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1 BACKGROUND  

Asphalt mixture design is a critical step in achieving long lasting asphalt pavement performance. 
An asphalt pavement should possess adequate stability (i.e., resistance to permanent 
deformation/rutting) and durability (i.e., resistance to cracking) for the intended design 
application. In recent years, there have been reports of mixture durability (cracking) related 
performance issues. In response, state Departments of Transportation (DOTs) have 
implemented a variety of specification changes, including establishing minimum binder 
contents, decreasing design gyration levels, and decreasing allowable recycled content (Tran, et 
al, 2019).  

In addition, substantial interest has been shown in the concept of balanced mix design. 
Balanced mix design (BMD) was defined by the FHWA Expert Task Group (ETG) on Mixtures and 
Construction ŀǎ άŀǎǇƘŀƭǘ mixture design using performance tests on appropriately conditioned 
specimens that address multiple modes of distress taking into consideration mixture aging, 
traffic, climate and location within the pavement structure (West et al, 2018)Φέ In simple terms, 
it means designing the right mixture for the right job.  

Balanced mix design can be completed using four main approaches (NAPA, 2022a). The most 
conservative approach, Volumetric Design with Performance Verification, is to conduct a 
traditional volumetric mixture design and then evaluate mixture performance. Volumetric 
Design with Performance Optimization is a second option that begins with a volumetric mixture 
design but allows for small changes in asphalt content to meet performance testing criteria. 
Performance-Modified Volumetric Design is a third approach and starts with a mix design 
selection that it is intended to pass performance testing criteria with relaxed or eliminated 
volumetric requirements. The final conceptual approach, Performance Design, is to utilize 
performance testing with minimal traditional design requirements to design the mixture for the 
intended project application. This approach maximizes the innovation and value potential. 

2 NEED  

While owner agencies are aware of BMD approaches, hesitancy exists to electively pursue and 
evaluate the approaches. Active conversations and involvement between industry and agency 
personnel must occur to successfully move these concepts forward. One significant need is to 
generate detailed supporting data that illustrate how a Performance Design BMD approach can 
be used to develop optimized, performance-based mixtures.  

3 OBJECTIVES  

The objectives of this testing program are twofold. First, it is to determine the laboratory 
performance of currently produced asphalt mixtures at multiple CRH Americas Materials 
locations. Second, it is to illustrate how these mixtures can be designed to provide equal to or 
better performance via a BMD (Performance Design) approach. Each of the four case studies 
sought to accomplish these goals with different materials, BMD tests, and criteria. 
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4 METHODS 

4.1 Specimen Fabrication 

All specimens prepared for this study were lab-mixed lab-compacted (LMLC) specimens 
fabricated from raw materials (aggregate, RAP, binder) provided to NCAT by the participating 
contractors. Unless otherwise specified, all performance test specimens for this study were 
compacted to a target air void level of 7.0 ± 0.5 percent (after saw trimming, if required). 
Rejuvenator dosages were converted to by weight of virgin binder and were added to the hot 
virgin binder before mixing for all four case studies presented in this report.  All performance 
tests were short-term oven aged (STOA) for four hours at 275°F per the Short-Term 
Conditioning for Mixture Mechanical Property Testing procedure documented in AASHTO R30-
02 (2015). For the cracking test specimens, it was desired to test some mixes at a long-term 
aged condition that would be more representative of the pavement after a few years of service 
in the field. For this study, the aging procedure developed for use during the 2015 NCAT Test 
Track top-down cracking group experiment was selected (Chen et al., 2018). This procedure 
requires aging loose mix on large pans in a thin layer όғоκпέ ǘƘƛŎƪύ ŦƻǊ eight hours at 275°F prior 
to compaction (Figure 1). This aging procedure is termed critical aging (CA), as it is designed to 
simulate three to five years of field aging in the southeastern U.S. All critical aging for this study 
was performed on mix that had already been short-term oven aged. 

