.17 MPa at 28 days),
while higher replacements (15%, 20%) led to strength loss. Tensile strength also peaked
at 10% (2.5 MPa). Marble dust improved workability, reduced environmental impact,
and saved cement (at a rate of 1 bag per 10 bags). However, the drawbacks included
reduced mechanical properties at higher replacement levels and variability in durability
with curing time.

Singh et al. [98] replaced cement with marble powder at rates of 10%, 15%, 20%, and
25%, using water-to-binder ratios of 0.35, 0.40, and 0.45. The mix included crushed basalt
(coarse aggregate), crushed sand (fine aggregate), and Glenium B233 superplasticizer for
workability. The specimens were tested for long-term compressive, tensile, and flexural
strength, water permeability, abrasion resistance, and sorptivity. The results showed that
15% replacement increased compressive strength by 4.6% (28 days), tensile strength by
6%, and reduced water permeability and sorptivity by 4%, enhancing durability. How-
ever, higher replacements reduced mechanical performance, with up to 20% compressive
strength loss. The study concluded that 10-15% marble powder replacement optimized
strength and durability, while higher percentages adversely affected concrete properties.

Zhang et al. [68] studied the effects of silica fume (SF) and waste marble powder (WMP)
on the mechanical and durability properties of cellular concrete. The mix included Portland
cement, SF (0-10%), WMP (5-20%), coarse aggregate (<10 mm), fine river sand, and a
polycarboxylate superplasticizer, with a constant water /binder ratio of 0.33. The specimens
(150 x 150 x 150 mm cubes) were tested. The results showed that 10% SF and 5% WMP
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yielded optimal mechanical properties, with compressive strength increasing by 19.8%
(56.14 MPa) and splitting tensile strength by 20%. Higher WMP replacements reduced
strength due to lower calcium compound levels. Durability improved, with reduced water
absorption and enhanced sulfate resistance at 10% SF and up to 20% WMP, but declined at
higher percentages. The study highlighted the environmental and economic benefits, such
as industrial waste utilization and sustainability, while maintaining mechanical strength.

Chavhan and Bhole [69] added marble powder to sand in M25-grade concrete at
replacement levels of 0% to 50%, with a constant water/cement ratio of 0.45. The mix
included cement (specific gravity 3.15), marble powder (specific gravity 2.84), fine aggre-
gates, and coarse aggregates. The specimens (150 mm cubes and cylinders) were tested.
The results showed that up to 45% replacement, compressive strength increased by 20.6%
(34.08 N/mm? at 28 days), and split tensile strength reached 5.86 N/mm?, with improved
workability and mechanical properties. Beyond 45%, the strength slightly declined, and at
50%, the properties decreased, highlighting challenges regarding workability and durability.
The study concluded that marble powder offers environmental and economic benefits at
optimal replacement levels but poses limitations at higher percentages.

Rishi and Aggarwal [99] studied the partial replacement of fine aggregate and cement
with waste marble powder (WMP) in M25-grade concrete, using a water/cement ratio of
0.43. The mix included 43-grade OPC, fine aggregate, and WMP. Four mixes were prepared,
i.e., 10% sand replacement, 10% cement replacement, and 20% WMP (10% sand + 10%
cement). Flexural and split tensile strengths were tested at 7 and 28 days. The results
showed that 10% WMP replacement (cement or sand) improved flexural strength by 5%
(sand) and 2% (cement), and split tensile strength by 12% and 11%, respectively. However,
20% replacement caused an 11% reduction in both strengths. The study concluded that
10% WMP replacement optimized mechanical properties, while higher replacements led to
strength loss.

Sounthararajan and Sivakumar [70] partially replaced cement with marble powder in
concrete at rates of 0% to 15%, with a water/cement ratio of 0.3 and a fine/cement ratio
of 0.6. The mix included OPC, river sand, 20 mm coarse aggregate, and a polycarboxylic
ether-based superplasticizer. The results showed that 10% replacement increased compres-
sive strength by 12% (49.3 MPa at 28 days), split tensile strength by 24.29% (4.35 MPa),
and flexural strength by 16.9% (4.21 MPa). Beyond 10%, the strength declined, with the
lowest strength noted at 15%. Workability decreased with higher marble powder content,
requiring the addition of superplasticizers. The study concluded that 10% marble powder
replacement optimized mechanical properties, without compromising workability.

Latha et al. [100] used 53-grade OPC, river sand, and 20 mm coarse aggregate, with
waste marble powder (WMP) sieved to a size of 90 microns as a cementitious material. The
water/cement ratio varied from 0.41 to 0.53 for the M20, M30, and M40 concrete grades.
WMP replaced cement at 0%, 5%, 10%, 15%, and 20%, and the specimens (cubes, cylinders,
prisms) were tested after 7 and 28 days of curing. The results showed that up to 10% WMP
improved compressive, tensile, and flexural strengths, with compressive strength peaking
at 38.36 MPa (M20) and flexural strength at 5.17 MPa (15% replacement). Beyond 15%, WMP
acted as an inert filler, reducing strength. The study highlighted the improved mechanical
properties, workability, and durability up to 15%, along with environmental benefits like
reduced costs and pollution. However, higher replacements led to strength loss.

Ofuyatan et al. [71] used OPC 42.5 grade, sharp sand, 12.5 mm granite, and potable
water, with marble dust powder replacing sand at rates of 0%, 15%, 25%, and 35%. The mix
proportion was 1:2:4, and 36 cubes (150 x 150 x 150 mm) were tested. The results showed
that 25% replacement improved workability (25 mm slump) and increased compressive
strength by 11% (32.8 MPa at 56 days) and split tensile strength by 17.95% (28 days). The
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study concluded that 25% marble dust replacement optimized mechanical performance,
offering sustainability and cost benefits. However, replacements above 25% reduced
compressive strength.

Ghani et al. [72] investigated the replacement of sand with waste marble powder
(WMP) in concrete at rates of 0%, 20%, 40%, 60%, and 80%, with a constant water/cement
ratio of 0.62 (ASTM). The results showed that workability and bulk density decreased with
WMP, while compressive strength increased up to 40% replacement (45% improvement
at 70 days) but declined thereafter. Split tensile strength improved slightly at 20% but
decreased at higher replacement rates. Water permeability decreased consistently up to
60% WMP, enhancing durability, but increased slightly at 80%. The study highlighted
the environmental benefits and improved compressive strength and durability with the
addition of WMP, although higher replacement levels reduced workability and strength.

Khodabakhshian et al. [101] prepared 16 concrete mixes with varying percentages
of marble waste powder (MWP: 0%, 5%, 10%, 20%) and silica fume (SF: 0%, 2.5%, 10%,
15%), maintaining a water/binder ratio of 0.45. The mix included crushed gravel, river
sand, polycarboxylate ether superplasticizer, and water, designed as per ACI 211.1. The
specimens (100 mm cubes and cylinders) were tested at various intervals. The results
showed that 5% MWP and 10% SF improved compressive strength by 18.5% at 56 days,
while tensile strength increased by 12-17% with moderate replacements. Higher MWP
percentages reduced strength and workability. The study concluded that 5-10% MWP and
10% SF optimized mechanical properties, durability, and environmental benefits, balancing
strength, workability, and cost-effectiveness.

Table 3 summarizes the key findings for marble powder subjected to freeze-thaw cycles,
high-temperature exposure, and acid resistance conditions from several research papers.

Table 3. Key findings for a unique state of marble powder under freeze-thaw, high-temperature, and
acid resistance conditions.

Major Findings

Discussion and Results Advantages and Limitations [Ref.]

Splitting tensile strength increase:

8.33-13.9%

Water absorption reduction:
~20.34%
Abrasion loss reduction:
7.9-14.8 cm3/50 cm?

Freeze-thaw mass loss reduction:

0.34-0.57 kg/m?

Advantages:

Improved durability: the use of marble powder
and Ahlat stone powder in concrete paving stones
improved durability and freeze-thaw resistance.
Sustainable waste utilization: the study
demonstrated the effective use of waste materials
(marble powder and Ahlat stone powder) in
construction, reducing environmental pollution.

