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Abstract—Road construction is important for 

development, but it also affects the environment due to 

high use of materials and energy. This study compares 

rigid and flexible pavements using Life Cycle Assessment 

(LCA) and Ecological Footprint (EF). The main aim is to 

study environmental impact during construction and 

maintenance. 

Rigid pavement uses cement and aggregates, while 

flexible pavement uses bitumen and layered aggregates. 

Rigid pavement has higher initial environmental impact 

because of cement production. On the other hand, 

flexible pavement requires frequent maintenance, which 

increases its overall environmental impact over time. 

The study also considers fuel consumption and emissions 

from construction machinery. Results show that flexible 

pavement has higher long-term environmental impact, 

while rigid pavement is more durable and sustainable in 

the long run. 

This study helps in selecting suitable pavement type 

based on environmental performance and promotes 

sustainable construction practices. 

 
Index Terms—Rigid Pavement, Flexible Pavement, Life 

Cycle Assessment (LCA), Ecological Footprint (EF), 

Environmental Impact, Sustainability 

 

I. INTRODUCTION 

 

Road infrastructure is one of the most important 

components of economic and social development. 

Good road networks improve transportation, 

connectivity, and overall growth of a country. 

However, construction of roads requires large 

quantities of raw materials such as aggregates, cement, 

and bitumen, along with high energy consumption. 

This leads to environmental problems such as 

depletion of natural resources, air pollution, and 

greenhouse gas emissions. 

Pavements are mainly classified into two types: rigid 

pavements and flexible pavements. Rigid pavements 

are made using cement concrete and are known for 

their strength and durability. Flexible pavements are 

constructed using bituminous materials and consist of 

multiple layers. Both types have different construction 

methods, material requirements, and performance 

characteristics. 

In recent years, there has been increasing concern 

about the environmental impact of pavement 

construction and maintenance. Traditional methods 

focus mainly on cost and performance, but modern 

approaches also consider sustainability and 

environmental effects. Tools like Life Cycle 

Assessment (LCA) and Ecological Footprint (EF) are 

used to evaluate the overall environmental impact of 

pavement systems throughout their life cycle, 

including material production, construction, and 

maintenance stages. 

This study focuses on comparing rigid and flexible 

pavements based on their environmental impact. The 

aim is to identify which pavement type is more 

sustainable in the long term and to promote eco-

friendly construction practices. 
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Fig Flexible and Rigid pavement 
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Fig Lifecycle of Pavement 

 

II. OBJECTIVE 

 

➢ To study the basic concept and types of rigid and 

flexible pavements.  

➢ To analyze the material requirements used in both 

pavement types.  

➢ To evaluate the environmental impact using Life 

Cycle Assessment (LCA).  

➢ To assess the ecological footprint based on fuel 

consumption and emissions.  

➢ To compare the performance and sustainability of 

rigid and flexible pavements.  

➢ To identify the most suitable pavement type for 

long-term environmental sustainability. 

 

Advantages 

➢ This study provides a detailed comparison 

between rigid and flexible pavements, which 

helps in understanding their environmental 

performance and selecting the most suitable 

pavement type for sustainable development.  

➢ It highlights the importance of using tools like 

Life Cycle Assessment (LCA) and Ecological 

Footprint (EF) to evaluate the overall 

environmental impact of pavement construction 

and maintenance.  

➢ The project helps in identifying the major sources 

of environmental pollution such as material 

production, fuel consumption, and emissions 

from construction machinery.  

➢ It creates awareness about the long-term 

environmental effects of pavement systems rather 

than focusing only on initial construction cost.  

➢ The study supports engineers and decision-

makers in adopting eco-friendly construction 

practices and selecting materials that reduce 

environmental impact.  

➢ It promotes the concept of sustainable 

infrastructure development by encouraging the 

use of durable and low-maintenance pavement 

systems.  

➢ This project also provides useful data and insights 

that can be used for future research and 

improvement in pavement design and 

construction techniques. 
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III. METHODOLOGY 
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III. DESIGN 

 

