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The cement industry faces growing challenges related to sustainability and cost reduction. 

This study explores the potential for partially replacing clinker with mineral additives 

such as limestone, slag, and pozzolan. Through detailed physico-chemical analyses and 

concrete testing, the results demonstrate that these materials can enhance certain 

mechanical properties while reducing the environmental impact of cement production. 

Experimental data suggest that mineral additives at various percentages significantly 

influence the compressive strength and consistency of cements. The integration of theory 

and experimental methodologies has enabled the study of the impact of mineral additives 

(limestone and slag) in varying proportions (5%, 10%, 15%, 20%) on the physico-

mechanical properties of cements, compared to Artificial Portland Cement (CPA). Slag 

significantly improves short-term mechanical strength due to its pozzolanic properties, 

while limestone decreases both density and mechanical strength due to its inert nature. 

The results indicate that the best performance is obtained with an additive dosage of 10%, 

providing an effective balance between consistency, density, and strength. This study 

provides pragmatic advice and suggestions for the incorporation of mineral additives in 

the development of more environmentally friendly and economically viable cements. 
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1. INTRODUCTION

Mineral waste from various industries presents significant 

potential to enhance the durability and sustainability of 

construction materials [1-5]. These industrial by-products can 

serve as partial replacements for clinker, a key component of 

Portland cement, contributing to reduced production costs and 

the carbon footprint of cement. This approach aligns with 

global efforts to cut CO2 emissions and promote sustainability 

in the construction sector. By incorporating mineral waste [6], 

the cement industry can address both environmental 

regulations and economic constraints. Additionally, the 

enhanced durability of concrete allows for longer-lasting 

structures, reducing maintenance costs and material 

consumption over time. 

The research presented here focuses on characterizing 

mineral waste from a physico-chemical perspective and 

evaluating its performance as additives in cement [7, 8]. By 

partially substituting clinker with materials like limestone, 

slag, and pozzolan, improvements in the mechanical properties 

and durability of concrete are achievable [9-16]. The use of 

these materials in proportions ranging from 5% to 20% allows 

for the evaluation of parameters such as bulk density, setting 

time, and mechanical strength, offering sustainable solutions 

for the cement industry. Recent research has also explored the 

use of supplementary cementitious materials (SCMs) like 

calcined clays and industrial by-products, which further 

enhance the durability and environmental performance of 

cementitious materials. These innovations offer a dual benefit: 

reducing reliance on natural resources and improving the long-

term performance of concrete structures [3, 4]. The objective 

of this study is to provide viable and practical solutions for the 

cement industry by demonstrating the benefits of using 

mineral waste and supplementary cementitious materials, not 

only for improving mechanical and durability properties but 

also for contributing to the industry's transition towards 

sustainable practices. 

The increasing use of mineral additives, such as slag and 

limestone, in cement manufacturing is driven by ecological, 

economic, and performance considerations [17]. These 

additives not only reduce costs but also modify certain 

mechanical and physical characteristics of cements. For 

example, slag improves durability and strength by reacting 

with calcium hydroxide to form additional binding phases, 

while limestone acts as a filler [18, 19], improving workability. 

The benefits of mineral additives in cement production include 

reduced carbon emissions and improved resource efficiency, 

as well as cost reduction by replacing a portion of clinker, the 

most energy-intensive component of cement. Studies have 

also shown that cement with mineral additives offers enhanced 

durability and performance, meeting the demands of modern 

construction. This study aims to compare the effects of 

different percentages of limestone and slag on cement 

characteristics. The impact of these additions on consistency, 
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bulk density, setting time, and compressive strength is 

examined to determine the best formulation for various 

applications [20-23]. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Characteristics of the materials used for making 

concrete 

 

The materials used come from the province of Msila in 

Algeria. 

The sand is extracted from the Maitar River in Bousaada. 

The gravel used in the concrete production is obtained by 

crushing rock from a quarry located 25 km from Msila, on the 

way to B.B.A (COSIDER quarry), and the Artificial Portland 

Cement comes from the Lafarge plant in Hammam Dalaa, 

Algeria. 

 

2.1.1 Fine sand from Bousaada (Maitar River) 

This sand is classified as fine and slightly clayey; its 

properties being considered acceptable for standard-quality 

concrete where shrinkage is not a major concern. 

