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Abstract

The global construction sector, a major consumer of virgin raw materials, is under increasing
pressure to transition from a linear to a circular economy model. Marble waste, generated in
large quantities during quarrying, cutting, and polishing operations, represents a promising
secondary resource for sustainable construction applications. This systematic review was
conducted in accordance with the PRISMA 2020 reporting guidelines to critically evaluate
the utilization of marble waste in concrete and other building materials. A comprehensive
literature search was performed using major scientific databases, and relevant studies
published between 2000 and 2025 were analyzed. The findings consistently indicate
that marble waste performs most effectively as a fine aggregate replacement at 10–20%,
resulting in improved compressive strength, pore refinement, and durability. As a cement
substitute, the optimum replacement level is generally 5–10%, beyond which dilution effects
may adversely affect strength development. The performance is primarily attributed to
improved particle packing and microstructural refinement. This review further highlights
future pathways for industrial-scale implementation, mix optimization, standardisation,
and policy integration to accelerate circular construction practices. These findings support
the potential of marble waste as a sustainable material in advancing circular economy
principles in the construction industry.

Keywords: Portland cement; marble waste; marble dust; stone waste; circular economy;
sustainable recycling; reuses; concrete industry; waste management

1. Introduction
1.1. Background

Rapid global population growth, urbanization, and industrial modernization have led
to a significant increase in industrial waste generation. With each U.S. citizen disposing of
an average of 808 kg of waste annually, the World Bank predicts a 70% increase in global
waste generation by 2050 without immediate intervention [1,2]. The European Union (EU)
alone generates approximately 3000 Mt of waste annually [3]. Efficient management of this
mounting waste is essential to shift from a linear economy (LE) to a circular economy (CE),
ensuring cost-effective end-products.

The concept of incorporating diverse waste from various sources is gaining traction
internationally. The EU’s Sustainable Development Strategy aims for “zero waste” in
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harmony with the life cycle concept, encouraging waste reuse and recycling [4]. CE, an
innovative framework, emphasizes sharing, leasing, repairing, refurbishing, reusing, and
recycling products and materials, leading to waste mitigation and resource optimization.
CE not only reduces toxic waste and environmental contamination but also conserves natu-
ral resources, preserves ecosystems, and promotes biodiversity [5]. The Circular Economy
Action Plan (CEAP) released by the European Commission (EC) is being welcomed by Zero
Waste Europe (ZWE) (Figure 1) as a crucial initiative to enhance the circularity of European
Union (EU) nations.

Figure 1. A step forward towards global circular economy: A “zero waste” concept for the world in
general and Europe in particular.

Sustainability is a critical consideration across all sectors globally. Quite recently, the
sustainable eco-construction has become a key focus for civil and environmental profession-
als because the construction and infrastructure industries are dealing with the consumption
of unprocessed materials and are also huge producers of waste [6–9]. Most of this waste
is linked to severe adverse ecological consequences, compelling concrete researchers to
develop a numerous number of solutions for its mitigation [8,9].

Marble waste (MW) from the marble industry, comprising marble sludge (MS), marble
powder (MP), and other dusts, presents a valuable opportunity for sustainable recycling.
Marble, being resilient and weather-resistant, has historically been a vital construction
material. However, the escalating demand for marble has led to a sudden increase in MW
generation. This waste, if not managed systematically, can cause significant environmental
pollution [10], affecting air, water, soil, vegetation, animals, and human health. Marble
waste (MW) is primarily generated during quarry crushing operations, with 40% of it being
small, valueless pieces discarded in landfills, causing environmental issues and agricultural
degradation [11–13]. MW is also produced during marble cutting, leading to slurry, dust,
and irregular stones, creating environmental challenges and health risks [14–17]. The
predicted global industrial MW generation is around 25 billion tons by 2025 [18,19].

1.2. Importance of Recycling Marble Waste

The construction industry, a major consumer of raw materials, plays a pivotal role
in the efficient use of resources. Traditional concrete production relies heavily on natural
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resources, which cannot sustain the growing global demands. Integrating MW into con-
crete manufacturing offers a sustainable solution. Marble sludge, in particular, has been
extensively researched as a substitute for cement [20–23] and fine-sized natural aggregates.
The proper utilization of MW not only reduces production costs but also reduces pollution
significantly, making it a viable option for a circular economy [24,25].

1.3. Global Exigency for Marble and Growth of Marble Industry

The marble industry is witnessing significant growth globally, leading to substantial
waste generation, particularly in countries like the U.S.A., India, Egypt, Turkey, Brazil, and
various EU nations (Table 1). India stands as the third-largest marble producer worldwide,
contributing 10% of the global MP production [26]. The flowchart for marble processing
and waste generation is shown in Figures 2 and 3. Several other countries, including China,
Iran, Italy, and Spain, are key players in the marble industry (Figures 4 and 5) [27–29]. With
vast marble reserves and a considerable annual generation of MW, addressing this waste is
crucial for environmental preservation and economic advancement.

Figure 2. Flowchart of marble processing and waste generation.
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Table 1. A global production scenario of marble.

Country Marble Production/Reserve/Waste References

Italy Marble production: 140,500,000 t in 2014 [30]

India Marble resources: 1,945,892,000 t in 2015 [31]

China Produced approximately 350,000,000 sq. meters of
marble planks in 2015 [32]

Pakistan Marble reserves: more than 160,000,000 t in 2006 [33]

Iran Estimated 4,857,594 t from 473 marble stone
quarries in 2012–2013 [34]

Turkey Reserves: approximately 3,872,000,000 cubic
meters of marble [35]

Turkey Over 5000 processing units quarrying millions of
tons of marble annually [24]

Egypt Exporting almost 1,360,500 t of stones annually [25]

Jordan Solid waste marble powder generated from 1000
quarries: 47,680 t annually [36]

Spain Disposing of over 700,000 t of marble industrial
waste annually [37]

China Approximately 1 million tons of marble waste
disposed forcibly annually [38]

Figure 3. Stone industry supply chain.

1.4. Scope of the Review

This review comprehensively explores the application of MW in concrete manufactur-
ing and other areas, emphasizing its potential to prevent environmental pollution, improve
concrete properties, reduce production costs, and promote human health. This study
explores chemical, mechanical, microstructural, fire-resistant, thermal, and workability
aspects of concrete incorporating MW. Additionally, this review evaluates MW’s recycling
for replacing natural limited aggregates and cementitious products in various types of
concrete. This review aims to provide valuable insights into sustainable waste management
practices, paving the way for a circular economy and a greener future.
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Figure 4. Dimension stone produced worldwide (2024).

 

Figure 5. Main countries exporting marble (2024).
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1.5. Research Gap and Novel Contribution

Although several experimental studies and previous reviews have explored the in-
corporation of marble waste in cementitious composites, most of the available literature
primarily reports isolated findings on strength, workability, or durability without devel-
oping a unified mechanistic and performance-based understanding. A systematic critical
synthesis connecting chemical composition, particle characteristics, replacement pathways,
fresh-state behavior, strength evolution, durability trade-offs, and sustainability impli-
cations remains limited. In addition, contradictory observations regarding carbonation
resistance, permeability, and optimum dosage levels are frequently reported without ade-
quate mechanistic explanation. Therefore, this review addresses these gaps by critically
comparing published findings, identifying optimum replacement ranges for different con-
struction applications, explaining inconsistencies through filler densification and clinker
dilution mechanisms, and proposing future industrial, standardization, and policy path-
ways for large-scale adoption within a circular economy framework.

2. Methodology
This systematic review was conducted in accordance with the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) [39] guidelines to en-
sure transparency, reproducibility, and methodological rigor. The study selection process
followed the four-stage PRISMA approach, including identification, screening, eligibility,
and inclusion. The PRISMA 2020 checklist is provided in the Supplementary Materials
(Table S1). The literature survey was performed using major scientific databases, including
Scopus, Web of Science, ScienceDirect, SpringerLink, and Google Scholar.

The primary search string used was: (“marble waste” OR “MP” OR “marble dust”
OR “marble slurry”) AND (“concrete” OR “cement replacement” OR “fine aggregate” OR
“coarse aggregate” OR “durability”).

Additional keyword combinations included stone waste, self-compacting concrete,
mortar, polymer concrete, and recycled building materials. This review considered studies
published in English between 2000 and 2025, including peer-reviewed journal articles and
relevant experimental studies.

The inclusion criteria focused on studies reporting the use of marble waste in ce-
ment replacement, fine/coarse aggregate substitution, durability enhancement, microstruc-
tural modification, and sustainable building material applications. Duplicate records,
non-English publications, purely geological studies without construction relevance, and
conference abstracts lacking quantitative data were excluded.

The selected studies were critically evaluated based on marble waste type, particle
fineness, replacement level, curing age, testing parameters, and reporting completeness,
allowing the robust comparison of mechanical, rheological, and durability trends. The
adopted methodology aligns with the principles of waste valorization, circular economy,
and resource-efficient construction, as summarized in the PRISMA-based study selection
process (see Figure 6). The screening and data extraction were conducted independently by
the authors, and any uncertainties were resolved through discussion to ensure consistency
and accuracy.

The study selection process was conducted in a structured and systematic manner.
Initially, all retrieved records were screened based on titles and abstracts to remove irrele-
vant studies. Subsequently, full-text articles were assessed for eligibility according to the
predefined inclusion and exclusion criteria. The screening and eligibility assessment were
performed carefully to ensure consistency and minimize bias. Any ambiguities in study rel-
evance were resolved through the critical evaluation of the study objectives, methodology,
and reported results.
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Figure 6. PRISMA 2020 flow diagram showing the identification, screening, eligibility assessment,
and final inclusion of 200 studies related to marble waste utilization in construction materials.

Data extraction was carried out systematically from the selected studies. The key
information including marble waste type, replacement level, material characteristics, test-
ing conditions, and reported mechanical and durability properties was collected. The
extracted data were organized in a structured format to enable comparative analysis across
studies. Only studies with sufficient experimental detail and clarity were included in the
final synthesis.

The methodological quality and potential risk of bias in the included studies were
qualitatively assessed based on reporting clarity, experimental design, sample size ade-
quacy, curing conditions, and consistency in testing procedures. Studies lacking sufficient
methodological detail or presenting incomplete datasets were considered to have a higher
risk of bias and were interpreted with caution during the comparative analysis.

A narrative synthesis approach was adopted to analyze and interpret the findings
of the included studies. Due to heterogeneity in experimental conditions, material prop-
erties, and reporting formats, a quantitative meta-analysis was not considered appropri-
ate. Instead, results were synthesized based on observed trends in mechanical perfor-
mance, durability characteristics, and material behavior across different marble waste
replacement levels.

Potential reporting bias was considered during the interpretation of results, partic-
ularly in cases where studies reported selective outcomes or lacked complete datasets.
The overall certainty of evidence was qualitatively evaluated based on the consistency of
findings across multiple independent studies, with greater confidence assigned to trends
repeatedly observed under similar experimental conditions.

