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Laboratory Safety 

Personal Protective Equipment 

All participants in the laboratory experience must wear the following safety equipment at all 
times: 

• Safety glasses 
• Safety shoes or shoe covers 
• Other safety equipment may be necessary for certain tests 

Hazard Exposures 

Chemical exposures in the laboratory include the following. Please see safety data sheets (SDSs) 
for more information on each of these substances. 

• Excel Clean HD (a citrus-based cleaner) 
• Asphalt 

Asphalt 

Copies of the SDSs for each of these substances will be provided to course participants and will 
be available in a yellow folder at the entrance to the AMRL laboratory. 

Heat 

Asphalt binder and ovens will be heated to temperatures of approximately 163°C (325°C). Heat-
resistant gloves must be worn when working with hot asphalt samples and putting materials in 
or retrieving them from the ovens. 

Ensuring Your Safety 

For your safety, please follow all instructions provided by the laboratory instructors. Do not 
touch or handle equipment unless you have been given permission to do so. 
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Laboratory Procedures and Time Needed to Complete 

Standard 
Designation 

Test Name Total Time Hands-on 
Time 

AASHTO T 321 Determining the Fatigue Life of Compacted Hot 
Mix Asphalt (HMA) Subjected to Repeated 
Flexural Bending 

7-13 hours 4 hours 

AASHTO T 322 Standard Method of Test for Determining the 
Creep Compliance and Strength of Hot Mix 
Asphalt (HMA) Using the Indirect Tensile Test 
Device 

1-2 days 6 hours 

AASHTO T 324 Hamburg Wheel-Track Testing of Compacted 
Hot-Mix Asphalt (HMA) 

13-33 
hours 

6 hours 

AASHTO TP 79 Standard Method of Test for Determining the 
Dynamic Modulus and Flow Numbers for 
Asphalt Mixtures Using the Asphalt Mixture 
Performance Tester (AMPT) 

43 hours 4 hours 
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AASHTO T 321, Determining the Fatigue Life of Compacted Hot Mix Asphalt 
(HMA) Subjected to Repeated Flexural Bending 

Background Information 

Fatigue cracking occurs when repeated traffic loads cause sufficient damage to HMA 
pavements. The pavement structure as a whole eventually cracks under the repeated loads. 
The determining factors for this fatigue life are structure, bonding, stiffness, and support. 

Significance and Use 

The performance of HMA pavements can be better predicted using this test by showing the 
effects of repeated flexural bending and the correlation to fatigue life. 

Related Tests and Specifications 

• AASHTO PP 3, Preparing Hot Mix Asphalt (HMA) Specimens by Means of the Rolling 
Wheel Compactor 

• AASTHO T247, Preparation of Test Specimens of Hot Mix Asphalt (HMA) by Means of 
California Kneading Compactor 

• ASTM D 5361, Standard Practice for Sampling Compacted Bituminous Mixtures for 
Laboratory Testing 

Timeline for Completion 

Prep Time: 6 – 12 hours 

Samples are laboratory compacted or field obtained as slabs or cylindrical and mounted into 
the testing molds/apparatus 

Time to Perform Procedure: 20 – 40 minutes 

An initial run of 50 cycles at 5 to 10 Hz is conducted on the specimen prior to the test of at least 
10,000 cycles at the same frequency 

Calculations: 5 – 20 minutes 

Usually software produced, report the initial flexural stiffness, the cycles to failure, a plot of 
stiffness vs. load cycles, and a plot of dissipated energy vs. load cycles 

TOTAL TIME: 7 – 13 hours 
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Apparatus 

Testing system (Figure 1) 

Loading Device – closed-loop, computer controlled loading system that adjusts and applies 
loads such that the specimen experiences a constant level of strain during each load cycle. 
Operates at a frequency of 5 to 10 Hz with a four-point system. 

Environmental Chamber (Optional) – Maintains the specimen at 20.0 ± 0.5 °C. Only necessary if 
the surrounding environment cannot maintain this temperature range. 

Control and data acquisition system – Records load cycles, applied loads, and beam deflections 
then computes the maximum tensile stress, maximum tensile strain, phase angle, stiffness, 
dissipated energy, and cumulative dissipated energy. 

 

Figure 1: Beam Fatigue Apparatus 

Sample Preparation 

Step 1 
Prepare three replicate beams specimens from slabs (compacted by AASHTO PP3), beams 
(compacted by ASTM D3202), or sampled from the roadway by ASTM D5361. 

Note: The type of compaction device may influence the test results.  It is recommended to cut 
beams from a large slab compacted by a vibratory roller. 

