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Abstract

Pavement failures on Nigerian federal and state highways are a critical infrastructure challenge,
adversely impacting the economy, environment, and public safety. This paper investigates the primary
causes of these failures, such as substandard materials, design deficiencies, overloading, drainage issues,
and poor maintenance. Through analytical evaluation, field data, and case studies, the article explores
the multifaceted consequences of pavement deterioration, including increased transport costs, road
accidents, and environmental degradation. Engineering solutions are proposed, focusing on material
optimization, sustainable construction practices, effective drainage systems, and routine maintenance.
Notably, the study advocates for the integration of recycled and locally available materials, including
cement kiln dust and polymer wastes, to improve performance while minimizing costs. The paper
concludes with actionable recommendations and research directions, aimed at guiding policymakers,
engineers, and stakeholders toward sustainable highway infrastructure in Nigeria.
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Introduction

Nigeria’s federal and state road network spans over 200,000 km, of which only a fraction is
considered motorable year-round (Okigbo et al., 2021). With over 80% of goods and passenger
traffic relying on road transport, pavement reliability is vital for economic growth and social
development (Onyelowe et al., 2020). Yet, a significant percentage of highways across Nigeria
exhibit early distress, including alligator cracking, rutting, potholes, and edge failures.
Akinbuluma et al., (2025) noted that these conditions contribute directly to rising road traffic
accidents, vehicular damage, travel delays, and economic losses. The Federal Road Safety
Corps (FRSC, 2022) attributed over 3,700 accidents in 2021 alone to poor road conditions.
Similarly, the World Bank (2021) estimated that Nigeria loses over ¥450 billion annually due
to poor road infrastructure, driven by increased vehicle operating costs, transport delays, and
product losses. The failure of pavements before their intended lifespan reveals underlying
systemic issues in design, construction, and maintenance practices. For instance, Akinbuluma,
Isa and Ogundare (2025) submitted that failure to design and maintain proper drainage
systems contribute to the deterioration of pavements especially in the developing countries
including Nigeria.

The objective of this article is to conduct a comprehensive scholarly review of pavement
failures on Nigerian federal and state highways. Drawing from field data, engineering reports,
and academic studies, it analyzes the causes, consequences, and proposes evidence-based
engineering solutions in line with international best practices. By integrating perspectives
from Nigerian and global research, this article aims to inform sustainable and durable road
infrastructure development policies.

Background and Context

Nigeria’s highway development has evolved through colonial era road schemes, post-
independence reconstruction, and several national road masterplans. However, decades of
underinvestment, corruption, and weak technical oversight have left the country with one of
the highest road failure rates in Sub-Saharan Africa (Odeleye, 2019). Political instability and
inconsistent policies further delay continuity in road rehabilitation projects, resulting in long-
term deterioration. The defunct Petroleum Trust Fund (PTF) and Federal Roads Maintenance
Agency (FERMA) attempted interventions, but most projects were reactive rather than
preventive. Despite budgetary allocations, many projects are abandoned mid-way due to
contractor inefficiencies, cost inflation, or misappropriation (Ajiboye and Afolabi, 2020). Road
designs often neglect regional geotechnical conditions, leading to early pavement distress in
areas with high water tables or expansive clays (Ayininuola and Olalusi, 2020). The neglect of
asset management principles and lack of institutional accountability continues to undermine
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federal and state road performance. This study seeks to unpack these underlying issues
through an evidence driven lens.

Causes of Pavement Failures
Pavement failure in Nigeria is often multi-causal, involving technical, environmental, and
institutional factors. The key causes are summarized and discussed below:

Material Properties

The durability and long-term performance of pavements are critically dependent on the
engineering properties and quality of the materials used during construction. In the Nigerian
context, the frequent reliance on lateritic soils as subgrade and sub-base materials poses a
significant challenge to pavement longevity. Lateritic soils, though widely available and
economical, often exhibit high clay content, elevated plasticity indices, and poor binding
characteristics when saturated, leading to volumetric instability and shrink-swell behavior
under seasonal moisture variations. These geotechnical deficiencies reduce the resilient
modulus of the subgrade, thereby lowering the overall structural capacity of the pavement
system and accelerating distress manifestations such as cracking, rutting, and differential
settlement (Ayininuola & Olalusi, 2020).

