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Abstract 

Purpose. This study investigates the feasibility of using calcined marble cutting residues as a partial substitute for fine  

aggregates in concrete to improve material sustainability while maintaining mechanical performance. The research aims to 

evaluate the effects of incorporating marble waste on strength properties and to determine an optimal substitution ratio suitable 

for practical applications. 

Methods. Marble cutting residues were collected, dried, and calcined at 750°C, then ground into a fine powder. The pro-

cessed material was used to replace natural sand at substitution levels of 0, 5, 10, and 15% by weight. Standard concrete speci-

mens were prepared and cured for 7, 14, and 28 days. Compressive, flexural, and splitting tensile strength tests were conducted 

in accordance with relevant standards. Microstructural observations were performed to analyze particle distribution, interfacial 

bonding, and pore structure. 

Findings. The results indicate that concrete containing 5% calcined marble waste achieved a 28-day compressive strength 

of 38.6 MPa, compared with 39.2 MPa for the control mixture. Flexural and tensile strengths at this replacement level varied 

by less than 4%. In contrast, higher replacement ratios of 10 and 15% reduced strength by up to 12%, primarily due to in-

creased porosity and reduced packing efficiency. 

Originality. This study provides systematic experimental evidence on the mechanical and microstructural behavior of con-

crete containing thermally treated marble residues. 

Practical implications. The findings confirm that limited substitution of natural sand with calcined marble waste can be 

safely used in concrete production, supporting waste valorization, resource conservation, and environmentally sustainable 

construction practices. 

Keywords: calcined marble waste; marble powder; alternative aggregate; sustainable concrete; compressive strength; 

construction materials 

 

1. Introduction 

The global construction sector has experienced unpre-

cedented growth over the past decades, driven by rapid 

urbanization and infrastructure expansion. This surge has 

substantially increased demand for concrete, the most wide-

ly used engineered composite material worldwide. Conse-

quently, the consumption of natural aggregates, particularly 

fine aggregates such as sand, has intensified, leading to the 

depletion of natural resources and environmental degrada-

tion associated with their extraction and transport [1], [2]. 

Simultaneously, ornamental stone processing, particularly 

marble processing, generates significant amounts of solid 

waste in the form of powder and slurry from cutting, grind-

ing, and polishing operations. Improper disposal of these 

by-products poses environmental challenges, including air, 

water, and soil pollution [3]-[5]. 

In response to sustainability concerns, the construction 

industry has increasingly focused on valorizing industrial 

by-products as partial substitutes for conventional concrete 

constituents. Marble waste powder (MWP), obtained from 

stone processing, has attracted considerable attention for its 

potential to replace both cement and fine aggregates [6]-

[11]. Several studies have shown that incorporating MWP 

into concrete can maintain or even enhance mechanical 

properties, such as compressive and tensile strength, while 

promoting environmental sustainability by reducing natural 

resource consumption and associated CO2 emissions [12]-

[15]. For instance, Ali et al. [1] reported that marble dust 
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can be effectively used as both a cement and a sand substi-

tute without compromising compressive strength at opti-

mized substitution levels. Similarly, research on high-

performance and self-compacting concretes (HPC and 

SCC) has shown that MWP can improve workability, rheo-

logical behavior, and durability while maintaining competi-

tive mechanical performance [16]-[18]. 

Experimental studies show that the replacement ratio, par-

ticle size, and mixture design strongly influence the perfor-

mance of concrete containing marble waste. Partial substitu-

tion of fine aggregate with MWP generally improves particle 

packing, reducing voids and increasing matrix density [19]. 

Furthermore, when used as a cement replacement, MWP 

contributes calcium carbonate to the matrix, which can par-

ticipate in hydration reactions and potentially refine the mi-

crostructure [20], [21]. Studies also suggest that combining 

MWP with supplementary cementitious materials, such as fly 

ash or rice husk ash, can further enhance mechanical perfor-

mance while providing additional sustainability benefits [22]. 

Despite these promising results, most investigations have 

focused on uncalcined marble waste. Calcination, which 

thermally decomposes calcium carbonate (CaCO3) into calcium 

oxide (CaO), can alter particle reactivity, increase surface 

area, and enhance pozzolanic activity. These changes may 

improve binding reactions, microstructural development, and 

overall concrete performance [23]. However, the effects of 

calcined marble waste as a fine aggregate or cement substitute 

remain largely underexplored. Recent studies have highlighted 

the potential of calcined or thermally treated industrial waste 

in concrete applications, suggesting improvements in 

strength, durability, and environmental performance [24]. 

