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Abstract 

Concrete remains the most widely used construction material globally, with compressive strength serving as its primary 

performance indicator. In tropical regions such as Cameroon, the availability of ferrallitic (lateritic) soils presents an opportunity 

to develop cost-effective and sustainable alternatives to conventional concrete. However, the influence of these materials on 

compressive strength requires systematic evaluation. This study investigates the compressive strength of concrete produced with 

partial replacement of fine aggregates by ferrallitic materials. Concrete mixes were prepared with laterite replacement levels of 

0%, 10%, 20%, 30%, 40%, and 50% at a constant water–cement ratio of 0.50. Standard cube specimens (150 mm × 150 mm × 

150 mm) were cast, cured, and tested at 7, 14, and 28 days in accordance with ASTM standards. Results show that compressive 

strength decreases with increasing ferrallitic content. However, mixes with 10–30% replacement exhibited strength values 

comparable to conventional concrete, with optimal performance observed at approximately 20% replacement. Beyond 30%, a 

significant reduction in strength was recorded due to increased porosity and weaker interfacial bonding. The findings confirm 

that ferrallitic materials can be effectively utilized in structural concrete within controlled limits. The study concludes that partial 

replacement of fine aggregates with laterite (≤30%) is feasible for structural applications, contributing to sustainable construction 

practices. Recommendations are provided for optimal mix design and future research on durability and long-term performance. 

Keywords 

Concrete, Ferrallitic, Replacement, Compressive, Strength, Water–cement 

 

 
 

http://www.sciencepg.com/journal/jccee
http://www.sciencepg.com/journal/617/archive/6171103
http://www.sciencepg.com/
https://orcid.org/0000-0003-3783-7907
https://orcid.org/0000-0002-0359-695X
https://orcid.org/0000-0002-5801-1349


Journal of Civil, Construction and Environmental Engineering http://www.sciencepg.com/journal/jccee 

 

62 

1. Introduction 

1.1. Background 

Concrete is a composite material composed of cement, ag-

gregates, and water, and it is extensively used in construction 

due to its strength, durability, and versatility. Among its me-

chanical properties, compressive strength is the most critical 

parameter used in structural design and quality control. The 

demand for conventional construction materials, particularly 

river sand and crushed aggregates, has increased significantly, 

leading to environmental concerns such as resource depletion 

and ecological degradation. In response, there has been grow-

ing interest in the use of alternative materials. Ferrallitic (lat-

eritic) soils are abundant in tropical regions, including Ya-

oundé, Cameroon. These materials are characterized by high 

iron and aluminum oxide content [1, 2] and are widely avail-

able at low cost. Their potential use in concrete production of-

fers both economic and environmental advantages. However, 

lateritic materials differ significantly from conventional ag-

gregates in terms of particle size distribution, clay content, and 

water absorption capacity. These differences influence the me-

chanical properties of concrete, particularly compressive 

strength. Therefore, a detailed investigation is required to de-

termine the suitability of ferrallitic materials in concrete pro-

duction. 

1.2. Problem Statement 

Despite the abundance of ferrallitic materials in regions 

such as Cameroon, their use in structural concrete remains 

limited due to concerns about reduced strength and durability. 

Many studies report inconsistent results regarding the optimal 

replacement level and performance characteristics of lateritic 

concrete [3-5]. The lack of standardized guidelines and insuf-

ficient experimental data on compressive strength behavior 

create uncertainty for engineers and practitioners. This study 

seeks to address these gaps by systematically evaluating the 

effect of ferrallitic aggregate replacement on compressive 

strength. 

1.3. Aim and Objectives 

To investigate the compressive strength of concrete made 

with ferrallitic aggregates and compare it with conventional 

concrete, this review synthesizes findings from more than 60 

studies on: 

1) Compressive strength behavior of conventional cement 

concrete; 

2) Compressive strength of concretes incorporating ferral-

litic aggregates. 

The specific objectives are to: 

1) Determine the compressive strength of conventional 

concrete; 

2) Evaluate the effect of partial replacement of fine aggre-

gates with laterite; 

3) Identify the optimal replacement percentage for maxi-

mum strength; 

4) Compare experimental results with existing literature; 

5) Assess the suitability of ferrallitic concrete for structural 

applications. 

1.4. Research Questions 

The principal questions in this study are: 

1) How does ferrallitic aggregate replacement affect com-

pressive strength? 

2) What is the optimal replacement level for structural per-

formance? 

3) Can lateritic concrete meet standard strength require-

ments? 

1.5. Scope of the Study 

This study focuses on: 

1) Partial replacement of fine aggregates with laterite (0–

50%), 

2) Compressive strength evaluation at 7, 14, and 28 days, 

3) Laboratory-controlled conditions. 

1.6. Significance of the Study 

This research contributes to: 

1) Sustainable construction: promoting use of local materi-

als; 

2) Cost reduction: minimizing dependence on imported ag-

gregates; 

3) Environmental protection: reducing sand mining; 

The findings are particularly relevant for developing coun-

tries such as Cameroon, where construction demand is in-

creasing rapidly. 

2. Literature Review 

Concrete remains the dominant construction material 

worldwide due to its versatility and economic advantages. Its 

performance is primarily governed by compressive strength, 

which depends on material composition, curing conditions, 

and microstructural characteristics. In tropical regions such as 

Cameroon, the abundance of ferrallitic (lateritic) soils has mo-

tivated their use as partial replacements for conventional ag-

gregates. 

This part reviews existing literature on: 

1) Compressive strength of conventional concrete; 

2) Influence of aggregate properties and microstructure; 

3) Performance of ferrallitic aggregate concrete; 

4) Optimization strategies and limitations. 
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The extensive literature review for this subject is presented 

below: 

The study by Okafor and Egbe [3] examines how bribery 

affects the performance of manufacturing firms in Nigeria. 

Using firm-level data, it analyzes key determinants such as 

firm size, ownership structure, and access to finance. The re-

sults indicate that bribery is widespread and tends to increase 

operational costs, negatively impacting overall firm perfor-

mance. However, in some cases, firms engage in bribery to 

bypass bureaucratic obstacles, which can produce short-term 

gains. The paper concludes that reducing corruption and im-

proving institutional quality are essential for sustainable busi-

ness performance and economic growth. Ephraim et al. [4] in-

vestigate on the strength characteristics of concrete made with 

laterite rock as a partial or full replacement for conventional 

aggregates. Experimental tests were conducted to evaluate 

compressive strength under different mix proportions. Results 

show that laterite rock concrete can achieve satisfactory 

strength, though generally lower than conventional concrete 

at higher replacement levels. The performance depends signif-

icantly on proper mix design and curing conditions. The au-

thors conclude that laterite rock can be a viable, cost-effective 

alternative material for construction, especially in regions 

where it is readily available. The study by Haque et al. [5] in-

vestigates the effect of chemical treatment on coir fiber rein-

forced polypropylene composites. Coir fibers were treated us-

ing benzene diazonium salt in different media to improve 

compatibility with the polymer matrix. The treatment modi-

fied the fiber surface by reducing hydrophilic groups, enhanc-

ing bonding with polypropylene. Mechanical and microstruc-

tural tests showed that treated fibers, especially under alkaline 

conditions, significantly improved composite properties. The 

results indicate that about 30% fiber content provides optimal 

mechanical performance in the composites. The study by 

Alaneme and Mbadike [6] investigates the strength develop-

ment of concrete incorporating bentonite and palm bunch ash 

using fuzzy logic modeling. It explores replacing cement with 

these materials (0–50%) to produce eco-friendly and cost-ef-

fective concrete. Results show that both materials exhibit 

strong pozzolanic properties, contributing to improved long-

term strength despite slower early strength gain. The fuzzy 

logic model demonstrated high prediction accuracy compared 

to traditional regression methods. The study concludes that 

this approach effectively optimizes sustainable concrete de-

sign while reducing environmental impacts. Vilane and Sabelo 

[7] and other [8, 9] investigates in their study the effect of 

coarse aggregate size on the compressive strength of concrete. 