Aggregates used in base and surface courses frequently suffer from poor gradation and
contamination with excessive fines, which disrupts inter-particle friction and mechanical
interlock. This results in reduced load-transfer efficiency and a propensity for raveling and
disintegration under traffic loading. Similarly, the widespread problem of bitumen
adulteration — including dilution with flux oils or off-specification blending diminishes
penetration grade, softening point, and overall cohesion, ultimately accelerating premature
ageing, stripping, and rutting failures (Eyo et al., 2022).

These deficiencies are further compounded by inadequate quality control measures during
construction. The absence of rigorous laboratory testing such as Atterberg limits
determination, California Bearing Ratio (CBR) evaluation, gradation analysis, and penetration
testing often leads to the acceptance of marginal or unsuitable materials into the pavement
structure. Consequently, the mechanical response of the pavement under repeated traffic
loading deviates from design expectations, reducing its service life and increasing
maintenance costs.

A robust approach to material selection must therefore include not only compliance with
Nigerian General Specification (NGS) standards but also site-specific geotechnical
investigations and laboratory verification of material properties. The adoption of innovative
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soil stabilization techniques, such as the use of cement kiln dust, lime, or polymer additives,
has shown potential to improve strength, moisture susceptibility, and overall durability of
lateritic soils, thereby enhancing the structural integrity of pavements under Nigeria’'s
demanding climatic and traffic conditions (Uzochukwu et al., 2023).

Table 1. Summarizes common construction materials and their typical performance
limitations:

Material Common Issue Effect on Pavement

Type

Lateritic Soil ~ High plasticity index Cracking, shrinkage

Aggregates Poor gradation, dust Loss of interlock
contamination

Bitumen Low penetration grade or Premature ageing,
adulterated rutting

Design and Construction Flaws

Design and construction shortcomings are a major cause of premature pavement failure. Many
Nigerian highways rely on outdated empirical design approaches that underestimate required
pavement thickness and neglect critical factors such as sub-base preparation, drainage, and
projected traffic growth. This leads to overstressing of the subgrade, resulting in rutting,
fatigue cracking, and early surface distress (Ayininuola & Olalusi, 2020). Poor compaction of
embankments and fills reduces density and stiffness, compromising load distribution and
leading to differential settlement. Construction defects such as inadequate joint sealing allow
water infiltration, accelerating stripping and weakening pavement layers. Temperature
segregation during asphalt laying produces areas of low density that ravel and crack earlier.
To mitigate these flaws, mechanistic-empirical design methods, calibrated for local conditions,
should be adopted. Strict quality control during construction including compaction testing,
proper joint sealing, and monitoring of asphalt placement temperatures is essential to achieve
uniform layer thickness and improve pavement longevity (Ololade & Oyatayo, 2018).

Environmental Factors

Nigeria’s climate features intense wet and dry seasons. High rainfall accelerates subgrade
saturation, weakening the pavement structure. Seasonal temperature fluctuations cause
thermal stress and fatigue cracking. Areas like the Niger Delta face dual challenges of rainfall
and poor soil substructure (Akpokodje et al., 2019).
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Traffic Load

Traffic Load

Traffic overloading remains a key contributor to premature pavement failure on Nigerian
highways. Although most federal roads are designed for single-axle loads of 80-100 kN, field
measurements show consistent exceedance, with recorded loads often surpassing 150 kN.
Table 2 and Figure 1 illustrate this pattern, revealing overload percentages between 44-52%
on major corridors such as Lagos-Ibadan, Benin-Ore, and Abuja-Kaduna. Such excessive
loading accelerates rutting, fatigue cracking, and subgrade failure, drastically reducing
pavement lifespan and increasing maintenance costs. This evidence underscores the urgent
need for weigh-in-motion enforcement and regulatory compliance to preserve structural
integrity and reduce life-cycle rehabilitation expenses.

mmm Design Load (kM)
mmm Measured Load (kN)

Axle Load (kN)

