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ABSTRACT 

Stone Matrix Asphalt (SMA) is an advanced pavement material designed to improve the performance of 

flexible pavements under heavy traffic loading. Its gap-graded aggregate structure, high binder content, 

mineral filler, and stabilizing additives provide excellent resistance to rutting, fatigue cracking, moisture 

damage, and deformation. Recent developments in SMA include the use of recycled materials, polymers, 

fibers, nano-silica, crumb rubber, and industrial waste to enhance durability and sustainability. SMA also 

contributes to noise reduction, thermal control, and long-term pavement serviceability. Therefore, SMA 

offers a reliable, sustainable, and high-performance solution for modern heavy traffic pavement 

construction. 

Keywords: Stone Matrix Asphalt, Heavy Traffic, Rutting Resistance, Sustainable Pavement, Modified 

Asphalt. 

I. INTRODUCTION 

Stone Matrix Asphalt (SMA) has emerged as one of the most advanced pavement technologies for modern 

transportation infrastructure, particularly under heavy traffic loading conditions. It is a gap-graded asphalt 

mixture characterized by a coarse aggregate skeleton, high binder content, mineral filler, and stabilizing 

additives such as fibers. This unique composition provides SMA with superior rutting resistance, 

enhanced durability, and improved resistance to moisture-induced damage compared to conventional 

dense-graded asphalt mixtures. In recent years, increasing traffic volumes, axle loads, and environmental 

stresses have significantly challenged the performance of flexible pavements, necessitating the adoption 

of high-performance materials such as SMA. According to Fernandes et al. (2018), SMA also supports 

sustainability objectives through the incorporation of recycled materials such as reclaimed asphalt 

pavement (RAP), waste polyethylene, and crumb rubber, thereby aligning pavement engineering with 

circular economy principles. Similarly, Luo et al. (2019) emphasized that the use of high-viscosity 

modified asphalt binders in SMA significantly enhances workability and long-term performance, 

especially in demanding applications such as steel deck pavements. 

The performance behavior of SMA is strongly influenced by material modifications, aggregate structure, 

and binder properties, which collectively determine its resistance to distresses such as rutting, fatigue 

cracking, thermal cracking, and moisture susceptibility. Researchers have extensively investigated the use 

of polymers, nano-materials, industrial waste, and warm mix additives to improve SMA performance 

under extreme loading and environmental conditions. For instance, Nguyen et al. (2021) found that the 

combined use of polyvinyl chloride (PVC) and nano-silica significantly improved the mechanical and 

rheological properties of SMA mixtures, enhancing rutting resistance and water stability. Similarly, 

Mashaan et al. (2022) reported that hybrid modification using polyethylene terephthalate (PET) and nano-

silica improved stiffness, fatigue life, and tensile strength ratio, demonstrating the effectiveness of nano-

modification in asphalt systems. Malik et al. (2024) further highlighted that fiber reinforcement using 
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polyester fibers optimizes SMA performance by improving fatigue resistance and structural stability at 

optimal dosages. These advancements indicate that SMA is no longer a conventional mixture but a highly 

engineered material designed for performance optimization through multi-scale material enhancements. 

In addition to mechanical performance, SMA has also been widely studied for its environmental, acoustic, 

and thermal benefits, making it a multifunctional pavement solution for sustainable infrastructure 

development. Campuzano-Ríos et al. (2026) demonstrated that SMA mixtures with polymeric and crumb 

rubber additives significantly reduce traffic noise levels due to improved macrotexture and porous surface 

characteristics, making them suitable for urban and highway environments. Huang et al. (2020) further 

explored the incorporation of ceramic waste aggregates in SMA, showing that such modifications can 

reduce pavement surface temperatures while maintaining acceptable structural performance up to specific 

replacement limits. Biswas and Ransinchung (2026) emphasized the sustainability potential of SMA 

through the use of industrial by-products such as steel slag and jarosite, which not only improve 

mechanical strength but also reduce environmental impacts. Collectively, these studies indicate that SMA 

serves as a multifunctional pavement system that integrates structural performance, environmental 

sustainability, and long-term cost efficiency, making it highly suitable for heavy traffic pavement 

applications in modern transportation engineering. 