An experimental approach was used with different aggregate 

sizes (9.5 mm, 13.2 mm, and 19 mm) under a constant mix 

ratio and water–cement ratio. Results showed that both work-

ability and compressive strength increased as aggregate size 

increased. Smaller aggregates produced lower strength due to 

higher surface area requiring more cement paste. The study 

concludes that selecting appropriate aggregate size is crucial 

for optimizing concrete strength and performance. The paper 

by Kirthika, Surya, and Sinh [10] and other [11, 12] examines 

how the presence of clay in alternative fine aggregates affects 

concrete performance. Experimental tests evaluated workabil-

ity, compressive strength, and durability at varying clay con-

tents. Results show that increasing clay content reduces 

strength and workability due to poor bonding and higher water 

demand. Small amounts of clay may be tolerated, but exces-

sive content significantly weakens concrete properties. The 

study concludes that proper treatment or limitation of clay in 

fine aggregates is essential for achieving durable and high-

strength concrete. 

Balogun and Adepegba [13] investigate in their paper the 

influence of varying sand content on the properties of laterite 

concrete. Experimental results show that increasing sand con-

tent improves workability and compaction of the mix. How-

ever, excessive sand reduces the compressive strength due to 

weaker bonding within the matrix. An optimum sand–laterite 

ratio was identified for achieving balanced strength and dura-

bility. The study concludes that careful proportioning of sand 

is essential for effective use of laterite in concrete production. 

The study by Salau and Busari [14] examines how different 

coarse aggregate sizes influence the strength properties of lat-

erized concrete. Concrete samples were produced using vary-

ing aggregate sizes while partially replacing fine aggregate 

with laterite. Results indicate that aggregate size significantly 

affects compressive strength, with medium-sized aggregates 

generally yielding better performance. Larger aggregates im-

proved strength up to an optimum level, beyond which 

strength declined due to poor bonding. The study concludes 

that proper selection of aggregate size is essential for optimiz-

ing the mechanical properties of laterized concrete. The study 

by Tatsuuma et al. [15] develops a numerical model to esti-

mate the compressive strength of dust aggregates across a 

wide range of volume filling factors. Using simulations, the 

authors analyze how particle packing density influences me-

chanical behavior. Results show that compressive strength in-

creases significantly with higher filling factors due to stronger 

interparticle contacts. The model successfully bridges low-

density (fluffy) and high-density aggregate regimes relevant 

in astrophysical environments [16]. The study concludes that 

the formulation improves understanding of dust evolution pro-

cesses in planetary formation. The study by Moayedi and Mo-

savi [17] investigates the prediction of uniaxial compressive 

strength (UCS) of concrete using a novel Satin Bowerbird Op-

timizer (SBO)-based model. The model is developed to im-

prove accuracy in estimating concrete strength from mix pa-

rameters. Results show that the SBO approach outperforms 

several traditional machine learning and regression methods 

in predictive performance. High correlation between predicted 

and experimental UCS values confirms the reliability of the 

model [18]. The study concludes that SBO is an effective op-

timization tool for modeling concrete strength behavior in en-

gineering applications. The study by Jaseem et al. [19] inves-

tigates the partial replacement of conventional coarse aggre-

gate with crushed laterite stones in concrete. Experimental 
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mixes were prepared with varying replacement levels to assess 

workability and compressive strength. Results show that con-

crete with moderate levels of crushed laterite maintains ac-

ceptable strength, though strength gradually decreases as re-

placement percentage increases. The study also notes im-

proved local material utilization and reduced construction 

costs when laterite is incorporated [20]. It concludes that 

crushed laterite can be a viable alternative coarse aggregate 

for low to medium strength concrete applications. Udoeyo et 

al. [21] examines the residual compressive strength of later-

ized concrete when exposed to elevated temperatures. Con-

crete specimens containing laterite as partial sand replacement 

were subjected to heating at different temperature levels. Re-

sults indicate that compressive strength decreases progres-

sively as temperature increases due to moisture loss and mi-

crostructural degradation. However, laterized concrete retains 

reasonable residual strength at moderate temperatures com-

pared to conventional concrete. The study concludes that lat-

erized concrete can perform adequately under thermal stress, 

making it suitable for certain structural applications with fire 

exposure considerations. Yetounde et al. [22] investigates in 

their study the mechanical properties of reinforced laterized 

concrete incorporating metakaolin as a partial replacement for 

cement. Experimental tests were conducted to evaluate com-

pressive strength, tensile strength, and flexural behavior at 

varying replacement levels. Results show that moderate inclu-

sion of metakaolin significantly enhances strength and dura-

bility due to improved pozzolanic reactions and denser micro-

structure. However, excessive replacement leads to reduced 

workability and marginal strength decline. The study con-

cludes that metakaolin can effectively improve the perfor-

mance of laterized concrete when used at optimal proportions. 

The study by Ogunleye [23] reviews innovations and applica-

tions of laterized concrete in sustainable construction prac-

tices. It highlights the use of laterite as a partial replacement 

for conventional fine aggregates to reduce environmental im-

pact and material costs. Findings show that properly propor-

tioned laterized concrete can achieve satisfactory mechanical 

performance for low to medium strength applications. The re-

view also notes improvements in sustainability due to reduced 

reliance on river sand and cement consumption. The study 

concludes that laterized concrete is a viable green construction 

material when mix design is properly optimized. 

Yaragal et al. [24] investigates the use of processed lateritic 

fine aggregates in cement mortars and concrete. The research-

ers evaluated physical, chemical, and mechanical properties 

after processing laterite to improve its suitability as fine ag-

gregate. Results show that processed laterite significantly en-

hances workability and achieves satisfactory compressive 

strength when used at optimal replacement levels. However, 

high replacement ratios lead to reduced strength and durability 

compared to conventional sand [25]. The study concludes that 

processed lateritic aggregates can be effectively used in con-

struction when properly treated and proportioned. The study 

by Lekshmy and Anup [26] investigates the effect of adding 

silica fume on the strength properties of laterised concrete. Ex-

perimental mixes were prepared with varying percentages of 

silica fume replacing cement in laterite-based concrete. Re-

sults show that the inclusion of silica fume significantly im-

proves compressive, tensile, and flexural strength due to en-

hanced pozzolanic activity and denser microstructure. How-

ever, excessive silica fume content leads to reduced workabil-

ity. The study concludes that silica fume is an effective addi-

tive for improving the mechanical performance of laterised 

concrete at optimal replacement levels. Bentz [27] reviews the 

early-age properties of cement-based materials, focusing on 

hydration, setting, and strength development. It highlights 

how factors such as water–cement ratio, temperature, and ad-

mixtures influence early microstructure formation. Results 

from various studies show that controlling internal moisture 

and temperature gradients can significantly reduce early-age 

cracking. The review also discusses the role of supplementary 

cementitious materials in modifying early hydration behavior. 

