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Abstract  

This study aimed to evaluate the performance and geotechnical suitability of volcanic ash 

fillers namely pumice and cinder as alternatives to conventional stone dust in Hot Mix 

Asphalt (HMA), using the SUPERPAVE mix design methodology. The motivation stemmed 

from the need for sustainable, locally available materials that can enhance pavement 

performance while reducing reliance on traditional fillers. A series of laboratory tests were 

conducted to assess the volumetric and mechanical properties of asphalt mixtures 

incorporating varying proportions of pumice and cinder as filler materials. These included 

evaluations of bulk and theoretical maximum specific gravity, voids in mineral aggregate 

(VMA), air voids (AV), voids filled with asphalt (VFA), moisture susceptibility through tensile 

strength ratio (TSR), and permanent deformation through creep stiffness index. The 

geotechnical properties of pumice and cinder were also assessed using maximum dry density 

(MDD), optimum moisture content (OMC), California Bearing Ratio (CBR), and swell 

potential. The results revealed that all mixtures containing volcanic ash fillers satisfied the 

SUPERPAVE design criteria. Cinder based mixtures closely mirrored the control mix with 

100% stone dust in terms of compaction, stability, and stiffness, while pumice slightly 

increased air void content due to its lightweight and porous nature. Nonetheless, when 

blended appropriately, pumice still performed within acceptable limits. TSR values for all 

mixtures exceeded the minimum 80% requirement, confirming resistance to moisture-induced 

damage. Creep stiffness results for all mixes were well below the 0.5% deformation threshold 

set by the ERA Pavement Design Manual, indicating good rutting resistance. Geotechnically, 

both pumice and cinder demonstrated favorable CBR values above 30%, minimal swell and 

sufficient dry density for structural use, with cinder exhibiting particularly desirable 

compaction characteristics. The study concluded that volcanic ash materials, especially 

cinder, are technically viable and sustainable alternatives to stone dust in asphalt mixture 

design. Their use can enhance mixture performance and support environmentally conscious 

infrastructure development. It is recommended that bitumen content be adjusted when using 

pumice to compensate for its absorptive nature, and that further field performance 

evaluations be conducted to validate long-term behavior. The findings support broader 

adoption of locally sourced volcanic materials in flexible pavement construction as part of a 

sustainable engineering approach. 

Keywords: Hot Mix Asphalt, Volcanic Ash, SUPERPAVE, Cinder, Pumice, Filler, Bituminous 

Mixture, Sustainability, Geotechnical Properties 
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1. INTRODUCTION  

1.1. Background of the study 

The application of alternative materials in pavement construction has seen a growing interest 

due to increasing demands for sustainability and the efficient use of locally available 

resources. This change is more applicable in geotechnical engineering, wherein it is critical to 

understand material response under mechanical and environmental loading. Increasing cost 

and environmental impact of conventional construction materials have prompted researchers 

and engineers to find more sustainable options towards infrastructure development. 

Volcanic ash in the forms of red ash (or cinder) and pumice has been found to be a suitable 

substitute for traditional mineral fillers like stone dust in Hot Mix Asphalt (HMA). Naturally 

occurring pozzolanic materials like these are characterized by their fine particle size, silica 

contents, and ability to improve the cohesion of the mixture, and hence suitable for utilization 

to strengthen the geotechnical properties of the asphalt mixture. 

For HMA design, mineral fillers play a key role in regulating the binder characteristics, 

interaggregate void space filling, and affecting the stiffness, strength, and durability of the 

mixture. Geotechnically, specific surface area, gradation, and specific gravity of the fillers 

become most important. They directly influence volumetric properties like bulk specific 

gravity, theoretical maximum specific gravity, air voids, voids in mineral aggregate (VMA), 

and voids filled with asphalt (VFA). They are responsible for determining the mechanical 

stability and deformation characteristics of the pavement. 

The Superpave mix design system developed by the Strategic Highway Research Program 

(SHRP) is employed in this research to evaluate the possibility of replacing volcanic ash with 

part stone dust in asphalt mixtures. Superpave provides a performance-based method that 

conforms with geotechnical engineering practice by incorporating traffic loads, environmental 

conditions, and material response into mixture design. 

The research aims to study the effects of pumice and red ash on the volumetric and 

performance characteristics of asphalt mixtures. Through an examination of the effects of 

these substitute fillers in the Superpave system, the research enables the search of sustainable 

high-performance pavement materials from readily available local sources. 
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The experimental work for this study will be carried out using materials sourced from the 

Adama-Awash Expressway project site. This key transportation corridor, located in the 

eastern part of Ethiopia, links the towns of Adama and Awash and serves as a vital route for 

freight traffic between Addis Ababa and the Port of Djibouti. The project road spans 

approximately 125 km, and due to its role in accommodating heavy truck traffic, has 

experienced significant pavement distress particularly rutting and fatigue cracking. As such, it 

provides an ideal case study for assessing the performance of alternative filler materials under 

realistic loading conditions. 

1.2. Statement of the problem 

In many regions, there is an abundant presence of volcanic ash, yet its potential as a filler 

material in Hot Mix Asphalt (HMA) has not been fully explored. Meanwhile, the availability 

of stone dust commonly used as a conventional filler can be limited, especially in areas 

without nearby stone quarries. Even where it is accessible, the mining and processing of stone 

dust involve quarry blasting and crushing operations that contribute to environmental 

degradation. 

Although volcanic ash particularly pumice and red cinder possesses favorable characteristics 

such as fine particle size, high silica content, and pozzolanic activity, its performance as a 

filler within HMA has not been adequately studied, especially under the SUPERPAVE mix 

design framework. The implications of using volcanic ash in terms of mixture stiffness, 

resistance to deformation, and overall volumetric performance remain unclear due to the lack 

of comprehensive testing. 

Previous research hints at the mechanical and moisture-resistance benefits of volcanic ash in 

asphalt mixtures, but standardized methods for its integration are still lacking. Without 

sufficient empirical data, engineers and road designers are hesitant to adopt volcanic ash as a 

reliable alternative. This gap in knowledge prevents wider implementation of a potentially 

sustainable and cost-effective resource. 

To address this, the present study investigates how pumice and cinder volcanic ashes, when 

blended with or used in place of stone dust, affect the performance of asphalt mixtures. 

Laboratory tests were conducted on samples prepared from the Adama-Awash Expressway, 

using varying filler proportions and evaluated through the SUPERPAVE methodology. This 

research aims to determine whether volcanic ash can meet performance standards for modern 

pavements and contribute to environmentally responsible road construction by reducing the 

need for quarry derived materials. 
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1.3. Objectives 

1.3.1. General Objective 

The primary objective of this study was to evaluate the geotechnical performance of pumice 

volcanic ash and red volcanic ash cinder as filler materials in combination with crushed stone 

on the performance of hot-mix asphalt (HMA) using the SUPERPAVE Mix Design Method. 

The study aimed to assess the feasibility of these alternative fillers in improving the 

mechanical, durability, and moisture resistance properties of asphalt mixtures while 

promoting sustainable and cost-effective road construction practices. 

1.3.2. Specific Objectives 

This research was designed to achieve the following specific objectives: 

 Characterization of Filler Materials:   Analyze the physical and chemical properties of pumice 

and red cinder, including pozzolanic activity, particle size, and specific gravity. 

 Evaluation of Volcanic Ash as Filler in HMA:  Assess the effects of replacing stone dust with 

volcanic ash (at 25%, 50%, 75%, and 100%) on HMA volumetric properties such as air voids, 

VMA, and VFB. 

 Assessment of Performance Characteristics in HMA: Examine the impact of volcanic ash 

fillers on HMA performance, including rutting resistance, fatigue resistance, moisture 

susceptibility (TSR), resilient modulus, creep index, and cracking tolerance index. 

 Comparison with Conventional Filler Materials:  Compare the performance of volcanic ash 

fillers with stone dust to verify compliance with SUPERPAVE standards and assess 

geotechnical suitability. 

 Development of Practical Recommendations: Develop guidelines for the effective use of 

volcanic ash fillers in HMA for future road construction applications. 

1.4. Significance of the study 

This study is of high significance in the creation of sustainable and economical road building 

technologies by evaluating the feasibility of the application of volcanic ash fillers in hot-mix 

asphalt (HMA). The rising cost, environmental footprint, and declining availability of 

conventional fillers such as stone dust, cement, and fly ash necessitate the identification of 

alternative materials capable of enhancing pavement performance while achieving 

sustainability. By investigating the effects of red volcanic ash cinder and pumice volcanic ash 

as filler materials, the study provides excellent information on their impact on the mechanical 

and volumetric properties of HMA, even more so in the SUPERPAVE mix design system. 

The study contributes to the field of pavement engineering through the assessment of the 

impact of volcanic ash on some of the most important performance parameters like rutting 
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resistance, fatigue cracking resistance, and moisture susceptibility. Such properties are critical 

towards HMA mix design optimization, long-term durability, and structural integrity of road 

pavements. Furthermore, the findings of this research have practical implications to the 

construction of roads in regions where volcanic ash is prevalent and can be used to reduce the 

use of costly and environmentally expensive quarrying operations for conventional fillers. 

Environmentally, this study recognizes the potential of volcanic ash in minimizing the adverse 

effects of aggregate extraction, such as land degradation and habitat loss. By utilizing 

volcanic ash in asphalt mixtures, this study promotes resource efficiency and complements the 

global sustainability agenda in infrastructure development. The research further provides 

policymakers, transport authorities, and industry stakeholders with evidence-based 

recommendations on the implementation of volcanic ash as viable alternative filler in HMA 

production. 

Last but not least, the findings of this study are expected to serve as a stepping stone for 

additional research in new material uses, guiding the development of standard specifications 

for incorporating volcanic ash in asphalt mixtures.The successful implementation of volcanic 

ash as a filler material can contribute to more resilient and cost-effective road networks, 

particularly in volcanic regions, fostering economic growth and enhancing transportation 

infrastructure sustainability. 

1.5. Delimitations and limitations of the study 

This study focused specifically on assessing pumice and red volcanic ash cinder as substitute 

fillers for hot-mix asphalt (HMA), using the SUPERPAVE mix design method. The research 

was limited to lab tests carried out on asphalt samples that included different proportions of 

volcanic ash 25%, 50%, 75%, and 100% combined with crushed stone dust, with the bitumen 

content kept constant. The work was centered on the Adama–Awash Expressway project in 

Ethiopia, where all materials were collected and tested under controlled laboratory conditions. 

While the study explored several key performance indicators, there were certain boundaries to 

what it covered. Because the experiments were conducted in the lab, they did not fully 

account for field realities such as live traffic loads, temperature changes over time, or the 

aging of asphalt under long-term use. The research also concentrated on only measuring the 

mechanical and volumetric characteristics of the mix like the rutting resistance, cracking 

behavior, and resistance to moisture without including longer term, real world pavement 

performance tests. 

Another limitation was geographical scale. Since the materials were recovered from one 

highway project, the results are not likely to be applicable to climates, soils, or traffic 

elsewhere. Volcanic ash from other sources could also have different chemical and physical 

properties that weren't examined in this study. Finally, even though this research presents 
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worthwhile technical comments, it did not take into account whether volcanic ash used as 

filler in road building is economically or realistically produced on a grand scale. 

Despite these limitations, the findings make good basis. They show the potential of volcanic 

ash as sustainable and efficient alternative filler, and they present a window for further 

research with field trials to test the performance of these blends under real road conditions and 

in other geographic locations. 
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2. LITERATURE REVIEW  

2.1. General   

The literature review provides a broad analysis of existing research related to the use of filler 

materials in hot-mix asphalt (HMA), with a particular focus on volcanic ash as alternative 

filler. The selection of proper fillers plays a major role in enhancing the performance and 

durability of asphalt pavements, influencing properties such as stiffness, moisture resistance, 

and long-term stability.  

Traditional fillers, including stone dust, cement, and fly ash, have been widely used due to 

their ability to develop the mechanical characteristics of asphalt mixtures. Though, concerns 

related to environmental sustainability, resource reduction, and the increasing costs of 

conventional fillers have prompted to explore alternative materials that are both cost-effective 

and environmentally friendly. Expansion of the rural road network in Ethiopia requires the 

availability of low-cost materials for road construction(Hearn et al., 2019). 

This chapter explores various aspects of filler materials in asphalt mixtures, including their 

physical and chemical properties, their impact on pavement performance, and previous studies 

on the use of volcanic ash in road construction. Additionally, the review discusses the 

SUPERPAVE mix design practice, its role in optimizing HMA performance, and the 

significance of alternative fillers in endorsing sustainable infrastructure development. By 

synthesizing existing knowledge, this chapter establishes a foundation for understanding the 

potential benefits and challenges associated with using volcanic ash as filler in HMA, 

providing context for the experimental investigations conducted in this study. 

2.2. Overview of Hot Mix Asphalt and Filler Materials 

For the construction of road pavements throughout the world, one of the essential materials 

required is asphalt mixture. It is widely known that asphalt mixture is a heterogeneous 

material that essentially consists of different constituents including asphalt, natural or 

recycled aggregate, fillers, and air voids(Al-Bayati et al., 2020).Hot Mix Asphalt (HMA) is a 

composite material widely used in flexible pavement construction, composed of coarse and 

fine aggregates, mineral filler, and asphalt binder. One of the essential components 

influencing the performance of HMA is the mineral filler, which fills the voids between 

aggregate particles and interacts with the asphalt binder to improve stiffness and cohesion. To 

attain high quality and extended service life, the demands of hot mix asphalt (HMA) for high 

thermal stability, low-thermal crack resistance, and water stability have been steadily growing 

with the fast growth of the economy, science, and technology(Fayissa et al., 2022). 
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Fillers contribute to the overall performance by improving resistance to permanent 

deformation, moisture damage (ITS), and thermal cracking. Conventionally, stone dust has 

served as the standard filler material due to its availability and compatibility with asphalt 

binders. The use of different filler materials is one of the effective techniques adopted to 

improve pavement quality and performance(Gopalam et al., 2020).  