II. RESEARCH BACKGROUND 

Campuzano-Ríos et al. (2026) examined traffic noise as a major environmental concern and noted that 

it had increasingly challenged national traffic authorities. The authors reported that tire–pavement 

interaction had been widely recognized as the primary source of traffic noise at speeds between 40 and 

90 km/h. Traditional mitigation measures, such as earthworks, vegetation belts, and noise barriers, were 

considered, but the study emphasized that low-noise pavements had emerged as a more viable solution. 

In particular, Stone Mastic Asphalt (SMA) mixtures, characterized by porous macrotexture, had been 

increasingly adopted for high traffic volumes due to their drainage capacity and mechanical strength. 

Based on experimental investigations conducted on roads in southern Spain, the study compared noise 

reduction in SMA mixtures with various additives, including crumb rubber and polymers. The findings 

indicated that a 1% increase in additive content had reduced CPX levels by approximately 1.18 dB, while 

no section exhibited increases exceeding 3 dB over 24 months. Design recommendations for macrotexture 

and void content suitable for warm, dry climates were also proposed. 

Biswas and Ransinchung (2026) reported that Stone Matrix Asphalt (SMA) had been designed with a 

high-quality aggregate skeleton that provided enhanced durability, superior resistance to pavement 

distresses, and improved drainage characteristics. It was observed that SMA contributed significantly to 

pavement longevity and road safety, particularly under heavy traffic loading conditions. However, the 

authors noted that its higher binder content and reliance on premium aggregates increased production 

costs, necessitating cost-effective alternatives. The study investigated the feasibility of fully replacing 

coarse and fine natural aggregates with steel slag and jarosite, respectively, to enhance sustainability. It 

was highlighted that the novelty of the research lay in the simultaneous and complete utilization of both 

waste materials. Various SMA mixtures were prepared with different proportions of jarosite, and their 

performance was evaluated through multiple mechanical tests. The findings indicated that the mix 

containing 100% jarosite and steel slag exhibited significantly improved mechanical properties and 

reduced global warming potential compared to the conventional mix. 

Seyed Ali Akbar et al. (2025) investigated the effects of Vestenamer polymer and warm mix asphalt 

(WMA) additives, including Zycotherm, Sasobit, and PAWMA, on the resilient modulus and rutting 

behavior of crumb rubber (CR)-modified stone matrix asphalt (SMA). The study was conducted using 

http://www.ijesti.com/


     Vol 6, Issue 3, March 2026                      www.ijesti.com                          E-ISSN: 2582-9734 

International Journal of Engineering, Science, Technology and Innovation (IJESTI)                                                               
 

           IJESTI 6 (3)                       https://doi.org/10.31426/ijesti.2026.6.3.6182                           614 

resilient modulus and wheel tracking tests. It was reported that the resilient modulus test results indicated 

that CR-modified SMA mixtures incorporating WMA additives exhibited higher resilient modulus values 

compared to the control mixture. Among the additives, Sasobit was found to have the most significant 

influence in enhancing the resilient modulus. Furthermore, the wheel tracking test results demonstrated 

that WMA additives reduced the rutting depth across all CR percentages. It was also observed that Sasobit 

produced the lowest rutting depth among the additives. Additionally, increasing CR content to 8%, 12%, 

and 16% was found to reduce rutting depth by 30.57%, 50.03%, and 64.76%, respectively, compared to 

the control mixture. Overall, it was concluded that the incorporation of Sasobit in CR-modified SMA 

significantly improved rutting resistance. 

Malik et al. (2024) reported that there had been a growing emphasis on the development of more resilient 

and durable asphalt mixtures for surface layers, particularly stone matrix asphalt (SMA), which was 

described as a gap-graded mix containing a high proportion of coarse aggregates, filler, binder, and fibers. 

