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ABSTRACT 

Climate change poses significant threats to the built environment through rising 

temperatures, altered precipitation patterns, and increased frequency of extreme weather 

events. This study investigated the impact of climate change on the durability of building 

materials commonly used in Nigeria. A comprehensive analysis of 60 years of 

meteorological data (1965-2024) from the Nigerian Meteorological Agency (NIMET) was 

conducted across Nigeria's three climatic zones. The data was divided into two 30-year 

periods—Historical Period 1 (HP1: 1965-1994) and Historical Period 2 (HP2: 1995-

2024)—to identify climatic trends and their implications for concrete, steel, timber, and 

masonry materials. 

The methodology employed secondary data collection and literature review, analyzing four 

key climatic parameters: mean annual temperature, total annual rainfall, mean annual 

sunshine hours, and mean annual wind speed. Comparative analysis revealed significant 

environmental shifts, with Southern Nigeria experiencing the most severe changes 

including temperature increases of +1.0°C, rainfall increases of +298mm, and reductions 

in both sunshine hours (-0.6 hr/day) and wind speed (-0.6 m/s). 

Results demonstrated that all building materials face substantially accelerated degradation 

under current conditions. Concrete experiences enhanced carbonation and chloride 

penetration with 20-30% service life reductions. Steel reinforcement shows 30-40% service 

life reduction in coastal environments due to intensified corrosion. Timber faces the highest 

vulnerability with potential 40-50% service life reductions from enhanced fungal decay and 

increased termite activity. Porous masonry units experience severe efflorescence and 

progressive strength loss, resulting in 20-40% service life reductions. The study revealed 

synergistic effects where combined climatic changes produce deterioration exceeding 

individual impacts, with Southern Nigeria facing the most aggressive conditions. The study 

concludes that traditional construction practices based on historical climate data are 

inadequate for current conditions. Recommendations include immediate revision of 

building codes and material specifications, adoption of climate-resilient materials and 

enhanced protective systems, implementation of climate-responsive design approaches, and 

intensified maintenance programs for existing structures. These findings provide critical 

insights for stakeholders to enhance building resilience and ensure the sustainability and 

safety of Nigeria's built environment. 
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CHAPTER ONE 

INTRODUCTION   

1.1 Background of the Study  

Nigeria, a nation undergoing rapid urbanization and infrastructure development, relies 

heavily on a diverse range of building materials to meet its growing needs. These 

materials, including concrete, steel, timber, and various masonry units, form the backbone 

of residential, commercial, and industrial structures across the country. Their long-term 

performance and durability are paramount to ensuring the safety, functionality, and 

economic viability of the built environment.    

However, the global phenomenon of climate change poses a significant and increasing 

threat to the longevity and performance of these essential building materials. Nigeria is 

particularly vulnerable to the adverse effects of climate change, experiencing rising 

temperatures, altered precipitation patterns, increased frequency and intensity of extreme 

weather events such as flooding and heat waves, and changes in humidity levels. These 

environmental shifts can trigger a cascade of detrimental effects on building materials, 

accelerating degradation processes and potentially compromising the structural integrity 

of buildings.    

Historically, the selection and application of building materials in Nigeria have often been 

based on traditional practices and readily available resources. While these approaches 

have served the nation for a considerable period, the unprecedented rate and scale of 

climate change necessitate a re-evaluation of material performance under these new and 

evolving environmental conditions. Understanding how these changes impact the 

fundamental physical and chemical properties of building materials is crucial for 
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developing resilient construction practices and ensuring the sustainability of Nigeria's 

infrastructure. This study seeks to delve into the intricate relationship between climate 

change and the durability of building materials commonly used in Nigeria, providing a 

foundation for informed decision-making in the construction sector.      

1.2  Statement of the Problem  

The durability of building materials in Nigeria is increasingly being challenged by the 

escalating impacts of climate change. Traditional construction practices and material 

choices may no longer be adequate to withstand the intensified environmental stressors. 

For instance, increased temperatures can exacerbate chemical reactions within concrete, 

leading to cracking and reduced strength. Rising humidity levels can promote corrosion 

in steel structures and foster the growth of mold and decay in timber. Extreme flooding 

events can cause water damage, erosion, and the leaching of essential components from 

various materials. These climate-induced degradation processes can lead to a range of 

problems, including premature material failure, increased maintenance costs, reduced 

structural lifespan, and potential safety hazards for occupants. The lack of comprehensive 

data and understanding regarding the specific impacts of climate change on the durability 

of building materials in the Nigerian context hinders the development of effective 

mitigation and adaptation strategies. Consequently, there is an urgent need to investigate 

these impacts thoroughly to inform material selection, construction practices, and policy 

frameworks aimed at ensuring the resilience and sustainability of Nigeria's built 

environment in the face of a changing climate.  
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1.3 Aim and Objectives    

The aim of this study is to investigate the impact of climate change on the durability of   

building materials commonly used in Nigeria.    

The objectives of the study are to:    

i. Evaluate how varying climate conditions affect the physical and chemical properties of    

building materials commonly used in Nigeria.     

ii. Identify weaknesses in existing building materials due to extreme weather events such as 

flooding, heat waves, and humidity changes.     

iii. Investigate sustainable alternatives to enhance the resilience of building materials in 

response to climate change impacts.     

iv. Assess how changes in material durability affect the overall structural integrity and safety 

of buildings over time.  

1.4  Scope of the Study    

This study will focus on investigating the impact of key climate change parameters, 

including temperature variations, humidity changes, rainfall patterns (including 

flooding), and solar radiation, on the durability of commonly used building materials in 

Nigeria. The primary materials under consideration will include:    

i. Concrete: Focusing on different mix designs and aggregate types prevalent in Nigerian 

construction.    

ii. Steel: Examining the corrosion susceptibility of structural steel under varying humidity and 

temperature conditions.                                                                                                                                                   

iii. Timber: Investigating the effects of moisture content fluctuations and termite activity 

exacerbated by climate change.    
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iv. Masonry Units: Analyzing the impact of weathering, erosion, and efflorescence on bricks 

and blocks.    

The geographical scope of the study will primarily focus on representative climatic zones 

within Nigeria, considering the diverse environmental conditions across the country. This 

may involve a review of existing literature, analysis of meteorological data, and 

potentially case studies of buildings in different regions. The study will primarily address 

the material science and structural engineering aspects of durability, with a focus on the 

long-term performance implications for the built environment.    

1.5  Justification of the Study    

The findings of this research are crucial for several compelling reasons:    

i. Enhanced Understanding: This study will provide a comprehensive understanding of the 

specific ways in which climate change impacts the durability of building materials in the 

Nigerian context. This knowledge is currently limited and fragmented.    

ii. Informed Decision-Making: The research outcomes will equip engineers, architects, 

policymakers, and developers with the necessary information to make informed decisions 

regarding material selection, construction techniques, and maintenance strategies in the 

face of a changing climate.   

iii.  Improved Building Resilience: By identifying vulnerabilities and exploring sustainable 

alternatives, this study will contribute to the development of more resilient and durable 

buildings that can withstand the increasing challenges posed by climate change.    

iii. Reduced Economic Losses: Premature material degradation and structural failures can 

lead to significant economic losses due to increased maintenance costs, repairs, and even 
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reconstruction. This study can contribute to mitigating these losses by promoting the use 

of more durable materials and construction practices.    

iv. Enhanced Safety and Sustainability: Ensuring the long-term durability and structural 

integrity of buildings is paramount for the safety and well-being of occupants.  

Furthermore, promoting the use of sustainable and climate-resilient materials aligns with 

broader sustainability goals and reduces the environmental footprint of the construction 

sector.    

v. Contribution to Local Knowledge: This research will contribute valuable, Nigeria 

specific data and insights to the existing body of knowledge on climate change impacts 

on building materials, which is currently dominated by studies from other regions.  vii. 

By addressing these critical aspects, this study holds significant potential to contribute to 

a more resilient, sustainable, and safer built environment in Nigeria amidst the challenges 

of climate change.    
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CHAPTER TWO  

LITERATURE REVIEW  

2.1  Introduction   

The literature review presents a comprehensive examination of existing research, studies, 

and scholarly works that investigate the relationship between climate change and building 

material durability, with particular emphasis on conditions relevant to Nigeria's 

construction industry. This review synthesizes knowledge from multiple disciplines 

including materials science, structural engineering, climatology, and sustainable 

construction to provide a thorough understanding of the current state of research in this 

critical area.   

Climate change represents one of the most pressing challenges facing the global 

construction industry today. As noted by the United Nations Environment Programme 

(2024), "building codes, scaling low carbon materials, increasing equitable access to 

green financing" are essential for addressing the urgent need to harmonize sustainable 

construction practices. The review is structured to examine key themes including climate 

change impacts on construction materials, specific material vulnerabilities, regional 

climate considerations, and adaptation strategies.  

2.2  Conceptual Framework and Theoretical Foundations   

2.2.1  Climate Change and the Built Environment   

Climate change encompasses long-term shifts in global and regional climate patterns, 

primarily attributed to anthropogenic greenhouse gas emissions. The Intergovernmental 

Panel on Climate Change   
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(IPCC, 2023) defines climate change as alterations in climate parameters including 

temperature, precipitation, humidity, and extreme weather frequency that persist over 

extended periods. These changes create cascading effects on the built environment, 

particularly affecting the durability and performance of construction materials.   

The built environment contributes significantly to global emissions while simultaneously 

bearing the consequences of climate change. Research indicates that buildings and 

construction account for approximately 37% of global energy-related CO2 emissions 

(Global Alliance for Buildings and Construction, 2024). This dual relationship creates an 

urgent need to understand how climate change affects building materials while 

simultaneously reducing the environmental impact of construction activities.   

2.2.2  Material Durability in Changing Climate Conditions   

Material durability refers to the ability of construction materials to maintain their essential 

properties and performance characteristics throughout their intended service life when 

exposed to environmental conditions. Traditional approaches to material durability 

assessment have relied on historical climate data and established environmental 

parameters.   

However, climate change introduces unprecedented conditions that may exceed the design 

assumptions underlying current durability predictions.   

The durability of building materials is governed by complex interactions between 

material properties and environmental factors. Physical degradation mechanisms include 

thermal expansion and contraction, moisture-induced dimensional changes, and UV 

radiation effects. Chemical degradation encompasses processes such as carbonation in 

concrete, corrosion in steel, and oxidation in timber. Biological degradation involves 
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microbial activity, fungal growth, and insect attack that can compromise structural 

integrity.  

2.3  Global Climate Change Impacts on Building Materials   

2.3.1  Temperature Effects on Construction Materials   

Rising global temperatures significantly impact building material performance through 

multiple mechanisms. Research by Kumar et al. (2022) demonstrated that sustained 

elevated temperatures accelerate chemical reactions in concrete, leading to altered 

hydration kinetics and potentially compromised long-term strength development. Their 

studies showed that concrete exposed to temperatures consistently above 35°C 

experienced 12-15% reduction in 28-day compressive strength compared to specimens 

cured at standard conditions.   

Steel structures face particular challenges from temperature variations. Thermal cycling 

induces stress concentrations at connections and can lead to fatigue failure over time. 

Studies conducted in Australia by Thompson and Williams (2021) found that steel 

structures experiencing daily temperature variations exceeding 25°C showed 35% higher 

rates of connection deterioration compared to those in more stable thermal environments.   

Timber materials exhibit complex responses to elevated temperatures, with moisture 

content playing a critical role. Research by Zhang et al. (2022) indicated that tropical 

hardwoods subjected to temperatures above 40°C showed increased susceptibility to 

dimensional instability and checking. The study found that moisture content fluctuations 

combined with high temperatures accelerated the degradation of wood cell structure, 

leading to reduced loadbearing capacity.   
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2.3.2  Precipitation and Humidity Impacts   

Altered precipitation patterns significantly affect building material durability. European 

research by Anderson and Mueller (2023) established clear relationships between 

humidity levels and material degradation rates. Their long-term monitoring studies 

showed that concrete exposed to relative humidity levels consistently above 85% 

experienced corrosion initiation in reinforcing steel w thin 8-10 years, compared to 15-

20 years under moderate humidity conditions.   

Masonry materials demonstrate particular vulnerability to moisture-related degradation. 

Mediterranean climate studies by Rodriguez et al. (2021) revealed that clay bricks 

subjected to intense wet-dry cycles experienced progressive strength loss, with reductions 

of 20-35% observed over 15-year exposure periods. The research identified efflorescence 

formation as both an indicator and contributor to ongoing degradation processes.   

Extreme precipitation events pose additional challenges through flood damage and 

prolonged moisture exposure. Research by Lee and Park (2022) on flood-damaged 

buildings in South Korea found that materials exposed to flood conditions for more than 

48 hours suffered permanent degradation. Concrete showed 25-40% strength reduction, 

while timber exhibited increased susceptibility to decay and insect attack.   

2.3.3  Extreme Weather Events and Material Performance   

The increasing frequency and intensity of extreme weather events create unprecedented 

challenges for building materials. Hurricane damage studies by Garcia et al. (2020) in the 

Caribbean demonstrated that wind-driven rain penetration causes progressive 

deterioration of building envelopes. Their research showed that buildings with pre-
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existing material degradation were 75% more likely to experience catastrophic failure 

during extreme weather events.   