The study explored using marble Enhanced mechanical properties: the special
powder as a full replacement for curing method increased splitting tensile strength,
aggregates in interlocked paving stones.  reduced water absorption, and improved abrasion
Results showed that marble-based resistance.
stones displayed better mechanical Cost-effectiveness: the use of locally available
properties, such as higher tensile waste materials reduced production costs.
strength and lower water absorption, Limitations:
compared to those of traditional Abrasion loss: compared to paving stones that [102]
concrete. A special curing method underwent conventional water curing, those that
further improved durability and underwent combination curing displayed a greater
freeze—thaw resistance. The findings abrasion loss, indicating potential surface damage
highlight marble powder as a over time.
sustainable construction material, Freeze-Thaw resistance: while freeze-thaw
offering an eco-friendly solution to resistance improved, the mass loss was higher for
reduce marble waste pollution. some mixes, especially at higher temperatures
(above 400 °C).

Limited application: the study focused on paving
stones, and the findings may not directly apply to
other structural concrete applications.
Long-term durability: The long-term performance
of the paving stones under extreme weather
conditions and heavy traffic requires further
investigation.
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Table 3. Cont.

Major Findings

Discussion and Results

Advantages and Limitations

[Ref.]

Compressive strength: Marble dust
and foundry sand can replace up to
10% of cement and fine sand,
respectively, improving
compressive strength by 10.7% at
ambient temperature (29 °C). At
temperatures as high as 400 °C,
strength increased by 21.5%
(annealing) and 16.3% (quenching).
However, strength decreased by
52.5-54.8% at temperatures above
600 °C.

Flexural strength: Flexural strength
increased by 12.7% (annealing) and
15.6% (quenching) at 400 °C with
5-10% replacement. It decreased by
40-51.7% at temperatures above
600 °C.

Tensile strength: Tensile strength
increased by 31.1% (annealing) and
16.9% (quenching) at 400 °C with
10% replacement. It decreased by
52.5-53.3% at temperatures above
600 °C.

Elastic modulus: static and dynamic
elastic moduli decreased
significantly at 1000 °C, with
reductions of 77.4-86.9% and
76-94.1%, respectively, for marble
dust and foundry sand concrete.
Water absorption: water absorption
increased by three times at 1000 °C,
indicating rapid degradation due to
the formation of large voids.
Mass loss: mass loss was minimal
up to 400 °C, but elevated by 40.7%
at 600 °C and beyond due to water
evaporation and void formation.
Ultrasonic pulse velocity (UPV):
UPV decreased with rising
temperatures but remained above
3.2 km/s up to 600 °C, indicating
acceptable concrete quality.

The study demonstrated that replacing
up to 10% of cement, fine sand, marble
dust, and foundry sand improved the
mechanical properties of concrete at
temperatures of 400 °C or higher. But
above 400 °C, the concrete degraded
rapidly, especially with higher
replacement levels (15-20%). The
degradation was attributed to the
collapse of the C-S-H gel, the formation
of voids, and the evaporation of
chemically bound water. Quenching
caused more significant strength loss
compared to annealing due to thermal
shock and rapid cooling. The findings
suggest that marble dust and foundry
sand can be used as sustainable
materials in concrete, but their
performance is limited at high
temperatures.

Advantages:

Improved compressive strength and sorptivity
when blending OPC with marble dust (MD) and
fine kaolinite sand (FKS).

Enhanced resistance to sulfuric acid attack,
especially with 10% MD.

Sustainable use of industrial waste (MD and FKS)
reduced environmental pollution.
Formation of denser microstructures and
secondary hydration products improves durability.
Limitations:

Reduced resistance to acetic acid attack, especially
after 6 months of immersion.

Blends with both MD and FKS showed lower
resistance to acid attack due to reduced calcium
hydroxide (CH) content.
Performance under acidic conditions is not fully
optimized, requiring further research.

[103]

Compressive strength: Blending
OPC with 5-20% marble dust (MD)
improved compressive strength,
with the best results at 5% MD.
Blending OPC with both MD and
fine kaolinite sand (FKS) also
enhanced strength, particularly with
10% MD and 5% FKS.

Water absorption: Water absorption
decreased with curing time,
indicating denser structures. Mixes
with 5-20% MD showed lower
water absorption, especially at 20%

Acid resistance: OPC pastes with
10% MD exhibited the highest
resistance to sulfuric acid, while
acetic acid caused significant
deterioration after 6 months for all
mixes.
Microstructure: SEM and XRD
analyses confirmed the formation of
denser structures and secondary
hydration products in MD and FKS
blends, improving mechanical
properties.

The study demonstrated that marble
dust (MD) and fine kaolinite sand (FKS)
can enhance the mechanical and
durability properties of OPC pastes. MD
acted as a filler, refining the pore
structure and accelerating hydration,
while FKS contributed to the formation
of secondary calcium silicate hydrates
(CSHs), improving strength and
durability. However, blends with both
MD and FKS showed reduced resistance
to acid attack due to lower calcium
hydroxide (CH) content. The findings
suggest that MD and FKS can be
effectively used as sustainable additives
in cement, but their performance under
acidic conditions requires further
optimization.

Advantages:

Improved mechanical properties (compressive,
flexural, and tensile strength) with up to 10%
marble dust and foundry sand are used in place of
cement and fine sand, respectively.
Enhanced resistance to elevated temperatures up
to 400 °C.

Sustainable use of waste materials (marble dust
and foundry sand) reduces environmental impact.
Combined curing methods (annealing and
quenching) improved strength retention.
Limitations:

Rapid degradation of concrete properties at
temperatures above 400 °C, especially with higher
replacement levels (15-20%).
Quenching caused more significant strength loss
compared to annealing due to thermal shock.
Limited performance under extreme temperatures
(above 600 °C) and long-term durability needs
further investigation.
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Table 3. Cont.

Major Findings

Discussion and Results

Advantages and Limitations

[Ref.]

Marble dust: increased compressive
strength and reduced porosity in
cement mortars.

Glass fiber: decreased compressive
strength and increased porosity due
to poor adhesion.

High temperature: compressive
strength decreased significantly
above 400 °C, with porosity
increasing due to micro-cracks and
dehydration.

Optimal mix: the best performance
was achieved with 50% marble dust,
no glass fiber, and exposure to
20°C.

Marble dust: Acts as a micro-filler,
improving the interface between the
aggregate and cement paste, leading to
higher strength and lower porosity.
Glass fiber: poor adhesion with mortar
caused voids, reducing strength and
increasing porosity.

High temperature: dehydration and
micro-crack formation at temperatures
above 400 °C led to significant strength
loss and increased porosity.

Advantages:
Utilization of waste marble dust improves
environmental sustainability.

Taguchi method reduced the number of
experiments, saving time and resources.
Limitations:

Glass fiber’s poor adhesion limits its effectiveness
in enhancing mortar properties.
High-temperature exposure significantly degrades
mortar performance, limiting its use in
high-temperature environments.

[104]

Marble Powder (WMP): Adding up
to 10% WMP increased compressive
and flexural strength in all cement
types (OPC, WC, CAC). However,
15% WMP led to a slight decrease in
strength.

Cement types: Calcium aluminate
cement (CAC) showed the highest
compressive strength, especially
with 10% WMP (104.09 MPa). White
cement (WC) and ordinary Portland
cement (OPC) exhibited similar
strength results.
Freeze-Thaw resistance: After
freeze—thaw cycles, CAC-based
mixtures experienced significant
strength loss compared to those of
OPC and WC, especially at higher
WMP levels (15%).
Capillary water absorption: WMP
reduced capillary water absorption
and sorptivity, with CAC-based

mixtures showing the lowest values.

However, after freeze—-thaw cycles,
absorption increased, particularly in
CAC mixtures.

Marble powder: WMP acted as a
micro-filler, improving the transition
zone between the aggregate and cement
paste, leading to higher strength and
lower porosity. However, at 15% WMP,
the reduction in cementing materials
(C3S, C2S, C3A) caused a slight decrease
in strength.

Cement types: CAC exhibited the
highest early strength due to its
hydration products (CAH10, C2AHS),
but its strength loss after freeze-thaw
cycles was more pronounced due to
phase transformation (CAH10 to
C3AHS), which increased porosity.
Freeze-Thaw cycles: OPC and WC
mixtures showed better resistance to
freeze-thaw cycles compared to CAC.
The strength loss in CAC mixtures was
attributed to the transformation of
metastable hydration products, which
accelerated under freeze—thaw
conditions.

Capillary absorption: WMP reduced
capillary water absorption and
sorptivity by filling pores, but after
freeze-thaw cycles, the absorption
increased, especially in CAC mixtures,
due to the degradation of hydration
products.

Advantages:

Using WMP as a cement substitute reduces CO,
emissions and environmental pollution.
WMP improves the mechanical properties of
mortar, especially at 10% replacement.

