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The Nigerian construction industry is experiencing rapid growth, driven by 

urbanization, infrastructure development, and a burgeoning population. However, this 

sector faces severe engineering challenges, including extreme tropical climatic 

conditions, aggressive subsoil chemistries, rapid rates of hydration, and recurring 

structural failures marked by building collapses. To mitigate these challenges and 

achieve structural durability and economic efficiency, the deployment of concrete and 

mortar admixtures has transitioned from an optional luxury to an absolute engineering 

necessity. This paper explores the definition, classifications (natural and artificial), and 

specific applications of admixtures within the Nigerian construction landscape. It 

critically examines their structural, economic, and environmental importance, providing 

a comprehensive assessment of how these chemical and mineral modifiers ensure 

infrastructural resilience in West Africa's largest economy. 

  

Introduction 

Concrete is the most widely consumed construction material globally, and Nigeria is no exception. 

Traditional concrete a heterogeneous mixture of cement, fine aggregate, coarse aggregate, and water 

often proves inadequate when subjected to specific structural demands, prolonged transport times in 

heavy urban traffic (such as in Lagos or Port Harcourt), and aggressive environmental exposure. 

In Nigeria, construction projects must contend with high ambient temperatures, high relative 

humidity, erratic supply chains causing transit delays, and aggressive coastal soils laden with sulfates 

and chlorides. Addressing these stressors requires precise manipulation of concrete properties in both its 

fresh and hardened states. Admixtures defined by the American Concrete Institute (ACI) as materials 

other than water, aggregates, hydraulic cement, and fiber reinforcement, used as an ingredient of 

concrete or mortar to batch, mix, transport, place, and cure provide the technological means to achieve 

this optimization. 

This paper evaluates the critical role of admixtures in contemporary Nigerian building 

construction, detailing their types, applications, and structural importance. 

2. Definition and Categorization of Admixtures 

2.1 Definition 

Admixtures are chemical or mineral substances added to concrete batches either before or during 

mixing. Their primary function is to modify one or more properties of the concrete—such as workability, 

setting time, durability, strength, or thermal cracking resistance—to make it more suitable for specific 

construction conditions without compromising its structural integrity. 

2.2 Classification: Natural vs. Artificial Admixtures 

Admixtures are broadly categorized based on their origin and chemical composition into natural 

(often mineral-based) and artificial (primarily chemical-based) categories. 

A. Natural Admixtures 
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Historically and contemporarily, natural admixtures derive from naturally occurring minerals or 

industrial by-products that exhibit cementitious or pozzolanic properties. In Nigeria, the utilization of 

natural and locally sourced pozzolans is gaining traction due to the high cost of Ordinary Portland 

Cement (OPC). 

• Pozzolans: Volcanic ash, diatomaceous earth, and calcined clays react with calcium 

hydroxide (a by-product of cement hydration) to form secondary calcium silicate hydrate (C-S-H) gel. 

• Agricultural Wastes (Bio-pozzolans): Materials such as Rice Husk Ash (RHA), Bagasse 

Ash, and Coconut Shell Ash are increasingly utilized in Nigeria. When incinerated under controlled 

temperatures, these materials yield amorphous silica that enhances concrete strength and reduces 

permeability. 

B. Artificial (Chemical) Admixtures 

Artificial admixtures are synthetically manufactured chemicals formulated to alter specific 

behavioral parameters of concrete. According to ASTM C494 standards, they are categorized by their 

functional performance: 

1. Air-Entraining Admixtures: Introduce microscopic air bubbles to improve freeze-thaw 

resistance (less critical in tropical Nigeria, but useful for sulfate resistance and workability). 

2. Water-Reducing Admixtures (Plasticizers): Reduce water content by at least 5% while 

maintaining workability. 

3. High-Range Water Reducing Admixtures (Superplasticizers): Reduce water content by 

12% to over 30%, enabling the production of High-Performance Concrete (HPC) and Self-Consolidating 

Concrete (SCC). 

