
2347-2820/ © 2026 The Authors. This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0). 

 

 

 

International Journal of Electrical, Electronics and Computer 

Systems 

ISSN: 2347-2820 

Volume 15 Issue 1s (2026) | Pages: 14-19 

 

Comparative Study of Regular Bitumen Mixture and Crumb Rubber Modified Bitumen 

Rubber 

Gargi.N.Khadse ¹, Mandira Pardeshi ², Shrutika Kumbhar ³, Sadanad Patil4 

1 Genba Sopanrao College of Engineering, Balewadi Pune -45 

 

 

Peer Review Information 

 

Type: Article 

Received: 13 February 2026 

Revised: 14 March 2026 

Accepted: 15 April 2026 

Published: 19 May 2026 

 

Abstract 

 

The increasing demand for durable and sustainable road infrastructure has led to the exploration of 

modified bituminous materials. This study presents a comparative analysis of conventional (regular) 

bitumen mixtures and crumb rubber modified bitumen (CRMB) mixtures in terms of performance, 

durability, and environmental impact. Crumb rubber, derived from waste automobile tires, is incorporated 

into bitumen to enhance its engineering properties while promoting waste recycling. 

The research evaluates key parameters such as stability, flow value, resistance to rutting, fatigue life, and 

temperature susceptibility using standard laboratory tests including Marshall Stability and indirect tensile 

strength tests. Results indicate that crumb rubber modified bitumen mixtures exhibit improved elasticity, 

higher resistance to deformation, and better performance under extreme temperature conditions compared 

to regular bitumen mixtures. 

Additionally, the use of crumb rubber contributes to environmental sustainability by reducing landfill 

waste and promoting resource reuse. However, challenges such as higher initial costs and processing 

complexity are also discussed. Overall, the study concludes that CRMB mixtures offer a promising 

alternative to conventional bitumen for enhancing pavement performance and longevity, particularly in 

regions experiencing heavy traffic loads and variable climatic conditions. 
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Introduction 

Road transportation plays a vital role in the economic and infrastructural development of any country. The increasing number of vehicles 

and heavy traffic loads have created a growing demand for durable, flexible, and long-lasting pavement materials. Bitumen is one of the 

most commonly used binding materials in road construction because of its adhesive properties, waterproof nature, flexibility, and ability to 

withstand varying environmental conditions. However, conventional bitumen mixtures often experience problems such as rutting, cracking, 

stripping, and deformation under high traffic intensity and temperature variations. These limitations reduce pavement life and increase 

maintenance costs, creating a need for improved asphalt materials with enhanced performance characteristics. 

In recent years, researchers and highway engineers have focused on modifying bitumen using various additives to improve pavement 

durability and mechanical performance. Among these modifications, Crumb Rubber Modified Bitumen (CRMB) has emerged as an effective 

and sustainable solution. Crumb rubber is produced from waste automobile tires that are processed into fine rubber particles. The 

incorporation of crumb rubber into bitumen enhances elasticity, resistance to deformation, fatigue strength, and temperature susceptibility 

of asphalt mixtures. At the same time, it provides an environmentally friendly approach for recycling waste tires, which are a major source 

of non-biodegradable solid waste worldwide. 

The disposal of waste tires has become a significant environmental concern because discarded rubber tires occupy large landfill spaces and 

create serious pollution problems when burned or dumped improperly. Recycling waste tires into road construction materials offers an 

innovative solution for waste management and sustainable infrastructure development. The use of crumb rubber in bitumen not only 

improves pavement quality but also contributes to environmental protection by reducing tire waste accumulation and promoting circular 

economy practices. 

Regular bitumen mixtures are widely used in flexible pavements due to their cost-effectiveness and ease of application. However, under 

extreme weather conditions and heavy traffic loads, traditional bituminous pavements may suffer from permanent deformation, thermal 

cracking, moisture damage, and reduced service life. Crumb rubber modification helps overcome these limitations by improving the 

rheological and viscoelastic properties of bitumen. The rubber particles increase the stiffness and elasticity of the binder, resulting in 

improved resistance to rutting, cracking, and fatigue failure. 

Several studies have reported that CRMB mixtures exhibit better pavement performance compared to conventional bitumen mixtures. 

Improved tensile strength, higher softening point, reduced temperature susceptibility, and enhanced durability are some of the major benefits 

associated with crumb rubber modified asphalt. Additionally, CRMB pavements provide better skid resistance, noise reduction, and 

flexibility under varying climatic conditions. These advantages make crumb rubber modified bitumen suitable for highways, urban roads, 

airport runways, and heavy traffic pavements. 

The comparative study between regular bitumen mixtures and crumb rubber modified bitumen is essential to evaluate their engineering 

performance, economic feasibility, and environmental impact. Parameters such as Marshall Stability, flow value, density, air voids, indirect 

tensile strength, fatigue resistance, and rutting performance are commonly analyzed to determine the effectiveness of bitumen modification. 