A PRISMA 2020 flow diagram illustrating the study selection process is presented in
Figure 6. This diagram provides a detailed overview of the number of records identified,
screened, assessed for eligibility, and included in the final review. This systematic review
was not registered in any formal registry (e.g., PROSPERO), as such platforms are primarily
intended for clinical and health-related research. Therefore, no registration number or
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registration date is applicable. However, this review strictly adheres to the PRISMA 2020
reporting guidelines to ensure transparency and methodological rigor.

3. Chemical Attributes
Marble, a metamorphic rock widely used in construction and decorative applica-

tions [40–47], exhibits distinct chemical and mineralogical characteristics that strongly
influence its performance in cementitious systems. The representative oxide compositions
and physical properties of marble waste reported in Tables 2 and 3 indicate a predominantly
calcite-rich composition, generally characterized by high CaO-equivalent content and el-
evated loss on ignition (LOI). These chemical attributes are crucial for understanding its
behavior as a largely inert filler, low-reactivity cement substitute, or fine aggregate replace-
ment in concrete formulations. In particular, the high calcium carbonate content contributes
to particle packing improvement, nucleation support, and interfacial densification, whereas
excessive replacement levels may introduce clinker dilution effects. Therefore, a critical in-
terpretation of the chemical composition is essential for correlating marble waste chemistry
with fresh-state behavior, mechanical performance, and long-term durability outcomes.

Table 2. Chemical composition of marble waste.

Marble Waste
Type

Average Chemical Composition (%)

ReferenceCalcium
Oxide
(CaO)

Silicon di
Oxide
(SiO2)

Aluminum
Oxide

(Al2O3)

Iron
Oxide

(Fe2O3)

Sodium
Oxide
(Na2O)

Potassium
Oxide

Magnesium
Oxide
(MgO)

Sulfur
Trioxide

(SO3)

(LOI)

(K2O)

Marble waste
powder 41.64 5.77 0.56 0.821 0.07 0.073 15.55 0.11 - [1]

Marble waste
powder 41.83 8.38 0.67 0.65 0.6 0.07 10.36 0.33 - [2]

Marble waste
powder 54.5 0.5 0.6 0.1 0.01 0.02 0.2 0.07 43 [4]

Marble waste
powder 41.54 5.87 0.56 0.8 0.07 0.073 15.55 0.11 - [6]

Marble waste 49.46 7.36 0.46 0.66 - 0.11 0.23 0.08 - [7]

Marble tiles
waste 47.09 3.78 0.58 0.06 - 0.09 4.62 0.41 - [7]

Marble waste
powder 41.97 9.77 2.21 1.14 0.72 0.42 5.76 0.24 37.31 [8]

Marble
aggregates 18.01 52.5 9.95 - - - 5.65 - - [9]

Marble waste
sand 55.29 0.53 0.14 0.09 0 0.01 0.2 0.04 43.4 [11]

Marble
powder 40.45 28.35 0.17 9.7 0.05 0.01 16.25 0.02 4.84 [13]

Marble waste
powder 55.64 0.12 0.09 0.21 0.01 - 0.08 - - [17]

Marble waste
powder 61.83 8.38 0.67 0.65 0.6 0.07 14.36 0.33 13.02 [22]

Marble waste
powder 52.5 2.79 0.68 0.08 0.12 0.22 0.62 0.09 42.8 [23]

Waste marble
dust 56.1 0.194 0.123 0.055 0.0333 0.0181 0.926 0.0213 [24]

Marble dust 52.6 1 0.2 0.2 0.06 0.04 - - 43.63 [41]

Marble dust 69.27 0.635 0.415 0.045 0.595 0.05 - - 22.9 [42,43]
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Table 2. Cont.

Marble Waste
Type

Average Chemical Composition (%)

ReferenceCalcium
Oxide
(CaO)

Silicon di
Oxide
(SiO2)

Aluminum
Oxide

(Al2O3)

Iron
Oxide

(Fe2O3)

Sodium
Oxide
(Na2O)

Potassium
Oxide

Magnesium
Oxide
(MgO)

Sulfur
Trioxide

(SO3)

(LOI)

(K2O)

Marble dust 85.3 1.3 0.6 0.4 0.1 0.1 - - 2.4 [44,45]

Marble dust 54.2 1.39 0.32 0.14 <0.04 <0.06 - - 42.6 [46,47]

Marble dust 37.64 5.21 7.56 12.44 4.72 0.21 - - 29.88 [48–51]

The high LOI values reported for several marble waste sources in Table 2 (commonly
37–43%) strongly confirm the dominance of calcium carbonate-rich calcite phases, indi-
cating that most marble waste is non-pozzolanic or only weakly reactive. Consequently,
their beneficial contribution in concrete is primarily governed by micro-filler densification,
nucleation support, and pore refinement, rather than direct hydraulic reactivity. This
mechanistically explains the superior performance generally observed at 5–10% cement re-
placement and when marble waste is used as a fine aggregate substitute, whereas excessive
dosages may induce clinker dilution and associated strength loss. Beyond oxide percent-
ages and LOI values, the performance variability of marble waste is also strongly influenced
by its phase assemblage, particle fineness, local Ca/Si interaction, and moisture-dependent
dispersion behavior [41–47,52–55]. XRD-based studies consistently identify calcite as the
dominant crystalline phase, with occasional dolomite and quartz traces depending on the
geological origin and processing route of the parent stone [42–47]. This phase composition
confirms the largely inert filler nature of marble waste and explains its limited intrinsic
pozzolanic reactivity. In addition, the particle size distribution plays a critical role, where
finely ground fractions, particularly those below 75 µm or with higher Blaine fineness,
promote superior packing density, nucleation-assisted hydration, and interfacial transition
zone densification [52–55]. The effective Ca/Si balance within the surrounding cement
matrix may also be indirectly modified through dilution and micro-filler effects, thereby
influencing calcium silicate hydrate gel formation and long-term durability. Furthermore,
the residual moisture state of marble fines can affect dispersion, workability, and the effec-
tive water-to-binder ratio, which ultimately governs hydration kinetics and hardened-state
performance [52–55]. These chemical and phase characteristics are further complemented
by the physical properties summarized in Table 3, which govern water demand, particle
packing, and setting behavior.

Table 3. Properties of marble waste.

Sr. No. Physical
Properties [52] [53] [55] [54]

1 Specific gravity 3.12 3.15 3.12 3.12

2 Standard
consistency (%) 34 31.5 30 33

3 Initial setting time 40 min 91 min 50 min 85 min

4 Final setting time 262 min 211 min 520 min 270 min

The chemical composition confirms that marble waste behaves predominantly as an
inert or low-reactivity material. Its contribution to concrete performance is therefore gov-
erned mainly by physical effects such as particle packing and microstructural refinement,
rather than chemical reactivity. These characteristics provide the basis for interpreting the
fresh and hardened properties discussed in subsequent sections.
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4. Rheological Characteristics
4.1. Slump and Flowability

Numerous investigations have examined the use of marble dust (MD) and MP as
partial replacements for fine aggregate or Portland cement, with substitution levels reach-
ing up to 60% [48–50]. In most cases, low-to-moderate incorporation levels improved
slump, flowability, and self-compacting performance, mainly due to the smooth particle
morphology and filler-assisted lubrication effect [51,56,57]. Concrete incorporating MD
often exhibited fresh-state stability comparable to reference mixtures [28]. However, exces-
sive marble waste incorporation may reduce slump and air content over time because of
increased surface area and water demand [45].

MD is employed in different forms, with substitution levels reaching up to 60%.
Previous research conducted by Gesoglu et al. [51] indicated that substituting PC with
MD up to 20% led to a decrease in slump. Seghir et al. [28] demonstrated that concrete
incorporating MD exhibited similar stability to its reference mixtures. Moreover, the
incorporation of MD had improved the fresh characteristics of concrete, aligning with the
findings of Alyamac et al. [58]. Silva et al. [14] observed the negative impact of MP on
workability due to its poor wear resistance and smooth texture. Andre et al. [59] suggested
that workability is not significantly affected and does not exhibit a defined trend when
coarse marble aggregate is incorporated into the concrete mix. However, there is still
an increase in workability observed for the 20% incorporation ratio, indicating a slight
improvement in the ease of handling and placing the concrete. Binici et al. [45] discovered
a significant loss in both slump and air content over time for all the concrete mixtures
containing marble waste. This indicates that the workability and air content of the concrete
mixes decreased as time progressed, possibly due to various factors such as the absorption
of water by the marble waste particles or changes in the concrete’s rheological properties
over time.

4.2. SCC and Mortar Rheology

In SCC and mortar systems, marble cutting slurry waste (MCSW) and waste marble
dust (WMD) generally maintain or improve flowability when used at controlled dosages,
particularly in the presence of superplasticizers [16,37,51,60,61]. The filler action of marble
particles contributes to improved particle packing and reduced segregation, enabling
satisfactory self-compacting performance even at replacement levels approaching 30–50%
in selected systems. Gesoglu et al. [51] evaluated the fresh properties of self-compacting
concrete (SCC) produced using fly ash (FA), limestone powder (L.S.), and marble cutting
slurry waste (MCSW). They found that the integration of MCSW as a cement substitute
resulted in a systematic decrease in the properties of concrete. Usyal and Sumer [60] studied
the impact of mineral admixtures on fresh properties and found that MCSW integration
of up to 10% offered good workability. Sadek et al. [61] studied the reuse of granite waste
(GW) and MCSW in SCC as additional minerals. They found a slightly positive effect
on SCC’s fresh properties up to a 50% transition using MCSW as a cement substitute,
attributed to the filler action by MP waste. Valdez [37] investigated the application of
waste from the marble industry in SCC, with 30% cement substitution by MW showing the
excellent flowability of SCC mix. Corinaldesi et al. [16] supplemented waste marble dust
(WMD) in SCC for mortar production using a superplasticizer. The workability of mortar
was maintained with different additives while the sand/cement ratio remained constant
at 3:1.
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4.3. Viscosity and Setting Behavior

Rheological studies on cement grout systems further indicate that marble waste in-
corporation increases plastic viscosity, particularly at higher replacement levels, owing
to increased powder content and surface interaction [62]. Similarly, the incorporation of
waste marble powder (WMP) was found to improve fluidity and modify setting behavior at
low dosages [63]. Cinar et al. [62] measured the characteristics of cement grout containing
WMD. WMD addition in quantities ranging from 5% to 25% with different water-to-binder
ratios positively influenced the rheological properties of the cement grout. An increase in
MP waste content led to an increase in the cement-based grout’s plastic viscosity for all
water-to-binder ratios, whereas an increase in the water-to-binder ratio caused a decrease
in plastic viscosity for a specific composition.