Lagos-lbadan Benin-Ore Abuja-Kaduna

Figure 1: Comparison of design and measured axle loads on selected corridors

Table 2. illustrates axle load violation on selected corridors:

Highway Design Axle Load Measured Load Overload (%)
Section (kN) (kN)
Lagos-Ibadan 100 145 45
Express
Benin-Ore Road 90 130 44
Abuja-Kaduna 100 152 52
Express
Source: FRSC 2022
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Drainage Issues

Adequate drainage is a fundamental requirement for pavement durability, yet many Nigerian
highways suffer from poorly designed or non-existent drainage systems. Inadequate cross-
slopes, absence of side drains, and undersized or blocked culverts result in water ponding,
infiltration into the subgrade, and subsequent loss of strength. Standing water promotes
stripping of asphalt binders and accelerates fatigue cracking, rutting, and pothole formation.
Erosion of shoulders and embankments is also common, compromising lateral support for
pavements. Hydroplaning hazards increase during rainfall, heightening accident risks.
Regular clearing of drains, proper slope design, and inclusion of sub-surface drainage
structures are critical for long-term performance (Osadebe & Alade, 2021; Akpokodje et al.,
2019).

Lack of Maintenance

Nigeria’s road maintenance practices remain largely reactive rather than preventive.
Pavement defects such as cracks, ruts, and potholes are often left unattended until catastrophic
failure necessitates full-scale reconstruction (Uzondu et al., 2021). This approach significantly
increases rehabilitation costs and causes prolonged disruptions to traffic flow (Ajiboye &
Afolabi, 2020). Poorly structured maintenance planning, irregular budget releases, and
inadequate capacity within road agencies further exacerbate the problem (Odeleye, 2019).
Preventive measures such as timely crack sealing, patching, and resurfacing could extend
pavement life and reduce lifecycle costs. Institutionalizing systematic maintenance regimes
supported by asset management systems and dedicated funding mechanisms is essential for
sustainable highway performance (Onyelowe et al., 2020).

Consequences of Pavement Failures

The impacts of pavement failures on Nigerian highways extend beyond infrastructure
degradation, producing wide-ranging economic, social, and environmental consequences.
Economically, poor road conditions increase vehicle operating costs, prolong travel times, and
disrupt logistics networks, raising the prices of goods and services (World Bank, 2021;
Ogunyemi et al., 2020). Socially, deteriorated roads contribute to higher accident rates, injuries,
and fatalities, restricting mobility and access to education, healthcare, and markets (FRSC,
2022; Adeyemi & Ogunleye, 2019). Environmentally, frequent road repairs and
reconstructions increase resource consumption and greenhouse gas emissions, while water
ponding fosters erosion and sedimentation of waterways (Iro & Eze, 2020; Okonkwo & Eze,
2021). Addressing pavement failures is therefore vital for sustainable development, improved
road safety, and economic resilience
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Economic Impacts

The economic toll of pavement failures is significant and multifaceted. Poor road conditions
increase vehicle operating costs, including fuel consumption, tire wear, and maintenance
expenses, which cumulatively burden transporters and consumers (Ogunyemi et al., 2020).
Additionally, travel delays reduce productivity and increase delivery times for goods,
particularly for perishable products and critical supplies. According to the Nigerian National
Bureau of Statistics (NBS, 2022), poor road conditions contributed to a 12% increase in
transportation costs in 2021 alone, directly impacting inflation rates and market prices. The
cumulative loss from inefficient logistics due to damaged roads was estimated at 3450 billion
annually (World Bank, 2021).

Estimated Economic Losses Due to Pavement Failures (% Billion)
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Figure 1. A bar graph illustrating annual estimated losses from vehicle damage, transport
delays, and accident costs, based on data from the World Bank and FRSC.
(FRSC, 2022)

Social Impacts
The social consequences are equally alarming. Deteriorated pavements contribute to a higher

incidence of traffic accidents, injuries, and fatalities. The Federal Road Safety Corps (FRSC)
reported that over 3,700 accidents in 2021 were directly linked to poor road conditions (FRSC,
2022). These accidents strain healthcare systems, reduce workforce productivity, and cause
significant human suffering. Moreover, impaired road quality limits access to essential
services such as education, healthcare, and markets, disproportionately affecting rural and
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underserved communities (Adeyemi and Ogunleye, 2019). Mobility restrictions can
exacerbate social inequality and hinder regional development efforts.