4. Retarding Admixtures: Slow down the chemical rate of cement hydration, extending setting 

times. 

5. Accelerating Admixtures: Speed up hydration to achieve early strength gain and reduce 

setting times. 

6. Hydration Control Admixtures: Manage the hydration process for extended periods. 

7. Corrosion Inhibitors: Protect embedded steel reinforcement from chloride-induced 

corrosion. 

Concrete admixtures are primarily categorized into chemical and 

mineral types, each serving specific functions to enhance the 

concrete's workability, strength, durability, and setting time. 

Main Categories 

1. Chemical Admixtures 

Chemical admixtures are organic or inorganic compounds added in small 

amounts (typically less than 5% by weight of cement) to modify the properties of 

fresh or hardened concrete  

. They are commonly classified under ASTM C494 into several types based on 

their primary functions: 

• Water-Reducing Agents (Type A, F, G): Reduce the water-

cement ratio to improve workability and strength. Superplasticizers (high-

range water reducers) enable flowing or high-strength concrete  

• Retarders (Type B): Delay the setting time of concrete, beneficial in hot weather or long-

distance transport  

• Accelerators (Type C and E): Speed up the initial setting and early 

strength development, especially used in cold weather or emergency repair works  

• Air-Entraining Agents : Introduce stable microscopic air bubbles to improve freeze-

thaw durability, workability, and cohesion  

• Air-Detraining Agents : Remove excessive air to increase concrete density  

• Corrosion Inhibitors: Protect reinforced steel from corrosion induced by 

chlorides or other aggressive environments  

• Grouting Agents: Modify grout mixtures to meet specific flow or setting requirements  
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• Specialty Admixtures: These include shrinkage-reducing, anti-

washout, color pigments, alkali-silica reactivity inhibitors, water-proofing, and surface-

improving admixtures  

2. Mineral Admixtures 

Mineral admixtures, also known as supplementary cementitious materials 

(SCMs), are fine materials that react chemically with cement or impart 

physical improvements to concrete. These are typically added in amounts ranging 

from 20% to 70% by mass of cement and include  

• Fly Ash: A byproduct of coal combustion that enhances long-

term strength, reduces heat of hydration, and lowers permeability. 

• Silica Fume: Extremely fine byproduct providing ultra-high-

strength concrete with low permeability. 

• Ground Granulated Blast-

Furnace Slag (GGBFS): Increases sulfate resistance, workability, and 

durability for marine environments. 

• Metakaolin: Offers high strength and low shrinkage, often with lighter color. 

• Rice Husk Ash: Highly pozzolanic, used for improved durability and 

decreased permeability. 

3. Functional or Application-Based Classification 

Admixtures can also be classified according to their practical function in concrete production  

• Accelerating Admixtures: Reduce setting time (e.g., calcium chloride, silica fume). 

• Retarding Admixtures: Extend setting time (e.g., sugars, starches). 

• Water-Reducing and Superplasticizers: Improve flow and reduce water content. 

• Air-Entraining and Air-Detraining Agents: Control air content for durability or density. 

• Anti-washout Admixtures: Maintain cohesiveness in underwater concrete. 

• Damp-

Proofing /WaterResisting Admixtures: Reduce permeability and prevent dampness. 

• Corrosion-Inhibiting and Bonding Agents: Protect reinforcement steel and improve 

adhesion to existing concrete surfaces. 

• Coloring and Fungicidal/Germicidal Admixtures: Provide aesthetic 

effects or biological protection  

Key Takeaways 

• Chemical admixtures act primarily on the fresh concrete properties and are versatile for co

ntrolling workability, setting time, and durability. 

• Mineral admixtures enhance long-term performance, strength, and resistance 

to chemical attack. 

• The proper selection of an admixture depends on project requirements 

including weather, placement conditions, structural strength, exposure 

environment, and performance expectations  

Concrete admixtures are vital for modern construction, providing tailored performance for high-

strength, durable, and sustainable structures while optimizing costs and 

efficiency in construction operations. 

