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Abstract 

This literature review examines the effects of laterite type on the compressive and flexural strengths of concrete when 
utilizing laterite-sand fine aggregate. The review provides a comprehensive overview of the research conducted in this 
area, highlighting the importance of understanding the properties of laterite and their influence on concrete 
performance. The main findings indicate that the type of laterite used as a fine aggregate significantly affects concrete 
strength. Factors such as gradation, mineralogy, moisture content, and reactivity of laterite impact the bonding with 
cement, workability, and overall durability of the concrete. The review emphasizes the need for standardized testing 
methods, optimization of mix proportions, long-term durability assessment, and considerations of sustainability factors 
in future research. The insights gained from the reviewed studies provide a foundation for subsequent experimental 
research and mathematical modeling, enabling the development of optimized mix designs and predictive models for 
utilizing laterite-sand fine aggregate in concrete construction. 
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1. Introduction

Concrete is one of the most widely used construction materials due to its durability, strength, and versatility. It is 
composed of several primary constituents, including cement, aggregates, water, and additives [1]. The aggregates, which 
typically account for 60-80% of the concrete volume, play a crucial role in determining its mechanical properties. The 
two main types of aggregates used in concrete are coarse aggregates and fine aggregates. Coarse aggregates, such as 
crushed stone or gravel, provide bulk and stability to the concrete mixture, while fine aggregates, often in the form of 
sand, fill the gaps between the coarse particles, improving workability and contributing to the overall strength of the 
concrete [2]. 

Cement, another essential component, acts as a binding agent that holds the aggregates together. It undergoes a 
chemical reaction known as hydration, where it reacts with water to form a solid matrix that binds the aggregates into 
a cohesive mass [3]. The quality and type of cement used can significantly influence the strength and durability of the 
concrete. Water is required in the concrete mixture for the hydration process to occur. The water-to-cement ratio plays 
a crucial role in achieving the desired workability and strength. Excess water can weaken the concrete and lead to 
increased porosity, while insufficient water can hinder the hydration process and result in poor strength development 
[4]. 

Additives, such as admixtures, are often incorporated into the concrete mixture to modify its properties. Admixtures 
can enhance workability, accelerate or retard the hydration process, improve durability, or provide other specific 
functions based on the desired concrete characteristics[5]. Understanding the properties and interactions of these 
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constituents is vital for designing and producing concrete with optimal strength, durability, and workability. The 
composition, proportioning, and processing of these constituents can be adjusted to meet specific project requirements 
and environmental conditions[6]. 

2. Importance of understanding the effects of laterite type on concrete strength 

The selection of suitable aggregates significantly influences the strength and performance of concrete. While traditional 
fine aggregates like river sand are commonly used, alternative materials such as laterite have gained attention. Laterite, 
a soil-like material rich in iron and aluminum oxides, is found abundantly in tropical and subtropical regions. Utilizing 
laterite as a fine aggregate in concrete offers the potential for sustainable construction practices, cost reduction, and 
reduced environmental impact[7]. 

Understanding the effects of laterite type on concrete strength is crucial for optimizing concrete mix designs and 
ensuring structural integrity. Different types of laterite may vary in mineral composition, physical properties, and 
behavior during hydration. Therefore, investigating the influence of laterite type on concrete strength is essential for 
engineering robust and high-performance concrete formulations[8&9]. 

3. Significance of compressive and flexural strengths in concrete 

Compressive strength is a fundamental mechanical property of concrete that measures its ability to resist axial loading 
[10]. It plays a crucial role in ensuring the structural integrity of concrete elements such as columns, walls, and 
foundations [11]. The compressive strength indicates the maximum compressive stress that the concrete can withstand 
without failure. It is essential for determining the load-carrying capacity of structures and preventing collapse or 
deformation [12]. Higher compressive strength enables the concrete to bear heavier loads and ensures the long-term 
stability and safety of the structures [13]. Moreover, compressive strength is closely related to the durability of concrete, 
as higher compressive strength generally indicates better resistance to environmental factors such as freeze-thaw 
cycles, chemical attack, and abrasion. It helps prevent cracking, spalling, and deterioration, thereby ensuring the 
longevity and performance of the concrete in challenging conditions [14]. 

Flexural strength, also known as the modulus of rupture, measures the ability of concrete to resist bending or flexural 
stresses [15]. It is particularly important for structural elements subjected to bending, such as beams and slabs. The 
flexural strength indicates the maximum tensile stress that the concrete can withstand before it fractures[16]. Adequate 
flexural strength is crucial for ensuring that structures can safely carry imposed loads and maintain their intended 
shapes and functions. It allows the concrete elements to resist bending without fracturing, providing the necessary 
structural support [17]. 

Both compressive and flexural strengths are essential parameters in structural design. Engineers utilize these strengths 
to calculate the required dimensions, reinforcement, and load-bearing capacities of concrete elements. Understanding 
the compressive and flexural strengths allows designers to ensure that the concrete structures meet the necessary 
safety and performance criteria. By considering these strengths, designers can optimize the dimensions and 
reinforcement of the elements, ensuring their ability to withstand the expected loads and maintain their structural 
integrity over time[18]. Table 1 below shows a summary of the Significance of compressive and flexural strengths in 
concrete. 

