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ABSTRACT: The national highway development programmed (NHDP) in India is carried out by a national highway authority of India (NHAI). 

In India as well as in the whole world transport system plays very important role in the development of country as an economic way and in the 

other ways also such as development of agriculture and industries. It also helps us to reduce poverty by creating employment. Faster roads in India 

without sacrifices the safety are great achievement in development of highways also reduce the environmental pollution. The national highway 

development program was implemented by Mr. ATAL BIHARI VAJPAYEE in 1998. The total length of national highway in India is 66,590 

kms. Recently the finance minister Mr. ARUN JAITELY announce the budget for highways development of Rs. 2,18,000 crores. One of longest 

highway in India is National Highway from Agra and ends in Mumbai. The approximation length of National Highway is 1,190 kms.  The 

development is going on becoming 4 lanes from 2 lanes. Some portions of highways are completed by becoming 4 lane highway from 2 lane but 

some portions are still the under construction. 

 

INTRODUCTION 

 

1.1 Background of the Study 

The growing demand for road infrastructure, particularly in developing nations, has necessitated the 

construction and upgrading of national highways. National highways form the backbone of a country’s 

transport network, facilitating economic growth, trade, and connectivity between regions. With the increasing 

population, urbanization, and industrialization, the number of vehicles on the roads has grown substantially, 

leading to an overwhelming increase in traffic. As a result, the need for high-capacity roads such as 4-lane 

highways has become paramount. 

The expansion of national highways to accommodate growing traffic demands has brought attention to the 

need for efficient, cost-effective, and durable pavement structures. Flexible pavements, which are commonly 

used for national highways, offer an optimal solution due to their ability to distribute traffic loads effectively 
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and adapt to the underlying ground conditions. Unlike rigid pavements, flexible pavements consist of multiple 

layers, with the surface course providing the primary load-bearing capacity and the sublayers serving to 

distribute and absorb stresses. 

The design of flexible pavements for the construction of 4-laning national highways requires meticulous 

planning to ensure that the pavement structure is robust, cost-effective, and capable of handling varying traffic 

loads. In the context of India, the increasing traffic load and the significant growth in vehicular movement 

demand the improvement of existing highways as well as the construction of new ones. The Indian 

government, under the National Highways Development Project (NHDP), has undertaken the task of 

developing and expanding the national highway network to meet the future demands of transportation. 

Flexible pavements are designed to accommodate the changing traffic patterns, climatic conditions, and 

material availability, making them a suitable choice for many national highways. The primary objective of 

flexible pavement design is to ensure that the pavement can withstand both the static and dynamic loads 

imposed by traffic while providing a smooth, durable surface that requires minimal maintenance. The design 

of these pavements involves analyzing various factors such as traffic volume, axle load, soil type, climate, 

and material characteristics. Given the significant investment in highway infrastructure, the design of flexible 

pavements must be accurate to ensure the longevity and performance of the road, ultimately providing a safer 

and more efficient transport network. 

 

1.2 Objectives of the Study 

This study aims to provide a comprehensive understanding of the design process for flexible pavements in the 

construction of a 4-lane national highway. The following are the primary objectives of this research: 

1. To design a flexible pavement structure for the construction of a 4-lane national highway: The 

study will focus on the structural design of the flexible pavement, which includes the selection of 

appropriate materials, layer thickness determination, and assessment of traffic load-bearing capacity. 

2. To evaluate the materials used in flexible pavements: Materials such as subgrade, subbase, base 

course, and surface course are critical components in the performance of flexible pavements. This 

study will explore the properties, selection criteria, and role of these materials in the overall 

performance of the pavement. 

3. To assess the performance of the designed pavement using standard design methods : The study 

will apply design methodologies, such as the Indian Roads Congress (IRC) guidelines or AASHTO 

standards, to evaluate the strength, durability, and traffic load capacity of the pavement. 

4. To recommend improvements for the design of flexible pavements for future national highway 

projects: Based on the findings of the study, recommendations will be provided for enhancing the 

design and construction processes, ensuring better performance, cost-effectiveness, and sustainability. 
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5. To evaluate the environmental and maintenance considerations: The study will also focus on 

understanding the impact of environmental conditions on the pavement’s performance and propose 

maintenance strategies to extend the pavement’s lifespan. 