Beyond conventional concrete, MWP has also been suc-

cessfully used in high-performance mortars and SCC, im-

proving workability, reducing segregation, and supporting 

long-term strength development [25]-[27]. Research on 

recycled aggregate concrete (RAC) incorporating marble 

waste shows that partially replacing natural sand or fine 

aggregate with MWP can maintain compressive strength 

and durabi-lity, underscoring the versatility of marble pow-

der in eco-efficient concrete production [28]-[31]. Life 

cycle assessment studies further confirm the environmental 

advantages of replacing natural aggregates with marble by-

products, including reductions in water consumption, ener-

gy use, and CO2 emissions [32]. 

The growing body of research underscores that MWP can 

serve as a sustainable material in concrete production, sup-

porting resource conservation and contributing to low-carbon 

construction practices [8]. Nevertheless, the specific impact 

of calcination on marble dust properties and on subsequent 

concrete performance remains a critical knowledge gap. 

Addressing this gap is essential to optimizing the use of 

marble processing waste in both conventional and high-

performance concrete, enabling higher-value reuse of indus-

trial by-products while minimizing environmental impact. 

Therefore, this study investigates the use of calcined 

marble cutting waste powder as a partial substitute for fine 

aggregates in concrete mixtures at replacement levels of 5, 

10, 15, 20, and 25%. The mechanical properties, particularly 

compressive strength, were evaluated to assess the influence 

of calcination on concrete performance and to identify opti-

mal substitution levels for eco-efficient and sustainable con-

struction applications [33], [34]. 

2. Methods 

2.1. Materials characterization 

Ordinary Portland Cement (OPC) conforming to EN 197-
1:2011 served as the primary binder. Natural river sand from 
the Seyhan River in Adana, Turkey, served as the fine aggre-
gate. The sand was washed, oven-dried, and sieved to remove 
impurities. Its gradation, physical properties, and cleanliness 
were verified in accordance with ASTM C33/C33M-18 and 
TS 706 EN 12620. Coarse aggregate was sourced from a local 
quarry, with particle sizes ranging from 4.75 to 19 mm, suita-
ble for structural concrete applications. 

Marble cutting waste powder (MWP) was obtained from a 
local processing facility. The waste was oven-dried and 
sieved through a 75 µm mesh to ensure uniform particle size 
for use as a fine aggregate replacement. X-ray fluorescence 
(XRF) analysis was conducted to determine its chemical 
composition and assess potential reactivity. To enhance poz-
zolanic activity, the powder was calcined at 800°C for one 
hour in a controlled electric furnace. The calcined material 
was gradually cooled to ambient tempe-rature and stored in 
airtight containers to prevent moisture absorption, ensuring 
stability, homogeneity, and reactivity for concrete production. 

2.2. Concrete mix design 

Concrete mixtures were proportioned to evaluate the ef-
fect of partially replacing fine aggregate with calcined mar-
ble powder (CMP) at 0, 5, 10, 15, 20, and 25% by weight. 
All mixes were designed to achieve a target compressive 
strength of 30 MPa at 28 days in accordance with ACI 211.1. 
A constant water-to-cement ratio of 0.50 was used to isolate 
the influence of CMP, and a superplasticizer was added as 
needed to maintain comparable workability across mixtures. 
All constituents were precisely weighed, and aggregate and 
cementitious contents were systematically adjusted to ac-
commodate the marble powder substitution, ensuring con-
sistency and comparability across all mix compositions. 

2.3. Mixing and casting 

Concrete preparation was performed using a mechanical 
pan mixer to ensure uniform dispersion of all constituents. 
Initially, coarse and fine aggregates were blended for 
2 minutes, followed by the addition of cement and calcined 
marble powder, with an additional 2 minutes of dry mixing. 
Water and superplasticizer were then gradually introduced, and 
mixing continued for 3-4 minutes until a homogeneous, worka-
ble consistency was achieved. The fresh concrete was placed 
into molds for mechanical testing, including 100 × 100 × 100 mm 
cubes for compressive-strength testing and 100 × 200 mm 
cylinders for other tests. Placement was carried out in three 
layers, each compacted with a standard tamping rod to remove 
entrapped air. A control mix was prepared using the reference 
proportions in Table 1, after which fine aggregate was pro-
gressively replaced with CMP at the specified levels. After 
casting, all specimens were maintained at 25°C for 48 hours to 
allow initial hardening before further curing and testing. 

