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Table 2. The Applied Gradation Types. 

Gradation Type  Description 

B-1 IHAPC No. 4 Gradation  
B-2 Generated by Fuller eq. — n = 0.45 & Dmax = 19mm 
B-3 Generated by Fuller eq. — n = 0.50 & Dmax = 19mm 
B-4 Generated by Fuller eq. — n = 0.55 & Dmax = 19mm 
S-1 IHAPC No. 5 Gradation  
S-2 Generated by Fuller eq. — n = 0.45 & Dmax = 12.5mm
S-3 Generated by Fuller eq. — n = 0.50 & Dmax = 12.5mm
S-4 Generated by Fuller eq. — n = 0.55 & Dmax = 12.5mm

 

 
Fig. 3. Applied Gradations with the Lower and Upper Limits of 
IHAPC No. 4 Gradation (Appropriate for Binder Course). 

 
Fig. 4. Applied Gradations with the Lower and Upper Limits of 
IHAPC No. 5 Gradation (Appropriate for Surface Course). 
 

Final Applied Gradations 
 
The applied gradations are obtained and entitled as presented in 
Table 2. B-1 to B-4 mixtures belong to the first category, i.e., 
coarser mixtures, and S-1 to S-4 mixtures belong to the second 
category, i.e., finer mixtures. 

Figs. 3 and 4 present the four gradation types of each category, 
accompanied by lower and upper limits of IHAPC No. 4 and 5 
gradations (B-1 and S-1). 
 
Experimental Plan 
 
Materials and Related Tests 
 
The applied materials included coarse and fine silicious aggregates, 
mineral filler, and AC 60-70 bitumen, which are described in the 
following paragraphs. 
 
Aggregates 
 
Coarse and fine aggregates were provided from Rigzar aggregate 
source, in Shahriar (a small town near Tehran) and sieved, using the 
control sieves of IHAPC for No. 4 and 5 gradations. Tests for 
flakiness and elongation index and percentage crushed in two faces 
were also implemented to make sure the aggregates are appropriate 
for HMA. Tables 3 and 4 present test results for aggregates. 
 
Bitumen 
 
AC 60-70 bitumen (the number refers to penetration grade in 0.1mm) 
was used to prepare mixtures. The bitumen was provided from 
Pasargad Oil Company (Tehran). This type of bitumen is most 
widely used in Iran. Specific gravity, penetration, ring and ball (for 
softening point), and ductility tests were implemented on the 
bitumen. Table 5 presents the bitumen test results. 

 

Mineral Filler 

 

Filler was provided from the Macadam-e-Shargh asphalt plant near 

Pakdasht (a small town near Tehran). Filler’s specific gravity was 

2.595gr/cm3. 

Table 3. Test Results for Flakiness and Elongation Index and Percent Crushed in Two Faces. 

IHAPC Limits 
Type of Test Test Result (%) 

Binder Course Surface Course 
Standard 

Elongation Index 7 — — BS-812 
Flakiness Index 16 max 30 max 25 BS-812 
Percent Crushed in Two Faces 93 min 80 min 90 ASTM-D5821 

 
Table 4. Test Results for Aggregate Specific Gravity and Absorption. 

Mix Type Aggregate Size 
Apparent Specific Gravity 

(gr/cm3) 
Bulk Specific Gravity 

(gr/cm3) 
Absorption % Standard 

Retained on Sieve #8 2.644 2.501 2.1 ASTM-C127Surface 
Course Passed of Sieve #8 2.668 2.487 3.1 ASTM-C128

Retained on Sieve #8 2.621 2.486 2.2 ASTM-C127Binder 
Course Passed of Sieve #8 2.689 2.485 2.7 ASTM-C128
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Fig. 5. Marshall Method Plots and Determined Optimum Bitumen Contents.
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Fig. 6. UTM (Right) and Specimen Mounted in the Machine for 
Dynamic Creep Test (Left).  
 

 
Fig. 7. Primary, Secondary and Tertiary Zones on a Printable 
Dynamic Creep report Provide by UTM Software. 
 

 
Fig. 8. Reduction or Increment in OBC of Fuller Gradations 
Compared to IHAPC Gradations. 

 
Fig. 9. Dynamic Creep Test Results for Mixtures with Optimum 
Bitumen Content and Values of SD and CV for Individual Mixture 
Groups. 
 

 
Fig. 10. The Percentage by which the Flow Number of Each 
Coarser Mixture is Greater than its Corresponding Finer Mixture. 
 

By comparing the Dynamic Creep Test results of the two 
categories, it is revealed that mixtures of the first category that 
contain coarser aggregates show more resistance to permanent 
deformation than their corresponding gradations in the second 
category. In other words, coarser mixtures are more resistant to 
permanent deformation than finer mixtures. Fig. 10 shows the 
percentage by which the flow number of each coarser mixture is 
greater than its corresponding finer mixture. 

 
Conclusion 
 
Effect of the “n” exponent of fuller equation on resistance of HMA 
to permanent deformation was evaluated in this research. The 
conclusions are as the following: 

Compared to IHAPC gradations, all applied Fuller gradations 
resulted in mixtures with greater flow numbers, i.e., more resistance 
to permanent deformation. However, the low bitumen content of     
B-2&3 and S-2&3 may result in low durability and low resistance to 
fatigue cracking. Hence, proper considerations are recommended for 
these mixtures. 

B-2 and S-2 have the greatest aggregate interlock and the least 
OBC due to their densest gradations. Hence, they show the greatest 
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resistance to permanent deformation. After these types, B-3 and S-3 
have the most resistance to permanent deformation for the same 
reasons. B-4 and S-4 are the loosest mixtures and have the highest 
OBC, and among the Fuller gradations, they show the least 
resistance to permanent deformation. However, due to their greater 
amount of coarse aggregates, which results in more stone on stone 
contact, they show more resistance to permanent deformation than 
B-1 and S-1 do.   

Generally, mixtures of first category, which contain coarser 
aggregates, show more resistance to permanent deformation than 
their corresponding mixtures in the second category. However, the 
difference between B-4 and S-4 seems negligible. 

After all, in case durability and fatigue resistance of these 
mixtures are proven to be sufficient, respectively, mixtures made of 
the Fuller Equation with “n” exponents equal to 0.45, 0.50, and 0.55 
are suggested to be used instead of conventional mixtures. 
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