Understanding the differences between conventional and modified bituminous mixtures can help in selecting suitable pavement materials 

for long-lasting and sustainable road infrastructure. 

This study focuses on comparing the performance characteristics of regular bitumen mixtures and crumb rubber modified bitumen mixtures. 

The research aims to evaluate their mechanical properties, durability, flexibility, and resistance to pavement distress under different loading 

and environmental conditions. The study also highlights the environmental benefits of utilizing waste tire rubber in road construction and 

its contribution toward sustainable pavement engineering. By improving pavement quality and promoting recycling practices, crumb rubber 

modified bitumen can serve as an effective alternative to traditional bituminous materials in modern transportation infrastructure.Literature  

Literature Review 

Airey (2004) studied polymer-modified bituminous materials and explained that modified binders show better elasticity, stiffness, and 

resistance to pavement deformation compared to conventional bitumen. The study highlighted that binder modification improves road 

performance under heavy traffic and temperature variation. 

Bahia et al. (2001) discussed the characterization of modified asphalt binders in Superpave mix design. Their work showed that modified 

binders improve rutting resistance, fatigue performance, and temperature stability. The study also emphasized the importance of proper 

binder testing for selecting suitable pavement materials. 
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Billiter et al. (1997) investigated asphalt-rubber binders produced under high-cure conditions. Their findings showed that crumb rubber 

particles interact with bitumen and improve binder viscosity, elasticity, and durability. This research supported the use of waste tire rubber 

as an effective modifier for asphalt binders. 

Cao (2007) examined recycled tire rubber modified asphalt mixtures using the dry process. The study found that crumb rubber improved 

resistance to rutting and cracking while reducing pavement deformation. It also indicated that rubber-modified mixtures can provide better 

performance in flexible pavement construction. 

Huang, Mohammad, and Graves (2002) reported the field experience of crumb rubber modified hot-mix asphalt pavement in Louisiana. 

Their study observed that rubber-modified asphalt showed improved pavement flexibility, reduced cracking, and better long-term service 

performance compared to ordinary asphalt mixtures. 

Lo Presti (2013) reviewed recycled tyre rubber modified bitumens for road asphalt mixtures and concluded that crumb rubber modification 

improves rheological behavior, fatigue resistance, and environmental sustainability. The review also highlighted that using waste tire rubber 

in asphalt helps reduce landfill waste and supports sustainable road construction. 

Mashaan et al. (2011) reviewed the use of crumb rubber in asphalt pavement reinforcement. Their study stated that crumb rubber improves 

the strength, elasticity, and durability of asphalt mixtures. It also improves resistance to thermal cracking and permanent deformation, 

making it suitable for high-traffic roads. 

Navarro et al. (2004) studied the thermo-rheological behavior and storage stability of ground tire rubber-modified bitumen. The results 

showed that rubber particles enhance the viscosity and elastic behavior of bitumen, but storage stability depends on proper mixing 

temperature, rubber content, and processing conditions. 

Shu and Huang (2014) presented an overview of recycling waste tire rubber in asphalt and concrete. Their study emphasized that tire rubber 

recycling in pavement materials reduces environmental pollution and improves pavement performance. The research also confirmed that 

rubberized asphalt can contribute to sustainable construction practices. 

Singh and Kumar (2020) evaluated the performance of crumb rubber modified bitumen mixtures for sustainable pavement construction. 

Their findings showed that CRMB mixtures provide higher Marshall Stability, better fatigue resistance, and improved durability compared 

to regular bitumen mixtures. The study concluded that crumb rubber modified bitumen is an effective alternative for long-lasting and eco-

friendly pavement construction. 

Overall, the reviewed literature shows that crumb rubber modified bitumen performs better than regular bitumen mixtures in terms of 

elasticity, rutting resistance, fatigue life, cracking resistance, and durability. Previous studies also confirm that the use of waste tire rubber 

in asphalt construction provides both engineering and environmental benefits. However, proper rubber content, mixing temperature, and 

processing method are important factors for achieving good performance in crumb rubber modified bitumen mixtures. 

Objectives of the Study  

The main objectives of this comparative study are: 

• To evaluate the engineering properties of conventional bitumen mixtures and CRMB mixtures. 

• To compare strength characteristics such as stability, flow value, and resistance to deformation. 

• To analyze performance under different loading and temperature conditions. 

• To assess durability and fatigue resistance of CRMB pavements. 

• To examine environmental advantages of using crumb rubber in pavement construction. 

 

Significance of the Study 

• Helps improve pavement performance by identifying superior binder materials. 