Road Traffic Accidents Attributed to Poor Road Conditions (2021)

Due to Poor Road Conditions

Other Causes

Figure 2: Pie chart showing number and percentage of accidents related to pavement failures,
sourced from FRSC (2022).

Environmental Impacts

Pavement failures also contribute to environmental degradation. Frequent repairs and
reconstructions require substantial material and energy inputs, increasing carbon footprints
and resource consumption (Iro and Eze, 2020). Waterlogging caused by poor drainage
exacerbates soil erosion and sedimentation in waterways, impacting biodiversity and
agricultural productivity. Furthermore, damaged roads cause vehicles to consume more fuel
due to stop-and-go traffic and reduced speeds, increasing air pollution and greenhouse gas
emissions (Okonkwo and Eze, 2021).

Engineering Solutions for Pavement Failures

Addressing the pervasive issue of pavement failures on Nigerian federal and state highways
requires a multifaceted engineering approach. This section outlines practical, evidence based
solutions focused on material selection, design improvements, drainage  systems,
maintenance practices, and innovative technologies.
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Table 3: Summary of Engineering Solutions and Their Benefits

Solution Description Expected Benefit

Improved Material Use of high-quality, locally Enhanced durability and

Selection sourced materials reduced costs

Enhanced Pavement Incorporating sub-base layers, Better load distribution,

Design correct thickness longer lifespan

Effective Drainage Properly designed culverts, Reduced water damage

Systems surface grading and erosion

Regular Maintenance Scheduled inspections and Prevents early failure, cost
repairs saving

Innovative Materials Use of polymer wastes, Sustainability and
recycled asphalt improved performance

Improved Material Selection and Testing

Enhancing the quality of construction materials is foundational to increasing pavement
durability, the utilization of locally available pozzolanic materials such as Rice Husk Ash
(RHA), Palm Oil Fuel Ash (POFA), and Corn Cob Ash (CCA) for the stabilization of lateritic
soils in road construction has the potential to significantly improve pavement durability. This
approach can reduce the incidence of premature pavement failures by enhancing the
geotechnical and chemical properties of the subgrade soil, as supported by findings from
Akinbuluma and Charles (2023). Nigerian highways have suffered due to the widespread use
of substandard aggregates and bitumen adulteration (Eyo et al., 2022). It is essential to
implement rigorous material testing protocols including gradation analysis, plasticity index
measurement, and penetration grading of bitumen to ensure compliance with established
standards (Ayininuola and Olalusi, 2020). The incorporation of locally sourced, recycled
materials such as cement kiln dust, plastic wastes, and crushed concrete has shown promise
in improving strength and sustainability while reducing costs (Uzochukwu et al., 2023). Such
materials, when properly processed, can improve binder performance and soil stabilization,
providing a cost-effective alternative suitable for Nigerian contexts.
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Enhanced Pavement Design and Construction Techniques

Improving pavement design involves adopting mechanistic empirical methods tailored to
local soil conditions, traffic loads, and climatic factors (Ololade and Oyatayo, 2018). Increased
pavement thickness, adequate sub-base preparation, and the use of geotextiles to reinforce soil
layers can substantially enhance load-bearing capacity and reduce distress. Strict supervision
during construction phases is critical to prevent common defects such as uneven compaction,
temperature segregation during asphalt laying, and inadequate joint sealing. Training and
certification of construction personnel should be institutionalized to improve workmanship
quality.

Effective Drainage Systems

Proper drainage is critical in preventing water related pavement failures. Engineering
solutions must include the installation and regular maintenance of culverts, ditches, and
subsurface drains designed to handle local rainfall intensities and runoff volumes (Osadebe
and Alade, 2021). Road surfaces should be graded to promote efficient water runoff,
minimizing ponding and erosion. The use of permeable pavements and bio-swales can also
enhance water management, reducing hydroplaning risks and structural degradation.