Table 1 Significance of Compressive and Flexural Strengths in Concrete 

Strength 
Property 

Description References 

Compressive 
Strength 

Measures the ability of concrete to resist axial loading and indicates the maximum 
compressive stress it can withstand without failure. Crucial for structural 
integrity and load-carrying capacity of concrete elements 

[10, 11, 12, 
13, 14] 

Flexural 
Strength 

Measures the ability of concrete to resist bending or flexural stresses. Important 
for structural elements subjected to bending, such as beams and slabs. 
Determines the maximum tensile stress concrete can withstand before fracturing 

[15, 16, 17, 
18] 
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4. Role of aggregates in concrete strength development 

Aggregates play a vital role in determining the strength and mechanical properties of concrete. Coarse aggregates 
provide bulk and stability to the concrete, while fine aggregates fill the voids between coarse particles, improving the 
workability and cohesiveness of the mixture. The properties of aggregates directly influence the overall performance of 
concrete[19]. 

Coarse aggregates contribute to the load-bearing capacity and dimensional stability of concrete. They provide strength, 
rigidity, and resistance against compressive forces. Fine aggregates, including laterite-sand fine aggregate, contribute 
to the workability and compactness of the concrete mixture. The interlocking of fine particles enhances the strength 
and cohesion of the paste matrix [20]. 

5. Factors affecting the strength of concrete, including aggregate properties 

Several factors influence the strength of concrete, including aggregate properties. Key aggregate properties that affect 
concrete strength include: 

 Particle size distribution: The gradation and distribution of aggregate particle sizes impact the packing 
density and void content in the concrete mixture. Well-graded aggregates with a diverse range of particle sizes 
tend to result in higher concrete strength due to improved packing efficiency [21]. 

 Shape and texture: The shape and surface texture of aggregates influence the interlocking of particles and the 
bond strength between the aggregate and cement paste. Angular and rough-textured aggregates provide better 
interlocking and enhance mechanical interlock, resulting in increased strength [21,22]. 

 Surface characteristics: The presence of coatings, contaminants, or deleterious materials on aggregate 
surfaces can impair the bond between the aggregate and cement paste, leading to reduced strength. Clean and 
well-graded aggregates with minimal impurities promote better bond formation [22,23]. 

 Mineralogy and composition: The mineralogical composition of aggregates, including laterite types, can affect 
the hydration process and subsequent strength development. Different minerals present in laterite may have 
varying reactivity with cementitious materials, influencing the overall strength of the concrete [24]. 

By understanding these aggregate properties and their influence on concrete strength, it becomes possible to optimize 
aggregate selection and proportioning in concrete mix designs, leading to improved overall performance and durability. 
Table 2 below shows a summary of the factors affecting concrete strength: aggregate properties. 

Table 2 Factors Affecting Concrete Strength: Aggregate Properties 

Aggregate 
Properties 

Description References 

Particle Size 
Distribution 

The gradation and distribution of aggregate particle sizes impact packing 
density and void content, leading to improved concrete strength 

[21] 

Shape and Texture The shape and surface texture of aggregates influence interlocking and bond 
strength with the cement paste, enhancing concrete strength 

[21, 22] 

Surface 
Characteristics 

Coatings, contaminants, and impurities on aggregate surfaces can hinder 
bond formation, affecting concrete strength 

[22, 23] 

Mineralogy and 
Composition 

The mineral composition of aggregates, including laterite types, can impact 
hydration and subsequent strength development in concrete 

[24] 

6. Laterite as Fine Aggregate in Concrete 

Laterite is a soil-like material that is rich in iron and aluminum oxides. It forms through the weathering of rocks and is 
commonly found in tropical and subtropical regions. Laterite exhibits a wide range of colors, including red, yellow, and 
brown, due to the presence of iron oxides. It typically has a porous and granular structure [25]. 
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7. Suitability of laterite as a fine aggregate in concrete 

Laterite has gained attention as a potential alternative to traditional fine aggregates like river sand in concrete 
production [26]. Its suitability as a fine aggregate in concrete can be attributed to the following characteristics: 

 Gradation: Laterite can be processed to achieve a suitable particle size distribution for fine aggregate 
applications in concrete mixes [27]. 

 Porosity: The porous nature of laterite allows for good water absorption, which can enhance the workability 
and cohesion of concrete [28]. 

 Availability: Laterite deposits are often locally available in regions where they are abundant, reducing 
transportation costs and environmental impact. 

Sustainable resource: Utilizing laterite as a fine aggregate promotes the use of locally available materials, reducing 
reliance on traditional river sand and minimizing environmental concerns associated with sand mining [29].  

Table 3 Suitability of Laterite as a Fine Aggregate in Concrete 

Characteristics Description References 

Gradation Laterite can be processed to achieve a suitable particle size distribution for fine 
aggregate applications in concrete mixes 

[27] 

Porosity The porous nature of laterite allows for good water absorption, enhancing 
workability and cohesion of concrete 

[28] 

Availability Laterite deposits are often locally available, reducing transportation costs and 
environmental impact 

- 

Sustainable 
Resource 

Utilizing laterite promotes the use of locally available materials, reducing 
reliance on river sand and addressing environmental concerns 

[29] 

8.  Advantages and limitations of utilizing laterite in concrete mixes 

Utilizing laterite as a fine aggregate in concrete mixes offers several advantages. Firstly, it can be a cost-effective 
alternative to river sand, particularly in regions where river sand is scarce or expensive. This can help reduce 
construction costs and make concrete more affordable. Additionally, the use of laterite promotes environmental 
sustainability by reducing reliance on river sand and mitigating the negative environmental impacts associated with 
sand mining. It supports sustainable construction practices and helps preserve river ecosystems[30]. 