• Enhances resistance to rutting, cracking, and moisture damage in flexible pavements. 
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Methodology 

Bitumen 

Bitumen is the primary binding material used in Crumb Rubber Modified Bitumen (CRMB). It acts as the adhesive component that binds 

the aggregates together and provides flexibility, durability, and waterproofing characteristics to the pavement mixture. 

Crumb Rubber 

Crumb rubber is obtained from waste or scrap automobile tires through shredding and grinding processes. The processed rubber particles 

are collected and stored in silos or sealed bags before blending with bitumen. Generally, crumb rubber particles of size ranging from 200 

to 250 micrometers are used for the preparation of CRMB. 

Additives 

Various additives may be incorporated into the CRMB mix depending on the required performance characteristics and mix design 

specifications. These additives may include anti-stripping agents, polymer modifiers, stabilizers, and rejuvenators to improve adhesion, 

flexibility, durability, and resistance to aging. 

Aggregates 

Aggregates such as crushed stone, gravel, and sand are collected for preparing the CRMB asphalt mixture. The aggregates should conform 

to the specified gradation, strength, and quality standards to ensure proper bonding, stability, and performance of the pavement mix. 

Table 1. Physical Properties of Aggregates 

Test Name Property Measured Result (with Unit) 

Specific Gravity and Absorption Specific Gravity & Water Absorption 2.65 & 1.01% 

Aggregate Crushing Value (ACV) Crushing Value 21.43% 

Aggregate Impact Value (AIV) Impact Value 20.71% 

Los Angeles Abrasion Test Abrasion Value 14.60% 

 

Table 2. Specific Gravity Test Results for Filler Material 

Test Name Property Measured Result (with Unit) 

Specific Gravity Test Specific Gravity 1.60 

 

Table 3. Physical Properties of Bitumen 

Test Name Property Measured Result (with Unit) 

Penetration Test Penetration at 25°C 85 (in tenths of mm) 

Softening Point Test Softening Point (Ring & Ball) 49.75°C 

Ductility Test Ductility at 27°C 104.67 cm 

Viscosity Test Absolute Viscosity at 60°C 390 poise 

Specific Gravity Test Specific Gravity at 25°C 1.02 
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Fig. 1. Marshall Stability Test Results for Plain Bitumen and CRMB Mixes at Different Binder Percentages 

Discussion 

The results obtained from the comparative study clearly indicate that the inclusion of crumb rubber significantly influences the performance 

characteristics of bitumen mixtures. The crumb rubber modified bitumen (CRMB) mixtures showed higher Marshall Stability values 

compared to conventional mixtures, suggesting improved load-bearing capacity. This can be attributed to the enhanced elasticity and binding 

properties provided by the rubber particles. 

In terms of flow values, CRMB mixtures generally exhibited controlled deformation, indicating a better balance between flexibility and 

stiffness. This behavior is particularly beneficial in preventing permanent deformation such as rutting under heavy traffic conditions. 

Additionally, the improved fatigue resistance observed in CRMB mixtures suggests that these pavements are less prone to cracking over 

time, thereby increasing their service life. 

Temperature susceptibility is another critical factor where CRMB mixtures performed better. The presence of crumb rubber reduces the 

brittleness of bitumen at low temperatures and softening at high temperatures, making it suitable for regions with fluctuating climatic 

conditions. However, the study also reveals that the mixing and compaction temperatures for CRMB are relatively higher, requiring careful 

quality control during preparation. 

From an environmental perspective, the use of waste tire rubber in CRMB contributes positively by reducing solid waste and promoting 

recycling. Despite these advantages, certain limitations such as increased initial cost, storage stability issues, and the need for specialized 

equipment must be considered. 

Overall, the discussion highlights that while CRMB mixtures require more controlled production processes, their superior performance 

characteristics and environmental benefits make them a viable and effective alternative to conventional bitumen mixtures. 

Conclusion 

The comparative study between regular bitumen mixtures and crumb rubber modified bitumen (CRMB) mixtures highlights significant 

improvements in pavement performance when crumb rubber is incorporated. The experimental results demonstrate that CRMB mixtures 

possess higher stability, better resistance to rutting and cracking, and improved elasticity compared to conventional bitumen mixtures. These 

properties make CRMB more suitable for roads subjected to heavy traffic and varying environmental conditions. 

Moreover, the use of crumb rubber contributes to sustainable development by effectively utilizing waste tires, thereby reducing 

environmental pollution and landfill burden. 

Although CRMB involves slightly higher initial costs and requires careful handling during production, its long-term benefits in terms of 

durability, reduced maintenance, and extended service life outweigh these limitations. 

In conclusion, crumb rubber modified bitumen proves to be a superior alternative to regular bitumen mixtures, offering both performance 

and environmental advantages. Its adoption in road construction can lead to more resilient and eco-friendly pavement systems. 
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