CAC offers high early strength and is suitable for
specific applications like refractory materials.
Limitations:

CAC-based mixtures showed significant strength
loss after freeze—thaw cycles, limiting their use in
cold climates.

High WMP content (15%) reduced strength due to
the decrease in cementing materials.
CAC'’s phase transformation under freeze-thaw
conditions increases porosity, reducing durability.

[105]

Superhydrophobic marble powder
(SMP): modification of marble
powder (MP) with stearic acid (STA)
achieved a superhydrophobic state
with a water contact angle of 152°.
Mortar properties: Adding 20%
SMP to mortar resulted in a
hydrophobic surface with a water
contact angle of 98°, significantly
reducing water absorption by
36.42%.

Hydration and microstructure: SMP
improved cement hydration,
leading to a denser microstructure
and reduced porosity.
Corrosion resistance: mortar with
20% SMP showed enhanced
corrosion resistance, with a
polarization resistance 4 times
higher than ordinary mortar.

Superhydrophobic modification: Stearic
acid modification of MP introduced
hydrophobic groups (-CHj and -CHy),
reducing surface energy and achieving
superhydrophobicity. The optimal STA
content was 6%.

Mortar performance: SMP improved the
hydration of cement, increasing the
formation of hydration products like
C-5-H and ettringite, which enhanced
the mortar’s mechanical properties and
reduced porosity.

Water absorption: The addition of SMP
significantly reduced water absorption,
with the 20% SMP mix showing the
lowest absorption rate. This is attributed
to the hydrophobic nature of SMP and
the improved pore structure.
Corrosion resistance: the hydrophobic
barrier created by SMP reduced water
infiltration, making it difficult for
chloride ions to penetrate the mortar,
thus improving corrosion resistance.

Advantages:
Utilizes waste marble powder, promoting
environmental sustainability.

Enhances mortar’s water repellency and corrosion
resistance, making it suitable for offshore
environments.

Improves cement hydration and reduces porosity,
leading to better mechanical properties.
Limitations:

The process of modifying MP with stearic acid
adds complexity to mortar preparation.
High SMP content (20%) is required to achieve
significant hydrophobicity, which may affect the
mortar’s workability and cost.
Long-term durability and performance under
real-world conditions require further investigation.

[106]
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4. Comparative Analysis

Previous studies have reviewed the use of MP and WMP as partial replacements for
cement and fine aggregates in concrete mixes. In each, different replacement percentages
were tested, along with water/cement ratios ranging from 5% to 50%, to study the effects on
compressive strength, split tensile strength, flexural strength, and workability. In general,
the trend of the test results indicated that up to 10-15% replacements of MP improved
the mechanical properties, specifically strength and workability, of concrete; at the other
extreme, replacement beyond this percentage reduced strength and imposed some problems
concerning workability. The environmental benefits include the reduction of cement usage
and waste recycling, as it is used for mortars and bricks [6,107-110]. However, durability
problems increased at high replacement levels. These various studies have concluded that
moderate replacements result in the sustainability enhancement of concrete, with improved
performance and economic benefits.

Figure 3 illustrates a comparison of compressive strength in the range at which con-
crete gains most of its strength at 28 days of curing at different percentages of MP, i.e.,
MPO0, MP5, MP10, MP15, and MP20, recorded by various researchers. The compressive
strength recorded in the individual works is quite high. According to the data shown in
Table 4, among them, the results of Dr. B. Krishna Rao [85] are the highest, amounting
to 46.22 MPa. In the case of concrete with 5% replacement, MP5, the majority of the re-
search investigated showed slight increases; the peak in strength was 46.5 MPa, although
some researchers found a slight drop in strength. The compressive strength is the highest
at 10% replacement, MP10, where a number of researchers record their highest values,
including the highest value recorded by Dr. B. Krishna Rao at 47.55 MPa, which sug-
gests that this may be an optimal replacement level for improvement in the properties of
concrete. At 15% and 20% replacement, a number of researchers show that compressive
strength begins to decline, which basically tells us that beyond this limit, the returns on
strength become slight or even negative. The chart indicates that, as a whole, replacement
levels up to 10-15% improve strength, while higher percentages reduces compressive
strength [60,63,65-67,84,85,93,94,96,97].
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Figure 3. Compressive strength of concrete at different [%] of MP [60,63,65-67,84,85,93,94,96,97].
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Table 4. Compressive strength test data at various percentages of MP [%] from the different references
shown in Figure 3.

Reference MPO MP5 MP10 MP15 MP20

Anitha Selvasofia et al. [60] 30.74 32.23 34.2 31.65 27.93

Gopi, R. et al. [84] 38.94 41.71 42.72 44.62 42.81

Dr. B. Krishna Rao [85] 46.22 46.5 47.55 46.3 45.77

Sharma et al. [63] 24.45 26.85 28.65 21.05 18.55

Md Mahboob Ali and Prof. S. M. Hashmi [65] 38.37 41.09 44.69 36.77 35.06
Mr. Ranjan Kumar and Shyam Kumar [66] 33.18 34.67 35.85 30.22 29.19
Ms. Ruchi Chandrakar and Mr. Singh [93] 24.73 27.4 29.92 24.44 22.96
Majeed et al. [94] 25.31 29.78 31.84 24.54 22.67

Shirule, P. A. et al [96] 23.41 26.96 28.44 20.3 19.25

Pal et al. [97] 24.84 26.51 28.03 25.55 23.07

Vaidevi, C. [67] 39.2 34.4 38.17 30.33 30.02

M20, 28d

M20, 14d

M20, 7d

The chart in Figure 4 and values in Table 5 represent these references because they share
the same curing time of 28 days and replacement percentages of 0, 5, 10, 15, and 20, while
no replacement exhibits lower compressive strength compared with other replacement
percentages, in particular for Gopi, R. et al., whose peak strength lies at MP20. The marble
powder replacement of 20% MP20 yielded considerably improved compressive strength
when compared to its counterpart with no replacement, MPO. In this regard, for Selvasofia,
S.D. and Sarath, V. and Sharma, A K., whereas strengths at MPO are not as low in the
work of Gopi, R., et al., they still realize better results at MP10 or MP20, showing that a
certain percentage of marble powder replacement enhances concrete strength over time.
The general observation is that partial replacement with marble powder can enhance
compressive strength, especially with replacement percentages at higher values, such as
MP10 or MP20, while MPO0 (no replacement) leads to lower results, in most cases [60,63,84].

MO, 7d
45
40
35 MO, 14d
30
25

35
10
5
0 Gopi R. et al. 2017

MO, 28d —8—Selvasofia S.D & Sarath V. 2020

Sharma, A.K et al. 2023

M10, 7d

M10, 28d M10, 14d

Figure 4. Standard 7-, 14-, and 28-day concrete compressive strength tests [60,63,84].
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Table 5. Compressive strength test data at various percentages of MP [%] from the different references
shown in Figure 4.

Ref Mo,7d Mo, 14d Mo, 28 d M10,7d M10,14d M10,28d M20,7d M20,14d M20,28d
Selvasofia, S.D., and
Sarath, V. [60] 17.68 22.34 28.47 20.34 24.54 29.27 17.46 21.73 27.46
Gopi, R. et al. [84] 25.72 27.61 38.94 25.72 31.09 42.72 26.59 29.93 42.81
Sharma, A K. et al. [63] 15.62 19.45 24.45 18.78 19.94 28.65 10.22 14.25 18.55

W/C Ratio & Replacment [%]

0.45MP25
0.45MP20
0.45MP15
0.45MP10

0.45MPO
0.40MP25
0.40MP20
0.40MP15
0.40MP10

0.40MPO
0.35MP25
0.35MP20
0.35MP15
0.35MP10

0.35MPO

Singh et al. employed a better approach, as shown in Figure 5 and Table 6, when
they evaluated the MP not only under different replacement percentages and curing times,
but also with different w/c ratios, using 0.35, 0.4, and 0,45, providing a better holistic
view. The compressive strength of the concrete with different w/c ratios and marble
powder replacement percentages is shown in this chart, after curing times of 28, 56, 90,
180, and 360 days. Also, in a w/c ratio of 0.45, increasing the rate of waste marble powder
substitution results in improved strength, and M25 concrete attains its best compressive
strength of 26.03 MPa on the 360th day. Compressive strength is improved further at a
ratio of 0.40 w/c, in which M15 and M25 increase substantially to reach 40.80 MPa and
39.33 MPa at 360 days, respectively. For the 0.35 w/c ratio, the highest strength recorded is
for the M15 replacement, with an average value of 47.80 MPa at 360 days, and for M20, the
average value is 42.02 MPa. The strength generally tends to improve as the curing time
increases across the ratios, thus showing the long-term benefits achieved by marble powder
replacement [98].