Ma and his team [63] aimed to enhance the mechanical strength of concrete by partially
substituting cement with nano-silica and WMP. They found that blending WMP with
concrete improved fluidity and setting time but negatively influenced compressive strength
when the substitution exceeded 10%. However, adding a very small quantity of nano-silica
increased compressive strength and reduced the setting time and fluidity of the mixture.
Their study revealed that a combination of 10% WMP and 3% nano-silica achieved optimal
compressive strength.

The rheological response of marble-waste-modified systems is primarily governed
by particle fineness, replacement route, water demand, and superplasticizer compat-
ibility, with optimum fresh-state performance generally observed at low-to-moderate
replacement levels.

5. Mechanical and Durability Performance of Marble
Waste-Based Concrete
5.1. Mechanical Characteristics

Concrete researchers have extensively explored the potential of marble waste (MW)
as a substitute material for natural aggregates and/or cement, with its inert structure
making it more suitable for fine aggregates [64,65]. Large marble particles can be crushed
and utilized as coarse or fine aggregates in concrete production [65–68]. Studies have
shown that concrete manufactured using waste marble powder (WMP) as a sand replace-
ment exhibited improved mechanical properties compared to WMP used as a cement
replacement [40] (Table 4).

Studies also revealed that WMP, when used as both a cement and a sand substitute,
enhanced the concrete’s performance [68–74]. Researchers found that MW can be utilized as
fine aggregates, significantly reducing carbon dioxide emissions and production costs [35].
Waste marble dust (WMD) was found to enhance compressive strength, reduce porosity,
and increase the unit weight of concrete when used as a fine aggregate substitute [69].
Additionally, the incorporation of MW in concrete led to a reduction in porosity due to its
“filler effect” and role in hydration [69,72,75–77].

Marble slurry waste (MSW) has been investigated for construction composites, show-
ing improved mechanical attributes in concrete [23]. Integrating MSW in self-compacting
concrete (SCC) [43,78–83] reduced cement and river sand consumption, benefiting the
ecosystem [78]. In the context of self-compacting concrete (SCC) with MP as a mineral addi-
tive, Haddadou et al. [81] reported noteworthy performance, particularly in the hardened
state. An improvement in compressive strength was observed in concrete during Ergün’s
study [22] when 5.0% and 7.5% of marble dust waste was used as the partial substitution
for cement.

https://doi.org/10.3390/jcs10050221
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The research conducted by Aliabdo et al. [40] explored the impact of marble dust
waste as the partial substitution for cement or sand at mass percentages of 5%, 7.5%, 10%,
and 15%. This incorporation led to an enhancement in the mechanical characteristics of
concrete, primarily due to a filler effect. Additionally, both compressive and splitting tensile
strengths of concrete samples increased when marble dust waste was used up to 10% as
the partial substitution for cement [40,52]. These findings indicate the positive influence of
marble dust waste on the mechanical properties of concrete.

In a study conducted by Khodabakhsian et al. [84], the influence of replacing cement
with waste marble powder (WMP) at ratios of 0%, 5%, 10%, and 20% was investigated. The
research concluded that a mere 5% substitution could enhance the compressive strength,
while a 10% substitution would slightly degrade the compressive load-bearing capacity.
They reported that, considering the ecological and economical benefits of integrating WMP
with concrete, up to 20% substitution of cement would be a reasonable choice for optimizing
compressive strength.

Additionally, employing Data Mining (DM) and Machine Learning (ML) techniques
can enhance the efficiency of analyzing such behaviors in terms of both time and cost.
These techniques provide effective tools for simulating and understanding the impact of
incorporating WMP in concrete, enabling more informed decision making in the field of
construction materials. Machine Learning (ML) models have been explored to predict
concrete behavior incorporating MW, demonstrating the potential of ML techniques in this
domain [85–95]. However, the complexity and computational demands of deep neural
networks pose challenges, emphasizing the need for simpler and more practical models for
in situ applications [95].

Studies have also explored the impact of MD and silica fume (SF) on concrete proper-
ties. Incorporating MD and diatomite as partial substitutes for Ordinary Portland Cement
(OPC) improved compressive and flexural strengths due to their void-filling effect and
pozzolanic activity [22]. MD was found to have a more significant impact on compressive
strength when used as a sand substitute rather than as a cement replacement [40]. The use
of MS as a cement substitute improved compressive strength up to 20% but decreased at
higher substitution ratios [43]. Integrating MW with natural pozzolan reduced compres-
sive strength, indicating the importance of careful selection and proportioning of waste
materials for optimal concrete performance [94].

Soliman [95] studied the impact of MP substitution for cement in concrete. Up to
7.5% substitution increased compressive strength by 25%, but exceeding 7.5% led to a
26% decrease. Tensile strength and modulus of elasticity (MOE) increased with 7.5%
MP, but diminished for higher ratios. Ashish et al. [96] investigated concrete with MP
replacing cement and sand at 10% and 15%. Slight improvements in splitting tensile
and flexural strengths were observed. These studies highlight the complex relationship
between MP substitution and concrete properties, emphasizing the need for careful mix
design optimization.

Table 4. Mechanical test from related studies.

Marble Powder (%)

Tests on Hardened Concrete
Testing Age (Days) Ref.Compressive

Strength (MPa)
Tensile Strength

(N/mm2)
Flexural

Strength (MPa)

10 64 5.5 – 56 [40]

5 55 6.2 90 [97]

50 40 – – 28 [98]
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Table 4. Cont.

Marble Powder (%)

Tests on Hardened Concrete
Testing Age (Days) Ref.Compressive

Strength (MPa)
Tensile Strength

(N/mm2)
Flexural

Strength (MPa)

60 27 – 3.7 90 [99]

0.5 35 1.34 – 28 [100]

25 42 – – 28 [101]

100 63 – – 90 [69]

10 49 4.21 – 28 [102]

20 24 – – 14 [103]

15 63 4.4 28 [104]

20 76 – – 365 [105]

25 48 3.6 – 28 [106]

5 42 5 28 [107]

20 72 – – 28 [57]

10 40 – – 28 [76]

25 47 – – 28 [108,109]

5 33 4.5 – 28 [110]

25 33 4 – 56 [111]

10 36 – 28 [112]

In summary, MW, WMP, MSW, and other marble waste materials show promise as
sustainable substitutes in concrete production. The selection of appropriate substitution
ratios and the careful consideration of material properties are crucial for achieving desirable
mechanical properties and environmental benefits in concrete applications. Future research
should focus on developing simpler ML models and exploring innovative techniques, such
as the “paste replacement method,” to enhance the utilization of marble waste in concrete
technology [32].

Table 4 indicates that the optimum mechanical performance of marble-powder-
modified concrete is generally achieved within the 5–15% replacement range, where com-
pressive strengths commonly vary between 40 and 64 MPa, while selected SCC systems
exceed 80 MPa at later curing ages [40,57,60,69,76,97–112]. Across the compiled studies
summarized in Table 4, trength enhancement is most consistently observed at 5–15% ce-
ment replacement and 10–20% fine aggregate replacement, where the combined effects
of micro-filler densification, improved particle packing, and interfacial transition zone
(ITZ) refinement dominate the mechanical response. The available literature indicates that
these optimum ranges provide the most reliable improvements in compressive, tensile,
and flexural strengths, particularly at 28 days of curing. However, higher replacement
dosages show increasingly divergent outcomes, largely depending on particle fineness, the
water-to-binder ratio, curing duration, and the replacement route adopted. This variability
explains the contradictory strength trends reported in some studies and highlights that the
mechanical benefits of marble waste are governed more by microstructural optimization
than by replacement percentage alone.

Uysal and Sumer [60] found that self-compacting concrete (SCC) with 10% MP exhib-
ited comparable compressive strength to classical concrete, even after 400 days of aging.
They observed a compressive strength of 82 MPa on the 90th day for the reference con-
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crete, while SCC with 10%, 20%, and 30% MP showed strengths of 84 MPa, 81 MPa, and
80 MPa, respectively. Figure 7 shows the compressive strength of self-compacted concrete
incorporating marble waste as a fine aggregate.

 

Figure 7. Compressive strength of self-compacted concrete incorporating marble waste as fine aggregate.

Corinaldesi et al. [16] demonstrated that using MD as a filler material resulted in
improved concrete properties. With 5% MP as a filling material, they observed a re-
duction in porosity and an increase in bending and compressive strengths by 12% and
5%, respectively.

Rai et al. [55] reported a 5% increase in compressive strength and a 25% increase in
bending strength for concrete specimens with 15% marble waste (MW) substitution for
sand on the 28th day. Additionally, the slump value of the specimens increased with a
higher proportion of MW.

These findings collectively suggest that incorporating marble powder or marble waste
in concrete mixes positively affects various mechanical properties and workability of the
concrete. The studies conducted by Hebhoub et al. [13] demonstrated that incorporating
marble waste (MW) in concrete improved its compressive strength significantly. Specimens
with 25%, 50%, and 75% MW exhibited enhanced compressive strength compared to the
reference samples without marble powder. Similarly, Demirel [69] utilized 100% MW with
a water/cement ratio of 0.51 and reported a 9.7% increase in compressive strength and a
25% increase in elasticity modulus on the 28th day. The porosity decreased by 8%, and the
splitting tensile strength increased by 13%, 33%, and 11% on the 90th day for specimens
with varying percentages of MW. Similar optimum trends within the 10–15% range were
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also confirmed by multiple independent studies [52,69,95,113], whereas strength reduction
beyond 20% was mainly linked to dilution and increased water demand.

Chavhan and Bhole [113] found that traditional concrete had a compressive strength
of 30.1 MPa on the 14th day and 28.2 MPa on the 28th day, with a splitting tensile strength
of 4.7 MPa on the 28th day. When 50% MP was added to the concrete mix, the compressive
strength increased to 33.1 MPa on the 14th day and 35.7 MPa on the 28th day. Additionally,
when 50% MP and gravel were used, the splitting tensile strength reached 5.7 MPa on the
28th day.

Belachia and Hebhoub [114] incorporated 25% MW into concrete with a water-to-
cement ratio of 0.45, resulting in an increased compressive strength of 36 MPa compared to
33 MPa for specimens without MW. These findings highlight the positive impact of marble
powder on concrete’s mechanical properties, including compressive and splitting tensile
strengths. The studies conducted by various researchers highlight the impact of marble
waste (MW) on the mechanical properties of concrete. When Omar et al. [115] used 15% MP
in concrete, they observed an increase in the modulus of elasticity (MOE) of 1.2% to 5.1%,
although it led to a decrease in workability. Specimens blended with 10% MP exhibited
a strength increase of 17%, 15%, and 15% in various aspects, while those blended with
15% MP showed enhancements of 22%, 17%, and 17% in respective properties. The splitting
tensile strength also increased by 10% for both MP ratios. The replacement of fine aggregate
with 50% marble sludge powder and 50% quarry rock dust improves strength performance.
However, increasing marble sludge powder beyond 50% enhances workability but reduces
compressive and split tensile strength [116].