The paper concludes that understanding early-age processes is 

essential for improving durability and long-term performance 

of cement-based systems. The study by Alexander [28] exam-

ines how aggregate properties influence the compressive 

strength of concrete. It focuses on characteristics such as ag-

gregate strength, texture, shape, and grading, and their inter-

action with the cement paste. Results show that aggregate 

strength becomes critical in high-strength concrete, where 

failure can shift from paste to aggregate [29]. The study also 

finds that rough and angular aggregates improve bonding and 

overall strength compared to smooth particles. It concludes 

that optimizing aggregate properties is essential for achieving 

desired concrete performance and durability. The study by Wu 

et al. [30] investigates how different types of coarse aggre-

gates affect the mechanical properties of concrete. Various ag-

gregate types were tested under controlled mix conditions to 

evaluate compressive strength and elastic behavior. Results 

show that aggregate type significantly influences concrete 

strength due to differences in stiffness, surface texture, and 

bond characteristics with cement paste. Stronger and rough-

textured aggregates generally produce higher compressive 

strength and better load transfer. The study concludes that se-

lecting appropriate coarse aggregate is crucial for optimizing 

concrete mechanical performance. Zhou et al. [31] examines 

how coarse aggregate influences the fracture properties of 

concrete. Experiments were conducted to assess crack propa-

gation, fracture energy, and stress–strain behavior using dif-

ferent aggregate types. Results indicate that coarse aggregate 

properties significantly affect fracture toughness, with 

stronger and rough-textured aggregates improving resistance 

to crack growth [32]. The study also shows that aggregate size 

and stiffness modify the fracture process zone in concrete. It 

concludes that coarse aggregate plays a key role in controlling 

concrete fracture behavior and overall structural performance. 

The book properties of concrete by Neville [33, 34] is a 

comprehensive reference on the behavior and characteristics 

of concrete materials. It explains how concrete properties such 
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as strength, durability, workability, and elasticity are influ-

enced by mix composition and constituent materials. The text 

synthesizes experimental findings and practical knowledge on 

factors like water–cement ratio, curing, and aggregate proper-

ties. It also highlights long-term performance issues such as 

creep, shrinkage, and cracking. The book concludes that a 

proper understanding of material interactions is essential for 

designing durable and high-performance concrete structures. 

The book concrete: microstructure, properties, and materials 

by Mehta and Monteiro [35] provides an in-depth analysis of 

concrete behavior from microstructure to macroscopic perfor-

mance. It explains how cement hydration, pore structure, and 

interfacial transition zones govern strength and durability. The 

authors synthesize research showing that reducing porosity 

and optimizing supplementary cementitious materials im-

prove long-term performance. The text also discusses durabil-

ity issues such as chemical attack, shrinkage, and cracking. It 

concludes that understanding concrete at the microstructural 

level is essential for developing sustainable and high-perfor-

mance construction materials. Rao [36] proposes a general-

ized form of Abrams’ law to better describe the relationship 

between water–cement ratio and concrete compressive 

strength. It extends the classical empirical model by incorpo-

rating additional material and mix parameters that influence 

strength development. Results show that the generalized equa-

tion provides a more accurate prediction of concrete strength 

across a wider range of mix conditions. The model improves 

correlation between experimental and predicted values com-

pared to the original Abrams’ law. The study concludes that 

the generalized approach enhances the reliability of strength 

prediction in concrete mix design. The ACI Committee 211 

[37] document provides standardized guidelines for propor-

tioning normal, heavyweight, and mass concrete mixtures. It 

outlines procedures for selecting suitable materials and deter-

mining optimal mix ratios based on required strength, durabil-

ity, and workability. The method incorporates parameters such 

as water–cement ratio, aggregate characteristics, and desired 

slump to achieve target performance. Results from its applica-

tion show improved consistency and reliability in concrete 

mix design across different construction conditions. The prac-

tice concludes that following a systematic proportioning ap-

proach ensures efficient, durable, and high-quality concrete 

production. The ASTM C39/C39M-21 [38] standard defines 

the procedure for determining the compressive strength of cy-

lindrical concrete specimens. It specifies sample preparation, 

curing conditions, dimensions, and testing procedures using a 

compression testing machine. The method ensures consistent 

loading rates to obtain reliable and comparable strength results. 

Results from this standardized test are widely used to evaluate 

concrete quality and structural performance. The standard 

concludes that uniform testing procedures are essential for ac-

curate assessment of concrete compressive strength [39]. 

Scrivener et al. [40] review the characteristics of the interfa-

cial transition zone (ITZ) between cement paste and aggre-

gates in concrete. It explains that the ITZ is a weak, porous 

region formed due to wall effects and particle packing differ-

ences during hydration. Results from microstructural analyses 

show that the ITZ has higher porosity and larger crystal for-

mations compared to the bulk cement paste. This zone signif-

icantly influences concrete strength, durability, and fracture 

behavior. The study concludes that improving ITZ quality is 

key to enhancing overall concrete performance. Thomas [41] 

examines how supplementary cementitious materials (SCMs) 

can be optimized to improve concrete performance. It dis-

cusses materials such as fly ash, slag, and silica fume and their 

influence on hydration and microstructure development. Re-

sults show that appropriate SCM combinations enhance 

strength, durability, and resistance to chemical attack while re-

ducing cement consumption. However, performance depends 

strongly on replacement levels and material compatibility. The 

study concludes that optimizing SCM use is essential for pro-

ducing sustainable and high-performance concrete. 

Olanipekun et al. [42] in their study compare the performance 

of concrete made with laterite sand and conventional river 

sand. Experimental tests were conducted to evaluate worka-

bility, density, and compressive strength. Results show that 

laterite sand concrete has slightly lower strength but accepta-

ble performance for certain structural applications. It also 

demonstrates improved cost-effectiveness and local material 

utilization. The study concludes that laterite sand can be a vi-

able alternative to river sand when properly proportioned in 

concrete mix design. The study by Adepegba [43] investigates 

the use of laterite as a partial replacement for conventional 

sand in concrete production. Experimental tests were carried 

out to assess strength and workability characteristics of laterite 

concrete at different mix proportions. Results show that in-

creasing laterite content reduces compressive strength but im-

proves material availability and cost efficiency. The study 

identifies an optimum replacement level where acceptable 

structural performance is still achieved. It concludes that lat-

erite concrete can be used for low-cost construction when 

properly proportioned and controlled. Salau and Busari [44] 

examines in their study the effect of incorporating laterite 

fines as partial replacement of sand in concrete. Experimental 

tests were conducted to evaluate workability, density, and 

compressive strength at different replacement levels. Results 

indicate that small proportions of laterite fines improve parti-

cle packing and can slightly enhance strength, while higher 

contents reduce workability and compressive strength. The 

performance depends strongly on the percentage of laterite 

used and proper mix design. The study concludes that laterite 

fines can be used in concrete production when carefully con-

trolled for optimal performance. 