21.23 24967 2528 2585 [WN26103mW

21,56 [E25060 2532 25.89 [2E020W

244 277281 2835 [m2g@nd

245 [IE2820NT289 1 29.02 291w
2432 Q7920002866 29.98 30w
2695 [3TA4sSTINT31.780 3205  [W3Zi33mmm
27.78 03188 3232 32.89 L3302

34.78 3908 391 40.35 . 408
33.56 3766 379 38.02 . 381
32.54 3704 | 3766 37.98 38
34.52 3842 3878 39.05 3933
36 401 4132 41.89 402
42.67 4677 471 47.35 L 478
40.78 L4478 459 46.02 461
39.77 4427 4566 45.98 o 46
50 100 150 200 250
Compressive Strength [MPal] 28d m56d m90d m180d m360d

Figure 5. Compressive strength test using different w/c ratios and MP replacements [%] [98].
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Table 6. Compressive strength test using the different water/cement ratio shown in Figure 5.
Mix 28d 56 d 90 d 180 d 360 d
0.35M0 39.77 44.27 45.66 45.98 46
0.35M10 40.78 44.78 459 46.02 46.1
0.35M15 42.67 46.77 471 47.35 47.8
0.35M20 36 40.1 41.32 41.89 42.02
0.35M25 34.52 38.42 38.78 39.05 39.33
0.40M0 32.54 37.04 37.66 37.98 38
0.40M10 33.56 37.66 37.9 38.02 38.1
0.40M15 34.78 39.08 39.1 40.35 40.8
0.40M20 27.78 31.88 32.32 32.89 33.02
0.40M25 26.95 31.45 31.78 32.05 32.33
0.45M0 24.32 27.92 28.66 29.98 30.1
0.45M10 24.5 28.2 28.9 29.02 29.31
0.45M15 244 27.7 28.1 28.35 28.8
0.45M20 21.56 25.16 25.32 25.89 26.02
0.45M25 21.23 24.96 25.28 25.85 26.03

Tensile strgngth [MPa]
o

2.2
3.12

Tensile strengths in MPa at different replacement percentages, from MP0O to MP20,
are shown in Figure 6 and Table 7. For MP0, tensile strengths range from the minimum of
2.2 MPa, by Pal et al. to a maximum tensile strength of 4.65 MPa, by Pooja J. Chavhan and
Prof. S.D. Bhole. Generally, an increase in the replacement to MP5 results in higher tensile
strength, with values falling in the range of 2—4.89 MPa, showing marginal improvement.
The MP10 shows a continued incline in the tensile strength, with the highest recorded at
5.13 MPa by G. Asha Lakshmi and P. Sai Pravallika, which may suggest that this could
potentially be the optimum level to attain for achieving increased tensile strength. For MP15
(15%), some studies show that the tensile strength remains high, but other studies show that
it has started to fall off a little, marking the beginning of the decline of these materials. The
percentage of the replacement of MP20 (20%) exhibits a lower value at 1.7 MPa, according
to Pal et al., showing that this tendency of replacement percentage has the opposite effect on
the enhancement of material strength. Overall, it is found that only a moderate replacement
percentage, MP5-MP10, can exhibit improvements in tensile strength while significant
reductions are observed for higher values, e.g., MP20 [63,65,66,69,92,94-97].

2.5

19
2 368

337 S22 Pal et al, 2016

- - 4.04
2.83 3

1.7

Shirule P. A. et al, 2012
2.6

4.27 - W Amit Kumar Sharma & Nitin Mishra et al, 2023
Majeed et al, 2021
823
B Mr. Ranjan Kumar & Shyam Kishor Kumar, 2015
[
2.2

Md Mahboob Ali & Prof. S. M. Hashmi, 2014

467 Sl G. Ashalakshmi & P. Sai Pravallika, 2019
4.86
4.01 GEE 4.16 Sharma et al, 2019
259 A Pooja J. Chavhan & Prof. S. D. Bhole, 2014
4.36 . 3.93 258
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Replacment [%]

Figure 6. Tensile strength of concrete at differing [%] of MP [63,65,66,69,92,94-97].
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Table 7. Tensile strength tests data at various percentages of MP [%] obtained from the different
references shown in Figure 6.

References MPO MP5 MP10 MP15 MP20
Pooja J. Chavhan and Prof. S. D. Bhole [69] 4.65 4.36 4.89 3.93 2.53
Sharma et al. [95] 3.93 4.01 4.85 4.16 343
G. AshaLakshmi and P. Sai Pravallika [92] 4.49 4.67 4.86 5.13 4.86
Md Mahboob Ali and Prof. S. M. Hashmi [65] 2.83 3 3.16 3.11 2.2
Mr. Ranjan Kumar and Shyam Kishor Kumar [66] 3.54 3.59 3.71 3.97 3.71
Majeed et al. [94] 3.91 4 4.04 4.27 3.3
Amit Kumar Sharma and Nitin Mishra et al. [63] 4.39 4.22 4.07 3.72 3.58
Shirule, P. A. et al. [96] 3.12 3.37 3.68 3.32 2.6
Pal et al. [97] 2.2 2 25 1.9 1.7

MP20, 28d

MP20, 14d

MP20, 7d

The following chart in Figure 7 and values in Table 8 present the test results of three
studies dealing with performance tests of concrete at mixture percentages of 0, 5, 10, 15,
and 20%, amplified with curing for 7, 14, and 28 days, respectively, with respect to tensile
strength. Ali Khodabakhshian et al. [101] present the lowest value at 7 days, while MPO
records about 1.0 MPa, presenting a gradual increase up to 28 days, in which MP20 reaches
about 3.5 MPa. G. AshaLakshmi and P. Sai Pravallika [92] record the highest performance
for MP20 at 28 days, peaking at about 4.0 MPa, while MP10 at 7 days can show as much as
an order of magnitude decline, to approximately 0.5 MPa, representing a reduction of 50%
in the final strength. The results from Md Mahboob Ali and Prof. S. M. Hashmi [65] are
more balanced among all the mix ratios, while MPO peaks to about 2.5 MPa after 28 days,
and MP20 shows similar strength development over time. In summary, all the studies
conducted so far have shown 30-50% strength gains between 7 and 28 days, confirming
that higher mix ratios and longer curing periods make significant contributions to the
improvement in mechanical properties due to marble powder replacement in concrete.

MPO, 7d
5
4.5
4 MPO, 14d
3-5
3
2.5
Ali Khodabakhshian et al, 2018
MPO, 28d
G. Ashalakshmi & P. Sai Pravallika,
2019
=@=\d Mahboob Ali & Prof. S. M. Hashmi,
2014
MP10, 7d
MP10, 28d MP10, 14d

Figure 7. Standard 7-, 14-, and 28-day concrete tensile strength tests [65,92,101].
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Table 8. Concrete tensile strength data from studies shown in Figure 7.

References MP0,7d  MP0,14d Mo, 28 d MP10,7 d MP10, 14 d MP10, 28 d MP20,7d MP2,14d MP20, 28 d
Ali Khodabakhshian 1.42 1.61 2.1 1.64 2.11 2.5 17 1.81 1.92
etal. [101]
G. AshaLakshmiand P.
St Pravallika [02] 3.37 3.7 449 3.84 435 486 393 458 486
Md Mahboob Ali and 232 2.83 3.28 233 3.16 347 175 22 283

Prof. S. M. Hashmi [65]

W/C Ratio & Replacment [%]

0.45MP25

0.45MP20

0.45MP15

0.45MP10

0.45MPO

0.40MP25

0.40MP20

0.40MP15

0.40MP10

0.40MPO

0.35MP25

0.35MP20

0.35MP15

0.35MP10

0.35MPO
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Singh et al. [98], as shown in Figure 8 and Table 9, observed the split tensile strength
development of concrete for different marble dust replacements (0%, 10%, 15%, 20%) and
w/c ratios (0.45, 0.40, 0.35) cured at various ages, i.e., 28, 56, 90, 180, and 360 days. In
general, concrete mixes with a w/c of 0.35 exhibit higher tensile strength than that of mix
0.45 for all replacement levels. The optimum tensile strength occurred at 15% marble dust
replacement, with the 0.35MP15 mix recording the highest tensile strength of 6.19 MPa
after 360 days of curing from an initial 5.7 MPa after 28 days. Generally, strengths have
shown a tendency to increase with age, although a marked increase is observed for higher
replacement percentages at 180 and 360 days. For instance, the tensile strength of the
0.35MP20 mix increased from 5.5 MPa at 28 days to 6.09 MPa at 360 days, underlining
the positive long-term action of marble dust. The results obtained indicate that marble
dust replacement, within a replacement percentage range of 15-20% at lower w/c ratios
like 0.35, significantly enhances the long-term tensile strength of concrete and hence, has
proved to be a promising eco-friendly additive.
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Figure 8. Tensile strength test on different water/cement ratios and MP replacements [%] [98].
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Table 9. W/C ratio and MP replacement [%] data for the tensile strength tests shown in Figure 8.