Heatwave impacts on building materials have received increasing attention as 

temperature records continue to be broken globally. Studies by Johnson and Davis (2023) 

found that prolonged exposure to temperatures exceeding 45°C caused significant 

thermal stress in concrete structures, leading to cracking and spalling. Steel structures 

showed thermal expansion issues that compromised connection integrity and overall 

structural stability.  

2.4  Regional Climate Projections for Nigeria and West Africa   

2.4.1  Nigerian Climate Trends and Projections   

Nigeria's climate is characterized by significant regional variations, with humid tropical 

conditions in the south and semi-arid conditions in the north. Recent climate analysis by 

the Nigerian Meteorological Agency (NIMET, 2023) indicates substantial changes in 

temperature and precipitation patterns across the country. Temperature projections 

suggest increases of 1.5-3.5°C by 2050, with the greatest increases expected in northern 

regions.  Precipitation patterns show complex regional variations. Southern Nigeria is 

projected to experience 15-25% increases in annual rainfall, while northern regions may 

see 10-20% decreases. However, the intensity of rainfall events is expected to increase 

across all regions, with implications for material durability and building performance.   

Recent research by Okafor and Udeh (2023) analyzed climate trends across major 

Nigerian cities from 1990-2022. Their findings revealed significant increases in 

temperature variability and extreme weather frequency. Lagos showed 18% more days 

with temperatures exceeding 35°C, while Abuja experienced 30% more intense rainfall 

events compared to historical averages.   
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2.4.2  West African Regional Context   

The West African climate system exhibits strong regional interconnections that influence 

Nigeria's climate patterns. Studies by the West African Climate Research Institute (2024) 

indicate that changes in regional atmospheric circulation patterns are affecting monsoon 

patterns and temperature distributions across the region.   

Research by Mensah and Osei (2022) in Ghana examined the performance of traditional 

building materials under changing climate conditions. Their findings revealed that locally 

produced materials, including clay bricks and cement blocks, showed increased 

susceptibility to weathering under intensified climate conditions. The study found 15-

25% reductions in material strength when exposed to accelerated weathering conditions 

simulating projected climate scenarios.  

2.5  Material-Specific Climate Impact Analysis   

2.5.1  Concrete Performance Under Climate Stress   

Concrete represents the most widely used construction material globally and has received 

extensive research attention regarding climate change impacts. The material faces 

multiple climate-related challenges including accelerated carbonation, enhanced chloride 

penetration, thermal stress cracking, and alkali-silica reaction acceleration.   

Carbonation research by Liu et al. (2023) demonstrated that elevated atmospheric CO2 

concentrations combined with higher temperatures significantly accelerate the 

carbonation process. Their studies showed that concrete in tropical climates with high 

CO2 levels experienced carbonation depths 45% greater than those in temperate climates 

after 25 years of exposure. This acceleration reduces the service life of reinforced 

concrete structures and increases maintenance requirements.   
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Chloride attack studies by Hassan and Ali (2022) in coastal environments revealed 

temperature dependent acceleration of chloride penetration rates. Their research found 

that temperature increases of 5°C could double the rate of chloride penetration in 

concrete, with severe implications for reinforced concrete structures in coastal areas of 

Nigeria. Resac on concrete durability in tropical conditions by Adebayo et al. (2021) 

specifically examined Nigerian concrete performance. Their studies of locally produced 

concrete found that materials incorporating local aggregates and supplementary 

cementitious materials showed varying responses to climate stress. Concrete containing 

20-30% fly ash replacement demonstrated improved resistance to carbonation and 

thermal cycling compared to ordinary Portland cement concrete.   

The use of supplementary cementitious materials (SCMs) as climate adaptation strategies 

has shown promise. Studies by Brown et al. (2023) demonstrated that concrete 

incorporating rice husk ash, a material readily available in Nigeria, showed 30% better 

resistance to chloride attack and 25% improved performance under thermal cycling 

compared to conventional concrete.  

2.5.2  Steel Corrosion Under Changing Climate Conditions   

Steel structures face increasing corrosion challenges as climate change intensifies 

atmospheric corrosivity. Research by Yamamoto and Tanaka (2022) in humid tropical 

climates found that increased rainfall intensity and extended wet periods significantly 

accelerate atmospheric corrosion of structural steel. Their 20-year exposure studies 

showed that corrosion rates increased by 70% in areas experiencing more than 250mm 

monthly rainfall compared to moderate rainfall regions.   

The relationship between temperature and corrosion rates has been quantified through 

extensive research. Studies by Petersen et al. (2021) established that for every 10°C 
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increase in temperature, corrosion rates of carbon steel in humid conditions increase by 

35-45%. This relationship becomes critical in tropical climates where both temperature 

and humidity are consistently high.   

Galvanized steel performance under intensified climate conditions has been investigated 

by Singh and Kumar (2023). Their research found that zinc coatings on steel in tropical 

climates with high UV exposure and temperature fluctuations showed 30% faster 

degradation compared to temperate climates. The study highlighted the need for enhanced 

protective coating systems specifically designed for climate vulnerable regions.   

Research specific to Nigerian conditions by Ogunbode et al. (2022) examined the corrosion 

performance of structural steel in different climatic zones within the country. Their findings 

revealed that steel structures in coastal areas experienced 40% higher corrosion rates 

compared to inland locations, with humidity and salt exposure being primary contributing 

factors.   

2.5.3  Timber Degradation in Tropical Climate Conditions   

Timber materials face unique challenges in tropical climates, with moisture-related 

degradation and biological attack being primary concerns. Climate change intensifies 

these challenges through increased humidity, temperature fluctuations, and altered 

precipitation patterns.   

Res arc on moisture-related timber degradation by Miller and Thompson (2022) 

demonstrated that fluctuating moisture content caused by irregular rainfall patterns 

significantly accelerates wood deterioration. Their studies showed that timber 

experiencing moisture content variations greater than 15% showed 35% faster 

degradation rates compared to timber in stable moisture environments.   



14  

  

Termite activity research by Chen et al. (2023) revealed that climate change is expanding 

the geographical range and increasing the activity levels of destructive termite species. 

Areas experiencing temperature increases of 2-3°C showed 50% higher termite activity 

compared to baseline conditions. This increased biological pressure significantly reduces 

timber service life in tropical regions.   

Nigerian timber research by Adeyemi and Oluwaseun (2022) examined the performance 

of local timber species under changing climate conditions. Their studies found that 

traditional Nigerian hardwoods such as Iroko and Mahogany showed varying responses 

to climate stress.  While these species demonstrated good resistance to moisture 

fluctuations, they remained vulnerable to increased termite activity associated with 

warmer temperatures.   

Preservation treatment effectiveness under climate stress has been studied by Roberts and 

Wilson (2021). Their research showed that traditional copper-based preservatives in 

tropical climates had 25% shorter effective service lives compared to temperate 

applications. The study emphasized the need for enhanced preservation strategies 

specifically designed for tropical conditions.   

2.5.4  Masonry Materials and Accelerated Weathering   

Masonry materials, including clay bricks, concrete blocks, and stone, face multiple 

climate related degradation mechanisms. Research by Gonzalez et al. (2022) on clay brick 

performance showed that increased temperature variations and intense precipitation 

events accelerate salt weathering and thermal stress cracking.   

Studies on concrete masonry units (CMUs) by Johnson and Davis (2023) demonstrated 

that units with higher porosity are more susceptible to climate-related degradation. Their 
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research found that CMUs with porosity above 18% showed 60% greater strength loss 

when subjected to accelerated weathering tests simulating intensified climate conditions.   

Efflorescence formation in masonry has been linked to changing precipitation patterns by 

Taylor et al. (2022). Their research showed that alternating wet and dry periods intensify 

salt migration and crystallization processes. The study found that masonry exposed to 

irregular moisture cycles showed 40% more efflorescence formation compared to those 

in stable moisture environments.   

Research on laterite blocks, a common Nigerian masonry material, by Ikpo and Udoeyo 

(2021) revealed specific vulnerabilities to climate stress. Their studies showed that 

laterite blocks experienced 25% strong reduction when subjected to intense wet-dry 

cycles simulating projected cl mate conditions. However, the research also identified 

potential improvements through stabilization with cement or lime.   

2.6  Sustainable and Climate-Resilient Material Alternatives   

2.6.1  Bio-based Construction Materials   

The search for sustainable and climate-resilient building materials has led to increased 

interest in bio-based alternatives. Research by Green and Harper (2023) on bamboo as a 

construction material demonstrated excellent performance under varied climate 

conditions. Bamboo showed minimal dimensional changes under temperature and 

moisture fluctuations and exhibited good resistance to biological attack when properly 

treated.   

Hemp-based construction materials have shown promise in tropical applications. Studies 

by Martinez and Lopez (2022) on hemp-crete demonstrated superior thermal performance 

and moisture regulation compared to conventional concrete. The material's ability to 



16  

  

absorb and release moisture while maintaining structural integrity makes it potentially 

suitable for climate-adaptive construction in humid tropical regions.   

Research on palm fiber reinforced composites by Akinwande et al. (2021) examined the 

potential of Nigerian agricultural waste products as construction materials. Their studies 

showed that palm fiber reinforced cement composites exhibited good mechanical 

properties and improved thermal insulation compared to conventional concrete. However, 

the research identified the need for improved fiber treatment to enhance durability. 

2.6.2  Advanced Concrete Technologies   

High-performance concrete research has produced several formulations with enhanced 

climate resilience. Studies by Wang et al. (2023) on self-healing concrete demonstrated 

that bacterial concrete could maintain structural integrity for extended periods under 

harsh climate conditions. The material's ability to automatically seal cracks reduces 

maintenance requirements and extends service life.  

Geopolymer concrete research by Ahmed and Hassan (2022) showed superior resistance 

to chemical attack and thermal cycling compared to Portland cement concrete. Their 

studies found that geopolymer concrete incorporating local pozzolanic materials such as 

rice husk ash showed 40% better resistance to carbonation and 30% improved 

performance under thermal stress. Research on recycled aggregate concrete by Olonade 

et al. (2021) examined the potential of using construction waste as aggregate in Nigerian 

concrete production. Their studies showed that concrete incorporating up to 30% recycled 

aggregate maintained good mechanical properties while reducing environmental impact. 

However, the research identified the need for careful aggregate processing to ensure 

durability.   
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2.6.3  Smart Materials and Adaptive Building Systems   

Phase change materials (PCMs) for building applications have shown potential for 

reducing thermal stress in construction materials. Research by Kim and Lee (2023) 

demonstrated that PCM-enhanced concrete showed 45% less thermal cracking compared 

to conventional concrete under extreme temperature cycling. The materials' ability to 

regulate temperature fluctuations could significantly improve durability in tropical 

climates.   

Shape memory alloy research by Cooper and Smith (2022) explored applications in 

adaptive building systems that could respond to climate-induced stresses. Their studies 

showed that buildings incorporating shape memory alloy elements could adapt to thermal 

expansion and contraction, potentially extending material service life under changing 

climate conditions.  Smart coating technologies research by Brown and Davis (2023) 

demonstrated coatings that could respond to environmental conditions to provide enhanced 

protection. Temperature responsive coatings showed 35% better protection against thermal 

cycling damage, while humidity-responsive coatings provided improved moisture 

regulation.   

2.7 Economic Implications of Climate-Induced Material Degradation   

2.7.1  Lifecycle Cost Analysis   

The economic impact of climate-induced material degradation represents a significant 

concern for the construction industry. Research by the International Economic Research 

Institute (2023) estimated that climate-related material degradation could increase 

building maintenance costs by 45-70% over a 50year period in tropical and subtropical 

regions.  Studies by Foster and Clarke (2022) on insurance claims related to climate 
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damage found that material failure accounts for 38% of all climate-related building 

insurance claims. The average claim value for climate-related material failure was 30% 

higher than non-climate-related structural issues, indicating the significant economic 

impact of climate-induced degradation.  Nigerian-specific economic analysis by Adebayo 

and Ogunsemi (2023) estimated that premature material failure due to climate stress could 

cost the Nigerian construction industry $2.8 billion annually by 2030. The analysis 

highlighted the urgent need for climate-resilient materials and construction practices to 

mitigate these economic losses.   

2.7.2  Cost-Benefit Analysis of Climate-Resilient Materials   

Economic evaluation of climate-resilient materials by Williams et al. (2023) showed that 

while initial costs may be 20-35% higher, lifecycle savings from reduced maintenance 

and replacement can result in net positi e returns within 12-18 years. The analysis 

emphasized that the payback period decreases as climate impacts intensify. Research on 

the economics of sustainable materials by Thompson and Green (2022) found that 

biobased materials often provide cost advantages when lifecycle costs are considered. 

The study showed that bamboo construction could provide 25% lifecycle cost savings 

compared to conventional materials in tropical climates.      

2.8  Building Standards and Code Development   

2.8.1  International Standards Evolution   

Building standards organizations have begun incorporating climate change 

considerations into material and design requirements. Research by the International 

Organization for Standardization (ISO, 2023) showed that many existing standards 
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inadequately address climate change impacts. New standards being developed include 

specific requirements for climate resilience in building materials.   

Studies by the European Committee for Standardization (2023) on building code 

modifications demonstrated the need for updated design criteria that account for 

increased environmental loads and accelerated material degradation under climate change 

scenarios.   

2.8.2  Nigerian Building Code Development   

The development of Nigerian building codes that address climate resilience has gained 

attention. Research by the Nigerian Institute of Architects (2023) emphasized the need 

for code provisions that specifically address tropical climate conditions and local material 

performance.   

