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ABSTRACT 
To improvise the traffic flow, the different methodology is generated in recent generation. Simultaneously the demand of vehicular 

population grows dramatically. Researchers are improving the strength and durability of pavements by changing different 

gradation and compaction techniques with respect to traffic condition. Additional to the traffic axle loads are signed for earlier era. 

By considering the various aspects the scientist and engineers are focusing on the pavement thickness, thus may helps to increase 

the life span of the road. Besides of increasing the pavement thickness, using of different compaction methods gives better 

simulate to the field condition. A new method is developed to simulate the field the field condition is Gyratory Compactor, to 

equalize the gyratory compactor a new method is generated to develop simulate filed condition is Hugo Hammer. In this study 

various specimen were prepared with Marshall Method and Superpave graded bituminous mix. This study is mainly focusing on 

the Superpave graded bituminous mixes with different percentages of Flaky and Elongated aggregates by considering various 

factors such as, Stability, Flow, Voids in Mineral Aggregates (VMA), Voids in Filled Aggregates (VFA) and Air voids (Va). In this 

study various specimen were prepared with Marshall Method with Superpave gradation. The Hugo compactor is used to simulate 

the field condition. 

 

KEYWORDS:  Compaction, Elongate. Flaky, Gradation, Gyratory, Hugo, Hammer, Marshall Method, Superpave. 
 

INTRODUCTION 
  

In India, road infrastructure is the important role and thus helps to development of the country. The 
development of transportation projects plays a vital role in growth of the country. All the government sector and 
researchers are developing a new technique for the improvement of the life span and makes the traffic flow in 
sequence manner. The growth rate of traffic is increased day by day, to meets their condition the pavement 
should design in the satisfactory manner. In India, highways are built either by dense bituminous Macadam 
(DBM) concrete or Bituminous Concrete (BC). In a good mix design, the percentage voids presents, is depends 
on the shape of the aggregates. It relates the flaky, elongated and rounded aggregates, in the mix. If the mix has 
more flaky and elongated particle then it has more voids compare to rounded aggregates [1]. In India, MoRTH 
specification for road and bridge works specifies, the maximum percentage of between Flakiness and Elongation 

Indies and also for Combined aggregates the value should not be more than 30% of design mix [2]. Since 
the shape of the aggregates rapidly influences the mix, Superpave mix design restricted the particle size larger 
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than 4.75mm size of Flaky and Elongated aggregates up to 10% [3]. In Bituminous Concrete the Most Suitable 
percentage of flaky and elongated aggregates are described up to 70% and find that the Increase of Flaky and 
Elongated Aggregates gives decrease in Marshall Stability and Flow value. Tensile strength and tensile strain 
decrease with Increase quantity of flaky and elongated aggregates [1]. Increase in flaky and elongated 
aggregates gives increase in permanent deformation. [4]. Using repeated load test, permanent deformation 
furnish increases in terms of increases of flaky and elongated aggregates [5]. Elongated particles caused more 
stability than flaky particle in terms of Marshall Stability, with reduced Marshall Stability only in higher mixing 
temperature [6]. Flakiness index should be kept below 25% for better strength and durability, increasing in 
flakiness with decreasing in flow gives poor interlocking [7]. In DBM, Middle grade gives minimum optimum 
binder content, and increase density value, with satisfactory value specified in MoRTH Specification [8]. It was 
observed that, gradation of Superpave gives higher stability compared with Marshall Method. It is identified that 
low consumption of bitumen content and more stability in Superpave gradation. [9].  
 
II. Objectives: 

• To evaluate the effect of shape of aggregate on Superpave graded bitumen Mixes on the following 
properties.(i) Optimum bitumen content, (ii) Voids in Mineral aggregates, (iii) Voids in Filled aggregates, (iv) 
Air voids, (v) Stability and (vi) Flow. 

• To identify the percentage of Flaky and Elongated aggregates in Superpave graded bituminous mixes. 
 

