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ABSTRACT: 

Aggregates are a principal material in pavement. Conventional road aggregates in India are natural 

aggregates obtained by crushing of rocks. The physical properties of coarse aggregates are more significant in new 

generation bituminous mixtures. Aggregate characteristics such as particle size, shape, and texture influence the 

performance and service ability of hot-mix asphalt pavement. The shape of aggregate particle has a significant 

influence on the performance of the asphalt pavement. Particle shape can be described as cubical, flat, elongated and 

round. The strength and serviceability requirements of asphalt mixes such as Stability, Flow, Voids in Mineral 

Aggregate (VMA), Voids Filled with Bitumen (VFB), Air Voids (Va) and Tensile Strength highly depend on the 

physical properties of aggregates. Dense Bituminous Macadam (DBM) mixes were analysed with different 

proportions (0%, 10%, 20%, 30%, 40%, and 50%) of different shape of aggregates was studied. Mixes with cubical 

and rod shape aggregates has been showed good results on stability and tensile strength of mixes. The parameters 

such as air voids and voids in mineral aggregate increases with increase in proportion of blade type of aggregates in 

DBM mixes. The Particle Index value of coarse aggregate significantly affected the engineering properties of a 

HMA mix. The particle shape determined how aggregate was packed into a dense configuration and also determined 

the internal resistance of a mix. 

Key Words: Shape of Aggregate, DBM, Bitumen, Hot Mix Asphalt. 

 

1. INTRODUCTION 

1.1 GENERAL  

Aggregates are a principal material in pavement. 

Conventional road aggregates in India are natural 

aggregates obtained by crushing of rocks. In Hot Mix 

Asphalt (HMA), aggregates are combined with an 

asphalt binding medium to form a compound 

material. By weight, aggregate generally accounts for 

between 92 and 96 percent of HMA. They comprise 

the majority of pavement volume but only account 

for a minority of total pavement material costs. 

Therefore, knowledge of aggregate properties is 

crucial in designing a high quality pavement. 

Aggregates can either be natural or manufactured. 

Natural aggregates are generally extracted from 

larger rock formations through an open excavation 

(quarry). Usually the rock is blasted or dug from the 

quarry walls then reduced in size using a series of 

screens and crushers. Some quarries are also capable 

of washing the finished aggregate. Manufactured 

rock typically consists of industrial by-products such 

as slag (by-product of the metallurgical processing –

typically produced from processing steel, tin and 

copper) or specialty rock that is produced to have a 

particular physical characteristic not found in natural 

rock (such as the low density of lightweight 

aggregate). 

1.2 TYPES OF HMA PAVEMENTS: 

There are different types of HMA 

pavements. Other flexible pavements such as 

bituminous surface treatments (BSTs) are considered 

by most agencies to be a form of maintenance. HMA 

mix types differ from each other mainly in maximum 

aggregate size, aggregate gradation and asphalt 

binder content/type. The three most common types of 

HMA pavement are: 

• Dense-graded HMA 

• Open-graded HMA 

• Gap graded mixes 
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1.3 INFLUENCE OF AGGREGATE ON HMA 

Aggregate particles can be defined in terms 

of three independent shape properties: shape (or 

form), angularity, and surface texture (Barrett, 1980). 

These three aggregate shape properties fully 

characterize particles based on their geometry. The 

form property characterizes aggregate particles based 

on ratios of particle dimensions. The angularity 

property measurement describes particles based on 

the variations at the edges of particles. This 

measurement defines particles in a range from 

rounded to angular. The final property is surface 

texture. This property describes the surface roughness 

of a particle at a small scale, which is not influenced 

by changes in form or angularity. These three 

properties are independent of each other: an increase 

or decrease in one of these properties does not 

necessarily influence the other two properties 

(Rousan, 2004). A schematic diagram illustrating the 

differences between these three aggregate shape 

properties is shown in Fig-1. 

 
Fig-1: Components of aggregate shape: form, 

angularity, and texture (Masad et al., 2003) 

1.4 OBJECTIVES AND SCOPE: 

This study was undertaken to achieve the following 

objectives: 

1. To quantify the different shape of aggregate 

sizes. 

2. To evaluate the effect of aggregate shape factors 

on the performance of asphalt mixes. 