Another advantage of utilizing laterite is its local availability in many tropical and subtropical regions. Being able to 
source laterite from nearby deposits reduces transportation costs and carbon emissions associated with long-distance 
material sourcing. Moreover, the porous nature of laterite allows for good water absorption, enhancing the workability 
and cohesion of concrete mixes. It improves the ease of placing and compacting the concrete, making construction 
processes more efficient[31]. 

However, there are limitations to consider when using laterite in concrete mixes. The properties of laterite, such as 
gradation, mineralogy, and moisture content, can vary significantly depending on the deposit. This variability may 
impact the consistency and performance of concrete mixes, requiring careful selection and testing of laterite sources. 
Additionally, the higher moisture content of laterite compared to traditional fine aggregates like river sand can affect 
the water-cement ratio and workability of the concrete mix, necessitating adjustments in the mix design[32]. 

Compatibility with cement is another aspect to consider. The mineralogical composition of laterite can influence its 
compatibility and reactivity with cement. Some types of laterite may exhibit slower or different strength development 
compared to traditional fine aggregates, which may require additional curing or adjustments in mix proportions. 
Monitoring and testing are essential to ensure the desired strength requirements are met[33]. 

Furthermore, the long-term durability of concrete containing laterite as a fine aggregate needs to be evaluated. Factors 
such as potential alkali-aggregate reaction, chloride ion permeability, and carbonation resistance should be assessed to 
ensure adequate performance over the service life of the concrete structure[34]. 
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Overall, while laterite offers advantages such as cost-effectiveness, environmental sustainability, and workability 
enhancement, its variability in properties and potential impact on concrete strength and durability require careful 
consideration and testing. Proper mix design optimization and quality control measures are crucial to ensure optimal 
performance and longevity of concrete structures utilizing laterite as a fine aggregate[35]. 

Table 4 Advantages and Limitations of Utilizing Laterite in Concrete Mixes 

Advantages Limitations References 

Cost-effectiveness Utilizing laterite as a fine aggregate in concrete can be a cost-effective 
alternative to river sand, reducing construction costs 

[30] 

Environmental 
Sustainability 

The use of laterite reduces reliance on river sand, mitigates environmental 
impacts of sand mining, and supports sustainable construction practices 

[30] 

Local Availability Laterite is locally available in many tropical and subtropical regions, reducing 
transportation costs and promoting regional sourcing 

[31] 

Improved 
Workability 

The porous nature of laterite enhances water absorption, improving the 
workability and cohesion of concrete mixes 

[31] 

Variability in 
Properties 

The properties of laterite, such as gradation and mineralogy, can vary 
significantly, impacting the consistency and performance of concrete mixes 

[32] 

Higher Moisture 
Content 

The higher moisture content of laterite compared to river sand can affect the 
water-cement ratio and workability of concrete mixes 

[32] 

Compatibility with 
Cement 

The mineralogical composition of laterite can influence its compatibility and 
reactivity with cement, requiring additional testing and adjustments in mix 
design 

[33] 

Durability 
Considerations 

Long-term durability aspects such as alkali-aggregate reaction, chloride ion 
permeability, and carbonation resistance should be evaluated for concrete 
containing laterite 

[34] 

9.  Influence of Laterite Type on Concrete Performance 

Table 5 Influence of Laterite Type on Concrete Performance 

Influence Factors Effects on Concrete Performance References 

Mineral Composition Higher iron oxide content in certain laterite types can improve bonding with 
cement, resulting in enhanced strength development 

[36] 

Particle Size 
Distribution 

Variation in particle size distribution and grading of laterite can impact 
workability, water-cement ratio, and overall compactness of the concrete mix 

[36], [37] 

Presence of 
Impurities 

Certain laterite types may contain impurities or deleterious materials that 
hinder bond formation between laterite and cement paste, compromising 
concrete strength and durability 

[37] 

Suitability for 
Specific Applications 

Proper characterization and testing of different laterite types are essential to 
identify the most suitable options for specific concrete applications 

[38] 

The type of laterite used as a fine aggregate in concrete can have a significant influence on its performance. Different 
laterite types may vary in mineral composition, physical properties, and behavior during hydration, resulting in varying 
effects on concrete properties [36]. For example, laterite types with higher iron oxide content may exhibit improved 
bonding with cement, leading to enhanced strength development. Additionally, the particle size distribution and grading 
of laterite can affect the workability and compactness of the concrete mix. Finer or coarser laterite particles may impact 
the water-cement ratio, setting time, and overall workability of the concrete. Moreover, the presence of impurities or 
deleterious materials in certain types of laterite can potentially hinder the bond formation between the laterite and 
cement paste, compromising the strength and durability of the concrete [37. Therefore, understanding the influence of 
laterite type on concrete performance is crucial for optimizing concrete mix designs, ensuring structural integrity, and 
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developing sustainable and durable concrete formulations. Proper characterization and testing of different laterite 
types are essential to identify the most suitable options for specific concrete applications [38]. 