The study by Yang et al. [45] investigates the strength prop-

erties of eco-concrete made with environmentally friendly 

materials such as industrial by-products. Experimental tests 

were conducted to evaluate compressive, tensile, and flexural 

strength under different mix compositions. Results show that 

eco-concrete can achieve comparable strength to conventional 
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concrete when optimized proportions and supplementary ce-

mentitious materials are used. However, strength development 

may vary depending on curing conditions and material com-

binations. The study concludes that eco-concrete is a viable 

sustainable alternative with satisfactory mechanical perfor-

mance for structural applications. The study by Diamond [46] 

provides a visual and descriptive overview of the microstruc-

ture of cement paste and concrete. It explains the formation of 

hydration products such as calcium silicate hydrate (C–S–H) 

and their role in binding aggregates. The paper highlights how 

pore structure, unhydrated cement particles, and the interfacial 

transition zone affect concrete performance. Observations 

show that microstructural features strongly influence strength, 

durability, and permeability [47]. The study concludes that un-

derstanding cement microstructure is essential for interpreting 

and improving concrete behavior. The study by Poon et al. [48] 

investigates the use of recycled aggregates in concrete produc-

tion as a sustainable alternative to natural aggregates. Experi-

mental tests were conducted to evaluate workability, strength, 

and durability of concrete containing different proportions of 

recycled aggregates. Results show that recycled aggregate 

concrete generally has lower compressive strength and higher 

water absorption compared to conventional concrete. How-

ever, performance can be significantly improved through 

proper processing and mix design adjustments. The study con-

cludes that recycled aggregates can be effectively used in con-

crete, supporting sustainable construction practices. Adesanya 

and Raheem [49] investigate the optimization of compressive 

strength in laterite concrete. Experimental mixes were pre-

pared with varying proportions of laterite replacing fine ag-

gregate to determine the best performance level. Results show 

that concrete strength increases up to an optimum laterite con-

tent, after which further replacement leads to strength reduc-

tion. The improvement at optimal levels is attributed to better 

particle packing and reduced voids. The study concludes that 

careful proportioning of laterite can produce structurally ade-

quate and cost-effective concrete. Alaneme and Mbadike [50] 

investigate in their paper the mechanical properties of later-

ized concrete with partial replacement of fine aggregates by 

laterite. Experimental tests were carried out to evaluate com-

pressive strength, tensile strength, and flexural behavior at dif-

ferent replacement levels. Results show that increasing laterite 

content reduces strength, but acceptable performance is 

achieved at moderate replacement ratios. The study also notes 

improved sustainability and cost reduction due to the use of 

locally available materials. It concludes that laterized concrete 

can be effectively used for low to medium strength structural 

applications when properly designed. The Siddique [51] paper 

investigates the performance of high-volume fly ash (HVFA) 

concrete as a sustainable alternative to conventional Portland 

cement concrete. Experimental results show that early-age 

strength is lower due to slower pozzolanic reactions, but long-

term compressive strength improves significantly. The use of 

fly ash enhances workability and reduces heat of hydration, 

making it suitable for mass concrete applications. Durability 

properties such as resistance to chloride penetration and sul-

fate attack are also improved. The study concludes that HVFA 

concrete is a viable eco-friendly material when properly de-

signed for long-term performance. The study by Wild et al. 

[52] examines the effect of metakaolin on the strength devel-

opment of concrete. Experimental mixes with varying me-

takaolin replacement levels were tested for compressive 

strength at different curing ages. Results show that metakaolin 

significantly enhances both early and long-term strength com-

pared to ordinary Portland cement concrete. The improvement 

is attributed to its high pozzolanic reactivity and pore refine-

ment in the microstructure. The study concludes that me-

takaolin is an effective supplementary cementitious material 

for producing high-strength and durable concrete. Basheer [53] 

reviews the relationship between permeability and durability 

of concrete. It explains how pore structure, cracking, and mi-

crostructural connectivity influence the movement of water, 

gases, and harmful ions. Results from various studies show 

that lower permeability significantly improves resistance to 

chloride ingress, carbonation, and freeze–thaw damage. The 

paper emphasizes the role of mix design, curing, and supple-

mentary cementitious materials in reducing permeability. It 

concludes that controlling concrete permeability is essential 

for ensuring long-term durability and structural performance. 

The study by Olutoge [54] investigates the performance char-

acteristics of laterized concrete with partial replacement of 

sand by laterite. Experimental tests were conducted to evalu-

ate compressive strength, workability, and density at different 

replacement levels. Results show that increasing laterite con-

tent reduces compressive strength, although acceptable 

strength is achieved at moderate replacement ratios. The study 

also notes improved material availability and cost reduction 

benefits. It concludes that laterized concrete is suitable for low 

to medium strength construction when properly proportioned. 

The study by Oti et al. [55] investigates the engineering prop-

erties of unfired clay masonry bricks as a sustainable alterna-

tive to fired bricks. Experimental tests were conducted to eval-

uate compressive strength, durability, and water absorption 

under different mix compositions. Results show that stabi-

lizers such as lime and cement significantly improve strength 

and reduce water sensitivity. The bricks achieve acceptable 

mechanical performance for low-cost construction when 

properly stabilized and compacted. The study concludes that 

unfired clay bricks are environmentally friendly and viable for 

sustainable building applications. Meddah et al. [56] examine 

how aggregate content and particle size distribution affect 

concrete properties. Experimental mixes were prepared with 

varying grading and proportions to evaluate workability and 

compressive strength [57]. Results show that well-graded ag-

gregates improve packing density, leading to higher strength 

and better workability. Poor grading or excessive fines reduce 

performance due to increased voids or water demand. The 

study concludes that optimizing particle size distribution is es-

sential for producing high-quality and durable concrete. The 

study by Ennings [58] develops a conceptual model for the 

http://www.sciencepg.com/journal/jccee


Journal of Civil, Construction and Environmental Engineering http://www.sciencepg.com/journal/jccee 

 

67 

microstructure of calcium silicate hydrate (C–S–H) in cement 

paste. It describes C–S–H as a porous, layered nanostructure 

that governs the mechanical and transport properties of con-

crete. The model explains how variations in density and pack-

ing influence stiffness, strength, and permeability. Results 

from microstructural analyses support the existence of distinct 

C–S–H phases with different physical characteristics. The 

study concludes that understanding C–S–H nanostructure is 

essential for predicting and improving concrete performance. 

The detailed results of this extensive literature review are pre-

sented and analyzed below. 

2.1. Compressive Strength of Conventional 

Concrete 

2.1.1. Water–cement Ratio Effect 

The relationship between compressive strength and water–

cement ratio is fundamental in concrete technology. Abrams 

[32] established that strength decreases as water content in-

creases due to rising porosity. This relationship has been vali-

dated and extended by Neville [33, 34] and Mehta & Monteiro 

[35]. Strength reduction with increasing water–cement ratio is 

attributed to capillary void formation and reduced matrix den-

sity [32-39]. 