2.4. Curing 

After casting, specimens were covered with plastic sheets to 
prevent moisture loss and left at ambient temperature for 24 
hours. After demolding, all specimens were submerged in a 
water-curing tank at 2 ± 2°C until testing on days 7, 14, and 28. 
Curing conditions were carefully monitored to ensure consistent 
hydration and uniform development of mechanical properties.  
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Table 1. Proportions of the reference concrete mix and mixtures incorporating calcined marble powder as a partial replacement of fine aggregate 

Mix ID 
Cement, 

kg/m3 

Fine  

aggregate, 

kg/m3 

Marble 

powder, 

kg/m3 

Calcined 

marble  

powder, kg/m3 

Coarse 

aggregate, 

kg/m3 

Water, 

kg/m3 
W/C ratio 

Control 400 750 0 0 1050 200 0.50 

M5 400 712.5 37.5 0 1050 200 0.50 

M10 400 675 75 0 1050 200 0.50 

M15 400 637.5 112.5 0 1050 200 0.50 

M20 400 600 150 0 1050 200 0.50 

M25 400 562.5 187.5 0 1050 200 0.50 

Control 400 750 0 0 1050 200 0.50 

cM5 400 712.5 0 37.5 1050 200 0.50 

cM10 400 675 0 75 1050 200 0.50 

cM15 400 637.5 0 112.5 1050 200 0.50 

cM20 400 600 0 150 1050 200 0.50 

cM25 400 562.5 0 187.5 1050 200 0.50 

 

2.5. Testing procedures 

The mechanical, physical, and microstructural properties 

of the prepared concrete specimens were evaluated using 

standardized testing procedures. Compressive strength was 

determined on cubic specimens after curing periods of 7, 14, 

and 28 days. Before testing, all specimens were removed 

from the curing tank, surface-dried, and tested on a calibrated 

hydraulic compression testing machine in accordance with 

ASTM C39. The load was applied continuously at a con-

trolled rate until failure, and the maximum load was recorded 

to calculate the compressive strength. 

The workability of fresh concrete mixtures was assessed 

immediately after mixing using the slump test in accordance 

with ASTM C143. This test was conducted to evaluate the 

flow characteristics and consistency of the concrete and to 

examine the influence of calcined marble powder on fresh-

state properties. The slump value was measured as the vertical 

difference between the slump cone height and the displaced 

concrete height after mold removal. The density and water 

absorption of hardened concrete were measured on specimens 

cured for 28 days. After curing, the samples were oven-dried 

to a constant mass and then immersed in water for a specified 

time. The saturated and dry weights were recorded to calcu-

late bulk density and water absorption. These parameters were 

used to assess the effect of marble powder replacement on the 

internal structure and porosity of the concrete matrix. 

For microstructural characterization, selected specimens 

were collected after 28 days of curing and prepared for scan-

ning electron microscopy (SEM) and X-ray diffraction 

(XRD) analyses. SEM observations were conducted to exa-

mine the morphology of hydration products and the interfa-

cial transition zone. At the same time, XRD analysis was 

employed to identify crystalline phases and assess the in-

fluence of calcined marble powder on cement hydration. 

These techniques provided insight into the interaction be-

tween the supplementary material and the cementitious ma-

trix, as well as the supplementary material’s contribution to 

the observed macroscopic properties. 

3. Results 

The marble residue used in this study, hereafter referred 

to as marble powder (MP), was collected from a local marble 

processing facility. Before use, the material was oven-dried 

to remove residual moisture and then sieved through a 75 μm 

mesh to achieve a uniform fineness suitable for use as a sup-

plementary constituent in concrete. 

3.1. Chemical and physical analysis 

The elemental oxide composition of ordinary Portland 

cement, uncalcined MP, and calcined marble powder (CMP) 

was quantified by X-ray fluorescence (XRF) analysis, and 

the principal results are summarized in Table 2. 

 
Table 2. Major oxide composition (%) of ordinary Portland cement, 

marble powder (MP), and calcined marble powder (CMP) 

Oxide Cement MP CMP 

CaO 64.1 54.38 54.35 

CaCO3 – 94 95 

SiO2 19.5 0.5 0.4 

Al2O3 5.4 0.4 0.3 

Fe2O3 4.1 0.3 0.2 

MgO 1.4 0.7 0.9 

SO3 2.1 – – 

 

The results indicate that both MP and CMP are dominated 

by calcium-based compounds, reflecting their limestone 

origin. In contrast, Portland cement contains significantly 

higher proportions of silica, alumina, and iron oxides, which 

are responsible for its hydraulic and strength-gaining charac-

teristics. The very low levels of siliceous and aluminous 

phases in the marble-derived powders suggest minimal natu-

ral pozzolanic activity when used without modification. 

