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INTRODUCTION 
 The intent of the following research is to test different methods of reinforcing for 

asphalt concrete using Illinois Low ESAL Mix Design Criteria. Of the types of reinforcement used 

two types were chosen. The first is a commercially available fiber reinforcement Forta-Fi® 

provided by FORTA Cooperation with the aid of Josh Hammaker. The second reinforcement was 

No. 3 black annealed steel concrete tie wire cut into 3” lengths. The asphalt was mixed using 

SIUE Civil Engineering Departments’ Asphalt Lab procedures along with the mixing procedures 

provided by FORTA Corp. The samples were then sent to ET Simmons to be evaluated using a 

Hamburg Wheel Test with the aid of Joe Lenzini. The results of the tests are shown in the data 

sheets provided below. 

PROCEDURE 

 Please see Addendums A through F for procedures and equipment used in the 

experiment. 
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SUMMARY OF MIX SPECIFICATIONS 

• Percent of Asphalt Binder in Mix: 5.6% - PG64-22 

• Bulk Specific Gravity of Aggregates: 2.627 

• Average Effective Specific Gravity of Aggregates: 2.622 

• Theoretical Maximum Specific Gravity Adjusted: 2.410 

• Gyrations: 𝑁𝐼𝑛𝑖𝑡𝑖𝑎𝑙 = 5 ;𝑁𝐷𝑒𝑠𝑖𝑔𝑛 = 30 ;𝑁𝑀𝑎𝑥𝑖𝑚𝑢𝑚 = 42 

• Bulk Specific Gravity: 

 𝐺𝑚𝑏 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐺𝑚𝑏 𝐷𝑒𝑠𝑖𝑔𝑛 𝐺𝑚𝑏 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 

Control 2.132 2.299 2.329 

Fiber Reinforcement 2.203 2.363 2.390 

Steel Reinforcement 2.144 2.315 2.349 

 

• Percentage of Maximum Specific Gravity:  

 𝐺𝑚𝑚 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐺𝑚𝑚 𝐷𝑒𝑠𝑖𝑔𝑛 𝐺𝑚𝑚 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 

Control 88.45% 95.38% 96.64% 

Fiber Reinforcement 91.39% 98.03% 99.16% 

Steel Reinforcement 88.97% 96.05% 97.46% 

 

• Percentage of Air Voids: 

 𝑉𝑎 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑉𝑎 𝐷𝑒𝑠𝑖𝑔𝑛 𝑉𝑎 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 

Control 11.52% 4.62% 3.36% 

Fiber Reinforcement 8.61% 1.97% 0.85% 

Steel Reinforcement 11.03% 3.95% 2.54% 

 

• Percentage of Voids Filled with Asphalt: 

 𝑉𝐹𝐴𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑉𝐹𝐴𝐷𝑒𝑠𝑖𝑔𝑛 𝑉𝐹𝐴𝑀𝑎𝑥𝑖𝑚𝑢𝑚 

Control 50.59% 73.39% 79.35% 

Fiber Reinforcement 58.68% 86.95% 94.01% 

Steel Reinforcement 51.89% 76.47% 83.67% 

 

• Percentage of Voids in Mineral Aggregate: 

 𝑉𝑀𝐴𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑉𝑀𝐴𝐷𝑒𝑠𝑖𝑔𝑛 𝑉𝑀𝐴𝑀𝑎𝑥𝑖𝑚𝑢𝑚 

Control 23.38% 17.38% 16.29% 

Fiber Reinforcement 20.83% 15.08% 14.11% 

Steel Reinforcement 22.93% 16.80% 15.58% 

• Percentage of Voids in Total Mix: 
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 𝑉𝑇𝑀𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑉𝑇𝑀𝐷𝑒𝑠𝑖𝑔𝑛 𝑉𝑇𝑀𝑀𝑎𝑥𝑖𝑚𝑢𝑚 

Control 11.55% 4.62% 3.36% 

Fiber Reinforcement 8.61% 1.97% 0.85% 

Steel Reinforcement 11.03% 3.95% 2.54% 
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SUMMARY OF RESULTS 

Mix Design Check: 

Parameter Specification Control Sample Fiber Sample Steel Sample 

Design Air Voids 4.0% Target 4.62% 1.97% 3.95% 

Voids in Mineral 
Aggregate 

15% Minimum 17.38% 15.08% 16.80% 

Voids in Total Mix 2.0% to 8.0% 4.62% 1.97% 3.95% 

Voids Filled with 
Asphalt 

65% to 78% 73.39% 86.95% 76.47% 

Dust to Binder Ratio 1.0 maximum 1.07 1.07 1.07 

Percentage of 𝐺𝑚𝑚 
at Initial Gyrations 

89% Maximum 88.45% 91.39% 88.97% 

Percentage of 𝐺𝑚𝑚 
at Design Gyrations 

98% Maximum 95.38% 98.03% 96.05% 

Meets Standards?  No No No 

 

Hamburg Wheel Test Results: 

Sample Failure Depth Failure Cycles Cycles Specified Pass? 