The experimental investigation considered aggregate 

from only one source. One aggregate gradation has 

been adopted in this study. Only 60/70 grade asphalt 

was used. 

2. REVIEW OF LITERATURE 

Many highway agencies now limit the 

amount of natural sand in hot mix asphalt (HMA) 

when used on heavy duty pavements to minimize 

rutting. This is usually done by generically specifying 

the maximum allowable percentage of natural sand. 

Generally, natural sands tend to be rounded whereas 

manufactured sands tend to be angular. However, 

there are some natural sands which are sub angular 

rather than rounded. Also, some manufactured or 

crushed sands can be sub rounded rather than 

completely angular. There is a definite need to 

quantify the shape and texture of the fine aggregate 

so that it can be specified on a rational basis rather 

than generically. 

A total of 18 fine aggregates (eight natural sands and 

ten manufactured sands) of different mineralogical 

compositions were sampled from various sources in 

Pennsylvania. Particle shape and texture data was 

obtained using ASTM D3398, and National 

Aggregate Association (NAA)‘s two proposed 

methods. A particle index value of 14 based on 

ASTM D3398 appears to generally divide the natural 

sands and manufactured sands, and therefore, can be 

used for specification purposes. However, the current 

ASTM D3398 test procedures are too time 

consuming because each sieve size fraction needs to 

be tested individually and results combined. Test data 

obtained in this study indicates that only the major 

fraction needs to be tested because its particle index 

has a fairly good correlation with the average particle 

index. Moreover both NAA’s proposed Methods A 

and B show very good correlations (R2=0.97) with 

the ASTM D3398 method. These methods are 

straightforward and less time consuming. Equations 

needed to compute ASTM D3398 weighted average 

particle index values from NAA Methods’ results are 

given in the paper. 

The effect of various levels of flat and 

elongated (F&E) particles on the gyratory 

compaction characteristics in a standard bituminous 

mixture was examined. Compaction characteristics 

involve the effect of F&E particles on the void 

development in the gyratory compactor as well as the 

breakdown characteristics. F&E particles could also 

affect the performance characteristics of the 

compacted mixtures. F&E particles in typical Illinois 

surface mixtures were examined. Two coarse 

aggregate sources, a dolomite and crushed gravel, 

were used. A cubical mixture was prepared in which 

all particles had an F&E ratio < 3;1 and  baseline 



SANDEEP REDDY S, et al, International Journal of Research Sciences and 
Advanced Engineering [IJRSAE]TM 
Volume 2, Issue 19, PP: 48 - 57, JUL - SEP’ 2017. 
 

 

 

 
 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (19), ISSN: 2319-6106, JUL - SEP’ 2017.                       PP: 48 - 57  

compaction characteristics were established. Coarse 

aggregates were individually measured to produce 

aggregate particles with measured F&E ratios < 3; 1, 

between 3;1 and 5;1, and > 5;1. The coarse 

aggregates in the cubical gradation were replaced 

with various percentages of the same-sized aggregate 

with F&E ratios in the 3;1 and 5;1 range. These 

mixtures were compacted and the volumetric and 

gyratory characteristics were compared. Solvent 

extractions and binder ignition samples were 

obtained to indicate the relative breakdown in 

aggregates achieved with the different percentages of 

the F&E particles. The testing indicates the changes 

produced when different percentages of F&E 

particles are introduced into a mixture. When 

combined with performance testing, these data will 

provide a valid base upon which to recommend levels 

of allowable F&E particles in an asphalt mixture. 

Permanent deformation of asphalt concrete 

pavements is a critical distress mechanism. Efforts 

are currently being made to understand, analyze, and 

predict permanent deformation response. To 

characterize asphalt concrete, laboratory testing is 

routinely performed. The concept of the 

representative volume element for determining the 

minimum specimen dimensions to obtain reliable and 

repeatable laboratory test data is discussed here. Two 

conceptual laboratory tests that are currently used to 

characterize asphalt concrete—the restricted triaxial 

test and the simple shear test at constant height—are 

also discussed. The imperfections of both tests are 

investigated and recommendations for specimen size 

and the aspect ratio for each of the tests are made. 