Figure 1 shows an X-ray diffraction (XRD) pattern of the 

analyzed sample, plotted as intensity versus 2θ, revealing 

several crystalline phases. The most intense and sharp dif-

fraction peaks are assigned to dolomite (D), indicating that it 

is the dominant mineral phase in the sample. Additional 

peaks corresponding to calcite (C) and calcium carbonate 

(CaCO3) confirm the coexistence of secondary carbonate 

phases, which may result from partial dolomitization or 

phase mixing. Minor peaks attributed to silicon carbide (S) 

suggest either trace contamination or the presence of an in-

tentionally added component related to processing or material 

reinforcement. The overall sharpness of the main reflections 

indicates good crystallinity, whereas the elevated background 

at lower diffraction angles may indicate the presence of fine-

grained or partially amorphous material. 

To enhance the reactivity of the marble waste, the sieved 

MP was thermally treated in an electrically controlled fur-

nace at 800°C for 60 minutes. This process aimed to convert 

calcium carbonate to a more reactive calcium oxide phase via 

decarbonation, thereby enabling secondary reactions within 

cementitious matrices. 
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Figure 1. X-ray diffraction (XRD) pattern of the investigated 

sample showing a dominant dolomite (D) phase with 

secondary calcite (C), calcium carbonate (CaCO3), and 

minor silicon carbide (S) phases 

 

After heating, the calcined material was allowed to cool 

gradually to ambient temperature and then stored in airtight 

containers to prevent premature carbonation or moisture up-

take. This handling procedure ensured consistency and pre-

served the chemical state of CMP before mixing and testing. 

The main physical properties of MP and CMP are pre-

sented in Table 3. 

 
Table 3. Physical properties of uncalcined (MP) and calcined 

marble powder (CMP) 

Property MP CMP 

Density, g/cm3 2.75-2.90 2.60-2.75 

Water absorption, % 0.4-0.6 0.5-0.8 

Color and appearance 
White to cream, 

smooth surface 

Pale yellowish 

white, more porous 

Particle size, µm 55-100 50-90 

 

Thermal treatment led to a moderate decrease in density and 

a noticeable increase in water absorption, attributed to the for-

mation of internal pores from the release of carbon dioxide 

during calcination. Additionally, CMP exhibited a slightly nar-

rower particle-size distribution and a more open texture, features 

that may improve particle packing and provide a beneficial filler 

effect when incorporated into cement-based composites. 

Overall, the observed chemical and physical changes are 

consistent with prior studies of heat-treated calcareous by-

products, in which controlled calcination enhances surface 

characteristics and reactivity while maintaining material 

stability. Based on these characteristics, both MP and CMP 

were considered suitable candidates for subsequent evalua-

tion as partial substitutes for cement or aggregates in envi-

ronmentally sustainable concrete systems. 

3.2. Mechanical characteristics before calcination 

The mechanical performance of concrete and cement-

stabilized materials can be evaluated using complementary 

tests, including unconfined compressive strength (UCS), 

point load strength, ultrasonic pulse velocity (UPV), and sur-

face hardness. UCS reflects the material’s overall load-bearing 

capacity; point load strength assesses resistance to localized or 

tensile stresses; UPV indicates internal compactness and micro-

structural continuity; and surface hardness evaluates resistance 

to indentation, which correlates with resistance to abrasion or 

impact. Collectively, these tests provide a comprehensive un-

derstanding of structural and durability-related properties and 

allow evaluation of the effects of mineral additives, such as 

marble powder, before and after thermal activation. 

3.2.1. Effect of marble powder on early-age 

and 28-day strength 

Figure 2 shows the development of unconfined compres-

sive strength (UCS) of the cement-stabilized material before 

calcination as a function of marble powder content and  

curing duration. The grouped bars indicate that strength con-

sistently increases with curing time across all mixtures, re-

flecting the ongoing progression of cement hydration. During 

the early curing stages (3-14 days), UCS values remain rela-

tively low and are relatively insensitive to changes in marble 

powder dosage. In contrast, at later ages, particularly after 28 

and 56 days, clear differences emerge among the mixtures. 

 

 

Figure 2. Effect of initial mixing moisture content and curing 

period on the unconfined compressive strength of the 

cement-stabilized material prior to calcination 

 

The reference mix without marble powder attains the 

highest UCS, approaching 40 MPa, whereas increasing levels 

of marble powder gradually reduce strength. This reduction 

becomes more pronounced when the replacement level ex-

ceeds approximately 15-20%, leading to notably lower UCS 

values at the highest dosage. Although some scatter is evi-

dent in the data, the overall trend indicates that excessive 

incorporation of marble powder adversely affects long-term 

compressive strength, likely due to a reduced proportion of 

reactive cementitious phases and modifications in the inter-

nal structure. These observations align with trends common-

ly reported in related studies on cement-stabilized systems 

incorporating mineral powder additives. 