Step 2 
Specimen ends should be cut parallel by sawing at least 6 mm from the sides. The final 
dimensions afer sawing should be 380 ± 6 mm in length, 50 ± 6 mm in height, and 63 ± 6 mm in 
width. 
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Step 3 
Some loading device requires a nut affixed to the sides of the sample for deformation readings. 
Attach with epoxy to the center point of one of the sides and allow to cure before moving the 
specimen. 

Procedure 

Step 1 
Place the specimen in an environmental chamber that is at 20.0 ± 0.5°C for 2 h to ensure the 
specimen is at the test temperature prior to beginning the test. 

Step 2 
Open the clamps and slide the specimen into position. 

Step 3 
Ensure proper horizontal spacing of the clamps, 119 mm center-to-center.  

Step 4 
When the specimen and clamps are in the proper positions, close the outside clamps by 
applying sufficient pressure to hold the specimen in place. Next, close the inside clamps by 
applying sufficient pressure to hold the specimen in place. 

Step 5 
Attach the LVDT to the specimen. 

Step 6 
Select the desired initial strain (250 to 750 microstrain) and loading frequency, and the load 
cycle intervals at which test results are recorded and computed and enter them into the 
recording and control component’s test program. Set the loading frequency within a range of 5 
to 10 Hz. 

Step 7 
Apply 50 load cycles at a constant strain of 250 to 750 microstrain.  

Determine the specimen stiffness at the 50th load cycle.  

This stiffness is an estimate of the initial stiffness, which is used as a reference for determining 
specimen failure. 

Note: In some instances, with highly modified materials for specialized applications, testing has 
been conducted with initial peak-to-peak strains as high as 2000 microstrain. 

Module F Performance Testing

9



Step 8 
Select a deflection level (strain level) such that the specimen will undergo a minimum of 10,000 
load cycles (but can be as high as 1 million) before its stiffness is reduced.  

A minimum of 10,000 load cycles ensures that the specimen does not decrease in stiffness too 
rapidly. 

Step 9 
Begin the test.  

Step 10 
For each load cycle at which data are collected, compute the product of the flexural stiffness 
and load cycles (S × n) 

 S is the stiffness as calculated below, and n is the number of cycles completed. 

Step 11 
Terminate the data collection and stop the test after a point where the computed (S × n) has 
reduced from a peak value by 15 percent. 

Calculations 

Step 1 

Maximum Tensile Stress (Pa):  

Where: 

P = applied load (N) 

b = average beam width (m) 

h = average beam height (m) 

Step 2 

Maximum Tensile Strain (m/m):  

Where: 

δ = applied load (N) 

h = average beam height (m) 
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L = beam length between outside clamps (0.357 m) 

a = space between inside clamps (0.119 m) 

Step 3 

Flexural Stiffness (Pa):  

Phase Angle:  

Where: 

f = load frequency (Hz) 

s = time lag between maximum load and deflection (s) 

Step 4 

Dissipated Energy per Cycle J/m3:  

Where: 

σt = maximum tensile stress (Pa) 

εt = maximum tensile strain (m/m) 

φt = phase angle (degrees) 

The cumulative dissipated energy is then the sum of the dissipated energy for each load cycle. 

Reporting the Test Results 

Step 1 
Hot Mix Asphalt Description—Report the binder type, binder content, aggregate gradation, and 
air void percentage. 

Step 2 
Specimen Dimensions—Report the specimen length, average specimen height, and average 
specimen width in meters to four significant figures. 

Step 3 
Report the average test temperature to the nearest 0.2°C. 
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Step 4 
Report the test results listed in Table 2 for each load cycle interval selected by the operator to 
three significant figures. 

Step 5 
Report the initial flexural stiffness in pascals. 

Step 6 
Report the cycles to failure. 

Step 7 
Prepare a plot of stiffness versus load cycles as shown in Figure 2. 

Step 8 
Prepare a plot of dissipated energy versus load cycles as shown in Figure 3. 

 

Figure 2: Dissipated Energy versus Load Cycles 
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Figure 3: Stiffness versus Load Cycles 
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AASHTO T 322, Standard Method of Test for Determining the Creep Compliance 
and Strength of Hot Mix Asphalt (HMA) Using the Indirect Tensile Test Device 

Background Information 

A specially designed indirect tensile (IDT) system with an environmental chamber are used to 
apply a static load along the diametral axis of a HMA specimen. The IDT creep and strength test 
was developed during the Strategic Highway Research Program (SHRP) to address the need for 
characterizing the low-temperature thermal cracking of HMA samples. 