 

With growing interest in sustainability and cost-effective construction materials, alternative 

fillers such as volcanic ash, pumice, and red ash have emerged as viable options. Volcanic 

ash, being a pozzolanic material with high silica content, is hypothesized to influence the 

stiffness and bonding properties within the asphalt matrix. The addition of volcanic ash to the 

HMA as Filler has positively improved the performance of volumetric properties of mixture. 

The use of volcanic ash alone as a Filler in the production of hot asphalt mixtures increased 

the maximum stability of the mixture. The use of only volcanic ash as filler allows the asphalt 

mixture to have a higher moisture resistance when it is produced from the optimal bitumen 

content(Fayissa et al., 2022). 

 

The role of mineral fillers extends beyond volumetric adjustment. From a geotechnical 

engineering standpoint, fillers significantly affect the load-distribution mechanism, shear 

resistance, and stiffness modulus of the asphalt mixture. Fillers with high specific surface 

areas, such as volcanic ash, provide greater contact with the binder, enhancing the mastic's 

viscosity and the mixture’s ability to resist deformation under load.  

2.3. Mineral Fillers in Asphalt Mixtures: Geotechnical Implications  

Asphalt concrete is the most commonly used material in pavement because of its superior 

service performance in providing driving comfort, stability, durability and water resistance. 

The escalating cost of materials and energy and lack of resources available have motivated 

highway engineers to explore new alternatives in building new roads(Yilmaz et al., 2011). 

Mineral filler used in asphalt mixtures consists of fine-grained mineral particles either 

naturally present in or separately added to the aggregate system. It has often been defined as 

the portion of aggregates passing through a 0.075mm sieve (ASTM D242, 2000) and also 

referred as mineral dust or rock dust. As an important component of the composite asphalt 

mixture, mineral fillers were generally treated as being suspended in the asphalt binder 

without particle particle contact and contributed to the toughening and stiffening of the 

asphalt binder (Chen et al., 2022). 

Mineral fillers play a critical role in the structural and performance characteristics of Hot Mix 

Asphalt (HMA), functioning as a fine component that fills the voids between aggregate 

particles and significantly influences the mix's densification, stiffness, and durability. Mineral 

filler in addition to affecting the mechanical properties of asphalt is also important with 

respect to stripping or moisture damage(John, 2021).   
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From a geotechnical viewpoint, the choice of mineral filler can influence several key 

properties of HMA, such as compact ability, shear strength, and moisture resistance. Fillers 

with higher surface areas can increase asphalt absorption, resulting in thicker binder films that 

affect durability and aging characteristics. Additionally, their physical and chemical 

properties such as particle shape, specific gravity, surface texture, and chemical reactivity can 

directly impact the filler-asphalt mastic, which governs the viscoelastic behavior of the 

mixture under varying loading and environmental conditions. It can be concluded that it is 

important to carefully select the mineral filler type and proportion in order to improve the 

asphalt mixture Performances(Chen et al., 2022).  

 

Geotechnical, mineral fillers contribute to the internal friction angle and cohesion of the mix, 

enhancing its ability to endure traffic-induced stresses without excessive deformation. Filler 

materials with angular particle shapes and rough textures, such as crushed stone dust or 

volcanic ash, provide improved mechanical interlock within the aggregate skeleton, leading to 

higher resistance to rutting. The graded mineral aggregate composed of coarse aggregate, fine 

aggregate, and mineral powder is the main component of hot asphalt mixture (HMA), and it 

occupies a mass ratio of more than 95% in HMA (Liu et al., 2021).Conversely, rounded fillers 

may reduce inter-particle friction and adversely affect shear strength. 

 

Chemical composition also plays a role in the filler’s contribution to HMA performance. 

Fillers containing pozzolanic oxides such as silica (SiO₂), alumina (Al₂O₃), and iron oxide 

(Fe₂O₃) may show cementitious or pozzolanic reactions when in contact with moisture, 

especially in acidic or alkaline environments. These reactions can increase binder-filler 

bonding and improve the durability of the mix. Volcanic ashes are known to exhibit latent 

pozzolanic properties due to their amorphous silica content, and their incorporation in HMA 

could provide both physical filling and chemical reactivity advantages.The change of 

pavement materials can be rendered directly by applying the modifier to the bitumen and 

aggregate combinations during the mixing process. A substitution of standard filler material 

with another suitable material that can be identified or easily found in nature is the most 

ancient usage of asphalted aggregate mix alteration. This is known as filler substitution(Ab 

Manaf et al., 2021). 

 

In conclusion, the geotechnical implications of incorporating various mineral fillers into 

asphalt mixtures are multifaceted. Optimal filler selection, informed by physical and chemical 

evaluations, can enhance key performance indicators such as density, moisture susceptibility, 

fatigue life, and deformation resistance. Understanding these implications is essential for the 

effective design and long-term functionality of asphalt pavements, especially under heavy 

loading and climatic variability.  
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2.4. Surface Area 

The aggregate surface area is one important property that affects the amount of asphalt needed 

to coat the aggregate. The total surface area of an aggregate mixture is dependent primarily on 

the gradation. Aggregate gradations that deviate above the maximum density line are defined 

as “fine” while those that deviate below the maximum density line are “coarse”(By Nigatu 

Wudineh Advisor Professor Alemayehu Teferra, 2015).  

Mineral fillers generally possess much finer particles than the coarse and fine aggregates in 

HMA, and their surface area can vary significantly depending on the mineral origin and 

grinding process Studies have shown that fillers with larger surface areas, such as fly ash, 

lime, or finely ground pozzolanic materials like pumice, tend to improve binder absorption 

and enhance the bonding at the mastic level. However, excessive surface area can lead to 

increased binder demand, potentially compromising the volumetric and mechanical properties 

of the mix if not properly accounted for during the mix design phase. Conversely, materials 

with lower surface areas may provide insufficient binder interaction, resulting in reduced 

cohesion and poorer resistance to moisture-induced damage. 

In the context of sustainable filler alternatives, volcanic ashes such as pumice and red cinder 

offer variable surface area characteristics due to differences in porosity and particle 

morphology. The porous, lightweight nature of pumice typically results in higher surface area 

compared to denser fillers like stone dust or red cinder. Analysis of Equation for surface area 

indicates that as particle diameter decreases, the surface area per unit mass increases. Using 

this equation, a simple estimate of surface area can be determined for the purpose of 

comparing different aggregate gradations. It should be noted that the results of this equation 

are approximate.(By Nigatu Wudineh Advisor Professor Alemayehu Teferra, 2015). 

SA = Σ Saf,No. PNo.      in kg/m2 

Where            SA                  is surface area or m2/kg  

                       Saf, No.          is the surface area factor for sieve number No. and  

                       PNo.              is the percentage passing by weight that sieve  

In conclusion, surface area serves as a governing parameter for evaluating filler performance 

in HMA. Its role in determining binder demand, coating efficiency, and mastic behavior 

underlines the importance of comprehensive characterization of alternative filler materials in 

both laboratory and field settings. 

2.5. Volcanic Ash/Rock   

Volcanic rock is a material primarily composed of aluminum silicate in a crystalline or 

amorphous form. It has been studied and used in some applications for several years ago. 
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Volcanic rocks can be used for several industrial purposes including cleaner substances and 

polishing compounds, they may be used as an ingredient in asphalt, and in agriculture as 

fertilizer. Additionally, they may also be used for painting, construction, insulation, and 

fillings purposes, solar cell, and volcanic gas reservoirs. The environmental implications of 

utilizing waste materials and industrial by-products for the production of pavements would be 

enormous(Valentin et al., 2021). The required application of volcanic rock depends on 

geometric shape (particle size and surface area) in addition to chemical and mineral 

composition. Most volcanic rocks contain a wide spectrum of silica, alumina, iron oxides and 

other oxides in minor proportions. The mineralogical composition and properties of the 

volcanic rock depend on the origin of the magma and eruption conditions(Alraddadi & 

Assaedi, 2021). 

Volcanic rocks commonly come in the form of scoria and pumice. The scoria has colors 

ranging from black to poorly red while the pumice has colors from black to white with a 

porous or vesicular structure. Pumice is a volcanic rock that is abundantly present and 

therefore inexpensive, consisting of various chemical compositions that vary depending on its 

location. Because of its global availability, pumice has been used in many fields such as 

environmental and industrial applications. It is a natural material of volcanic origin produced 

by the release of gases during the solidification of lava. The cellular structure of pumice is 

created by the formation of bubbles or air voids when gases contained in the molten lava 

flowing from volcanoes become trapped on cooling. The cells are elongated and parallel to 

one another and are sometimes interconnected(Anwar Hossain, 2004) 

 

Volcanic rock often contains a high content of silica. Scoria and pumice both contain high 

amounts of silica ranging between 40–52 wt% and 63–75 wt%, respectively. It can be 

distinguished between pumice and scoria based on the content of the silica. If the content of 

silica in the volcanic rock is larger than 50%, the volcanic rock will be pumice, and if it is 

lower than 50% will be scoria. The variance observed on the physical appearance of the rocks 

(such as color) is because of the different chemical composition and mineralogical 

composition of the volcanic rock which may in turn due to the historical conditions of 

volcanic eruption and volatile matter from the lower layers of Earth. In general, the pumice 

contains a high percentage of silica, about 71%, and at the same time it contains high 

percentages of aluminum, potassium, and calcium, while the percentages of, magnesium, and 

iron are low. For this reason, this type contains high percentages of light-colored minerals. 

While, the scoria contains less than 48% of silica and is rich in dark-colored minerals due to 

the high levels of calcium, magnesium, and iron. For example, if a volcanic rock contains a 

high amount of magnetite (Fe3O4) the color tend to be black, and if a volcanic rock contains 

hematite (Fe2O3) the color tend to be red. While if a volcanic rock contains a high amount of 

silica the color will be white(Alraddadi & Assaedi, 2021).  



11 
 

2.6. Superpave Mix Design Methodology and Volumetric Compositions 

The Superpave (Superior Performing Asphalt Pavement) system was developed to improve 

the durability and performance of asphalt pavements by considering traffic loading, climatic 

conditions, and material properties. It includes material selection, gradation control, 

volumetric mix design, and performance evaluation. The mix design method is a product of 

the Strategic Highway Research Program (SHRP).(“Aggreg. Prop. Perform. Superpave-

Designed Hot-Mix Asph.,” 2005).A proper mix design alone will not ensure the expected 

pavement performance. Consistency of the end product must be ensured through management 

and quality control operations of asphalt(Zaumanis et al., 2016). 

2.6.1. Bulk and Theoretical Maximum Specific Gravity  

The bulk specific gravity (Gmb) and the theoretical maximum specific gravity (Gmm) are 

fundamental in determining the volumetric characteristics of asphalt mixtures, which directly 

affect pavement durability and performance. As determined for compacted asphalt mixtures 

by ASTM D2726 or AASHTO T 166, the ratio of the oven-dry mass of a unit volume of 

asphalt mixture (including the volumes of aggregate, binder and air) to the mass of the same 

volume of water. Gmb is applicable to any laboratory- or field-compacted specimen including 

cores, beams, slabs, etc(Asphalt Institute MS-2, 1993). 

The bulk specific gravity (Gmb) refers to the ratio of the weight of a compacted asphalt 

specimen to its bulk volume, which includes the volume of air voids within the specimen. It 

provides understanding into the density and compaction level of the mix and is broadly used 

in calculating critical parameters such as air voids (AV), voids in mineral aggregate (VMA), 

and voids filled with asphalt (VFA). 

On the other hand, the theoretical maximum specific gravity (Gmm) represents the specific 

gravity of the asphalt mixture assuming zero air voids. It is calculated as the ratio of the mass 

of a loose asphalt mix to the volume it would occupy without any entrapped air. This 

parameter is important for computing air void content and evaluating the compact ability and 

design competence of the mixture. As determined for loose asphalt mixtures by ASTM D2041 

or AASHTO T 209, the ratio of the oven-dry mass of a unit volume of asphalt mixture 

(including the volumes of the aggregate and binder only) to the mass of the same volume of 

water(Asphalt Institute MS-2, 1993). 

The difference between Gmm and Gmb forms the basis for computing the air void content, a 

critical standard for ensuring appropriate permeability, resistance to moisture damage, and 

lasting durability of asphalt pavements. Studies have shown that fillers, including alternative 

materials like volcanic ash, can impact these specific gravity values due to variations in 

particle size, shape, and absorption characteristics. A compacted asphalt Specimen for (Gmb), 

the Superpave Gyratory Compactor (SGC) has been used to compact an all range of 

mixes(Rasoola et al., 2024). 
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Researchers have also distinguished that lightweight fillers, such as pumice, tend to reduce the 

bulk specific gravity of the mix, whereas denser materials like cinder may help keep or 

increase it, depending on the blend proportion. Thus, understanding the influence of various 

fillers on Gmb and Gmm is important for achieving a balanced mix design that meets 

performance specifications. 