Mix 28d 56 d 90 d 180 d 360 d
0.35MP0 54 5.65 5.75 5.83 59
0.35MP10 5.4 571 5.88 5.92 5.97
0.35MP15 5.7 5.95 6.03 6.13 6.19
0.35MP20 5.5 5.75 5.86 5.96 6.09
0.35MP25 54 5.65 5.74 5.85 5.93
0.40MP0 5.3 5.55 5.65 5.73 5.8
0.40MP10 5.3 5.55 5.68 5.82 5.87
0.40MP15 5.5 5.65 5.73 5.83 5.89
0.40MP20 51 5.35 5.36 54 5.49
0.40MP25 4.85 5.05 5.14 525 5.33
0.45MP0 44 4.65 4.75 4.83 49
0.45MP10 4.5 4.75 4.88 4.92 4.97
0.45MP15 44 4.71 4.83 4.88 4.89
0.45MP20 4.23 4.55 4.66 476 4.79
0.45MP25 4.1 4.45 4.54 4.65 473

5. Conclusions

From the review of this study, the following can be concluded:

Recent studies have confirmed that replacing cement with marble powder up to
10-15% can improve the concrete’s mechanical properties, particularly the properties
of compressive and tensile strength. This improvement is ascribed to the finer particle
size of marble powder, which fills voids in the concrete matrix, reduces porosity,
and enhances particle bonding. However, recent research has also highlighted that
the performance of marble powder concrete under non-standard conditions, such as
under high temperatures or in aggressive chemical environments, requires further
investigation. For instance, studies have shown that marble powder can improve
the durability of concrete in sulfate-rich environments, but its performance under
freeze—thaw cycles remains underexplored.

Beyond 15% replacement, there is a substantial reduction in compressive strength, with
some studies reporting a loss of up to 26.1% at a 25% replacement level. This decline is
due to the dilution of cementitious materials, which reduces the formation of hydration
products. Recent research has also explored the impact of marble powder on the long-
term durability of concrete, particularly under aggressive environmental conditions. For
example, some studies suggest that marble powder can enhance resistance to chemical
attacks, but its performance under elevated temperatures or in marine environments
remains inconsistent. These findings underscore the need for further research to optimize
marble powder content for different environmental conditions.

Marble powder can enhance workability up to a moderate replacement level of
about 10-15%. However, the workability of concrete is influenced by the particle
size distribution and the shape of the marble powder. Finer particles with irregular
shapes tend to increase the water demand due to their larger surface area, which
can lead to a decline in workability. Therefore, optimizing the particle size and
shape of the marble powder is crucial for achieving a balance between workability
and strength in concrete mixes. Future research should focus on understanding the
relationship between particle characteristics and workability to develop more effective
mix designs.

Despite the extensive research on marble powder as a cement replacement, several

aspects remain underexplored. These include its long-term performance under varying
environmental conditions, such as freeze-thaw cycles, marine exposure, and elevated tem-
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peratures. Furthermore, the interaction between marble powder and other supplementary
materials, such as fly ash or nano-silica, merits further investigation. Future research should
focus on comparing the performance and mechanisms of marble powder in concrete with
those of other types of rock powders, optimizing mix designs for enhanced durability
and sustainability, while addressing challenges for large-scale implementation, such as
consistency in waste marble powder characteristics.

Author Contributions: Conceptualization, M.M.A. and R.M.; methodology, M.M.A.; valida-
tion, R.M.; formal analysis, R.M.; investigation, M.M.A_; resources, R.M.; data curation, M.M.A.;
writing—original draft preparation, M.M.A.; writing—review and editing, M.M.A.; visualization,
R.M.; supervision, R.M.; project administration, M.M.A.; funding acquisition, R.M. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Gonzalez-Vallejo, P.; Muntean, R.; Solis-Guzman, J.; Marrero, M. Carbon footprint of dwelling construction in Romania and Spain:
A comparative analysis with the OERCO2 tool. Sustainability 2020, 12, 6745. [CrossRef]

2. Wozniak, Z.Z.; Chajec, A.; Sadowski, L. Effect of the partial replacement of cement with waste granite powder on the properties
of fresh and hardened mortars for masonry applications. Materials 2022, 15, 9066. [CrossRef] [PubMed]

3.  Agarwal, SK,; Gulati, D. Utilization of industrial wastes and unprocessed micro-fillers for making cost-effective mortars. Constr.
Build. Mater. 2006, 20, 999-1004. [CrossRef]

4. Latawiec, R.; Woyciechowski, P.; Kowalski, K.J. Sustainable concrete performance—CO, emission. Environments 2018, 5, 27.
[CrossRef]

5. Molnar, L.M.; Manea, D.L. New types of plastering mortars based on marble powder slime. Procedia Technol. 2016, 22, 251-258.
[CrossRef]

6. Saboya, E, Jr.; Xavier, G.C.; Alexandre, J. The use of the powder marble by-product to enhance the properties of brick ceramic.
Constr. Build. Mater. 2006, 20, 999-1004. [CrossRef]

7. Singh, M.; Choudhary, K; Srivastava, A.; Sangwan, K.S.; Bhunia, D. A study on environmental and economic impacts of using
waste marble powder in concrete. J. Build. Eng. 2017, 13, 87-95. [CrossRef]

8. Torres, P.; Fernandes, H.R.; Agathopoulos, S.; Tulyaganov, D.U.; Ferreira, ] M.F. Incorporation of granite cutting sludge in
industrial porcelain tile formulations. J. Eur. Ceram. Soc. 2004, 24, 3177-3185. [CrossRef]

9.  World Building Council for Sustainable Development. The Cement Sustainability, Green Building, Cement and Concrete:
Environmental Considerations. 2003. Available online: https://docs.wbcsd.org/2002/06/TheCementSustInitiative.pdf (accessed
on 18 December 2024).

10. Marceau, M.L.; Nisbet, M.A.; Martha, G.V. Life Cycle Inventory of Portland Cement Concrete, SN3011, Portland Cement
Association, Skokie, Illinois, PCA. 2007. 121p. Available online: http://large.stanford.edu/courses/2016/ph240/pourshafeie2
/docs/marceau-2007.pdf (accessed on 18 December 2024).

11. Chidiac, S.E.; Moutassem, F.; Mahmoodzadeh, F. Compressive strength model for concrete. Mag. Concr. Res. 2013, 65, 557-572.
[CrossRef]

12.  Aubert, ].E.; Maillard, P.; Morel, J.C.; Al Rafii, M. Towards a simple compressive strength test for earth bricks? Mater. Struct. 2016,
49,1641-1654. [CrossRef]

13.  Thandavamoorthy, T.S. Determination of concrete compressive strength: A novel approach. Adv. Appl. Sci. Res. 2015, 6, 88-96.

14. Madandoust, R.; Kazemi, M.; Yousefi Moghadam, S. Analytical study on tensile strength of concrete. Rev. Romdnd De Mater. Rom.
J. Mater. 2017, 47, 204-209.

15. ASTM Standard C78; Standard Test Method for Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading).
Annual Book of ASTM Standards; American Society for Testing and Materials: West Conshohocken, PA, USA, 2009.