Significance and Use 

The creep compliance and IDT strength of HMA provide the data necessary for low temperature 
thermal cracking analysis. Creep compliance is defined as time-dependent strain per unit stress, 
and IDT strength is best defined as HMA strength when subjected to tension. 

Related Tests and Specifications 

• AASHTO PP 3, Hot Mix Asphalt (HMA) Specimens by Means of the Rolling Wheel 
Compactor  

• AASHTO T 312, Preparing and Determining the Density of Hot Mix Asphalt (HMA) 
Specimens by Means of the Superpave Gyratory Compactor   

• ASTM D5361, Standard Practice for Sampling Compacted Bituminous Mixtures for 
Laboratory Testing 

• ASTM D4123, Standard Test Method for Indirect Tension Test for Resilient Modulus of 
Bituminous Mixtures (Withdrawn 2003)  

• AASHTO T 166, Bulk Specific Gravity (Gmb) of Compacted Hot Mix Asphalt (HMA) Using 
Saturated Surface-Dry Specimens  

• AASHTO T 269, Percent Air Voids in Compacted Dense and Open Asphalt Mixtures  
• ASTM D5361, Standard Practice for Sampling Compacted Bituminous Mixtures for 

Laboratory Testing 
• AASHTO T 320, Determining the Permanent Shear Strain and Stiffness of Asphalt 

Mixtures Using the Superpave Shear Tester (SST) 

Timeline for Completion 

Prep Time: 24–48 hours 

Specimens are laboratory compacted or field obtained, refined, and measured. The bulk 
specific gravity is obtained, the specimen is dried, and the displacement transducers mounted. 
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After set-up is complete, the specimen is conditioned at test temperature for 2 to 4 hours 
before being tested.  

Time to Perform Procedure: 15 minutes 

Calculations: 15 minutes 

Calculate the creep compliance D(t).  

TOTAL TIME: 1–2 days 

Apparatus 

 

Figure 4: IDT test system and environmental chamber 

Indirect tensile testing system – The axial loading device, load measure device, specimen 
deformation measurement devices, environmental chamber, and control/data acquisition 
systems as specified in Section 6 of AASHTO T 322. (Figure 4) 

Gauge points – Eight brass gauge points having a diameter of 8 mm and a height of 3.2 mm 
required per specimen. A view of these mounted to a specimen are in Figure 5. 

Mounting template – Used for mounting the gauge points to the specimen. (Figure 6) 

Test specimen loading frame – As described in ASTM D4123. Delivers test loads in diametral 
plane, as seen in Figure 5. 
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Figure 5: A closer view of the specimen mounted with the gauge points in the test specimen loading frame 

Sampling 

A minimum of three specimens should be obtained by laboratory molding (AAHSTO T 312 or 
AASHTO PP 3) or from roadway specimens in accordance with ASTM D5361. 

Sample Preparation 

Step 1 
Ensure smooth, parallel sides by cutting at least 6 mm with a saw. Specimen dimensions should 
be 38 to 50 mm in height and 141 to 159 mm in diameter. 

Step 2 
Determine and record the height and diameter of each specimen in accordance with ASTM 
D3549, and the bulk specific gravity in accordance with AASHTO T 166. 

Step 3 
Dry the specimens at room temperature to constant mass.  

Step 4 
Mount the brass gauge points to each of the specimens with epoxy according to the pattern 
shown on the mounting plate in Figure 6. The placement and location of the gauge points on 
each face shall produce a mirror image of each other. 
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Figure 6: Mounting plate with pattern for brass gauge points 

Procedure 

Step 1 
Mount the specimen on the loading frames in the environmental chamber. 

Step 2 
Lower the temperature of the environmental chamber to the test temperature and, once the 
test temperature ± 0.5 °C is achieved, allow each specimen to remain at the test temperature 
from 3 ± 1 hour prior to testing. 

Note: Under no circumstances shall the specimen be kept at 0 °C or less for more than 24 
hours. 

Step 3 
Zero or rebalance the electronic measuring system and apply a static load of fixed magnitude (± 
2%) without impact to the specimen for 100 ± 2 seconds. If a complete analysis is required, a 
period of 1,000 ± 20.5 seconds has been found suitable. 

Note: If either limit is violated, stop the test and allow a recovery time of 5 minutes before 
restarting with an adjusted load. 

Step 4 
Use a fixed load that produces a horizontal deformation of 0.00125 mm to 0.0190 mm for 150-
mm diameter specimens. 

Step 5 
Record the vertical and horizontal deformations. 
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Step 6 
After completion of the creep testing, the tensile strength is determined by applying a load to 
the specimen at a rate of 12.5 mm per minute. 