Historically, the methods of flexible pavement design 

can be classified into five categories, empirical 

methods, limiting shear failure methods, limiting 

deflection methods, regression methods and empirical 

mechanistic methods (Ghanizadeh, 2016). Opposite to 

flexible pavement, rigid pavement includes analytical 

solutions, numerical solutions and other developments 

include pumping erosion and fatigue damage. Ukar et 

al. (2007) explain that the layer theory that is formed 

from the Boussinesq theory is used to analyse flexible 

pavement, which can find solutions to the deflections, 

strains and stresses in the layered system at any point 

by using this theory as a structural model. Empirical 

mechanistic methods are commonly used to design the 

flexible pavement and the number of repeated axle 

loads that are allowed for configuration pavement is 

founded based on the response of the pavement to axle 

loads action. Conversely, for rigid pavement design, 

the designs of joints are required to ensure the 

environmental stresses. Additionally, the concrete 

pavement slab thickness is decided based on two 

points. First, the flexural strength of concrete should 

be more than critical environmental stress and the 

maximum bending tensile stress resulting out of 

maximum wheel load stress. Second, the repeated 

number of axle loads within the design life should be 

withstood by the concrete pavement (Kazda and 

Caves, 2007). While concrete pavement life can be 

designed from 30 to 40 years, asphalt pavement can be 

designed from 15 to 20 years (Tare and Chaurasia, 

2018). However, AASHTO guide for design of 

pavement structure state that, in the past, the typical 

analysis for pavement design was 20 years which was 

considered as the pavement life, nowadays, highway 

condition (location, used material and traffic volume) 

is considered when estimating the pavement life, 

generally, concrete pavement can be designed from 30 

to 40 years, asphalt pavement can be designed up to 30 

years. These indicate that the age of the concrete roads 

is relatively more than asphalt roads. 

 

 

 

 

 

 

IV. MAINTENANCE WORKS 

 

 Pavement maintenance or pavement preservation is a 

program of activities intended at preserving roads 

system. It is now obvious that additional emphasis 

should be located on maintenance to preserve and 

extend the life of the paved roads. Roads’ maintenance 

depends on many factors, such as weather, traffic loads 

and pavement type. According to Grzyl et al. (2017), 

the main factors that affect the cost related to the 

repairs of road pavement: road conditions, road type, 

year season (summer, winter), maintenance standard 

acceptable, a road course (road curve, straight 

section), passing vehicles type, vehicles intensity, 

load-bearing capacity and durability of the surface, 

road permissible speed, road lanes number and 

regional conditions. The road maintenance and repair 

works influenced by accepted design standards, the 

constructed structure quality and the quality level and 

strategy of the executed repair activities. Estimating 

the size of the above components required for 

determining the road surface ideal life cycle cost 

(Kristowski et al., 2018). Rigid pavement requires 

regular work associated with expansion joints 

maintenance in a perfect technical condition. For 

flexible pavement surfaces, repairs procedure is only 

executed in the event of damage, and the wear layer 

must be substituted in accordance with the 

maintenance system acceptable. (Kristowski et al., 

2018). As a rule, the flexible pavement is more 

influenced by changing temperature and traffic load, 

unlike concrete pavement which is a rigid surface and 

does not deform under heavy vehicle loading and 

therefore is less susceptible distortion and deflection 

(Taha et al., 2017). Asphalt pavement is viscoelastic 

and therefore sensitive to both temperature and 

loading. This feature makes asphalt pavement more 

vulnerable to the formation of heavy vehicle wheel 

ruts. Scheving (2011) has advised that whereas a 

concrete road would require less maintenance above 

three decades, an asphalt road would need major 

resurfacing in just 15 years. Data of survival and 

performance for concrete and asphalt pavements 

treatments in Missouri State at the United States 

obtained by the Missouri Department of 

Transportation (MoDOT) during 35-year life-cycle 

cost analysis (LCCA) design period treatments, shown 

in Table 1, (Wimsatt et al., 2009) 
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V. TYPICAL PROPERTIES OF FLEXIBLE AND RIGID PAVEMENTS 

 

The summary of the comparison between the properties of rigid and flexible pavements are shown in Table 

 
Table. Comparison between properties of flexible and rigid pavements 
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VI. CONCLUSIONS 

 

In this review study, the differences between rigid and 

flexible pavements have been discussed, and the 

following conclusions were drawn:  

• Design of asphalt pavements is based on load 

distributing characteristics of the component layers 

while the design of concrete pavements is based on 

flexural strength or slab action.  

• The initial cost of concrete pavements are high but 

when comparing the total cost of pavement through 

the lifespan, concrete pavements are more economical 

than asphalt pavements.  

• Flexible pavement is more economical for the lesser 

volume of traffic and fractionally more expensive 

under high traffic conditions.  

• Asphalt pavements are considered more adequate for 

urban settings.  

• Rigid pavement have less need for maintenance than 

flexible pavement over the life of the project. 

• In terms of safety, concrete roads have better skid 

resistance and provide good traction. It seems that rain 

dries faster on concrete roads, which are 

environmentally expected to be better than flexible 

pavements.  

• In the summer season at the very hot claim, asphalt 

pavements could be damaged under the heavy traffic 

load; therefore, concrete pavements would be good for 

this situation.  

• The fuel consumption on asphalt roads dramatically 

increases as compared to fuel consumption on 

concrete roads.  

• Night time visibility in the rigid pavement is better 

than flexible pavement.  

• Flexible pavement has less traffic noise than rigid 

pavement. 
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