Control 15.0 mm 15,500 20,000 No 

Fiber 15.0 mm 12,800 20,000 No 

Steel 12.4 mm 20,000 20,000 Yes 
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APPENDIX-A DATA TABLES 

Table A.1 IDOT IL-9.5 Low ESAL Aggregate Gradation Control Points 

Sieve Percent Passing 

Designation Size (mm) Minimum Maximum 

1/2” 12.5 -- 100 

3/8” 9.50 95 100 

No. 4 4.75 52 80 

No. 8 2.36 38 65 

No. 30 0.600 < 50% of the percentage passing the No. 4 

No. 200 0.075 4.0 8.0 

Asphalt Binder % -- 4.0 8.0 

Dust/Binder Ratio -- -- 1.0 at design A.C. % 

 

Table A.2 SIUE CE Department Laboratory Aggregate Gradation 

Sieve     

Designation Size (mm) CA-16 FA-01 MF Combined 

1/2” 12.5 100 100 100 100 

3/8” 9.50 98 100 100 98.66 

No. 4 4.75 39 98 100 58.55 

No. 8 2.36 6 92.3 100 34.79 

No. 16 1.18 4 82.9 100 30.72 

No. 30 0.60 3 51.8 100 21.03 

No. 50 0.30 3 11.7 100 9.40 

No. 100 0.20 3 1.4 98 6.34 

No. 200 0.75 3 1 93 6.04 

Specific Gravity  2.61 2.66 2.67 2.63 

 

Table A.3 Batch Specifications from SIUE Aggregate Stock Piles 

Aggregate Proportion Percentage by Mass of Total Aggregates 

CA-16 FA-01 MF 

67 29 4 
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Table A.4 Design Specifications for IL-9.5L 

Parameter Target Value 

Gyrations Required for Initial Density 5 

Gyrations Required for Design Density 30 

Gyrations Required for Maximum Density 42 

Design Air Voids 4.0% target at 𝑁𝑑𝑒𝑠𝑖𝑔𝑛 

Voids in Mineral Aggregate 15% minimum at 𝑁𝑑𝑒𝑠𝑖𝑔𝑛 

Percent Voids in Total Mix 2.0% minimum – 8.0% maximum at 𝑁𝑑𝑒𝑠𝑖𝑔𝑛 

Voids Filled with Asphalt 65-78% at 𝑁𝑑𝑒𝑠𝑖𝑔𝑛 

Dust/AC Ratio 1.0 maximum 

Maximum Percentage of 𝐺𝑚𝑚 at 𝑁𝐼𝑛𝑖𝑡𝑖𝑎𝑙 89% 

Maximum Percentage of 𝐺𝑚𝑚 at 𝑁𝐷𝑒𝑠𝑖𝑔𝑛 98% 
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Figure B.1 Superpave 0.45 Power Chart 
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Figure B.2 Hamburg Wheel Test Result – Control 
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Figure B.3 Hamburg Wheel Test Results – Fiber Reinforcing 
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Figure B.4 Hamburg Wheel Test Results – Steel Reinforcing 
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ANALYSIS 

 From the data above, one can deduce many issues with the experiment. First, the 

specified mix did not meet IDOT’s aggregate gradation limits and the mixes did not meet the IL 

9.5L Low ESAL mix specification. Secondly, the control sample and fiber reinforced sample 

failed the Hamburg Wheel Tracker Test. If the mix design was made to the specification, then 

the samples would have more than likely passed the specified test. Lastly, the fiber 

reinforcement should have shown improvement to the standard mix, however, this was shown 

to be inaccurate. The following describes reasons for failure: 

• Inaccurate Aggregate Measurements 

• Temperature fluctuation during mixing and aging 

• Improper Aggregate Type Ratios 

• Pre-Dispersion and Mixing of Fiber/Reinforcement 

• Fiber/Reinforcement Alignment 

• Inconsistent Weight Measurements 

• Unequal Aging times 

The attached addendums G and H provided by Josh Hammaker shows additional studies 

conducted by State Government Agencies. Looking at this data it can be said that the polymer 

fiber reinforcement can greatly impact mix strength and longevity over time. However, it 

cannot be compared to IL 9.5L or the steel reinforcing tested in this experiment.  

 The fiber reinforcement provided by FORTA Corp. was quoted at $10 per bag which is 

enough reinforcement for 1 ton of asphalt. This could potentially provide a viable solution for 

increasing the life cycle of a project while maintaining an economic solution when comparing 

regular asphalt, reinforced asphalt, and concrete.  
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CE 330L Student Lab Manual 

SuperpaveTM   Mix Design (IL-9.5L) 
PART A 

Pre-Laboratory Preparation 
Introduction 
This manual outlines the steps necessary to design, prepare and evaluate a hot mix asphalt (HMA) 

specimen using the SuperpaveTM  (Superior Performing Asphalt Pavements) mix design method and 

criteria. SuperpaveTM has been recently adopted by many state highway departments, replacing the 

Marshall and the Hveem methods for asphalt mix design.  

 

This manual includes the following parts. 

A. Project parameters, aggregate blending, asphalt binder selection, and material properties. 

B. Preparation of the hot mix specimen.  

C. Validation of the final mix results. 

D. Appendix with supporting data and lab worksheets. 

Related topics of asphalt binder properties and selection, equipment calibration and performance 

testing are not part of this document. Students wishing to learn more about the total SuperpaveTM 

process can contact the instructor for a list of additional resources. 

 

Design Criteria 
Superpave mix design requires many aggregate and asphalt cement (IDOT refers to this as 

bituminous) properties to be evaluated and selected to meet a particular set of standards.  In Illinois, 

as in most states, certain characteristics of the final mix design have been adopted and must be used 

for certain projects.  To reduce detail work that is beyond the scope of CE330L, many of the 

properties have already been selected. The following procedures are based on the selected 

properties. The specifications given in Table 1 are presented to highlight the primary design target 

values necessary for approval of the mix under IDOT’s criteria (modified AASHTO M 323) for the 

IL-9.5L) mix designation only. For other mixes, refer to appropriate sources for the target values.  