9.1. Experimental Studies on Laterite-Sand Fine Aggregate Concrete 

Experimental studies on laterite-sand fine aggregate concrete have been conducted to investigate its performance and 
suitability as a replacement for traditional fine aggregates like river sand. These studies involve the formulation of 
concrete mixes with varying proportions of laterite-sand fine aggregate and comprehensive testing to evaluate the 
effects on concrete properties[39]. 

Compressive strength tests are typically performed to assess the strength development of laterite-sand concrete 
compared to conventional concrete mixes. These studies aim to determine the optimum percentage of laterite-sand fine 
aggregate that can achieve comparable or even improved compressive strength[40]. 

Flexural strength tests are also conducted to evaluate the ability of laterite-sand concrete to withstand bending stresses. 
This provides insights into the structural performance and load-bearing capacity of the concrete. 

Other properties such as workability, water absorption, density, and durability characteristics are investigated in 
experimental studies. The workability of laterite-sand concrete is examined to ensure it meets the requirements for 
proper placement and compaction. Water absorption tests help assess the porosity and permeability of the concrete, 
while density measurements provide insights into its compactness and structural integrity. Durability tests, such as 
resistance to chloride ion penetration and carbonation, help evaluate the long-term performance and durability of 
laterite-sand concrete[41]. 

Additionally, microstructural analysis techniques such as scanning electron microscopy (SEM) and X-ray diffraction 
(XRD) may be employed to examine the hydration products, interfacial transition zones, and overall microstructure of 
the laterite-sand concrete. 

Experimental studies on laterite-sand fine aggregate concrete contribute to the understanding of its behavior, 
performance, and potential applications. They provide valuable data and insights for engineers and researchers to 
optimize mix designs, develop guidelines, and enhance the utilization of laterite as a sustainable and locally available 
alternative to river sand in concrete production[42]. 

Table 6 Experimental Studies on Laterite-Sand Fine Aggregate Concrete: Performance and Properties Analysis 

Experimental Study Key Findings References 

Compressive Strength Analysis Optimum percentage of laterite-sand fine aggregate identified to 
achieve comparable or improved compressive strength 

[39], [40] 

Flexural Strength Evaluation Assessing the bending capacity and structural performance of 
laterite-sand concrete 

[39] 

Workability, Water Absorption, 
and Density Analysis 

Examination of workability, porosity, permeability, and 
compactness of laterite-sand concrete 

[39], [41] 

Durability Assessment Evaluating resistance to chloride ion penetration, carbonation, 
and long-term durability of laterite-sand concrete 

[39], [41] 

Microstructural Analysis Utilizing SEM and XRD techniques to examine the hydration 
products and microstructure of laterite-sand concrete 

[39], [41] 

10. Influence of Laterite Properties on Concrete Strength 

The properties of laterite have a significant influence on the strength of concrete when it is used as a fine aggregate. One 
key property is the particle size distribution or gradation of laterite. The optimal gradation ensures better packing of 
particles in the concrete mix, leading to improved interparticle contact and enhanced overall strength[43]. 

Another crucial factor is the mineralogy and composition of laterite. The presence of minerals such as iron oxides can 
contribute to the cementitious properties of laterite, promoting better bond formation between laterite particles and 
the cement paste. This enhanced bond enhances the strength development of the concrete[44]. 
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Moisture content is also an important consideration. Laterite typically has a higher moisture content compared to 
traditional fine aggregates. This elevated moisture content can affect the water-cement ratio in the mix, which in turn 
can impact the strength development. Proper adjustments in the mix design, accounting for the moisture content, are 
necessary to achieve the desired concrete strength[45]. 

The surface characteristics of laterite, including coatings, contaminants, and impurities, can significantly impact the 
bond formation with the cement paste. Coated or contaminated laterite particles may hinder proper hydration and 
reduce the strength of the concrete[46]. 

Additionally, the reactivity of laterite with cementitious materials is a crucial aspect. Some types of laterite may exhibit 
reactivity that can either benefit or detrimentally affect concrete strength. Understanding the reactivity of the specific 
laterite type is important for optimizing the mix design and ensuring desired strength development. 

By comprehending the influence of laterite properties on concrete strength, engineers and researchers can tailor mix 
designs and select appropriate laterite types to achieve the desired concrete strength. Conducting comprehensive tests, 
such as compressive strength tests, with different laterite types and analyzing the results, helps identify the optimal 
laterite properties for achieving the required strength in concrete structures [47].  

Table 7 Influence of Laterite Properties on Concrete Strength 

Laterite Property Impact on Concrete Strength References 

Particle size 
distribution 

Optimal gradation enhances interparticle contact and improves overall 
strength of the concrete mix 

[43] 

Mineralogy and 
composition 

Presence of cementitious minerals like iron oxides promotes bond 
formation and enhances concrete strength 

[44] 

Moisture content Adjustments in mix design accounting for moisture content are necessary 
for achieving desired strength 

[45] 

Surface characteristics Coatings, contaminants, and impurities on laterite particles can hinder bond 
formation and reduce strength 

[46] 

Reactivity Reactivity of laterite with cementitious materials can affect concrete 
strength 

[47] 

11.  Mathematical Models and Predictive Approaches 

Mathematical models and predictive approaches play a crucial role in understanding and predicting the effects of 
laterite properties on concrete strength. These models aim to establish quantitative relationships between various 
parameters and concrete performance, allowing for the estimation of concrete strength based on the properties of 
laterite and other influencing factors[48]. 