16. Ramos, J.C.R,; Passalini, P.G.S.; Holanda, ].N.F. Utilization of marble waste as a sustainable replacement for calcareous in the
manufacture of red-firing wall tiles. Constr. Build. Mater. 2023, 381, 131115. [CrossRef]

17.  Juenger, M.C.G; Snellings, R.; Bernal, S.A. Supplementary cementitious materials: New sources, characterization, and perfor-

mance insights. Cem. Concr. Res. 2019, 122, 257-273. [CrossRef]


https://doi.org/10.3390/su12176745
https://doi.org/10.3390/ma15249066
https://www.ncbi.nlm.nih.gov/pubmed/36556871
https://doi.org/10.1016/j.conbuildmat.2005.06.009
https://doi.org/10.3390/environments5020027
https://doi.org/10.1016/j.protcy.2016.01.076
https://doi.org/10.1016/j.conbuildmat.2006.05.029
https://doi.org/10.1016/j.jobe.2017.07.009
https://doi.org/10.1016/j.jeurceramsoc.2003.10.039
https://docs.wbcsd.org/2002/06/TheCementSustInitiative.pdf
http://large.stanford.edu/courses/2016/ph240/pourshafeie2/docs/marceau-2007.pdf
http://large.stanford.edu/courses/2016/ph240/pourshafeie2/docs/marceau-2007.pdf
https://doi.org/10.1680/macr.12.00167
https://doi.org/10.1617/s11527-015-0601-y
https://doi.org/10.1016/j.conbuildmat.2023.131115
https://doi.org/10.1016/j.cemconres.2019.05.008

Sustainability 2025, 17, 736 25 of 28

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.
42.

43.

44.

45.

European Parliament—Council of the European Union DIRECTIVE (EU) 2018/844 of the European Parliament and of the Council
of 30 May 2018 Amending Directive 2010/31/EU on the Energy Performance of Buildings and Directive 2012/27/EU on Energy
Efficiency (Text with EEA Relevance). Available online: http://data.europa.eu/eli/dir/2018/844/0j (accessed on 1 August 2020).
UNE, Normalizacién Espafiola. UNE-EN ISO 14020 Environmental Labels and Declarations—General Principles; UNE: Madrid,
Spain, 2002.

UNE, Normalizacién Espafiola. UNE-EN ISO 14025 Environmental Labels and Declarations—Type 1II Environmental
Declarations—Principles and Procedures; UNE: Madrid, Spain, 2006.

UNE, Normalizacién Espafiola. UNE-EN 15804 Sustainability of Construction Works—Environmental Product Declarations—Core
Rules for the Product Category of Construction Products; UNE: Madrid, Spain, 2012.

UNE, Normalizacién Espafiola. UNE-EN ISO 14021 Environmental Labels and Declarations—Self Declared Environmental Claims
(Type II Environmental Labelling); UNE: Madrid, Spain, 2017.

Snellings, R. Assessing, understanding and unlocking supplementary cementitious materials. RILEM Tech. Lett. 2016, 1, 50-55.
[CrossRef]

UNE, Normalizacién Espariola. UNE-EN ISO 14040 Environmental Management—Life Cycle Assessment—Principles and Framework;
UNE: Madrid, Spain, 2006.

UNE, Normalizacién Espafiola. UNE-EN ISO 14044 Environmental Management Life Cycle Assessment Requirements and Guidelines;
UNE: Madrid, Spain, 2006.

UNE, Normalizacién Espafiola. UNE-EN 15978 Sustainability of Construction Works. Assessment of Environmental Performance of
Buildings. Calculation Methods; UNE: Madrid, Spain, 2012.

UNE, Normalizacién Espafiola. UNE-EN ISO 14001 Environmental Management Systems—Requirements with Guidance for Use; UNE:
Madrid, Spain, 2015.

International Organization for Standardization (ISO). ISO 15686-5 Buildings and Constructed Assets—Service Life Planning—DPart 5:
Life-Cycle Costing; ISO: Geneva, Switzerland, 2017.

Weidema, B.P; Thrane, M.; Christensen, P.; Schmidt, J.; Lekke, S. Carbon Footprint. A Catalyst for Life Cycle Assessment? J. Ind.
Ecol. 2008, 12, 3—6. [CrossRef]

Schneider, M.; Romer, M.; Tschudin, M.; Bolio, H. Sustainable cement production—Present and future. Cem. Concr. Res. 2011, 41,
785-797. [CrossRef]

Van den Heede, P,; De Belie, N. Environmental impact and life cycle assessment (LCA) of traditional and ‘green” concretes:
Literature review and theoretical calculations. Cem. Concr. Compos. 2012, 34, 441-450. [CrossRef]

Giesekam, J.; Barrett, ].R.; Taylor, P. Construction sector views on low carbon building materials. Build. Res. Inf. 2016, 44, 423-444.
[CrossRef]

Giesekam, J.; Barrett, J.; Taylor, P; Owen, A. The greenhouse gas emissions and mitigation options for materials used in UK
construction. Energy Build. 2014, 78, 202-214. [CrossRef]

Motahari Karein, S.M.; Vosoughi, P; Isapour, S.; Karakouzian, M. Pretreatment of natural perlite powder by further milling to use
as a supplementary cementitious material. Constr. Build. Mater. 2018, 189, 622—-632. [CrossRef]

Samad, S.; Shah, A. Role of binary cement including supplementary cementitious material (SCM) in the production of environ-
mentally sustainable concrete: A critical review. Int. |. Sustain. Built Environ. 2017, 6, 406—416. [CrossRef]

Lothenbach, B.; Scrivener, K.; Hooton, R.D. Supplementary cementitious materials. Cem. Concr. Res. 2011, 41, 1244-1258.
[CrossRef]

Del Viso, J.R.; Carmona, ].R.; Ruiz, G. Shape and size effects on the compressive strength of high-strength concrete. Cem. Concr.
Res. 2008, 38, 386-395. [CrossRef]

Mindess, S.; Young, ].F,; Darwin, D. Concrete, Prentice Hall; Pearson Education, Inc.: Upper Saddle River, NJ, USA, 2003.

Van Mier, J.G.M. Strain-Softening of Concrete Under Multiaxial Loading Conditions. Ph.D. Thesis, Eindhoven University of
Technology, Eindhoven, The Netherlands, 1984.

Torreti, ].M.; Benaija, E.H.; Boulay, C. Influence of boundary conditions on strain softening in concrete compression tests. J. Eng.
Mech.-ASCE 1993, 119, 2369-2384. [CrossRef]

Neville, A.M.; Brooks, J.J. Concrete Technology, 2nd ed.; Pearson: London, UK, 2010.

Silva, R.V.; de Brito, J.; Dhir, R.K. Tensile strength behaviour of recycled aggregate concrete. Constr. Build. Mater. 2015, 75, 103-113.
[CrossRef]

Abouelnour, M.A.; Abd EL-Aziz, M.A.; Osman, K.M.; Fathy, LN.; Tayeh, B.A.; Elfakharany, M.E. Recycling of marble and granite
waste in concrete by incorporating nano alumina. Constr. Build. Mater. 2023, 411, 134456. [CrossRef]

Denneman, E.; Kearsley, E.P.; Visser, A.T. Splitting Tensile Test for Fibre Reinforced Concrete. CSIR Built Environment. Available
online: http:/ /www.csir.co.za (accessed on 18 December 2024).

Wang, Y.; Xiao, J.; Zhang, J. Effect of waste marble powder on physical and mechanical properties of concrete. J. Renew. Mater.
2022, 10, 019381. [CrossRef]


http://data.europa.eu/eli/dir/2018/844/oj
https://doi.org/10.21809/rilemtechlett.2016.12
https://doi.org/10.1111/j.1530-9290.2008.00005.x
https://doi.org/10.1016/j.cemconres.2011.03.019
https://doi.org/10.1016/j.cemconcomp.2012.01.004
https://doi.org/10.1080/09613218.2016.1086872
https://doi.org/10.1016/j.enbuild.2014.04.035
https://doi.org/10.1016/j.conbuildmat.2018.08.012
https://doi.org/10.1016/j.ijsbe.2017.07.003
https://doi.org/10.1016/j.cemconres.2010.12.001
https://doi.org/10.1016/j.cemconres.2007.09.020
https://doi.org/10.1061/(ASCE)0733-9399(1993)119:12(2369)
https://doi.org/10.1016/j.conbuildmat.2015.03.034
https://doi.org/10.1016/j.conbuildmat.2023.134456
http://www.csir.co.za
https://doi.org/10.32604/jrm.2022.019381

Sustainability 2025, 17, 736 26 of 28

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Nezerka, V,; Hrbek, V.; Prosek, Z.; Somr, M.; Tesarek, P; Fladr, J. Micromechanical characterization and modeling of cement pastes
containing waste marble powder. J. Clean. Prod. 2018, 201, 20-30. [CrossRef]

Khan, K.; Ahmad, W.; Amin, M.N.; Ahmad, A.; Nazar, S.; Alabdullah, A.A.; Arab, A.M.A. Exploring the Use of Waste Marble
Powder in Concrete and Predicting Its Strength with Different Advanced Algorithms. Materials 2022, 15, 4108. [CrossRef]
Anthesis Group. Reducing the Environmental Impact of the Construction Sector. Anthesis Group. Available online: https:
/ /www.anthesisgroup.com/insights/environmental-impacts-of-construction/ (accessed on 20 December 2024).