 

Table 1. Design Specification for IL-9.5L 

 

Parameter     Target Value 
Required Initial Density, Ninitial   5 

Required Design Density, Ndesign   30 

Required Maximum Density, Nmax   42 

Design Air Voids (Va)    4.0%, target at Ndesign   

Voids in Mineral Aggregate (VMA)  15%, minimum at Ndesign  

Percent (%) Voids in Total Mix (VTM)  2.0%, minimum to 8.0%, maximum at Ndesign 

Voids Filled with Asphalt (VFA)   65-78% at Ndesign 

Dust/AC ratio (D/B)    1.0 maximum 

Maximum percentage of Gmm @ Ninitial  89% 

Maximum percentage of Gmm @ Nmax  98% 

(Note: Gmm is the theoretical maximum specific gravity of the mix.) 

 
Safety Considerations 
This lab experiment involves working with hot aggregates and hot liquid asphalt at temperatures of 

up to about 350 °F. The asphalt ignition oven will be operating at about 1100 °F. Also, there is risk 

that some of the materials could stain your clothing, so plan to wear appropriate clothing. 
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In addition to the standard lab safety requirements, you are required to bring and wear the following 

safety items: 

 safety glasses 

 long pants 

 shoes that completely cover your feet 

 

In addition to the items above, you will be provided with heat-resistant gloves, Kevlar sleeves, a lab 

coat and face shield as needed for certain operations in the lab. 

 

Procedures 
A key step in the procedure for designing a Superpave mix is to select appropriate amounts of 

standard aggregate gradations to achieve a well-graded, dense mix.  Though you have already 

tested the aggregates in a previous experiment, we will use standardized results in the actual mixing 

procedures to reduce variations in the final mix since each group will share their HMA mix design 

results with the other groups.  

 

Testing was performed to find the gradation characteristics of the materials stockpiled for this lab. 

Table A1 shows the gradations required for the IL-9.5L mix.  Table A2 shows the results of the 

sieve and specific gravity tests for the four standard aggregate gradations stockpiled for this lab.  

Table A3 shows the standardized aggregate proportions for the Superpave HMA mix design to be 

used in the experiment. 

 

Step 1 

Refer to Table A3 which shows the percentage of each aggregate gradation to be used to make a 

7,000-gram batch, which includes the mass of the asphalt.  Compute the mass of each aggregate per 

this table.  Note that the standard mix design procedure for the CA-16 material is to presort and 

place into individual buckets to separate the larger particle sizes (3/8” inch through #30).  This is 

done to reduce the effects of particle size segregation on the final mix design. Using this method, 

the mass of each particle size gradation to be used from the CA-16 stock is given in the table. 

However, if reasonable precautions have been taken to prevent particle size segregation, the CA-16 

does not need to be presorted. Your instructor will let you know which method to use for this lab. 

Complete the table by computing the total mass of each aggregate required for the asphalt 

content assigned to your group.  The total should add to 7,000 grams.  

 

Step 2 

Superpave uses the 0.45 power chart for plotting the mix gradation (Figure A1). Using the results 

of your group’s sieve tests, plot the total batch percentages for each sieve size of the combined 

aggregates on the 0.45 power chart.  Verify that the batch gradation is within the control points. For 

the purpose of this experiment, mention any deviations in your report. 

 

NOTE: In actual practice the aggregate used for the trial batch must be within the gradation 

parameters of the 0.45 power chart in order to proceed.  If it doesn’t meet the parameters, then the 

mix designer must adjust material percentages, recalculate the batch percentages, and plot the 

resulting new batch gradation. 

 

Step 3 

Having successfully obtained the trial batch gradation percentages, make a batch of asphalt mix. 

For specific instructions on how to make the asphalt mix refer to Part B of this manual. 
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Superpave Asphalt Mix Design - Part B 

 

Laboratory Procedures for the 

Preparation of HMA Test Specimens 

 

Materials 
The following materials will be used in the specimen production. 

 Performance Graded Asphalt Binder 

 Course Aggregate 

 Fine Aggregate 

 Mineral Filler (is needed for the mix) 

 

Equipment 
The following equipment will be utilized in the specimen production. 

 Ovens, thermostatically controlled 

 Mechanical Mixer, 10 qt. 

 Flat bottom metal pans 

 Metal Scoop, spatula, and spoons 

 WD-40 or other light lubricating fluid 

 Pouring pot, for heating and dispensing liquid asphalt binder 

 Thermometers to measure 250-350°F 

 Balances, 8 kg capacity 

 Heat resistant gloves, Kevlar sleeves 

 Yellow lumber crayon, for specimen identification marking 

 Paper disks, 6 inches, for gyratory compaction 

 Gyratory Compactor with computer (for compacting and recording specimen data) 

 

 

Definitions 
Although students should be familiar with the basic terminology of the asphalt mix design 

process from lecture, the following definitions are provided for ease of reference as these are used 

throughout the manual. 

 Asphalt Binder: the asphalt cement used to mix and bind the aggregate and mineral 

filler. 

 Course Aggregate: rock particles generally larger than the #4 sieve. 

 Fine Aggregate: sand, silt, and clay particles generally smaller than the #4 sieve but 

larger than the #200 sieve. 

 Mineral Filler: dust size particles used to fill small voids in the hot mix asphalt 

specimen. 

 Gyratory Compactor: a piece of equipment used to compact the asphalt mix design 

specimen at a specified pressure, angle of tilt, and revolution cycles. 