Shirule et al. [52] replaced 10% of Portland cement (PC) with marble dust and reported
a 17% increase in compressive strength and an 11.5% increase in tensile strength on the
28th day. Dhoka [116] used a 50–50 blend of marble dust and stone dust as a substitute for
fine aggregates, leading to a 7.7% increase in compressive strength and a 25% increase in
splitting tensile strength compared to the reference samples.

Soliman [95] utilized varying percentages of waste marble powder (2.5%, 5%, 7.5%,
10%, 12.5%, 17.5%, and 20%) to replace Portland cement in concrete mixtures. The com-
pressive strength increased by 24.9% on the 28th day when 2.5% waste MP was used.
The strength also increased by 8% with 7.5% waste MP. However, as the percentage of
waste MP increased to 20%, the splitting tensile strength dropped to 2 MPa, indicating a
balance between the percentage of waste marble powder and the concrete’s mechanical
properties. In the research conducted by Aliabdo et al. [40], the velocity of ultrasonic pulses
remained relatively constant when 15% MP was used to replace both Portland cement
and natural sand. Concrete’s compressive strength increased by 14% when 10% MP was
used to replace sand, and the strength of the mixtures with a lower water/cement ratio
increased by 22%. Additionally, they observed a 15% increase in splitting tensile strength
when MP was used at a 10% replacement level for both PC and natural sand. These results
demonstrated superior performance compared to traditional concrete, especially when
lower water-to-cement ratios were used.

Uygunoglu et al. [117] prepared mixtures with varying water/cement ratios (0.31,
0.34, 0.37, and 0.40) incorporating recycled aggregates and marble waste (MW) aggregates.
They found that specimens prepared with recycled aggregates and a water/cement ratio of
0.31 exhibited compressive strengths of 49 MPa on the 7th day and 54 MPa on the 28th day.
Similarly, specimens prepared with marble aggregates achieved compressive strengths of
44 MPa on the 7th day and 53.5 MPa on the 28th day. The results indicated that compressive
strengths decreased with an increase in the water/cement ratio.
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Ergun [22] revealed that the highest compressive strength was achieved when
5% marble powder was used as a substitute for Portland cement. Talah et al. [118] compared
reference specimens with no MP to testing samples containing 15% MP. The compressive
strengths of the reference specimens on the 7th, 28th, 90th, 180th, and 365th day were
26 MPa, 38 MPa, 44 MPa, 46 MPa, and 48 MPa, respectively. In contrast, the testing speci-
mens showed consistent results with compressive strengths of 39 MPa, 52 MPa, 58 MPa,
62 MPa, and 65 MPa on the corresponding days, indicating an improvement in compressive
strength values over time.

Marble cement (MC) was used to make mixtures by Khan et al. [119]. After 28 days
of curing, they found that the MC mortar’s compressive strength was 6.03 MPa. After
a year, MC mortar’s compressive strength was 20.67 MPa, just 17% lower than OPC
mortar. When up to 80% MW was added, the specimens’ compressive strength was
considerably enhanced.

Tennich et al. [120] found that using MP as a filler in self-compacting concrete (SCC)
increased compressive strength by 42.7% compared to traditional SCC when it was used
at around 75% of the weight of Portland cement. However, the velocity rate of ultrasonic
pulse decreased by 2.6%, while dynamic and static modulus of elasticity (MOE) reduced by
12.8% and 16%, respectively. The splitting tensile strength increased by 41%.

Similarly, Wu [121] observed an enhancement in dynamic modulus of elasticity for
specimens with MP. On the other hand, Demirel [69] reported a 10% increase in the velocity
of ultrasonic pulse when MP was used. Elyamany et al. [57] conducted experiments on the
use of MD as a filling material in the production of self-compacting concrete (SCC) and
analyzed its impact on the concrete’s physical and mechanical properties. They added
30 kg/m3 (7.5%), 40 kg/m3 (10%), and 60 kg/m3 (15%) of MD to a 400 kg/m3 Portland
cement (PC) mixture and also added 50 kg/m3 (10%) of MD to a 500 kg/m3 PC mixture. On
the 7th day, the compressive strength of mixtures containing both silica fume (SF) and MD
at a rate of 15% was 31 MPa and 36.5 MPa, respectively. By the 56th day, the compressive
strengths increased to 47.5 MPa and 46.5 MPa, respectively. They observed that the type of
filling material influenced segregation and bleeding in the SCC.

Sadek et al. [61] found that the addition of marble and granite dust (MGD) at specific
ratios resulted in an improvement in compressive strength. On the 28th day, the improve-
ment in compressive strength was 1.7%, 3.9%, and 9.5%, respectively, when 30%, 40%, and
50% of MD was added. They concluded that the optimal waste additive rate was 50% by
weight for a PC quantity of 400 kg/cubic meter, regardless of the material type. In general,
the compressive strength increased when the quantity of MD waste was increased up to
10%. The optimum compressive strength was typically achieved with the use of 10% MD
waste, although in some studies, 5% was considered the optimal value.

The improvement in compressive strength was associated with the rate of MD waste
used in some studies, while in others, the increase was nominal. The data suggested that
there was a continuous increase in compressive strength even with a 100% substitution
of aggregates with MD. Furthermore, the results indicated that the boost in compressive
strength could be up to 40% higher than the initial value. It was anticipated that the increase
in compressive strength through the recycling of MD in PC is attributed to its higher content
of calcium carbonate (CaCO3), which is naturally found in marble chemistry.

5.2. Durability Attributes

The potential applications of marble waste in concrete technology have been exten-
sively studied by researchers globally. One of the fitting uses for marble waste is as a
replacement for fine aggregates due to its inert structure, as demonstrated in numerous
research studies [64,65]. By crushing marble waste, large particles can be transformed and
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utilized in concrete manufacturing as either fine or coarse aggregates [66,67]. Researchers
have observed that the enhancement of properties is more significant in concrete where
marble waste is used as a substitution for sand rather than as a replacement for Portland
cement (PC) [68].

To assess the durability of concrete incorporating marble waste, experiments were con-
ducted to evaluate its performance as a sand replacement. Gameiro [71] conducted studies
and found that the concrete’s durability and resistance against carbonation improved when
sand was replaced with 20% marble waste, leading to enhanced capillarity as well. Another
study by Vardhan et al. [67] reported a 20% increase in strength and a 30% reduction
in shrinkage in concrete where 20% marble waste was used, demonstrating the positive
impact of marble waste on concrete properties when utilized as a sand replacement.

The utilization of marble waste (MW) in concrete technology has been extensively
studied by researchers worldwide. Previous studies have reported the replacement of both
natural aggregates [48] and Portland cement (PC) [46] with MD at varying levels, often up to
60% substitution. Li et al. [57] proposed an innovative technique that involves substituting
the paste, allowing for a reduction of up to 33% in the quantity of PC while enhancing the
utilization of marble waste, and resulting in improved strength and durability properties
of the concrete. However, it is worth noting that the decrease in hydration products can
lead to an increase in porosity when 15% of marble powder is used [28].

Researchers have observed a reduction in the rate of water absorption due to the
incorporation of MD waste, and this blending of MD waste has been found to enhance
the thermal conductivity of the resulting concrete [32,122]. The primary objective of
these studies is to focus on replacing Ordinary Portland Cement (OPC) in concrete to
reduce environmental carbon footprints, promoting greener, user-friendly, and eco-friendly
supplementary cementitious building materials.

Additionally, researchers have explored the use of marble waste as an alternative fine
aggregate [69,71], offering dual benefits. Firstly, the proportion of fine-sized aggregates
inside concrete is often higher than that of PC, making it feasible to blend a significant
amount of MW in concrete as a substitution for fine aggregates. Secondly, the natural
inertness of marble materials makes them more suitable as a substitution of fine aggregates
than replacing PC. In concrete, MD acts as a filler without significantly participating in
the hydration process [40]. The incorporation of MD as a sand replacement, as studied
by Gameiro, resulted in concrete with enhanced durability, increased water absorption
through capillary suction, reduced drying shrinkage, and improved resistance against
carbonation [71]. Similarly, Ulubeyli et al. [73] reported improved durability characteristics
such as permeability, resistance to chloride penetration, sulfate attack, and water absorption
by integrating MW as fine aggregates in concrete. These findings demonstrate the potential
of marble waste as a valuable and versatile material in the realm of concrete technology.

Recent broader studies on waste rock fines also confirm similar pore refinement and
climatic durability mechanisms, further validating the durability enhancement observed in
marble waste-based concrete [123,124].

A study conducted by Hameed et al. [82] investigated the permeability of self-
compacting concrete (SCC) incorporating MCSW. The partial replacement of natural fine
aggregates with MCSW led to a reduction in permeability while maintaining constant
compressive strength.

These studies collectively indicate the potential of marble cutting slurry waste as a
suitable material for the partial substitution in concrete mixtures, enhancing both strength
and durability properties, particularly in specific environmental conditions.
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The use of MD as a substitution material for sand in concrete has been studied ex-
tensively, focusing not only on strength and durability but also on parameters like dry-
ing shrinkage, which plays a crucial role in the overall integrity and cost-effectiveness
of structures.

In research conducted by Gameiro, it was found that substituting 20% of sand with MD
enhanced the durability properties of concrete, particularly in terms of water absorption
through capillary suction and resistance against carbonation [125].

Drying shrinkage is a critical factor that influences the overall performance and
integrity of concrete structures [126–129]. It occurs as a result of the loss of moisture from
the concrete [130], leading to dimensional changes and the development of tensile stresses,
which can ultimately result in cracking. Drying shrinkage is influenced by various factors,
including the characteristics of cementitious materials, type and quantity of aggregates,
curing conditions, member geometry, and the presence of mineral admixtures [131,132].
The observations made by Kou et al. [133] revealed a reduction in shrinkage strain by an
average of 15% to 20% in mixtures incorporating fly ash (FA). This reduction in shrinkage
strain indicates the positive influence of FA on mitigating shrinkage-related issues in
concrete mixtures.

Studies have shown that the addition of mineral admixtures, such as fly ash (FA) and
ground granulated blast furnace slag (GGBFS), can influence the structural arrangement
of concrete pores and, consequently, affect drying and shrinking characteristics [129]. For
example, concrete mixes containing FA exhibited superior drying and shrinking properties
compared to those containing slag [129]. The addition of GGBFS reduced shrinkage strain
by 15% to 50% in comparison with the reference concrete [134].

According to the reports of Yuan et al. [135], there was a significant mitigation of 20%
to 35% in terms of shrinking strain observed in mixes where sixty percent of the volume of
Portland Cement (PC) was substituted with slag. This reduction highlights the effectiveness
of slag in minimizing shrinkage-related concerns within concrete mixes. Additionally, the
type of aggregates, including both finer and coarser aggregates, has been found to impact
concrete shrinkage characteristics [136,137].