Physical characteristics: 

• Absolute density: 2.59 g/cm³ on average. 

• Bulk density:  loose state 1.589 g/cm³ on average and 

compacted state: 1.75 g/cm³ on average.  

• Porosity: 38.65% in the loose state and 32.43% in the 

compacted state. 

• Compactness: 61.35% in the loose state and 67.57% in the 

compacted state. 

• Void ratio: 0.630 in the loose state and 0.480 in the 

compacted state. 

• Sand equivalent (SE): 73.78% (visual) and 68.85% with 

piston on average. 

• Water content: 0.27% on average. 

• Water absorption rate: 2.22% on average. 

• Fineness modulus 1.74, classifying it as fine sand. 

Chemical characteristics: 

The chemical composition is determined by X-ray 

fluorescence and is as follows Table 1. 

 

2.1.2 Gravel 

For the two gravel grain sizes (3/8) and (8/15), they are 

classified as "hard" according to the Los Angeles test. Physical 

and mechanical characteristics are boxed in Table 2. 

 

Table 1. Chemical composition of fine sand from Bousaada 

 

Element (%) 
CaO SO3 Al2O3 Fe2O3 MgO SO3 K2O Na2O 

10.72 0.07 0.86 0.89 0.21 0.07 0.23 0.02 
 

Table 2. Physical and mechanical characteristics of gravel 
 

Gravel 
Absolute MV 

(g/cm³) 

Apparent MV 

(g/cm³) 
Porosity Compactness 

Void 

Index 

Water 

Content 

Absorption 

Degree % 

Los 

Angeles % 

3/8 2.61 1.35 47.51 52.49 0.90 0.53 1.29 22.98 

8/15 2.63 1.30 47.53 52.47 0.90 0.46 1.66 20.99 

 

2.1.3 Artificial Portland Cement (CPA) 

Mechanical and Physical Characteristics: 

• Absolute density: 3.09 g/cm³. 

• Consistency:  

The optimal amount of mixing water is determined by a 

standardized consistency test, where the needle 

insertion is 6 ± 2mm. 

• Setting Times: 

• Start of setting: 147 minutes. 

• End of setting: 340 minutes. 

• Blaine Specific Surface Area (BSA): 4300. 

Chemical Characteristics: The chemical composition of 

CPA cement is presented below. 

 

2.1.4 Mixing water 

The mixing water used in this study was tap water obtained 

from the Civil Engineering and Hydraulics Department 

laboratory at the University of M'sila. A sample of this water 

underwent chemical analysis, and the results are presented in 

Table 3. 

The results obtained meet the requirements of standard NF 

P 18-303 relating to the concentration of suspended solids and 

dissolved salts. 

 

2.2 Characterization of mineral waste 

 

The chemical composition of slag was determined using X-

ray fluorescence spectrometry at the Lafarge Hammam Dalaa 

cement plant laboratory. The analysis is performed on a finely 

ground sample to determine its chemical composition. The 

chemical composition of slag is shown in Table 4. 

 

Table 3. Chemical analysis results of mixing water 

 
Constituent Concentration (mg/l) SS 

Suspended Solids   

Dissolved Salts 1475 / 

Sulfates (SO4-2) 414.06 Ls=2000 

Chlorides (Cl−) 294.2 / 

pH 7.8 Li=4 

Calcium (Ca+2) 35 / 

Magnesium (Mg+2) 59 / 

Bicarbonates (HCO-3) 26 / 

Carbonates 3,4 / 

Temperature ℃ 19 / 

SS: Specification Standard (NFP 18-303) 

 

Table 4. Elemental analysis of slag 

 
Element CaO SiO2 Al2O3 Fe2O3 MgO SO3 

% 42.70 39.90 7.25 2.30 5.20 1.25 

Element K2O Na2O CL H2O P.F  

% 0.75 0.05 0.02 5.15 0.25  

 

The chemical composition of limestone and pozzolan is 

presented in Table 5 and Table 6. 
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Table 5. Element analysis of limestone 

 
Element CaO SiO2 Al2O3 Fe2O3 MgO P.F nH 

% 50.00 3.15 1.50 0.90 1.70 42.15 1.00 

 

Table 6. Chemical composition of pozzolan 

 
Element SiO2 Al2O3 Fe2O3 CaO MgO PAF nH 

% 41.08 14.58 10.83 11.88 4.22 12.88 15.18 

 

where, Nh is the natural Humidity. 

