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Project Scope 

Determine the amount of ACE Fiber present in an ACE Fiber reinforced asphalt sample through 

asphalt extraction and gradation using the special test method provided by ASU, Extraction of 

Aramid ACE Fibers from ACE Fiber Reinforced Asphalt Concrete, Zeiada & Underwood. Test 

Superpave Gyratory Compacted (SGC) specimens for the effect ACE Fiber has on the low-

temperature thermal cracking of an ACE Fiber reinforced asphalt sample by AASHTO T 322. 

Sample Preparation 

Samples were delivered to the Asphalt Institute in pans, a control mixture and ACE Fiber 

reinforced mixture. Pans of material were covered and heated at 110°C until material was able 

to be split and quartered into representative samples for testing, according to AASHTO R 47. 

Three (3) samples were obtained of approximately 2750 g from each mixture, control and ACE 

Fiber reinforced, for extraction and gradation. Samples were cooled to room temperature before 

extractions.  

IDT samples were prepared by obtaining three (3) samples of approximately 6200 g from each 

mixture to produce 150 mm height by 150 mm diameter SGC specimens. Each 6200 g sample was 

covered with foil and heated to compaction temperature. Once specimens reached temperature, 

they were compacted using a gyratory to compact the material to 7.0 ± 0.5% air voids. Cylindrical 

specimens were trimmed and two (2) 50 mm tall specimens were cut from the SGC. Each 50 mm 

IDT specimen was tested to determine bulk specific gravity (Gmb), dried, and fixture targets were 

glued onto the specimen for attaching instrumentation. Three (3) 50 mm specimens were 

produced for each mixture. 

Results and Discussion 

Prepared extraction samples were tested following ASTM D 2172. Dry mass of each sample was 

determined and samples were soaked in Trichloroethylene (TCE) for 45 minutes. After soaking, 

effluent was extracted and collected from the centrifuge filtered through a 75 µm filter paper. 

Collected effluent was put through a high-speed centrifuge to remove any fine material passing 

the 75 µm filter and the mass of this material was determined.  

It was noticed at this stage that residual Sasobit wax collected at the bottom of the effluent after 

a few hours of settling, Figure 1. This is not a concern but worth noting since the wax did not 

seem to mix with the asphalt binder. As the binder was separated from the aggregate by TCE, the 

wax from the ACE Fiber remained in solution and passed through the filter and bottle filters of 

the extraction centrifuges. Upon disposal is was noticed that the wax settled out of the solution 

and returned to its pre-mixed condition lining the bottom of the receiving flask. 
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Figure 1. Sasobit Wax that Collected at the Bottom of the TCE-Asphalt Effluent 

Next the extracted aggregate was oven dried at 110°C to remove any remaining solvent and the 

dry mass of the extracted aggregate was determined, including the mass of material from the 

high-speed centrifuge. The mass of extracted aggregate to be washed was determined and 

washed using soap and a mechanical washing apparatus, as opposed to the hand washing 

method used by Zeiada & Underwood. Also, instead of a 300 µm sieve placed on 75 µm sieve, a 

4.75 mm sieve was found to be effective in collecting the extracted ACE Fibers from the ACE Fiber 

mixture. The bulk of the ACE Fibers were collected after the washing process, Figure 2. Sieve 

analysis was performed on the extracted aggregate and ACE Fiber according to ASTM C 136. 

 

Figure 2. Mechanical Washing of the Aggregate to Remove the Fines (-75 µm or micron). ACE 
Fibers Collecting on the 4.75 mm Sieve. 
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Samples containing ACE Fiber were individually removed from the sieves after the sieving 

operation, these ACE Fibers were added to the bulk ACE Fibers collected. The ACE Fibers were 

then soaked with solvent, washed, and dried to constant mass at 110°C and the mass of the ACE 

Fibers in each sample was determined. All results of the extraction of ACE Fibers from the mixture 

samples are listed in Table 1. The values represented in Samples 1 and 3 are more typical than 

Sample 2. Sample 2 most likely had dust adhering to the fibers and skewed the results since the 

remaining ACE fibers were lastly removed during the dry sieving process. Sample 2 was not used 

in the calculation of the fiber dispersion below in Table 2. Since it is, desirable to remove the ACE 

fibers completely during washing, this may be accomplished by washing the sample over a nest 

of sieves instead of just one or two sieves. 

Table 1 – Extracted Aramid ACE Fiber: Asphalt Content, Percent ACE Fiber Content, and ACE 

Fiber Content (oz) per Ton in ACE Fiber Reinforced Asphalt Mix 

Sample AC, % ACE Fiber, % ACE Fiber (oz) / Ton 

ACE Fiber-1 4.64 0.014 4.48 

ACE Fiber-2 4.43 0.023 7.36 

ACE Fiber-3 4.18 0.009 2.88 

 

Table 2 is a closer look at the dispersion of the fibers with the bundle state being the worst case 

where the fiber does not disperse, followed by the agitated bundle, cluster, and individual fibers 

(indicates best dispersion).  Figure 3 represent the samples that were measured at Asphalt 

Institute showing the various dispersion states. The cluster is really an in-between state of the 

agitated bundle and the individual fibers (most desired for dispersion). The average individual 

dispersion of the ACE fiber was 84.3 percent based on the two samples with individual results of 

80.0 and 88.6 percent.  