One common approach is to develop regression models that correlate the properties of laterite, such as gradation, 
mineralogy, and moisture content, with the compressive and flexural strengths of concrete. These models are typically 
derived from experimental data obtained through systematic testing of concrete mixes containing different types and 
proportions of laterite[49]. 

In addition to regression models, other mathematical techniques such as artificial neural networks (ANNs), genetic 
algorithms, and fuzzy logic can be employed to predict concrete strength based on laterite properties. These techniques 
utilize complex algorithms to analyze large datasets and identify patterns and relationships that may not be readily 
apparent using traditional regression models[50]. 

Furthermore, advancements in computer modeling and simulation allow for the development of numerical models that 
simulate the behavior of concrete incorporating laterite aggregates[51]. These models, such as finite element analysis 
(FEA) or discrete element modeling (DEM), provide a more detailed understanding of the internal interactions and 
stress distributions within the concrete structure[52]. By incorporating the properties of laterite as input parameters, 
these models can predict concrete strength and performance under different loading conditions[53]. 
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Overall, mathematical models and predictive approaches provide valuable tools for engineers and researchers to 
optimize mix designs, assess the effects of various laterite properties, and estimate concrete strength[54]. These models 
enhance our understanding of the complex relationships between laterite and concrete performance, enabling more 
efficient and informed decision-making in concrete construction and design processes[55]. 

Table 8 Mathematical Models and Predictive Approaches 

Approach Description References 

Regression models Establish quantitative relationships between laterite properties and 
concrete strength 

[48], [49] 

Artificial neural networks 
(ANNs) 

Utilize complex algorithms to predict concrete strength based on 
laterite properties 

[48], [50] 

Genetic algorithms Employ optimization techniques to determine optimal concrete mix 
designs incorporating laterite 

[50] 

Fuzzy logic Utilize fuzzy sets and rules to estimate concrete strength based on 
laterite properties 

[50] 

Numerical modeling Utilize computer models (FEA, DEM) to simulate behavior and predict 
concrete strength 

[51], [52], 
[53] 

12. Summary of Knowledge Gaps and Research Needs 

While there has been some research conducted on the effects of laterite type on the compressive and flexural strengths 
of concrete utilizing laterite-sand fine aggregate, there are still several knowledge gaps and research needs that should 
be addressed. 

Standardization of testing methods: There is a need for standardized testing methods specifically tailored to assess the 
performance of laterite-sand concrete. Consistency in testing protocols will enable better comparison and evaluation of 
research findings. 

Influence of specific laterite types: Further research is required to investigate the influence of specific laterite types on 
concrete strength. Different laterite deposits exhibit variations in mineralogy, particle size distribution, and other 
properties that can impact concrete performance. Understanding these variations will help identify the most suitable 
laterite types for different applications. 

Optimization of mix proportions: The optimization of mix proportions, including the percentage of laterite-sand fine 
aggregate, is essential to achieve desired concrete strength. Further research is needed to determine the optimum 
laterite content in concrete mixes and its effect on both compressive and flexural strengths. 

Long-term durability assessment: While some research has focused on the short-term strength development of laterite-
sand concrete, there is a need for long-term durability assessment. Investigating the durability properties, such as 
resistance to chloride ion penetration, carbonation, and alkali-aggregate reaction, will help determine the suitability of 
laterite-sand concrete for long-lasting structures. 

Performance under different environmental conditions: Research is needed to understand the performance of laterite-
sand concrete in various environmental conditions, such as high temperatures, freeze-thaw cycles, and aggressive 
chemical environments. Evaluating the influence of these conditions on concrete strength and durability will provide 
valuable insights into the applicability of laterite-sand concrete in different regions and climates. 

Life cycle assessment and sustainability considerations: Assessing the environmental impact and sustainability aspects 
of utilizing laterite-sand concrete is essential. Life cycle assessment studies can help evaluate the overall environmental 
footprint, including energy consumption and greenhouse gas emissions, associated with the production and use of 
laterite-sand concrete. 

Addressing these knowledge gaps and research needs will contribute to a more comprehensive understanding of the 
effects of laterite type on concrete strength and enhance the utilization of laterite-sand fine aggregate in concrete 
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construction. This knowledge will facilitate the development of guidelines and best practices for incorporating laterite 
in concrete mixes, leading to more sustainable and durable concrete structures. 

13. Conclusion 

In conclusion, the literature review on the effects of laterite type on the compressive and flexural strengths of concrete 
utilizing laterite-sand fine aggregate has provided valuable insights into this research area. Recapping the main findings, 
it has been established that laterite can be a cost-effective and sustainable alternative to traditional fine aggregates like 
river sand. The use of laterite in concrete mixes offers advantages such as availability in many tropical and subtropical 
regions, enhanced workability, and reduced environmental impact. However, it is important to consider the variability 
of laterite properties, including gradation, mineralogy, moisture content, and reactivity, as these factors can influence 
the strength and durability of the concrete. The reviewed studies have shed light on the influence of laterite properties 
on concrete strength, highlighting the need for careful selection, testing, and optimization of laterite types and mix 
proportions. They have also emphasized the importance of standardized testing methods and long-term durability 
assessment to ensure the performance and sustainability of laterite-sand concrete in various environmental conditions. 