The experimental technique used to measure the specific 

mass of mineral additives is based on the Le Chatelier flask 

(Table 7). 

 

Table 7. Specific mass of the mineral additives used 

 
Addition Limestone Slag Pozzolan 

Ms (g/cm3)  2.72  2.87 2.71  

 

 

2.3 Analysis of cementitious material properties 

 

Hardened concrete tests were conducted on three different 

concrete mixtures with various percentages of mineral 

additives.  

The following abbreviations were used: 

B1: Concrete formulated with binary cement. 

B2: Concrete formulated with ternary cement. 

B3: Concrete formulated with quaternary cement. 

Specimen preparation and curing. After a 24-hour curing 

period, the cubic specimens (10 × 10 × 10 cm) were demolded. 

Subsequently, they were submerged in tap water and 

maintained at a temperature of 20±2℃ and a relative humidity 

of 95±5% until the time of compressive strength testing. 

Compressive strength test. Compressive strength tests were 

conducted using a compression testing machine as specified in 

standard NF-EN 196. Following demolding, specimens were 

immersed in water for 24 hours. Prior to testing, specimens 

were removed from the water and allowed to air-dry for 20 

minutes to achieve a surface-dry condition.  

 

Table 8. Chemical composition of the different cements used 

 
Element (%) SiO2 Fe2O3 Al2O3 CaO MgO SO3 K2O Na2O 

CPA 20.57 3.43 5.61 56.28 1.27 2.22 0.47 0.15 

CPA+5%L 21.11 3.87 5.46 60.21 1.67 2.35 0.45 0.12 

CPA+10%L 22.70 4.33 5.39 60.71 2.11 2.31 0.45 0.11 

CPA+15%L 23.09 5.09 5.26 58.71 2.31 2.29 0.42 0.15 

CPA+20%L 23.81 5.04 5.94 57.57 2.64 2.28 0.41 0.15 

CPA+5%S 19.84 3.70 5.27 59.72 1.44 2.31 0.43 0.14 

CPA+10%S 18.98 3.53 4.99 59.82 1.45 2.25 0.40 0.13 

CPA+15%S 18.21 3.38 4.81 59.45 1.45 2.25 0.40 0.13 

CPA+20%S 17.19 3.21 4.48 58.75 1.46 2.22 0.38 0.13 

CPA+15%S+15%L 20.43 4.30 4.65 57.15 2.36 2.21 0.39 0.15 

CPA+10S%+20%L 20.01 5.24 4.56 57.23 2.57 2.21 0.40 0.16 

 

 

The chemical composition of the different cements used (type 

of additives and their percentages) is detailed in Table 8. 

 

 

3. RESULTS AND DISCUSSIONS 

 

The measurements of cement specific mass, normal 

consistency, and setting times performed using the Vicat 

apparatus for all combinations of mixtures made with the three 

types of additives limestone, slag, and pozzolan at various 

percentages 5%, 10%, 15%, and 20% are presented in Table 9 

for binary cement concrete and Table 10 for ternary and 

quaternary cement concrete. 

Compressive strength testing was performed using a 

compression machine on 10 cm cubic concrete specimens 

made from cements with different types and percentages of 

additives (limestone and slag) at different curing ages (3, 14, 

and 28 days). The results of the compressive strength tests for 

binary cement concrete are shown in Table 11, and those for 

ternary and quaternary cement concrete are shown in Table 12.

 

 

Table 9. Specific mass, normal consistency, and setting times for binary cement concrete B1 

 
Type of Cement Specific Mass (g/cm3) Normal Consistency % Initial Setting (min) Final Setting (min) 

CPA 3.09 25.4 340 147 

CPA+5%S 3.07 25.6 335 153 

CPA+10%S 3.05 26.0 342 160 

CPA+15%S 3.03 26.4 328 158 

CPA+20%S 3.00 27.0 307 152 

CPA+5%L 3.08 25.4 352 167 

CPA+10%L 3.07 25.6 360 175 

CPA+15%L 3.04 26.0 345 170 

CPA+20%L 3.01 26.4 313 169 

CPA+5%P 2.95 26.2 375 180 

CPA+10%P 2.94 26.6 368 280 

CPA+15%P 2.93 27.0 347 190 

CPA+20%P 2.90 27.2 324 175 
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Table 10. Specific mass, normal consistency, and setting times for ternary and quaternary cement concrete 