In summary, the use of marble dust in concrete not only affects strength and durability
but also plays a role in mitigating drying shrinkage, making it an important consideration
for sustainable and resilient concrete construction.

The utilization of MP in concrete has been extensively studied, focusing on its impact
on compressive strength, workability, sorptivity, and other durability-related properties.
Researchers have explored various substitution levels of sand and Portland cement (PC)
with MP waste to determine the optimal proportions for enhancing concrete properties
while minimizing environmental impact.

In the study conducted by Alyamaç and Aydin, an improvement in compressive
strength was observed of up to 10.5% by weight of MP at different curing times. However,
as the substitution level increased beyond 20%, workability significantly decreased. The
sorptivity property of concrete showed a minor effect with increasing MP waste content [24].

Binici et al. found that incorporating 15% MP waste as a substitution for sand resulted
in concrete with compressive strength of up to 1.7 times higher than the control mix.
However, there was a decrease in resistance to abrasion despite enhancements in resistance
to sulfate attack [138].

Aliabdo et al. evaluated the use of MP waste as both a PC and a sand substitution.
They concluded that utilizing MP waste as the partial substitution for sand yielded better
results due to its filler effect, with the optimal substitution level being 10%. However, the
partial replacement of PC led to a decrease in cementitious materials due to PC dilution [40].
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Furthermore, researchers have advocated reducing Ordinary Portland Cement (OPC)
consumption by reusing MP waste as a supplementary cementitious material (SCM).
This approach helps mitigate the environmental impact associated with OPC production,
including CO2 emissions, a significant greenhouse gas [139].

In summary, the studies indicate that the utilization of MP waste in concrete can
enhance its mechanical properties and durability characteristics. However, the careful
consideration of substitution levels is necessary to balance the improvements in properties
with potential drawbacks such as reduced workability and resistance to abrasion. Addi-
tionally, the reuse of MP waste as an SCM presents a sustainable solution to reduce OPC
consumption and minimize environmental impact.

In a research investigation, Vardhan et al. [65] incorporated municipal solid (MS) waste
as a substitute for finer aggregate in conventional vibrated concrete (CVC) and analyzed its
impact on the drying shrinkage property. Their results demonstrated a positive influence on
drying shrinkage of up to a substitution level of 60%. Singh et al. [23] explored the influence
of MS waste on the compressive strength and drying shrinkage of Portland cement (PC)
mortar and PC–concrete mixtures. They observed that increasing the content of MS waste
in the substitution of PC in mortar led to reduced values of drying shrinkage but resulted
in enhanced carbonation depth.

Numerous studies have investigated the durability performance of self-consolidating
concrete (SCC) and CVC incorporating MS waste. Alyousef et al. [140] examined the dura-
bility performance of SCC incorporating MS waste and limestone powder, constituting 20%
of the filler in the cementitious matrix. They observed increased resistance to carbonation
depth and water penetration depth with the addition of MS waste. Paradoxically, these
findings contradict the results outlined by Singh et al. [23] concerning mortar mixtures.
Ghorbani et al.’s study [41] on the corrosion behavior of self-consolidating concrete (SCC)
mixtures incorporating municipal solid (MS) waste concluded that a substitution of up to
10% of Portland cement (PC) with MS waste accelerated the resistance against corrosion in
the SCC mixture. Li et al. [32] focused on the durability performance of mortar mixtures
incorporating MS waste. They replaced PC in mortar with MS waste at varying proportions
of 0%, 5%, 10%, 15%, and 20%. Their study indicated a significant decrease in the depth of
carbonation at a 20% replacement level, along with reduced drying shrinkage due to the
integration of MS waste.

Taji et al. [141] investigated the corrosion behavior of conventional vibrated concrete
(CVC) blended with MS waste and granite waste. They reported that substituting up
to 20% of PC with MS waste improved the resistance to corrosion in the CVC mixture.
Ashish [142] conducted a study assessing the durability of CVC incorporating MS and
silica fume (SF) waste. Their findings revealed that incorporating 10% SF in CVC as a
replacement for PC enhanced resistance to carbonation. Additionally, the carbonation
resistance of the CVC mixture was noted to improve with a 10% substitution of PC with MS
waste. Massana et al. [143] investigated the impact of silica in both nano and micro forms
as an additive on the carbonation depth of high-performance self-consolidating concrete
(SCC). Their study revealed the absence of carbonation penetration even after exposure to
CO2 for 60 days, indicating the effectiveness of silica supplementation in SCC durability.
The literature provides insights into various durability parameters of SCC, conventional
vibrated concrete (CVC), and mortar incorporating municipal solid (MS) waste either as a
replacement for Portland cement (PC) or sand. However, the substitution of PC with MS
waste or fly ash (FA) in SCC demonstrated improved results, whereas the simultaneous
use of MS waste, FA, and silica fume (SF) showed insignificant improvements in durability
performance. Generally, MS waste is considered inert due to the absence of pozzolanic
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properties. Numerous research studies suggest that the enhancements achieved through
the incorporation of MS waste in concrete are primarily attributed to their filler effect.

The research conducted by Alyamac and Tugrul [144] showed promising results, indi-
cating that the production of esthetically pleasing, environmentally friendly, and durable
concrete is achievable by utilizing manufacturing debris (MD) and fragments of broken
municipal waste (MW) as replacements for aggregates. Ashish [75] utilized MD waste
to replace both Portland cement (PC) and aggregates, reporting optimal outcomes when
20% MD was used to replace 10% of the fine aggregates and 10% of PC. Singh et al. [52]
provided an overview of investigations focusing on the partial substitution of PC and sand
with MD waste in concrete.

Gameiro et al. [68] utilized MW obtained from quarries to substitute aggregates at
various percentage ratios, including 0%, 20%, 50%, and 100%. To characterize the fresh
and hardened concrete aggregates, they conducted specific examinations. The addition of
marble aggregates had a positive impact on the water absorption attribute. Their findings
revealed that concrete properties improved significantly when MW aggregates replaced
fine-sized aggregates, particularly in the range of fifty to one hundred percent substitution.

Kelestemur et al. [48] conducted a study on the influence of glass fiber and mineral
powder (MP) in Portland cement (PC) mortars exposed to high temperatures. They investi-
gated the effects of MP, with weight percentages ranging from zero, 20, 40, to 50, replacing
sand, on the mechanical properties of concrete under varying temperature conditions. In
summary, MW, WMP, MSW, and other marble waste materials show promise as sustainable
substitutes in concrete production. To critically reconcile the variability and contradic-
tions reported across previous studies, a comparative synthesis of the most consistently
observed optimum marble waste replacement ranges is presented in Table 5. The table
consolidates replacement pathways, performance trends, and durability outcomes. This
synthesis provides a practical evidence-based framework for the mix optimization and
large-scale implementation of marble waste in sustainable concrete production. The syn-
thesized trends clearly indicate that fine aggregate replacement offers the most reliable
balance between mechanical enhancement and durability improvement, whereas cement
replacement should generally remain below 10% to avoid clinker dilution effects.

Table 5. Comparative synthesis of optimum marble waste replacement modes and performance trends.

Replacement Mode Optimum Replacement
(%) Strength Effect Durability Effect

Cement replacement 5–10
Improvement at low dosage;
reduction beyond 10% due
to dilution

Low-to-moderate
improvement depending on
permeability and
carbonation resistance

Fine aggregate replacement 10–20
Highest and most consistent
improvement in compressive
and tensile strength

Best overall durability
performance with reduced
porosity and improved
resistance to water ingress

SCC filler/mortar additive 10–15
Improved flowability with
stable or slightly enhanced
strength

Good durability with re-
duced segregation and per-
meability

6. Marble Waste as Aggregate and Cementitious Replacement Material
6.1. Utilization of Marble Waste as Fine and Coarse Aggregates

In the early stages, the utilization of waste marble powder (WMP) as a filler in concrete
exhibited promising results. Studies, such as those conducted by Corinaldesi et al. [16],
demonstrated increased strength in concrete and mortar when MS waste substituted ten
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percent of the sand. Hebhoub et al. [13] investigated the incorporation of waste marble as
aggregates in concrete mixtures. Various series of concrete mixes with different proportions
of waste marble aggregates (25%, 50%, 75%, and 100%) were studied, indicating positive
strength results, particularly up to 75% substitution.

In the realm of polymer concrete technology, researchers like Soykan and Özel [145]
explored recycling options for waste marble powder as aggregates. They mixed MS waste
with different grain sizes with “PolyPol 314,” a polyester-based resin filler, to prepare
polymeric concrete. The experiments demonstrated that MS waste with grain sizes ranging
from 0.075 mm to 0.150 mm exhibited superior physical and mechanical properties in
polymer-based concrete.

Furthermore, studies by Omar et al. [115] investigated the use of limestone slurry (L.S.)
waste as a substitute for finer concrete aggregates. They incorporated 5%, 10%, and 15%
of waste marble powder into concrete mixes, substituting sand with L.S. waste in varying
proportions (25%, 50%, and 75%). The results indicated improved fresh and hardened
properties of concrete, including flexural, compressive, splitting, and tensile strengths, as
well as examinations related to permeability.

Additionally, researchers like Ural et al. [72] explored the utilization of clayey na-
tured soil within WMP to substitute finer aggregates in concrete. Physico-mechanical and
physico-chemical attributes of the resulting product were tested, demonstrating a definite
enhancement in the behavior of clay-like soil. These studies collectively suggest that marble
waste can be valuable as a filler to replace fine aggregates in concrete production, with an
optimal marble waste ratio found to be five percent.

Studies by Silva et al. [14] examined the mechanical strength of concrete with marble-
waste-substituted as an aggregates at various replacement ratios. The results demonstrated
improvements in concrete strength properties with substitutions of up to 60%. Moreover,
research by Uysal [146] investigated the influence of coarser aggregates, including marble,
limestone, dolomite, sand, and basalt, on self-consolidating concrete (SCC) in both fresh
and hardened states. The integration of marble powder was found to significantly enhance
compressive strength.

For a considerable duration, the substitution of both fine-sized and coarse aggregates
with mineral dust (MD) has been actively implemented in the field of construction. Numer-
ous investigations have been conducted to explore this concept in the past (Figures 8 and 9).
Vigneshpandian et al. [147] examined the strength characteristics of hardened concrete
undergoing the replacement of fine-sized aggregate with MD waste. Their study revealed
that a fifty percent replacement by weight resulted in optimal strength for the concrete in its
hardened state. Arel [148] investigated the influence of MD supplementation as both fine
and coarse aggregates, leading to enhanced mechanical properties of concrete. Concrete
strength exhibited increases of 20–26% and 10–15% in compressive and splitting tensile
strength, respectively, at 15% and 75% replacement of fine aggregate with MD. Notably, a
more substantial improvement in concrete’s mechanical characteristics was observed when
mineral dust was employed as coarse aggregates rather than fine aggregates [149].