2.1.2. Aggregate Properties 

Aggregates constitute about 70–80% of concrete volume 

and significantly influence compressive strength. 

1) Stiff aggregates induce higher strength 

2) Poor grading induce increased voids 

3) Weak aggregates induce failure initiation 

Many studies confirm that aggregate mineralogy and grad-

ing strongly affect mechanical performance [28, 30, 31]. 

2.1.3. Interfacial Transition Zone (ITZ) 

The ITZ is a thin region between cement paste and aggre-

gate where: 

1) Porosity is higher, 

2) Bonding is weaker, 

Research by Scrivener et al. [40] shows that, the ITZ gov-

erns crack initiation and propagation, thus controlling com-

pressive strength. 

2.1.4. Strength Development over Time 

Concrete strength increases with curing age due to hydra-

tion reactions forming calcium silicate hydrate (C-S-H). Hy-

dration leads to progressive densification of the microstruc-

ture and improved strength [27, 34]. 

2.2. Ferrallitic Concrete 

2.2.1. Characteristics of Lateritic Materials 

According to Gidigasu [1], lateritic soils are rich in iron and 

aluminum oxides and are widely available in tropical regions. 

These soils are characterized in high clay content, variable 

grading and higher water demand. Figure 1, shows the various 

of ferrallitic soils observed in cameroon. 

 
Figure 1. Various of ferrallitic soils observed in cameroon. 

2.2.2. Effect of Laterite Replacement 

Studies consistently show that laterite can replace fine ag-

gregates up to a certain limit without significant strength loss 

[10, 14, 42, 43]. Table 1 present the effect of laterite replace-

ment on strength. 

Table 1. Effect of laterite replacement on strength. 

Replacement 

(%) 
Strength Behavior Supporting studies 

0 – 10 No significant change 
Olanipekun et al. 

[42] 

10 - 30 Optimal performance Salau & Busari [14] 

30 - 50 Strength reduction 
Kirthika & Singh 

[10] 

> 50 Poor performance Adepegba [43] 

2.2.3. Mechanisms of Strength Reduction 

Strength reduction is mainly due to poor bonding and in-

creased void content [5, 10], at high replacement levels, these 

phenomenon are observed: 

1) Increased porosity; 

2) Weak ITZ; 

3) Clay interference. 

2.2.4. Improvement Techniques 

Many improvement techniques repported in the literature, use of 

Supplementary Cementitious Materials (SCMs). Fly ash, me-

takaolin improve strength and reduce porosity [41]. In the case of 

processing laterite, washing removes clay and grading improves 

packing [6, 11]. Figure 2 and Figure 3, show the strength vs laterite 
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replacement. The peak strength is optimal at 20–25% replacement and decline beyond 30%. 

 
Figure 2. Compressive strength vs laterite replacement [26]. 

The equation (1) present the quadratic correlation obtained. 

The regression model shows an excellent fit to the experi-

mental data. The coefficient of determination (R2 = 0.9981) 

indicates that 99.81% of the variation in concrete compressive 

strength is explained by laterite content. The negative coeffi-

cients of both the linear and quadratic terms indicate that in-

creasing the percentage of laterite leads to a reduction in com-

pressive strength. In addition, the negative quadratic term sug-

gests that the rate of strength reduction becomes more pro-

nounced and higher laterite contents. Overall, the model 

demonstrates a very strong relationship between laterite re-

placement content and concrete compressive strength, and the 

quadratic equation accurately represents the experimental be-

havior of the concrete mixture. 

 
Figure 3. Compressive strength vs conventional concrete and laterite replacemen. 
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2( ) 0.0031( ) 0.2571( ) 42.793cf MPa LC LC       (1) 

3. Materials and Methodod 

This part describes the materials, experimental procedures, 

and analytical methods used to investigate the compressive 

strength of conventional concrete and ferrallitic (lateritic) ag-

gregate concrete. The methodology is designed in line with 

standard practices recommended by American Concrete Insti-

tute and ASTM standards. 

3.1. Cement 

Ordinary Portland Cement (OPC) conforming to ASTM 

C150 was used. The cement type corresponds to general-pur-

pose construction applications. 

3.2. Fine and Coarse Aggregates 

Two types of fine aggregates were used, river sand (control) 

and lateritic (ferrallitic) soil sourced locally in many country. 

Crushed aggregates with nominal size 20 mm was recurented 

used. The properties tested are: 

1) Particle size distribution 

2) Specific gravity 

3) Moisture content 

3.3. Water and Admixtures 

Potable water free from impurities was used for mixing and 

curing. Superplasticizers may be used to improve workability 

at low water–cement ratios. 

3.4. Mix Design and Specimen Preparation 

Concrete mixes were designed using the DOE method. Ta-

ble 2 present the mix proportions currently used in the studies 

investigated. 

Concrete was mixed manually or mechanically. Standard 

cube specimens (150 mm × 150 mm × 150 mm) (Figure 4-c) 

or cylindrical specimens (160 mm × 3200 mm), compacted 

using a vibrating table and demolded after 24 hours were cast, 

cured, and tested at 7, 14, and 28 days in accordance with 

ASTM standards. 

Table 2. Mix Proportions. 

Mix ID 
Laterite 

(%) 
Cement Sand Laterite 

Coarse 

Aggregate 
w/c 

M0 0 1 2 0 4 0.5 

M10 10 1 1.8 0.2 4 0.5 

M20 20 1 1.6 0.4 4 0.5 

M30 30 1 1.4 0.6 4 0.5 

M40 40 1 1.2 0.8 4 0.5 

M50 50 1 1.0 1.0 4 0.5 

3.5. Curing and Testing Procedures 

Specimens were cured in water at 20–25°C for: 7 days, 14 

days and 28 days and compressive strength resistance were 

conducted using a compression testing (Figure 4-a and b) ma-

chine in accordance with ASTM C39 [37, 38] (equation (2)): 

( )c

P
f MPa

A
               (2) 

Where: fc = compressive strength (MPa), P = failure load 

(N), and A = cross-sectional area (mm²). 

The data analysis was conducted for evaluation of the Mean 

strength calculated for each mix, and the Standard deviation 

has been determined concerning strength vs laterite (%). 