U.S. Energy Information Administration. The Cement Industry Is the Most Energy Intensive of All Manufacturing Industries.
Available online: https://www.eia.gov/todayinenergy/detail. php?id=11911 (accessed on 1 July 2013).

European Commission. Construction and Demolition Waste. Available online: https://environment.ec.europa.eu/topics/waste-
and-recycling/construction-and-demolition-waste_en (accessed on 7 January 2025).

Rambo, R. How to Save Resources with Reclaimed Recycled Building Materials. Trimble Constructible. Available online:
https:/ /constructible.trimble.com /bim /how-to-save-resources-with-reclaimed-recycled-building-materials (accessed on 24
January 2024).

Nega, D.M,; Yifru, BW.; Taffese, W.Z.; Ayele, YK.; Yehualaw, M.D. Impact of Partial Replacement of Cement with a Blend of
Marble and Granite Waste Powder on Mortar. Appl. Sci. 2023, 13, 8998. [CrossRef]

Saridemir, M.; Korkutata, T.; Giilsan, M.E.; Aktas, M.; Sahin, M. Increasing the durability and freeze-thaw strength of concrete
paving stones produced from Ahlat stone powder and marble powder by special curing method. Adv. Mater. Sci. Eng. 2019, 2019,
3593710. [CrossRef]

Aliabdo, A.A.; Abd Elmoaty, A.M.; Auda, E.M. Re-use of waste marble dust in the production of cement and concrete. Constr.
Build. Mater. 2014, 50, 28—-41. [CrossRef]

Poloju, K K.; Shill, A.; Zahid, A.R.A.B.; Al Maawali, S.R.S. Determination of strength properties of concrete with marble powder.
Int. ]. Adv. Sci. Technol. 2020, 29, 4004—-4008.

Rajesh, A.A.; Prasanthni, P; Senthilkumar, S.; Priya, B. Environment-friendly sustainable concrete produced from marble waste
powder. Glob. NEST |. 2024, 26, 05204. [CrossRef]

Elsageer, M.A.A.; Moftah, H.A.; Ziad, A.M.; Abd-Alftah, M.M. Effect of marble waste powder as cement replacement on the
concrete mixes. J. Pure Appl. Sci. 2020, 19, 74-78.

U.S. Energy Information Administration. Today in Energy: Electricity Generation Using Renewable Energy Expected to Rise. U.S.
Department of Energy. Available online: https://www.eia.gov/todayinenergy/detail.php?id=51698 (accessed on 8 January 2025).
Sufian, M.; Ullah, S.; Ostrowski, K.A.; Ahmad, A.; Zia, A.; Sliwa-Wieczorek, K.; Siddiq, M.; Awan, A.A. An Experimental and
Empirical Study on the Use of Waste Marble Powder in Construction Material. Materials 2021, 14, 3829. [CrossRef]

Selvasofia, A.S.D.; Dinesh, A.; Babu, S. Investigation of waste marble powder in the development of sustainable concrete. Mater.
Today Proc. 2020, 27,1713-1718. [CrossRef]

Kanhar, R.A.; Memon, M.].; Sandhu, A.R; Jhatial, A.A.; Mastoi, A.K. Mechanical properties of concrete incorporating marble
powder as partial cement replacement. Quaid-E-Awam Univ. Res. ]. Eng. Sci. Technol. 2021, 19, 59-64. [CrossRef]

Shukla, A.; Gupta, N. Experimental study on partial replacement of cement with marble dust powder in M25 and M30 grade
concrete. Int. |. Res. Appl. Sci. Eng. Technol. IIRASET 2019, 7, 440—448. [CrossRef]

Sharma, A.K.; Mishra, N.; Chaudhary, L. Effect of adding marble-dust particles (MDP) as a partial cement replacement in concrete
mix. Mater. Today Proc. 2023. [CrossRef]

Mishra, A.; Pandey, A.; Maheshwari, P.; Chouhan, A.; Suresh, S.; Das, S. Green cement for sustainable concrete using marble dust.
Int. ]. ChemTech Res. 2013, 5, 616-622.

Ali, M.M.; Hashmi, S.M. An experimental investigation on strengths characteristics of concrete with the partial replacement of
cement by marble powder dust and sand by stone dust. JSRD—Int. |. Sci. Res. Dev. 2014, 2, 81-84.

Kumar, R.; Kumar, S.K. Partial replacement of cement with marble dust powder. Int. J. Eng. Res. Appl. 2015, 5, 106-114.
Vaidevi, C. Study on marble dust as partial replacement of cement in concrete. Indian J. Eng. 2013, 4, 14-16.

Zhang, S.; Cao, K.; Wang, C.; Wang, X.; Wang, J.; Sun, B. Effect of silica fume and waste marble powder on the mechanical and
durability properties of cellular concrete. Constr. Build. Mater. 2020, 241, 117980. [CrossRef]

Chavhan, PJ.; Bhole, S.D. To study the behaviour of marble powder as supplementary cementitious material in concrete. Int. J.
Eng. Res. Appl. 2014, 4, 377-381.

Sounthararajan, V.M.; Sivakumar, A. Effect of the lime content in marble powder for producing high strength concrete. ARPN J.
Eng. Appl. Sci. 2013, 8, 260-264.

Ofuyatan, O.M.; Olowofoyeku, A.M.; Obatoki, J.; Oluwafemi, J. Utilization of marble dust powder in concrete. In IOP Conference
Series: Materials Science and Engineering; IOP Publishing: Bristol, UK, 2019; Volume 640, p. 012053. [CrossRef]

Ghani, A.; Ali, Z.; Khan, FA ; Shah, S.R.; Wali Khan, S.; Rashid, M. Experimental study on the behavior of waste marble powder
as partial replacement of sand in concrete. SN Appl. Sci. 2020, 2, 1554. [CrossRef]

BS EN 12390-3; Testing Hardened Concrete. Compressive Strength of Test Specimens. BSI: London, UK, 2019.


https://doi.org/10.1016/j.jclepro.2018.05.284
https://doi.org/10.3390/ma15124108
https://www.anthesisgroup.com/insights/environmental-impacts-of-construction/
https://www.anthesisgroup.com/insights/environmental-impacts-of-construction/
https://www.eia.gov/todayinenergy/detail.php?id=11911
https://environment.ec.europa.eu/topics/waste-and-recycling/construction-and-demolition-waste_en
https://environment.ec.europa.eu/topics/waste-and-recycling/construction-and-demolition-waste_en
https://constructible.trimble.com/bim/how-to-save-resources-with-reclaimed-recycled-building-materials
https://doi.org/10.3390/app13158998
https://doi.org/10.1155/2019/3593710
https://doi.org/10.1016/j.conbuildmat.2013.09.005
https://doi.org/10.30955/gnj.005204
https://www.eia.gov/todayinenergy/detail.php?id=51698
https://doi.org/10.3390/ma14143829
https://doi.org/10.1016/j.matpr.2020.10.536
https://doi.org/10.52584/QRJ.1901.08
https://doi.org/10.22214/ijraset.2019.4079
https://doi.org/10.1016/j.matpr.2023.05.017
https://doi.org/10.1016/j.conbuildmat.2019.117980
https://doi.org/10.1088/1757-899X/640/1/012053
https://doi.org/10.1007/s42452-020-03349-y

Sustainability 2025, 17, 736 27 of 28

74.
75.

76.

77.

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.
94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

BS EN 12390-5; Testing Hardened Concrete. Flexural Strength of Test Specimens. British Standards Institution: London, UK, 2019.
Lezzerini, M.; Luti, L.; Aquino, A.; Gallello, G.; Pagnotta, S. Effect of marble waste powder as a binder replacement on the
mechanical resistance of cement mortars. Appl. Sci. 2022, 12, 4481. [CrossRef]

EN 933-1; Tests for Geometrical Properties of Aggregates—Part 1: Determination of Particle Size Distribution—Sieving Method.
European Standard: Brussels, Belgium, 2012.