 Ndesign, Design Gyrations: the number of gyrations for the particular mix design 

specimen. Corresponds to the compaction at the end of the pavements design life.  This is 

where the optimum asphalt content is determined corresponding to the specified air 

voids. 

 Ninit: the number of gyrations at which the specific gravity must not exceed 89 percent of 

Gmm. Corresponds to the expected compaction at the time of the pavement’s 

construction. 
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 Nmax: the number of gyrations at which the specific gravity must not exceed 98 percent of 

Gmm. Corresponds to the maximum recommended density. 

 

 

 

 

 

 

 

Procedures 
The following steps outline the basic procedures in the HMA specimen production. These basic 

steps are taken from Asphalt Institute. (1996). “Superpave Mix Design: Superpave Series No. 2 

(SP-2).” U.S.A. Some adjustments were made to help fit the sequence to our allotted lab 

schedule. 

 

Materials  
Step 1 
Complete the pre-lab exercise described in Part A to determine the batch weights of course and 

fine aggregate, mineral filler and asphalt to be used for the HMA specimen production. Carefully 

weigh out the required aggregate sizes and place in separate containers.  Put the aggregate in the 

oven and heat for 1 hour at 165+/-3oC (329+/-5oF). 

 

Step 2 
After preheating, remove the materials from the oven as you need them.  Avoid allowing 

anything to cool before mixing. 

 

Combining and Mixing  
Step 3 
Place the CA-16 aggregate into the mechanical mixing bowl. Do NOT add the FA-01 materials 

yet. 

 

Form a “bowl” shape in the FA-01. Dispense the required amount of asphalt into this aggregate 

bowl. 

 

Add the FA-01 and asphalt to the aggregate already in the mixing bowl.  Mount the mixing bowl 

on the mixer. Turn the mixer on (low speed setting of 1) and mix until most of the asphalt is 

distributed. Turn the mixer off.  Add the remaining aggregate filler fines, if any. Turn the mixer 

on and mix the batch until all the aggregate is fully coated with the asphalt binder. Periodically 

turn the mixer off and lightly scrape the material sticking to the sides of the bowl or upper portion 

of the mixing wisp. Turn the mixer off. 

 

Step 4 
Remove all the specimen materials from the mixer and place mixture onto two shallow metal 

pans. Spread mixture to an even thickness and place in the oven for 1 hour at 165oC. This time in 

the oven is done to simulate short-term aging that occurs during the actual HMA production and 

transportation phases prior to compaction.  

Warning: The asphalt mix design specimen procedure involves the use of 

heavy aggregates and hot asphalt liquid. Students should follow all lab safety 

procedures to avoid injury. 
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Compaction  
In this sequence, you will make a compacted HMA specimen.  The gyratory compactor will 

monitor the compaction pressure, sample height and number of gyrations.  This data will be 

displayed during the compaction phase and saved to a file on the computer.  The computer 

program will stop the gyratory compactor at the specified endpoint, which for our lab will be after 

Nmax gyrations of 42. 

 

Step 5 
While the mixture is aging in the oven, prepare the gyratory compactor for use.  Connect the 

computer to the gyratory compactor via the COM1 serial port. Prepare the computer software that 

operates and collects the data from the compactor. For this operation, verify the compaction 

pressure of 600 kpa, compaction mold inclination angle of 1.25o, and enter the Nmax = 42 into the 

software at the appropriate location on the screen. Place the compaction mold and mold bottom in 

the oven for 60 minutes at the 165oC temperature. 

 
Step 6 
Remove the mixture and the compaction mold from the oven at the same time. Spray a thin layer 

of a light lubricant (eg. WD-40) to coat the inside of the mold. Next, place a paper filter disk on 

the bottom plate of the mold.  

 

Using a scoop or spatula, measure approximately 4,500 grams of the specimen mixture into a 

preheated bowl.   

 

IMPORTANT: Record on the datasheet the actual mass of HMA to be placed in the mold.  

 

Then dump the mix into the mold in one smooth operation.  

 

Finally, gently level the top of the HMA specimen and place another paper filter disk on top of 

the specimen mixture in the mold. Do NOT tamp the loose HMA. 

 

Step 7 
Place the mold with the specimen into the gyratory compactor and click the Start button on the 

gyratory compactor program screen. During the compaction process, the computer will monitor 

the specimen height, the compaction pressure, tilt angle and number of gyrations.  The program 

will stop the test once reaching the designated Nmax gyrations. Be sure the compaction angle stays 

within 0.10 of the 1.25 target angle.  If it varies, stop the compactor temporarily by lifting the 

guard door.  This will stop the rotation so you can insert the handle to adjust the tilt angle.  Then 

remove the handle, close the door and allow the compaction process to continue. 

 

Step 8 
Once the compaction is complete, remove the mold from the center hold. Center the mold over 

the top of the extraction piston on the compactor base. Press the extraction button on the 

compactor and extrude the specimen from the mold.  Let the specimen cool enough so that it does 

not crumble or distort when carefully handled.  Use a small fan to speed the cooling process.  

Remove the paper disks and, using a lumber crayon or chalk, mark the top of the specimen with 

your lab group number for future identification.  

 

Proceed to Part C for Validation test procedures. 
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Superpave Asphalt Mix Design - Part C 

 

Validation Procedures and Report Requirements for the 

Prepared HMA Test Specimens 

 
Introduction 
The final step in the Superpave mix design method is to determine if the trial batch meets the 

specifications. Follow the steps in the section below to determine Va, VMA, and VFA. These are 

the last criteria that the mix design must meet. Having met these remaining criteria, you will have 

successfully completed a proper Superpave mix design. 