2.6.2. Air Voids in Compacted Mixture 

The durability of an asphalt pavement is a function of the air void content of the in place 

HMA pavement. The lower the air voids, the less permeable the mixture becomes. An air void 

content that is too high provides passageways through the mix that allow damaging air and 

water to enter. An air void content that is too low can lead to rutting, shoving, flushing or 

bleeding(Asphalt Institute MS-2, 1993).  

The air voids in a paving mixture are small pockets of air between the asphalt coated 

aggregate particles. A certain percentage of air voids is necessary in the finished HMA to 

allow for additional compaction under traffic and a slight amount of asphalt expansion 

because of temperature increases. In general, the design air void level in a laboratory-

compacted sample of HMA is 4 percent. For special uses, a lower or higher design air void 

content may be specified. Job specifications usually require that, for dense graded mixes, 

pavement compaction achieve an air void content of less than 8 percent to minimize 

permeability(Asphalt Institute MS-2, 1993). 

According to the SUPERPAVE design system, maintaining an optimal level of air voids 

typically around 4% is essential for achieving a balanced mixture that resists both rutting and 

cracking (AASHTO M 323). Too few air voids can cause bleeding and instability under high 

temperatures, while excessive air voids can lead to increased permeability, oxidation, and 

moisture damage, ultimately reducing pavement life. If maintaining of an optimal level of air 

void in a total mixture is not achieved, the void in a mineral aggregate and the optimum 

bitumen content decreases(Berhanu, 2020). 
 

Air void content is affected by a variety of factors, including aggregate gradation, compaction 

effort, and the type and content of mineral filler. In particular, the incorporation of alternative 

fillers such as pumice and cinder both derived from volcanic ash has been observed to 

influence air void structure due to their particle morphology and density of aggregates of 

various sizes that must be completely coated by the binder, that is, the bitumen(Moghadas 

Nejad et al., 2012). Lightweight, porous fillers like pumice may increase AV due to higher 

absorption and reduced mix compact ability, whereas denser materials like cinder may help 

achieve target air voids more readily due to better packing characteristics. 

Proper control of air voids is thus essential not only for meeting design specifications but also 

for ensuring the resilience of asphalt mixtures to moisture infiltration, freeze-thaw cycles, and 

traffic-induced stresses. This is especially important in mixtures incorporating unconventional 

fillers, where volumetric adjustments may be necessary to achieve a durable and stable 

pavement structure. 
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2.6.3. Voids in the Mineral Aggregate   

Maintaining adequate VMA is essential to ensure durability, resistance to moisture damage, 

and proper asphalt film thickness within the mix. A low VMA may result in insufficient 

asphalt binder, leading to premature aging, cracking, or stripping. Conversely, excessively 

high VMA can increase binder content beyond optimal levels, potentially reducing the 

mixture's stability and increasing the risk of rutting. VMA describes the portion of space in a 

compacted asphalt pavement or specimen which is not occupied by the aggregate. VMA is 

expressed as a percentage of the total volume of the mix(Chadboun et al., 1999). 

Given that mix designs typically aim for 4 percent air voids, voids in the mineral aggregate 

(VMA) must remain high enough to achieve an adequate asphalt film thickness, which results 

in a durable asphalt pavement. HMA mixtures with below minimum VMA values will have 

thin films of asphalt and will provide an HMA pavement with low durability. Therefore, 

reducing asphalt content by lowering VMA is actually counterproductive and detrimental to 

pavement quality(Asphalt Institute MS-2, 1993). 

The SUPERPAVE mix design system, as developed under the Strategic Highway Research 

Program (SHRP), sets minimum VMA requirements based on nominal maximum aggregate 

size (NMAS) to ensure sufficient binder availability and performance under traffic loading 

and environmental conditions (AASHTO M 323). These requirements are particularly 

important when incorporating alternative fillers like pumice or cinder, which can influence 

VMA due to their distinct physical characteristics such as particle texture, porosity, and 

specific gravity. VMA is the volume of intergranular void space between the aggregate 

particles of a compacted paving mixture(Chadboun et al., 1999). 

Replacement of conventional mineral fillers with volcanic ash derived materials has observed 

notable changes in VMA values. For example, lightweight fillers like pumice tend to increase 

VMA due to their lower specific gravity, which enhance binder absorption and reduce 

mixture density. In contrast, denser fillers such as cinder can lead to slightly lower VMA 

values while still maintaining the required binder volume, depending on the blend ratio. Filler 

type has a significant impact on the mechanical properties of HMA mixtures(Al-Bayati et al., 

2020). 

Understanding and controlling VMA is therefore key for designing asphalt mixtures that 

exhibit balanced performance in terms of strength, durability, and resistance to deformation, 

particularly when using non-traditional filler materials. 

2.6.4. Voids Filled with Asphalt  

Voids Filled with Asphalt (VFA) is the percentage of inter granular void space between the 

aggregate particles (VMA) that contains or is filled with effective binder. VFA is used to 

ensure proper asphalt film thickness in the mix. If it is too low, the mix will have poor 

durability, or if it is too high, the mix can be unstable. The acceptable range of VFA varies 

depending upon the traffic level. Higher traffic requires a lower VFA, because mixture 

strength and stability are a greater concern. Lower traffic requires a higher range of VFA to 
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increase HMA durability. A VFA that is too high, however, may yield a tender mix and cause 

bleeding(Asphalt Institute MS-2, 1993).  

The SUPERPAVE mix design system sets recommended ranges for VFA based on the design 

number of gyrations (Ndes) and traffic level, generally suggesting values between 65% and 

75% for most applications (AASHTO M 323). Maintaining VFA within these limits ensures 

that enough binder is present to coat the aggregate particles and provide durability, while 

preventing excessive binder content that might lead to rutting and bleeding VFA is generally 

known as the degree of VMA filled by asphalt or it refers to the ratio of the volume of 

effective binder to the VMA and it is usually evaluated as a percentage(Al-Bayati et al., 

2020).  

 

Studies have shown that VFA is particularly sensitive to changes in binder content, aggregate 

gradation, and the type of filler used. Fillers, especially those with high surface areas, can 

absorb more binder, thereby influencing the amount available to fill voids. For instance, 

pumice, a lightweight and porous volcanic material, tends to absorb more asphalt binder due 

to its high surface area and rough texture. This can result in lower effective VFA unless the 

binder content is adjusted accordingly. On the other hand, cinder, being denser and less 

absorptive, help retain adequate VFA levels without requiring significant increases in binder 

content to enhance the performance of asphalt concrete mixtures(Al-Hadidy, 2024).  

Proper VFA levels are critical in controlling the asphalt film thickness on aggregates, which 

directly affects the mixture’s resistance to oxidation, fatigue cracking, and moisture damage. 

Therefore, when incorporating alternative fillers such as volcanic ash derivatives, careful 

evaluation of their effects on VFA is essential to optimize the mix for long term pavement 

performance. 

2.7. Compaction and Gyratory Effort 

Compaction plays a key role in determining the performance of asphalt mixtures by reducing 

air voids and enhancing aggregate interlock. Inadequate or excessive compaction can severely 

impact the mixture’s mechanical stability, resistance to deformation, and durability. The 

SUPERPAVE mix design system introduced the Superpave Gyratory Compactor (SGC) to 

simulate field compaction and provide consistent, reproducible specimens under laboratory 

conditions. To achieve the required density, hot-mix asphalt pavements require adequate 

compaction. amount of energy to accomplish best degree of compaction varies depending on 

Gradation, asphalt content, filler kind form, and compaction are all factors to 

consider(Rasoola et al., 2024) 

The SGC applies a combination of static pressure and gyratory shearing action to compact the 

asphalt mix at a fixed angle and pressure, producing cylindrical specimens with controlled 

density and orientation of aggregate particles. The compaction process is characterized by 

three key gyration levels: Nini (initial gyrations) indicates the mixture's resistance to 

compaction during placement,  Ndes (design gyrations) represents the target compaction level 

for mix design and Nmax (maximum gyrations) represents the upper limit to prevent over-
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compaction and damage to the aggregate structure, analyses are recommended to cover a wide 

variety of materials under various conditions(Huang et al., 2005). 

The required number of gyrations for each stage is selected based on expected traffic volume 

and climatic conditions. Higher traffic volumes generally require higher compaction efforts to 

ensure that the mixture can withstand repeated loading over time. To achieve the required 

density, hot mix asphalt pavements must be properly compacted. Amount of energy necessary 

to achieve the best degree of compaction varies according to the gradation, bituminous 

content, filler kind and form, compaction equipment, and other factors. Many studies have 

shown that mineral filler properties have a significant impact on the properties of HMA 

mixtures . It has pushed for environmental regulation and the subsequent implementation of a 

dust collection system to return the majority of fines to the HMA mixture(Rasoola et al., 

2024). 

Numerous studies have shown that filler type and content significantly influence compaction 

characteristics. Fillers with high surface area, such as finely ground pumice, can increase 

binder absorption, thereby reducing effective lubrication and making compaction more 

challenging. This may lead to higher air voids and the low-thermal resistance of bituminous 

glue(Fayissa et al., 2022). On the other hand, cinder, with its denser and more angular 

particles, can contribute to improved internal friction and aggregate interlock, potentially 

enhancing compact ability depending on its gradation and interaction with other aggregates 

and it can be recommended for areas that experience moisture damage without worrying 

about environmental and natural resource restrictions(Rasheed et al., 2023).  

Understanding the compaction behavior of mixtures containing alternative fillers like volcanic 

ash is essential for optimizing the mix design. Effective compaction confirms not only 

mechanical reliability and durability but also influences the long term performance by 

minimizing permeability and improving resistance to moisture induced damage. 
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3. EXPERMENTAL STUDY    

3.1. Study Area and Design 

This study was conducted along the Adama–Awash Expressway, a key road corridor in 

Ethiopia connecting central parts of the nation with its eastern border. The study targeted a 60 

kilometer stretch of expressway, which is part of a larger 126 kilometer road plan. This 

corridor not only improves local connectivity but also reinforces regional trade by linking 

Ethiopia with Djibouti, its major exit to the sea. 

The expressway is also important in the transport infrastructure of Ethiopia by giving an 

alternative shorter route of goods transportation to and from the port that does not use the 

longer northern route. Because of its economic importance, the corridor has been one of the 

most significant areas of road development and policy reform, particularly in expanding 

transport systems capacity and facilitating easier cross-border trade. 

The area experiences a range of climate conditions throughout the year. During the dry 

season, temperatures can rise above 30°C during the day and fall to around 10°C at night. In 

contrast, the rainy season brings more moderate daytime temperatures generally between 

20°C and 25°C with cooler nights. Rainfall varies significantly between regions: upland areas 

can receive over 1,000 mm annually, while lower, drier zones near the road corridor typically 

receive much less, around 200–600 mm. 

This research considered the expressway’s full geographical coverage, including its 

intersections and surrounding terrain. The evaluation also took into account local soil 

conditions, elevation, and drainage features all of which are important for understanding how 

road materials perform over time. Special emphasis was placed on capturing data that would 

help assess construction techniques, reduce structural risks, and improve the long term 

durability of the road. 

 

Figure 3-1: Project Location Map 
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Figure 3.2: Design methodology (procedure) 
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 Coarse Crushed Aggregate 

 Stone Dust 
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 SUPERPAVE Gyratory, Maximum Theoretical Specific Gravity 

(Gmm) & Bulk Specific Gravity (Gmb)  

 Indirect Tensile Strength (ITS) and Moisture Sensitivity (TSR) Test  

 Hamburg Wheel Track Rutting Test  

 Sieve Analysis Of Aggregate After Extraction 

 Resilient Modulus  Index 

 Creep Modulus Index 

 Cracking Tolerance Modulus Index 

Result Analysis and Discussions   

Conclusion  

Problem identification 

Literature review 
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3.2. Physiographic of the study 

3.2.1. Terrain Classification:  

Four categories of terrain classification have been defined as shown below; 

Table 3.1 Transverse slope for Terrain Classification 

Nature of  Terrain Transverse Terrain Slope (%) 

Flat 0-5 

Rolling >5-25 

Mountainous >25-50 

Steep >50 

 

Table 3.2 Terrain Classification 

From(Km) To(Km) Length(m) Terrain Type 

00+000 08+200 8200 Rolling 

08+200 21+900 13,700 Flat 

21+900 33+000 11,100 Rolling 

33+000 44+800 11,800 Flat 

44+800 57+300 12,500 Rolling 

57+300 61+552 4,252 Flat 

 

3.2.2. Climate of the Area 

Climate is influenced by latitude, altitude, land and water surfaces, mountain barriers, local 

topography, and such atmospheric features as prevailing winds, air masses and pressure 

centers. Based on climatic classifications of Ethiopia, the climate of the proposed project road 

area can be grouped under Kolla (hot-warm) climatic zone of average annual rainfall of 

600mm. Based on the available meteorological data; the average monthly rainfall in the 

project area is summarized in the Following Table. 
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Table 3.3 Average monthly rainfall Data 

 

Month 

 

Jan 

 

Feb 

 

Mar 

 

Apr 

  

May 

 

June 

 

July 

 

Aug 

 

Sept 

 

Oct 

  

Nov 

  

Dec 

Rainfall 

mm 

 

10 

 

20 

 

50 

 

60 

  

60 

 

63 

 

220 

 

200 

 

100 

 

30 

  

10 

  

5 

 

 

Table 3.4 Ethiopian Climate Zone, According to ERA 2013 Site Investigation Manual 

 

Climate Zone 

Elevation 

(masl) 

Average 

Temperature(C) 

Average 

Annual Rain 

fall (mm) 

 

Remarks 

 

Wurch (cold) 

 

>3200 

 

<10 

 

<800 

 

 

Dega (cool-cold) 

 

2300-3200 

 

10-16 

 

1000-2000 

 

 

Weinadega 

(warm-cool) 

 

1500-2300 

 

16-20 

 

1200 

 

 

Kolla (hot-warm) 

 

500-1500 

 

 

20-28 

 

 

600 

 

 

Kolla (hot-warm) climate 

in which all the Road 

Corridor located here. 