EN 933-2; Tests for Geometrical Properties of Aggregates—Part 2: Determination of Particle Size Distribution—Test Sieves,
Nominal Size of Apertures. European Standard: Brussels, Belgium, 2012.

EN 15801; Conservation of Cultural Property—Test Methods—Determination of Water Absorption by Capillarity. European
Standard: Brussels, Belgium, 2009.

EN 13755; Natural Stone Test Methods—Determination of Water Absorption at Atmospheric Pressure. European Standard:
Brussels, Belgium, 2008.

EN 1015-10; Methods of Test for Mortar for Masonry—Part 10: Determination of Dry Bulk Density of Hardened Mortar. European
Standard: Brussels, Belgium, 1999.

EN 1015-11; Methods of Test for Mortar for Masonry—Part 11: Determination of Flexural and Compressive Strength of Hardened
Mortar. European Standard: Brussels, Belgium, 2019.

EN 12504-4; Testing Concrete—Part 4: Determination of Ultrasonic Pulse Velocity. European Standard: Brussels, Belgium, 2004.
Chandrasekaran, V. Partial Replacement of Cement with Marble Powder in Concrete. Engineering Civil. Available online:
https:/ /www.ijtonline.com/AbstractView.aspx?PID=2017-7-1-9 (accessed on 1 October 2017).

Gopi, R.; Kaleeswari, G.; Dhanalakshmi, G. Study on marble powder as partial replacement of cement in concrete. GRD |. Eng.
2017, 2, 1-5.

Rao, B.K. Study on marble powder as partial replacement of cement in normal compacting concrete. IOSR |. Mech. Civ. Eng.
IOSR-JMCE 2016, 13, 1-5.

Dhanalakshmi, A.; Hameed, M.S. Strength properties of concrete using marble dust powder. E. Asian ]. Multidiscip. Res. 2022, 1,
2521-2530. [CrossRef]

IS: 456-2000; Plain and Reinforced Concrete—Code of Practice. Bureau of Indian Standards: New Delhi, India, 2000.

IS: 516-1959; Methods of Tests for Strength of Concrete. Bureau of Indian Standards: New Delhi, India, 1959.

IS: 8112-1989; 43 Grade Ordinary Portland Cement—Specification. Bureau of India Standards: New Delhi, India, 1989.

15 10262: 2009; Concrete Mix Proportioning Guidelines (First Revision). Bureau of Indian Standards: New Delhi, India, 2009.

IS 12269: 2013; Ordinary Portland Cement, 53 Grade Specification (First Revision). Bureau of Indian Standards: New Delhi,
India, 2013.

Ashalakshmi, G.; Pravallika, P.S. Strength and durability properties of concrete with partial replacement of cement with
metakaoline and marble dust. Int. Res. ]. Eng. Technol. IRJET 2019, 6, 1686.

Chandrakar, R.; Singh, A. Cement replacement in concrete with marble dust powder. Int. Res. J. Eng. Technol. 2017, 4, 67-71.
Majeed, M.; Khitab, A.; Anwar, W.; Khan, R.B.N.; Jalil, A.; Tariq, Z. Evaluation of concrete with partial replacement of cement by
waste marble powder. Civ. Eng. J. 2021, 7, 59-70. [CrossRef]

Sharma, A.K,; Mishra, N.; Gupta, S. Waste marble dust as a partial replacement of cement and fine aggregate in concrete. Int. J.
Res. Eng. Sci. Manag. 2019, 6, 2633-2639.

Shirule, P.A.; Rahman, A.; Gupta, R.D. Partial replacement of cement with marble dust powder. Int. |. Adv. Eng. Res. Sci. 2012, 1,
175-177.

Pal, S.; Singh, A.; Pramanik, T.; Kumar, S.; Kisku, N. Effects of partial replacement of cement with marble dust powder on
properties of concrete. Int. |. Innov. Res. Sci. Technol. 2016, 3, 41-45.

Singh, M.; Srivastava, A.; Bhunia, D. Long term strength and durability parameters of hardened concrete on partially replacing
cement by dried waste marble powder slurry. Constr. Build. Mater. 2019, 198, 553-569. [CrossRef]

Rishi, D.V.A,; VanitaAggarwal, D. Effect on partial replacement of fine aggregate and cement by waste marble powder/granules
on flexural and split tensile strength. IOSR J. Mech. Civ. Eng. 2014, 11, 110-113.

Latha, G.; Reddy, A.S.; Mounika, K. Experimental investigation on strength characteristics of concrete using waste marble powder
as cementitious material. Int. ]. Innov. Res. Sci. Eng. Technol. 2015, 4, 1070-1075.

Khodabakhshian, A.; de Brito, ].; Ghalehnovi, M.; Asadi Shamsabadi, E. Mechanical, environmental and economic performance of
structural concrete containing silica fume and marble industry waste powder. Constr. Build. Mater. 2018, 169, 237-251. [CrossRef]
Tiwary, A.K; Singh, S.; Kumar, R.; Chohan, J.S.; Sharma, S.; Singh, J.; Li, C; Ilyas, R.A.; Asyraf, M.R.M.; Malik, M. A. Effects of
Elevated Temperature on the Residual Behavior of Concrete Containing Marble Dust and Foundry Sand. Materials 2022, 15, 3632.
[CrossRef] [PubMed]

Selim, F.A.; Hashem, ES.; Amin, M.S. Mechanical, microstructural and acid resistance aspects of improved hardened Portland
cement pastes incorporating marble dust and fine kaolinite sand. Constr. Build. Mater. 2020, 254, 118992. [CrossRef]


https://doi.org/10.3390/app12094481
https://www.ijtonline.com/AbstractView.aspx?PID=2017-7-1-9
https://doi.org/10.55927/eajmr.v1i11.1785
https://doi.org/10.28991/cej-2021-03091637
https://doi.org/10.1016/j.conbuildmat.2018.12.005
https://doi.org/10.1016/j.conbuildmat.2018.02.192
https://doi.org/10.3390/ma15103632
https://www.ncbi.nlm.nih.gov/pubmed/35629658
https://doi.org/10.1016/j.conbuildmat.2020.118992

Sustainability 2025, 17, 736 28 of 28

104.

105.

106.

107.

108.

109.

110.

Keles Temur, O.; Aricy, E.; Yildiz, S.; Gokger, B. Performance evaluation of cement mortars containing marble dust and glass fiber
exposed to high temperature by using Taguchi method. Constr. Build. Mater. 2014, 60, 17-24. [CrossRef]

Giirgoze, R; Celik, Z.; Bingol, A.F. Mechanical, freeze-thaw, and sorptivity properties of mortars prepared with different cement
types and waste marble powder. J. Sustain. Constr. Mater. Technol. 2023, 8, 307-318. [CrossRef]

Song, W.; Wang, Q.; Qu, L.; Li, X.; Xu, S. Study of water absorption and corrosion resistance of the mortar with waste marble
powder. Constr. Build. Mater. 2022, 345, 128235. [CrossRef]

SR EN 196-3:1995; Methods of Testing Cement. Part 3: Determination of Setting Time and Soundness. ASRO: Bucharest,
Romania, 1995.

SR EN 1008:2003; Mixing Water for Concrete—Specification for Sampling, Testing and Assessing the Suitability of Water, Including
Water Recovered from Processes in the Concrete Industry, as Mixing Water for Concrete. ASRO: Bucharest, Romania, 2003.

SR EN 1015-6:2005; Methods of Testing Masonry Mortars—Part 6: Determination of Apparent Density of Fresh Mortars. ASRO:
Bucharest, Romania, 2005.

SR EN 1015-6/A1:2007; Methods of Test for Mortar for Masonry—Part 6: Determination of Bulk Density of Fresh Mortar. ASRO:
Bucharest, Romania, 2007.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.conbuildmat.2014.02.061
https://doi.org/10.47481/jscmt.1361326
https://doi.org/10.1016/j.conbuildmat.2022.128235

	Introduction 
	Concrete Behavior and Sustainability 
	Mechanical Testing of Concrete 
	Particle Size Influence on Mechanical Properties 

	Marble Powder 
	Environmental Challenges of Marble Waste Disposal 
	Sustainability Goals of the Construction Industry 
	Marble Powder as a Sustainable Cement Substitute 
	Cost-Efficiency and Eco-Efficiency of Marble Powder 
	Cost-Efficiency: 
	Eco-Efficiency 


	Literature Review 
	Comparative Analysis 
	Conclusions 
	References