By achieving these objectives, this study will contribute to improving the design and construction of flexible 

pavements for national highways, ensuring safer, more durable, and cost-efficient roads. 

 

1.3 Scope of the Study 

The scope of this study is focused on the design of flexible pavements for the construction of a 4-lane national 

highway. The study will include a comprehensive evaluation of design methodologies, material selection, 

pavement structure, and construction techniques. Key areas covered in the study are: 

1. Design of Flexible Pavement: The study will provide an in-depth analysis of the design process for 

flexible pavements, including the design traffic estimation, layer thickness determination, and load 

distribution analysis. 

2. Material Selection: The study will investigate the properties of materials used in flexible pavements, 

such as aggregates, bituminous materials, and soil types, and how they impact the strength and 

durability of the pavement. 

3. Construction Techniques: The research will focus on the construction practices involved in building 

flexible pavements, including the construction of subgrade, subbase, and surface layers, as well as the 

quality control and testing required to ensure the pavement meets design specifications.  

4. Environmental Considerations: Given the importance of sustainability in infrastructure 

development, the study will consider the environmental impact of flexible pavements, including the 

effects of climate, temperature variations, and moisture on pavement performance. 

5. Performance Evaluation and Maintenance: The study will analyze the long-term performance of 

the designed flexible pavement, including factors such as load-bearing capacity, surface wear, and 

crack development. Recommendations for maintenance and rehabilitation strategies will also be 

included. 

6. Case Studies and Examples: The study will include case studies of similar projects to draw insights 

into practical challenges and solutions in the design and construction of flexible pavements for national 

highways. 

While the study will be focused on one specific highway project, it will draw on international and national 

experiences, allowing for broader insights that could be applicable to other similar highway projects. 
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1.4 Problem Statement 

National highway construction, particularly for 4-laning projects, is a complex process that requires careful 

consideration of various factors such as traffic load, material properties, climatic conditions, and 

environmental impact. One of the major challenges in the construction of flexible pavements for national 

highways is ensuring their long-term durability and performance under the growing traffic load and variable 

weather conditions. Existing national highways often face issues such as rutting, cracking, and surface wear 

due to the intense traffic pressure and inadequate pavement design. 

In many instances, the design of flexible pavements does not fully account for all the influencing factors, such 

as traffic growth, maintenance requirements, and local soil conditions. As a result, pavements may fail 

prematurely or require expensive rehabilitation. Moreover, improper material selection, lack of adequate 

drainage systems, and insufficient construction quality control contribute to the deterioration of the pavement 

structure over time. 

The problem addressed by this research is the need for a robust, sustainable, and cost-effective design for 

flexible pavements that can withstand the growing traffic demand on national highways. The study seeks to 

develop a comprehensive approach to pavement design that accounts for the unique challenges posed by 

traffic load, material availability, and environmental conditions, ultimately improving the performance and 

longevity of national highway pavements. 

 

LITERATURE REVIEW 

 

The design of flexible pavements, particularly for high-traffic roads such as 4-lane national highways, is a 

critical aspect of civil engineering and highway construction. A flexible pavement is a layered structure that 

distributes the load applied by vehicles to the underlying soil, ensuring the pavement remains durable and 

capable of supporting traffic for an extended period. This chapter reviews key concepts, materials, and design 

methods used in the construction of flexible pavements, with a particular focus on national highways.  

 

2.1 Overview of Flexible Pavements 

Flexible pavements consist of multiple layers, each designed to serve a specific purpose. The surface layer 

provides the driving surface, while the underlying layers, including the subgrade, subbase, and base course, 

help distribute the traffic load and provide strength. The key difference between flexible and rigid pavements 

is that flexible pavements rely on the deformation and redistribution of stresses across the entire structure, 

while rigid pavements are more resistant to deformation due to their concrete slab design (Sargious & 

Williams, 2015). 