 
Procedures 
Volumetrics 
In order to determine if the trial batch meets the Design Criteria, the mix needs to be tested to 

determine whether the target values have been met for the particular gradation chosen. The 

following procedures highlight the final process of the mix design. The results will determine 

whether the mix meets the specified design criteria. 

         

 HMA Maximum Theoretical Density, Gmm 
Refer to AASHTO T 209 (our masses used are equivalent to the masses in T 209) 

 

 HMA Bulk Specific Gravity, Gmb 
Refer to AASHTO T 166 Method A( our masses are equivalent to the masses in T 166) 

NOTE: Soak specimen in water @ 25 +/- 1ºC for 10 +/- 1 minutes before reading 

the immersed mass. 

 

 Combined Bulk Specific Gravity of Aggregate Blend, Gsb 

 

When the total aggregate trial blend consists of aggregates with different 

specific gravities, which is usually the case, then the Bulk Specific Gravity 

for the blend must be calculated using: 
 

 Gsb = P1 + P2 + ……+ Pn                     

 

             P1  + P2 + …. +  Pn 

 

            G1    G2              Gn 

 

Where,   Gsb  =  bulk specific gravity of total aggregate blend 

  P1, P2, Pn    =  individual percentages by mass of aggregate 

  G1, G2, Gn  =  individual specific gravities of aggregate 

 

 Aggregate Percentage by Mass, Ps 

 

Total percentage by mass of the batch by the total mass of the aggregate.   
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Calculations 
 

Using the above values, substitute into the following equations to determine VMA, Va and VFA. 

    

Property   
VMA  = 100 – (Gmb * Ps)/Gsb    

 

Va = 100 * (Gmm – Gmb)/Gmm    

VFA = 100 * (VMA – Va)/VMA   

Report Requirements 

After completing the lab work, you must submit a report summarizing what you learned.  The 

data collected by your group as well as others should be included in the report.  The report should 

be in R-4 format.  R-4 report format is shown in the Report Requirements section on the CE330L 

web site. 

 

In the appendix, include the following: 

 

o Data (raw data from your group’s work, end results, i.e. Gmm, Gmb from the other groups’ 

results.) 

o Sample calculations for aggregate gradation, specific gravity and mix volumetrics.  Use 

the Superpave Volumetrics Worksheet as a guide. 

o Plot each aggregate gradation on its own semilog gradation chart. 

o Plotted 0.45 power chart (use Figure App-1) for the combined aggregate gradation. 

o Plot the following curves in separate charts aligned vertically on one page showing 

Asphalt Content (AC) percentage on the x-axis vs. the volumetric values listed below. 

Draw and label the projection lines you use to find the following coordinates: 

1. Percent Air Voids (AV). Draw line from Air Voids axis to find the optimum AC at 

the specified air voids ratio. 

2. Percent Voids in Mineral Aggregate (VMA). Draw a line representing the required 

VMA minimum and indicate the point on the VFA curve corresponding to optimum 

AC. 

3. Percent Voids Filled with Asphalt (VFA). Draw lines representing the minimum and 

maximum limits of VFA and indicate the point on the VFA curve corresponding to 

optimum AC. 
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Appendix 

 
 

 

Table A1. IDOT IL-9.5L Low ESAL Aggregate Gradation Control Points 

(Ref. Art. 1030.04, IDOT Standard Specifications for Road and Bridge Construction 

Adopted January 1, 2012) 

 

Sieve Percent Passing 
Designation Size Min Max 

 mm   

1/2" 12.5 -- 100 
3/8" 9.50 95 100 

No. 4 4.75 52 80 
No. 8 2.36 38 65 

No. 30 0.600  <50% of the percentage passing the #4  
No. 200 0.075 4.0 8.0 

Asphalt Binder %  4.0 8.0 
Ratio Dust/Asphalt Binder   1.0 at design AC% 

 

 

 

Table A2. CE Dept. Laboratory Aggregate Gradations 

 

Sieves 

Designation Size CA-16 FA-01 MF 
 mm    

1/2" 12.5 100.0 100.0 100.0 
3/8" 9.50 98 100.0 100.0 
No. 4 4.75 39 98 100.0 
No. 8 2.36 6 92.3 100.0 
No. 16 1.18 4 82.9 100.0 
No. 30 0.60 3 51.8 100.0 
No. 50 0.30 3 11.7 100.0 
No. 100 0.20 3 1.4 98.0 
No. 200 0.075 3 1.0 93.0 

Specific 
Gravity 

 
2.61 2.66 2.67 
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Table A3. Batch Requirements from Aggregate Stockpiles 

 

Batch Requirements - Aggregate Proportion  
Percentage by mass of total aggregates 

CA-16 FA-01 MF 

67 29 4 

 

 

Figure A2 – Superpave 0.45 Power Chart 
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Figure A2.  HMA Specimen Production Flowchart 

 

#1  Heat aggregate & asphalt to 

specified temperature. 

#2  Remove aggregate and asphalt 

from ovens. 

#3  Place proportioned aggregates & 

asphalt into mixer. Mix until 

aggregate is fully coated. 

#4  Place HMA mix in oven for 1 

hour at 165oC (329oF). 

#5  Prepare the gyratory compactor. 

Place molds in oven for 60 minutes. 

#6  Remove mix & molds from 

oven. Place mix into mold. 

#7  Center mold in compactor. Start 

compactor. Let run to Nmax. 

#8  Remove mold. Extract specimen. 

Let cool. I.D. specimen. 