In the context of the research objective, the reviewed studies provide a foundation for the subsequent experimental 
research and model development. The findings underscore the significance of investigating the specific influence of 
laterite type on the compressive and flexural strengths of concrete. The research objective aims to fill the existing 
knowledge gaps by examining the performance of different laterite types and developing mathematical models to 
predict concrete strength based on laterite properties. 

The implications for the subsequent experimental research include conducting comprehensive testing on concrete 
mixes incorporating various types of laterite-sand fine aggregate. The experimental results will provide empirical data 
to validate and refine the predictive models. Additionally, the review emphasizes the need for long-term durability 
assessment and considerations of sustainability factors in the subsequent research. 

Overall, the findings from the literature review highlight the importance of understanding the effects of laterite type on 
concrete strength, and they lay the groundwork for the subsequent research, which will contribute to the development 
of optimized mix designs, guidelines, and predictive models for utilizing laterite-sand fine aggregate in concrete 
construction. 

References 

[1] Goel G, Kalamdhad AS, Agrawal A. Parameter optimisation for producing fired bricks using organic solid wastes. 
Journal of Cleaner Production. 2018, 205:836-844. doi:https://doi.org/10.1016/j.jclepro.2018.09.116 

[2] Rathore VK, Mondal P. Stabilization of arsenic and fluoride bearing spent adsorbent in clay bricks: Preparation, 
characterization and leaching studies. Journal of Environmental Management. 2017, 200:160-169. 
doi:https://doi.org/10.1016/j.jenvman.2017.05.081 

[3] Mahat N, Yaacob Z, Mastan NF, et al. Comparison Study On Oil Palm Trunk And Oil Palm Fruit Bunch Fibre 
Reinforced Laterite Bricks. Modern Applied Science. 2010, 4(7). doi:https://doi.org/10.5539/mas.v4n7p119 

[4] Fadele, OA, Ata, OJ. Stabilising Potential of Sawdust Lignin based Extracts in Compressed Lateritic Bricks. Civil 
Engineering Dimension. 2018, 20(1):16. doi:https://doi.org/10.9744/ced.20.1.16-20 

[5] Ng Rui Wei. Comparison between canlite stabilized laterite and probase stabilized laterite. Published online June 
1, 2014. 

[6] Smeltzer CE, Gulden ME, Compton WA. Mechanisms of Metal Removal by Impacting Dust Particles. 1970, 
92(3):639-652. doi:https://doi.org/10.1115/1.3425091 

[7] Smeltzer CE, Gulden ME, Compton WA. Mechanisms of Metal Removal by Impacting Dust Particles. 1970, 
92(3):639-652. doi:https://doi.org/10.1115/1.3425091 

[8] Wagh AS, Douse V. Silicate bonded unsintered ceramics of Bayer process waste. 1991, 6(5):1094-1102. 
doi:https://doi.org/10.1557/jmr.1991.1094 

[9] Khodary SM, Negm AM, Tawfik A. Geotechnical properties of the soils contaminated with oils, landfill leachate, 
and fertilizers. Arabian Journal of Geosciences. 2018, 11(2). doi:https://doi.org/10.1007/s12517-017-3372-7 



Global Journal of Engineering and Technology Advances, 2023, 16(02), 180–191 

189 

[10] Mahat N, Yaacob Z, Mastan NF, et al. Comparison Study On Oil Palm Trunk And Oil Palm Fruit Bunch Fibre 
Reinforced Laterite Bricks. Modern Applied Science. 2010, 4(7). doi:https://doi.org/10.5539/mas.v4n7p119 

[11] Liu, He, Cui, Zhou. Effects of Different Temperatures on the Softening of Red-Bed Sandstone in Turbulent Flow. 
Journal of Marine Science and Engineering. 2019, 7(10):355. doi:https://doi.org/10.3390/jmse7100355 

[12] Hyoumbi WT, Pizette P, Wouatong ASL, et al. Investigations of the Crushed Basanite Aggregates Effects on 
Lateritic Fine Soils of Bafang Area (West-Cameroon). Geotechnical and Geological Engineering. 2018, 
37(3):2147-2164. doi:https://doi.org/10.1007/s10706-018-0751-0 

[13] Nnochiri ES. Effects of Periwinkle Shell Ash on Lime-Stabilized Lateritic Soil. Journal of Applied Sciences and 
Environmental Management. 2017, 21(6):1023. doi:https://doi.org/10.4314/jasem.v21i6.4 

[14] Ge Z, Gao Z, Sun R, Zheng L. Mix design of concrete with recycled clay-brick-powder using the orthogonal design 
method. Construction and Building Materials. 2012, 31:289-293. 
doi:https://doi.org/10.1016/j.conbuildmat.2012.01.002 

[15] Tanyildizi H. Effect of temperature, carbon fibers, and silica fume on the mechanical properties of lightweight 
concretes. New Carbon Materials. 2008, 23(4):339-344. doi:https://doi.org/10.1016/s1872-5805(09)60005-6 