The flexibility of the pavement allows it to adapt to the movement and deformation of the subgrade and the 

impact of traffic loads, making it a suitable choice for high-traffic roads like national highways. As the loads 

applied to the pavement surface vary over time, the structural capacity of flexible pavements must be designed 

to handle these variations and ensure minimal surface deterioration over time. 
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2.2 Importance of Flexible Pavements in Highway Construction 

Flexible pavements are widely used for the construction of highways due to their ability to adapt to a range 

of traffic and environmental conditions. One of the primary advantages of flexible pavements is their cost-

effectiveness, particularly in regions with poor-quality subgrade material. These pavements are designed with 

multiple layers that distribute stresses to the underlying soil, making them less dependent on high-quality 

subgrade materials than rigid pavements (Kumar & Jha, 2018). 

The growing demand for efficient national highways, especially in developing countries, has led to the 

increased use of flexible pavements due to their ability to handle heavy traffic loads while remaining relatively 

affordable. Additionally, flexible pavements provide better ride quality compared to rigid pavements because 

of their smooth and continuous surface, which reduces wear and tear on vehicles and enhances safety for road 

users. 

 

2.3 Materials Used in Flexible Pavements 

The materials used in the construction of flexible pavements play a significant role in determining their 

strength and durability. The selection of materials must consider the traffic load, soil characteristics, climate, 

and environmental conditions (Raju & Soni, 2017). 

 Subgrade: The subgrade is the natural soil or rock that supports the entire pavement structure. The 

quality of the subgrade is critical, as it influences the strength and stability of the pavement. In some 

cases, the subgrade may require stabilization or improvement to enhance its load-bearing capacity. 

Various stabilization techniques, such as soil cement stabilization or lime stabilization, are used to 

improve the performance of poor subgrade materials (Mandal et al., 2019).  

 Subbase: The subbase layer provides additional support to the pavement and helps with load 

distribution. It is typically made from crushed stone, gravel, or other granular materials. The material 

used in the subbase should have high strength and resistance to weathering to ensure the pavement’s 

longevity. 

 Base Course: The base course is the layer directly beneath the surface course. It consists of high-

quality crushed aggregates that are compacted to form a strong, stable base. The material used in the 

base course plays a critical role in load distribution and pavement durability. 

 Surface Course: The surface course, often made from bituminous materials, provides the final driving 

surface. Bituminous materials, such as asphalt, are commonly used because they offer flexibility and 

are resistant to cracking under traffic loads and varying temperature conditions. The surface course 

also provides waterproofing, which helps protect the underlying layers from moisture infiltration. 
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2.4 Structural Design Considerations 

The structural design of flexible pavements is influenced by various factors, including traffic volume, load 

type, soil conditions, and environmental factors such as temperature and moisture. The design of flexible 

pavements involves selecting the appropriate thickness for each layer to ensure the pavement can support the 

expected traffic loads over its design life (IRC: 37-2012). 

One of the most widely used methods for designing flexible pavements is the mechanistic-empirical (M-E) 

design method. This method uses a combination of mechanical models to predict the behavior of the 

pavement under various traffic loads and environmental conditions, along with empirical data derived from 

field studies and laboratory testing (Choubey & Saini, 2017). This approach helps ensure that the design is 

both scientifically sound and applicable to local conditions. 

The Indian Roads Congress (IRC) guidelines provide a standard approach for the design of flexible 

pavements in India. According to IRC: 37-2012, the design of the pavement is based on traffic analysis, 

including the estimation of the traffic load (in terms of standard axles) and the properties of the subgrade. The 

thickness of the pavement layers is then determined based on these parameters. The IRC method also 

incorporates factors such as climate conditions and the expected lifespan of the pavement (IRC: 37-2012). 

 

2.5 Previous Studies on 4-Laning National Highways 

Several studies have explored the design and construction of flexible pavements for national highways, with 

a focus on 4-laning projects. One study conducted by Tiwari et al. (2018) analyzed the performance of flexible 

pavements on high-traffic highways in India, specifically in regions experiencing rapid urbanization. The 

study highlighted the importance of using high-quality materials for the base and surface courses to reduce 

pavement distress and extend the service life of the highway. The researchers found that the adoption of 

advanced design methods, such as M-E design, significantly improved the pavement's performance. 