 

Berha (hot) 

 

<500 

 

 

28-34 

 

<400 

 

 

 

 

3.3. Mix Design selection 

Designing asphalt mixtures using a performance-based approach helps ensure that the 

materials used will hold up well under real world conditions. This method doesn’t just look at 

the physical or volumetric properties of the mixture it also includes tests that evaluate how the 

mix will perform over time, especially in relation to durability, moisture resistance, and 

structural stability. 
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The mix design process typically unfolds in four main steps. First, the materials are selected 

this means choosing the right type of asphalt binder and aggregate based on how well they 

meet performance requirements. Second, a proper blend of aggregates is developed; 

establishing a mix that provides the needed gradation and mechanical stability. The third step 

is achieving the correct amount of asphalt binder by testing various levels of binder until the 

mix meets the specified performance and volumetric requirements. Lastly, the mix's moisture 

sensitivity is tested to ensure it will not readily disintegrate under wet conditions, an often-

cited cause for pavement failure. 

Several considerations guide these decisions, including the local climate (moisture and 

temperature) as well as expected traffic volumes and the pavement structure. These 

considerations help decide how the mixture is composed to create long lasting, durable roads. 

In formulating the aggregate blend, utmost attention is paid while mixing the materials so that 

good packing, stability, and compatibility with the binder are ensured. This enables the 

ultimate mix to achieve important volumetric targets such as air voids, Voids in Mineral 

Aggregate (VMA), and Voids Filled with Asphalt (VFA) which are essential to ensure road 

quality and avoid conditions such as rutting or cracking. 

Having determined the aggregate structure in finality, the second step is determining the 

optimum asphalt binder content. This entails changing the binder levels in test mixes and 

noting how the mix performs. The aim is to determine a binder percentage that achieves the 

desired characteristics according to SUPERPAVE standards. This procedure also allows one 

to check whether minor variations in binder content such as those that can readily arise from 

mass production would affect the performance of the mix and help engineers achieve more 

uniform results in the field. 

3.4. Material Characteristics   

3.4.1. Mineral Aggregate characteristics 

Coarse and fine aggregate will be produced by crushing of rock obtained by blasting of hard 

solid fresh rock formation. Crushing will be multi-stage machinery so that aggregates of all 

sizes will be obtained in angular form. The following sizes have been crushed at the Crusher 

Plant and separated at the Asphalt Plant for the intended purpose. 
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Table 3.5 Screen used in crusher and asphalt plants 

 

The aggregate samples intended for use in asphalt mixtures must be tested for laboratory 

quality testing. The tests are conducted according to the relevant specifications to ensure that 

the aggregates meet the necessary performance requirements. The quality testing involves a 

series of tests such as toughness and abrasion resistance, which determine the ability of the 

aggregate to withstand wear and mechanical breakdown from traffic loads. Durability and 

soundness tests evaluate how resistant the aggregate is to weathering and degradation due to 

environmental conditions like moisture and temperature fluctuations. 

In addition, surface texture and particle size of the aggregates are evaluated as these influence 

the compaction, bonding, and workability characteristics of the asphalt mixture. Angularly 

shaped aggregates having rough surfaces tend to have better interlock and binder adhesion. 

Cleanliness and the absence of deleterious materials are also tested for key factors in 

determining that the aggregates are free from impurities to ensure they do not adversely affect 

the quality of the mix. 

Fine as well as coarse aggregates must be clean and should not include decomposed material, 

vegetable material, or other harmful material. The presence of such quality parameters 

guarantees that a high-performance and strong asphalt pavement is produced, one capable of 

withstanding environmental stresses as well as traffic loads. 

3.4.1.1.Aggregate Consensus Properties 

Agreement characteristics of the aggregates play a key role in determining the performance of 

the asphalt mixture as per the Superpave process. Such characteristics ensure the chosen 

aggregate mixture maintains the end asphalt mix workability, stability, and durability. 

Specific tests are done during design to determine if the chosen aggregate mixture meets the 

criteria stipulated by AASHTO M323-04. 

Aggregate Crushing 
Splitting at Asphalt Plant 

Filler 

0 - 5 0 - 4 

5 - 7 4 - 7 

7 - 15 7 - 14 
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Coarse Aggregate Angularity must conform to the percentage of fractured faces determined 

by testing in accordance with ASTM D5821. This property will provide a measure of the 

aggregate particle's ability to interlock, which will help with load-carrying capacity and 

resistance to deformation. 

Fine Aggregate Angularity is measured by AASHTO T304 (Method A), which calculates the 

un-compacted void content of the fine aggregates. Higher void contents indicate more 

angular, textured particles generating internal friction as well as overall mix stability. 

For Elongated and Flat Particles, the demand is measured by ASTM D4791. Particular focus 

is on the particles that are retained between the 9.5 mm and the 4.75 mm sieves, and the 

material must not exceed the value according to a 5:1 length-to-thickness ratio. Elevated 

percentages of elongated and flat particles can affect compaction and the structural response 

of the mix. 

The Sand Equivalent test, conducted in accordance with ASTM T176, evaluates the presence 

of clay and other fine contaminants in the aggregate. Meeting the sand equivalent criteria 

ensures that the fine aggregates are clean and will not negatively impact the moisture 

resistance or performance of the asphalt mix. 

Overall, these consensus properties guide the selection and combination of stockpile 

aggregates to achieve a mix design that aligns with the Superpave system’s expectations for 

strength, durability, and resistance to distress. 

Table 3.6 Summary of Consensus Property of Stockpile Aggregates 

Aggregate 

Sizes 

Flakiness 

Index, % 

Flat and 

Elongated 

% 

Fine 

Aggregate 

Angularity 

% 

Coarse 

Aggregate 

Angularity 

% 

Sand 

Equivalent 

0/4 - - 47.6 -  60.5 

4/7 - 6.5 - 100 - 

7/14 5.8 4.8 - 100 - 

Criteria < 35% <10% > 45% 100% > 50% 
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3.4.1.2.Aggregate Source Properties 

When tested in accordance with AASHTO T96, the Los Angeles Abrasion shall not be greater 

than 35%. And Water Absorption of the coarse aggregate shall not exceed 2% by mass, when 

tested in accordance with AASHTO T85 and T84. 

Table 3.7 Summary of Hot-bin Aggregates Specific Gravities and water absorptions 

Aggregates 

Size 

Specific 

Gravity 

(Bulk) 

Specific 

Gravity 

(SSD) 

Apparent 

Specific 

Gravity 

Water 

Absorption 

(%) 

Stone Filler - - 2.915 - 

4mm ~ 0mm 2.698 2.732 2.794 1.28 

7mm ~ 4mm 2.658 2.692 2.751 1.27 

14mm ~ 7mm 2.649 2.678 2.728 1.08 

 

When testing in accordance with ASTM C88-90, the aggregates shall have a maximum 

Sodium sulphate soundness of 10%.  

Table 3.8 Summary of Source Property of Stockpile Aggregates 

Aggregate  

Sizes 

Los Angles 

Abrasion 

TFV 

DRY Kn 

TFV 

WET/DRY 

% 

Aggregate 

Crushing 

Value 

ACV 

Sodium 

Sulphate 

Soundness 

0/4 - -     

0.8 4/7 24.13 202.1 83.8 17.86 

7/14 24.13 202.1 83.8 17.86 

Criteria <35% >160 KN >75% < 25% <10% 
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3.4.1.3.Presence of Deleterious Materials in Aggregates 

As per ERASTS 2014 Table 6402/5: Properties for Asphalt Aggregates, the following 

additional tests have been conducted to determine presence of Deleterious Materials in 

Aggregates. 

Table 3.9 Summary of Deleterious materials tested for Aggregate Stockpiles 

Aggregate 

Sizes 

Clay 

Lumps 

Light 

weight  

Linear 

Shrinkage 

Organic 

Matter 

Plasticity 

Index  

0/4 

0.2 

0 0.0 0 NP 

4/7 0 - 0 - 

7/14 0 - 0 - 

Criteria < 1% <1% <2% 0 <4% 

 

3.4.1.4.Bitumen Affinity of Aggregates / Coating and Stripping 

As per ERASTS 2014 Table 6402/5: Properties for Asphalt Aggregates, the Aggregate 

Coating to bitumen by Static Immersion Test tested as per ASTM D3625, shall be >95%. 

 

Figure3.3 Aggregates showing over 95% Coating of Bitumen after Static Immersion Test 
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3.4.2. Asphalt Binder 

Asphalt binder is supplied in various forms and grades having a wide range of consistency 

from fluid to hard and brittle. Mostly there are five type of penetration grades asphalt cement 

for use in road, airport and other construction: (ref. AASHTO-M20). 

Table 3.10 Different Type of Bitumen grades 

1. 40/50 pen, 
2. 60/70 pen, 

3. 85/100 pen, 4. 120/150 pen 

5. 200/300 pen,  

Climate can have a major impact on mix and pavement performance for a given pavement 

structure. In colder climates, softer, less viscous asphalt is recommended to produce a mix 

which is less susceptible to low temperature shrinkage cracking. In hot climate, harder, more 

viscous asphalt is normally used to obtain more stability from asphalt adhesion as well as 

from aggregate interlock. 

According to recent meteorological report from National Meteorology Agency Adama Branch 

Directorate the Project area is classified as warm and moderately hot its annual mean 

temperature is approximate around 33.1⁰C. Based on the prevailing temperature of the project 

area, the selected bitumen type for the captioned the project is 40/50 penetration grade 

bitumen. 

Penetration graded specifications for bituminous binders focus on the low service temperature 

(25°C) properties of the binder. However, in much of the roads the main failure mechanism is 

related to deformation at high service temperature. This implies that penetration graded 

bitumen can be more prone to rutting than viscosity graded bitumen. This resulted in the 

development of the Superpave Performance Grading (PG) system. 

However, it can be shown that the PG grade is in fact a surrogate for viscosity. Penetration 

Grade with viscosity graded specification would have advantages over a penetration based 

specification, where high temperatures are experienced. It would also be cheaper and simpler 

to implement than the performance grade system. Accordingly, the project 40/50 penetration 

grade bitumen subjected to required tests in accordance with ERA flexible pavement design 

manual 2013 section 8.4.2 as illustrated in the under table. 
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Table 3.11 Quality test for bitumen  

40/50 Penetration Grade Bitumen 

S. 

No. 
Properties Method Unit Specification Result 

1 Pentration at 25⁰C, 100gm, 5 Sec ASTM D5 0.1mm 40-50 45 

2 Softning Point (Ring and ball) ASTM D36 ⁰C Min 49 52.4 

3 Flash Point ASTM D92 ⁰C Min 230 329 

4 Ductility at 25⁰C, 5cm/min ASTM D38 cm Min 100 >100 

5 Solubility in Trichloroethylene ASTM D2042 %wt Min 99 99.9 

6 Retained Penetration after TFOT ASTM D5 % Min 55 66 

7 Spot Test 
AASHTO 

T102 
- - Negative 

8 Specific Gravity at 25 ⁰C ASTM D70 - 1.01-1.06 1.0285 

9 Absolute Viscosity @ 60℃ ASTM D2171 Pa.S Min 220 356 

10 Kinematic Viscosity @ 135℃ ASTM D2170 cSt 270-700 478 

After Rolling Thin Oven (RTFO)-ASTM D2872 

11 Mass Change ASTM D2872 % Max 0.3 0.06 

12 Viscosity @ 60ºC, % of orginal ASTM D2171 Pa.s Max 300 237 

13 Increase in softening point ASTM D36 ºC Max 7 6.2 

3.4.3. Physical Properties of Filler 

In asphalt mixture design, ensuring that solid particles are adequately coated with asphalt 

binder is essential to achieve the desired performance characteristics. This coating efficiency 

is closely linked to the surface area of the filler material, typically expressed in square meters 

per kilogram of dry solids (m²/kg). The specific surface area of an aggregate blend is 

calculated by multiplying the surface area factors of different particle sizes by their 

percentage passing through standard sieve sizes, with finer particles contributing more 

significantly to the total surface area. Among these aggregate fractions, mineral fillers stand 

out for their ability to influence asphalt performance due to their fine nature and high surface 

area. 

As filler content increases, the overall surface area of the mixture rises, directly impacting 

binder demand, workability, and mixture stability. This increase can improve asphalt binder 

absorption, potentially enhancing adhesion and resistance to moisture damage, while also 

affecting the stiffness and durability of the mixture. Various methods exist to estimate the 

surface area of mineral fillers, with surface area factors assigned to different sieve sizes to 

quantify their contribution to binder-filler interactions. Fillers with higher surface areas, such 

as finely ground volcanic ash, are particularly significant in dense-graded and gap-graded 

mixtures, where they influence compaction behavior, void structure, and resistance to 

deformation. 
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Understanding key physical properties of mineral fillers such as surface area, particle shape, 

and absorption characteristics enables engineers to optimize asphalt mixture designs for 

improved rutting resistance, fatigue life, and overall durability. In the current study, the 

mineral fillers used include crushed stone, pumice, and cinder, all passing the No. 200 sieve. 