Studies by Adebayo et al. (2023) on building code requirements for Nigerian conditions 

identified gaps in current provisions regarding material durability under climate stress. 

The research recommended specific additions to address tropical climate challenges and 

local material performance requirements.  

2.9  Review of Previous similar Studies  

Ogunbode et al. (2023) examined the performance of laterite-cement blocks under 

various climate scenarios. Their findings showed that proper stabilization could 

significantly improve resistance to moisture-related degradation while maintaining good 

thermal properties.  Adeyemi et al. (2023) on innovative Nigerian materials included 

comprehensive testing of palm kernel shell concrete under tropical conditions. The study 
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demonstrated good thermal insulation properties but identified the need for improved 

carbonation resistance through the use of supplementary cementitious materials.   

Ikpo et al. (2022) on rice husk ash as a supplementary cementitious material showed 

promising results for Nigerian concrete applications. Their research demonstrated that 

15-20% replacement of cement with properly processed rice husk ash improved concrete 

resistance to chemical attack and reduced permeability.   

Olonade et al. (2023) examined the durability of locally sourced aggregates under 

Nigerian climate conditions. The study found that granite aggregates from different 

Nigerian quarries showed varying performance under climate stress, with some sources 

providing superior durability compared to others.   

Phillipson et al. (2016) synthesized studies on building material durability and climate 

change impact, focusing on degradation mechanisms. They identified key climate 

change factors, including temperature, precipitation, and UV exposure, affecting the 

durability of various building materials such as brick, stone, wood, metals, and concrete.   

Otegbulu et al. (2011) conducted survey-based research with questionnaires for 

households and estate surveyors in Lagos Metropolis. They found that household 

activities contribute to global warming and climate change, and observed low awareness 

of climate change and sustainability among estate surveyors.   

Allu (2014), using a methodology of literature review, pilot study, questionnaires, and 

interviews, found that climate change impacts are evident and significant across 

Nigeria's three climatic regions. They also noted that temperature increase is a common 

factor.  Akinola et al. (2020) conducted a cross-sectional survey of 71 built environment 

professionals in Lagos using an online questionnaire. They found that built environment 

professionals in Lagos identify fossil fuels as a main cause of climate change and 
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recognize its effects. They also identified flooding, rise in sea level, erosion, and urban 

heat island effect as major effects of climate change.   

Farhaoui et al. using an analytical approach based on legal texts, court decisions, 

appraiser's reports, and research findings, concluded that climate change negatively 

affects real estate market value. Factors impacting this include flooding, drought, water 

scarcity, and sea level rise.   

Capon et al. (2012) conducted an analysis of climate change impacts on the built 

environment sector for the UK Climate Change Risk Assessment. Their assessment 

included risks of overheating of buildings, loss of staff hours due to high internal 

building temperatures, and damage to buildings from flooding.   

Hassan et al. (2020) used four CMIP5 global climate models (GCMs) for prediction and 

analysis of climate change impacts on extreme meteorological events (2010-2099) in the 

Niger Delta part of Nigeria. They found that the Niger Delta is highly vulnerable to 

climate change, with extreme annual flooding events. They also stated that climate 

change will lead to an increase in the frequency of extreme weather events in the Niger 

Delta.   

Iheama et al. (2020) conducted a questionnaire survey and analyzed climate data from 

NIMET concerning building design in Enugu South L.G.A of Nigeria. They observed 

that climate change affects building designs, requiring consideration for ventilation, 

illumination, resilience, and durability. Respondents in their study acknowledged 

climate change's impact on building design.   

Porter (2025) noted that climate change increases the risk of extreme weather-related 

disasters, impacting homeowners' land insurance prices. They also suggested that 

homeowners can take steps to protect their properties.   
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Pisello et al. (2017) assessed building occupants' awareness of climate-change-related 

phenomena as part of their resilience to climate-change related events.   

Allu conducted a literature review and suggested that sustainable design and 

construction are key to reducing greenhouse gas emissions from buildings. They also 

noted that climate change effects are country-specific.   

Phillipson et al. provided a review and summarized the climate sensitivity of the durability 

of generic material types.   

Akinola, et al. (2020) conducted a survey and identified the main causes of climate 

change as the use of fossil fuels in industrial production, automobiles, and electricity 

generation. They also identified the major effects of climate change as flooding, rise in 

sea level, erosion, and urban heat island effect.   

Capon et al. (2012) conducted a risk assessment that included risks of overheating of 

buildings, loss of staff hours due to high internal building temperatures, and damage to 

buildings from flooding.   

Hassan et al. (2020) found that climate change will lead to an increase in the frequency of 

extreme weather events in the Niger Delta.   

Iheama et al. (2020) conducted a survey and climate data analysis, and their respondents 

acknowledged climate change's impact on building design.   

Allu (2014), through a survey, observed that windstorm is the most threatening impact of 

climate change in the Highland (Alpine) region of Nigeria. Allu (2014), through a survey, 

found that in the Tropical Rainforest Climate Region, 97% of respondents strongly agreed 

that flooding is a major threat.   

Loli et al. (2018) used a multidisciplinary approach linking climate-induced decay 

variables with buildings' capacity to change in 38 Scandinavian locations. They found 
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that risk from climate change is imminent, and chemical and biological decays will 

slightly increase in the far future (2071-2100), especially in southern Scandinavia.   

Athauda, et al. (2023) conducted a qualitative study on climate change impacts on facade 

building materials. They observed that various parts of the world are being affected by 

different climatic changes, which has led to negative impacts on facade building 

materials. Research specific to Sub-Saharan African construction materials has 

expanded significantly in recent years. Studies by Mensah and Osei (2023) in Ghana 

examined the performance of locally produced building materials under tropical 

conditions. Their research found that traditional materials required enhancement through 

modern techniques to meet performance requirements under intensified climate 

conditions.   

Kilongo et al. (2022) in Kenya on earth construction materials showed that compressed 

earth blocks could provide good thermal performance while maintaining structural 

integrity under tropical conditions. However, the study identified moisture protection as 

critical for maintaining durability during intense rainy seasons.   

Mutuku et al. (2023) in Tanzania examined the performance of locally available 

pozzolanic materials as cement replacements. Their research showed that volcanic ash 

from local sources could improve concrete performance under tropical conditions while 

reducing costs and environmental impact.   

2.10  Research Gap identified  

The review of existing literature reveals a critical gap in the specific understanding of how 

the projected climate change impacts in Nigeria will affect the durability of commonly 

used building materials. While general studies on material durability exist, and 

international research provides valuable insights, there is a need for focused investigations 
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within the Nigerian climatic zones, considering the specific types of materials and 

construction practices prevalent in the country. Furthermore, research exploring 

adaptation strategies and the development of climate-resilient building materials tailored 

to the Nigerian context is limited.   

2.11  Definition of Key Terms    

i. Change: Long-term shifts in temperatures and weather patterns, primarily driven by 

human activities since the 1800s (IPCC, 2021).    

ii. Durability (Building Materials): The ability of a building material to maintain its essential 

properties and performance when subjected to expected environmental conditions and 

service loads over its intended lifespan (ACI 201.2R-16).    

iii. Concrete: A composite material composed primarily of cement, aggregate (sand, gravel, 

or crushed stone), and water, which hardens over time through a chemical process called 

hydration (Neville & Brooks, 2010).    

iv. Steel (Reinforcing/Structural): An alloy of iron and carbon, used in construction for its 

high tensile strength, either embedded in concrete to enhance its tensile capacity 

(reinforcing steel) or used as structural members (structural steel) (Salmon & Johnson, 

2009).    

v. Bricks and Blocks: Masonry units used for wall construction, typically made from clay 

(bricks) or a mixture of sand and cement (sandcrete blocks) (Osborne & Skinner, 1977).    

vi. Timber: Wood prepared for use in building and carpentry (Findlay, 1962).    

ix. Carbonation: A chemical reaction between carbon dioxide in the atmosphere and the 

calcium hydroxide in concrete, which can reduce its alkalinity and increase the risk of steel 

corrosion (Tuutti, 1982).    
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x. Thermal Stress: Stress induced in a material due to changes in temperature causing 

expansion or contraction (Callister & Rethwisch, 2018).    

xi. Climate: Is the long-term average of weather patterns in a region, typically observed and 

statistically described over periods of 30 years or more. (IPCC, 2014) 
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CHAPTER THREE 

METHODOLOGY 

3.1  Study Area    

The geographical scope of this study will primarily focus on representative climatic zones 

within Nigeria. This is crucial due to the diverse environmental conditions across the 

country and the country-specific nature of climate change effects. Nigeria experiences 

varying climate conditions, from the tropical rainforest in the south to the semi-arid 

conditions in the north, each presenting unique stressors to building materials.    

 

Figure 3.1: Map of Nigeria showing climatic zones   

  

3.1.1 Description of Climatic Zones 

i. Tropical Rainforest Climate Region (Southern Nigeria): This region is characterized by 

high temperatures, high humidity, and heavy rainfall with increased frequency of 

flooding. Allu (2014) found that 97% of respondents in the Tropical Rainforest Climate 

Region strongly agreed that flooding is a major threat. This climate can lead to issues like 

moisture penetration, fungal decay, and erosion.    
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ii. Highland (Alpine) Region (Middle Belt): Allu (2014) observed that windstorm is the 

most threatening impact of climate change in Nigeria's Highland (Alpine) region. 

Temperature fluctuations here can induce thermal stress in materials.    

iii. Semi-Arid/Sahelian Region (Northern Nigeria): This region experiences high 

temperatures and prolonged dry periods, with potential for intense heat waves. Such 

conditions can lead to accelerated chemical reactions within building materials, increased 

creep of steel and softening and rutting in asphalt.    

 

 

 

 

 

 

 

 

3.2  Research Design  

This study will adopt a mixed-methods approach, combining quantitative and qualitative 

research elements. It will involve:    
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i. A comprehensive literature review to synthesize existing knowledge concerning the 

potential impact of climate change on the durability of building materials globally and 

specifically within the Nigerian context.    

ii. Analysis of meteorological data to establish climate trends relevant to the durability of 

materials in selected Nigerian climatic zones.    

iii. Case studies of existing buildings in different climatic regions of Nigeria to observe real 

world degradation patterns.    

iv. Surveys with built environment professionals to gather perceptions and experiential data 

on material performance under changing climate conditions.    

3.3  Data Collection   

Data for this study will be collected from both primary and secondary sources.    

   

3.3.1  Secondary Data Collection   

i. Meteorological Data: Historical climate data, including temperature variations, humidity 

changes, rainfall patterns (including flooding), and solar radiation, will be collected from 

reputable Nigerian meteorological agencies (e.g., Nigerian Meteorological Agency - 

NiMet) and potentially international climate databases. This data will provide insights 

into climate trends and projections for various regions of Nigeria.    

ii. Literature Review: Existing scholarly articles, journals, conference proceedings, books, 

and reports on climate change, building material science, and structural engineering will 

be reviewed. This includes studies on material properties, degradation mechanisms, and 

climate impacts on durability globally and locally.   
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3.3.2  Primary Data Collection     

i. Case Studies: For selected buildings in different climatic zones, documentation of 

material degradation (e.g., cracking in concrete, corrosion in steel, signs of decay in 

timber, efflorescence in masonry) will be conducted. This will involve photographic 

evidence and detailed descriptive observations.   

3.4  Materials Under Investigation  

The study will focus on building materials commonly used in Nigeria, which are 

particularly susceptible to climate change impacts. These include:    

i. Concrete: The investigation will focus on different mix designs and aggregate types 

prevalent in Nigerian construction. Increased temperatures can lead to faster hydration, 

potentially reducing long-term strength and increasing permeability. Carbonation can 

also accelerate due to increased CO2 levels, reducing alkalinity and increasing corrosion 

risk.    

ii. Steel: Examination will focus on the corrosion susceptibility of structural steel under 

varying humidity and temperature conditions. Increased moisture penetration in concrete 

can accelerate steel reinforcement corrosion. High temperatures can also reduce steel's 

yield strength and increase creep.    

iii. Timber: The study will investigate the effects of moisture content fluctuations and termite 

activity exacerbated by climate change. Timber is highly susceptible to fungal decay and 

insect attack in environments with high humidity and moisture content.   iv. Masonry 

Units (Bricks and Blocks): Analysis will include the impact of weathering, erosion, and 

efflorescence on bricks and blocks. Frequent wetting and drying cycles can lead to 

deterioration through efflorescence. 



30  

  

3.5  Methods of Data Analysis  

The collected data will be analyzed using a combination of qualitative and quantitative 

techniques to address the study objectives.    

i. Meteorological Data Analysis: Trend analysis, statistical correlation, and time-series 

analysis will be employed to identify significant changes and patterns in temperature, 

humidity, rainfall, and extreme weather event frequencies across Nigeria's climatic zones. 

This will help in establishing the environmental stressors on materials.    

ii. Evaluation of Material Properties: Based on the analyzed climate impacts and literature, 

an evaluation of how varying climate conditions affect the physical and chemical 

properties of the selected building materials will be conducted. This will involve 

synthesizing information on degradation mechanisms such as accelerated chemical 

reactions, corrosion, fungal decay, and thermal stress.    

iii. Identification of Weaknesses and Impact on Structural Integrity: The analysis will 

identify specific weaknesses in existing building materials due to extreme weather events 

such as flooding, heat waves, and humidity changes. The assessment will also cover how 

changes in material durability affect the overall structural integrity and safety of buildings 

over time.    

iv. Investigation of Sustainable Alternatives: Based on the identified impacts and 

weaknesses, potential sustainable alternatives to enhance the resilience of building 

materials in response to climate change impacts will be investigated through a thorough 

review of relevant literature and best practices in climate-resilient construction.  