END 

 

BEGIN 

 



SUPERPAVE VOLUMETRICS LAB WORKSHEET
Name: Group: 

Enter the sample mass, SGC gyrations and corresponding sample heights

W m g Mass of compacted sample "puck"

N init h init mm.

N des h des mm. d 150 mm. Mold diameter

NOTE   The subscripts refer to the three main gyration levels as 
follows:  init => initial,  des => design,  max => maximumN max h max mm.

Specify Asphalt Cement Content (as a percentage of the total HMA mass),P b 
P b % P b =P bP b

Specify Specific Gravity of Asphalt, Gb 

G b G b =G bG b

Calculate Aggregate Percentage by Mass, Ps

P s 100 100
100 P b
.

P bP b
% P s =P sP s %

Calculate Combined Bulk Specific Gravity of Aggregate Blend, Gsb

P 1 G 1
P 2 G 2
P 3 G 3
P 4 G 4

G sb
P 1 P 2 P 3 P 4

P 1
G 1

P 2
G 2

P 3
G 3

P 4
G 4

P 1P 1 G sb =G sbG sb

Calculate Theoretical Maximum Specific Gravity of HMA Mix for this group's mix, G mm

Mass of HMA added to Pycnometer, A

A g.

Mass of HMA and Pycnometer filled with Water, E

E g.

Mass of Pycnometer filled with Water at the same temperature as for E

D g.

G mm
A

A D EDD
G mm =G mmG mm
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Calculate Effective Specific Gravity of Aggregate for this Group's mix, Gse_i

G se_i
100 P b

100
G mm

P b
G b

P bP b i = your group number G se_i =G se_iG se_i

Calculate Average Effective Specific Gravity of Aggregate for all Groups' mixes, Gse_avg

G se_avg
ΣG se_i
N mixes

ΣG se_iΣG se_i Nmixes = the number of mixes from which the
individual Gse-i values come from

G se_avg =G se_avgG se_avg

Calculate Adjusted Theoretical Maximum Specific Gravity of HMA Mix for this group's mix based on the 
average Gse_avg, Gmm_adj

G mm_adj
100

P s
G se_avg

P b
G b

P sP s

Calculate Bulk Specific Gravity of Compacted HMA Mix, Gmb @ N max =N maxN max
Mass of HMA puck in water, C

C g.

Mass of saturated-surface-dry HMA puck in air, B

B g.

Mass of dried HMA puck in air, F

F g

G mb
F

B CBB
G mb =G mbG mb

Calculate compacted sample volume

V m_init
π d2. h init.

4
0.001. cm3

mm3
.

h inith init V m_init =V m_initV m_init

V m_des =V m_desV m_desV m_des
π d2. h des.

4
0.001. cm3

mm3
.

h desh des

V m_max =V m_maxV m_max
V m_max

π d2. h max.

4
0.001. cm3

mm3
.

h maxh max

Calculate bulk specific gravity

G mb_max_est

W m
V m_max

1 g

cm3
.

W mW m

G mb_des_est

W m
V m_des

1 g

cm3
.

W mW m

G mb_init_est

W m
V m_init

1 g

cm3
.

W mW m

G mb_max_est =G mb_max_estG mb_max_est

Calculate correction factor

C
G mb

G mb_max_est

G mbG mb C  =
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Calculate relative compaction

G mb_init C G mb_init_est.G mb_init_estG mb_init_est G mb_init =G mb_initG mb_init @ N init =N initN init

G mb_des C G mb_des_est.G mb_des_estG mb_des_est G mb_des =G mb_desG mb_des @ N des =N desN des
G mb_max C G mb_max_est.G mb_max_estG mb_max_est G mb_max =G mb_maxG mb_max @ N max =N maxN max
Calculate corrected Gmb

%G mm_init 100
G mb_init
G mm_adj
.
G mb_initG mb_init % V a_init 100 %G mm_init%G mm_init%G mm_init

%G mm_des 100
G mb_des
G mm_adj
.
G mb_desG mb_des % V a_des 100 %G mm_des%G mm_des%G mm_des

%G mm_max 100
G mb_max
G mm_adj
.
G mb_maxG mb_max % V a_max 100 %G mm_max%G mm_max%G mm_max

Calculate Voids in Mineral Aggregate in Compacted Mix, VMA

VMA init 100
G mb_init P s.

G sb

G mb_initG mb_init % VMA init =VMA initVMA init %

VMA des 100
G mb_des P s.

G sb

G mb_desG mb_des % VMA des =VMA desVMA des %

VMA max 100
G mb_max P s.

G sb

G mb_maxG mb_max % VMA max =VMA maxVMA max %

Calculate Percentage of Air Voids in Compacted Mix, Va

V a_init 100
G mm_adj G mb_init

G mm_adj
.

G mm_adjG mm_adj % V a_init =V a_initV a_init %

V a_des 100
G mm_adj G mb_des

G mm_adj
.

G mm_adjG mm_adj % V a_des =V a_desV a_des %

V a_max 100
G mm_adj G mb_max

G mm_adj
.