Methodology: 
In this study the behaviour of Superpave graded bituminous mixes were discussed with flaky and elongated 

aggregates are describe in Table 1 
 

Table 1: Methodology chat for preparation aggregates in Superpave gradation 
Aggregate Percentage (%) 
Flaky Aggregates 10 20 30 40 50 
Elongated Aggregates 10 20 30 40 50 

 
III. Superpave: 

The Superpave was first developed by SHRP (Strategic Highway Research Program) between the years 
1987 to 1993. In this new era the optimization of various materials to suit the environmental condition is 
Superpave (Superior Performing Asphalt Pavements). The product is developed to achieve the maximum 
results in different process, considering the asphalt binder, aggregate selection, traffic and climatic condition; 
theses are four basic steps to be followed for preparation of moulds. This can produce the better results in low 
temperature and thermal fatigue cracking etc. The Four Basic Steps involved in the Superpave mix design are 
chosen for the design mix is a) Material Selection b) Selection of design aggregates structure c) Selection of 
design asphalt binder content d) Evaluation of mixture for moisture sensitivity. 
 
3.1. Mix Design for Superpave: 

One of the key features in Superpave mix design is the change in Laboratory compaction methods. 
Laboratory compaction is accomplished using Superpave gyratory compactors (SGC). While its main purpose is 
to compact test specimens, the SGC can provide sufficient information about the compactability percentage in a 
great manner of the particular mixture by capturing data during compaction. The SGC can be used to design 
mixtures that do not exhibits classic tender mix behaviour and do not densify to dangerously low air void 
contents under traffic action. The nominal maximum aggregate size (Control Points) and Restricted Control 
points are further described for the Superpave design. This both Control point and Restricted Zone helps to 
interpretate the proper gradation between, intermediate size (2.36 mm) and smallest size (0.75 mm). The 
restricted zone specifies the maximum density gradation between the intermediate size (either 4.75 mm or 2.36 
mm) and the 0.3 mm size. Figure shows the control points and restricted zone for a 12.5 mm Superpave mixture 
(12.5 mm nominal maximum and 19.0 mm maximum size). 

 
Fig. 1: Superpave gradation for 12.5 Size raised to 0.45 powers  
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IV. Asphalt Institute Sup pave gradation for 12.5mm: 
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P = % Passing sieve size‘d’ (mm) 
D = Max aggregate size (12.5mm) 
F = % Filler (5%) 
n = 0.45 
 

Table 2: Superpave Gradation for 12.5 mm 

Size (d) mm D Passing (P %) 
Cumulative 
% Retained 

% Retained 
12.5 mm 
Min Max 

19 
 

- - - 100 
 

12.5 12.5 100 0 0 90 100 
9.5 12.5 87.736 12.26 12.26 

 
90 

4.75 12.5 62.737 37.26 25 
  

2.36 12.5 44.29 55.71 18.45 28 58 
1.18 12.5 32 68 12.29 25.6 32 
0.6 12.5 24 76 8 19.1 23 
0.3 12.5 16 84 8 15.5 16 
0.075 12.5 5 95 11 2 10 
Pan 

   
5 

  
 
The table 2 shows the Superpave gradation which meets the Asphalt Institute Superpave Series 2 and 

furthers it is derived from the 0.45 power table, the graph is plotted with respect to percentage passing and sieve 
size. 
 
V. Superpave Gradation curve: 

When designing the mix we use the maximum density gradation line as a guide for increasing or decreasing 
VMA. Moving with the mix gradation, the maximum density gradation line will increase your VMA and can 
reduce flushing. The design gradation for the mix is shown in Fig.2. 

 
 

 
 
Fig. 2: Derived Superpave gradation for 12.5 Size raised to 0.45 power 
 
VI. Hugo Compactor: 

Material compaction is one of the valuable ways of finding the best solution for mix design. It includes 
interlocking of the aggregate framework, displacement of the binder from the aggregate particle to the air voids 
within the material. Superpave gives the exact result to simulate the field compaction by using Gyrator 
Compactor (SGC). This result gives the predominant values and it is correlated with tabulated value derived 
from the code.  
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Fig. 3: Hugo Hammer with Indents 
 
Hugo hammer is the one which gives equivalent value derived from the field compaction. Hugo Hammer 

has a rotation base of 100/150 mm diameter with indents on the face of hammer. Indents depth is measured as 
3mm/6mm with an angle 30º each provide shearing action to the mix. Marshall Samples are prepared using 
Hugo Hammer provides higher densities and simulate the field condition. According to IS Specification binders 
are classified according to their physical properties and their performance. The Modified Marshall Hammer is 
displayed in Fig. 3 

 
VII. Materials: 

The material is obtained from Chennai, the aggregates samples are prepared from Tambaram Quarry, for 
bitumen it is taken form Manali Refineries and their physical properties are derived from the following test 
shown in the table 3 and 4. In Superpave mix design, binders are so selected based on the climatic condition and 
traffic Volume in that location in which the road has to be constructed.  