Findings are summarized from an 

investigation performed to evaluate the suitability of 

a wheel-tracking device known as the asphalt 

pavement analyzer (APA) for assessing the rutting 

potential of asphalt mixes. The evaluation process 

consisted of correlating the APA’s predicted rutting 

with known field measurements. The correlation 

between beam and gyratory samples and the testing 

variability were also investigated. In addition, the 

APA test results were compared with those obtained 

using the Georgia loaded-wheel tester. The findings 

of this investigation indicated that the APA may be 

an effective tool to rank asphalt mixtures in terms of 

their respective rut performance. However, for each 

mixture type, the APA testing variability was 

significant between tests and between the three 

testing locations within each test. Differences in rut 

measurements of up to 4.7 and 6.3 mm were recorded 

for beam and gyratory samples, respectively. 

Therefore, using the APA as a clear pass-or-fail 

criterion for performance prediction purposes of 

asphalt mixtures may not be appropriate at this time. 

It should be noted that these findings are based on 

data collected on three mixes. Therefore, it is 

suggested that the APA testing variability (testing 

and testing locations within the device) be further 

assessed with a wider range of mixtures. The intent 

of such an assessment should not only be to correlate 

the APA results with field data but also to develop 

potential pass-or-fail limits and procedures. 

3. MATERIAL AND METHODOLOGY 

3.1 General: 

In the previous chapter it has been reviewed the 

literature about the aggregate shape factors, 

performance and various techniques available across 

the globe. In the present chapter details about the 

proposed methodology, preparation of test specimen 

and test on prepared specimen.  

3.2 Aggregate: 

Aggregates influence, to a great extent, the 

load transfer capability of pavements. Hence it is 

essential that they should be thoroughly tested before 

using for construction. Not only that aggregates 

should be strong and durable, they should also 

possess proper shape and size to make the pavement 

act monolithically. Aggregates are tested for strength, 

toughness, hardness, shape, and water absorption. 

Aggregates can either be natural or manufactured. 

Natural aggregates are generally extracted from 

larger rock formations through an open excavation 

(quarry). Extracted rock is typically reduced to usable 

sizes by mechanical crushing. Manufactured 

aggregate is often a bye product of other 

manufacturing industries. 

3.3 Asphalt Binder: 

The asphalt binder component of an asphalt 

pavement typically makes up about 5 to 6 percent of 

the total asphalt mixture, and coats and binds the 

aggregate particles together. Asphalt cement is used 

in hot mix asphalt. Liquid asphalt, which is asphalt 
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cement dispersed in water with the aid of an 

emulsifying agent or solvent, is used as the binder in 

surface treatments and cold mix asphalt pavements. 

The properties of binders are often improved or 

enhanced by using additives or modifiers to improve 

adhesion (stripping resistance), flow, oxidation 

characteristics, and elasticity. Modifiers include oil, 

filler, powders, fibres, wax, solvents, emulsifiers, 

wetting agents, as well as other proprietary additives 

(AASTHO, 1993). 

3.4 Aggregate Gradation: 

Selection of grading used in the Marshall 

mix design in dense bituminous macadam (DBM) 

and the selection of asphalt is conventional asphalt 

i.e. 60/70 penetration grade. The composition of 

DBM mixes are listed in Table-1. 

Table-1: Aggregate gradation for DBM mixes 

 

3.5 Particle Index of Coarse Aggregate: 

The combined effects of particle shape and 

surface texture of an aggregate were determined in 

accordance with ASTM Test Method for Index of 

Aggregate Particle Shape and Texture (D 3398). The 

equipment required for this test consists basically of a 

cylindrical steel mold 152 mm (6 in.) in diameter by 

178 mm (7 in.) high, and a steel rod 16 mm (5/8 in.) 

in diameter by 610 mm (24 in.) long with the tamping 

end rounded to a hemispherical tip. 

A clean, washed, oven-dried, single-size aggregate 

fraction was used for this test. The mold was filled in 

three equal layers, with each layer compacted with 10 

well-distributed blows of the tamping rod. Each tamp 

consisted of a drop with the tamping rod from 51 mm 

(2 in.) above the surface of the layer being 

compacted. This procedure was repeated using the 

same material but applying 50 blows on each of the 

three layers. The weight of the contents of the mold 

in each case was determined and the corresponding 

percentage of voids was calculated using the bulk 

specific gravity of each aggregate fraction. The 

particle index (PI) is derived using the following 

equation. 