3. Contextual Challenges in Nigerian Construction 

To understand the importance of admixtures in Nigeria, one must analyze the unique 

environmental and logistical constraints of the region: 

• Elevated Ambient Temperatures: Average temperatures across much of Nigeria range from 

30°C to 40°C. High temperatures accelerate the hydration of cement, leading to rapid loss of workability 

(slump loss), premature setting, and increased susceptibility to plastic shrinkage cracking. 

• Logistical Bottlenecks: Severe traffic congestion in metropolitan centers like Lagos, Ibadan, 

and Abuja often results in transit mixer trucks spending hours in transit. Without chemical retarders, 

concrete begins to set inside the drum, rendering it useless and causing massive financial losses. 
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• Aggressive Subsoils and Groundwater: Coastal regions (e.g., the Niger Delta and Lagos 

lagoon fronts) feature high water tables laden with aggressive sulfates and chlorides that attack concrete 

structures, leading to sulfate attack and rebar corrosion. 

• Quality Control Deficiencies: Incidences of structural failures and building collapses in 

Nigeria are frequently linked to poor concrete mix designs, high water-cement ratios, and substandard 

workmanship. Admixtures offer a standardized mechanism to correct and safeguard against these human 

errors. 

4. Application of Admixtures in Nigerian Construction 

4.1 Plasticizers and Superplasticizers in High-Rise Construction 

The vertical expansion of Nigerian cities requires high-strength concrete capable of being pumped 

hundreds of meters upward. Superplasticizers (e.g., polycarboxylate ethers) are heavily utilized in major 

commercial projects in Eko Atlantic City and Victoria Island, Lagos. These admixtures disperse cement 

agglomerates through electrostatic repulsion, allowing for low water-cement ratios (often below 0.40) 

while maintaining high workability and pumpability, resulting in compressive strengths exceeding 50 

MPa. 

4.2 Retarders for Extended Transit Times 

Given Nigeria’s unpredictable road transport networks, chemical retarders (such as lignosulfonates 

or hydroxylated carboxylic acids) are indispensable. Ready-mix concrete (RMC) suppliers in major 

cities rely on retarders to freeze the hydration process temporarily, ensuring that concrete arrives at job 

sites with the required slump retention and placeability. 

4.3 Waterproofers and Crystalline Admixtures 

In regions with high water tables, such as Port Harcourt and parts of the Lagos mainland, basement 

construction and foundation slabs are vulnerable to hydrostatic pressure and moisture ingress. 

Permeability-reducing admixtures (both hydrophobic and crystalline types) are applied to react with 

water and unhydrated cement particles, forming insoluble microscopic crystals that seal capillary pores 

and micro-cracks permanently against water ingress. 

4.4 Accelerators for Rapid Formwork Stripping 

In fast-track construction projects or precast concrete manufacturing yards, early formwork 

removal is critical for project turnaround. Calcium chloride-free accelerators are deployed to speed up 

initial setting and early-age strength development, enabling contractors to cycle formwork rapidly and 

lower overall project overhead. 

5. The Importance of Admixtures: Structural, Economic, and Environmental Dimensions 

5.1 Structural Integrity and Durability 

The foremost importance of admixtures in Nigeria is the enhancement of structural safety. By 

reducing the water-cement ratio without sacrificing workability, plasticizers drastically lower concrete 

porosity. Lower porosity prevents the ingress of aggressive agents like carbon dioxide (causing 

carbonation) and chloride ions (causing rebar corrosion). Given that rebar corrosion is a primary driver 

of structural degradation and catastrophic building collapses in Nigeria's coastal zones, corrosion-

inhibiting admixtures provide vital chemical defense. 

5.2 Economic Efficiency 

While admixtures represent an additional material cost on the bill of quantities, their overall 

economic impact is cost-positive: 

• Labor Optimization: Self-compacting concretes enabled by superplasticizers require fewer 

vibration laborers and less manual compaction time. 