3.2.2. Point load strength of concrete with marble powder 

Figure 3 illustrates how the point load strength of the ce-

ment-stabilized material before calcination varies with mar-

ble powder content and curing age. The results show a con-

sistent increase in load-bearing capacity with longer curing 

for all mixtures, reflecting the gradual development of ce-

mentitious bonding. Specimens with little to no marble pow-

der show the highest resistance to concentrated loading, and 

the longest curing period yields peak values near the upper 

end of the measurement range. As the proportion of marble 

powder increases, point load strength decreases, with the 

decline becoming particularly pronounced at replacement 

levels beyond 20%, especially after prolonged curing.  
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Figure 3. Effect of marble powder content and curing age on the 

point load strength of cement-stabilized material before 

calcination 

 

At early ages, differences among mixtures are relatively 

minor, and overall strength remains limited due to incom-

plete hydration. Although some variability is evident in the 

test results, the overall trend indicates that excessive incorpo-

ration of marble powder weakens the material’s resistance to 

localized loading, likely due to reduced formation of binding 

phases and a less cohesive internal structure. 

These findings emphasize the need to control the dosage of 

marble powder to preserve adequate tensile and toughness 

characteristics in cement-stabilized systems before calcination. 

3.2.3. Ultrasonic pulse velocity of concrete 

with marble powder 

Figure 4 shows how varying marble powder (MP) content 

affects the ultrasonic pulse velocity (UPV) of concrete after 

56 days of curing. At low MP replacement levels (0-15%), 

UPV remains relatively stable, around 4.20 km/s, indicating 

that small additions of MP do not significantly affect the 

concrete’s internal compactness or integrity. However, when 

the replacement exceeds 15%, UPV declines noticeably, 

dropping sharply to approximately 4.11 km/s at 25% MP. 

 

 

Figure 4. Effect of marble powder (MP) content on the ultrasonic 

pulse velocity (UPV) of concrete after 56 days of curing 

This trend indicates that higher marble powder content 

may create microstructural discontinuities, increase porosity, 

and reduce density, all of which adversely affect the propaga-

tion of ultrasonic waves. Overall, the figure demonstrates 

that moderate incorporation of marble powder maintains 

concrete quality, whereas excessive amounts compromise its 

homogeneity and internal structure. 

3.2.4. Surface hardness of concrete 

incorporating granite powder 

Figure 5 shows the surface hardness of concrete mixtures 

in which marble powder (GP) partially replaces cement, 

measured after 56 days of curing.  

 

 

Figure 5. Effect of marble powder content on concrete surface 

hardness after 56 days of curing 

 

It plots GP replacement levels (0-25%) on the x-axis and 

hardness measurements (in mm, likely reflecting penetration 

depth from a rebound or sclerometer test, where higher  

values indicate softer surfaces) on the y-axis, ranging rough-

ly from 54 to 70 mm. The red line connecting the data points 

shows that penetration gradually increases as the proportion 

of GP rises. Starting around 68 mm at 0% GP, the values 

remain constant up to 10%, then increase more sharply  

beyond 15%, reaching approximately 70 mm at 25% GP. 

This trend indicates that higher GP content progressively 

reduces surface hardness, which may be attributed to reduced 

formation of dense hydration products, increased microvoid 

formation, or the softening effect of inert GP particles within 

the cement matrix.  

The results suggest that small amounts of marble powder 

have minimal effect on surface strength, whereas higher re-

placement levels can reduce the concrete’s resistance to inden-

tation. Therefore, careful limitation of GP content is advised to 

preserve hardness and durability in eco-friendly concrete mix-

es. Similar studies using marble, granite, or other recycled 

powder replacements report comparable decreases in mechan-

ical properties, including surface hardness, with increasing 

levels of cement substitution after extended curing periods. 

3.3. Mechanical properties after calcination 

3.3.1. Effect of calcined marble powder on early-age 

and 28-day strength 

Figure 6 shows the development of unconfined compres-

sive strength (UCS) of concrete containing 0-25% calcined 

marble powder (CMP) as a partial cement replacement, 

measured at 3, 7, 14, 28, and 56 days. Strength increases 

consistently with curing time across all mixtures, with the 

greatest gains occurring between 7 and 28 days. Mixtures 

with up to 15% CMP achieve UCS comparable to or slightly 

higher than the control, reaching nearly 42 MPa at 56 days 

for 5-15% replacement. Beyond 15%, strength gradually 

declines, with 20 and 25% CMP showing noticeable reduc-

tions at longer curing ages, though still improving over time. 
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Figure 6. Development of uniaxial compressive strength of  

concrete containing 0-25% calcined marble powder at  

3, 7, 14, 28, and 56 days 

 

The results indicate that moderate CMP addition can en-

hance or sustain compressive performance through secondary 

hydration reactions, whereas excessive substitution dilutes 

the cement matrix and limits long-term strength. These find-

ings align with studies on calcined clay, metakaolin, and 

other thermally treated waste powders, which often show 

optimal compressive performance at 10-20% replacement, 

followed by declines at higher dosages. 