Impact of Improved Drainage on Pavement Longevity (Years)
12f

10

Average Lifespan (Years)
)]

o

Without Drainage With Improved Drainage

Figure 3. Line graph showing increased pavement lifespan (years) in roads with drainage
improvements compared to those without (Osadebe and Alade, 2021)

Regular Maintenance and Rehabilitation

Shifting from a reactive to a preventive maintenance culture is essential to prolong pavement
life. Routine inspections should identify early signs of distress such as cracking, rutting, and
potholes, enabling timely interventions (Uzondu et al., 2021). Maintenance activities may
include crack sealing, patching, resurfacing, and overlay applications. Adoption of asset
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management systems can improve maintenance scheduling and optimize resource allocation,
reducing the likelihood of catastrophic failures.

Use of Innovative and Sustainable Materials

Incorporating innovative materials such as polymer-modified bitumen, geosynthetics, and
recycled plastics enhances pavement performance and sustainability. Polymer additives
increase elasticity and resistance to temperature fluctuations, mitigating cracking and rutting
(Eyo et al., 2022). Sustainable materials reduce environmental impact by lowering resource
extraction and energy consumption. Research into bio-binders derived from agricultural
wastes is ongoing and shows potential for adoption in Nigerian pavements.

Case Studies of Successful Pavement Rehabilitation Projects

Examining successful pavement rehabilitation projects in Nigeria provides practical
viewpoints into effective strategies and approaches that have mitigated pavement failures and
enhanced road durability. This section highlights three notable projects that demonstrate best
practices in materials, design, maintenance, and stakeholder collaboration.

Lagos-Ibadan Expressway Rehabilitation

The Lagos-Ibadan Expressway is one of Nigeria's busiest and most economically vital
corridors, suffering extensive pavement distress due to overloading and inadequate
maintenance. The Federal Ministry of Works initiated a major rehabilitation project in 2018
that employed innovative engineering solutions including full depth reclamation and the use
of polymer-modified bitumen (PMB) overlays. A key success factor was rigorous traffic
management during construction, minimizing disruption and further road damage.
Additionally, extensive material testing protocols ensured the use of high quality aggregates
and bitumen, significantly improving pavement resilience (Ololade and Oyatayo, 2018). Post-
rehabilitation monitoring over two years showed a 40% reduction in surface distresses and
improved ride quality.
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Table 4: Summary of Selected Pavement Rehabilitation Projects

Project Name
Location Methods Used Outcomes

Lagos-Ibadan Lagos-lbadan Use of polymer-modified Reduced potholes by 90%,

Rehab asphalt extended lifespan by 5 years
Abuja- Abuja- Improved drainage, 60% reduction in road
Kaduna Kaduna thicker base closures

Rehab

Enugu-Port-Harcourt Road Upgrade

The Enugu-Port-Harcourt route traverses diverse climatic zones and presents unique
drainage challenges, especially in flood prone areas of the Niger Delta. Rehabilitation efforts
focused on upgrading drainage infrastructure alongside pavement strengthening. The project
integrated geotextiles for subgrade stabilization and installed new culverts and side drains to
effectively manage water flow. Stakeholder engagement played a crucial role, with local
communities involved in maintenance education programs, which helped reduce blockages
and road misuse (Chukwu and Nwosu, 2021). The integrated approach resulted in enhanced
pavement performance, with significant decreases in potholes and edge failures.

Abuja-Kaduna Expressway Reconstruction

The Abuja-Kaduna Expressway experienced chronic pavement failures caused largely by
overloading and poor initial design. The recent reconstruction project incorporated a
mechanistic empirical pavement design tailored to local soil and traffic conditions. Sub-base
layers were reinforced with cement stabilization, and a durable asphalt concrete surface course
was applied. Innovative funding mechanisms, including public-private partnerships (PPP),
ensured sufficient budget for comprehensive maintenance programs. Continuous monitoring
and evaluation facilitated early detection of distress and timely repairs (Abubakar et al., 2022).
This project has become a benchmark for sustainable highway rehabilitation in Nigeria.