Step 7 
Record the horizontal and vertical deformations, as well as the load on the specimen, until the 
load decreases. 

Step 8 
Determine the tensile creep compliance of each of the three specimens at three measurements 
at 10 °C intervals. Section 11.1 gives recommended temperature test points. 

Calculations 

Step 1 
Calculate the air voids for each specimen according to AASHTO T 269. 

Step 2 
Calculate the average for the three specimens of the thickness (bavg), diameter (Davg), and creep 
load (Pavg). 

Step 3 
Compute the normalized horizontal and vertical deformation arrays for each of the six 
specimen faces as in Section 12.2.3. 

Step 4 
Obtain the average horizontal and vertical deformation at a time corresponding to one-half of 
the total creep test time for each of the six specimen faces as in Section 12.2.4 (i.e., for a 100-
second test, obtain the deformations at t = 50 seconds). 

Step 5 
Obtain the trimmed mean of the deflections by dropping the highest and lowest values and 
averaging the middle four values for the horizontal (ΔXt) and vertical deformations (ΔYt). 

Step 6 

Obtain the ratio of the horizontal to vertical deformations, , from ΔXt/ΔYt. 

Step 7  
Compute the creep compliance (kPa)-1, D(t): 
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where: 

ΔXtm,t = Trimmed mean of the horizontal (ΔXi,t) arrays 

GL = gauge length in meters (38 x 10-3 for 150-mm diameter specimens) 

Ccmpl =  

Where:  

Step 8 

Poisson’s ration, ν, may be computed as:  

 

Step 9 
Compute the tensile strength (nearest pascal) for each specimen, St,n: 

 

where: 

Pf,n = maximum load observed for specimen, n 

St,n = tensile strength of specimen, n (Pa) 

Step 10 
Compute the average tensile strength. 

Note: Most of the calculations are usually completed by software specifically designed for 
AASHTO T 322. 
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Reporting the Test Results 

Report the bulk specific gravity, maximum specific gravity, the air voids, the height and 
diameter, test temperature, and the creep load for each test specimen. The calculated tensile 
creep compliance values D(t), in kPa, and tensile strength (σt), to the nearest pascal should be 
reported for each specimen as well as the average. 
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AASHTO T 324, Hamburg Wheel-Track Testing of Compacted Hot Mix Asphalt 
(HMA) 

Background Information 

The Hamburg Wheel Tracking Device was developed in Germany. Prepared specimens are 
repetitively loaded using a reciprocating, weighted steel wheel while submerged in a 
temperature controlled bat of 40 to 50 °C (104 to 122°F). The deformation caused by the wheel 
is measured and reported as pass/fail based on specifications. 

Significance and Use 

The Hamburg (Immersion) wheel tracking test is used to evaluate the resistance to rutting and 
moisture susceptibility of asphalt mixtures. Susceptibilities to rutting and moisture are typically 
based on pass/fail criteria. 

Related Tests and Specifications 

• AASHTO R 30, Mixture Conditioning of Hot Mix Asphalt (HMA)  
• AASHTO T 166, Bulk Specific Gravity (Gmb) of Compacted Hot Mix Asphalt (HMA) Using 

Saturated Surface-Dry Specimens  
• AASHTO T 209, Theoretical Maximum Specific Gravity (Gmm) and Density of Hot Mix 

Asphalt (HMA) 
• AASHTO T 269, Percent Air Voids in Compacted Dense and Open Asphalt Mixtures  
• AASHTO T 312, Preparing and Determining the Density of Hot Mix Asphalt (HMA) 

Specimens by Means of the Superpave Gyratory Compactor 

Timeline for Completion 

Prep Time: 6-26 hours 

Specimens are either compacted or field obtained then mounted in the testing apparatus. 

Time to Perform Procedure: 6.5 hours 

After a 30 minute equilibration period, the specimens are subjected to 20, 000 passes of the 
steel wheel. 

TOTAL TIME: 13-33 hours 
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Apparatus 

Hamburg Wheel-Track testing machine (as shown in Figure 7) – Capable of moving a 203.3-
mm (8-in.) diameter, 47-mm (1.85-in.) wide steel wheel, and a load of 705 ± 4.5 N (158 ± 1.0 lb) 
across the specimen at a rate of 52 ± 2 passes per minute. 

Temperature control system – Capable of controlling temperature within ± 1.0 °C (1.8 °F) over 
the range of 25 to 70 °C (77 to 158°F) with circulating system. 

Impression measurement system – An LVDT device capable of measuring the depth of the 
impression of the wheel to within 0.15 mm (0.006 in.). 