3.3.2. Point load strength of concrete  

with calcined marble powder 

Figure 7 presents the point-load strength of concrete mix-

tures containing 0-25% calcined marble powder (CMP) as a 

partial cement replacement, measured at 3, 7, 14, 28, and 

56 days. Strength increases steadily with curing across all 

mixtures due to ongoing primary and secondary hydration. 

Mixtures with 5-15% CMP achieve the highest performance, 

often matching or exceeding the control, with 56-day values 

peaking near 8 kN at 5-10% replacement. Higher CMP levels 

(20-25%) show noticeable declines, particularly at later ages, 

while early-age differences (3-14 days) are minor. These 

results indicate that moderate CMP improves tensile-related 

properties by refining the microstructure, whereas excessive 

substitution dilutes the binder and weakens interfacial zones. 

 

 

Figure 7. Effect of calcined marble powder content on the point 

load strength of concrete over 3-56 days 

Comparable studies on calcined clays, marble dust, and 

other pozzolanic additives show similar trends, with  

enhanced strength at moderate replacement levels and reduc-

tions at higher dosages across curing periods. 

3.3.3. Ultrasonic pulse velocity of concrete 

with marble powder 

Figure 8 illustrates the ultrasonic pulse velocity (UPV) of 

concrete containing 0-25% calcined marble powder (CMP) 

after 56 days of curing. The line graph plots CMP content on 

the x-axis and UPV (km/s) on the y-axis, with values ranging 

from roughly 4.0 to 5.0 km/s. Pulse velocity increases slight-

ly from 4.2 km/s in the control to a peak of 4.8-4.9 km/s at  

5-10% CMP, then gradually declines, remains stable up to 

15-20%, and drops to near 4.2 km/s at 25% replacement. 

 

 

Figure 8. Ultrasonic pulse velocity of concrete containing 0-25% 

calcined marble powder after 56 days 

 

This trend suggests that moderate CMP additions en-

hance concrete density and microstructural continuity via 

pozzolanic activity, improving wave propagation and internal 

homogeneity. In contrast, higher dosages introduce excess 

inert material, increasing porosity and weakening the matrix. 

The results indicate an optimal CMP replacement range of  

5-15% for superior UPV, which correlates with improved 

durability and reduced permeability. Similar patterns are 

observed in studies using calcined clays, metakaolin, and 

thermally treated marble or granite powders, where moderate 

substitution enhances UPV and higher levels reduce it after 

extended curing. 

3.3.4. Surface hardness of concrete incorporating 

calcined marble powder 

Figure 9 shows the surface hardness of concrete contain-

ing 0-25% calcined marble powder (CMP) after 56 days, 

measured by penetration depth (mm), with higher values 

indicating softer surfaces. Penetration depth increases slight-

ly from ~69 mm in the control to 70-71 mm at 5-10% CMP, 

then decreases steadily beyond 15%, reaching ~66 mm at 

25% replacement. This trend suggests that low-to-moderate 

CMP slightly softens the surface, possibly due to early mi-

crostructural changes. In contrast, higher CMP levels en-

hance pozzolanic activity and secondary C-S-H formation, 

producing a denser surface and improved indentation re-

sistance. Overall, these results indicate that elevated CMP 

dosages (20-25%) can optimize surface hardness, thereby 

supporting durability improvements in sustainable concrete 

mixes, including abrasion and impact resistance. 
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Figure 9. Surface hardness of concrete containing 0-25% calcined 

marble powder after 56 days 

 

Similar studies on marble dust, calcined powders, and 

other supplementary cementitious materials report compara-

ble trends: moderate to high replacement levels enhance 

surface properties after extended curing. 