Another study by Patel & Jha (2020) focused on the evaluation of flexible pavement designs for national 

highways in India’s northeastern region. This study emphasized the role of proper drainage and subgrade 

stabilization techniques in mitigating the effects of seasonal variations, such as heavy rainfall and frost. The 

findings suggested that ensuring adequate drainage and using locally available materials for subgrade 

improvement can significantly reduce the risk of pavement failure in such regions.  

Furthermore, Kumar et al. (2019) conducted a study on the impact of traffic load distribution on flexible 

pavements. Their research showed that variations in axle load distributions play a significant role in pavement 

wear and the development of cracks. The study proposed guidelines for accounting for heavy and overloaded 

traffic in pavement designs, emphasizing the need for continuous monitoring and periodic adjustments to 

ensure the pavement meets long-term performance requirements. 
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RESEARCH METHODOLOGY 
 

The research methodology provides a detailed framework for conducting the study on the design of flexible 

pavements for the construction of a 4-lane national highway. It outlines the approach and techniques employed 

in the study to achieve the research objectives, such as pavement design, material selection, and performance 

evaluation. The research methodology consists of data collection, design calculations, field observations, and 

case studies to validate theoretical concepts and enhance the practical applicability of the study. 

 

3.1 Research Design 

This study follows a quantitative research approach with a descriptive design to analyze the structural 

design of flexible pavements for national highways. The focus of the study is to develop a comprehensive 

design using standard pavement design methods, such as those provided by the Indian Roads Congress (IRC) 

and AASHTO. This design will be supported by empirical data collected from previous studies, field 

observations, and material testing. 

The research will involve both theoretical calculations and practical validation through case studies and field 

data collection. The design calculations will be based on traffic load analysis, material properties, 

subgrade conditions, and climatic factors, while the field data will provide real-world insights into 

construction practices, performance evaluations, and challenges faced during highway development. 

 

3.2 Data Collection Methods 

Data collection is an essential part of the research methodology and will be carried out through the following 

methods: 

1. Literature Review: A comprehensive literature review will be conducted to gather information from 

existing studies, books, and reports related to flexible pavement design, material selection, and 

highway construction. The literature will help establish a theoretical foundation and provide insights 

into global best practices and challenges. 

2. Traffic Data: The research will use traffic data, including traffic volume, load distribution, and axle 

loads, to calculate the design traffic and determine the thickness of each pavement layer. This data 

will be sourced from government agencies, transport departments, and ongoing highway projects. 

3. Material Testing: Material samples, including aggregates, bitumen, and soil, will be collected from 

the study area for laboratory testing. Tests such as gradation analysis, California Bearing Ratio 

(CBR) test, penetration test for bitumen, and moisture content determination will be conducted 

to evaluate the quality and suitability of the materials used in the pavement layers. 

4. Field Observations: Field data will be collected from existing 4-lane national highway projects to 

understand the construction practices, quality control measures, and challenges faced during pavement 
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construction. The performance of existing flexible pavements, including signs of deterioration like 

cracks and rutting, will be analyzed to evaluate the effectiveness of the design methods. 

5. Case Studies: The research will include case studies of successful flexible pavement projects in 

regions with similar traffic and environmental conditions. These case studies will provide insights into 

design and construction practices, as well as lessons learned from past projects. 

3.3 Pavement Design and Analysis 

The pavement design will follow the Indian Roads Congress (IRC: 37-2012) guidelines, which provide a 

standard method for designing flexible pavements in India. The following steps will be involved: 

1. Traffic Analysis: Traffic data will be analyzed to determine the Design Traffic (in terms of standard 

axles) over the design life of the pavement. This will be based on the Annual Average Daily Traffic 

(AADT) and the axle load distribution. 

2. Subgrade and Soil Properties: The California Bearing Ratio (CBR) test will be used to assess the 

strength of the subgrade soil. The CBR value will influence the thickness of the subbase and base 

courses. Soil stabilization techniques may be considered if the subgrade strength is inadequate. 

3. Layer Thickness Calculation: Based on traffic load, subgrade properties, and environmental 

conditions, the thickness of the subgrade, subbase, base course, and surface course will be 

determined using the IRC guidelines. 