 

Figure 7: A Hamburg Wheel-Track Testing Machine 

Compaction equipment – Either a linear kneading compactor or a Superpave gyratory 
compactor. 

Specimen mounting systems – Stainless steel tray suspended in the machine for either a slab 
specimen or a cylindrical specimen. High-density polyethylene molds are used to hold 
cylindrical specimens in place (Figure 9). 

Balance – 12 kg capacity, accurate to 0.1 g. 

Sample Preparation 

Two test specimens are prepared as either slab specimens or cylinders, as well as either lab 
compacted or field-produced. 
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Preparation using Superpave gyratory cylindrical specimens 
Prepare two cylindrical specimens according to AASHTO T312 for each Hamburg test specimen. 
Each specimen should have a 6 in. diameter and have a thickness of 38 to 100 mm (1.5 to 4 in.). 
After a minimum of 24 hr. after compaction, cut the specimens using a wet saw along a secant 
line (or chord) such that, when joined together in the molds, there is no space between the cut 
edges. 

Preparation for slab specimens 
Compact material into slab specimens using a Linear Kneading Compactor (or equivalent) to 
specifications of 320 mm (1.5 in.) long and 260 mm (10.25 in.) wide.  

Determine the bulk specific gravity (T166), maximum specific gravity (T209), and air void 
content (T269) for each specimen. Laboratory-compacted specimen are recommended to 
target an air void content of 7.0 ± 1.0 percent, and field specimens are tested as obtained. 

Procedure 

Step 1 
Mounting 

Slab and large field core specimen mounting 
Use plaster of paris, at a 1:1 ratio with water, to rigidly mount the slab specimens in the 
mounting trays. Allow the plaster at least one hour to set. A different mounting material may 
be used that is able to withstand 890 N (200 lb) of load without cracking. (Figure 8) 

 

Figure 8: Laboratory Compacted Slab Specimens 
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Gyratory cylindrical and field core specimen mounting 
Place the high density polyethylene molds in the mounting trays of the Hamburg machine, then 
place the cut specimens into the molds. Secure the molds into the mounting tray as shown in 
Figure 9. 

 

Figure 9: Gyratory Specimens Mounted in High-Density Polyethelyne Molds 

Step 2 
Secure the mounting trays with the test specimens into the Hamburg device. 

Step 3 
Enter the project information and testing parameters into the device’s software including the 
test temperature and maximum allowable rut depth. 

Note: Most devices will automatically open and close the valves to fill and drain the water 
bath.  However, some older machines require this to be done manually. 

Step 4 
Set a start delay of 30 minutes to condition the specimens to the test temperature. 

Step 5 
Adjust the LVDTs for each specimen to the location specified by the manufacturer. 

Step 6 
Lower the wheels onto the edge of the test specimens so that a major of the weight is off the 
edge of the specimens. 
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Step 7 
Start the test, which will automatically shut off when 20,000 passes have occurred or when the 
test has achieved the maximum rut depth. 

Step 8 
Raise the wheel and remove the specimens. 

Calculations 

Plot the rut depth versus number of passes for each test (Figure 10) and determine the 
Stripping Inflection Point (SIP): 

 

Failure rut depth is the specified maximum allowable rut depth for the test. 

 

Figure 10: Hamburg Curve with Test Parameters 

Reporting the Test Results 

Report HMA Production (Field or Lab), Compaction method (slab or SGC cylindrical specimen), 
Number of passes at maximum impression, Maximum impression, Test temperature, 
Specimen(s) air voids, Type and amount of anti-stripping additive used, Creep slope, Strip slope, 
and Stripping inflection point. 
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AASHTO TP 79, Determining the Dynamic Modulus and Flow Numbers for 
Asphalt Mixtures Using the Asphalt Mixture Performance Tester (AMPT) 

Background Information 

The AMPT is a computer-controlled hydraulic testing machine capable of subjecting a 
compacted asphalt mixture specimen to cyclic loading over a range of temperatures and 
frequencies. The device evaluates asphalt mixture properties to assess potential performance. 
Transportation agencies can use the AMPT to develop inputs for the structural design of flexible 
pavements and to obtain information helpful in monitoring mixes and performing quality 
assurance. The current equipment and test methods have been developed to optimize both 
testing time and cost. The AMPT has also been known as the Simple Performance Tester (SPT) 
in earlier research work and references. 

Significance and Use 

The dynamic modulus is a performance-related property that can be used for mixture 
evaluation and for characterizing the stiffness of asphalt mixtures for mechanistic-empirical 
pavement design. 

The flow number is a property related to the resistance of asphalt mixtures to permanent 
deformation. It can be used to evaluate and design asphalt mixtures with specific resistance to 
permanent deformation. 