Saran et al. [150] investigated the impact of using MD in concrete for structural
applications in acidic environments. They conducted tests on the tensile and compressive
behaviors of composite slabs with and without MD, replacing a portion of the fine-sized
aggregates. MD was used in varying percentages (10%, 20%, 30%, 40%, and 50% by weight)
as a substitute for fine-sized aggregates. Among these, composite structures incorporating
50% MD as a fine aggregate replacement exhibited superior strength compared to other
proportions. The researchers recommended not exceeding a 50% substitution of fine
aggregates with MD to achieve optimal strength.
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Figure 8. Compressive strength of marble-based concrete.

 

Figure 9. Compressive strength of concrete incorporating marble waste as fine aggregate.
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Chavhan et al. [113] observed discrepancies in the strength properties of M25-grade
concrete with different ratios of MD replacing sand. They reported an increase in compres-
sive strength with higher levels of MD substitution of up to 50%. However, the concrete’s
optimal tensile strength after 28 days was achieved with a 45% substitution level.

Chahour and Safi [151] conducted experiments involving the complete substitution of
natural sand aggregates with mineral dust (MD) of up to 100%. The performance of the
resulting concrete was assessed in terms of strength, compactness, durability, and worka-
bility at different curing times of up to 56 days. It was observed that superior compactness,
compressive strength, and flexural strength were achieved when sand aggregates were re-
placed with MD at proportions of 50% and 100%. However, the highest punching strength
for the concrete was attained when the replacement ratio was set at 70%, equivalent to the
strength of standard mortar containing entirely sand aggregates.

A review by Tunc [79] on mineral waste (MW) recycling as a source material for
replacing base materials in construction emphasized that using MW as a fine aggregate
or as a partial cement (PC) replacement in concrete production is suitable for enhancing
concrete strength and supporting economic efficiency. The study indicated that a 10%
replacement provided optimal strength when MW was used as a cement replacement, and
a 20% substitution significantly influenced strength enhancement.

Demirel studied the impact of adding MD waste to concrete, replacing fine aggregates.
Various concrete mixes were prepared with 0%, 25%, 50%, and 100% by weight of MD
waste particles smaller than 0.25 mm. The physical properties of the specimens were
analyzed, and compressive strength was measured at 3, 7, 28, and 90 days of curing, with
comparisons made to standardized concrete. The addition of MD reduced the porosity of
the concrete, and the modulus of elasticity and ultrasonic pulse velocity of the concrete
increased with the quantity of filler and curing period. The resulting concrete exhibited
higher compressive strength than the standard one when MD waste was incorporated.
Extended curing periods led to further improvements in these properties.

Garas et al. [152] explored the use of MD waste in the production of green concrete,
replacing both coarser and fine aggregates. They discovered that substituting MD for
fine-sized aggregates was more advantageous than its replacement for cement or coarse
aggregates. Aliabdo et al. [40] explored the feasibility of utilizing mineral dust (MD) waste
as a replacement for fine aggregates and cement in concrete manufacturing. Concrete
incorporating MD as a substitute for cement exhibited more favorable properties compared
to traditional concrete [153]. MD-based mortar, replacing fine aggregates, enhanced the
physico-mechanical characteristics of the resulting concrete.

Martins et al. [154] studied the mechano-physical properties of concrete partially and
fully substituting coarse aggregates with waste marble particles. Concrete blocks were
prepared with 20%, 50%, and 100% marble particles, and various tests were conducted. It
was observed that the modulus of elasticity (MOE), split tensile strength, and compressive
strength of the products decreased due to the use of waste marble. The slump density of
the mix increased for a 20% substitution level but decreased beyond this level.

AL-Luhybi [155] examined the influence of adding waste marble and porcelain mate-
rials as replacements for fine aggregates on the mechanical properties of concrete. Recycled
coarse aggregates were used in combination with these waste materials, and a comparison
was made with standard concrete based on naturally occurring fine and coarse aggre-
gates. The study revealed that the use of recycled coarse aggregates increased concrete’s
compressive strength and modulus of rupture by 5.1% and 19.5%, respectively, compared
to standard concrete. However, tensile strength decreased by 35%. The application of
porcelain waste did not significantly impact concrete’s compressive strength, but the use of
mineral waste (MW) increased it by approximately 5.1%. Both marble and porcelain waste
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increased concrete’s tensile strength by 35% and 17.6%, respectively, with the modulus of
rupture increasing by 24% and 19.5%, respectively.

Singh et al. [156] explored the feasibility of utilizing ground calcium waste (GCW) and
marble slurry (MS) as replacements for fine-sized aggregates in concrete manufacturing.
They found that using up to 25% GCW and 15% MS as substitutes for fine aggregates
improved the concrete properties. However, the irregular shapes of GCW and MS particles
necessitated a higher water content in the mix, leading to reduced workability.

In experiments conducted by Binici et al. [138], mineral dust (MD) and limestone
slurry (L.S.) were used to replace sand in mortar mixtures to prepare concrete blocks.
Additions of 5%, 10%, and 15% of marble dust plus limestone slurry enhanced abrasion
resistance and workability compared to the standard mix. The concrete’s resistance to
corrosion improved with higher filler concentrations, and long-term compressive strength
was reported to increase.

Evram et al. [104] investigated the impact of electronic waste plastics and MD waste
on the behavior and mechanical properties of hardened concrete. They observed a decrease
in mechanical strength, concrete weight, and elastic modulus with the addition of e-waste,
with the most significant decrease occurring at a 20% addition level. However, these
parameters partially improved with the inclusion of MD waste.

In a study by Varadharajan [157], the eco-impact of using MD and fly ash (FA) waste as
substitute materials in concrete production was examined. The addition of MD significantly
improved the mechanical strength of concrete and had a positive impact on eco-friendliness.

Varadharajan et al. [158] used rice husk ash (RHA) for partial cement (PC) substitution
and MD waste for fine aggregates (sand) in concrete production. Their report revealed an
optimum enhancement in compressive, tensile, and flexural strengths by 44.4%, 60%, and
46.13%, respectively, for the maximum combination of 15% RHA and 30% MD waste.

Rajkumar et al. [159] studied the effect of MD waste addition on the flexural behavior
of reinforced concrete beams. MD waste was added to partially substitute fine aggregates
at proportions of 0%, 5%, 10%, 15%, and 20% by weight. They reported that the addition of
20% MD waste resulted in superior compressive strength of the concrete, while flexural
strength and concrete deflection increased with the addition of MD waste. Shukla et al. [160]
investigated the impact of substituting mineral dust (MD) for fine-sized aggregates in
concrete preparation. They observed improvements in concrete’s compressive and tensile
strengths through MD blending, with the optimal level confirmed at 100% substitution.

In a study by Binici and Aksogan [12], granite, MP waste, basalt, and silica sand
were considered as fine aggregates for concrete production. The physical and mechanical
attributes of the resulting products were evaluated to monitor the influences of these
various filling materials. It was noted that the addition of fillers positively influenced
concrete’s compressive strength while significantly reducing its corrosion resistance and
water absorption. The authors suggested that these fillers could be suitable for prospective
use as filling materials in concrete manufacturing.

Bostanci [101] conducted investigations on concrete performance using MD and re-
cycled glass particles to replace fine aggregates. They revealed that the addition of MD
and recycled glass particles led to a 17% and an 8% enhancement, respectively, in overall
concrete performance.

6.2. Utilization of Marble Waste as Cement

Aliabdo et al. [40] conducted a study involving the substitution of Portland cement (PC)
and sand at various weight percentages (0, 5, 7.5, 10, and 15) with MP, while maintaining
water/powder and water/cement ratios at 0.50 and 0.40, respectively. Thermal gravimetric
analysis (TGA), X-ray diffraction (XRD), and scanning electron microscopy (SEM) analyses
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were performed on the mixes. The results indicated that incorporating MP, especially as a
sand replacement, led to overall improvements in the mechanical properties of concrete.

Corinaldesi et al. [16] investigated the addition of MD to replace PC in mortar and
concrete, with various additives considered. Different mortar mixtures were compared,
all with a sand-to-cement ratio of 3:1, to assess their mechanical properties. The study
revealed that the highest compressive strength was achieved when 10% of MP replaced PC
in concrete.

Aruntas et al. [46] explored the integration of MP waste into concrete by substituting
PC at percentages of 2.5, 5, 7.5, and 10 by weight. The physical, mechanical, and chemical
attributes of the resulting cement specimens were studied and compared with controlled
samples and cements containing waste MD. The research showed that the highest compres-
sive strength was achieved when 10% of MP replaced PC in concrete.

Ergun [22] extensively studied the partial use of MD waste and diatomite rocks as
substitutes for PC in concrete mixtures. Various ratios of water to cement were employed
to determine the optimal proportion of MP and diatomite, either individually or combined.
Concrete specimens with 10% diatomite and 5% MD waste displayed the best compressive
and bending strengths.

Singh et al. [23] suggested that PC in concrete could be replaced with MD waste by
up to 15%. Bacarji et al. [161] investigated the integration of 5%, 10%, and 20% marble
and granitic waste (MGW) to replace PC in concrete. MGW-based concrete exhibited
optimal mechanical attributes such as elasticity modulus, abrasion resistance, rheology,
and compressive strength with a 5% proportion.

Pathan and Pathan [162] found enhanced splitting tensile and compressive strengths for
specimens containing 10% MP waste as a cement replacement. Khodabakhshian et al. [84]
verified that substituting PC with MP waste at percentages of 0, 5, 10, and 20 improved the
mechanical characteristics of concrete.

Rodrigues et al. [43] investigated the substitution of PC with marble slurry (MS) at
volume percentages of 0, 5, 10, and 15, extracted from a marble quarry and mixed with
plastic. Concrete’s mechanical behavior showed improvements in strength properties with
up to 10% substitution based on current ratings.

Since its invention in the mid-19th century, Portland cement-based mortar gained
popularity for its strength compared to other available alternatives at the time. Before the
widespread use of cement mortar, gypsum [163] and pozzolana-lime [164] were commonly
used in construction activities. Cement–mortar gradually replaced lime mortar in new
constructions due to its superior physico-mechanical attributes. In recent years, research
studies have focused on enhancing the mechanical and physical attributes of mortar. In
these efforts, Portland cement (PC) and other cementitious materials have been partially
substituted with waste materials and mineral dust (WMGD).

Deshamukh et al. [165] conducted experiments on the mechanical behavior of M20-
grade concrete with the partial integration of mineral dust (MD) as a collective substitution
for sand and PC. They found that the optimal strength in the hardened state of concrete
was achieved by replacing PC with MD at a ratio of four percent by weight as a binder and
ten percent by weight in concrete as a substitution for fine aggregates (Figure 10).

Shreyas [166] analyzed the physico-mechanical properties of PC–concrete filled with
various quantities of MD. The optimal compressive strength of the resulting PC–concrete
was recorded with the addition of 10% MD by weight after 28 days of curing.