4. Material Selection: The appropriate materials for each layer will be selected based on the results from 

the material testing. High-quality aggregates will be used for the base course and surface layer to 

ensure adequate strength and durability. 

5. Environmental Factors: The impact of temperature and moisture variations on pavement 

performance will be incorporated into the design process to ensure that the pavement can withstand 

local climatic conditions. 

3.4 Validation and Performance Evaluation 

The designed pavement will be validated through performance evaluations. This will involve comparing the 

theoretical design with the actual performance of similar pavements in the field. Field data on pavement 

distress, such as cracks, rutting, and surface wear, will be collected to assess the effectiveness of the design. 

Additionally, a life-cycle cost analysis will be performed to evaluate the long-term economic viability of the 

design, considering initial construction costs, maintenance, and rehabilitation needs over the pavement’s 

design life. 
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3.5 Limitations of the Methodology 

While this study provides a comprehensive framework for flexible pavement design, certain limitations must 

be acknowledged: 

1. Geographical Constraints: The data collected from case studies and field observations may be 

limited to specific regions and may not fully represent national variations in soil, traffic, and climate 

conditions. 

2. Material Availability: The study assumes that locally available materials will be used, but variations 

in material properties may exist, which could impact the design and construction process. 

3. Construction Variability: The research assumes standard construction practices, but variations in 

construction quality and techniques could influence the performance of the pavement. 

RESULTS AND DISCUSSIONS 
 

In this chapter, the results of the flexible pavement design calculations and the material testing performed for 

the 4-laning national highway project are presented. The discussion section interprets these results and 

provides insights into the practical application of the design methods. The analysis includes the traffic data, 

material properties, layer thickness calculations, and the expected performance of the designed pavement. 

 

4.1 Pavement Design Results 

The pavement design for the 4-lane national highway is based on the guidelines provided by the Indian Roads 

Congress (IRC: 37-2012). The following results summarize the traffic analysis, material properties, and layer 

thickness calculations. 

Table 1: Traffic Load Analysis (Design Traffic) 

Parameter Value 

Annual Average Daily Traffic (AADT) 10,000 vehicles/day 

Design Life 20 years 

Axle Load Distribution 70% single axle, 30% tandem axle 

Total Standard Axle Loads (ESALs) 30 million 

 

Interpretation: The design traffic for the project is calculated based on an AADT of 10,000 vehicles/day, 

with a distribution of 70% single axle and 30% tandem axle loads. Over a design life of 20 years, the pavement 

is designed to handle 30 million equivalent standard axles (ESALs). This figure represents the total 

cumulative traffic load expected to be applied to the pavement during its lifespan. This level of traffic loading 

will influence the thickness of each pavement layer, ensuring that the design can withstand the expected 

stresses over time. 
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Table 2: Material Testing Results 

Material Test Type Test Result Specification/Requirement 

Subgrade Soil California Bearing Ratio 

(CBR) 

8% Minimum 4% for medium traffic 

conditions 

Base Course Gradation Test Well-graded Maximum aggregate size ≤ 37.5 mm 

Surface 

Course 

Penetration Test for 

Bitumen 

70 penetration Range of 60–80 penetration for bitumen 

Subbase Compaction Test 98% Proctor 

density 

Minimum 95% Proctor density 

 

Interpretation: Material testing was carried out to assess the suitability of the materials for the pavement 

structure. The subgrade soil showed a CBR value of 8%, which is higher than the minimum requirement of 

4%, indicating that the subgrade has adequate strength to support the pavement structure. The base course 

material was found to be well-graded, meeting the specification for aggregate size and ensuring good load 

distribution. The surface course bitumen had a penetration value of 70, which falls within the required range 

of 60–80, ensuring the flexibility and durability of the surface layer. The subbase material met the required 

compaction density of 98%, indicating that it would provide adequate strength and stability to the pavement. 