Related Tests and Specifications 

• AASHTO PP 60, Preparation of Cylindrical Performance Test Specimens Using the 
Superpave Gyratory Compactor 

• AASHTO T 342 - Determining Dynamic Modulus of Hot Mix Asphalt (HMA) 

Timeline for Completion 

Prep Time: 42 hours 

Samples of aggregates are batched and placed in an oven at the mixing temperature overnight. 
Asphalt is placed in the oven at the mixing temperature for about 90 minutes before mixing. 
Asphalt mixture samples are mixed and compacted. The compacted specimens are bulked and 
then cut the following day. Before flow number testing, the specimens are conditioned at the 
test temperature in the environmental chamber for about 6 hours. 

Time to Perform Procedure: 2 hours 47 minutes 
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Depending on the materials resistance and the test confinement, the test could take between a 
minimum of 30 minutes and a maximum of 2 hours and 47 minutes.  

Calculations: 1 hour 

TOTAL TIME: Approximately 43 hours 

Apparatus 

Specimen fabrication equipment – For fabricating test specimens in accordance with PP 60. 

Dynamic modulus test system – Must meet the requirement of the equipment specification for 
the SPT System, Version 3.0. 

 

Figure 11: LVDTs Mounted to a Dummy Specimen in a 120° Configuration 

Conditioning chamber – An environmental chamber for conditioning the test specimens to the 
desired testing temperature. The chamber shall be capable of controlling the temperature of 
the specimen over the range from 4 to 70 °C with an accuracy of ± 0.5 °C.  

TFE-fluorocarbon sheet – Thickness of 0.25 mm, to be used as a friction reducer between the 
specimen and the loading platens in the dynamic modulus test. See Annex A for further 
information on friction reducers. 

Latex membranes – 100-mm in diameter by 0.3 mm thick, for use in confined tests and for 
manufacturing “greased double latex” friction reducers to be used between the specimen and 
the platens during testing. 

Silicone grease – Dow Corning “stopcock grease” or equivalent, for manufacturing the double 
latex friction reducers. 
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Balance – Capable of determining mass to the nearest 0.01 g; to be used for massing silicone 
grease used for the double latex friction reducers. 

Sample Preparation 

Procedure A – Dynamic Modulus Test 
Specimens shall be fabricated in accordance with PP 60, to a height of 150 mm and a diameter 
of 100 mm. A minimum of two specimens shall be prepared at the target air void content ± 
0.5%. More specimens may be compacted depending on the desired accuracy of the results. 
Attach the gauge points to the specimen, ensuring that the gauge length is 70 ± 1 mm. Ensure 
that the top platen is free to rotate.  

Procedure B – Flow Number Test 
Specimens shall be fabricated in accordance with PP 60, to a height of 150 mm and a diameter 
of 100 mm. A minimum of three specimens shall be prepared at the target air void content ± 
0.5%. More specimens may be compacted depending on the desired accuracy of the results. 
The top platen shall not be free to rotate. 

Procedure – Procedure A - Dynamic Modulus Test – Unconfined 

Step 1 
Place the test specimen(s) in the environmental chamber with the “dummy” specimen. Monitor 
the temperature of the dummy to determine when testing may begin. 

Step 2 
Place the platens and friction reducers in the testing chamber. Turn on the AMPT, set the 
temperature to the target, and allow the chamber to reach equilibrium for a minimum of one 
hour. 

Step 3 
Once the dummy indicates that the target temperature has been reached, remove the 
specimen from the environmental chamber, and place the specimen in the heated platens. 
Friction reducers must be used between the specimen and the platens.  

Step 4 
Install the specimen-mounted deformation-measuring system on the gauge points per the 
manufacturer’s instructions. Close the testing chamber and allow the temperature to return to 
the testing temperature. 

Step 5 
Steps 3 and 4 must be completed in under 5 minutes.  

Module F Performance Testing

28



Step 6 
Enter required information in to the dynamic modulus software and follow the prompts to 
begin testing. 

Step 7 
After the completion of testing, remove the specimen from the testing chamber, and test any 
remaining specimens in a similar fashion. 

Procedure – Procedure A - Dynamic Modulus Test – Confined  

Step 1 
Assemble each specimen to be tested with the platens and membrane as follows: place the 
bottom friction reducer and the specimen on the bottom platen. Stretch the membrane over 
the specimen and bottom loading platen. Install the lower O-ring. 

Step 2 
Place the top friction reducer and top platen on top of the specimen and stretch the membrane 
over the top platen. Install the top O-ring. 