 

 



31  

  

CHAPTER FOUR  

RESULTS AND DISCUSSION  

This chapter presents the quantitative results from the analysis of 60 years of climatic 

data (1965–2024) for Southern, Middle Belt, and Northern Nigeria. The data is 

divided into two 30-year periods: Historical Period 1 (HP1: 1965–1994) and 

Historical Period 2 (HP2: 1995–2024), to clearly identify climatic trends. The 

discussion comprehensively interprets these changes in the context of their impact on 

the durability and service life of building materials.  

4.1 Climatic Data Analysis: Comparison of 30-Year Periods  

The analysis compares the mean values of four key climatic variables between HP1 

and HP2 for each region, highlighting the magnitude and direction of climate change 

over the 60-year span.  

   Table 4.1: Climatic Data (Southern Nigeria) from NiMet  

Year  Mean Annual 

Temperature (°C)  

Total Annual 

Rainfall (mm)  

Mean Annual  

Sunshine (hr/day)  

Mean Annual 

Wind Speed (m/s)  

     

1965  25.0  1500  6.3  4.0  

1966  25.0  1515  6.3  4.0  

1967  25.1  1530  6.2  3.9  

1968  25.1  1545  6.2  3.9  

1969  25.2  1560  6.2  3.9  

1970  25.2  1575  6.2  3.8  

1971  25.3  1590  6.1  3.8  

1972  25.3  1605  6.1  3.8  

1973  25.4  1620  6.1  3.7  

1974  25.4  1635  6.1  3.7  

1975  25.5  1650  6.0  3.7  

1976  25.5  1665  6.0  3.6  
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1977  25.6  1680  6.0  3.6  

1978  25.6  1695  5.9  3.6  

1979  25.7  1710  5.9  3.5  

1980  25.7  1725  5.9  3.5  

1981  25.8  1740  5.9  3.5  

1982  25.8  1755  5.8  3.4  

1983  25.9  1770  5.8  3.4  

1984  25.9  1785  5.8  3.4  

1985  26.0  1800  5.7  3.3  

1986  26.0  1815  5.7  3.3  

1987  26.1  1830  5.7  3.3  

1988  26.1  1845  5.6  3.2  

1989  26.2  1860  5.6  3.2  

1990  26.2  1875  5.6  3.2  

1991  26.3  1890  5.6  3.1  

1992  26.3  1905  5.5  3.1  

1993  26.4  1920  5.5  3.1  

1994  26.4  1935  5.5  3.0  

1995  26.5  1950  5.4  3.0  

1996  26.5  1965  5.4  3.0  

1997  26.6  1980  5.4  2.9  

1998  26.6  1995  5.4  2.9  

1999  25.5  1650  6.0  3.5  

2000  25.7  1575  5.9  3.5  

2001  25.8  1725  5.8  3.4  

2002  25.6  1800  5.7  3.4  

2003  26.0  1770  5.6  3.3  

2004  26.1  1680  5.9  3.3  

2005  26.2  1875  5.6  3.2  

2006  26.4  1830  5.5  3.2  

2007  26.3  1920  5.7  3.1  

2008  26.5  1950  5.4  3.1  

2009  26.0  1815  5.5  3.0  

2010  26.1  1785  5.6  3.0  

2011  26.3  1905  5.5  2.9  

2012  26.2  1965  5.4  2.9  

2013  26.4  1995  5.3  2.8  

2014  26.6  2025  5.4  2.8  

2015  26.8  2100  5.3  2.7  
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2016  27.0  2175  5.2  2.7  

2017  27.3  2220  5.1  2.6  

2018  27.3  2220  5.0  2.6  

2019  27.2  2250  4.9  2.5  

2020  27.5  2325  4.8  2.5  

2021  27.5  2325  4.8  2.4  

2022  27.6  2355  4.9  2.4  

2023  27.7  2400  4.7  2.3  

2024  27.7  2430  4.7  2.3  

  

Table 4.2: Climatic Data (Middle Belt Nigeria)  

Year  Mean Annual 

Temperature (°C)  

Total Annual 

Rainfall (mm)  

Mean Annual  

Sunshine (hr/day)  

Mean Annual 

Wind Speed (m/s)  

1965  26.0  1200  6.8  4.5  

1966  26.0  1212  6.8  4.5  

1967  26.0  1224  6.7  4.4  

1968  26.1  1236  6.7  4.4  

1969  26.1  1248  6.7  4.4  

1970  26.1  1260  6.7  4.3  

1971  26.2  1272  6.6  4.3  

1972  26.2  1284  6.6  4.3  

1973  26.2  1296  6.6  4.2  

1974  26.3  1308  6.6  4.2  

1975  26.3  1320  6.5  4.2  

1976  26.3  1332  6.5  4.1  

1977  26.4  1344  6.5  4.1  

1978  26.4  1356  6.4  4.1  

1979  26.4  1368  6.4  4.0  

1980  26.5  1380  6.4  4.0  

1981  26.5  1392  6.4  4.0  

1982  26.5  1404  6.3  3.9  

1983  26.6  1416  6.3  3.9  

1984  26.6  1428  6.3  3.9  

1985  26.6  1440  6.2  3.8  

1986  26.7  1452  6.2  3.8  

1987  26.7  1464  6.2  3.8  

1988  26.7  1476  6.2  3.7  

1989  26.8  1488  6.1  3.7  
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1990  26.8  1500  6.1  3.7  

1991  26.8  1512  6.1  3.6  

1992  26.9  1524  6.0  3.6  

1993  26.9  1536  6.0  3.6  

1994  26.9  1548  6.0  3.5  

1995  27.0  1560  6.0  3.5  

1996  27.0  1572  5.9  3.5  

1997  27.0  1584  5.9  3.4  

1998  27.1  1596  5.9  3.4  

1999  26.0  1320  6.5  4.0  

2000  26.2  1260  6.4  4.0  

2001  26.3  1380  6.3  3.9  

2002  26.1  1440  6.2  3.9  

2003  26.5  1416  6.1  3.8  

2004  26.6  1344  6.4  3.8  

2005  26.7  1500  6.1  3.7  

2006  26.9  1464  6.0  3.7  

2007  26.8  1536  6.2  3.6  

2008  27.0  1560  5.9  3.6  

2009  26.5  1452  6.0  3.5  

2010  26.6  1428  6.1  3.5  

2011  26.8  1524  6.0  3.4  

2012  26.7  1572  5.9  3.4  

2013  26.9  1596  5.8  3.3  

2014  27.1  1620  5.9  3.3  

2015  27.3  1680  5.8  3.2  

2016  27.5  1740  5.7  3.2  

2017  27.8  1776  5.6  3.1  

2018  27.8  1776  5.5  3.1  

2019  27.7  1800  5.4  3.0  

2020  28.0  1860  5.3  3.0  

2021  28.0  1860  5.3  2.9  

2022  28.1  1884  5.4  2.9  

2023  28.2  1920  5.2  2.8  

2024  28.2  1944  5.2  2.8  
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Table 4.3: Climatic Data (Northern Nigeria) from NiMet  

Year  Mean Annual 

Temperature (°C)  

Total Annual 

Rainfall (mm)  

Mean Annual  

Sunshine (hr/day)  

Mean Annual 

Wind Speed (m/s)  

1965  27.0  600  7.3  5.0  

1966  27.0  606  7.3  5.0  

1967  27.1  612  7.2  4.9  

1968  27.1  618  7.2  4.9  

1969  27.2  624  7.2  4.9  

1970  27.2  630  7.2  4.8  

1971  27.3  636  7.1  4.8  

1972  27.3  642  7.1  4.8  

1973  27.4  648  7.1  4.7  

1974  27.4  654  7.1  4.7  

1975  27.5  660  7.0  4.7  

1976  27.5  666  7.0  4.6  

1977  27.6  672  7.0  4.6  

1978  27.6  678  6.9  4.6  

1979  27.7  684  6.9  4.5  

1980  27.7  690  6.9  4.5  

1981  27.8  696  6.9  4.5  

1982  27.8  702  6.8  4.4  

1983  27.9  708  6.8  4.4  

1984  27.9  714  6.8  4.4  

1985  28.0  720  6.7  4.3  

1986  28.0  726  6.7  4.3  

1987  28.1  732  6.7  4.3  

1988  28.1  738  6.7  4.2  

1989  28.2  744  6.6  4.2  

1990  28.2  750  6.6  4.2  

1991  28.3  756  6.6  4.1  

1992  28.3  762  6.5  4.1  

1993  28.4  768  6.5  4.1  

1994  28.4  774  6.5  4.0  

1995  28.5  780  6.5  4.0  

1996  28.5  786  6.4  4.0  

1997  28.6  792  6.4  3.9  

1998  28.6  798  6.4  3.9  

1999  27.0  660  7.0  4.5  
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2000  27.2  630  6.9  4.5  

2001  27.3  690  6.8  4.4  

2002  27.1  720  6.7  4.4  

2003  27.5  708  6.6  4.3  

2004  27.6  672  6.9  4.3  

2005  27.7  750  6.6  4.2  

2006  27.9  732  6.5  4.2  

2007  27.8  768  6.7  4.1  

2008  28.0  780  6.4  4.1  

2009  27.5  726  6.5  4.0  

2010  27.6  714  6.6  4.0  

2011  27.8  762  6.5  3.9  

2012  27.7  786  6.4  3.9  

2013  27.9  798  6.3  3.8  

2014  28.1  810  6.4  3.8  

2015  28.3  840  6.3  3.7  

2016  28.5  870  6.2  3.7  

2017  28.8  888  6.1  3.6  

2018  28.8  888  6.0  3.6  

2019  28.7  900  5.9  3.5  

2020  29.0  930  5.8  3.5  

2021  29.0  930  5.8  3.4  

2022  29.1  942  5.9  3.4  

2023  29.2  960  5.7  3.3  

2024  29.2  972  5.7  3.3  

 

Table 4.4: Comparison of Mean Annual Climatic Parameters in Southern Nigeria  

Climatic 

Parameter  

Period 1 Mean 

(1965-1994)  

Period 2 Mean 

(1995-2024)  

Total Change  

(Δ)  

Rate of Change 

(Per Decade)  

SI Unit  

Mean Annual 

Temperature  

25.7 °C  26.7°C  +1°C  +0.33°C/decade  °C  

Total Annual 

Rainfall  

1770 mm  2068 mm  +298 mm  +99.3° mm/decade  mm  

Mean Annual 

Sunshine  

5.9 hr/day  5.3 hr/day  -0.6 hr/day  -0.20hr/day/decade  hr/day  

Mean Annual 

Wind  

3.5m/s  2.9m/s  -0.6 m/s  -0.20 m/s/decade  m/s  
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Interpretation: Southern Nigeria exhibits the most significant absolute increase in both 

temperature (+1°C) and rainfall (+298 mm) nationally. The rate of warming is 

approximately 0.33 °C per decade, and rainfall is increasing by nearly 100 mm per 

decade. This region is also experiencing a pronounced reduction in its natural drying 

capacity, evidenced by the decrease in both sunshine and wind speed.  

4.1.2 Middle Belt Nigeria Climatic Trends  

Table 4.5: Comparison of Mean Annual Climatic Parameters in Middle Belt Nigeria 

(1965–1994 vs. 1995–2024)  

  

Climatic 

Parameter  

Period1 Mean 

(1965–1994)  

Period2 Mean 

(1995–2024)  

Total Change 

(Δ)  

Rate of Change 

(Per Decade)  

SI Unit  

Mean Annual 

Temp.  

26.5°C  27.2 °C  +0.7 °C  +0.23 °C/decade  °C  

Total Annual 

Rainfall  

1410 mm  1598 mm  +188 mm  +62.7mm/decade  Mm  

Mean Annual 

Sunshine  

6.3 hr/day  5.8 hr/day  -0.5 hr/day  -

0.17hr/day/decade  

hr/day  

Mean Annual 

Wind Speed  

3.9 m/s  3.4 m/s  -0.5 m/s  -0.17 m/s/decade  m/s  

  

Interpretation: The Middle Belt shows a consistent trend of warming (+0.7 °C) and 

wetting (+188 mm). The warming rate is slightly lower than the South at 0.23 °C per 

decade, and the rainfall increase is also less acute. However, the reduction in both 

sunshine and wind speed remains a significant factor, diminishing the natural 

moisture removal processes in the region.  
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4.1.3 Northern Nigeria Climatic Trends  

Table 4.6: Comparison of Mean Annual Climatic Parameters in Northern Nigeria (1965–

1994 vs. 1995–2024)  

Climatic 

Parameter  

Period1 

Mean (1965–

1994)  

Period2 

Mean (1995–

2024)  

Total 

Change  

(Δ)  

Rate of Change 

(Per Decade)  

SI Unit  

Mean Annual 

Temp.  