G mm_adjG mm_adj % V a_max =V a_maxV a_max %

Calculate Percentage of Voids Filled with Asphalt in Compacted Mix, VFA

VFA init 100
VMA init V a_init

VMA init
.
VMA initVMA init % VFA init =VFA initVFA init %

VFA des 100
VMA des V a_des

VMA des
.
VMA desVMA des % VFA des =VFA desVFA des %

VFA max 100
VMA max V a_max

VMA max
.
VMA maxVMA max % VFA max =VFA maxVFA max %

2/12/2014 Superpave Volumetrics Worksheet.mcd Page 3 of 4



SUMMARY 

% Asphalt in mix P b =P bP b %

Bulk Sp. Grav of Aggregate G sb =G sbG sb

Average Effective Sp. Grav of Aggregate G se_avg =G se_avgG se_avg

Theoretical Max. Sp. Grav.,
adjusted based on all mixes

G mm_adj =G mm_adjG mm_adj

Gyrations N init =N initN init N des =N desN des N max =N maxN max

Bulk Sp. Gravity G mb_init =G mb_initG mb_init G mb_des =G mb_desG mb_des G mb_max =G mb_maxG mb_max

% of Max Sp. Gravity %G mm_init =%G mm_init%G mm_init % %G mm_des =%G mm_des%G mm_des % %G mm_max =%G mm_max%G mm_max %

% Air Voids V a_init =V a_initV a_init % V a_des =V a_desV a_des % V a_max =V a_maxV a_max %

% Voids Filled with Asphalt VFA init =VFA initVFA init % VFA des =VFA desVFA des % VFA max =VFA maxVFA max %

% Voids in Mineral Aggregate VMA init =VMA initVMA init % VMA des =VMA desVMA des % VMA max =VMA maxVMA max %
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Laboratory Sample Mixing for FORTA-FI 
Calculation of Fiber Dosage 
The fiber dosage rate is calculated based on weight of the asphalt mix sample to be prepared in the laboratory. 
The typical fiber dosage rate is 0.05%. The amount of each type of fiber to be used shall be coordinated with 
FORTA Corporation. FORTA-FI consists of different types of fibers designed to provide optimum mix 
performance. FORTA will prepare two sample bags of fiber for laboratory blending: Bag #1 and Bag #2.  
 
Batching Aggregates and Mix Preparation (bucket mixer)  

1. Divide Bag #1 into two equal portions (by mass). 
2. Calculate the amount of each aggregate size and the amount of asphalt cement required to make one 

gyratory sample using the mix design gradation. 
3. Weigh and batch the aggregates in a single container.  
4. Evenly divide (by mass) the batched aggregates into three suitable size metal containers for heating.  
5. Keep the metal containers with the batched aggregates in the oven until thoroughly heated to 6 - 8°C higher 

than the mixing temperature (to compensate for heat lost while adding fibers). Preferably heat overnight but a 
minimum of 6 hours unless local laboratory practice suggests less time is sufficient.  

6. Prior to mixing, heat asphalt cement in an oven at the mixing temperature and wait until the asphalt cement 
reaches the mixing temperature.  

7. Heat all mixing tools (bucket, blade, metal scoop, metal spoon and spatula) to the mixing temperature.  
8. Once the asphalt cement reaches the mixing temperature, transfer the aggregates and Bag #1 fibers to the 

mixing bucket according to the following steps (The entire process of adding aggregate and fiber in the 3-
layer system should be accomplished within 3 – 4 minutes).  

a. Add the first container of aggregate (1/3rd of total aggregate by mass) to the mixing bucket.  
b. Evenly sprinkle the first half of Bag #1 fibers onto the first layer of aggregate.  
c. Slowly add (circular motion) the second container of aggregate (1/3rd of total aggregate by mass) to 

the mixing bucket so that the fibers do not become airborne.  
d. Sprinkle the remaining half of Bag #1 fibers (by mass) onto the second layer of aggregate.  
e. Slowly add (circular motion) the third container of aggregate (1/3rd of total aggregate by mass) to the 

mixing bucket so that the fibers do not become airborne.  
f. Create a crater in the middle of the aggregates without stirring the aggregate and fiber mixture.  

9. If the addition of fibers and aggregate to the mixing bucket exceeds four minutes in duration, take appropriate 
steps to ensure the aggregate is at the appropriate mixing temperature.  

10. Place the bucket on the weighing scale.  
11. Carefully pour the correct amount of heated asphalt cement into the blend. Pouring the asphalt binder into 

the bucket should not take longer than 20 seconds.  
12. Take the container of pre-weighed Bag #2 fiber and sprinkle it directly into the binder.  
13. Place the mixing bucket into the mixing machine and run it for a minimum of 1.5 minutes. If at the end of the 

1.5 minutes the aggregate and asphalt have not fully blended, continue mixing until all aggregates are 
completely coated with asphalt cement.  

14. Once mixing is completed, transfer the hot asphalt mixture to an aging pan and scrape the side of the bucket 
and the blade using a heated spatula. Add the material scraped from the bucket and blade and any material 



 

 

® 

stuck to the spatula back into the aging pan.  
15. Remove the metal scoop from the oven and stir the aging material thoroughly.  
16. Continue stirring the material during the aging process according to AASHTO R30 and again prior to 

compaction.  
17. Follow regular procedures for compacting asphalt mixtures being careful to use heated utensils at every step 

to prevent loss of mixture and fibers.  
 
Refer to Figure 2 for a pictorial summary of the aforementioned steps to properly mix FORTA-FI fibers into 
asphalt concrete specimens in a laboratory setting. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Laboratory mixing of FORTA-FI, fiber-reinforced asphalt concrete mixture: a) batched aggregates, b) 
batched aggregate divided into thirds (by mass), c) pouring 1/3 of aggregate into the mixing bucket, d) evenly 
spreading ½ of Bag #1 fibers to top of first 1/3 layer of aggregate (repeat for the 2nd 1/3 of aggregate and second 
½ of Bag #1), e) weighing asphalt binder, f) Bag #2 fiber added directly into the binder, g) mixing of asphalt fiber- 
aggregate blend, h) transferred hot asphalt mixture for aging process, i) aging of fiber reinforced asphalt mixture, 
and j) compaction of fiber reinforced asphalt mixture. 