• Reduced Cement Consumption: The integration of supplementary cementitious materials 

(SCMs) and mineral admixtures (such as RHA or fly ash) reduces the volume of expensive OPC 

required, lowering carbon footprints and material costs. 

• Mitigation of Waste: The use of retarders prevents the premature spoiling of concrete stuck in 

traffic, eliminating the financial loss of discarded batches. 

5.3 Environmental Sustainability 

The production of OPC is energy-intensive and accounts for approximately 8% of global 

anthropogenic carbon dioxide ($CO_2$) emissions. By substituting a portion of clinker with natural 

pozzolans, industrial slag, or agricultural waste derivatives (e.g., rice husk ash), the Nigerian 
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construction sector can significantly lower its carbon footprint. Furthermore, extending the lifespan of 

buildings through enhanced admixture technology reduces the demand for demolition, reconstruction, 

and virgin aggregate quarrying. 

Admixtures in concrete enhance its properties by improving 

workability, strength, durability, and resistance to environmental 

factors, enabling more efficient and specialized construction. 

Improved Workability 

Chemical admixtures such as plasticizers or superplasticizers reduce water 

content in the concrete mix while maintaining flowability. This improves 

workability, making it easier to place and compact concrete without 

segregation or excessive effort, especially for complex forms or densely reinforced sections. 

Enhanced Strength 

Certain admixtures contribute to higher early or ultimate strength. For 

example, accelerating admixtures speed up the hydration process, allowing 

quicker formwork removal and faster construction.  

Water-reducing admixtures lower the water-cement ratio, thus enhancing the 

compressive and tensile strength of the hardened concrete. 

Durability and Longevity 

Admixtures can improve the durability of concrete by making it more resistant to harsh enviro

nmental conditions: 

Air-entraining admixtures introduce tiny air bubbles that enhance resistance to frost and freeze-

thaw cycles. 

Corrosion inhibitors protect embedded steel reinforcement from corrosion. 

Pozzolanic or mineral admixtures like fly ash or silica fume reduce 

permeability, making concrete more resistant to chemical attack such as sulfate or chloride penetration. 

Specialized Properties 

Admixtures allow concrete to attain special characteristics for specific applications: 

• Setting time control: Retarders slow down setting in hot weather, while accelerators speed i

t up in cold climates. 

• Shrinkage and cracking control: Certain admixtures minimize drying 

shrinkage and associated cracking. 

• Workability retention: Some admixtures prolong flowability without 

adding extra water, useful for delayed placement. 

Economic and Environmental Benefits 

Using admixtures can reduce overall construction costs: 

• By enabling lower cement and water content, they decrease material use. 

• Faster setting and curing reduce labor and equipment time. 

• High-performance concrete with admixtures often has a longer 

service life, reducing repair and maintenance costs. 

• Mineral admixtures like fly ash or slag also provide sustainable 

solutions by utilizing industrial by-products and reducing carbon footprint. 

In summary, admixtures in concrete offer multiple advantages, including 

improved workability, enhanced strength, increased durability, and adaptability to specialized              

conditions, while also promoting more economical and 

environmentally friendly construction. These properties make them essential 

in modern concrete engineering. 

6. Challenges to Admixture Adoption in Nigeria 

Despite their clear engineering benefits, several barriers impede the optimal utilization of 

admixtures in Nigeria: 

1. Lack of Technical Awareness: Many local artisans, block-makers, and informal small-scale 

contractors rely on traditional "rule-of-thumb" mix designs and remain unaware of admixture 

technology. 
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2. Dosage Errors: Admixtures require precise measurement. Over-dosing or under-dosing due 

to a lack of calibrated dispensing equipment on site can lead to adverse effects, such as excessive 

retardation or segregation. 

3. Adulteration and Counterfeit Products: The influx of substandard or expired construction 

chemicals into the open market undermines confidence in admixture performance. 

4. Cost Prohibitiveness: For low-income housing projects, the upfront cost of advanced 

chemical admixtures is often viewed as an unnecessary expense by cost-conscious developers. 