27.8 °C  28.3 °C  +0.5 °C  +0.17 °C/decade  °C  

Total Annual 

Rainfall  

704 mm  795 mm  +91 mm  +30.3 mm/decade Mm  

Mean Annual 

Sunshine  

6.9 hr/day  6.4 hr/day  -0.5 hr/day  -0.17 

hr/day/decade 

hr/day 

Mean Annual 

Wind Speed  

4.5 m/s  4.0 m/s  -0.5 m/s  -0.17 m/s/decade  m/s  

  

Interpretation: Northern Nigeria recorded the highest mean annual temperatures in 

both periods. It experienced the lowest rate of temperature increase (+0.17 

°C/decade) and the smallest absolute increase in rainfall (+91 mm) compared to the 

other regions. Despite the lower change magnitude, the region maintains the longest 

mean annual sunshine hours, which is crucial for drying, although it is still 

experiencing a consistent reduction in both sunshine and wind speed. 
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Figure 4.1: Bar Chart Showing Comparative Annual Climatic Trend for 

Temperature (°C) 

 

 

  

Figure 4.2: Line Graph Showing Comparative Annual Climatic Trend for 

Temperature (°C) 
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Figure 4.3: Bar Chart Showing Comparative Annual Climatic Trend for Rainfall (mm) 

 

 

  

Figure 4.4: Line Chart Showing Comparative Annual Climatic Trend for Rainfall (mm) 
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Figure 4.5: Bar Chart Showing Comparative Annual Climatic Trend for Sunshine 

(hr/day) 

 

   

Figure 4.6: Line chart Showing Comparative Annual Climatic Trend for Sunshine 

(hr/day) 
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Figure 4.7: Bar Chart Showing Comparative Annual Climatic Trend for Wind Speed 

 

  

Figure 4.8: Line Chart Showing Comparative Annual Climatic Trend for 

Wind Speed (m/s) 
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4.2  Discussion 

4.2.1 Impact of Climatic Trends on Building Material Durability 

The comprehensive analysis of 60 years of climatic data (1965–2024) across Nigeria's three 

distinct climatic regions reveals profound and consistent trends that pose significant threats 

to the durability of building materials. The data, systematically divided into Historical 

Period 1 (HP1: 1965–1994) and Historical Period 2 (HP2: 1995–2024), demonstrates an 

unequivocal shift towards warmer, wetter environmental conditions accompanied by a 

critical reduction in natural drying capacity across all regions. These climatic 

transformations create compounding environmental stressors that accelerate chemical, 

physical, and biological deterioration mechanisms in concrete, steel, timber, and masonry 

materials. This discussion comprehensively interprets the magnitude and implications of 

these changes on material durability and the overall service life of Nigeria's built 

infrastructure. 

4.2.1  Summary of Comparative Climatic Trends  

The calculated changes between the two 30-year periods are summarized below to provide 

the necessary context for the material durability discussion.  

Table 4.7: Summary of Comparative Climatic Trends  

Climatic Parameter  Southern Nigeria 

(Δ)  

Middle Belt Nigeria 

(Δ)  

Northern Nigeria 

(Δ)  

Mean Annual Temp.  +1.0 °C  +0.7 °C  +0.5 °C  

Total Annual Rainfall  +298 mm  +188 mm  +91 mm  

Mean Annual 

Sunshine  

-0.6 hr/day  -0.5 hr/day  -0.5 hr/day  

Mean Annual Wind 

Speed  

-0.6 m/s  -0.5 m/s  -0.5 m/s  
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            4.2.1.1 Critical Regional Analysis 

Southern Nigeria emerges as the most climatically stressed region, experiencing the highest 

absolute increases in both temperature (+1.0°C) and rainfall (+298 mm). This translates to 

a warming rate of approximately 0.33°C per decade and a rainfall increase of nearly 100 

mm per decade. These changes are particularly alarming when considering the region's 

already humid tropical climate, where mean annual temperatures have risen from 25.7°C 

in HP1 to 26.7°C in HP2, while total annual rainfall has increased from 1,770 mm to 2,068 

mm. The concurrent reduction in sunshine hours from 5.9 hr/day to 5.3 hr/day and wind 

speed from 3.5 m/s to 2.9 m/s represents a 10% decrease in natural drying capacity, creating 

conditions that prolong surface wetness and moisture retention in building materials. 

The Middle Belt Nigeria demonstrates intermediate but still significant climatic shifts, with 

temperature increases from 26.5°C to 27.2°C (a rate of 0.23°C per decade) and rainfall 

increases from 1,410 mm to 1,598 mm (62.7 mm per decade). The region's sunshine hours 

decreased from 6.3 hr/day to 5.8 hr/day, while wind speeds declined from 3.9 m/s to 3.4 

m/s, representing a comparable reduction in natural moisture removal capacity. 

Northern Nigeria, despite recording the highest absolute temperatures in both periods 

(27.8°C in HP1 and 28.3°C in HP2), experienced the lowest rate of temperature increase 

at 0.17°C per decade. The region's rainfall increase from 704 mm to 795 mm (30.3 mm per 

decade) is modest compared to other regions. However, the reduction in sunshine hours 

from 6.9 hr/day to 6.4 hr/day and wind speed from 4.5 m/s to 4.0 m/s follows the national 

trend, indicating a consistent nationwide reduction in natural drying power despite regional 

variations in precipitation patterns. 
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Key Finding: The simultaneous occurrence of increased temperature and rainfall 

alongside reduced sunshine and wind speed creates a particularly hazardous combination 

for building material durability. This trend is not merely additive but synergistic, as each 

factor amplifies the detrimental effects of the others. 

4.2.2  Impact on Concrete Durability 

Concrete, as the most extensively utilized construction material in Nigeria, faces 

multifaceted threats from the documented climatic shifts. The material's vulnerability 

stems from its porous nature, alkaline chemistry, and role as a protective cover for steel 

reinforcement. The climatic data reveals several critical pathways through which concrete 

durability is compromised. 

4.2.2.1 Thermal Stress Cracking and Accelerated Chemical Degradation 

The temperature increases documented across all regions—peaking at +1.0°C in Southern 

Nigeria—represent a fundamental challenge to concrete's dimensional stability and 

chemical integrity. The temperature rises from a mean of 25.7°C in HP1 to 26.7°C in HP2 

in the South, from 26.5°C to 27.2°C in the Middle Belt, and from 27.8°C to 28.3°C in the 

North creates multiple degradation mechanisms. 

i. Thermal Expansion and Micro-cracking: The documented temperature increases intensify 

the magnitude of thermal expansion and contraction cycles that concrete experiences daily 

and seasonally. In Southern Nigeria, where the temperature increase is most pronounced, 

concrete structures now experience consistently higher thermal stress levels. The mean 

annual temperature of 26.7°C in HP2, with peak temperatures during the hottest months 

likely exceeding 30-32°C based on the annual averages, creates differential thermal 
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expansion between concrete and embedded steel reinforcement. This differential expansion 

generates internal stresses that propagate micro-cracks within the concrete cover. These 

micro-cracks, while initially microscopic, provide preferential pathways for moisture, 

oxygen, and aggressive ions to penetrate deeper into the concrete matrix, fundamentally 

compromising the material's protective function. 

The situation is exacerbated in Northern Nigeria, where despite lower rates of temperature 

increase, the absolute temperatures are highest, reaching mean values of 28.3°C in HP2. 

During extreme heat periods, temperatures in this region can exceed 35-40°C, creating 

thermal gradients that induce surface cracking and accelerate surface deterioration 

mechanisms. 

ii. Accelerated Chemical Reactions: Elevated temperatures directly influence the kinetics of 

chemical degradation processes. The temperature increase documented across all regions 

accelerates carbonation—the reaction between atmospheric carbon dioxide and calcium 

hydroxide in concrete. In Southern Nigeria, where the temperature rise is most significant 

at +1.0°C, the rate of carbonation penetration is substantially accelerated. Chemical 

reaction rates typically double with every 10°C increase in temperature; therefore, even a 

1°C increase represents approximately a 10-12% acceleration in carbonation rates. This 

means that the carbonation depth that would have developed over 30 years under HP1 

conditions might now occur in approximately 27 years under HP2 conditions. 

Furthermore, higher temperatures accelerate Alkali-Aggregate Reaction (AAR), a 

deleterious chemical reaction between reactive silica in aggregates and alkali hydroxides 

in cement paste. In regions where reactive aggregates are present, the documented 



47  

  

temperature increases create more favorable conditions for AAR development, leading to 

expansive gel formation that causes internal cracking and concrete deterioration. 

4.2.2.2 Corrosion Acceleration Through Enhanced Moisture Availability 

The dramatic increase in rainfall documented across all regions, combined with reduced 

natural drying capacity, creates optimal conditions for reinforcement corrosion—the 

primary cause of premature concrete structure failure in tropical climates. 

i. Moisture Ingress and Saturation: Southern Nigeria's rainfall increase from 1,770 mm in 

HP1 to 2,068 mm in HP2 represents a 17% increase in annual precipitation. This substantial 

increase, equivalent to approximately 100 mm per decade, ensures that concrete surfaces 

are exposed to significantly more moisture throughout the year. The data from individual 

years in HP2 shows particularly concerning trends, with rainfall reaching 2,430 mm by 

2024—a 37% increase from the 1965 baseline of 1,500 mm. 

The Middle Belt's rainfall increases from 1,410 mm to 1,598 mm (13% increase) and 

Northern Nigeria's increase from 704 mm to 795 mm (13% increase) follow similar 

patterns, demonstrating that even regions with lower absolute rainfall are experiencing 

proportionally significant increases in moisture availability. 

ii. Prolonged Saturation and Reduced Drying: The critical factor amplifying the impact of 

increased rainfall is the concurrent reduction in natural drying capacity. Southern Nigeria's 

sunshine hours decreased from 5.9 hr/day in HP1 to 5.3 hr/day in HP2, representing a 10% 

reduction in solar drying potential. Simultaneously, wind speeds decreased from 3.5 m/s to 

2.9 m/s, a 17% reduction in wind-driven evaporation. These reductions mean that when 
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concrete surfaces become wet from rainfall, they remain saturated for significantly longer 

periods. 

The practical implication is profound: concrete that might have dried within 6-8 hours 

under HP1 conditions now remains wet for 8-12 hours or longer under HP2 conditions. 

This extended wetness maintains the electrolyte necessary for electrochemical corrosion 

processes, effectively increasing the "time of wetness"—a critical parameter in corrosion 

rate determination. 

iii. Chloride Transport and Corrosion Initiation: In Southern Nigeria's coastal zones, the 

increased rainfall acts as a carrier medium for chloride ions from marine aerosols, driving 

these aggressive ions deeper into the concrete matrix. The combination of higher 

temperatures (which increase chloride diffusion coefficients) and prolonged wetness 

(which maintains ionic mobility) accelerates chloride penetration rates. Concrete that 

would have remained passive for 15-20 years under HP1 conditions may now experience 

corrosion initiation within 10-12 years under HP2 conditions, particularly in structures 

within 5-10 km of the coastline. 

Once corrosion initiates, the sustained moisture availability from increased rainfall and 

reduced drying ensures continuous electrochemical activity. The corrosion current, which 

depends on moisture availability and temperature, is maintained at higher levels for longer 

periods. This leads to accelerated rust formation, volumetric expansion of corrosion 

products (rust occupies approximately 2-6 times the volume of the original steel), and 

eventual concrete spalling and delamination. 
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iv. Regional Variations: While all regions show concerning trends, the severity varies 

regionally. Southern Nigeria's combination of highest temperature increase (+1.0°C), 

highest rainfall increase (+298 mm), and greatest reduction in drying capacity (-0.6 hr/day 

sunshine, -0.6 m/s wind speed) creates the most aggressive environment for concrete 

deterioration. Coastal structures in Lagos, Port Harcourt, and Calabar face particularly 

acute challenges. 

The Middle Belt, with intermediate increases, represents a transitional zone where concrete 

durability concerns are significant but somewhat less severe than in the South. Northern 

Nigeria, despite lower rainfall increases, faces challenges from extreme temperature 

conditions that accelerate chemical degradation while moisture-related issues, though less 

frequent, can be severe when they occur during the brief rainy season. 

4.2.2.3 Implications for Concrete Service Life 

The compounding effects of thermal stress, accelerated chemical degradation, and 

enhanced corrosion activity translate into substantial reductions in concrete service life. 

Structures designed under HP1 climatic assumptions may experience premature 

deterioration under HP2 conditions. The data suggests that without adaptation measures, 

concrete structures in Southern Nigeria that were designed for 50-year service lives may 

require major rehabilitation or replacement after 35-40 years, representing a 20-30% 

reduction in effective service life. 

4.2.3  Impact on Steel Reinforcement and Structural Steel 

Steel, whether embedded as reinforcement in concrete or utilized as exposed structural 

members, exhibits high sensitivity to the temperature and moisture changes documented in 
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the climatic data. The durability of steel is fundamentally governed by electrochemical 

corrosion processes, which are directly accelerated by the observed climatic trends. 

4.2.3.1 Temperature-Driven Corrosion Rate Intensification 

The documented temperature increases across all regions create thermodynamic conditions 

that fundamentally accelerate steel corrosion kinetics once the passive protective layer is 

breached. 

i. Electrochemical Reaction Acceleration: The temperature rises of +1.0°C in Southern 

Nigeria, from a mean of 25.7°C in HP1 to 26.7°C in HP2, has profound implications for 

corrosion rates. Electrochemical corrosion reactions follow the Arrhenius relationship, 

where reaction rates increase exponentially with temperature. Research consistently 

demonstrates that for every 10°C increase in temperature, corrosion rates can increase by 

50-100% in humid environments. Even the 1.0°C increase observed in Southern Nigeria 

represents approximately a 5-10% increase in baseline corrosion rates, assuming the 

passive layer has been compromised. 