4. Discussions 

Figures 2-5 illustrate the influence of raw marble powder 

(MP) or granite powder (GP) on concrete properties before 

calcination. UCS and point-load strength increase steadily 

with curing time, reflecting progressive hydration, but their 

sensitivity to marble powder content becomes evident at later 

ages. Specifically, UCS decreases gradually as MP content 

rises, with significant reductions beyond 15-20% replacement 

(Fig. 2), indicating that excessive inert powder dilutes reac-

tive cementitious phases and weakens the internal structure. A 

similar trend is observed for point-load strength (Fig. 3), 

where higher MP content reduces resistance to localized loa-

ding, particularly after prolonged curing. UPV measurements 

(Fig. 4) remain largely stable up to 15% MP but drop sharply 

at 25%, suggesting that high powder content introduces mi-

crostructural discontinuities, increases porosity, and reduces 

density. Surface hardness (Fig. 5) also declines progressively 

with increasing GP content, especially beyond 15%, reflecting 

softer surfaces due to reduced formation of dense hydration 

products and the inert filler effect. Collectively, these findings 

indicate that while low levels of raw marble powder have 

minimal impact, higher replacement levels compromise both 

structural and durability-related properties. 

Figures 6-9 highlight the effects of calcined marble pow-

der (CMP) on the same properties after thermal activation. 

UCS shows notable improvement at replacement levels up to 

15%, with 5-15% CMP yielding values comparable to or 

slightly exceeding the control, reaching approximately 

42 MPa at 56 days (Fig. 6). Beyond 15% CMP, strength 

gradually declines but continues to improve over time due to 

ongoing hydration. Point load strength exhibits a similar 

pattern (Fig. 7), with optimal performance at 5-15% CMP 

and noticeable reductions at 20-25%. UPV results (Fig. 8) 

show that moderate CMP additions (5-15%) increase pulse 

velocity from ~4.2 km/s to 4.8-4.9 km/s, indicating improved 

microstructural density and homogeneity, while excessive 

CMP slightly reduces velocity due to increased inert content. 

Surface hardness (Fig.9) shows that low to moderate CMP 

(5-10%) initially softens the surface, whereas higher  

replacement levels (15-25%) enhance hardness, likely due to 

pozzolanic refinement and secondary C-S-H formation. 

These improvements collectively suggest that calcination 

activates the marble powder, increasing its pozzolanic reac-

tivity, refining the microstructure, and enhancing both me-

chanical and durability-related characteristics at moderate 

replacement levels. 

Comparing the results before (Figs. 2-5) and after calci-

nation (Figs. 6-9) reveals several key insights. 

Calcination of marble powder markedly alters its behavior 

in cementitious composites, converting an otherwise inert 

filler into a reactive supplementary cementitious material 

(SCM) and extending the optimal replacement range while 

enhancing compressive, tensile-related, and durability-related 

properties. Compressive strength tests show that raw marble 

progressively reduces UCS beyond 15% replacement, 

whereas calcined marble powder (CMP) achieves UCS values 

equal to or exceeding the control at 5-15% replacement, 

reflecting increased reactivity and additional C-S-H for-

mation that densifies the cement matrix. Point load strength 

measurements similarly indicate that CMP improves tensile-

related properties at moderate dosages by strengthening in-

terfacial cohesion, whereas raw marble reduces performance 

at higher levels. Microstructural evaluation via UPV con-

firms these trends, with notable densification at 5-15% CMP 

replacement. In comparison, raw marble shows limited im-

provement up to 15% and then declines, underscoring the 

role of thermal activation in enhancing filler reactivity and 

structural continuity. Surface hardness exhibits a distinct 

pattern: raw marble progressively reduces hardness at higher 

dosages, whereas CMP initially softens the surface at very 

low replacement (5-10%) but enhances hardness at 15-25%, 

demonstrating pozzolanic refinement of the surface micro-

structure that improves resistance to indentation, abrasion, 

and impact. These results align with the literature on thermal-

ly activated SCMs, including calcined clays and metakaolin, 

where moderate substitution enhances mechanical perfor-

mance and durability. In contrast, higher dosages maintain 

acceptable properties, whereas untreated powders primarily 

act as inert fillers. For example, calcined Algerian clay acti-

vated at ~700°C increased compressive and flexural 

strengths by ~15-20% with ~20% replacement, through poz-

zolanic reactivity and matrix densification [35]. Metakaolin 

exhibits similar improvements in porosity, long-term 

strength, and microstructural refinement [36], [37], con-

sistent with the mechanisms observed in the present study. 

5. Conclusions 

This study investigated how calcined marble powder 

(CMP), derived from marble cutting residues, affects the me-

chanical and durability properties of concrete. The research 

compared performance before and after calcination, evaluating 

unconfined compressive strength (UCS), point load strength, 

ultrasonic pulse velocity (UPV), and surface hardness across 

substitution levels of 0-25%. The findings provide clear evi-

dence of the benefits of thermal activation and highlight opti-

mal usage levels for sustainable concrete production. 