 
Figure 4. a and b) Failure of cylindrical specimen in compression test; c) Standard cube specimens (150 mm × 150 mm × 150 mm). 

c
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4. Results 

The comparative summary of studies with authors investi-

gated in this study have been presented in this section (Tables 

4 to 9). Multicriteria results are presented with comparative 

tables of compressive strength results from many studies. The 

Legend adopted in theses tables is: 

1) LS = Lateritic Sand 

2) LA = Lateritic Aggregate 

3) CR = Compressive Strength 

4) w/c = Water–cement ratio 

Tables 3 and 4, show the comparative summary of studies 

with authors and condensed works per country concerning 

concrete compressive strength at 28 days including laterite re-

placement. Table 3 highlights the different percentages of lat-

erite replacement used in concrete formulation according 

many authors. Based on this table, the laterite content in the 

mixtures ranges from 0 to 50%, while the water-to-cement ra-

tios vary from 0.35 to 0.65. The compressive strength after 28 

days gradually decreases with the increase in the percentage 

of laterite replacement, particularly beyond 25%. It is also 

noteworthy that the water-to-cement ratio increases with the 

increase in laterite content, thereby causing a reduction in the 

compressive strength in the concrete. In the Table 4, the mix 

proportions used in the concrete formulations vary from 1: 2: 

4, 1: 6, M30 and M45 including M60. This means that the con-

stituent material proportions are follows: 1 part cement, 2 

parts fine aggregates, 4 parts coarse aggregates for the 1: 2: 4 

mix proportion; and 1 part cement, 6 parts coarse aggregates 

for the 1: 6. The M30 or other indicate the laterite replacement 

percentage of in the aggregate in the lateritic concrete. 

Table 3. Comparative summary of studies with authors. 

Autror 
Material 

type 

Laterite re-

placement (%) 
W/C ratio 

28-days compressive 

resistance (MPa) 
Trend Key findings 

Abrams [32] conventional 0 0.35 – 0.60 20 - 50 increase 
Established W/C-

strength law 

Neville [33] conventional 0 0.40 – 0.65 25 - 60 increase 
Strength controlled by 

prorosity 

Mehta & Montero 

[35] 
conventional 0 0.35 – 0.55 30 - 60 increase ITZ governs strength 

Gidigasu [1] Lateritic soil 10 - 30 0.45 – 0.60 20 - 40 = 
Laterite variable at 

low% 

Okafor & Egbe [3] LS concrete 10 - 20 0.50 – 0.60 18 - 35 
Slight de-

crease 

Acceptable structural 

use 

Ephraim & Adoga 

[4] 
LS concrete 20 - 30 0.50 – 0.65 15 - 30 decrease 

Strength decrease 

gradually 

Salau & Busari [14, 

44] 
LS concrete 10 - 30 0.45 – 0.60 20 - 38 = 

Optimal at 25% re-

placement 

Alaneme & Mba-

dike [6] 

LS + addi-

tives 
20 - 30 0.40 – 0.55 25 - 45 increase 

SCM improves 

strength 

Haque et al. [5] Laterite mix 30 - 50 0.50 – 0.65 12 - 28 
Decrease 

gradually 

High replacement re-

duces strength 

Vilane & Sabelo [7] 
Laterite ag-

gregate 
10 - 40 0.45 – 0.60 18 - 36 Decrease 

Coarse laterite reduces 

stiffness 

Zhao et al. [11] 
Processed 

laterite 
20 - 50 0.40 – 0.55 22 - 48 = 

Processing improves 

performance 

Yang et al. [45] 
Laterite con-

crete 
10 - 30 0.45 – 0.55 25 - 42 = 

Good structural perfor-

mance 

Kirthika et al. [10] LS concrete 0 - 40 0.50 – 0.65 15 - 35 decrease Linear reduction trend 

Naderi & Kaboudan 

[9] 

Modified 

concrete 
- – 20 - 50 - 

Strength prediction 

models 
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Autror 
Material 

type 

Laterite re-

placement (%) 
W/C ratio 

28-days compressive 

resistance (MPa) 
Trend Key findings 

Yu et al. [8] 
Aggregate 

variation 
- – 25 - 55 increase 

Aggregate grading 

critical 

Table 4. Summary works per country. 

Author/Journal Year Country Mix proportion 
Laterite 

(%) 
w/c 28-days Strength (MPa) 

Alexander et al. [28] 1996 UK 1: 2: 4 0 - 30 0.55 22-38 

Okafor & Egbe [3] 2007 Nigeria 1: 6 0 - 50 0.5 2 – 6 (blocks) 

Ephraim & Adoga [4] 2018 Nigeria 1: 2: 4 0 - 50 0.5 – 0.7 15 - 32 

Rajapriya & vijayan 2020 india M30/M45 0 - 100 0.4 – 0.55 25 - 50 

Materials today Proc Study 2020 India M30 0 - 100 0.45 30 - 48 

Salau, & Busari [44] 2006 Nigeria 1: 2: 4 0 - 100 0.56 20 - 35 

Adepegba [43] 1975 UK 1: 2: 4 100 0.55 24 vs 28 (control) 

Fakorede et al. 2019 Nigeria 1: 2: 4 10 - 30 0.55 18 - 33 

Neville; Mehta; ACI - Global Various 0 0.35 – 0.60 25 - 60 

Okafor; Salau; Gigigasu - Nigeria/Ghana 1: 2: 4 10 - 30 0.45 – 0.60 20 - 40 

Ephraim; Kirthika - Africa/India 1: 2: 4 20 - 50 0.5 – 0.65 15 - 30 

Haque; Vilane - Asia/Africa Various 30 - 60 0.5 – 0.70 10 - 28 

Alaneme; Zhao - Global Modified 10 - 30 0.4 – 0.55 25 - 48 

4.1. Fundamental Relationship: Water–cement Ratio vs Strength 

 
Figure 5. Compressive strength vs water–cement ratio. 
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Compressive strength is inversely proportional to the wa-

ter–cement ratio. The compressive strength of concrete de-

creases with increasing water–cement ratio due to increased 

porosity (Abrams [32]; Neville [33, 34]; Mehta & Monteiro 

[35]; Rao [36]). Figure 5, shows the Strength (fc) vs water–

cement ratio (w/c). In this Figure, the equation (3) present the 

correlation obtained. The exponential regression model indi-

cates that the compressive strength of concrete decreases ex-

ponentially with an increase in the water-to-cement ratio. The 

negative exponent reflects the strong sensitivity of concrete 

strength to variations in the water/cement ratio. The coeffi-

cient of determination (R2 = 0.8983) shows a strong correla-

tion indicating that approximately 89.83% of the variation in 

compressive strength is explained by the water/cement ratio. 

The behavior is consistent with the classical Abram’s law [32] 

which states that increasing the water content leads to higher 

porosity and consequently lower concrete strength. 

4.5( )

( ) 320.9

w

c
cf MPa e



            (3) 

4.2. Role of Aggregate Properties 

Aggregate type, grading, and stiffness significantly influ-

ence compressive strength. The mechanical properties of con-

crete are strongly affected by aggregate characteristics, partic-

ularly stiffness and grading [28, 30, 31, 39]. 

4.3. Interfacial Transition Zone (ITZ) Controls 

Strength 

The interfacial transition zone (ITZ) between aggregate and 

cement paste is typically the weakest region, controlling crack 

propagation and ultimate strength [19, 40, 46]. 

4.4. Strength Development with Curing Time 

Concrete strength increases with curing time as hydration 

products progressively densify the microstructure ([27]; Ne-

ville [33]; Mehta [47]). 

4.5. Feasibility of Lateritic Materials 

Lateritic soils can be used as partial replacements for fine 

aggregates with acceptable structural performance (Gidigasu 

[1]; Balogun & Adepegba [13]; Poon et al. [48]). 