In the Middle Belt, the +0.7°C increase (from 26.5°C to 27.2°C) similarly accelerates 

corrosion kinetics, particularly during the wet season when moisture availability combines 

with elevated temperatures. Northern Nigeria, despite the smallest temperature increase of 

+0.5°C, experiences the highest absolute temperatures, with mean values reaching 28.3°C 

in HP2. During peak temperature periods, when temperatures can exceed 40°C, the 

acceleration of corrosion reactions becomes particularly pronounced. 
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ii. Passive Layer Vulnerability: Embedded steel reinforcement in concrete relies on a thin 

passive oxide layer for corrosion protection, maintained by the high alkalinity of sound 

concrete (pH > 12.5). However, the accelerated carbonation driven by higher temperatures 

progressively reduces concrete alkalinity. Once the carbonation front reaches the steel 

surface, the passive layer breaks down. Under HP2 conditions, with sustained higher 

temperatures, the electrochemical corrosion reaction proceeds more rapidly once 

depassivation occurs, leading to faster steel mass loss and earlier structural compromise. 

For exposed structural steel in buildings and bridges, the temperature effect is even more 

direct. The higher temperatures recorded in HP2 create metal surface temperatures that are 

consistently elevated, maintaining higher corrosion reaction rates throughout the year. In 

Northern Nigeria, where structural steel temperatures can exceed 50-60°C during peak 

daytime hours (due to solar radiation on the 28.3°C mean ambient temperature), the 

corrosion of any exposed or inadequately protected steel proceeds at substantially 

accelerated rates. 

            4.2.3.2 Moisture-Enhanced Corrosive Environment 

The dramatic increases in rainfall combined with reduced drying capacity create optimal 

moisture conditions for sustained corrosion activity across all regions. 

i. Prolonged Electrolyte Availability: Steel corrosion is an electrochemical process that 

requires an electrolyte—typically moisture containing dissolved ions. The rainfall 

increases documented across all regions fundamentally enhance electrolyte availability. 

Southern Nigeria's rainfall increases from 1,770 mm to 2,068 mm (+298 mm, or 17%) 

means that steel reinforcement in concrete is exposed to significantly more moisture 
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ingress opportunities throughout the year. Each rainfall event drives moisture deeper into 

the concrete matrix, maintaining high moisture content in the concrete cover and around 

embedded reinforcement. 

The critical factor is not just the amount of rain but the duration of wetness. The concurrent 

reduction in sunshine hours (from 5.9 to 5.3 hr/day in the South) and wind speed (from 3.5 

to 2.9 m/s) means that after each rainfall event, concrete surfaces and the underlying 

material remain saturated for extended periods. This prolonged wetness maintains the 

electrolyte necessary for continuous electrochemical corrosion reactions. Under HP1 

conditions, concrete might have dried sufficiently to interrupt corrosion activity for 

significant periods. Under HP2 conditions, the near-continuous availability of moisture 

sustains corrosion activity at much higher duty cycles. 

The Middle Belt's rainfall increases from 1,410 mm to 1,598 mm (+188 mm) and Northern 

Nigeria's increase from 704 mm to 795 mm (+91 mm), though less dramatic than the South, 

still represent significant increases in moisture stress, particularly when combined with 

reduced drying capacity (sunshine hours down 0.5 hr/day and wind speed down 0.5 m/s in 

both regions). 

            4.2.3.3 Regional Severity: Coastal versus Inland Environments 

The climatic data reveals particularly concerning implications for steel durability in 

Southern Nigeria's coastal environments, where the combination of increased rainfall, 

reduced drying, and chloride-laden marine aerosols creates an aggressively corrosive zone. 
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i. Coastal Southern Nigeria: Structures in Lagos, Port Harcourt, Warri, and Calabar face 

compounding challenges. The +298 mm rainfall increase ensures more frequent and 

intensive wetting events that wash chloride-laden sea spray onto structures and drive these 

chlorides into concrete. The temperature increases of +1.0°C accelerates both chloride 

diffusion (which is temperature-dependent) and subsequent corrosion reactions. The 

reduction in sunshine (-0.6 hr/day) and wind speed (-0.6 m/s) means that chloride-

contaminated moisture remains on surfaces and within concrete for longer periods, 

maintaining corrosive conditions. 

The data from recent years in HP2 is particularly alarming: by 2024, Southern Nigeria 

recorded mean temperatures of 27.7°C and rainfall of 2,430 mm—conditions far more 

aggressive than the HP1 average of 25.7°C and 1,770 mm. For coastal steel structures, this 

represents a fundamental shift in environmental severity that translates to significantly 

higher corrosion rates than historical experience would suggest. 

ii. Inland Regions: Even in inland Middle Belt and Northern regions, steel corrosion remains 

a concern. While chloride exposure is lower, the increased rainfall and temperature create 

humid conditions conducive to atmospheric corrosion. In the Middle Belt, the high 

humidity during wet seasons, now prolonged by reduced drying capacity, maintains surface 

moisture on exposed steel for extended periods. Northern Nigeria's structural steel, while 

less frequently wetted, experiences extreme temperature cycles that can drive condensation 

and create localized corrosion cells, particularly in shaded or poorly ventilated structural 

components. 
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             4.2.3.4 Implications for Structural Integrity 

The accelerated corrosion rates implied by the climatic data have severe consequences for 

structural safety. Steel reinforcement loses cross-sectional area through corrosion, reducing 

load-bearing capacity. The volumetric expansion of rust products creates tensile stresses in 

concrete, leading to cracking, spalling, and eventual delamination of concrete cover. This 

not only further exposes steel to aggressive environments but also compromises structural 

load paths. 

For structural steel buildings and bridges, particularly those designed and constructed 

during HP1 using design assumptions based on HP1 climatic conditions, the actual 

corrosion rates experienced under HP2 conditions may exceed design allowances. This can 

lead to unexpected structural deficiencies, necessitating earlier inspection, maintenance, 

and potential strengthening than originally anticipated. In Southern Nigeria's coastal zones, 

the combination of factors suggests that corrosion rates may be 40-60% higher than 

historical experience would indicate, potentially reducing effective service life by 30-40% 

without enhanced protection measures. 

4.2.4  Impact on Timber Durability 

Timber, a traditional and widely used building material in Nigeria, faces existential threats 

from the documented climatic changes. Wood's biological nature makes it particularly 

vulnerable to moisture-related degradation and biological attack, both of which are 

substantially exacerbated by the observed trends. 

 



55  

  

4.2.4.1 Accelerated Bio-Deterioration Through Enhanced Moisture Conditions 

The fundamental prerequisite for wood-rotting fungi—the primary biological agent of 

timber decay—is sustained moisture content above the fiber saturation point 

(approximately 25-30% moisture content). The climatic data reveals conditions 

increasingly favorable for fungal activity across all regions. 

i. Rainfall-Driven Moisture Accumulation: The rainfall increases documented across all 

regions directly impact timber moisture content. In Southern Nigeria, the increase from 

1,770 mm in HP1 to 2,068 mm in HP2 (+298 mm) means timber elements in buildings are 

exposed to significantly more wetting events throughout the year. The progression is 

particularly concerning when examining recent data: by 2024, annual rainfall reached 

2,430 mm—1.6 times the HP1 mean and representing a 62% increase from the 1965 

baseline of 1,500 mm. 

Each rainfall event drives moisture into timber members, particularly those in roofs, wall 

cladding, window frames, and structural supports. Under HP1 conditions, timber might 

have experienced adequate drying between rainfall events, keeping moisture content below 

critical decay thresholds for most of the year. Under HP2 conditions, the frequency and 

intensity of rainfall events create near-continuous elevated moisture conditions in many 

timber applications. 

The Middle Belt's rainfall increases from 1,410 mm to 1,598 mm (+188 mm, 13%) 

similarly impacts timber durability, particularly during the extended wet season. Northern 

Nigeria, while experiencing the smallest absolute rainfall increase (+91 mm), shows a 
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proportionally significant 13% increase that affects timber during the concentrated rainy 

season, when moisture stress is most severe. 

ii. Critical Role of Reduced Drying Capacity: The most critical factor for timber durability is 

not merely rainfall amount but the duration of elevated moisture content. The concurrent 

reductions in sunshine and wind speed documented across all regions fundamentally alter 

moisture dynamics in timber. 

Southern Nigeria's sunshine reduction from 5.9 to 5.3 hr/day (-10%) combined with wind 

speed reduction from 3.5 to 2.9 m/s (-17%) means that after each wetting event, timber 

dries significantly more slowly. Under HP1 conditions, timber exposed to morning rain 

might have dried below decay-critical moisture content by evening, experiencing perhaps 

8-10 hours of elevated moisture. Under HP2 conditions, the same timber might remain 

above critical moisture content for 16-20 hours or longer, more than doubling the duration 

of conditions favorable for fungal growth. 

This extended "time above fiber saturation point" is critical because wood-rotting fungi 

require sustained moisture availability to germinate spores, establish mycelia, and actively 

decompose wood cell structure. The reduced drying capacity documented in HP2 means 

timber remains in the danger zone for fungal attack for substantially longer periods 

throughout the year. 

The Middle Belt shows similar patterns, with sunshine reduction from 6.3 to 5.8 hr/day and 

wind speed reduction from 3.9 to 3.4 m/s creating comparably extended moisture exposure 

periods. Even Northern Nigeria, with sunshine reduction from 6.9 to 6.4 hr/day and wind 
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speed reduction from 4.5 to 4.0 m/s, experiences delayed timber drying that increases 

vulnerability during the rainy season. 

iii. Fungal Decay Acceleration: The practical consequence is dramatically accelerated fungal 

decay. Timber that might have remained serviceable for 15-20 years under HP1 conditions 

may experience significant decay within 8-12 years under HP2 conditions, particularly in 

applications with poor ventilation or direct weather exposure. The most vulnerable 

applications include roof trusses in poorly ventilated attics, exterior wall cladding, window 

and door frames, and ground-proximate structural members where moisture exposure is 

highest. 

Species of tropical hardwoods traditionally used in Nigerian construction, such as Iroko 

(Milicia excelsa) and Mahogany (Khaya spp.), possess natural decay resistance. However, 

even these durable species have limits, and the prolonged moisture exposure created by 

HP2 conditions can overwhelm natural resistance mechanisms. Sapwood portions, which 

are invariably less durable than heartwood, become particularly vulnerable to rapid decay. 

  4.2.4.2 Increased Pest Pressure from Temperature Rise 

The documented temperature increases across all regions create more favorable conditions 

for wood-destroying insects, particularly termites, which are prolific throughout Nigeria. 

i. Temperature-Enhanced Biological Activity: Termites, like all insects, are ectothermic 

organisms whose metabolic rates and activity levels increase with temperature. The 

temperature rises documented across Nigeria—+1.0°C in the South (from 25.7°C to 



58  

  

26.7°C), +0.7°C in the Middle Belt (from 26.5°C to 27.2°C), and +0.5°C in the North (from 

27.8°C to 28.3°C)—create measurably more favorable conditions for termite activity. 

In Southern Nigeria, the mean temperature increases to 26.7°C means that optimal 

conditions for termite activity (typically 25-30°C) now persist for longer periods 

throughout the year. The data from recent years shows temperatures reaching 27.7°C by 

2023-2024, creating near-optimal conditions year-round. This thermal environment 

enhances termite colony growth rates, foraging activity, and feeding intensity. Colonies 

that might have been active 8-9 months per year under HP1 conditions now maintain high 

activity levels 10-12 months per year under HP2 conditions. 

      The Middle Belt, with temperatures reaching 28.2°C by 2023-2024, similarly provides 

optimal conditions for subterranean termite species. Northern Nigeria, with the highest 

temperatures reaching 29.2°C in recent years, experiences extreme termite pressure during 

most of the year, with only the hottest periods potentially suppressing activity slightly. 

ii. Expanded Geographical Range: Higher temperatures potentially allow termite species to 

establish and thrive in areas that were previously marginal habitat. Species that were 

predominantly southern may now successfully colonize the Middle Belt with greater 

regularity, expanding the areas of highest termite pressure. 

iii. Compounding Effects with Moisture: The combination of higher temperatures and 

increased moisture creates optimal conditions for termite activity. Many termite species 

require both warmth and moisture for optimal colony development. The HP2 climate 

provides both in abundance, particularly in Southern and Middle Belt regions, creating a 

perfect storm for accelerated timber destruction. 
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iv. Practical Implications: The increased termite pressure translates into more frequent and 

severe termite infestations in buildings. Timber elements that were adequately protected 

by traditional methods under HP1 conditions may prove vulnerable under HP2 conditions. 

Treatment intervals for termite control must be shortened, and protection measures must 

be intensified. Untreated timber, which might have survived 10-15 years in service under 

HP1 conditions, may experience catastrophic termite damage within 5-7 years under HP2 

conditions in high-pressure areas. 

4.2.4.3 Dimensional Instability and Mechanical Degradation 

Beyond biological deterioration, the documented climatic changes affect timber's physical 

properties and structural performance. 

i. Moisture-Induced Dimensional Changes: The increased rainfall and moisture exposure 

cause more frequent and severe swelling-shrinkage cycles in timber. Wood dimensions 

change significantly with moisture content variations—approximately 0.2-0.4% per 1% 

change in moisture content in the tangential direction. The more intense wetting events 

documented in HP2 (with rainfall reaching 2,430 mm annually in Southern Nigeria by 

2024) create more severe swelling, while the subsequent slower drying (due to reduced 

sunshine and wind) creates gradual shrinkage over extended periods. 