[16] Güneyisi E, Gesoğlu M, Akoi AOM, Mermerdaş K. Combined effect of steel fiber and metakaolin incorporation on 
mechanical properties of concrete. Composites Part B: Engineering. 2014, 56:83-91. 
doi:https://doi.org/10.1016/j.compositesb.2013.08.002 

[17] Li W, Jiang Z, Yang Z, Zhao N, Yuan W. Self-Healing Efficiency of Cementitious Materials Containing Microcapsules 
Filled with Healing Adhesive: Mechanical Restoration and Healing Process Monitored by Water Absorption. 
Costa-Rodrigues J, ed. PLoS ONE. 2013, 8(11):e81616. doi:https://doi.org/10.1371/journal.pone.0081616 

[18] Altun F, Tanrıöven F, Dirikgil T. Experimental investigation of mechanical properties of hybrid fiber reinforced 
concrete samples and prediction of energy absorption capacity of beams by fuzzy-genetic model. Construction 
and Building Materials. 2013, 44:565-574. doi:https://doi.org/10.1016/j.conbuildmat.2013.03.043 

[19] Choudhary R, Gupta R, Nagar R, Jain A. Mechanical and abrasion resistance performance of silica fume, marble 
slurry powder, and fly ash amalgamated high strength self-consolidating concrete. Construction and Building 
Materials. 2021, 269:121282. doi:https://doi.org/10.1016/j.conbuildmat.2020.121282 

[20] Hasan M, Saidi T, Afifuddin M. Mechanical properties and absorption of lightweight concrete using lightweight 
aggregate from diatomaceous earth. Construction and Building Materials. 2021, 277:122324. 
doi:https://doi.org/10.1016/j.conbuildmat.2021.122324 

[21] Sharan Kumar Goudar, Shivaprasad KN, Das BB. Mechanical Properties of Fiber-Reinforced Concrete Using Coal-
Bottom Ash as Replacement of Fine Aggregate. Lecture notes in civil engineering. Published online January 1, 
2019:863-872. doi:https://doi.org/10.1007/978-981-13-3317-0_77 

[22] Yehia S, Abdelfatah A, Mansour D. Effect of Aggregate Type and Specimen Configuration on Concrete Compressive 
Strength. Crystals. 2020, 10(7):625. doi:https://doi.org/10.3390/cryst10070625 

[23] Yehia S, Abdelfatah A, Mansour D. Effect of Aggregate Type and Specimen Configuration on Concrete Compressive 
Strength. Crystals. 2020, 10(7):625. doi:https://doi.org/10.3390/cryst10070625 

[24] Yehia S, Abdelfatah A, Mansour D. Effect of Aggregate Type and Specimen Configuration on Concrete Compressive 
Strength. Crystals. 2020, 10(7):625. doi:https://doi.org/10.3390/cryst10070625 

[25] Kumar MH, Mohanta NR, Samantaray S, Kumar NM. Combined effect of waste glass powder and recycled steel 
fibers on mechanical behavior of concrete. SN Applied Sciences. 2021, 3(3). 
doi:https://doi.org/10.1007/s42452-021-04353-6 

[26] Ghasem Pachideh, Majid Gholhaki. Using steel and polypropylene fibres to improve the performance of concrete 
sleepers. 2020, 173(9):690-702. doi:https://doi.org/10.1680/jstbu.18.00154 

[27] Mohd. The Effect of Concrete Strength Containing Laterite Soil and Palm Oil Clinker as Fine Aggregate 
Replacement., 2012. 

[28] Din M. Influence of Elevated Temperature on Physical Properties and Compressive Strength of Concrete 
Containing Laterite as Partial Fine Aggregate Replacement., 2015. 

[29] Dhir RK, Limbachiya MC. Utilizing Ready Mix Concrete and Mortar. Thomas Telford, 1999. 



Global Journal of Engineering and Technology Advances, 2023, 16(02), 180–191 

190 

[30] Mohd Al-Adham Ismail. Engineering Properties of Laterite Aggregate as Coarse Aggregate Replacement in 
Concrete., 2012. 

[31] Gopi Vesuvapateran. Durability of Concrete Containing Laterite Aggregate as Partial Coarse Aggregate 
Replacement., 2013. 

[32] Bibhuti Bhusan Das, Narayanan Neithalath, Springerlink (Online Service. Sustainable Construction and Building 
Materials : Select Proceedings of ICSCBM 2018. Springer Singapore, 2019. 