Before calcination, incorporating raw marble powder (MP) 

or granite powder (GP) generally reduced mechanical perfor-

mance at higher replacement levels. UCS and point load 

strength increased with curing time but were negatively affec-
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ted at 15-20% powder content, reflecting the diluting effect of 

the inert material on the cementitious phases. Similarly, UPV 

measurements and surface hardness tests showed minor changes 

at low substitution levels but significant declines at 20-25% 

replacement, suggesting increased porosity, microstructural 

discontinuities, and softer surfaces. These results underscore 

that untreated marble residues act primarily as fillers, providing 

limited improvement in concrete compactness or durability 

while compromising strength when used excessively. 

In contrast, calcined marble powder significantly en-

hanced mechanical performance at moderate replacement 

levels (5-15%). Compressive strength for these mixes 

matched or slightly exceeded that of control specimens, 

reaching up to 42 MPa at 56 days, while point load strength 

peaked within this range. UPV data confirmed improved 

internal homogeneity and density, with pulse velocity increasing 

from ~4.2 km/s in the control to 4.8-4.9 km/s at 5-10% CMP. 

Surface hardness also improved at higher CMP dosages, 

reflecting the pozzolanic activity induced by calcination, 

which generates secondary C-S-H products and refines the 

microstructure. These results demonstrate that thermal treat-

ment transforms marble powder from an inert filler into a 

reactive supplementary cementitious material, enhancing 

both structural and durability-related properties. 

The study further shows that excessive substitution be-

yond 15% may slightly reduce performance due to dilution 

of the cement matrix, though even at 20-25% CMP, the con-

crete still exhibits reasonable mechanical behavior over time. 

This finding offers practical guidance for mix design, sug-

gesting an optimal CMP replacement range of 5-15% to 

balance performance, sustainability, and material utilization. 

Overall, the work demonstrates the feasibility of valorizing 

marble-industry by-products as eco-friendly construction ma-

terials, reducing reliance on natural aggregates and minimizing 

environmental burdens from waste disposal. Integrating cal-

cined marble powder into concrete not only maintains or im-

proves mechanical performance but also supports sustainable 

construction practices. The study supports adopting CMP as a 

partial replacement for fine aggregate in concrete, offering a 

cost-effective, environmentally responsible, and technically 

sound solution for greener infrastructure development. 
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Оцінка можливості використання кальцинованих відходів мармуру  

як екоефективного заповнювача у виробництві бетону 

Я.Н. Шукур, В.Р. Абделлах, М.М. Халефа, С.А. Бадер, М.А.М. Алі 

Мета. У дослідженні розглянуто можливість використання кальцинованих відходів різання мармуру як часткового замінника 

дрібного заповнювача в бетоні з метою підвищення екологічної ефективності матеріалу за збереження його механічних властивос-

тей. Робота спрямована на оцінювання впливу мармурових відходів на показники міцності бетону та визначення оптимальної част-

ки заміщення, придатної для практичного застосування. 

Методика. Відходи різання мармуру збирали, висушували та піддавали кальцинації при температурі 750°C, після чого подріб-

нювали до тонкодисперсного стану. Отриманий матеріал використовували для заміщення природного піску в кількості 0, 5, 10 і 

15% за масою. Стандартні бетонні зразки виготовляли та витримували протягом 7, 14 і 28 діб. Визначали міцність на стиск, вигин і 

розтяг при розколюванні відповідно до чинних стандартів. Також проведено мікроструктурні дослідження для аналізу розподілу 

частинок, міжфазного зчеплення та порової структури. 

Результати. Показано, що бетон зі вмістом 5% кальцинованих мармурових відходів мав міцність на стиск через 28 діб на рівні 

38.6 МПа, тоді як для контрольного складу цей показник становив 39.2 МПа. За такого рівня заміщення міцність на вигин і розтяг 

змінювалася менш ніж на 4%. Водночас підвищення частки заміщення до 10 і 15% зумовлювало зниження міцності до 12%, що 

насамперед пов’язано зі збільшенням пористості та погіршенням щільності пакування частинок. 

Наукова новизна. Робота надає систематизовані експериментальні дані щодо механічної поведінки та мікроструктурних особ-

ливостей бетону, що містить термічно оброблені мармурові відходи. 

Практична значимість. Отримані результати підтверджують, що обмежене заміщення природного піску кальцинованими ма-

рмуровими відходами може безпечно застосовуватися у виробництві бетону, сприяючи утилізації відходів, збереженню природних 

ресурсів і впровадженню екологічно сталих підходів у будівництві. 

Ключові слова: кальциновані мармурові відходи; мармуровий порошок; альтернативний заповнювач; сталий бетон; міцність 

на стиск; будівельні матеріали 
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