Step 3 
Ensure that friction reducers are equipped with vent holes. These holes ensure the specimen 
remains at atmospheric pressure. 

Step 4 
Repeat steps 1–3 for the dummy specimen. 

Step 5 
Place the test specimen(s) in the environmental chamber with the dummy specimen. Monitor 
the temperature of the dummy to determine when testing may begin. 

Step 6 
Place the platens and friction reducers in the testing chamber. Turn on the AMPT, set the 
temperature to the target, and allow the chamber to reach equilibrium for a minimum of 1 
hour. 

Step 7 
Once the dummy indicates that the target temperature has been reached, remove the 
specimen from the environmental chamber, and place the specimen in the heated platens. 
Friction reducers must be used between the specimen and the platens.  
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Step 8 
Install the specimen-mounted deformation-measuring system on the gauge points per the 
manufacturer’s instructions. Close the testing chamber and allow the temperature to return to 
the testing temperature. 

Step 9 
Steps 7 and 8 must be completed in under 5 minutes.  

Step 10 
Enter required information in to the dynamic modulus software and follow the prompts to 
begin testing. 

Step 11 
After the completion of testing, remove the specimen from the testing chamber, and test any 
remaining specimens in a similar fashion. 

Procedure – Procedure B - Flow Number Test – Unconfined 

Step 1 
Place the test specimen(s) in the environmental chamber with the “dummy” specimen. Monitor 
the temperature of the dummy to determine when testing may begin. 

Step 2 
Place the platens and friction reducers in the testing chamber. Turn on the AMPT, set the 
temperature to the target, and allow the chamber to reach equilibrium for a minimum of one 
hour. 

Step 3 
Once the dummy indicates that the target temperature has been reached, remove the 
specimen from the environmental chamber, and place the specimen in the heated platens. 
Friction reducers must be used between the specimen and the platens.  

Step 4 
Close the testing chamber and allow the temperature to return to the testing temperature. 
Ensure that the top loading platen is fixed in place and not allowed to rotate during testing. 

Step 5 
Steps 3 and 4 must be completed in under 5 minutes.  

Step 6 
Enter required information in to the flow number software and follow the prompts to begin 
testing. 
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Step 7 
After the completion of testing, remove the specimen from the testing chamber, and test any 
remaining specimens in a similar fashion. 

Procedure – Procedure B – Flow Number – Unconfined 

Step 1 
Assemble each specimen to be tested with the platens and membrane as follows: place the 
bottom friction reducer and the specimen on the bottom platen. Stretch the membrane over 
the specimen and bottom loading platen. Install the lower O-ring. 

Step 2 
Place the top friction reducer and top platen on top of the specimen and stretch the membrane 
over the top platen. Install the top O-ring. 

Step 3 
Ensure that the friction reducers are equipped with vent holes. These holes ensure the 
specimen remains at atmospheric pressure. 

Step 4 
Repeat steps 1–3 for the dummy specimen. 

Step 5 
Place the test specimen(s) in the environmental chamber with the “dummy” specimen. Monitor 
the temperature of the dummy to determine when testing may begin. 

Step 6 
Place the platens and friction reducers in the testing chamber. Turn on the AMPT, set the 
temperature to the target, and allow the chamber to reach equilibrium for a minimum of 1 
hour. 

Step 7 
Once the dummy indicates that the target temperature has been reached, remove the 
specimen from the environmental chamber, and place the specimen in the heated platens. 
Friction reducers must be used between the specimen and the platens.  

Step 8 
Close the testing chamber and allow the temperature to return to the testing temperature. 
Ensure that the top loading platen is fixed in place and not allowed to rotate during testing. 

Step 9 
Steps 7 and 8 must be completed in under 5 minutes.  
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Step 10 
Enter required information in to the flow number software and follow the prompts to begin 
testing. 

Step 11 
After the completion of testing, remove the specimen from the testing chamber, and test any 
remaining specimens in a similar fashion. 

Calculations 

Procedure A – Dynamic Modulus Test 
The calculation of dynamic modulus (E* in MPa), phase angle, and the data quality indicators is 
performed automatically by the AMPT software.  

Procedure B – Flow Number Test 
The calculation of the permanent strain for each load cycle and the flow number (Fn) for 
individual specimens is performed automatically by the AMPT software.  

Compute the average and standard deviation of the flow numbers for the replicate specimens 
tested. Compute the average and standard deviation of the permanent strain at the load cycles 
of interest. 

Reporting the Test Results 

Procedure A – Dynamic Modulus Test 
For each test specimen, report the following: 

• Test temperature 
• Test frequency 
• Confining stress level 
• Dynamic modulus, E* (to the nearest MPa) 
• Phase angle 
• Data quality statistics 

Attach the AMPT dynamic modulus test summary report for each specimen tested. 