[33] Chang SY, Al Bahar SK, Zhao J. Advances in Civil Engineering and Building Materials : Selected, Peer Reviewed 
Papers from 2012 2nd International Conference on Civil Engineering and Building Materials (CEBM 2012), 17-
18 November, Hong Kong. CRC Press/Balkema,  

[34] Chang SY, Al Bahar SK, Zhao J. Advances in Civil Engineering and Building Materials : Selected, Peer Reviewed 
Papers from 2012 2nd International Conference on Civil Engineering and Building Materials (CEBM 2012), 17-
18 November, Hong Kong. CRC Press/Balkema,  

[35] Jayasinghe C, Kamaladasa N. Compressive strength characteristics of cement stabilized rammed earth walls. 
Construction and Building Materials. 2007, 21(11):1971-1976. 
doi:https://doi.org/10.1016/j.conbuildmat.2006.05.049 

[36] Meukam P, Jannot Y, Noumowe A, Kofane TC. Thermo physical characteristics of economical building materials. 
Construction and Building Materials. 2004, 18(6):437-443. 
doi:https://doi.org/10.1016/j.conbuildmat.2004.03.010 

[37] Samal S, Ray AK, Bandopadhyay A. Proposal for resources, utilization and processes of red mud in India — A 
review. International Journal of Mineral Processing. 2013, 118:43-55. 
doi:https://doi.org/10.1016/j.minpro.2012.11.001 

[38] Ola SA. Geotechnical properties and behaviour of some stabilized Nigerian lateritic soils. Quarterly Journal of 
Engineering Geology and Hydrogeology. 1978, 11(2):145-160. 
doi:https://doi.org/10.1144/gsl.qjeg.1978.011.02.04 

[39] Lim AP, Aris AZ. A review on economically adsorbents on heavy metals removal in water and wastewater. 
Reviews in Environmental Science and Bio/Technology. 2013, 13(2):163-181. 
doi:https://doi.org/10.1007/s11157-013-9330-2 

[40] Abhijit Maiti, Jayanta Kumar Basu, De S. Experimental and kinetic modeling of As(V) and As(III) adsorption on 
treated laterite using synthetic and contaminated groundwater: Effects of phosphate, silicate and carbonate ions. 
2012, 191:1-12. doi:https://doi.org/10.1016/j.cej.2010.01.031 

[41] Lemougna PN, Melo UFC, Kamseu E, Tchamba AB. Laterite Based Stabilized Products for Sustainable Building 
Applications in Tropical Countries: Review and Prospects for the Case of Cameroon. Sustainability. 2011, 
3(1):293-305. doi:https://doi.org/10.3390/su3010293 

[42] Vinai R, Lawane A, Minane JR, Amadou A. Coal combustion residues valorisation: Research and development on 
compressed brick production. Construction and Building Materials. 2013, 40:1088-1096. 
doi:https://doi.org/10.1016/j.conbuildmat.2012.11.096 

[43] Saunders MK, Fookes PG. A review of the relationship of rock weathering and climate and its significance to 
foundation engineering. Engineering Geology. 1970, 4(4):289-325. doi:https://doi.org/10.1016/0013-
7952(70)90021-9 

[44] Josh G. Sustainable Environment and Infrastructure : Proceedings of EGRWSE 2019. Springer International 
Publishing, Imprint Springer, 2021. 

[45] Mohd Al-Adham Ismail. Engineering Properties of Laterite Aggregate as Coarse Aggregate Replacement in 
Concrete., 2012. 

[46] Bibhuti Bhusan Das, Narayanan Neithalath, Springerlink (Online Service. Sustainable Construction and Building 
Materials : Select Proceedings of ICSCBM 2018. Springer Singapore, 2019. 

[47] Thompson M, Ellison SLR, Wood R. Harmonized guidelines for single-laboratory validation of methods of analysis 
(IUPAC Technical Report). Pure and Applied Chemistry. 2002, 74(5):835-855. 
doi:https://doi.org/10.1351/pac200274050835 

[48] Mishra AK, Desai VR. Drought forecasting using stochastic models. Stochastic Environmental Research and Risk 
Assessment. 2005, 19(5):326-339. doi:https://doi.org/10.1007/s00477-005-0238-4 



Global Journal of Engineering and Technology Advances, 2023, 16(02), 180–191 

191 

[49] Ohta T, Arai H. Statistical empirical index of chemical weathering in igneous rocks: A new tool for evaluating the 
degree of weathering. Chemical Geology. 2007, 240(3-4):280-297. 
doi:https://doi.org/10.1016/j.chemgeo.2007.02.017 

[50] Ohta T, Arai H. Statistical empirical index of chemical weathering in igneous rocks: A new tool for evaluating the 
degree of weathering. Chemical Geology. 2007, 240(3-4):280-297. 
doi:https://doi.org/10.1016/j.chemgeo.2007.02.017 

[51] Maji SK, Pal A, Pal T. Arsenic removal from real-life groundwater by adsorption on laterite soil. Journal of 
Hazardous Materials. 2008, 151(2-3):811-820. doi:https://doi.org/10.1016/j.jhazmat.2007.06.060 

[52] Fall M, Azzam R, Noubactep C. A multi-method approach to study the stability of natural slopes and landslide 
susceptibility mapping. Engineering Geology. 2006, 82(4):241-263. 
doi:https://doi.org/10.1016/j.enggeo.2005.11.007 

[53] Maji S, Pal A, Pal T, Adak A. Modeling and fixed bed column adsorption of As(III) on laterite soil. Separation and 
Purification Technology. 2007, 56(3):284-290. doi:https://doi.org/10.1016/j.seppur.2007.02.011 

[54] Analia Iriel, Bruneel S, Nahuel Francisco Schenone, Alicia Fernández Cirelli. The removal of fluoride from aqueous 
solution by a lateritic soil adsorption: Kinetic and equilibrium studies. 2018, 149:166-172. 
doi:https://doi.org/10.1016/j.ecoenv.2017.11.016 