PI = 1.25V10 – 0.25V50 – 32 

Where 

V10 = percent voids in the aggregate compacted with 

10 blows per layer; 

V50 = percent voids in the aggregate compacted with 

50 blows per layer. 

3.6 Marshall Test 

The principle of the Marshall stability is the 

resistance to plastic flow of cylindrical specimens of 

a bituminous mixture loaded on the lateral surface. It 

is the load carrying capacity of the mix at 60°C and is 

measured in kg/KN. The desirable mix properties 

include stability, density, durability, flexibility, 

resistance to skidding and workability during 

construction 

 

Fig-2: Marshall Testing Machine 

3.6.1Sample Preparation: 

Mixture designs were performed using the 

Marshall method by preparing and compacting 

samples with asphalt content varied in 0.5% 

increments according to ASTM Test Method for 

Resistance to Plastic Flow of Bituminous Mixtures 
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Using Marshall Apparatus. Grade 60/70 asphalt 

binder. Specimens were compacted with 75 blows on 

each side. Three samples were made for each asphalt 

content. The optimum asphalt content was chosen as 

the asphalt content that produced 4% air voids. 

Further, two types of void were calculated for the 

compacted samples: the void in mineral aggregate 

(VMA), and the void space in coarse aggregate 

(VCA). The VCA’s were calculated in a way similar 

to the VMA’s by replacing percent of aggregate in 

the mix with percent of coarse aggregate in the 

calculation. 

In this study, the behaviour of DBM mixes 

was studied with aggregates having different shapes 

and different proportions (0%, 10%, 20%, 30%, 40%, 

and 50%). Since the aim of this study is to quantify 

the effects of the different shape of the aggregates. 

The following properties were investigated in this 

study by conducting Marshall tests. Stability, Flow, 

Percent of air voids (Va), Voids in Mineral 

Aggregate (VMA), and Percent Voids Filled with 

Bitumen (VFB). 

 

Fig-3: Marshall samples for testing 

3.7 Indirect Tensile Strength Test: 

The indirect tensile strength of the sample is 

calculated from the maximum load endured by the 

sample before failure. The tensile strength is 

primarily a function of the binder and aggregate 

properties. The amount of asphalt binder in a mixture 

and its stiffness influence the tensile strength. Tensile 

strength also depends on the absorption capacity of 

the aggregates used. At given asphalt content, the 

film thickness of asphalt on the surface of aggregates 

and particle-to-particle contact influences the 

adhesion or tensile strength of a mixture. Various 

studies have repeatedly proved that the tensile 

strength increases with decreasing air voids. The 

tensile strength of a mixture is strongly influenced by 

the consistency of the asphalt cement, which can 

influence rutting. Thus, tensile strength plays an 

important role as a design and evaluation tool for 

asphalt mixes. 

The following equation is used for 

calculating indirect tensile strength of the specimen 

after getting the load and dimensions of the 

specimen. 

 
Horizontal tensile stress at center of 

specimen, (kg/cm2) 

P = Applied load, (kg) 

t = Thickness of the specimen, (cm) 

d = Diameter of the specimen, (cm) 

4. RESULTS AND DISCUSSION 

4.1 Basic Material Property: 

To test the individual properties of materials 

before they are being used for preparing the asphalt 

mix and other shape tests. The entire aggregate used 

in this study is from single source. The physical 

properties of the aggregates used for this study are 

listed below in table-2. 

Table-2: Properties of Aggregates 

 
4.2 Quantification of Aggregates: 

Particle shape analysis was carried out in 

terms of elongation ratio, flatness ratio, shape factor, 

and sphericity by direct methods. The shape 

parameters can be determined from the following 

equations. The mean value for each aggregate size is 

listed in Table-3 

Table-3: Aggregate Geometric Characteristics from 

direct measurements 



SANDEEP REDDY S, et al, International Journal of Research Sciences and 
Advanced Engineering [IJRSAE]TM 
Volume 2, Issue 19, PP: 48 - 57, JUL - SEP’ 2017. 
 