The study aimed to improve SMA strength by incorporating varying proportions of polyester fibers, 

commercially known as Recron Fibers. It was observed that five different dosages ranging from 0.3% to 

0.7% were introduced as a replacement for conventional cellulose fibers. Various performance tests, 

including drain-down, Marshall stability, indirect tensile strength, stiffness modulus, and fatigue life, were 

conducted. The findings indicated that a 0.4% fiber dosage exhibited optimal performance, showing 

enhanced resistance to rutting and improved fatigue life. Statistical analyses further revealed variations in 

mechanical properties, offering significant insights for pavement engineering applications. 

Morea et al. (2023) reported that Stone Mastic Asphalt (SMA), originally developed in Germany, had 

been widely adopted as a high-performance paving mixture characterized by a high proportion of coarse 

aggregates, elevated filler content, and increased bitumen levels compared to conventional asphalt. They 

explained that cellulose fibres had traditionally been incorporated to prevent binder draindown under such 

high bitumen contents. However, the study investigated alternative approaches to reduce or eliminate fibre 

usage, including the application of high-viscosity bitumen produced through the incorporation of crumb 

rubber from end-of-life tyres, as well as the replacement of cellulose fibres with glass macrofibres. The 

authors analysed a 19 mm SMA mix for rutting, cracking, dynamic modulus, and moisture damage. It 

was observed that fibreless SMA using crumb rubber binder satisfied volumetric requirements and 

prevented draindown, while glass macrofibres enhanced cracking resistance and overall mechanical 

performance, particularly under low-temperature conditions. 

Mashaan et al. (2022) reported that stone mastic asphalt (SMA) had gained widespread application in 

pavement engineering, particularly due to the need for enhanced performance under changing climatic 

and loading conditions. The study aimed to develop a hybrid-modified SMA mixture by incorporating 

waste polyethylene terephthalate (PET) and nano-silica (NS) using a wet-mix process with C320 bitumen. 

It was stated that nano-silica was added in varying proportions (2–8%), while PET content was maintained 

at 6%. The engineering properties were evaluated through Marshall stability, wheel tracking, indirect 

tensile strength ratio, resilient modulus, and drain-off tests. The findings indicated that the combination 

of 6% PET and 4–8% NS significantly improved rutting resistance, stiffness, tensile strength ratio, and 

fatigue life compared to conventional mixtures. It was further observed that the optimal performance was 

achieved with 6PET6NS mixtures, which demonstrated superior mechanical properties and reduced drain-

off rates. 

Nguyen et al. (2021) investigated the effects of polyvinyl chloride (PVC) and nano silica (NS) as 

modifiers on the properties of stone matrix asphalt (SMA). The study examined five different modification 

conditions, including the incorporation of 1% NS, 5% PVC, and combined mixtures with varying NS 
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contents (1%, 2%, and 3%) along with 5% PVC. It was reported that both modified and unmodified SMA 

samples were evaluated using penetration, softening point, viscosity, dynamic shear rheometry, and 

multiple stress creep recovery tests under aging conditions. Furthermore, Marshall stability, water 

stability, and rutting resistance were also assessed. The findings indicated that the combined use of PVC 

and NS significantly enhanced the physical and mechanical properties of SMA. It was further observed 

that the mixture containing 5% PVC and 1% NS exhibited superior performance, suggesting its potential 

as an effective additive combination for improving SMA materials. 

Huang et al. (2020) investigated the potential application of construction and demolition waste, 

particularly ceramic waste aggregate (CA), in pavement engineering for cooling asphalt surfaces. The 

study aimed to evaluate the feasibility of incorporating CA into stone mastic asphalt (SMA) through 

experimental and simulation approaches. It was reported that SMA mixtures containing 10% to 50% 

coarse ceramic waste aggregate (CASMAs) were designed using the Marshall method. Subsequently, 

their road and thermal performance were assessed through various laboratory tests, including wheel 

rutting, moisture susceptibility, bending beam, fatigue, and thermal insulation tests. The findings indicated 

that although rutting resistance, moisture susceptibility, and cracking resistance slightly decreased, the 

mixtures met technical standards up to 40% CA content. Furthermore, the thermal analysis revealed a 

temperature reduction of 11.5 °C at the asphalt layer bottom. The study concluded that 40% CA was the 

optimum content for improved thermal and structural performance. 