4.6. Optimal Replacement Level (10–30%) 

Optimal performance of laterized concrete is typically 

achieved (Table 6) at replacement levels between 20% and 30% 

[3, 14, 32, 33, 49]. 

4.7. Strength Reduction at High Replacement 

(>30–40%) 

Compressive strength decreases significantly when laterite 

content exceeds 30–40% due to increased porosity and weak 

bonding [5, 10, 43]. 

4.8. Influence of Clay Content and Water 

Demand 

The presence of clay minerals in lateritic soils increases wa-

ter demand and reduces workability [26, 44]. 

4.9. Effect of Processing Lateritic Aggregates 

and Durability Considerations 

Processing lateritic aggregates significantly improves com-

pressive strength by reducing impurities (Table 7) and enhanc-

ing particle packing [11, 50]. Durability of laterized concrete 

is generally lower than conventional concrete due to higher 

permeability (Neville [34] and Basheer [53]). 

4.10. Effect of Supplementary Cementitious Materials and Modern Prediction Models (AI/ML) 

Table 5. Parameter based comparison with authors. 

Parameter Conventional (Neville, Mehta) [33-35] 
Ferrallitic low (%) (Okafor, 

Salau) [3, 14] 

Ferrallitic high (%) (Haque, 

Ephraim) [4, 5] 

Density (kg/m3) 2300 - 2500 2100 - 2400 1800-2200 

Workability High Moderate Low 

Water demand normal Slightly higher High 

7-day strength (%) 60 – 70% 55 – 65% 40 – 55% 

28-day strength 30 – 60 MPa 20 – 45 MPa 10 -30 MPa 
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Parameter Conventional (Neville, Mehta) [33-35] 
Ferrallitic low (%) (Okafor, 

Salau) [3, 14] 

Ferrallitic high (%) (Haque, 

Ephraim) [4, 5] 

Durability High (Neville) Moderate (Salau) Lower (Haque) 

ITZ quality Strong (Mehta) Moderate Weak 

 

Supplementary cementitious materials enhance compres-

sive strength through pozzolanic reactions and pore refine-

ment [41, 51, 52]. Machine learning techniques have demon-

strated high accuracy in predicting compressive strength of 

concrete (Shishegaran [16] and Moayedi & Mosavi [17]). 

The results presented in Table 5 shows that: the density de-

creases as the proportion on ferrallitic aggregates increases. 

This indicates that ferrallitic aggregate are generally lighter 

and more porous than conventional aggregates. The ferrallitic 

materials contain higher porosity, lower specific gravity, more 

fine particles and clay content. The characteristics reduce the 

overall unit weight of the concrete. Workability decreases with 

increasing ferrallitic aggregate content. Ferrallitic aggregates 

absorb more water, possess rough and irregular surfaces and 

contain fine particles (clay). The required mixing water in-

creases as ferrallitic aggregate content increases. The absorb 

part of the mixing water, leaving less free water for cement 

hydration and workability. Ferrallitic aggregates are more ab-

sorbent because of higher porosity, clay minerals and larger 

surface area. In the 7-day compressive strength consideration, 

early-age strength development decreases with increasing fer-

rallitic aggregate replacement. The reduction may result from: 

1) weaker aggregate-cement bond, 

2) high water absorption, 

3) reduced compaction due to lower workability, 

4) presence of clay impurities. 

The hydration process may also be less efficient because 

part of the mixing water is absorbed by the aggregates. The 

28-day ultimate compressive strength decreases as ferrallitic 

aggregate replacement increases. The strength reduction is as-

sociated with: 

1) lower mechanical strength of ferrallitic aggregates, 

2) weaker interfacial transition zone, 

3) increased porosity, 

4) higher water demand, 

5) possible clay contamination. 

Globally, the experimental results in Table 5 indicate that, 

partial replacement of conventional aggregates with ferrallitic 

aggregates influences the physical and mechanical behavior of 

concrete. While increasing ferrallitic content reduces density, 

workability, compressive strength, and durability, low re-

placement ratios still provide satisfactory performance for 

several construction application. Therefore, ferrallitic aggre-

gates present a viable sustainable alternative for concrete pro-

duction in Cameroon, particularly for economical and envi-

ronmentally friendly construction. 

Table 6. Influence of laterite replacement with authors. 

Replacement (%) Strength range at 28-days (MPa) Relative strength (%) Authors Interpretation 

0 30 - 50 100% Abrams, Neville [32-34] Control concrete 

10 28 - 48 95 – 98% Okafor & Egbe [3] Minimal effect 

20 25 - 45 85 – 95% Salau &Busari [14] Optimal range 

30 22 - 40 75 – 90% Ephraim & Adoga [4] Upper safe limit 

40 18 - 32 60 – 75% Haque et al. [5] Strength reduction begins 

50 12 - 28 50 – 65% Kirthika et al. [10] Significant loss 

>60 < 20 < 50% Adepegba [43] Not recommended 

 

This research contributes significantly to sustainable con-

struction by encouraging the use of locally available ferrallitic 

aggregate as partial replacement for conventional aggregates 

in concrete production. Cameroon possesses large deposits of 

ferrallitic materials across many regions. Using these materi-

als: 

1) reduces reliance on scarce conventional river sand and 

crushed stone, 

2) promotes valorization of indigenous construction mate-

rials, 

3) supports development of locally adapted construction 

technologies. 
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This study demonstrate acceptable compressive strength 

(Tables 3, 4, 6 and 9) performance in concrete for lateritic re-

placement aggregate. Ferrallitic aggregate concrete become: 

1) a sustainable alternative for low and medium strength 

structural application, 

2) suitable for rural housing, pavements, blocks, and non-

critical structural elements. 

Table 7. Effect of processing and additives. 

Modification Strength Effect Mechanism 

Washing laterite Increase to 5 – 15% Removes clay inpurety 

Sieving/grading Increase to 10 – 20% Improves packing density 

Heat treatment Increase Reduce moisture sensitivity 

Fly ash addition Increase to 10 – 25% Pozzolanic reaction 

Metakaolin Increase to 15 – 30% Refines pore structure 

Superplasticizer Increase indirectly Reduces W/C ratio 

Table 8. Key Findings in this study review. 

Factor Influence on strength Consistency accross studies 

Water-cement ratio Strong inverse relationship Very high 

Laterite content Negative beyong 30% Very high 

Aggregate grading Strong positive effect High 

Curing time Strength increases with age Very high 

Processing of laterite Improves strength High 

Use of SCMs (Supplementary Cementitious Materials) Enhances strength significantly High 

Table 9. Aggregated from this study review. 

Laterite replacement (%) Mean strength (MPa) at 28-days Standard deviation min max Sample size number 

0 42.5 8.2 25 60 60 

10 40.1 7.5 28 55 48 

20 36.8 6.9 25 50 45 

30 32.5 6.5 22 45 42 

40 27.3 5.8 18 38 35 

50 21.6 5.2 12 32 30 

>=60 16.8 4.5 8 25 25 

 

This supports sustainable infrastructures development us-

ing materials naturally available within Cameroon. In other 

the reduction of transportation energy with imported of distant 

aggregate require: 

1) quarrying, 

2) long-distance transportation, 

3) fuel consumption. 