 

 

 
 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (19), ISSN: 2319-6106, JUL - SEP’ 2017.                       PP: 48 - 57  

 
 

Data obtained from Table-3 indicates that 

the higher the shape factor, the more nearly cubical 

the aggregate. The flatness, elongation ratio values 

obtained for cubical shape aggregates are 0.73, 0.81 

and both the values are larger than 2/3. Sphericity of 

blade shape aggregate is low comparative to the other 

shapes and the sphericity value higher indicates the 

roundness of the aggregate. Shape factor is generally 

in between 0.3 to 0.8 for pavements. For all the 

shapes it falls within the limits only. Fig-8: Variation 

of Bitumen Content for Stability & Air voids for 

Sisel mix. 

4.2 Shape Tests: 

This test method provides an index value to 

the relative particle shape and texture characteristics 

of aggregates. This value is a quantitative measure of 

the aggregate shape and texture characteristics that 

may affect the performance of road and paving 

mixtures. This test method has been successfully 

used to indicate the effects of these characteristics on 

the compaction and strength characteristics of 

aggregate and asphalt concrete mixtures. 

 

Fig-4: Showing the measured Particle index value for 

coarse aggregate 10% replacement of different aggregate 

shapes 

Aggregate composed of flat and elongated 

particles may have a low particle index and while 

aggregate consisting of highly cubical particles can 

have a particle index of 18 or more. From the above 

graph the particle index values for different shapes 

fall within the limits. 

From the fig-5 the particle index value 

higher for cubical particles comparative to the rod, 

disk and blade type aggregate shapes, and it follows 

trend from cubical to disk shapes. Coarse aggregate 

with lower particle index provides lower stiffness 

than one with higher PI. 

Blade and disk particles impede compaction 

and thus may prevent the development of satisfactory 

properties in HMA. In compacted mixtures, cubical 

particles exhibit interlock and internal friction, and 

hence result in greater mechanical stability than do 

flat, thin, and/or elongated particles. The particle 

index value is a quantitative measure of the aggregate 

shape that influences the characteristics of HMA 

mixtures. 

 

Fig-5: Measured Particle index value for coarse 

aggregate 40% replacement of different aggregate 

shapes. 

4.3Marshall Analysis: 

4.3.1 Stability: 

The stability value obtained from the 

Marshall Stability test indirectly represents the 

strength of the paving mix at ‘0’ vertical stress, 

which is the critical. 
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Fig-6: Showing the variation of stability values with 

different type of aggregate shapes. 

From the above graph showing the 

replacement of original aggregates with cubical, rod, 

disk and blade shape of aggregates. Comparative to 

one shape to other shape of aggregates cubical 

aggregates attains the maximum stability value then 

the rod, disk, blade. For all type of aggregates attains 

maximum stability at 30% replacement with cubical, 

rod ,disk shapes but for blade type aggregates non-

significant values were obtained, the reasons may be 

while compaction of the specimen and the orientation 

of the particles in specimen. 

4.3.2 Flow: 

The flow value is the measured as the 

deformation between no load and maximum load 

carried by the specimen during the test. 

 

Fig-7: Showing the variation of flow values with 

using different aggregate shapes. 

Lower flow value occurs by increasing the 

percentage of cubical, disk type aggregates. 

Maximum flow value obtained at 20% replacement 

with cubical shape aggregates and lower value for 

20% replacement with blade shape aggregates. 

4.3.3 Percentage Air voids in Total mix: 

Air voids are necessary in asphalt mixes to 

allow densification under traffic loads and to prevent 

bleeding of asphalt during hot climates. 

 

Fig-8: Showing the variation of percentage of air 

voids with using different aggregate shapes. 

Higher percentage of air voids obtained by 

increasing the percentage of replacement of 

aggregates with all shapes except for rod shape, 

because the same type of particles will not replace the 

gaps between the bituminous mixtures, but for rod 

type aggregates the air voids reduces by increasing 

the replacement of aggregates. 

4.3.4 Density: 

Density is the directly related to voids in the 

compacted in the mix. 

 
Fig-9: Showing the variation of density with using 

different aggregate shapes. 

Maximum density attained for the cubical 

shape of aggregates, with 10% replacement of cubes 

and lower densities for the disk shape particles and 

for blade and rod shapes are not following the trend. 