Ulubeyli and Artir [167] conducted a study to evaluate the effect of utilizing mineral
dust (MD) waste on different types of concrete, including traditional, self-compacting, and
polymer-based. They used MP waste as additives in concrete, replacing both fine and coarse
aggregates as well as Portland cement (PC). Their experiments showed that the properties
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of traditional concrete improved with the use of MP as aggregates or binders. However, the
mechanical characteristics of self-compacting concrete (SCC) and polymer-based concrete
were hindered by MP utilization.

 

Figure 10. Compressive strength of cement paste incorporating marble slurry.

Chandrasekaran [168] assessed the strength characteristics of concrete using micro-
sized MP to replace PC, with MP ratios of 5%, 10%, and 15% by weight. Concrete strengths
were measured at 7 and 28 days. They found that concrete’s compressive strength increased
with the use of up to 10% MP to replace PC, while split tensile strength and flexural
strength improved with a 15% substitution. The 28th-day strength was superior to the
7th-day strength.

Kumar and Thakur [169] conducted examinations on concrete strength with MD used
as the partial replacement for PC, adding up to 30% by weight, with an increment of 7.5%.
Compressive, tensile, and flexural strengths of the hardened concrete were measured over
the curing period. A 7.5% addition of MD to replace PC significantly improved concrete
strength with the curing period.

Khodabakhshian et al. [84] utilized MP waste and silica fume (SF) as partial replace-
ments for PC to evaluate the mechanical attributes of hardened concrete. An addition of
over 10% MP negatively impacted the mechanical characteristics of concrete in the hard-
ened stage. However, supplementing it with 10% SF resulted in enhanced compressive,
split, and tensile strengths during the early curing periods. Additionally, substituting 5% to
20% of mineral waste (MW) with 2.5% SF offered the highest modulus of elasticity (MOE)
for the concrete.
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Sanchez et al. [170] studied the impact of using mineral dust (MD) as a substitution
for Portland cement (PC) in concrete. They found that the workability of the mix increased
with the addition of MD. The compressive, tensile, and flexural strengths of the resulting
concrete improved with a 10% substitution of MD. Curing time had a positive influence on
the mechanical properties of the concrete.

Taji et al. [141] investigated the effects of marble and granite dust (MGD) on concrete
characteristics. They manufactured concrete blocks with up to 30% MGWD substitution
for PC. At the 20% substitution level, the mechanical attributes of the concrete remained
constant. However, adding 10% of each waste as a PC substitution exhibited stronger
resistance against the corrosion of steel bars used for reinforcement.

Contrary to the literature, Danish et al. [171] reported that incorporating MGD with
concrete as a replacement for PC or cementitious materials reduced the mortar’s workability
and increased water requirements. The packing density and specific surface area of concrete
containing MGD were higher compared to the standard mix. Although mechanical charac-
teristics decreased, concrete durability improved when exposed to acidic environments.

Khaliq et al. [172] evaluated the physical and mechanical attributes, along with per-
meability, of concrete blended with MD waste as a PC replacement. They noted that the
compressive and tensile strengths of concrete decreased by 12% and 6%, respectively, with
the integration of 5% MD in PC. The reduction was even greater with higher MD content.
However, the best results were achieved with a 10% substitution, where strengths remained
unaffected compared to the standard mix, while concrete permeability increased.

Ghorbani et al. [41] examined the mechanical properties and resistance to corrosion
of concrete manufactured using MGD waste as a substitution material for PC. Despite a
negative impact on compressive strength, it significantly improved corrosion resistance.

7. Specialized Concrete Applications
7.1. Utilization of Marble Waste in Fiber-Reinforced Concrete

Sheike et al. [173] explored the impact of specific proportions of MD as a substitute for
PC in concrete on its strength. The study aimed to identify the ratios of steel fibers (SFs)
and MP that yielded the highest concrete strength. Optimal compressive strengths were
obtained on the 7th and 28th day with 8% MP and 8% SFs blending as PC replacements
in concrete.

Sounthararajan et al. [174] investigated the efficacy of steel fibers incorporated into
reinforced concrete production, where natural sand was replaced with mineral dust (MD)
and a portion of foundry waste sand. The number of reinforced steel fibers remained con-
stant, and it was observed that a 10% blend of MD and 20% foundry waste sand, along with
a chemical admixture, yielded the highest compressive strength in concrete. The achieved
strength was approximately 7.4% higher than the control sample. Additionally, the elastic
modulus and bending strength of the composites were enhanced with this substitution
ratio, confirming it as the optimal configuration exhibiting superior characteristics [69].

Furthermore, investigations by Haddadou et al. [175] focused on the effect of incorpo-
rating MS in concrete on SCC using different sizes of steel fibers. Their findings indicated
that the addition of MS enhanced ultrasonic impact velocity and improved compressive,
split tensile, and bending strengths, particularly when using thirty-millimeter fibers with
an eight percent rate.

7.2. Utilization of Marble Waste in Asphalt-Based Concrete

Moghadas Nejad et al. [176] conducted research to examine the application of hot as-
phalt mixtures containing recycled marble aggregates in road constructions with moderate
traffic. They explored substitution percentages of 15, 25, 40, and 60 and conducted tests on
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dynamic creep, indirect tensile strength, resilient modulus, and fatigue. Marble aggregates,
due to their lower silica content, exhibited enhanced splitting tensile strength when used
as recycled materials.

Chandra and Choudhary [177] investigated the influence of recycling MP waste as a
filler in bituminous concrete. Comparisons were made with stone dust and lime as fillers to
replace MP. Various tests, including direct tensile, fatigue, free compression, and Marshall
stability tests, were conducted. The results favored the use of MP waste as a filling material,
showing increased modulus of elasticity (MOE) and compressive and tensile strengths. The
optimal compressive strength was achieved with 5% MP waste, while the highest MOE
and optimum tensile strength were obtained with 7% MP. Consequently, the integration of
MP waste in bituminous concrete was recommended, demonstrating enhanced strength in
the resultant concrete.

Ustunkol and Turabi [178] utilized recycled marble aggregates to substitute pure
aggregates in hot mix asphalt. They studied the physico-mechanical effects of industrial
waste materials such as MP, fly ash (FA), glass powder, and “phosphogypsum” on the
wearing surface of asphalt-based concrete. The Marshall method was adopted for specimen
preparation, determining the optimum bitumen content as 4.9%. The study assessed
stability and creep deviations in the samples. Their findings indicated that the highest
strength was achieved in bituminous coal-based hot mixtures containing seven percent of
waste as the filler material.

Fırat et al. [179] performed experiments to determine the strength and hardness of
base strata stabilized with FA, sand, and MP waste. These materials were added at rates
of 5%, 10%, 15%, and 20%. Each specimen was examined through the California Bearing
Ratio (CBR) test to measure permeable competence and swelling proportions, exploring
the engineering characteristics of the waste mixtures. X-ray diffraction (XRD) and scanning
electron microscopy (SEM) analyses were also carried out for specimens containing 15% of
additives. The results of this study suggested that waste could be safely employed in road
construction projects.

8. Emerging Non-Structural and Cross-Disciplinary Applications
In industrial brick production, recycling of marble waste (MW) holds significant

importance. Bilgin et al. [180] conducted a study on the application of MP waste as an
additive in brick compositions. They investigated the mineralogy, physical and mechanical
properties, and sintering attributes of bricks produced by adding MP waste in percentages
ranging from 20 to 100. The results indicated a substantial enhancement in the physico-
mechanical properties of bricks as the amount of utilized marble waste increased (Figure 11).
The study concluded that the use of recycled marble waste in industrial brick manufacturing
is permissible, contributing to eco-balancing and economic benefits.

Quesada et al. [181] explored the suitability of various waste, including sawdust,
used earth oil filtration, MW, and compost, for the production of lightweight bricks. They
evaluated parameters such as bulk density, linear shrinkage, compressive strength, SEM
findings, and water absorption to assess the influence of these additives on the technical
characteristics of the bricks. The optimal mechanical properties were achieved with five
percent sawdust, ten percent compost, and fifteen percent MW, along with used earth oil
filtration in the brick composition.

Buyuksagis et al. [64] used MD as a source material for producing mortars for insulat-
ing panels, finding it more economical and suitable than dolomite. Gandhi [182] explored
the South Gujarat region of India near Surat, a common soil stabilization area. Marble
powder and rice husk ash were utilized as additive materials to address specific soil issues

https://doi.org/10.3390/jcs10050221

https://doi.org/10.3390/jcs10050221


J. Compos. Sci. 2026, 10, 221 29 of 41

in the area. The findings suggested that the application of both marble powder and rice
husk ash could effectively and cost-effectively stabilize the soil.

 

Figure 11. Marble-based brick compressive strength.

Ahmed et al. [183] focused on the development of hybrid products using agricultural
and industrial wastes, including MW sludge and rice husk, in specific proportions or as full
replacements. Tozsin et al. [184] investigated the influence of marble waste on Turkish soil
characteristics and hazelnut production. The results indicated significant improvements in
soil neutralization and hazelnut production upon adding marble waste to the soil.

Yeşilay et al. [185] found it suitable to use marble dust waste up to 27% in the clay
mix for ceramic artwork production. Munir et al. [36] utilized marble slurry (MS) waste
for the industrial-scale production of energy-efficient fired clay bricks. Munir et al. [186]
studied the application of marble dust waste in brick production, exploring percentages
ranging from five to twenty-five. Çınar and Kar [122] demonstrated the possibility of
manufacturing composites using Polyethylene Terephthalate bottles and marble dust.

In the existing literature, most research efforts have been focused on using marble
waste for substituting aggregates, while minimal studies have explored its use in asphalt
production. This is primarily due to the optimal results achieved through marble waste
recycling as a substitute for concrete aggregates. However, it is worth noting that marble
waste is predominantly available in the industry as marble powder.

Various published research reports have highlighted the applications of natural stone
dusts, such as marble, granite, silica sand (S.S.), and limestone slurry (L.S.), in various
construction-related activities beyond their use as replacement materials for aggregates
and cementitious yields in concrete technology.
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One study conducted by Buyuksagis et al. [64] focused on the importance of MP as
a material for replacing dolomite in adhesive mortars used in insulation boards. Their
findings revealed that adding MP to the mortar increased the water requirement dur-
ing manufacturing. The increase in MP content led to higher compressive and bending
strengths during prolonged curing periods. Additionally, the water absorption by the
resulting concrete increased with the escalation of MP content. A 40% addition of MP was
deemed suitable for enhanced durability and strength.

Lu et al. [187] prepared stoneware by incorporating MP and observed an increase in
fracture toughness and strength in the resulting products due to this addition.

The potential of marble dust waste for applications in rubber, tire, and paper industries
was explored in experimental investigations conducted by Marras et al. [188]. They re-
ported that marble dust waste is suitable in terms of chemical, physical, and mineralogical
properties for use in these industries because it contains calcium carbonate (CaCO3), which
fulfills the necessary requirements.