Procedure B – Flow Number Test 
Report the following: 

• Test temperature 
• Average applied deviatory stress 
• Average applied confining stress 
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• Average and standard deviation of the flow numbers for the specimens tested 
• Average standard deviation of the permanent strain at the load cycles of interest 

Attach the AMPT flow number test summary report for each specimen tested 

Related Procedure – AASHTO T 342, Determining Dynamic Modulus of Hot Mix 
Asphalt 

Comparison 

The sample preparation and setup is essentially the same as the AASHTO TP 79 unconfined test. 
An AMPT device is normally used for testing. The specific AASHTO T 342 is as follows: 

Procedure 

Step 1 
The test series for the development of master curves for use in pavement response and 
performance analysis shall be conducted at -10, 4.4, 21.1, 37.8, and 54 °C (14, 40, 70, 100, and 
130 °F) at loading frequencies of 0.1, 0.5, 1.0, 5, 10, and 25 Hz at each temperature. 

Step 2 
Apply a contact load (Pmin) equal to 5% of the dynamic load that will be applied to the 
specimen. It is acceptable to increase the applied contact stress to 20 kPa to improve machine 
control effectiveness by applying a load that will maintain positive contact with the specimen 
but will not damage the specimen. 

Step 3 
At the beginning of testing, precondition the specimen with 200 cycles at 25 Hz at the stress 
level corresponding to Table 5 in T 342. 

Step 4 
Apply sinusoidal (haversine) loading (Pdynamic) to the specimen in a cyclic manner. The dynamic 
load should be adjusted to obtain axial strains between 50 and 150 microstrain. Table 5 in T 342 
gives typical dynamic stress levels and Table 6 gives the number of cycles for each test 
sequence. 

Step 5 
Test each of the 30 combinations of temperature and frequency of loading starting with the 
lowest temperature and proceeding to the highest and with the highest frequency of loading 
and proceeding to the lowest.  
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Step 6 
A typical rest period between each frequency run is 2 minutes. This rest period shall not exceed 
30 minutes for any two frequency runs. 

Calculations 

The data produced from each dynamic modulus test at frequency ω0 are stored in the form of 
several arrays, one for time [ti], one for stress [σi], and one for each of the j = 1, 2, 3,…m strain 
transducers used [∈j]. The number of i = 1, 2, 3…n points in each array will be equal and will 
depend upon the number of data points collected per loading cycle and on the total number of 
cycles for which data has been collected. It is recommended that 50 points per cycle and 5 
cycles be used for a total of 250 data points. The software for this test will conduct the 
calculations for Sections 12.4–12.6 of T 342, ultimately giving the overall phase angle θ(ω), in 
degrees, and the complex modulus, |E*(ω)|, kPa ,at the selected frequency, ω. 

Reporting the Test Results 

The following is reported for each specimen, at each of the temperature and frequency 
combinations: test temperature, test frequency, dynamic modulus, average phase angle 
between applied stress and measured strain, average strain magnitude, stress magnitude, 
standard error of the applied stress, average standard error of the measured, uniformity 
coefficient for the strain measurements, and uniformity coefficient for the phase angle 
measurements. 

 

Figure 12: Example master curve for dynamic modulus 
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Appendix A: Lab Materials 

HMEC Module F Performance Testing 

Wednesday, March 2, 2016 

Please review the next page for your grouping and team assignments. 

Station 1  
AASHTO T 321 Determining the Fatigue Life of Compacted Hot Mix Asphalt (HMA) Subjected to 
Repeated Flexural Bending 

Station 2 
AASHTO T 322 Determining the Creep Compliance and Strength of Hot Mix Asphalt (HMA) 
Using the Indirect Tensile Test Device 

Station 3 
AASHTO T 324 Hamburg Wheel-Track Testing of Compacted Hot-Mix Asphalt (HMA) 

Station 4  
AASHTO TP 79 Determining the Dynamic Modulus and Flow Number for Asphalt Mixtures Using 
the Asphalt Mixture Performance Tester (AMPT) 

Station Locations 
Station 1 will be performed in the HMEC Classroom (Upstairs) 

Station 2 will be performed in the AMRL Conference Room 

Station 3 will be performed in the CCRL Conference Room 

Station 4 will be performed in the FHWA Mobile Laboratory 

Team Assignments 

To Be Determined 
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AMRL Laboratory Layout for Module F (Performance Tests) 
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Appendix B: Lab Presentations 

AASHTO T 321 
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AASHTO T 322 
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