 
Type of Cement Specific Mass (g/cm3) Normal Consistency (%) Initial Setting (min) Final Setting (min) 

CPA+22%P+8%S 2.89 27.4 360 173 

CPA+15%S+15%L 3.01 26.0 375 133 

CPA+25%P+5%S 2.98    

CPA+20%L+10%S 3.05 25.4 400 203 

CPA+25%L+10%P 3.29    

CPA+20%L+10%P 3.02    

CPA+10%L+10%P+8%S 3.05 26.4 422 195 

CPA+15%L+10%P+5%S 3.03    
 

Table 11. Compressive strength for binary cement concrete 
 

Type of Cement 
Rc (MPa) 

3 Days  14 Days  28 Days 

CPA  23.75  34.5  50.5 

CPA+5%S  23.5  33.5  37.5 

CPA+10%S  26.5  34.5  38.5 

CPA+15%S  24.75  33  36.5 

CPA+20%S  23  27.5  32 

CPA+5%L  26.5  39  46.5 

CPA+10%L  27.5  45.5  48.5 

CPA+15%L  26  45  45.5 

CPA+20%L  24.5  42  45 

CPA+5%P  26.5  37.5  46.5 

CPA+10%P  27.5  41.5  47.5 

CPA+15%P  25  35  41 

CPA+20%P  24  28.5  34.5 

 

Table 12. Compressive strength of ternary and quaternary 

cement concrete 
 

Mixtures 
Rc (MPa) 

3 Days 14 Days 28 Days 

CPA+22%P+8%S 18 29.5 34 

CPA+25%P+5%S 10 15 20 

CPA+15%S+15%L 23 38 40 

CPA+10%S+20%L 11 18 22 

CPA+25%L+5%P 12 24 28 

CPA+20%L+10%P 14.5 24 29 

CPA+10%L+10%P+8%S 12.5 21 26 

CPA+15%L+10%P+5%S 12 21 27 

 

3.1 Influence of additive type and dosage on cement 

specific mass 

 

The incorporation of mineral additives reduces the bulk 

density of CPA cement depending on the additive percentage, 

due to the lower density of these materials. The specific 

gravity measurement results presented above confirm this 

observation. For example, the specific mass of CPA is 3.09 

g/cm³, while the addition of 20% slag reduces it to 3.00 g/cm³. 

Similarly, with 20% limestone, the specific mass drops to 3.01 

g/cm³. This decrease is directly related to the less dense nature 

of the additives compared to clinker. 

The setting time of CPA cement is shortened with 10% 

additive, but lengthens with 15% and 20%, mainly due to the 

water absorption capacity of slag and limestone. 

 

3.2 Influence of additive type and dosage on cement 

consistency 

 

Normal consistency increases with the addition of these 

materials, due to their physical properties. The data show an 

increase in normal consistency with increasing percentages of 

additives. For example, the normal consistency of CPA is 

25.4%, and it reaches 27.0% with 20% slag. Similarly, with 

20% limestone, it reaches 26.4%. This increase in water 

demand is due to the finer particle size and higher specific 

surface area of the additives, which require more water to 

achieve a cement paste with the same workability. 

 

3.3 Influence of additive type and dosage on setting time 

 

The setting time of CPA cement is shortened with 10% 

additive, but lengthens with 15% and 20%, mainly due to the 

water absorption capacity of slag and limestone. By analyzing 

the data from tables, we can observe complex trends. For slag, 

the initial setting time of CPA is 340 min. With 10% slag, it is 

342 min, representing a slight increase. However, at 15% and 

20% slag, the initial setting times decrease to 328 min and 307 

min respectively. For limestone, the initial setting time 

increases up to 10% (360 min), then decreases at 15% and 20% 

(345 min and 313 min). This behavior can be explained by the 

nucleation effect of additives at low percentages, promoting 

hydration, while at higher percentages, their water absorption 

capacity and inertness dilute the concentration of reactants, 

slowing down the initial hydration process. 