Priyadarshini et al. [189] evaluated the impact of industrial waste such as marble dust
and fly ash on the compressive strength of non-conventional bricks. The inclusion of this
waste led to the deterioration in the compressive strength of the bricks.

Yesilay et al. [185] assessed the possibility of recycling marble dust waste for stone-
ware clay bodies used in ceramic artworks. They considered different ratios of marble
waste, up to 27%, for preparing artworks and evaluated the characteristics of the end-
products, including physical, thermal, and microstructural properties. They concluded that
marble waste could be a viable source material for artworks. Segadaes et al. [190] conducted
experiments to assess the modifications in the characteristics of a mixture based on red clay
used in the manufacture of floor tiles. They blended the clay with the waste generated from
cutting marble and granite stones in a ratio of 30% and subjected the mixture to sintering
in an electric furnace at temperatures ranging from approximately 1100 ◦C to 1150 ◦C. The
study revealed an increase in the strength characteristics of the tiles, and water absorption
decreased with the addition of this waste.

Bilgin et al. [191] explored the utilization of MD waste as a potential filler for industrial-
scale brick manufacturing and evaluated the physico-mechanical characteristics of the
resulting bricks. They found that the MD waste could be added up to 80% by weight in
the mortar for industrial brick production. Bricks were sintered at temperatures of 900 ◦C,
1000 ◦C, and 1100 ◦C, and the addition of MD up to 10% positively influenced the brick
properties. However, MD content exceeding 10% increased water absorption and reduced
the mechanical characteristics of the bricks.

Baghel et al. [192] conducted a similar study evaluating the thermo-mechanical at-
tributes of bricks manufactured using marble slurry (MS) and mill scale, an industrial
waste powder of iron oxide. The bricks produced were not only environmentally friendly
but also safe for human health. The addition of 20% marble slurry to the bricks increased
their compressive strength. These low-cost bricks were useful for constructing thermally
insulated structures.

El-Mahllawy et al. [193] used marble waste from cutting operations in combination
with clay and hydrated lime to manufacture bricks. Bricks were tested for various char-
acteristics on the 14th and 28th day of curing. The application of 15% marble waste as
a replacement for hydrated lime resulted in bricks with optimal properties, exhibiting
maximum strength and improved water absorption resistance.The incorporation of marble
waste fines as a partial replacement of sand (2–12%) has been reported to enhance the
mechanical performance of sand concrete, with an optimum content yielding maximum
strength [194].
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André et al. [59] utilized marble waste as coarse aggregates, which led to enhanced
workability due to the lower absorption and smoother surface of this waste. Corinaldesi
et al. [16] emphasized that marble waste contributed to increased cohesiveness in resultant
concrete and mortar. The attributes of self-compacting concrete blended with marble
waste were investigated by Topçu et al. [80], who conclusively reported that the presence
of marble waste reduced bulk density and increased air content in the resulting self-
compacting concrete. They recommended a maximum quantity of 200 Kg/m3 for marble
waste content. Gencel et al. [195] attributed the decline in bulk density to the lower density
of marble waste compared to other aggregates.

The study conducted by Ergun [22], supported by other researchers, indicated that
integrating 5% of marble waste led to a 12% increase in the compressive strength of the
resulting concrete. Similar enhancements in concrete strength were reported by Corinaldesi
et al. [16] and Boughamsa et al. [196]. The increase in mechanical characteristics of marble
waste-based concrete was attributed to the formation of carbo-aluminates in the presence
of marble waste, which possess definite binding competence.

Aliabdo et al. [40] demonstrated that the utilization of marble waste significantly
enhances the tensile strength of concrete. According to Vardhan et al. [67], marble waste
is more suitable for replacing ordinary fine aggregates in concrete due to its filler effect.
Ince et al. [105] studied the partial replacement of fine-sized aggregates with marble waste
in concrete and found that this concept enhances properties related to resistance against
sulfate attack and freeze–thaw cycles in concrete. Singh et al. [197] clarified that marble
waste decreases water permeability and sorptivity, with the optimum rate observed at
fifteen percent, as confirmed by Gameiro et al. [71]. Marble waste fines have been utilized
in sand concrete as an alternative material, highlighting their potential in sustainable
construction practices and cross-disciplinary applications aimed at resource conservation
and waste valorization [194]

On the other hand, when MD is used as a filler and binder in self-compacting concrete
(SCC), the compressive strength gradually decreases as the MD content increases [80].
However, when MD is utilized as a mineral additive in manufacturing SCC, it was found
to increase the 28th-day compressive strength by 1.7%, 3.9%, and 9.5% at 30%, 40%, and
50% additions, respectively, due to its filler effect [61].

Due to its pore-filling effect, a 5% replacement of Portland cement (PC) with MD in
concrete mixes with water-to-binder ratios of 0.50 and 0.45 resulted in reduced porosity
and improved compressive strength. However, a decrease in compressive strength was
reported at substitution levels beyond 5%, specifically for levels ranging from 7.5% to
20% [22,84]. Additionally, at the 5% substitution level, the splitting tensile strength reached
its highest value at each curing age, while the lowest splitting tensile strength was recorded
at the twenty percent replacement level [84].

Mixtures incorporating marble waste exhibited denser microstructures with enhanced
filler effects and improved binding capabilities due to the presence of the calcium carbo-
aluminate phase [65]. Therefore, incorporating marble dust as a filler and an additive
alongside an aggregate substitution with electronic plastic in concrete manufacturing
would positively impact the strength development based on the supplementation level.

A few researchers have focused on the partial replacement of Portland cement (PC)
and sand with MP. When marble waste is utilized as aggregates in PC-based materials, an
improvement in mechanical characteristics is observed. The use of nano-calcium carbonate
incorporating marble powder as raw materials is not widely produced yet. Tunc [79]
summarized research studies on the recycling of marble waste, indicating its rich compo-
sition of CaCO3, making it a potential source for calcium carbonate-based products [198].
Marble waste has gained increasing attention in the construction industry and is used
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for decoration to achieve esthetics, eco-friendliness, improved mechanical attributes, and
potentially high-value products in the future industrial growth.

Researchers generally suggest that ten to fifteen percent of PC can be efficiently substi-
tuted with marble waste. Uysal and Yılmaz [56] conducted cost analyses for traditional
concrete on the 28th day, indicating a cost of 0.58 MPa/cubic meter in American dollars.
They found that concrete specimens containing 10%, 20%, and 30% marble powder by
weight reduced the costs to 0.52, 0.48, and 0.47 MPa/cubic meter, respectively. Conse-
quently, the findings suggest that concrete containing marble waste is approximately 15%
cheaper than traditional concrete. Vardhan et al. [67] reported that marble waste constitutes
around 20% to 30% of the total production from the global marble industry.

Worldwide, concrete researchers have been actively investigating the utilization of
various waste materials such as MP, pond ash, and foundry sand, as partial or full substi-
tutes for fine aggregates like sand. Studies have shown that substituting 10% of sand with
marble powder resulted in the highest compressive strength while maintaining the same
workability and setting time for Portland cement (PC) paste [16]. Additionally, substituting
sand with marble powder up to 15% by weight led to increased compressive strength in
concrete mixes [199]. Furthermore, concrete incorporating marble dust exhibited lower
porosity compared to concrete without it, enhancing its durability characteristics [40]. How-
ever, some studies have reported a reduction in strength properties as the proportion of
marble dust increased in the concrete mix [199,200].

Extensive research has been conducted on the replacement of sand with marble
powder, with the literature focusing on strength attributes in comparison to durability
properties. The existing studies highlight an increase in strength accompanied by a decrease
in durability characteristics when marble powder is used to replace sand by up to 15% in
concrete [186].

In the context of precast concrete blocks, researchers such as Uygunoglu et al. [77]
explored different materials, including MW, waste concrete, crushed steel slag, and fly
ash, as substitutes for aggregates. MW aggregate was found to have a positive impact
on the mechanical attributes, including compressive and splitting tensile strengths, of
concrete blocks. Similarly, the application of powdery MS was studied by Mishra et al. [86],
revealing enhanced compressive strength with increased MP content.

9. Conclusions
This comprehensive review confirms that marble waste is a technically viable and

sustainable secondary resource for concrete and other construction composites. Across the
evaluated literature, the most reliable performance enhancement is consistently observed
when marble waste is used as a fine aggregate replacement (10–20%), where improved
particle packing, interfacial transition zone densification, and pore refinement lead to
superior mechanical strength and durability. When used as a cement replacement, the
optimum level generally remains within 5–10%, beyond which clinker dilution effects may
adversely affect long-term strength development and durability performance.

The overall evidence indicates that the beneficial behavior of marble waste is pri-
marily governed by its calcite-rich inert filler nature, smooth particle morphology, and
nucleation-assisted densification mechanisms, rather than true pozzolanic reactivity. This
mechanistic interpretation also helps explain the contradictory findings reported in the
literature regarding carbonation resistance, permeability, shrinkage, and long-term durabil-
ity, which are strongly influenced by particle fineness, replacement route, curing age, and
the water-to-binder ratio.
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From a sustainability and industrial perspective, marble waste utilization offers simul-
taneous environmental and economic benefits through reduced landfill disposal, conserva-
tion of virgin aggregates, lower cement demand, and decreased production costs. However,
successful translation from laboratory-scale findings to field implementation requires
standardized material classification, optimum replacement guidelines, pilot-scale demon-
strations, life cycle assessment, and policy-supported circular construction frameworks.

Future research should prioritize phase-based reactivity analysis, machine learning-
assisted mix optimization, long-term field durability validation, and the development of
design-code recommendations to accelerate the safe and large-scale adoption of marble
waste-based green construction materials.

In conclusion, the systematic recycling and utilization of marble waste as the partial
replacement for natural aggregates, cement, and other cementitious materials provide
a technically feasible and sustainable pathway for advanced concrete production. This
strategy ensures acceptable-to-enhanced strength, durability, workability, and other es-
sential performance attributes while simultaneously supporting efficient marble waste
management. In many cases, marble waste-based concrete demonstrates performance com-
parable to, or even superior to, conventional concrete, while also mitigating environmental
pollution, water contamination, and health hazards associated with uncontrolled marble
waste disposal.

Nevertheless, significant opportunities remain for future research and large-scale
implementation of marble waste-based sustainable composites in construction and infras-
tructure applications. The continued development of durable, performance-optimized, and
resource-efficient marble waste composites can contribute substantially to the conservation
of limited natural geological resources and the advancement of circular construction prac-
tices. Furthermore, such approaches support economic growth, industrial sustainability,
and global circular economy objectives, representing an important step towards a more
sustainable and environmentally responsible built environment. Moreover, it contributes
to international economic expansion, aligning with the principles of the global circular
economy and the ethos of “Go Green, Live Green!” This holistic approach serves as a
pivotal step towards a more sustainable and eco-friendly future.
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