Representative samples of pumice were collected from Km 3+900 Right Hand Side (RHS), 

while cinder samples were obtained from Km 29+600 Left Hand Side (LHS), allowing for a 

practical evaluation of their suitability as alternative filler materials in hot-mix asphalt 

applications. 

 

Figure 3.4 Sampling of pumice Volcanic Rock and Red Volcanic Ash cinder material 

Additional tests on pumice and cinder revealed distinct differences in geotechnical behavior. 

Pumice displayed a maximum dry density (MDD) of 0.670 g/cm³ and optimum moisture 

content (OMC) of 17.3%, while cinder exhibited a much higher MDD of 1.746 g/cm³ and 

lower OMC of 10.7%. These values affirm cinder’s denser and more compactable nature. In 

terms of California Bearing Ratio (CBR), both materials exceeded 30%, with pumice at 32% 

and cinder at 35%, demonstrating their strength and load-bearing capacity. Swell values were 

minimal 0.21% for pumice and 0.11% for cinder indicating limited volumetric instability 

upon saturation. Table 3.13 summarizes the test results. 
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Table 3.12 Quality test of volcanic ashes 

TEST PERFORMED 

TEST RESULTS 
TEST 

METHODS Pumice Cinder   

COMPACTION 

TEST 

MDD at 100% 0.670 1.746 g/cm3 
AASHTO T-180 

Method D/ 

ASTM         D 

1557 
OMC 17.3 10.7 % 

CBR 
CBR at 95% MDD 32.0 35.0 % AASHTO 193/          

ASTM D 1883 SWELL 0.21 0.11 % 

SOIL 

PLASTICITY 

LIQUID LIMIT 

(LL) 
NP NP % 

AASHTO T-

89/90/ ASTM D 

4318 

PLASTIC LIMIT 

(PL) 
NP NP % 

AASHTO T-

89/90/ ASTM D 

4318 

PLASTICITY 

INDEX(PI) 
NP NP % 

AASHTO T-

89/90/ ASTM D 

4318 

SOIL 

CHARACTER 

SOIL 

CLASSIFICATION 
A-1-b A-1-b   AASHTO M 145 

 

3.5. Experimental work (Superpave Methodology) 

The SUPERPAVE method is a structured approach used to design asphalt mixtures that can 

handle different climate conditions and traffic loads. It ensures the road surface performs well 

over time by carefully guiding how materials are selected, blended, and tested. 

The process begins with picking the right materials this includes selecting an asphalt binder 

suited to the weather and expected traffic. The binder is then tested against a system that 

corresponds to it with the range of local traffic stresses and temperatures. The aggregates, or 

the crushed stones used in the mixture, also need to meet certain standards of size, shape, and 

strength so that the final mix won't crack or deform easily. 

Once the materials are chosen, they are blended in proper proportions to meet certain 

graduation requirements. This is done to make the mixed material compact well and be stress-

resistant. Engineers then go on to conduct a volumetric mix design, where trial mixes are 

made to find optimum binder amount to use. These blends are then tested to see if and how 
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well they meet specifications for air voids, voids in mineral aggregate (VMA), and voids in 

asphalt (VFA) all critical indicators of how well the blend will perform. 

A main step in the process is compaction. To simulate how the asphalt will be packed down 

on the road, the Superpave Gyratory Compactor (SGC) is used. This machine presses and 

rotates the mix to mimic the forces it will face in the field. The number of times the mix is 

compacted (called gyrations) depends on the traffic volume and environmental conditions 

expected. This step helps determine whether the mixture will be strong enough to resist 

rutting and other forms of long-term damage. 

Figure 3.5 Temp Vs Viscosity relationship for the 40/50 penetration graded bitumen 

 

The design mixture must be compacted in accordance with AASHTO T312-04, and the 

number of gyrations must be as defined in AASHTO R35-04, Table-1.  

Table 3.13 Number of gyrations with respect to Traffic level (ESALs) 

Traffic Level (ESALs) Ninitial Ndesigh Nmaximum 

A < 0.3 million 6 50 75 

B 0.3 – <3 million 7 75 115 

C 3 – <10 million 8 100 160 

D ≥10 million 9 125 205 
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Table 3.14 Traffic Level-D has the following compaction efforts using the Gyratory 

Compactor 

Compaction Effort No of Cycles 

Nini 9 

Ndes 125 

Nmax 205 

After the asphalt samples are compacted, they are tested to see how well they perform under 

stress. These tests check how resistant the mix is to common pavement problems like rutting 

from heavy traffic, cracking from repeated loads, and damage caused by temperature changes. 

Some of the tests used include the Hamburg Wheel Tracking Test, which simulates rutting 

from wheel loads; the Dynamic Modulus Test, which measures the stiffness of the mix; and 

the Indirect Tensile Strength Test, which helps assess how likely the mix is to crack. 

Once these tests are complete, the results are compared with standard performance 

requirements. If the mixture doesn’t meet the expected levels, adjustments can be made either 

by changing the amount of binder, modifying the aggregate blend, or tweaking the mixture's 

internal structure to improve performance. 

This process by process approach will ensure that the resultant asphalt mixture will be long 

lasting, durable, and suitable to the native environment and traffic conditions. The 

SUPERPAVE system is meant to produce roads which will perform and last longer by 

anticipating and minimizing failures in pavements. 

3.5.1. Preparation of Spacemen 

Preparing specimens of Superpave asphalt is a well-organized process that simulates real life 

conditions within a laboratory environment. It starts with aggregate choice and mixing to the 

intended gradation. The aggregates are next heated and mixed with a 40/50 penetration grade 

asphalt binder at a temperature of 150°C to 165°C such that the binder coats all particles 

evenly. 

Following blending, the asphalt mixture under goes short term conditioning then it is placed 

in an oven at the compaction temperature for about two hours to simulate aging, which 

usually occurs during production and transportation of hot mix asphalt. 

After conditioning, the warm mixture is transferred into a preheated mold for compaction 

using the Superpave Gyratory Compactor (SGC). The inside of the mold and base plate are 
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lightly oiled to prevent the mix from sticking, and a paper disc may be placed at the base for 

easier removal of the finished specimen. The SGC compacts the mix by applying 600 kPa of 

pressure and rotating the mold at 30 revolutions per minute with a 1.25° gyration angle. 

Compaction is measured through three key gyration levels: Nini (9 gyrations), Ndes (125 

gyrations), and Nmax (205 gyrations). These represent different phases of pavement life Nini 

evaluates early compaction resistance, Ndes is used to find the optimal binder content by 

targeting 4% air voids, and Nmax checks for over compaction, ensuring the mix maintains 

enough void space to avoid rutting. 

During compaction, the specimen's height is tracked after each gyration to create a 

compaction curve showing how air voids decrease with more gyrations. Once the compaction 

is finished, the sample is carefully removed and cooled. Its dimensions and weight are 

recorded, and further analysis is carried out to determine its bulk specific gravity (Gmb). 

These measurements are used to calculate critical volumetric properties such as air voids 

(Va), voids in mineral aggregate (VMA), and voids filled with asphalt (VFA). This process 

ensures the final asphalt mix aligns with Superpave standards and is compacted properly for 

long term durability. 

 

Figure 3.5 Preparation of asphalt specimens in accordance with the Superpave methodology 
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3.5.2. Partial Replacement of Filler 

In this study, a set of asphalt mixtures were prepared depending on various percentages of 

mineral fillers in order to explore the effect of replacement of conventional stone dust by 

other materials such as pumice and red ash to some extent. The control mix consisted of 100% 

stone dust as filler material. In the replacement scenarios, the stone dust was substituted to 

some extent by pumice and red ash in incremental proportions. 

Replacement levels of pumice were 25% stone dust + 75% pumice, 50% stone dust + 50% 

pumice, and 75% stone dust + 25% pumice. Similarly, red ash was included in the ratios of 

25% stone dust + 75% red ash, 50% stone dust + 50% red ash, and 75% stone dust + 25% red 

ash. In addition to this, 100% pumice and 100% red ash mixtures were also evaluated. This 

approach allowed for a systematic comparison of how every filler combination influenced the 

physical and mechanical properties of hot mix asphalt, in terms of volumetric properties and 

durability. 
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4. RESULT AND DESCUSSIONS  

4.1. Introduction 

This chapter explains and discusses the experimental findings of the study on the use of 

volcanic ash in specific pumice and red ash as partial replacement of traditional stone dust 

filler in Hot Mix Asphalt (HMA). The analysis conforms to the objectives of the study 

outlined in Chapter One and is approached with a geotechnical engineering perspective, with 

emphasis on the impact these alternative fillers have on the mechanical, volumetric, and 

structural properties of the asphalt mixtures. 

To evaluate the fill ability of volcanic ash as filler, a comprehensive series of laboratory tests 

were carried out. Physical and chemical tests on the filler samples, along with such important 

volumetric properties as Bulk Specific Gravity (Gmb), Theoretical Maximum Specific 

Gravity (Gmm), Air Voids (Va), Voids in Mineral Aggregate (VMA), and Voids Filled with 

Asphalt (VFA) were taken into account. In addition to this, various performance based tests 

were carried out Tensile Strength Ratio (TSR), Resilient Modulus, Creep Index, and Cracking 

Tolerance Index to mimic how the mixtures would act under actual loading and 

environmental conditions. 

Each of these subsections addresses a specific target of research and reports comparative 

study of mixtures containing different volumes of volcanic ash and the control mixture 

consisting solely of stone dust. The results open a window of understanding toward the 

potential to use volcanic ash in HMA design and what implications it can have on the 

structural integrity, durability, and long term pavement performance especially for locations 

where common filling materials are scarce or are environmentally challenging to access. 

4.2. Characterization of Filler Materials 

4.2.1. Physical Properties (Particle Size Distribution, Specific Gravity, Surface Area) 

The physical properties of mineral fillers, mainly particle size distribution, specific gravity, 

and surface area, play a key role in determining their performance within Hot Mix Asphalt 

(HMA) mixtures. These characteristics influence the packing density, volumetric properties, 

binder absorption, and overall mechanical behavior of the asphalt mix their physical 

properties, which are believed to significantly influence bituminous mixture performance, 

were determined as shown in the table below.  
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Table 4.1 Physical properties of mineral fillers 

Sieves (mm) 

Stone Dust  Pumice Cinder 

 % of passing 

0.15 100.00 100.00 100 

0.075 92.24 93.32 81.48 

Pan 0.00 0.00 0.00 

Specific Gravity of Filler 2.915 2.425 2.928 

Plastic Index NP NP NP 

Surface area (m2/kg) 30.88 30.58 26.7 

The particle size distribution of the filler materials was assessed following AASHTO T11 

(Materials Finer than 75 µm [No. 200] Sieve by Washing) and ASTM C136 (Sieve Analysis 

of Fine and Coarse Aggregates). Results showed that all three fillers stone dust, pumice 

volcanic ash, and red ash cinder completely passed through the 0.15 mm sieve. However, 

distinctions became evident at the finer 0.075 mm sieve. Pumice exhibited the highest passing 

rate at 93.32%, followed by stone dust at 92.24%, while red ash cinder trailed at 81.48%. 

These findings indicate that pumice and stone dust are finer in texture, which may enhance 

their interaction with asphalt binder and promote better densification of the asphalt matrix. In 

contrast, the relatively coarser red ash particles may offer less binder filler contact but 

potentially improve structural rigidity. 

Specific gravity was determined according to ASTM C128 (Standard Test Method for 

Relative Density and Absorption of Fine Aggregate). Pumice showed the lowest specific 

gravity at 2.425, reflecting its porous and lightweight nature. Stone dust and red ash cinder 

yielded higher and closely related values 2.915 and 2.928, respectively suggesting denser, less 

absorptive behavior. The lower specific gravity of pumice may lead to higher asphalt binder 

demand due to increased internal voids, whereas the denser red ash and stone dust can aid in 

better load distribution and reduced film thickness of the asphalt. 
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Plasticity tests conducted in line with AASHTO T90 (Plastic Limit and Plasticity Index of 

Soils) classified all three filler types as non-plastic (NP). This non plastic behavior is 

advantageous in asphalt applications, as plastic fines tend to retain moisture, potentially 

causing stripping and long term durability issues in pavements. 

Though surface area is not a standard measure in typical aggregate testing, it was evaluated to 

understand the potential extent of binder filler interaction. Both pumice and stone dust 

exhibited relatively high surface areas 30.58 m²/kg and 30.88 m²/kg, respectively while red 

ash cinder registered a lower value of 26.7 m²/kg. A larger surface area can contribute to a 

stronger asphalt mastic by increasing the binder’s adhesion to filler particles, thereby 

enhancing the mixture’s internal cohesion. 

In summary, pumice volcanic ash, having finer grading and higher surface area, has the 

potential to improve workability and compatibility of asphalt mixtures but also the potential 

for higher binder consumption. Red volcanic ash cinder, denser and coarser, has the potential 

for adding higher strength and stiffness to the mix. These physical properties are important to 

recognize in joint anticipation of filler performance and achieving maximum joint 

contribution to Superpave mix design. 

 

 

Figure 4.1 physical properties testing of fillers 
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4.2.2. Chemical Composition and Pozzolanic Activity 

The chemical constitution of the fillers of volcanic ash was examined to ascertain their 

mineral composition and their potential pozzolanic activity. The major and minor oxides of 

red volcanic ash cinder and pumice volcanic ash were determined by a blend of analytical 

techniques like HF acid digestion, LiBO₂ fusion, gravimetric analysis, colorimetry, and 

atomic absorption spectroscopy (AAS). These analyses were performed to standard 

procedures for analysis of powdered rock and soil oxides. 