 
 

www.forta-fi.com | FORTA Corporation • 100 Forta Drive • Grove City, PA 16127 
Toll-Free: (800) 245-0306 • Phone: (724) 458-5221 • Fax: (724) 458-8331 • Email: info@forta-fi.com 

(a) (b) (c) 

(d) (e) (f) 

(g) (h) (i) (j) 
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PaveTex Engineering & Testing, Inc.
3989 HWY 290 East

Dripping Springs, Texas, 78620
PH 512-858 2993  Fax 512-858 2921

Client: TxDOT- Austin Report No: 17358
Attn: Lisa Lukefahr Date: 10/6/14

Report of: Overlay Test
Test Method: Tex-248-F

Sample ID: Trial Batch Lab No: 143363
Sampled By: Client Production/ Sampled Date: 10/1/14

Sample Location: Truck at Plant Project No: NP
 Producer: Industrial Asphalt- Buda Centex Received Date: 10/2/14

Material Description: PFC-F with Cellulose Fiber + PG 76-22 Test Performed By: Phillip New, CET

Results:
1 336.2 21.2 93.7 518

2 366.0 46.7 87.2 1000 28 Cy outlier
3 354.4 50.5 85.7 1000

Sample No. Starting                           
Load

Final                     
Load % Decline in Load # Cycles to 

Failure
Average 352.2 39.5 88.9 839

Report Reviewed by:

PaveTex Engineering and Testing, Inc.
Firm Registration No. F-961

The results shown on this report are for the exclusive use of the client for whom they were obtained and apply only to the 

samples tested and/or inspected. They are not planned to be indicative of apparently identical products.



PaveTex Engineering & Testing, Inc.
3989 HWY 290 East

Dripping Springs, Texas, 78620
PH 512-858 2993  Fax 512-858 2921

Client: TxDOT- Austin Report No: 17360
Attn: Lisa Lukefahr Date: 10/7/14

Report of: Overlay Test
Test Method: Tex-248-F

Sample ID: Trial Batch Lab No: 143364
Sampled By: Client Production/ Sampled Date: 10/1/14

Sample Location: Truck at Plant Project No: NP
 Producer: Industrial Asphalt- Buda Centex Received Date: 10/2/14

Material Description: PFC-F with Fortified Fiber + PG 76-22 Test Performed By: Phillip New, CET

Results:
1 348.7 45.7 86.9 1000

2 370.2 50.6 86.3 1000 28 Cy outlier
3 383.2 52.3 86.4 1000

Sample No. Starting                           
Load

Final                     
Load % Decline in Load # Cycles to 

Failure
Average 367.4 49.5 86.5 1000

Report Reviewed by:

PaveTex Engineering and Testing, Inc.
Firm Registration No. F-961

The results shown on this report are for the exclusive use of the client for whom they were obtained and apply only to the 

samples tested and/or inspected. They are not planned to be indicative of apparently identical products.



PaveTex Engineering & Testing, Inc.
3989 HWY 290 East

Dripping Springs, Texas, 78620
PH 512-858 2993  Fax 512-858 2921

Client: TxDOT-Austin Report No: 17395
Attn: Lisa Lukefahr Date: 10/13/14

Report of: Hamburg Wheel-Tracking Test
Test Method: Tex-242-F

Sample ID: Lot 1-2 Lab No: 143457
Sampled By: Client Production/ Sampled Date: NP

Sample Location: N/A Project No: 2100-01-058 RM 2222
 Producer: Industrial Asphalt Received Date: 10/10/14

Material Description: PFC-F + Cellulose Fiber Test Performed By: Phillip New, CET

Results:

Temperature: 50ºC
No. of Passes: Rut Depth (mm):

5,000 11.4
6,900 12.5

10,000 NA
15,000 NA

Note: Bold Underlined does NOT meet specifications.
Note: All Test Results meet specifications.

Report Reviewed by:

PaveTex Engineering and Testing, Inc.
Firm Registration No. F-961

The results shown on this report are for the exclusive use of the client for whom they were obtained and apply only to the 
samples tested and/or inspected. They are not planned to be indicative of apparently identical products.



PaveTex Engineering & Testing, Inc.
3989 HWY 290 East

Dripping Springs, Texas, 78620
PH 512-858 2993  Fax 512-858 2921

Client: TxDOT-Austin Report No: 17396
Attn: Lisa Lukefahr Date: 10/13/14

Report of: Hamburg Wheel-Tracking Test
Test Method: Tex-242-F

Sample ID: Lot 2-2 Lab No: 143458
Sampled By: Client Production/ Sampled Date: NP

Sample Location: N/A Project No: 2100-01-058 RM 2222
 Producer: Industrial Asphalt Received Date: 10/10/14

Material Description: PFC-F + Forta Fiber Test Performed By: Phillip New, CET

Results:

Temperature: 50ºC
No. of Passes: Rut Depth (mm):

5,000 9.4
10,000 11.5
14,150 12.5
15,000 NA

Note: Bold Underlined does NOT meet specifications.
Note: All Test Results meet specifications.

Report Reviewed by:

PaveTex Engineering and Testing, Inc.
Firm Registration No. F-961

The results shown on this report are for the exclusive use of the client for whom they were obtained and apply only to the 
samples tested and/or inspected. They are not planned to be indicative of apparently identical products.
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