 
Table 3: Physical Properties of VG30 Bitumen 

Test Results IS Requirement Specification Code 

Viscosity@ 60° C 2200 2400 IS 1206(part 2): 1978 
Specific Gravity 1.01 0.97 to 1.03 IS 1202: 1978 
Penetration, (mm) @ 25º C 59 50 to 70 IS 1202: 1978 
Ductility, at 25°C,  Cm 65 Min 40 IS 1206(part 2): 1978 
Softening Point, °C 49° Min 47° IS 1205: 1978 
Flash & Fire, °C 230° 220 IS 1209: 1978 

 
Table 4: Physical Properties of Aggregate 

Test Test Results Specifications Specifications 
Aggregate Crushing Value  30% Max 15.48 IS: 2386 
Aggregate Impact value 30% Max 16.72 IS: 2386 
Specific Gravity - Coarse - 2.77 IS: 2386 
Specific Gravity - Fine - 2.67 IS: 2386 
Water absorption 2% Max 0.18 IS: 2386 
Los Angeles Abrasion 30% Max 13.45 IS: 2386 
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VIII. Observation Results:  
The values of percentage air voids (VA), Voids in Mineral aggregates (VMA) and the voids in filled 

bitumen (VFB) are calculated for each test specimen. The Mean value of these specimens is prepared using 
different binder contents are tabulated in Table 4 and Table 5. 

 
Table 4: Mean values for Flaky Aggregates for 12.5 mm of Superpave gradation 

% of Combined Stability (KN) Flow, mm Va (%) VMA (%) VFB (%) 
10 18.15 5.36 3.73 16.04 85.16 
20 17.69 4.26 3.78 16.17 83.12 
30 17.08 4.23 5.73 16.29 80.25 
40 16.62 3.23 5.82 17.64 78.1 
50 14.81 2.91 6.88 18.23 69.59 

 
Table 5: Mean values for Elongated Aggregates for 12.5 mm of Superpave gradation 

% of Combined Stability (KN) Flow, mm Va (%) VMA (%) VFB (%) 
10 17.62 5.95 4.03 16.45 82.1 
20 16.15 4.86 4.58 17.32 78.32 
30 15.32 4.35 5.98 17.96 78.05 
40 14.68 3.52 6.32 18.33 66.35 
50 12.95 2.67 7.56 19.16 65.52 

 
The tabulated value which is shown in table 4 and table 5 is analyzed by means of scatter graph, from that 

the corresponding value of 4% of Air voids is considered  as a base for each graph.   
 

 
 

Fig. 4: Stability value of Flaky and Elongated Aggregates in Superpave Gradation 
 

 
 

Fig. 5: Flow value of Flaky and Elongated Aggregates in Superpave Gradation 
 



10       J. Samuel Simron Rajkumar et al., 2016/ Advances in Natural and Applied Sciences. 10(14) Special 2016, Pages: 5-11 

                                               

 
 

Fig. 6: Air voids value of Flaky and Elongated Aggregates in Superpave Gradation 

 
 

Fig. 7: Voids in Mineral Aggregates value of Flaky and Elongated Aggregates in Superpave Gradation 
 

 
 

Fig. 8: Voids in Filled Bitumen value of Flaky and Elongated Aggregates in Superpave Gradation 
 

Conclusion:  
The experimental study indentified that, the effect of shape of aggregates in Superpave gradation used in 

the mix gives predominant strength compared to bituminous concrete. As per the MoRTH Specification, the 
minimum value is specified is 9KN, While the flaky and elongated 5 shows the stability value is 18.15KN and 
17.62 KN for 10% of Flaky and elongation index. As per National Asphalt Pavement Association has suggested 
that the binder content corresponding to mid value of the specified range of air voids (4.0%) may be considered 
as the optimum binder content. The graphical value denotes the optimum binder content for 4% air voids is 
5.3% and 5.5% and the corresponding value of VMA shows the 16% for both Flaky and elongated aggregates.  
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The Optimum bitumen content is derived from the Stability, Flow Voids in Mineral aggregates and Air Voids 
are found to be 5.4 %. The selected VG30 bitumen binder content in the design mix is compromised with all the 
mix properties. Hence the optimum binder value is satisfied as per the MoRTH specifications and it has  been 
used of further work.   
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