The results revealed that pumice volcanic ash is comprised of primarily silicon dioxide (SiO₂) 
at 70.88%, followed by aluminum oxide (Al₂O₃) at 8.48%, and ferric oxide (Fe₂O₃) at 7.8%. 

The remaining are sodium oxide (Na₂O) – 5.14%, potassium oxide (K₂O) – 3.42%, calcium 

oxide (CaO) – 0.76%, and magnesium oxide (MgO) – 0.22%. Loss on ignition (LOI) was 

achieved at 2.49%, which shows a strong presence of volatile materials or unburned content. 

Total pozzolanic oxides (SiO₂ + Al₂O₃ + Fe₂O₃) for pumice were achieved at 87.16%, which 

is higher than the minimum of 70% by ASTM C618 for natural pozzolans in Class N, thus 

determining that pumice is most likely to be reactive and can be used as mineral filler. 

The red volcanic ash cinder, on the other hand, showed a SiO₂ content of 52.68%, along with 

higher levels of Al₂O₃ - 16.28% and Fe₂O₃ - 11.34%. Notably, CaO and MgO were 

significantly more prominent in cinder, measured at 10.12% and 4.96%, respectively, 

indicating a more alkaline nature. These basic oxides can enhance cementitious reactivity but 

may require careful consideration in terms of moisture susceptibility. The LOI for red ash 

cinder was relatively low at 0.51%, reflecting minimal unburned residue. The cumulative 

pozzolanic oxides in red ash summed up to 80.30%, also meeting ASTM C618 criteria. 

The high reactive silica and alumina content in both materials enables pozzolanic reactions 

that can improve bitumen stiffness and durability in asphalt mixtures. The superior SiO₂ 
content in pumice enhances mastic cohesion and resistance to rutting and fatigue, while the 

iron and alumina-rich profile of red ash cinder may be advantageous in high-stress pavements, 

albeit with greater sensitivity to moisture. 

In conclusion, the chemical properties obtained through LiBO₂ fusion, HF attack, gravimetric, 

colorimetric, and AAS methods demonstrate that both pumice and red volcanic ash cinder 

meet established pozzolanic criteria, reinforcing their viability as alternative mineral fillers in 

Hot Mix Asphalt (HMA) using the SUPERPAVE methodology. 

 

 

 

 

 

 



37 
 

Table 4.2 Chemical composition of the volcanic ash fillers 

Major and Minor oxides 
 Pumice Volcanic Ash 

(%) 

Red Volcanic Ash 

Cinder (%) 

SiO₂ – Silicon Dioxide 70.88 52.68 

Al₂O₃ – Aluminum Oxide 8.48 16.28 

Fe₂O₃ – Ferric Oxide 7.8 11.34 

CaO – Calcium Oxide 0.76 10.12 

MgO – Magnesium Oxide 0.22 4.96 

Na₂O – Sodium Oxide 5.14 2.58 

K₂O – Potassium Oxide 3.42 0.64 

TiO₂ – Titanium Dioxide 0.42 0.1 

MnO – Manganese Oxide 0.28 0.18 

P₂O₅ – Phosphorus Pentoxide 0.04 0.96 

LOI (Loss on Ignition)  2.49 0.51 

 

 

4.3. Volumetric Properties of HMA Mixtures 

Volumetric characteristics are essential measures of Hot Mix Asphalt (HMA) mixture 

performance, durability, and overall quality. These characteristics govern the mix's capacity to 

resist deformation, moisture damage, and aging and maintain desirable air voids and binder 

film thickness for long-term durability. In the SUPERPAVE mix design system, Bulk 

Specific Gravity (Gmb), Air Voids (AV), Voids in Mineral Aggregate (VMA), Voids Filled 

with Asphalt (VFA), and compaction effort at various gyrations (Nini, Ndes, Nmax) were 

determined. Some other performance factors such as maximum theoretical specific gravity 

(Gmm), tensile strength ratio (TSR), rutting resistance by wheel tracking depth, dust-to-binder 

ratio, and bitumen content were also determined. 
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These parameters were evaluated in series of mixtures with varying levels of proportion of 

volcanic ash fillers pumice and red ash (cinder) as alternatives for normal stone dust filler 

partially or fully. The tests were conducted with the objective of gauging the effects of these 

substitute fillers on the compactability, stability, susceptibility to moisture, and overall 

volumetric performance of HMA mixtures. Laboratory tests were performed according to 

standard procedures like AASHTO T 166 for Gmb, AASHTO T 209 for Gmm, AASHTO T 

283 for TSR, AASHTO R 35 for volumetric mix design requirements, and ASTM D6307 for 

asphalt content determination. The results of all the aforementioned tests are provided in 

Table 4.3 below: 

Table 4.3 Summary of Asphalt Concrete Test Result 

 

 

Filler Type
Stone 

Dust

Specification 

Limit

100% 

Stone 

Dust

25% 

Pumice 

and 

75% 

Stone 

50% 

Pumice 

and 

50% 

Stone 

75% 

Pumice 

and 

25% 

Stone 

100% 

Pumice 

25% 

Cinder 

and 

75% 

Stone 

50% 

Cinder 

and 

50% 

Stone 

75% 

Cinder 

and 

25% 

Stone 

100% 

Cinder 

Bulk S.G of                 

Compacted 

mix

NA 2.401 2.395 2.377 2.367 2.367 2.394 2.414 2.415 2.410

AV 3 - 6 4.10 3.8 4.8 5.1 5.1 4.60 3.90 3.50 3.70

VMA(%) ≥ 14 15.20 14.01 14.70 15.01 15.00 14.00 13.30 13.30 13.40

VFA(%) 65 - 75 73.00 72.70 67.50 66.30 66.40 67.40 71.00 73.40 72.70

Nini(%) ≤ 89 87.30 87.50 86.60 86.40 86.40 86.80 87.50 87.80 87.60

Ndes(%) 96% ± 1% 95.90 96.20 95.20 94.90 94.90 95.40 96.10 96.50 96.30

Nmax(%) ≤ 98%  96.90 97.70 96.20 95.20 95.50 96.40 97.70 97.50 96.70

MTD Gmm NA 2.503 2.490 2.495 2.493 2.492 2.509 2.511 2.504 2.502

Moisture -

Induced Damage
TSR(%) ≥ 80 84.40 84.10 87.10 88.60 90.10 83.90 85.30 87.20 88.40

Max. Wheel 

Tracking Depth

Max 

Depth(mm)
≤ 7 0.90 1.70 1.40 1.10 0.90 1.90 1.60 1.40 1.10

Dust to Binder 

Ratio
0.8 - 1.6 1.28 1.20 1.14 1.33 1.14 1.58 1.38 1.08 1.01

Extraction

Bitumen 

Content/Mix

(%)

± 0.3 

Design 

Binder 

Content

5.45 4.95 4.72 4.95 4.77 4.72 4.84 4.74 4.81

Cinder

Type of Test 

Conducted
Properties

Pumice

SUPERPAVE 

Proprties of 

Bitumen Mixture
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4.3.1. Bulk Specific Gravity (Gmb) 

Bulk specific gravity (Gmb) is a fundamental volumetric characteristic that reflects the 

density of compacted Hot Mix Asphalt (HMA) and provides information about the compact 

potential and packing efficiency of the aggregates in the mixture. The value was determined 

according to AASHTO T 166, which prescribes the method for determining the bulk specific 

gravity of compacted asphalt mixtures by the saturated surface dry (SSD) method. 

The results presented in Table 4.3.1 show the variation in bulk specific gravity for different 

filler replacement ratios involving pumice and red volcanic ash (cinder), compared against the 

control mix containing 100% stone dust. The control mix exhibited a bulk specific gravity of 

2.401. When pumice was used to partially replace the stone dust, a gradual decrease in 

specific gravity was observed. The values declined from 2.395 at 25% pumice substitution to 

2.367 at 75% and 100% pumice replacement. This reduction is attributed to the inherently 

lower specific gravity of pumice (2.425), as established in the physical characterization phase 

(Section 4.2.1), and its porous nature, which affects overall mixture density. 

In contrast, the mixtures incorporating red volcanic ash (cinder) displayed relatively higher 

bulk specific gravity values, ranging from 2.394 at 25% replacement to 2.415 at 75% 

replacement. The value slightly decreased to 2.410 at 100% cinder. These figures are 

consistent with the higher specific gravity of cinder (2.928), which is closer to that of stone 

dust and therefore results in denser compacted mixtures. The mix with 75% cinder exhibited 

the highest bulk specific gravity (2.415), slightly surpassing even the control mix. This trend 

indicates the potential of cinder to enhance the density and packing characteristics of HMA 

mixtures, particularly when used in moderate proportions. 

Generally, substitution of stone dust by volcanic ash fillers induces diverse changes in the 

density of mixture. Whereas, pumice serves to lower the bulk specific gravity due to its low 

weight per bulk unit. Cinder has the ability to maintain or even increase the compacted mix 

density. These phenomena emphasize the requirement for careful filler type and volume 

selection in such a way to meet desired performance requirements related to density during 

the design of asphalt mixture. 
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Figure 4.2 Bulk Specific Gravity (Gmb) Testing 

4.3.2. Theoretical Maximum Specific Gravity (Gmm) 

The theoretical maximum specific gravity (Gmm) of HMA mixes is the specific gravity of the 

mix when compacted in a state free of air voids. It is used as a reference for estimating other 

volumetric parameters, particularly air voids (AV). Gmm is of significant significance in the 

assessment of the overall density and performance of asphalt mix, and its calculation was 

carried out according to AASHTO T 209, which stipulates the vacuum test to calculate 

maximum specific gravity and density of bituminous paving mixtures. 

The Gmm values obtained in Table 4.3 show that they varied with the percentage and quality 

of filler material that was introduced in the mix. The control mix of 100% stone dust 

possessed a Gmm of 2.503, which served as the reference against which the other mixes were 

compared. When pumice was partially substituted for stone dust, the Gmm showed a marginal 

reduction, from 2.490 (25% pumice) to 2.492 (100% pumice). This pattern is in keeping with 

the reduced specific gravity of pumice and its open structure, affecting the theoretical mix 

density. 

On the other hand, cinder-containing mixtures with red ash as filler exhibited relatively higher 

Gmm values. At 25% replacement of cinder, Gmm was 2.509, which increased slightly to 

2.511 at 50% cinder, and then fell slightly to 2.504 and 2.502 at 75% and 100% cinder, 

respectively. This is in line with the greater specific gravity of cinder compared to pumice, 

leading to a denser theoretical mix structure. 
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Generally, Gmm values in the above equations show that cinder and pumice have the ability 

to change the theoretical density of the HMA mixture depending on the level of replacement. 

The outcome also supports the importance of the accurate determination of Gmm for 

achieving reliable air void calculations together with other volumetric properties vital in mix 

design. 

 

Figure 4.3 Theoretical Maximum Specific Gravity (Gmm) Testing 

4.3.3. Air Voids (AV) 

Air voids (AV) are the small air spaces entrapped in the dense asphalt mixture and are 

reported as a percentage of the total volume. Air voids are an important volumetric measure in 

HMA design and performance because it directly influences durability, moisture 

susceptibility, and pavement performance. The air voids were measured according to 

AASHTO T 269, which provides the standard procedure for the determination of AV using 

measured bulk specific gravity (Gmb) and theoretical maximum specific gravity (Gmm). 

According to the Superpave mix design criteria, the acceptable range of air voids for a 

properly compacted mixture lies between 3% and 6%, ensuring sufficient space for expansion 

without compromising structural integrity. 

As shown in Table 4.3, the control mixture containing 100% stone dust achieved an AV value 

of 4.10%, which is well within the recommended specification. When pumice was used as a 

partial replacement, AV slightly fluctuated across replacement levels. At 25% pumice 

replacement, the AV was 3.8%, while at 50%, 75%, and 100% replacement levels, the AV 

increased to 4.8%, 5.1%, and 5.1% respectively. This increasing trend in air voids correlates 

with the lower density and porous nature of pumice, which reduces packing efficiency and 

results in higher void content in the compacted mix. 
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On the other hand, cinder-filled mixtures displayed lower AV values in comparison to those 

with high pumice content. AV ranged from 4.60% at 25% cinder to 3.90%, 3.50%, and 3.70% 

at 50%, 75%, and 100% replacement levels, respectively. The relatively denser structure of 

cinder contributes to better aggregate interlock and compaction, thus reducing the void 

content in the final mixture. 

In summary, the observed values for all mixtures remained within the acceptable Superpave 

range, indicating adequate compaction. However, the variations highlight how filler type and 

proportion directly influence the air void content and, consequently, the mechanical behavior 

and long-term performance of the asphalt mixtures. 

4.3.4. Voids in Mineral Aggregate (VMA) 

Voids in Mineral Aggregate (VMA) represent the volume of void spaces between the 

aggregate particles in a compacted asphalt mixture, including both air voids and those filled 

with asphalt binder. VMA is a key design parameter because it governs the durability, 

stability, and workability of the asphalt mix. The test was performed in accordance with 

AASHTO R 35 and AASHTO T 312, which define VMA as a function of aggregate 

gradation, compaction, and binder content. 

The Superpave specifications recommend a minimum VMA value of 14% for mixtures using 

nominal maximum aggregate size of 12.5 mm, ensuring that sufficient binder is present to 

coat the aggregate and fill the voids while allowing space for a controlled amount of air. 