Luo et al. (2019) investigated the optimization of asphalt binders used in stone mastic asphalt (SMA-13) 

mixtures for steel deck pavements by replacing conventional modified asphalt with high viscosity 

modified (HVM) asphalt. The study had selected four types of HVM asphalt and evaluated their 

performance through various experimental methods, including mixing power tests at different velocities, 

rutting tests, Hamburg wheel tracking tests, low-temperature bending tests, and indirect tensile fatigue 

tests. It was reported that construction workability was significantly influenced by asphalt type and mixing 

temperature, with temperature having a more pronounced effect. The findings indicated that asphalt 

viscosity and aggregate characteristics played key roles in workability. The self-developed HVM asphalt 

with a composite styrene-butadiene-styrene (SBS) modifier had demonstrated superior overall 

performance, including enhanced low-temperature behavior and water stability. It was also concluded that 

reduced modifier content contributed to cost efficiency while maintaining high performance. 

Fernandes et al. (2018) reported that the newly established environmental targets aimed at conserving 

natural resources and promoting waste recovery had encouraged extensive research across multiple 

disciplines. The study was undertaken to develop recycled stone mastic asphalt mixtures incorporating 

high proportions of waste materials such as reclaimed asphalt pavements, waste engine oil products, waste 

polyethylene, and crumb rubber. It was noted that these recycled mixtures were compared with 

conventional stone mastic asphalt to assess their effectiveness. Various blends of high penetration 

bitumens, modified with waste materials and reclaimed aged bitumen, were evaluated using both basic 

and advanced testing methods, and the most suitable formulations were identified for further analysis. 

The findings indicated that the mixtures demonstrated improved performance in terms of water sensitivity, 

resistance to permanent deformation, and fatigue cracking. It was concluded that the enhanced 

performance and high waste utilization highlighted the innovative potential of these materials for 

sustainable road construction. 
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III. KEY FINDINGS FROM STUDY 

Author (Year) Focus Area Methodology Key Findings 

Campuzano-Ríos 

et al. (2026) 

Noise performance 

of SMA 

Field & experimental 

CPX noise testing 

SMA with additives reduced noise 

by ~1.18 dB; improved acoustic 

performance 

Biswas & 

Ransinchung 

(2026) 

Sustainable SMA 

using waste 

aggregates 

Laboratory 

mechanical testing 

Steel slag + jarosite improved 

strength and reduced 

environmental impact 

Seyed Ali Akbar 

et al. (2025) 

Rutting resistance in 

CR-modified SMA 

Wheel tracking & 

resilient modulus 

tests 

Sasobit additive significantly 

improved rutting resistance 

Malik et al. 

(2024) 

Fiber-modified SMA 

performance 

Marshall, ITS, 

fatigue tests 

0.4% polyester fiber optimal for 

strength and fatigue life 

Morea et al. 

(2023) 

Non-conventional 

SMA mixtures 

Rutting, cracking & 

modulus tests 

Crumb rubber binder improved 

draindown resistance; glass fibers 

improved cracking 

Mashaan et al. 

(2022) 

PET & nano-silica 

modified SMA 

Marshall, ITS, wheel 

tracking 

6% PET + 4–8% NS improved 

rutting and fatigue resistance 

Nguyen et al. 

(2021) 

PVC & nano-silica 

modified SMA 

Rheological & 

mechanical tests 

5% PVC + 1% NS gave best 

performance 

Huang et al. 

(2020) 

Ceramic waste in 

SMA 

Thermal & 

mechanical testing 

Up to 40% waste usable; reduced 

surface temperature 

Luo et al. (2019) High-viscosity SMA 

binders 

Rutting & fatigue 

tests 

SBS-modified asphalt improved 

workability and durability 

Fernandes et al. 