Challenges and Limitations

Despite various efforts to improve pavement performance on Nigerian federal and state
highways, several challenges and limitations continue to hinder sustainable progress. These
obstacles range from technical to institutional, affecting the design, construction, and
maintenance of road infrastructure.
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ii.

iii.

i Funding Constraints and Budgetary Inefficiencies

Inadequate and inconsistent funding is one of the most persistent obstacles to the
delivery of durable road infrastructure in Nigeria. Despite annual budgetary
allocations, road projects frequently experience delays, cost overruns, or outright

abandonment due to insufficient disbursements and inflation-driven cost escalations

(Ajiboye & Afolabi, 2020). Mismanagement of funds, including diversion and
corruption during procurement, exacerbates these challenges, resulting in poor-quality
work and stalled projects (Odeleye, 2019). The absence of long-term financial planning
remains a significant bottleneck, as most projects are funded on a year-to-year basis
rather than through multi-year capital plans, which would ensure continuity and
completion (Okigbo et al., 2021). Furthermore, the underutilization of innovative
financing mechanisms such as public-private partnerships (PPPs), toll road
concessions, and dedicated road funds limits the availability of resources for both new
construction and preventive maintenance (Abubakar et al., 2022).

Globally, countries that have successfully reduced pavement failures have adopted
sustainable financing models, including road-user charges and fuel levies earmarked
specifically for road maintenance (World Bank, 2021). Nigeria’s road sector would
benefit from similar reforms, establishing transparent funding frameworks that secure
consistent -financing, improve accountability, and prioritize maintenance over costly
reconstruction. Without such measures, funding constraints will continue to undermine
infrastructure resilience and the attainment of sustainable transportation goals.

Institutional Weaknesses and Corruption
Weak institutional capacity and governance challenges impede effective oversight and
accountability. Corruption in contract awards, procurement, and project supervision
reduces construction quality and delays timely repairs (Odeleye, 2019). Lack of
coordination between federal, state, and local agencies further complicates asset
management and enforcement of standards.

Technical Limitations and Inadequate Expertise
Many projects are compromised by outdated design standards and insufficient
technical expertise among engineers and contractors. The neglect of local geotechnical
conditions during pavement design often leads to premature failures (Ayininuola and
Olalusi, 2020). Additionally, substandard construction practices such as poor material
testing, inadequate compaction, and use of adulterated bitumen remain widespread.
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iv.  Environmental and Climatic Challenges
Nigeria’s diverse climate exposes pavements to extreme environmental stressors,
including intense rainfall, flooding, and temperature fluctuations (Akpokodje et al.,
2019). The lack of adequate drainage infrastructure exacerbates these issues, causing
waterlogging and erosion that accelerate pavement deterioration.

V. Traffic Overloading and Enforcement Gaps
The prevalent practice of vehicle overloading beyond design limits is a significant cause
of pavement damage. Enforcement of weight restrictions is weak due to inadequate
regulatory frameworks and corruption at checkpoints, leading to sustained
overloading on major transport corridors (Onyelowe et al., 2020).

Conclusion

Pavement failures on Nigerian federal and state highways represent a complex and
multifaceted challenge that undermines economic development, public safety, and
environmental sustainability. This review has identified key causes; including poor material
quality, design and construction flaws, environmental stresses, traffic overloading, inadequate
drainage, and reactive maintenance practices, that collectively contribute to early pavement
distress and collapse. The consequences of such failures are profound, resulting in increased
vehicle operating costs, heightened accident risks, and broader social and environmental
impacts. These outcomes not only affect individual road users but also hamper national
growth and development goals. Addressing these challenges requires a holistic approach
combining improved engineering practices, stronger institutional frameworks, and proactive
maintenance regimes. The adoption of innovative and sustainable materials, along with better
design standards and enforcement of regulations, is critical to extending pavement lifespan
and enhancing infrastructure resilience. Ultimately, coordinated efforts among policymakers,
engineers, contractors, and communities, supported by adequate funding and transparent
governance, are essential for realizing durable and cost effective highway infrastructure. This
will enable Nigeria to meet its growing transportation demands while fostering economic
prosperity and social wellbeing.
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Recommendations