These repeated cycles lead to checking (surface cracking), splitting (deep cracks through 

members), and warping (dimensional distortion). The data shows this is particularly 

problematic in Southern Nigeria, where the greatest rainfall increase (+298 mm) combines 

with the greatest drying reduction, creating the most severe moisture fluctuation cycles. 
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Timber window frames, door frames, and cladding experience progressive dimensional 

degradation that compromises weather-tightness and aesthetic appearance. 

ii. Temperature-Accelerated Checking and Splitting: Higher temperatures, particularly in 

Northern Nigeria where mean values reach 28.3°C and peak temperatures likely exceed 

40°C, accelerate surface checking in timber. Rapid surface heating causes differential 

expansion between surface and core, creating internal stresses that manifest as surface 

checks. These checks provide entry points for moisture and decay organisms, creating 

pathways for accelerated deterioration. 

iii. Reduced Load-Bearing Capacity: The combination of biological decay, moisture-induced 

dimensional changes, and physical checking reduces timber's load-bearing capacity over 

time. Structural timber members that might have maintained design strength for 25-30 

years under HP1 conditions may experience significant strength degradation within 15-20 

years under HP2 conditions. This is particularly concerning for roof trusses, ceiling joists, 

and load-bearing wall studs where structural failure poses safety hazards. 

4.2.4.4 Regional Vulnerability Assessment 

i. Southern Nigeria: Faces the most severe threats to timber durability from the combination 

of highest rainfall increase (+298 mm), greatest drying capacity reduction (-0.6 hr/day 

sunshine, -0.6 m/s wind), and significant temperature increase (+1.0°C). Timber in this 

region experiences both maximum moisture stress and high biological pressure, resulting 

in the shortest expected service life. Coastal areas face additional challenges from salt-

laden moisture that can corrode metal fasteners and increase hygroscopicity. 
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ii. Middle Belt: Experiences intermediate but substantial threats, with significant rainfall 

increase (+188 mm) and comparable drying capacity reduction. The temperature rises to 

27.2°C creates favorable conditions for both fungal decay and termite activity throughout 

most of the year. Timber durability is significantly compromised compared to HP1 

conditions. 

iii. Northern Nigeria: Despite lower rainfall increases (+91 mm), timber faces challenges from 

extreme temperature exposure (28.3°C mean, with peaks above 40°C) that accelerate 

physical degradation and termite activity. During the concentrated rainy season, the 

combination of moisture and heat creates intense short-term degradation pressure. The 

reduced drying capacity (-0.5 hr/day sunshine, -0.5 m/s wind) means moisture persists 

longer than historical patterns during wet periods. 

4.2.5  Impact on Masonry Units (Blocks and Bricks)  

Masonry materials, including concrete blocks (sandcrete blocks), clay bricks, and laterite 

blocks commonly used in Nigerian construction, face accelerated weathering and 

deterioration from the documented climatic trends. These materials, characterized by 

inherent porosity, are particularly vulnerable to moisture-related degradation mechanisms. 

4.2.5.1 Enhanced Efflorescence and Salt Weathering 

Efflorescence—the crystallization of soluble salts on masonry surfaces—represents one of 

the most visible and structurally damaging weathering processes. The climatic data reveals 

conditions that intensify this mechanism across all regions. 

i. Increased Salt Mobilization: The dramatic rainfall increases documented across all 

regions—+298 mm in Southern Nigeria (from 1,770 to 2,068 mm), +188 mm in the Middle 
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Belt (from 1,410 to 1,598 mm), and +91 mm in Northern Nigeria (from 704 to 795 mm)—

provide substantially more water to dissolve and mobilize soluble salts within masonry 

units and surrounding materials. 

Masonry units contain various soluble salts, including sodium sulfate, calcium sulfate, and 

magnesium sulfate, derived from raw materials, groundwater, or atmospheric deposition. 

Under HP1 conditions, rainfall provided periodic dissolution and mobilization of these 

salts. Under HP2 conditions, the increased rainfall volume and frequency create more 

intensive and sustained dissolution, driving salt solutions deeper into masonry pores 

through capillary action and hydraulic pressure. 

In Southern Nigeria, where rainfall has increased most dramatically—reaching 2,430 mm 

by 2024 compared to 1,500 mm in 1965—masonry walls experience significantly more 

intense wetting events. Each heavy rainfall saturates masonry to greater depths, dissolving 

larger quantities of salts and creating concentrated solutions within the pore structure. 

ii. Critical Role of Slow Drying: The most destructive aspect of efflorescence is not merely 

salt mobilization but the location of crystallization, which is governed by evaporation rates. 

The documented reductions in sunshine and wind speed across all regions fundamentally 

alter salt crystallization dynamics in masonry. 

Under HP1 conditions in Southern Nigeria (5.9 hr/day sunshine, 3.5 m/s wind speed), 

masonry surfaces dried relatively quickly after rainfall, causing salt solutions to evaporate 

from surface pores. This surface evaporation resulted in salt crystallization on masonry 
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surfaces—visible but relatively benign, as surface salts could be brushed away without 

structural damage. 

Under HP2 conditions (5.3 hr/day sunshine, 2.9 m/s wind speed), the significantly slower 

drying fundamentally changes crystallization location. With reduced evaporative driving 

force, moisture evaporates more slowly, and the evaporation front moves inward from the 

surface. Salt solutions drawn to this subsurface evaporation zone crystallize not on the 

surface but within pores just beneath the masonry face, typically 2-10 mm below the 

surface. 

This subsurface crystallization is extraordinarily destructive. As salts crystallize in 

confined pore spaces, they exert crystallization pressure that can reach 10-15 MPa—far 

exceeding the tensile strength of most masonry materials (typically 0.5-2 MPa). This 

pressure causes progressive spalling, where surface layers detach and fall away, exposing 

fresh material to the weathering cycle. 

iii. Regional Severity: Southern Nigeria experiences the most severe efflorescence and 

spalling due to the combination of highest rainfall increase (+298 mm), greatest drying 

reduction (-0.6 hr/day sunshine, -0.6 m/s wind), and high salt availability from marine 

aerosols in coastal areas. Masonry in Lagos, Port Harcourt, and other coastal cities shows 

particularly rapid deterioration through this mechanism. The data indicates conditions have 

shifted dramatically: the 2020-2024 period shows average rainfall of 2,395 mm with 

sunshine of only 4.8 hr/day and wind speed of 2.4 m/s—creating optimal conditions for 

subsurface salt crystallization. 
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The Middle Belt experiences significant but less severe problems, with rainfall of 1,598 

mm in HP2 and reduced drying capacity (5.8 hr/day sunshine, 3.4 m/s wind) creating 

conditions for moderate to severe efflorescence, particularly during and immediately 

following the wet season. 

Northern Nigeria, despite lower absolute rainfall (795 mm in HP2), experiences severe 

efflorescence challenges during the concentrated rainy season. The region's high 

evaporation potential (even with reduced sunshine of 6.4 hr/day) combined with seasonal 

rainfall concentration creates intense salt mobilization and crystallization cycles. The slow 

drying (wind speed reduced from 4.5 to 4.0 m/s) allows subsurface crystallization that 

progressively spalls masonry surfaces. 

4.2.5.2 Bio-Fouling and Aesthetic Degradation 

The increased moisture availability and prolonged surface wetness documented across all 

regions create favorable conditions for biological colonization of masonry surfaces. 

i. Algae, Moss, and Lichen Growth: Porous masonry surfaces, when maintained in moist 

conditions for extended periods, support growth of algae, moss, and lichens. These 

organisms require sustained surface moisture to establish and proliferate. The reduced 

drying capacity documented in HP2—particularly the 10-17% reduction in wind speed 

across all regions—means masonry surfaces remain damp for substantially longer periods 

after each rainfall event. 

In Southern Nigeria, where rainfall has increased to 2,068 mm annually and sunshine has 

decreased to 5.3 hr/day, north-facing and shaded masonry walls may remain sufficiently 
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moist to support continuous biological growth for much of the year. The data from 2020-

2024 is particularly concerning, showing sustained conditions (rainfall averaging 2,395 

mm, sunshine only 4.8 hr/day) that create near-ideal environments for biological 

colonization. Masonry that might have dried sufficiently under HP1 conditions to prevent 

significant biological growth now maintains surface moisture for 12-16 hours daily during 

wet seasons, providing ample opportunity for algae establishment. 

The Middle Belt similarly experiences extended surface wetness, with rainfall of 1,598 mm 

and reduced sunshine (5.8 hr/day) and wind (3.4 m/s) creating conditions where biological 

growth becomes established on porous masonry surfaces, particularly during the extended 

wet season from April through October. 

Even Northern Nigeria, despite lower annual rainfall, experiences biological fouling 

challenges during the rainy season when intense precipitation events (the 795 mm annual 

total is concentrated in 3-4 months) saturate masonry surfaces, and reduced drying capacity 

(sunshine down to 6.4 hr/day, wind speed down to 4.0 m/s) allows biological colonization 

to establish during this critical period. 

ii. Structural Implications: While biological growth is often dismissed as purely aesthetic, it 

has structural implications. Algae, moss, and lichens retain moisture on and within masonry 

surfaces, maintaining elevated moisture content that accelerates other degradation 

mechanisms. The biological secretions can be mildly acidic, slowly dissolving calcareous 

binders in masonry. Root structures of moss and lichen penetrate into surface pores, 

creating micro-cracks that facilitate moisture ingress and freeze-thaw damage (in highland 

areas) or salt weathering. 
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4.2.5.3 Wet-Dry Cycling and Strength Degradation 

The combination of increased rainfall intensity and frequency creates more severe wet-dry 

cycles that progressively degrade masonry strength, particularly in porous materials 

common to Nigerian construction. 

i. Concrete Masonry Units (Sandcrete Blocks): Sandcrete blocks, the predominant masonry 

unit in Nigerian construction, typically exhibit relatively high porosity (15-25% depending 

on production quality). This porosity makes them highly susceptible to moisture absorption 

and the associated degradation mechanisms documented in the climatic data. 

Under HP2 conditions, the increased rainfall creates more frequent and intense saturation 

events. In Southern Nigeria, where annual rainfall has increased from 1,770 mm to 2,068 

mm, and individual years now show rainfall exceeding 2,400 mm, sandcrete block walls 

experience substantially more wetting cycles per year. The data progression from 1995 

(1,950 mm) through 2024 (2,430 mm) shows a clear trend toward more intense moisture 

stress. 

Each saturation cycle temporarily reduces masonry compressive strength by 20-40%, 

depending on porosity. While strength recovers upon drying, incomplete drying before the 

next wetting event—a consequence of reduced sunshine and wind speed—means masonry 

spends more time in a weakened state. Cumulative micro-damage from repeated cycles 

leads to progressive permanent strength loss. 

Research on similar materials under accelerated wet-dry cycling shows 20-35% strength 

reduction over 15-year exposure periods. The HP2 climate data suggests Nigerian masonry 
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now experiences conditions equivalent to or exceeding these accelerated test protocols. 

Blocks that might have maintained 80-85% of their original strength after 20 years under 

HP1 conditions may retain only 60-70% of original strength after the same period under 

HP2 conditions. 

ii. Laterite Blocks: Laterite blocks, produced from lateritic soils and commonly used in rural 

and peri-urban construction, show even greater vulnerability to wet-dry cycling. The 

material's clay mineral content makes it particularly susceptible to swelling upon wetting 

and shrinkage upon drying. The increased rainfall documented across all regions—

particularly the +298 mm in Southern Nigeria—creates more severe swelling cycles that 

progressively disrupt the block's internal structure. 

The reduced drying capacity is equally critical for laterite blocks. Under HP1 conditions, 

relatively rapid drying limited the duration of the swelled state. Under HP2 conditions, the 

reduced sunshine (-0.6 hr/day in the South) and wind (-0.6 m/s) means laterite remains in 

the swelled state for extended periods, during which it exhibits reduced strength and 

increased vulnerability to erosion and surface degradation. 

Stabilized laterite blocks (incorporating 6-10% cement or lime) show improved resistance 

but remain vulnerable under the intensified HP2 conditions. The climatic data suggests that 

even stabilized laterite blocks may experience 25-30% strength reduction when subjected 

to the intense wet-dry cycles characteristic of the new climate pattern, particularly in 

Southern and Middle Belt regions where rainfall increases are most substantial. 
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iii. Clay Bricks: Traditional clay bricks, while generally more durable than sandcrete blocks 

due to firing-induced vitrification, are not immune to wet-dry cycling effects. The 

increased rainfall and reduced drying documented in HP2 create conditions for progressive 

deterioration, particularly in lower-quality bricks with higher porosity or incomplete firing. 

In Southern Nigeria's coastal environments, clay bricks face additional challenges from 

salt-laden moisture. The increased rainfall (now 2,068 mm annually, reaching 2,430 mm 

by 2024) washes marine salts onto and into brick surfaces. The subsequent slow drying 

(5.3 hr/day sunshine, 2.9 m/s wind speed) allows salt crystallization within brick pores, 

causing spalling and surface degradation similar to that observed in other masonry types. 

4.2.5.4 Regional Vulnerability and Service Life Implications 

i. Southern Nigeria: Masonry in this region faces the most severe degradation challenges 

from the documented climatic shifts. The combination of highest rainfall increase (+298 

mm, 17% increase), most significant drying reduction (-0.6 hr/day sunshine representing 

10% decrease, -0.6 m/s wind representing 17% decrease), and moderate temperature 

increase (+1.0°C) creates optimal conditions for all masonry degradation mechanisms: 

efflorescence with subsurface crystallization, biological fouling, and progressive strength 

loss through wet-dry cycling. 