As shown in the summarized results, the control mixture containing 100% stone dust achieved 

a VMA of 15.20%, which meets the Superpave requirements. When pumice was used as a 

partial replacement, VMA decreased slightly with increasing replacement level. At 25%, 

50%, 75%, and 100% pumice content, the VMA values were 14.01%, 14.70%, 15.01%, and 

15.00%, respectively. Although a slight drop was observed at the 25% replacement level, all 

mixtures with pumice maintained VMA values above the minimum threshold. This behavior 

can be attributed to the lower specific gravity and angular nature of pumice particles, which 

tend to create more internal voids, maintaining a relatively high VMA even with increased 

replacement. 

On the other hand, the VMA values for the blended mixes containing the red volcanic ash 

(cinder) were relatively lower. For 25%, 50%, 75%, and 100% cinder composition, VMA 

values of 14.00%, 13.30%, 13.30%, and 13.40%, respectively, were recorded. The 25% 

cinder mix met the minimum requirement, but the mixes with 50% and above were slightly 

below the 14% level. This reduction can be attributed to the increased specific gravity and 

dense filler nature of cinder particles, which minimizes the internal voids present in the 

aggregate, structure. 
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These results verify that while pumice and cinder are both potential alternatives to fillers, they 

have very different impacts on VMA. Pumice is able to withstand greater VMA due to its 

texture and density, whereas cinder, while denser and more stable, can reduce VMA to 

unacceptable levels when added in high percentages without making appropriate mix design 

adjustments. 

4.3.5. Voids Filled with Asphalt (VFA) 

Voids Filled with Asphalt (VFA) represents the percentage of the voids within the mineral 

aggregate (VMA) that are occupied by asphalt binder in a compacted Hot Mix Asphalt 

(HMA) specimen. It is a critical indicator of mixture durability and fatigue resistance. Higher 

VFA values generally suggest better binder coverage, which improves resistance to moisture 

induced damage and oxidative aging. However, excessively high VFA can compromise air 

void levels, leading to rutting under repeated loading. According to AASHTO R 35 standards 

for Superpave mix design, the recommended VFA range for mixtures with a nominal 

maximum aggregate size of 12.5 mm is between 65% and 75%. 

The control mixture, composed entirely of stone dust filler, yielded a VFA of 73.00%, placing 

it near the upper end of the recommended range. This indicates an optimal level of binder 

saturation, ensuring both durability and structural integrity without the risk of excessive 

compaction. 

For the mixes incorporating pumice volcanic ash as a partial replacement for stone dust, a 

gradual decline in VFA was observed with increasing pumice content. The VFA values 

recorded were 72.70% for 25% pumice, 67.50% for 50% pumice, 66.30% for 75% pumice, 

and 66.40% for the mix with 100% pumice filler. Despite the downward trend, all values 

remained within the Superpave specification limits, indicating that pumice based mixtures 

maintained sufficient binder coverage to ensure long term performance. The slightly reduced 

VFA in these mixes can be attributed to the porous nature of pumice, which leads to higher 

VMA and thus lower relative binder filling. 

In contrast, mixtures containing red volcanic ash (cinder) exhibited generally higher VFA 

values. The 25% cinder mix recorded 67.40%, followed by 71.00% at 50%, 73.40% at 75%, 

and 72.70% at 100% replacement. These results suggest that cinder enhances binder filling 

efficiency, particularly at mid to high replacement levels where VFA approached or exceeded 

73%. This behavior is likely due to the finer texture and compact structure of cinder particles, 

which reduce air voids and enable better binder distribution throughout the mix. 
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As a conclusion, all the filler blends considered in this study satisfy the Superpave VFA 

requirements while pumice tends to lower the VFA due to its light nature. On the other hand, 

cinder accounts for mixtures that are heavier with higher binder saturation, which may be 

possibly best utilized in scenarios where enhanced moisture resistance and durability are 

required. 

4.3.6. Compaction Characteristics (Nini, Ndes, Nmax) 

Compaction characteristics, including initial (Nini), design (Ndes), and maximum (Nmax) 

gyrations, are vital signs of the densification trend of Hot Mix Asphalt (HMA) with respect to 

compaction. The values are based on the Superpave mix design specification provided in 

AASHTO R 35 and AASHTO T 312, with the Superpave Gyratory Compactor (SGC) used to 

simulate field compaction and traffic loading conditions. These characteristics directly impact 

the capacity of the mix to resist rutting, fatigue cracking, and other forms of premature failure. 

Nini parameter reflects early compaction performance and is used to determine workability 

and placement resistance to distortion. According to Superpave specifications, the value of 

Nini should not be more than 89% of maximum specific gravity (Gmm) to prevent over-

compaction as a result of early densification. Nini values of all mixtures in this research 

ranged from 86.4% to 87.8%, which was indicative of compliant and workable mixtures for 

all types of filler and all replacement ratios. 

The Ndes value is the design traffic level target compaction level and should attain 96% ± 1% 

of Gmm. The values were detected to achieve this specification by all mixes, between 94.9% 

and 96.5%. The control mix and the mixes containing higher cinder contents (50%, 75%, and 

100%) attained slightly higher Ndes values, which represent better densification and 

potentially greater aggregate interlock. This is likely caused by cinder's higher specific gravity 

and angularity, which facilitate effective compaction and load transfer. 

Nmax values measure the likelihood of over-compaction at higher gyration and must be less 

than 98% of Gmm. All the samples in the present work conformed to this parameter, between 

95.2% and 97.7%. Control mix and cinder mixes had lower values of Nmax compared to their 

pumice mixes, which indicate a better response under excessive compaction stresses. 

Generally, the compaction properties of the mixes mean that volcanic ash based fillers, i.e., 

cinder herein are in terms of good compaction performance equal to or greater than their 

comparative stone dust counterparts. The results confirm the feasibility of using volcanic ash 

in HMA from a structural and compaction perspective in such a way that the mixes reach the 

optimum achievable density without compromising workability or stability during field 

placement. 
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Figure 4.4 Gyratory Compactor 

4.4. Performance Evaluation of HMA with Volcanic Ash Fillers 

4.4.1. Rutting Resistance (Wheel Tracking Test – EN 12697-22) 

Rutting is a permanent displacement of major significance for asphalt pavements under high-

traffic and heat conditions. To evaluate the HMA mix rut resistance, a Wheel Tracking Test 

was conducted according to EN 12697-22. The test simulates cyclic traffic loading and 

maximum rut depth developed on the asphalt mixture surface as a function of time. The 

acceptable maximum rut depth is 7 mm or less for good rutting resistance. 

The results showed that all the mixtures, including volcanic ash filler mixtures, met the 

required limit of ≤ 7 mm rut depth. The control mix of 100% stone dust produced 0.90 mm rut 

depth, which indicated ideal resistance to permanent deformation. 

For pumice-replaced mixtures, rut depth values reduced with increased replacement level. The 

maximum value of 1.70 mm was recorded at 25% pumice, which then reduced as the level of 

pumice increased to 1.10 mm at 75% pumice and 0.90 mm at 100% pumice. The trend is that 

increased content of pumice improves rutting resistance, perhaps owing to the enhanced 

binder absorption as well as internal friction of the porous nature of the surface of pumice. 

For red volcanic ash (cinder) blends, the rut depth was elevated at lower proportions of 

replacement. The 25% cinder blend consisted of the maximum value for rutting as 1.90 mm, 

followed by 1.60 mm and 1.40 mm for 50% and 75% proportions of cinder, respectively. For 

100% replacement of cinder, the rut depth was 1.10 mm, indicating tremendous improvement 

in resistance. The downtrend with increased content of cinder is due to enhanced aggregate 

interlock and particle shape accounting for load resistance. 
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Overall, all mixtures that were tested were performing well under simulated traffic load with 

no sample exceeding 7 mm specification. Pumice and cinder fillers both indicated good 

potential in enhancing rutting resistance of the asphalt mixtures, especially at higher 

percentages. Results support the use of volcanic ash as a sustainable and performance-based 

alternative to regular stone dust in road construction projects. 

 

Figure 4.5 Rutting resistance Testing 

4.4.2. Moisture Susceptibility (Tensile Strength Ratio) 

Moisture-induced damage, also known as stripping, is a major problem in asphalt pavements, 

particularly in environments subject to frequent rain or freeze thaw conditions. It is the 

deterioration of the asphalt binder-aggregate particle bond as a result of water intrusion, 

which reduces the structural strength and durability of the pavement. Therefore, the 

measurement of Hot Mix Asphalt (HMA) mixture's moisture susceptibility is important in 

ensuring that they are kept under long term performance under various environments. 

In this research, Tensile Strength Ratio (TSR) was used as the major parameter to evaluate the 

moisture sensitivity of HMA mixtures with volcanic ash fillers. The parameter was set in 

agreement with AASHTO T 283, which prescribes the conditioning and test specimen 

preparation methods, freezing and thawing the specimens, and indirect tensile strength testing 

of conditioned and unconditioned samples. The TSR is also referred to as the ratio of 

conditioned sample tensile strength to that of the unconditioned sample expressed as a 

percentage. An 80% or higher TSR is generally considered acceptable for demonstrating 

satisfactory resistance to moisture caused damage. 

The results indicated that all mixes with or without the incorporation of pumice and red 

volcanic ash (cinder) had TSR values above the minimum acceptable requirement, hence 

proving their suitability for use under wet conditions. Specifically, the control mix 
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incorporating 100% stone dust had a TSR of 84.40%, while mixes incorporating pumice 

replacement had increasing TSR levels with a highest TSR of 90.10% for 100% pumice mix. 

This excellent moisture resistance is due to the fine porous structure of pumice, resulting in 

excellent binder absorption and high aggregate-binder adhesion. 

In addition, red volcanic ash samples performed very well with TSR ranging from 83.90% 

(25% cinder) to 88.40% (100% cinder). This minor fluctuation at varying replacement levels 

illustrates how the equilibrium takes place between filler's mineral composition, surface 

activity, and asphalt binder interaction. Their silica and alumina content in high levels confers 

a beneficial adhesion property with asphalt and inherent pozzolanic activity imparted due to 

their volcanic origin, which may increase cohesive strength of the mastic when subjected to 

wet conditions. 

These findings show that red volcanic ash and pumice are viable alternatives for conventional 

stone dust to enhance HMA mixture resistance against water. The utilization of volcanic ash 

and pumice not only satisfies conventional durability criteria but also adheres to sustainable 

construction practices using locally utilized volcanics. Maximum advantages can be drawn 

with adequate proportioning of these fillers and assured reliable pavement performance under 

moisture exposure conditions. 

 

Figure 4.6 Moisture Susceptibility (Tensile Strength Ratio) testing 

4.4.3.  Resilient Modulus 

Resilient modulus (MR) is a primary parameter to examine when assessing the load capacity 

and elastic behavior of Hot Mix Asphalt (HMA) mixtures in response to repeated traffic 

loading. It quantifies how effectively the mixture will return to its original shape after 

deformation, and is commonly used as a stiffness input to mechanistic-empirical performance 

modeling and pavement design. 
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In this study, the resilient modulus was determined based on ASTM D7369-11, which gives 

procedures for the Indirect Tension Test (IDT). Specimens were subjected to repeat axial 

loading at constant temperature conditions, and corresponding horizontal deformation was 

imparted in order to determine the modulus value. The results are summarized in the table 

given below. Each mixture was tested with two replicates (Specimen-1 and Specimen-2), and 

the average values were calculated: 

Table 4.4 Summary of Resilient modulus (MR) test results 

 

All mixtures exhibited average resilient modulus values above the specification threshold of 

3000 MPa, confirming their structural adequacy for flexible pavement construction. The 

control mix (100% stone dust) showed an average modulus of 5314 MPa, serving as a 

benchmark. 

The inclusion of pumice showed a nonlinear impact on stiffness. While the modulus 

decreased at 25% replacement (3409 MPa), it improved steadily with increased pumice 

content, peaking at 6476 MPa for the 100% pumice mix. This suggests that the light, porous 

structure of pumice, while reducing initial stiffness, may enhance overall elasticity and binder 

interaction at higher content levels. 
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Conversely, mixes with cinder showed a more consistent performance across different 

replacement ratios. The highest value was observed at 25% cinder (5869 MPa), indicating 

improved stiffness due to the higher specific gravity and angularity of cinder particles. 

However, beyond this point, stiffness showed minor reductions, yet all mixes remained within 

acceptable performance limits. 

Overall, the data indicates that both pumice and cinder fillers contribute positively to the 

resilient modulus, depending on the proportion used. 100% pumice demonstrated the highest 

modulus, making it an excellent candidate for flexible yet strong pavement layers in areas 

subject to dynamic loading. 

 

 

Figure 4.7 Resilient modulus (MR) Testing 
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4.4.4. Creep Index 

Creep stiffness, measured as the rate of accumulated strain against load cycles, is a key 

parameter in evaluating the rutting resistance of hot mix asphalt (HMA). It reflects the 

material’s ability to withstand permanent deformation under sustained loading, particularly in 

high-temperature conditions. In this study, the creep stiffness of asphalt mixtures 

incorporating various filler types and proportions was evaluated to assess the influence of 

volcanic ash (pumice and cinder) as partial or full replacements for conventional stone dust 

filler. 

According to the ERA Pavement Design Manual (2013), Table F.6, the acceptable 

specification limit for creep deformation is less than 0.5%. All tested mixes in this study fell 

well within this limit, indicating satisfactory resistance to permanent deformation regardless 

of the filler type or proportion used. 