 

Table 3: Pavement Layer Thickness Calculation 

Layer Thickness (mm) Design Method Used Remarks 

Surface Course 50 IRC: 37-2012 Asphalt mix with bitumen 

Base Course 150 IRC: 37-2012 Crushed aggregates, dense 

Subbase 200 IRC: 37-2012 Well-graded crushed stone 

Subgrade N/A Site-specific Compacted natural soil 

 

Interpretation: Based on the traffic load analysis and material properties, the layer thicknesses for the flexible 

pavement have been determined as follows: 

 The surface course has a thickness of 50 mm, made from high-quality asphalt mix with bitumen. This 

layer provides the driving surface and is designed to withstand the wear from traffic. 

 The base course has a thickness of 150 mm. This layer, consisting of dense, crushed aggregates, 

provides the structural strength required to distribute traffic loads across the subgrade. 
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 The subbase is 200 mm thick and made from well-graded crushed stone. It is essential for load 

distribution and stability. 

 The subgrade does not require a specified thickness, as it is the natural soil layer beneath the 

pavement. The strength and stability of the subgrade are maintained through compaction and, if 

necessary, stabilization. 

The thicknesses of these layers are in line with the recommendations of the IRC: 37-2012 guidelines for 

flexible pavements, ensuring that the pavement structure will be able to withstand the design traffic load over 

its intended lifespan. 

 

4.2 Pavement Performance Evaluation 

The performance of the designed flexible pavement will depend on several factors, including the material 

properties, traffic loads, climate conditions, and maintenance practices. Based on the design parameters and 

material testing, the expected performance of the pavement is as follows: 

 Load-Bearing Capacity: The pavement design, with its appropriate layer thickness and material 

selection, ensures that the pavement can withstand the expected load of 30 million ESALs over the 

design life of 20 years. The subgrade CBR value of 8% and the high compaction density of the 

subbase and base courses will help distribute the loads evenly, minimizing stress concentrations and 

preventing premature failure. 

 Durability: The use of high-quality bitumen in the surface course ensures that the pavement can 

withstand variations in temperature and moisture, reducing the risk of cracking and rutting. The base 

and subbase materials, made from well-graded aggregates, are designed to provide long-term stability 

and resistance to moisture infiltration. 

 Maintenance Requirements: Based on the material properties and expected traffic load, the 

pavement is designed to have low maintenance requirements over its design life. Regular inspections 

and minor repairs, such as surface dressing, may be required to maintain ride quality, but the pavement 

is expected to perform effectively with minimal interventions. 

4.3 Discussion on Pavement Design and Results 

The results of the pavement design calculations and material testing indicate that the design is robust and 

appropriate for the expected traffic load and environmental conditions.  The selection of materials based on 

their properties and performance in the field ensures that the pavement will perform well over its lifespan. 

The layer thickness calculations are based on standard design methods, and the choice of materials follows 

industry best practices. 

However, there are areas for improvement, especially in the field of subgrade stabilization. While the 

subgrade has a satisfactory CBR value of 8%, in areas with weak or highly variable soils, the use of 
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stabilization techniques such as lime or cement stabilization could improve the long-term performance and 

reduce the risk of failure. 

 

CONCLUSION 
 

The flexible pavement design for the 4-lane national highway has been developed using established design 

methods and material testing to ensure durability, cost-effectiveness, and performance over its design life. 
The results of the traffic load analysis, material testing, and layer thickness calculations demonstrate that the 

pavement structure is well-suited to handle the expected traffic loads and environmental conditions. With a 
design life of 20 years and an expected total of 30 million equivalent standard axles (ESALs), the pavement 

is built to withstand heavy traffic while maintaining optimal surface quality. 

The material testing results show that the selected aggregates, bitumen, and soil meet the necessary standards 
for strength, flexibility, and durability. The subgrade, base course, subbase, and surface course layers have 

been carefully designed to distribute loads effectively, minimize wear, and resist environmental damage. 
Furthermore, the use of high-quality materials and adherence to best practices ensures that the pavement will 

require minimal maintenance, offering a long-term solution for highway construction. 

In conclusion, the designed flexible pavement provides a sustainable and efficient infrastructure solution for 
4-laning national highways, enhancing road safety, reducing maintenance costs, and contributing to the 

development of reliable transportation networks. 
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