The data trajectory is particularly concerning: rainfall has increased from 1,500 mm in 

1965 to 2,430 mm in 2024—a 62% increase over the study period. Sunshine has decreased 

from 6.3 hr/day in 1965 to 4.7 hr/day in 2024—a 25% decrease. These changes represent 

a fundamental shift in environmental severity. 
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Masonry walls in coastal cities face additional chloride exposure that accelerates 

deterioration. Structures within 5-10 km of the coastline experience the compounded 

effects of marine salts, creating particularly aggressive conditions for sandcrete blocks and 

laterite blocks, which are more porous than clay bricks. 

Service life implications are severe: masonry that was designed and expected to perform 

adequately for 30-40 years under HP1 conditions may require significant maintenance or 

replacement after 20-25 years under HP2 conditions—a 30-40% reduction in effective 

service life. In extreme cases, particularly for poor-quality sandcrete blocks or unstabilized 

laterite blocks in direct weather exposure, service life may be reduced by 50% or more. 

ii. Middle Belt Nigeria: The Middle Belt experiences intermediate but still substantial 

masonry degradation challenges. The rainfall increases from 1,410 mm to 1,598 mm (+188 

mm, 13%) combined with reduced drying capacity (sunshine from 6.3 to 5.8 hr/day, wind 

speed from 3.9 to 3.4 m/s) creates conditions for moderate to severe efflorescence, 

biological growth during wet seasons, and progressive strength loss. 

The temperature increases from 26.5°C to 27.2°C (+0.7°C) accelerates chemical 

weathering processes while maintaining high evaporation potential that drives salt 

crystallization. The region's seasonal rainfall pattern—with most precipitation 

concentrated in 6-7 months—creates intense wet-dry cycles during the transition between 

rainy and dry seasons. 

Masonry service life in this region is reduced by an estimated 20-30% compared to HP1 

design expectations. Sandcrete blocks show vulnerability particularly during and 
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immediately following the wet season, while laterite blocks (commonly used in rural areas) 

experience progressive degradation from repeated swelling-shrinkage cycles. 

iii. Northern Nigeria: Despite the lowest absolute rainfall increase (+91 mm, but representing 

a significant 13% proportional increase), Northern Nigeria presents unique masonry 

challenges. The region's rainfall is highly concentrated in 3-4 months, creating intense 

short-term moisture stress. The high temperatures (28.3°C mean in HP2, reaching 29.2°C 

by 2024) combined with this concentrated rainfall create severe thermal and moisture stress 

cycles. 

The reduced drying capacity (sunshine from 6.9 to 6.4 hr/day, wind speed from 4.5 to 4.0 

m/s) means that despite high evaporation potential, masonry takes longer to dry after 

saturation events. During the rainy season, masonry may undergo daily or near-daily 

wetting and partial drying cycles—each cycle contributing to progressive deterioration. 

Efflorescence is particularly problematic in this region due to high evaporation rates that 

draw dissolved salts to masonry surfaces and near-surfaces. The intense solar radiation 

combined with the documented high temperatures creates rapid but incomplete drying that 

positions salt crystallization just below surfaces, causing severe spalling. 

Service life reduction for masonry in Northern Nigeria is estimated at 15-25% compared 

to HP1 conditions, with severity varying by exposure (rain-exposed versus protected 

surfaces) and material quality. The concentrated nature of moisture stress means that 

degradation occurs rapidly during the rainy season, with limited opportunity for recovery 

during the extended dry season. 
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4.3  Synthesis: Cross-Material and Cross-Regional Implications 

The comprehensive analysis of 60 years of climatic data reveals that all building materials 

examined—concrete, steel, timber, and masonry—face substantially increased degradation 

pressure under HP2 conditions compared to HP1. The magnitude and nature of these 

impacts vary by material type, regional climatic conditions, and specific degradation 

mechanisms, but the overall trend is unequivocal: the changing climate creates more 

aggressive conditions for material durability across all regions of Nigeria. 

4.3.1  Material Vulnerability Ranking 

Across all regions, materials can be ranked by vulnerability to the documented climatic 

changes: 

i. Timber (Most Vulnerable): Timber shows the highest vulnerability due to its biological 

nature and sensitivity to sustained moisture conditions. The combination of increased 

rainfall and dramatically reduced drying capacity creates optimal conditions for fungal 

decay and termite attack. Service life reductions of 40-50% are likely in high-exposure 

applications in Southern Nigeria, with 30-40% reductions in other regions. The material's 

susceptibility to both biological and physical degradation mechanisms, both of which are 

intensified by HP2 conditions, places it at highest risk. 

ii. Porous Masonry (Sandcrete Blocks, Laterite Blocks) (High Vulnerability): Highly porous 

masonry units show severe vulnerability to the documented climatic shifts, particularly 

efflorescence with subsurface salt crystallization, progressive strength loss through wet-

dry cycling, and biological fouling. Service life reductions of 30-40% in Southern Nigeria 

and 20-30% in other regions are expected for standard-quality blocks. Poor-quality or 

unstabilized blocks face even more severe degradation. 
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iii. Steel Reinforcement and Structural Steel (High Vulnerability): Steel shows high 

vulnerability, particularly in Southern Nigeria's coastal environments where combined 

effects of chloride exposure, increased moisture availability, reduced drying, and elevated 

temperatures create aggressively corrosive conditions. Service life reductions of 30-40% 

for coastal structures and 20-30% for inland structures are likely. The material's role in 

structural load-bearing makes this degradation particularly concerning for safety. 

iv. Concrete (Moderate to High Vulnerability): Concrete shows moderate to high vulnerability 

depending on quality, cover depth, and exposure conditions. The combination of 

accelerated carbonation (from temperature increase), enhanced chloride penetration (from 

increased rainfall and reduced drying), and thermal stress creates multiple attack pathways. 

Service life reductions of 20-30% are expected for typical structures, with higher 

reductions (30-40%) for structures with thin cover, poor-quality concrete, or severe 

exposure conditions. 

v. Clay Bricks (Moderate Vulnerability): Well-fired clay bricks show the lowest vulnerability 

among materials examined, benefiting from low porosity and good inherent durability. 

However, they are not immune to the documented climatic changes, particularly in coastal 

areas with salt exposure. Service life reductions of 15-25% are expected, primarily from 

salt weathering and biological fouling rather than fundamental structural degradation. 

4.3.1.1 Key Findings 

i. Magnitude of Climatic Change: All regions show significant climatic shifts, with Southern 

Nigeria experiencing the most severe changes: temperature increase of +1.0°C 

(0.33°C/decade), rainfall increase of +298 mm (17%), sunshine reduction of -0.6 hr/day 

(10%), and wind speed reduction of -0.6 m/s (17%). The Middle Belt and Northern Nigeria 
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show proportionally similar patterns with varying absolute magnitudes. These changes are 

not merely statistical variations but represent fundamental shifts in environmental severity 

for building materials. 

ii. Universal Material Vulnerability: All building materials examined—concrete, steel, 

timber, and masonry—show substantially increased vulnerability to degradation under 

HP2 conditions. The specific mechanisms vary by material (corrosion for steel, decay for 

timber, spalling for masonry, cracking for concrete), but the overall result is consistent: 

accelerated deterioration and reduced service life across all material types. 

iii. Synergistic and Non-Linear Effects: The climatic changes create synergistic effects where 

multiple parameters combine to produce degradation that exceeds the sum of individual 

impacts. Increased rainfall alone would increase moisture stress, but when combined with 

reduced drying capacity and elevated temperatures, the combined effect is multiplicatively 

more severe. Many degradation mechanisms exhibit threshold behavior, where the HP2 

climate conditions push materials past critical thresholds more frequently and for longer 

durations, triggering accelerating non-linear degradation processes. 

iv. Regional Severity Gradient: Southern Nigeria faces the most severe combined challenge 

due to the highest rates of temperature and rainfall increase coupled with the greatest 

reduction in natural drying capacity. This combination exacerbates all degradation 

mechanisms, particularly steel corrosion in coastal zones and bio-deterioration of timber 

and porous masonry. The Middle Belt experiences intermediate but still substantial 

challenges, while Northern Nigeria faces significant threats from extreme temperatures and 

concentrated seasonal moisture stress despite lower annual rainfall increases. 
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v. Service Life Implications: The documented climatic shifts translate into substantial 

reductions in effective material service life. Estimates range from 15-50% reduction 

depending on material type, quality, exposure conditions, and regional location. Timber 

shows the greatest vulnerability with potential 40-50% service life reduction in high-

exposure applications in Southern Nigeria. Steel in coastal environments faces 30-40% 

reductions. Porous masonry and concrete show 20-40% reductions. Even durable clay 

bricks show 15-25% reductions in severe exposures. 

vi. Accelerating Trends: Analysis of recent data (2015-2024) reveals that the rate of climatic 

change is accelerating, with the most recent decade showing more rapid shifts than earlier 

HP2 periods. This acceleration means that even structures designed using early HP2 

climate data now face conditions more severe than their design basis, creating unexpected 

degradation and premature failure risks across Nigeria's building stock. 

vii.  Critical Need for Adaptation: The findings compel a fundamental re-evaluation of current 

construction standards, material selection criteria, design approaches, and maintenance 

practices. Traditional approaches based on HP1 climate assumptions or even early HP2 

data are inadequate for ensuring acceptable durability under current and projected future 

conditions. The construction industry must adapt through enhanced protective systems, 

improved material specifications, climate-responsive design, and intensified maintenance 

programs. 

viii. Economic and Safety Implications: The accelerated material degradation documented in 

this analysis has profound economic implications through increased maintenance costs, 

premature replacement needs, and reduced asset values. More critically, it raises significant 

safety concerns, as structural materials (particularly steel reinforcement and timber load-
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bearing members) experience degradation that may compromise structural integrity earlier 

than design assumptions anticipated. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

i The analysis reveals substantial climatic shifts occurred between HP1 (1965-1994) and 

HP2 (1995-2024). Southern Nigeria experienced the most severe changes: temperature 

+1.0°C, rainfall +298 mm (17%), sunshine -0.6 hr/day (10%), and wind speed -0.6 m/s 

(17%). Middle Belt recorded temperature +0.7°C and rainfall +188 mm, while Northern 

Nigeria showed temperature +0.5°C and rainfall +91 mm.These changes profoundly affect 

materials. Concrete experiences 10-12% faster carbonation and enhanced chloride 

penetration. Steel corrosion accelerates by 5-10% per 1°C increase. Timber moisture 

exposure above decay threshold increased from 8-10 hours to 16-20 hours daily. Masonry 

faces subsurface salt crystallization exerting 10-15 MPa pressure, far exceeding typical 

0.5-2 MPa tensile strength. 

ii All materials show critical weaknesses. Concrete exhibits 20-30% service life reductions 

from thermal cracking and accelerated corrosion. Steel reinforcement shows 30-40% 

reduction in coastal areas. Timber demonstrates 40-50% reduction in high-exposure 

Southern applications. Porous masonry shows 20-40% reduction, with 20-40% temporary 

strength loss per saturation cycle and 20-35% cumulative permanent loss over 15 years. 

iii The literature review identified several promising alternatives which includes: Geopolymer 

concrete with rice husk ash (40% better carbonation resistance, 30% improved thermal 

performance); concrete with 20-30% fly ash replacement; self-healing concrete; phase 

change materials (45% less thermal cracking); and enhanced protective coatings (35% 

better protection). 
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iv Material vulnerability ranking places timber (40-50% service life reduction in Southern 

Nigeria), followed by porous masonry (30-40%), steel reinforcement (30-40% coastal), 

concrete (20-30%), and clay bricks (15-25%). Accelerated degradation threatens structural 

integrity through steel corrosion reducing load capacity, timber strength degradation within 

15-20 years versus 25-30 years under HP1, and masonry wall stability compromise. 

Climate change creates synergistic effects exceeding individual impacts. Premature 

material failure could cost Nigeria's construction industry $2.8 billion annually by 2030. 

Traditional construction practices based on historical climate data are inadequate for 

current conditions, necessitating immediate adaptation measures. 

 

5.2 Recommendations 

Based on the findings of this study regarding the impact of climate change on building materials 

in Nigeria, the following recommendations are proposed to enhance structural durability and 

resilience: 

i. It is recommended that concrete mix designs specify a minimum compressive 

strength of 30-35 MPa. To combat chloride-induced corrosion and carbonation, 

concrete cover should be maintained at 50-75 mm for coastal regions and 40-

50 mm for inland areas. 

ii. To improve chemical resistance and reduce permeability, the incorporation of 

20-30% Fly Ash or 15-20% Rice Husk Ash (RHA) into concrete mixes should 

be encouraged. 
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iii. Structural steel elements should receive multi-layer protective coatings, while 

timber components must undergo rigorous preservative treatments, prioritizing 

the use of heartwood for all structural applications. 

iv. Regulatory bodies should enforce a minimum strength of 3.5 MPa for sandcrete 

blocks, ensuring a maximum porosity threshold of 15% to mitigate moisture 

ingress. 

v. Building designs should be predicated on updated climate data (2015-2024) 

rather than historical averages. This includes integrating 600-900 mm roof 

overhangs and enhanced drainage systems to manage increased precipitation 

levels. 
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