 

3.4 Influence of additive type and dosage on compressive 

strength 

 

The results indicate that CPA cement shows better long-

term strength compared to cements containing slag and 

limestone. The addition of slag enhances mechanical strength 

due to its pozzolanic effect, while limestone tends to reduce 

strength due to its inert effect. At 10% additive, the strength 

increases at 3, 14, and 28 days, but decreases for higher 

percentages (15% and 20%). 

Comparing tables, we observe similar trends. For binary 

cement, the compressive strength of CPA at 28 days is 50.5 

MPa. With 10% slag (CPA+10%C), the strength at 28 days is 

38.5 MPa. With 10% limestone (CPA+10%L), it is 48.5 MPa. 

This corroborates the idea that limestone, although inert, can 

act as a filler improving compactness and thus strength at 

optimal percentages. However, at 15% and 20% slag or 

limestone, the strength decreases compared to 10%. For 

example, with CPA+20%S, the strength at 28 days is 32 MPa, 

and with CPA+20%L, it is 45 MPa. 

Cements containing slag show a notable improvement in 

compressive strength, particularly at 10%, where the 

pozzolanic effect of slag enhances mechanical performance. 

Conversely, limestone reduces compressive strength, 

especially at higher percentages (15% and 20%), due to its 

inert nature. Cements with additives generally have lower 28-

day strengths than plain CPA. 

However, it is important to note that for ternary and 

quaternary mixtures, the compressive strength is generally 

lower than that of pure CPA. For example, for 

CPA+15%S+15%L, the 28-day strength is 40 MPa. For 
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CPA+10%S+20%L, the 28-day strength is 22 MPa. 

Nevertheless, the general trend is that the optimum is around 

10% additive, and beyond that, the strength tends to decrease. 

The compressive strength values as a function of the 

number of days (3, 14, and 28) of binary cement concrete are 

presented in Figure 1, while those of ternary and quaternary 

cement concretes are presented in Figure 2. 

 

 
 

Figure 1. Concrete's 3, 14, and 28-day compressive strength for binary cement 

 

 
 

Figure 2. Concrete's 3, 14, and 28-day compressive strength for ternary and quaternary cement concrete 

 

 

4. CONCLUSION 

 

The use of mineral additives (limestone, slag, pozzolan) in 

cement significantly influences its mechanical properties. Slag 

improves mechanical strength, especially in the long term, 

while consistency and setting times vary according to the type 

and quantity of additives. Beyond 10% additive, strength 

decreases. 

The partial substitution of clinker with these additives 

optimizes cement performance and reduces environmental 

impact, encouraging future research in this field. Cements with 

mineral additives are increasingly used for ecological, 

economic, or performance reasons. This study compared two 

types of cements: one with limestone and the other with slag, 

at different percentages (5%, 10%, 15%, 20%) compared to 

CPA.  

The results show that: 

• As the percentage of additives limestone/slag 

increases, normal consistency requires more water. 

• Setting times increase up to 10%, then decrease. 

• Compressive strength improves up to 10%, but 

decreases at 15%. 

• At 28 days, the strengths of cements with additives 

are lower than those of CPA. 

• An optimal additive dosage (10%) of limestone or 

slag ensures good strength and cost savings. 

These results suggest that mineral additives can produce 

economical and high-performing cements. 

Future Proposals: It would be beneficial to explore other 

types of mineral waste and analyze their potential for similar 

applications. Long-term studies on the durability of cements 

containing these additives are also recommended to assess 
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their performance in real-world conditions. It would also be 

relevant to conduct in-depth analyses on the microstructure of 

modified cements to better understand the hydration 

mechanisms and interactions between additives and the 

cement matrix. Furthermore, more detailed environmental 

impact studies (Life Cycle Assessment) could quantify the 

actual benefits in terms of CO2 emissions reduction and energy 

consumption, thereby strengthening the argument for the use 

of these materials. Finally, exploring the integration of these 

additives into ultra-high performance cements or special 

concretes could open new perspectives for more demanding 

applications. 
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NOMENCLATURE 

 

CPA Artificial Portland Cement 

SM Specific Mass 

L Limestone 

S Slag 

P Pozzolan 

CN Normal Consistency 

MPa Mega Pascal 

NC Normal Consistency 

IS Initial Setting 

FS Final Setting 
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