Admixtures in concrete are widely used to enhance properties such as 

workability, strength, durability, and setting time. However, improper use or 

inherent limitations can lead to several issues that compromise concrete 

performance. Based on synthesized findings from multiple sources, the main problems are enumerated 

below: 

1. Compatibility Issues 

• Chemical admixtures may not be compatible with certain cement types or with other admixt

ures. 

• Incompatibility can result in undesirable reactions such as flocculation, delayed or accelerate

d setting, and a reduction in compressive strength by up to 30–40% in extreme cases. 

• Mineral admixtures like fly ash or silica fume may also interact 

differently depending on the cement composition. 

2. Setting Time Variability 

• Overdosing or incorrect selection of accelerators or retarders can cause concrete to set too q

uickly or too slowly. 

• Rapid setting in hot weather can prevent proper finishing; excessive 

retardation can delay construction schedules by hours. 

• Environmental conditions such as temperature, humidity, and site 

conditions further exacerbate unpredictability. 

3. Reduced Strength or Durability 

• Incompatible or excessive admixture use can reduce early-age or long-term strength. 

• Excessive superplasticizers may cause segregation; high silica fume 

content can induce brittleness. 

• Improper proportions of fly ash or GGBFS can result in strength reductions of 20–

30%, compromising structural safety. 

4. Workability and Placement Challenges 

• Loss of slump during transportation (slump loss) makes concrete difficult to place. 

• Segregation occurs when the mix components separate, often due to 

improper water content or excessive admixture dosage. 

• Bleeding, or the rise of excess water, weakens the concrete matrix and 

reduces tensile strength. 

5. Plastic and Shrinkage Cracking 

• Admixtures that alter the water-

cement ratio or setting dynamics can exacerbate plastic shrinkage during curing. 

• Thermal and drying shrinkage combine with admixture effects to 

produce microcracks, affecting durability. 

6. Air Entrainment and Foam Stability Issues 

• Overuse of air-entraining agents can reduce compressive strength. 

• In lightweight concrete, unstable foaming agents can collapse, leading 

to an inhomogeneous structure. 

7. Color and Aesthetic Inconsistencies 

• Uneven dispersion of pigments due to admixture interactions can result in patchy or inconsis

tent decorative finishes. 

8. Economic and Logistical Challenges 

• High-quality admixtures may be costly, and misapplication can increase 

construction costs due to repairs, delays, or rework. 
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• Precise dosing, storage, and mixing protocols are essential to avoid 

waste or suboptimal performance. 

9. Environmental Sensitivity 

• Performance of admixtures varies with temperature, humidity, and wind conditions. 

• Poor storage or prolonged exposure can degrade admixtures, leading to unpredictable behavior. 

Best Practices to Mitigate Problems 

1. Conduct trial mixes to determine compatibility with cement, aggregates, and other admixtur

es. 

2. Use precise dosing instruments and follow manufacturer specifications to avoid overdosing. 

3. Monitor ambient and mix temperatures, humidity, and site conditions. 

4. Ensure uniform mixing and avoid direct addition to dry cement where possible. 

5. Limit the number of different admixtures used simultaneously, unless 

compatibility has been verified. 

6. Train personnel in handling, storage, and correct application procedure. 

7. Conclusion 

Admixtures are no longer auxiliary additions to concrete; they are foundational components of 

modern structural engineering. In Nigeria, where tropical climates, aggressive subsoil environments, and 

logistical challenges test the limits of traditional building materials, admixtures offer technical solutions 

that ensure safety, durability, and economic viability. 

To fully harness their potential, regulatory bodies such as the Standard Organization of Nigeria 

(SON) and the Council for the Regulation of Engineering in Nigeria (COREN) must enforce strict 

quality control standards on imported and locally manufactured admixtures. Furthermore, continuous 

training and professional certification for artisans and site engineers are essential. By integrating 

advanced chemical and natural admixtures into standard building codes, the Nigerian construction 

industry can curb the rising tide of structural failures and build resilient infrastructure for future 

generations. 
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