(2018) 

Recycled SMA 

mixtures 

Mechanical 

performance 

evaluation 

Waste incorporation improved 

fatigue and moisture resistance 

 

IV. CONCLUSION 

The comprehensive review of Stone Matrix Asphalt (SMA) demonstrates that it is a highly efficient and 

performance-oriented pavement material designed specifically for heavy traffic conditions. Across 

multiple studies, SMA has consistently shown superior resistance to rutting, fatigue cracking, and 

moisture-induced damage compared to conventional asphalt mixtures due to its stone-on-stone aggregate 

skeleton and rich binder content. Research findings by Luo et al. (2019) and Morea et al. (2023) confirm 

that modifications such as high-viscosity binders and crumb rubber incorporation significantly enhance 

both mechanical strength and long-term durability. Similarly, fiber reinforcement techniques investigated 

by Malik et al. (2024) and polymer-based modifications explored by Nguyen et al. (2021) demonstrate 

that SMA performance can be further optimized through engineered material enhancements. The 

inclusion of nano-materials, such as nano-silica and PET waste, as highlighted by Mashaan et al. (2022), 

provides additional improvements in stiffness, fatigue life, and rutting resistance, indicating the growing 

importance of nano-engineering in pavement technology. From a sustainability perspective, SMA also 

offers significant environmental advantages, as shown in studies by Fernandes et al. (2018) and Biswas 

and Ransinchung (2026), where waste materials such as steel slag, jarosite, and recycled plastics were 

successfully utilized without compromising performance. Moreover, SMA contributes to environmental 

mitigation through reduced traffic noise (Campuzano-Ríos et al., 2026) and lower surface temperatures 
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when incorporating ceramic waste aggregates (Huang et al., 2020). These multifunctional benefits 

position SMA as a next-generation pavement material that aligns with both structural performance 

requirements and sustainability goals. However, despite its advantages, challenges such as higher 

production costs, material optimization, and construction quality control still need to be addressed for 

widespread adoption. Overall, SMA represents a robust and adaptable solution for modern transportation 

infrastructure, especially for highways and urban roads subjected to heavy traffic loads, and its continued 

development will play a crucial role in advancing sustainable and high-performance pavement 

engineering systems. 

V. FUTURE SCOPE 

The future scope of Stone Matrix Asphalt (SMA) for heavy traffic pavements is strongly aligned with 

advancements in sustainable materials, smart infrastructure, and performance optimization techniques. 

One of the most promising directions is the development of eco-friendly SMA mixtures by increasing the 

use of industrial by-products and waste materials such as steel slag, crumb rubber, recycled plastics, and 

construction demolition waste. This not only reduces environmental burden but also enhances mechanical 

properties when properly engineered. Future research is expected to focus on optimizing the proportioning 

of these materials to maintain a balance between performance and cost efficiency. Another important area 

is nano-modification of SMA using materials such as nano-silica, graphene, and carbon nanotubes, which 

can significantly improve rutting resistance, fatigue life, and thermal stability under extreme traffic and 

climatic conditions. In addition, the integration of warm mix asphalt (WMA) technologies in SMA 

production will likely expand, reducing mixing temperatures, energy consumption, and greenhouse gas 

emissions while maintaining comparable or improved performance characteristics. The advancement of 

self-healing asphalt technologies also presents a significant future scope for SMA. By incorporating 

encapsulated rejuvenators or induction heating techniques, SMA pavements can potentially repair micro-

cracks autonomously, thereby extending service life and reducing maintenance costs. Furthermore, the 

application of artificial intelligence (AI) and machine learning in pavement engineering is expected to 

revolutionize SMA design by enabling predictive performance modeling, optimized mix design, and real-

time pavement condition assessment. The concept of smart pavements embedded with sensors for 

monitoring stress, strain, temperature, and traffic loading is also gaining attention, which will allow 

continuous performance evaluation of SMA under field conditions. Additionally, future developments 

will emphasize improving the multifunctional performance of SMA, including noise reduction, thermal 

regulation, and enhanced skid resistance, especially for urban and high-speed highways. Research into 

climate-resilient SMA mixtures capable of performing efficiently under extreme temperatures, heavy 

rainfall, and freeze–thaw cycles will be crucial. Life-cycle assessment (LCA) and sustainability-based 

design approaches will further guide material selection and construction practices. Overall, the future of 

SMA lies in integrating sustainable materials, smart technologies, and advanced computational tools to 

develop high-performance, durable, and environmentally responsible pavement systems suitable for next-

generation transportation infrastructure. 
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