The mix with 100% stone dust had the lowest creep stiffness of 0.18%, indicating high 

resistance to deformation. As pumice content in the mix was increased, creep stiffness rose 

slowly to a high of 0.36% for the mix with 100% pumice. This suggests that while pumice 

contributes to the structure of the mixture, its lighter and more porous character can reduce 

the resistance to deformation slightly relative to denser materials. 

On the other hand, cinder mixes have comparatively lower creep stiffness values than their 

pumice equivalents. The 25% cinder-75% stone dust combination had a creep stiffness of 

0.19%, whereas 100% cinder had 0.25%. These results are a confirmation that cinder, despite 

it being a volcanic ash material, has greater resistance to deformation compared to pumice due 

to it being denser and more compactable in nature. 

Overall, all combinations partially or entirely replaced with cinder or pumice were in 

conformity with the ERA limit of < 0.5% creep deformation. This mirrors the performance 

possibility of the two forms of volcanic ash as potential substitute fillers in HMA, where the 

cinder offers a relatively superior creep resistance behavior. The above findings also 

demonstrate that at elevated levels of replacement; using the volcanic ash doesn't weaken the 

mixture's durability against permanent deformation. 

Table 4.5 Summary of Creep Index Test Result 
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Figure 4.8 Creep Index Testing 

4.4.5. Cracking Tolerance Index (CTIndex) % 

The Cracking Tolerance Index (CTIndex) is a performance based parameter used to evaluate 

the flexibility and resistance of asphalt mixtures against tensile cracking. A higher CTIndex 

value signifies a mixture's ability to endure deformation without failing, thus contributing to 

its long-term durability. According to standards, a CTIndex value greater than 70% is deemed 

acceptable for pavement applications. 

As shown in Table 4.6, the control mixture (100% stone dust) recorded a CTIndex of 91.7%, 

meeting the specification limit. Among the pumice-modified mixtures, the CTIndex values 

were 80.2%, 81.1%, 76.9%, and 75.4% for 25%, 50%, 75%, and 100% pumice replacement, 

respectively. All these values exceeded the threshold, indicating adequate performance, with 

the 50% pumice mix showing the best cracking resistance within the pumice group. 

The cinder-modified mixtures demonstrated even stronger performance, with CTIndex values 

of 82.3%, 89.4%, 93.8%, and 89.6% for 25%, 50%, 75%, and 100% cinder replacement, 

respectively. The 75% cinder mixture had the highest CTIndex of 93.8%, surpassing even the 

control. This suggests that cinder enhances the cracking resistance of asphalt mixtures more 

effectively than pumice, reinforcing its potential as a reliable filler material. 

Table 4.6 Summary of Cracking Tolerance Index (CTIndex) % Test Results 
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Figure 4.9 Cracking Tolerance Index (CTIndex) Testing 

4.5. Comparison with Conventional Filler (Stone Dust)  

4.5.1. Volumetric and Mechanical Performance Comparison 

To evaluate the suitability of volcanic ash fillers as alternatives to conventional stone dust in 

asphalt mixture design, both volumetric and mechanical performance indicators were 

compared across all mix variants. The control mixture composed of 100% stone dust served 

as the benchmark against which all other filler combinations both pumice-based and cinder-

based were assessed. 

From the volumetric performance standpoint, the control mix demonstrated optimal properties 

in terms of air voids (Va), voids in mineral aggregate (VMA), and voids filled with asphalt 

(VFA). However, mixtures containing volcanic ash showed values within acceptable 

SUPERPAVE specification ranges, indicating that partial and even full replacement of stone 

dust did not compromise the mix structure. Notably, mixes with cinder exhibited volumetric 

behavior closely aligned with that of the control, while pumice-based mixes showed slightly 

increased air voids and VMA values due to the material's porous nature. 

In terms of mechanical performance, the inclusion of volcanic ash fillers resulted in 

acceptable outcomes across all indicators. Moisture susceptibility, measured through tensile 

strength ratio (TSR), remained above the minimum specification threshold for all mixes, 

affirming the adequate adhesion between aggregate and binder. Creep stiffness, used to 

evaluate rutting resistance, was also well within the acceptable limit (< 0.5% strain) according 

to the ERA Pavement Design Manual Table F.6. Interestingly, mixes incorporating cinder 

outperformed those with pumice in creep resistance, showcasing better load-bearing capacity 

and dimensional stability under repeated loading. 
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These findings suggest that while stone dust remains reliable filler, the use of volcanic ash 

particularly cinder can be a feasible and sustainable alternative. The performance metrics 

confirm that volcanic ash fillers, even at higher replacement levels, maintain structural 

integrity and satisfy SUPERPAVE requirements.  

4.5.2. Suitability in Geotechnical Perspective 

Geotechnically, the suitability of filler materials in asphalt mix is based on dry density, 

moisture content, bearing capacity, and volume stability attributes that influence the 

performance and durability of the pavements under traffic loading as well as climatic factors. 

For the purpose of this study, pumice and cinder were analyzed in terms of their geotechnical 

performance through tests like maximum dry density (MDD), optimum moisture content 

(OMC), California Bearing Ratio (CBR), and swell potential. The tests determined distinct 

properties for both materials. 

Pumice possessed a low MDD value of 0.670 g/cm³ and a similarly high OMC value of 

17.3%, which showed its light and porous nature. These properties suggest lower compaction 

potential but better water retention, which can be advantageous for certain base or sub-base 

applications but needs to be considered when utilized as a filler material due to the possibility 

of binder absorption and air void increase. Despite these properties, pumice recorded a CBR 

of 32%, confirming acceptable load-carrying capacity. Its swell value of 0.21% is low, 

indicating good volumetric stability when exposed to water. 

On the other hand, cinder displayed a higher MDD of 1.746 g/cm³ and lower OMC of 10.7%, 

reflecting its denser structure and higher compaction capability. This makes cinder more 

suitable as filler in asphalt mixtures where high stability and stiffness are required. It achieved 

a CBR of 35%, slightly outperforming pumice in load resistance, and showed an even lower 

swell potential of 0.11%, suggesting excellent dimensional stability. 

These geotechnical indicators support the conclusion that cinder, due to its higher density, 

greater bearing strength, and minimal swelling, is more geotechnically favorable as a filler in 

HMA than pumice. However, pumice can still be considered suitable, particularly when the 

aim is to reduce mixture weight or when used in blends with stone dust to balance 

performance traits. Both materials demonstrated acceptable geotechnical behavior, validating 

their use as sustainable and locally available alternatives to conventional stone dust. 
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4.6. Summary of Findings 

This research examined the use of volcanic ash fillers specifically pumice and cinder as 

substitutes for conventional stone dust in Hot Mix Asphalt (HMA), utilizing the 

SUPERPAVE mix design framework. Across all tested mixtures, the incorporation of these 

alternative fillers resulted in volumetric properties, including Air Voids (AV), Voids in 

Mineral Aggregate (VMA), and Voids Filled with Asphalt (VFA), that complied with 

SUPERPAVE specifications. Among the two materials, cinder-modified mixtures produced 

volumetric values most comparable to the control mix with 100% stone dust, indicating better 

structural uniformity and compaction. Although pumice slightly increased the air void content 

due to its porous and lightweight nature, appropriate blending ratios allowed it to remain 

within acceptable performance thresholds. 

In terms of mechanical behavior, both pumice and cinder proved to be structurally reliable. 

Tensile Strength Ratio (TSR) of all blends was above the required minimum, demonstrating 

high resistance to moisture. The creep stiffness for all blends was well below the 0.5% 

specified in the ERA Pavement Design Manual, assuring their performance in resisting 

permanent deformation by repeated loading. Of the alternate fillers considered, cinder was 

consistently better performing. Its greater density and lower moisture absorption caused 

greater stiffness and less strain development compared to pumice, which absorbed more 

binder and was slightly less stiff particularly in the higher pumice content mixes. 

From a geotechnical perspective, laboratory analyses confirmed the suitability of both 

materials. Pumice and cinder exhibited California Bearing Ratios (CBR) above 30% and very 

low swell percentages, indicating favorable strength and volumetric stability when used in 

bituminous mixtures. Cinder, with higher Maximum Dry Density (MDD) and lower Optimum 

Moisture Content (OMC), was found to be significantly effective in enhancing the mix 

compaction and stability. Also, ready availability of pumice and cinder provides an 

opportunity to enhance the sustainable construction practice. Their application as whole or 

partial replacements for stone dust both achieves environmental objectives through reducing 

reliance upon quarried materials, while also offering possible economic benefits through cost 

savings on materials. As a whole, the findings point toward the possibility of volcanic ash or 

cinder playing a role as an effective and sustainable filler material in asphalt pavement 

applications. 
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5. CONCLUSION AND RECOMMENDATION  

    5.1. Conclusion 

This study investigated the suitability of volcanic ash derivatives pumice and cinder as 

alternative filler materials in Hot Mix Asphalt (HMA) by evaluating their physical, 

volumetric, and mechanical effects on asphalt mixtures. The research applied the 

SUPERPAVE mix design methodology, emphasizing performance-based testing and 

advanced volumetric parameters. 

Based on the results obtained, the following conclusions were drawn: 

 Physical Characteristics: Both pumice and cinder, collected from Km 3+900 (RHS) and 

Km 29+600 (LHS) respectively, exhibited distinct geotechnical properties. Pumice was 

lightweight with low maximum dry density and high moisture content, while cinder was 

denser and more compactable. Both materials met the required California Bearing Ratio 

(CBR) and exhibited minimal swell values, indicating their stability under moisture 

exposure. 

 Volumetric Performance: The incorporation of volcanic fillers influenced key volumetric 

properties such as Voids in Mineral Aggregate (VMA), Air Voids (AV), Voids Filled with 

Asphalt (VFA), and specific gravities. Mixes with cinder generally exhibited improved 

compact-ability and more promising volumetric properties compared to pumice. 

 Mechanical Performance: The creep stiffness of all mixtures remained below the ERA 

threshold of 0.5%, indicating acceptable resistance to permanent deformation. However, 

mixtures containing cinder showed better control of accumulated strain compared to those 

with pumice, affirming cinder's mechanical advantage. 

 Comparison with Conventional Filler (Stone Dust): While stone dust performed 

consistently within standard specifications, certain cinder and pumice blends particularly 

those with moderate replacement levels achieved comparable or superior results in terms 

of stiffness and volumetric stability. 

 Geotechnical Suitability: Both cinder and pumice structurally exhibited acceptable 

strength and stability for use in flexible pavement layers. Cinder, however, performed 

better due to its higher density and lower moisture affinity. 

In addition, visual observation at the time of compaction indicated that pumice mixtures were 

considerably drier than stone dust and cinder mixtures. This was because pumice is light 

weight and porous and will therefore take up more volume space in the mix. Despite using a 

uniform bitumen content of 5.4% across all mixtures, the pumice rich blends absorbed more 

binder internally, leaving less effective binder to coat the aggregates. This behavior led to 

volumetric inconveniences, such as reduced Voids Filled with Asphalt (VFA) and challenges 

in achieving optimal compaction. From an economic viewpoint, this implies that the use 

of pumice as a filler necessitates higher binder content, which increases the cost of materials. 

Therefore, while pumice is locally available and environmentally friendly, its use must 

be well optimized to avoid cost inefficiencies through binder usage and other potential 

performance losses. 
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    5.2. Recommendation 

According to the experimental findings and observed behavior of volcanic ash fillers in Hot 

Mix Asphalt (HMA) in accordance with the SUPERPAVE system, the following are proposed 

recommendations: 

1. Adjustment of Bitumen Content for Pumice-Modified Mixes: Due to the high absorptive 

capacity and low density of pumice, asphalt mixtures incorporating higher percentages of 

pumice filler exhibited binder starvation and volumetric imbalance. Therefore, it is 

recommended that increased binder content be considered when using pumice in order to 

ensure adequate coating of aggregates and to achieve desirable volumetric properties such 

as Voids Filled with Asphalt (VFA) and Air Voids (AV). 

2. Prioritization of Cinder as a Sustainable Alternative Filler: Cinder demonstrated favorable 

volumetric and mechanical characteristics, including better compaction, lower moisture 

susceptibility, and improved stiffness. As such, it is recommended for use as a partial or 

full replacement for stone dust in HMA production, particularly in regions where cinder is 

locally available and cost-effective. 

3. Site Specific Material Testing: Since volcanic ash materials such as pumice and cinder 

vary significantly in physical and chemical properties depending on their source, location-

specific material testing is required before large-scale application. This includes the 

determination of specific gravities, absorption, and compatibility with local aggregate and 

binder types. 

4. Additional Performance Testing under Field Conditions: Although laboratory testing 

yields important information, volcanic ash filler long-term performance under actual 

traffic and environmental conditions must be investigated. Field trials involving rutting, 

fatigue, and resistance to water would give full validation of their use in flexible 

pavements. 

5. Integration into National Material Specifications and Guidelines: Because of the potential 

of volcanic ash fillers as substitute materials, road authorities and standardizing bodies 

responsible are encouraged to integrate guidelines for their use into national pavement 

design guides. This would enable sustainable material use as well as ensure quality control 

during production of HMA. 

6. Incentives for Sustainable Material Sourcing: Utilization of volcanic ash materials like 

pumice and cinder can reduce the consumption of quarried stone dust, thus promoting 

ecologically friendly practices in road construction. Contractors and agencies must be 

encouraged to utilize local volcanic ash sources, which can save costs as well as achieve 

sustainability goals. 
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Sampling of Pumice Volcanic Ash 



 

 

Sampling of Red Volcanic Ash Cinder 



Physical Property Testing Process  

 



The Preparation Process of Asphalt Mix  
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