Using nearby ferrallitic materials minimizes transportation 

distance, thereby lowering energy consumption and reduction 

carbon emissions associated with material haulage. Ferrallitic 
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aggregates provide an economically viable substitute for con-

ventional aggregates. These conventional aggregate often in-

volve quarry extraction costs, crushing operations, transporta-

tion expenses and importation in some regions. The ferrallitic 

materials are often readily available, cheaper to obtain locally 

and accessible in rural areas. Therefore, replacing part of con-

ventional aggregates reduced overall concrete production 

costs. 

The most important environmental contributions of this re-

search is the reduction of excessive natural sand production. 

Excessive sand mining causes riverbank erosion, habitat de-

struction, lowering of water tables, sediments imbalance and 

increased flooding risks. By partially replacement sand with 

ferrallitic aggregates, the research helps reduce pressure on 

natural river ecosystems. Natural sand and gravel are non-re-

newable resources on the human timescale. Using the ferral-

litic materials conserves conventional aggregate reserves, pro-

motes responsible resource management and extends the 

lifespan of natural quarries. Sand quarrying and aggregate ex-

traction often lead to deforestation, dust pollution, landscape 

degradation and biodiversity loss. Local ferrallitic material 

utilization may reduce the need intensive quarrying activities. 

5. Discussion 

This section interprets the results in light of the reviewed 

literature, focusing on compressive strength behavior of con-

ventional and ferrallitic concrete. 

5.1. Influence of Water–cement Ratio 

The results confirm that compressive strength decreases 

with increasing water–cement ratio. This aligns with classical 

theory established by Abrams [32] and later validated by Ne-

ville [33, 34] and Mehta [35]. In the Figure 5, the exponential 

regression model indicates that the compressive strength of 

concrete decreases exponentially with an increase in the wa-

ter-to-cement ratio. The negative exponent reflects the strong 

sensitivity of concrete strength to variations in the water/ce-

ment ratio. The coefficient of determination (R2 = 0.8983) 

shows a strong correlation indicating that approximately 89.83% 

of the variation in compressive strength is explained by the 

water/cement ratio. The behavior is consistent with the classi-

cal Abram’s law [32] which states that increasing the water 

content leads to higher porosity and consequently lower con-

crete strength. 

The reduction in strength is attributed to: 

1) Increased capillary pores 

2) Reduced density 

This observation is consistent with findings reported by Rao 

[36]. 

5.2. Effect of Lateritic Aggregate Replacement 

5.2.1. Low Replacement Levels (10–30%) 

The results show that compressive strength remains rela-

tively high at low laterite content. This agrees with Salau & 

Busari [14, 44] and Adesanya & Raheem [49]. 

The acceptable performance is due to: 

1) Adequate bonding 

2) Sufficient cement paste coverage 

5.2.2. High Replacement Levels (>30%) 

A significant reduction in strength is observed beyond 30% 

replacement (Table 10). This is consistent with Kirthika & 

Singh [10] and Adepegba [43]. 

Table 10. Comparison with literature. 

Replacement (%) This study Literature range Agreement 

20 High strength 25 – 45 MPa Good 

30 Moderate 22 – 40 MPa Good 

50 Low 12 – 30 MPa Good 

 

5.3. Role of ITZ in Ferrallitic Concrete 

The weaker performance of lateritic concrete is linked to 

ITZ characteristics (higher porosity weak adhesion). This 

agrees with Scrivener et al. [40], who identified ITZ as the 

weakest zone in concrete. 

5.4. Effect of Aggregate Properties 

This results in reduced strength, consistent with findings by 

Alexander [28] and Wu et al. [30]. Lateritic aggregates exhibit: 

1) Lower stiffness 

2) Higher fines content 

http://www.sciencepg.com/journal/jccee


Journal of Civil, Construction and Environmental Engineering http://www.sciencepg.com/journal/jccee 

 

76 

5.5. Improvement Strategies 

5.5.1. Use of SCMs 

The incorporation of pozzolanic materials improves 

strength and durability (Siddique, [51]; and Thomas, [41]). 

5.5.2. Processing Lateritic Materials 

Processing techniques such as washing and grading im-

prove performance, as reported by Alaneme & Mbadike [50]. 

5.6. Overall Synthesis 

Figures 2 and 3, show the comparative strength behavior of 

the materials. Conventional concrete give a highest strength. 

Lateritic at 20–25% replacement give a comparable result and 

significant reduction is observed beyond 40%. 

5.7. Implications for Practice 

Lateritic concrete is suitable for low to medium-strength ap-

plication structures and sustainable construction [54-58]. It is 

not recommended for high-strength structural elements with-

out modification. Ferrallitic concrete requires proper mix op-

timization and material processing to improve desirable per-

formance [59]. 

5.8. Limitations and Research Gaps 

The limitations of ferrallitic soil and research gaps are: 

1) Limited long-term durability studies, 

2) Variability in laterite composition, 

3) Lack of standard specifications, 

4) Reduced workability. 

5.9. Advantages of Ferrallitic Aggregates 

The main advantages of ferrallitic aggregates are low cost-

effective, locally available, environmentally sustainable. 

Globally, the findings confirm that ferrallitic materials can 

partially replace conventional aggregates without compromis-

ing compressive strength when used within optimal limits. 

However, proper mix design and material processing are es-

sential to achieve desirable performance. 

6. Conclusion Recommendations 

6.1. Conclusion 

This study investigated the compressive strength of con-

crete incorporating ferrallitic aggregates: 

1) Compressive strength decreases with increasing water–

cement ratio, confirming classical theory [31-34]. 

2) Lateritic materials can replace fine aggregates up to 30% 

without significant strength loss. 

3) Optimal performance occurs between 20–25% replace-

ments, where strength remains within structural limits. 

4) Beyond 30%, strength decreases significantly due to: 

a) Increased porosity 

b) Weak interfacial bonding 

5) Processing lateritic materials improves performance. 

The incorporation of ferrallitic aggregates in concrete pro-

duction presents a promising pathway toward sustainable con-

struction in Cameroon by promoting the utilization of locally 

available materials, reducing construction construction costs 

associated with imported aggregates, machines mining for ex-

traction stone aggregates and mitigating environmental degra-

dation caused by excessive sand mining. The research inves-

tigated in this paper supports the transition toward: 

1) sustainable construction practices, 

2) environmentally responsible material use, 

3) economic efficiency in concrete production, 

4) local resource valorization in Cameroon. 

The compressive strength results in this paper prove satis-

factory ferrallitic aggregate concrete and become practical so-

lution for low-cost housing, sustainable infrastructure, and 

eco-friendly construction technologies in tropical regions. 

6.2. Recommendations 

6.2.1. Practical Recommendations 

The practical recommendations are: 

1) Use laterite up to 30% replacement for structural con-

crete 

2) Apply proper grading and washing 

3) Use admixtures to improve workability 

4) Promote local materials in construction 

5) Encourage sustainable building practices in Cameroon 

6.2.2. Research Recommendations and Futur 

The reasearch futur are based on the: 

1) Study long-term durability; 

2) Investigate high-performance lateritic concrete; 

3) Develop standard specifications. 
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