   

Figure 3. Aramid Dispersion State Sample Photos: Bundle (not shown), Agitated 
Bundle, Cluster, and Individual ACE Fibers 
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Table 2 – Dispersed State of Extracted ACE Fibers and the Calculated Aramid Dispersion State 

Ratio (ADSR) 

State 

Extracted 
ACE 

Fiber-1 

Extracted 
ACE 

Fiber-3 

Bundle 0.0% 0.0% 

Agitated Bundle 0.0% 2.2% 

Cluster 20.0% 9.2% 

Individual 80.0% 88.6% 

Aramid Dispersion 

State Ratio (ADSR) 
80.0% 88.6% 

Avg. ADSR 84.3% 

Next the IDT test for critical low temperature cracking was performed. Each IDT specimen was 

tested at three (3) temperatures: -10, -20, -30°C for Creep Compliance testing. Samples were 

conditioned at the test temperature for a minimum of 4 hours prior to testing. Extensometers 

were attached to samples to measure the indirect displacement of the sample under constant 

loading at each temperature. Samples were loaded into the test frame (Figure 4) and a vertical 

constant load was applied and indirect displacement was measured for 300 s. After Creep 

Compliance testing, samples were tested for tensile strength at each of the test temperatures. 

The static load must produce a horizontal deformation of 1.25 to 19.0 microns for 150 mm 

diameter specimens. Similar preconditioning of test samples were conducted prior to breaking. 

Samples, without extensometers, were loaded into the test frame and a load was applied at a 

constant rate of 12.5 mm/min. Peak load and vertical deformation was recorded and tensile 

strength of the each specimen was determined. 
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Figure 4. Indirect Tensile Test Fixture with Sample Instrumented Ready to Test 

The low temperature critical cracking temperature is predicted from the IDT test. To do this the 

relaxation (compliance) and tensile strength of the samples must be examined. This is done by 

shifting the isotherms (various temperature responses plotted on the same graph), Figure 5, to 

form a shifted compliance curve, Figure 6. From this shift, we understand the time-temperature 

relation of the samples that allows us to then plot the measured stress and overlay with the 

fracture stress of the samples. The intersection of these lines is where the asphalt sample’s 

strength equals its thermal stress from cooling and is the predicted critical cracking temperature, 

Figure 7. 

The control samples that were tested were averaged to produce a predicted low temperature 

critical cracking temperature of -25.4 °C as compared to the ACE Fiber samples at -29.5 °C. While 

the ACE Fiber roots into asphalt binder making the mix stiffer, it appears that the ACE Fiber in 

this case also improved the low temperature properties by -4.1 °C., which is not typically shown 

by stiffer asphalt mixes. Essentially one could conclude that since the ACE fiber improves the low 

temperature properties, it is equivalent to lowering the PG low temperature grade to some 

extent. This finding could lead to a cracking improvement of mixtures containing Reclaimed 

Asphalt Pavement (RAP) or Reclaimed Asphalt Shingles (RAS). 
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           Figure 5. Isotherms from Compliance Testing of the Control and ACE Fiber Samples 
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Figure 6. Shifted Compliance Curves (to determine time temperature shift) of the 

 Control and ACE Fiber Samples 
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Figure 7. Critical Cracking Temperature Prediction of the Control and ACE Fiber 

Samples. Intersection of Fracture Strength and Compliance Curve. 
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Summary and Conclusions 

Asphalt Institute was contacted by SurfaceTech to 1) determine the amount of ACE Fiber present 

in an ACE Fiber reinforced asphalt sample through asphalt extraction and gradation using the 

special test method provided by ASU, Extraction of Aramid Fibers from Aramid Fiber Reinforced 

Asphalt Concrete, Zeiada & Underwood and 2) measure the low-temperature thermal cracking 

effects on ACE Fiber mixture samples as compared to a control mixture without fibers. Pans of 

mixture samples from field production of the control and ACE Fiber mixtures were sent to Asphalt 

Institute. The samples were reheated and prepared for testing. 

Through the TCE chemical extraction process and fiber separation processes, the Aramid 

Dispersion State of the individual fibers was measured to be an average of 84.3 percent based on 

two samples. It was also found that some or all of the Sasobit wax that coated the fibers settled 

into the receiving flask after the chemical extraction indicating that the wax becomes fully soluble 

in the binder but not bonded making no chemical changes to the binder.  

The IDT test for critical low temperature cracking prediction revealed that that the ACE Fiber 

mixture improved the mixture properties by -4.1 °C. One could conclude that the since ACE fiber 

improves the low temperature properties, it is equivalent to lowering the PG low temperature 

grade to some extent. This finding could lead to a cracking improvement of stiffer mixtures 

containing Reclaimed Asphalt Pavement (RAP) or Reclaimed Asphalt Shingles (RAS). 

 