4.3.5 Percentage Aggregate Voids Filled by Asphalt: 
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Certain amount of air voids is present in the 

aggregate and the asphalt is expected to fill up to 67 

to 75 percent of these voids filled by the asphalt, 

increases with an increases in the surface area by 

different shape of aggregates or fillers to the mix and 

decreases with further increase in the surface area by 

adding different shape of aggregates and filler. 

 

Fig-10: Showing the variation of % VFB with using 

different aggregate shapes. 

From fig-10 shows, voids filled by asphalt 

with different types of aggregates. Voids filled with 

asphalt more for rod shape aggregates and it 

increases with replacement of aggregates and for disk 

blade, cube shapes decreases with increases the 

replacement of aggregates. 

4.3.6 Voids in Mineral Aggregates: 

The primary purpose of the VMA is to 

ensure reasonably high asphalt content. This can be 

accomplished by specifying minimum asphalt content 

or a minimum VMA. 

 

Fig-11: Showing the variation of % voids in mineral 

aggregate with using different aggregate shapes. 

From the above graphs cubical shape 

aggregates attains the maximum % VMA, and blade 

shape aggregates attains the lower values because of 

the aggregates tend to break down excessively during 

compaction. 

4.4 Indirect Tensile Strength: 

Indirect tensile test was conducted to 

indicate the internal resistance in a mix. Mixes were 

prepared to observe the effect of aggregate shape on 

the strength of the mixes. This test measures the 

strength or resistance to cracking either fatigue 

related or temperature related. High strength values 

indicate greater resistance to fracture. Mixes with 

high strength have the ability to absorb energy 

without fracture. 

 
Fig-6: Showing the variation of ITS values for 

different shapes of aggregates 

 

Indirect tensile strength is the measure of the 

internal resistance of the mix, from the above graphs 

by replacing the different shape of aggregates tensile 

strength also increases particularly for cubical type of 

aggregates and also rod shape. In compacted 

mixtures, cubical particles exhibit interlock and 

internal friction, and hence result in greater 

mechanical stability than do flat, thin, and/or 

elongated particles. Particle index obtained from this 

study shows higher values for cubical aggregates and 

the same higher ITS values obtained for cubical 

aggregates comparative to the other shapes. Coarse 

aggregate with lower particle index provides lower 

stiffness than one with higher particle index. Blade 

and disk particles impede compaction and thus may 

prevent the development of satisfactory properties in 

HMA. 

 

CONCLUSION 

Following conclusions are drawn from this 

study. 
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• Higher Marshall Stability values were obtained 

from the mixes prepared with cubical shape 

aggregates i.e 24.27kN. It is observed that 

stability increases with increase in proportion of 

cubical aggregates up to 30%. Cubical particles 

exhibit interlock and internal friction, and hence 

result in greater mechanical stability than do flat, 

thin, and/or elongated particles. 

• The parameters such as stability, flow, voids 

filled with bitumen increases with increase in 

proportion of cubical aggregates for DBM 

mixes. 

• The parameters such as air voids and voids in 

mineral aggregate increases with increase in 

proportion of blade type of aggregates in DBM 

mixes, because the same type of particles will 

not replace the gaps between the asphalt mixes. 

• Mixes prepared with 30% replaced aggregates 

shown higher stability values. 

• The stability of mix with different type of 

aggregates is shown good results, against 

satisfying the minimum requirement of 9kN. 

• The peak indirect tensile strength values are 

observed at the 50% replacement of different 

aggregate shapes for the DBM mix. Cubical 

shape aggregate attains the maximum value and 

lower values for blade shape aggregates. 

• Cubical shape aggregates attains the maximum 

% VMA, and blade shape aggregates attains the 

lower values because may be the aggregates tend 

to break down excessively during compaction. 

• Particle shape parameter, higher sphericity value 

obtained for cubical shape aggregates and lower 

value for blade shape aggregate, because the 

sphericity value higher indicates the roundness 

of the aggregate. Obtained particle index values 

satisfying the minimum requirement for cubical 

particles i.e more than 18. 

• Particle index values obtained from this study 

shows higher values for cubical aggregates and 

the same higher ITS values obtained for cubical 

aggregates comparative to the other shapes. 
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