Based on the analysis of pavement failures on Nigerian highways, the following
recommendations are proposed to improve pavement performance and sustainability:

i. Strengthen Material Quality Control: Implement rigorous testing and certification
protocols for all construction materials, especially bitumen and aggregates, to prevent
use of sub-standard or adulterated materials. Encourage use of locally sourced,
sustainable materials such as cement kiln dust and recycled polymers to improve
durability and reduce costs.

ii. Enhance Pavement Design Standards: Update and enforce design guidelines that
reflect local geotechnical and climatic conditions, including appropriate thickness, sub-
base layers, and joint sealing techniques. Incorporate traffic load forecasts and realistic
axle load limits into design criteria.

1ii. Improve Construction Practices: Enforce strict supervision and quality assurance
during construction phases to minimize defects such as improper compaction,
temperature segregation, and joint failures. Adopt modern paving technologies and
skilled labor training programs.

iv.  Develop Effective Drainage Systems: Design and maintain adequate surface and sub-
surface drainage infrastructure to prevent water ponding and erosion. Regularly clear
and inspect culverts and drainage channels to ensure free flow during rainy seasons.

V. Establish Proactive Maintenance Programs: Shift from reactive to preventive
maintenance strategies through regular pavement condition assessments, timely
repairs, and rehabilitation before failures occur. Secure consistent funding and improve
accountability for maintenance agencies.

Vi. Strengthen Institutional Capacity and Accountability: Improve governance
structures, reduce corruption, and enhance transparency in road infrastructure projects.
Foster coordination among federal, state, and local agencies to ensure continuity and
completion of road projects.
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Vii.

Viii.

ix.

xi.

xii.

xiii.

Xiv.

Enforce Traffic Regulations: Implement and monitor strict enforcement of axle load
limits and traffic laws to reduce overloading that accelerates pavement damage.
Promote awareness among transport operators regarding the impacts of overloading.

Promote Research and Development: Support research into innovative materials,
construction methods, and pavement monitoring technologies tailored to Nigerian
conditions. Facilitate knowledge transfer from global best practices to local contexts.

Development of Locally Adapted Pavement Materials: Research into innovative, cost-
effective, and sustainable materials that utilize Nigeria’s abundant natural and
industrial by-products such as lateritic soils, cement kiln dust, and polymer wastes, can
enhance pavement durability and reduce dependence on imported materials.

Advanced Pavement Design Models for Nigerian Conditions: There is a need to
develop and calibrate pavement design methodologies that incorporate Nigeria’s
unique climatic variations, geotechnical profiles, and traffic load patterns, including the
impacts of overloading and heavy commercial vehicles.

Non-Destructive Testing and Pavement Monitoring Technologies: Investment in
sensor-based technologies, remote sensing, and Geographic Information System (GIS)
tools can enable real time monitoring of pavement conditions and early detection of
distress, improving maintenance planning and resource allocation.

Impact of Climate Change on Pavement Performance: Studies assessing the long-term
effects of changing rainfall patterns, temperature extremes, and flooding on pavement
materials and structures will support the development of resilient infrastructure

designs.

Effectiveness of Maintenance Strategies: Comparative research evaluating different
preventive maintenance and rehabilitation approaches under Nigerian operating
environments can provide evidence for best practices and optimize life-cycle costs.

Socioeconomic and Environmental Impact Assessments: Further research on the
broader impacts of pavement failures on communities, trade, and the environment can
strengthen the case for increased funding and policy prioritization.
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xv.  Institutional and Governance Reforms: Investigations into administrative bottlenecks,
corruption, and project management inefficiencies will help identify reforms that
improve transparency, accountability, and project delivery in road infrastructure
development.

xvi. Traffic Management and Regulation Compliance: Research on driver behavior,
enforcement mechanisms, and incentive structures to control overloading and reckless
driving can reduce pavement damage and improve road safety.

By implementing these recommendations, Nigeria can substantially reduce pavement failures,
improve road safety, and optimize investment in its highway infrastructure. By addressing
these research areas, policymakers, engineers, and stakeholders will be better equipped to
develop resilient, efficient, and sustainable highway infrastructure solutions tailored to
Nigeria’s needs.
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