 
Figure 1. Mix in a Thin Layer for Critical Oven Aging 

4.2 Hamburg Wheel Tracking Test 

The Hamburg Wheel Tracking Test (HWTT) (Figure 2) was conducted per AASHTO T324-17 to 
evaluate asphalt mixture rutting resistance and moisture susceptibility. Specimens were loaded 
for a maximum of 20,000 passes while submerged in heated water. AASHTO T324 does not 
specify a testing temperature so the temperature was selected individually for each project. 
Hamburg specimens were compacted to 62 mm tall with a target air voids of 7.0 ± 0.5 percent 
after short-term oven aging. In the Hamburg, two specimens are trimmed and loaded together 
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as a single replicate. For each mixture in the study, a minimum of two replicates (four total 
specimens) were tested.  

Several states have available HWTT criteria (West et al., 2018). The majority of states specify a 
minimum number of passes (such as 10,000 or 20,000) in the HWTT to reach a defined failure 
threshold (commonly 12.5 mm) based on factors such as the grade of the virgin binder or traffic 
level. A few states also require their mixtures to reach a defined number of passes without 
exhibiting a stripping inflection point (SIP). An example of the rut depth versus wheel passes 
data collected by the HWTT, including an example SIP, is also shown in Figure 2.  

  
(a) (b) 

Figure 2. (a) HWTT Machine and (b) Example Data 

4.3 Illinois Flexibility Index Test 

The Illinois Flexibility Index Test (I-FIT) was conducted to evaluate mixture resistance to 
intermediate temperature cracking. Testing was performed per AASHTO TP 124-18. This 
specification was adopted as AASHTSO T393 in 2021.  A minimum of six replicates with an air 
void level of 7.0 ± 0.5 percent (after saw trimming) were prepared for each mixture. For each 
semi-circular specimen, a notch was cut at a depth of 15 ± 1.0 mm and a width of 1.5 ± 0.5 mm 
using a modified tile saw. The specimens were conditioned in an environmental chamber for 
two hours at 25°C prior to testing. The specimens were loaded monotonically at a rate of 50 
mm/min until fracture to generate a plot of specimen load versus displacement. The test setup 
as well as example raw data are shown in Figure 3.  

Flexibility index (FI) is a parameter used as a relative measure of mixture cracking resistance. 
The FI is essentially the area under the load-displacement curve (fracture energy) divided by the 
slope at the curve inflection point post-peak. A higher fracture energy would yield a higher FI 
while a higher (steeper) post-peak slope would yield a lower FI. Mixtures with a higher FI are 
considered more cracking resistant than mixtures with a lower FI. Figure 3 shows an example of 
how two different I-FIT specimens may have almost equal fracture energies but may have very 
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different FI values due to the difference in their post-peak slope values. The FI calculation is 
shown as Equation 1. At the time of this work, the Illinois DOT recommended a minimum FI 
criteria of 8 for AC surface mixes (Al-Qadi et al., 2017) (West et al., 2018). However, state 
specific FI criteria are likely needed to be more representative of mixtures in different climates. 

  
(a) (b) 

Figure 3. (a) I-FIT Test Setup and (b) Example Raw Data (right) 

ὊὍ 
ȿȿ
 ὼ ὃ (1) 

Where: 

Gf  = Fracture Energy (J/m2), 
Wf  = Work of Fracture (J), 
Alig  = Ligament Area (mm2) = (Radius ς Notch Length) x Specimen Width, 
FI  = Flexibility Index, 
m  = Post-Peak Slope (kN/mm), and 
A  = Scaling Factor (0.01 for gyratory specimens). 

4.4 Indirect Tensile Asphalt Cracking Test 

The Indirect Tensile Asphalt Cracking Test (IDEAL-CT) was conducted to evaluate mixture 
resistance to intermediate temperature cracking. Testing was performed per ASTM D8225-19. 
The test is relatively simple in that it does not require additional sample preparation beyond 
sample compaction itself. For this test, a minimum of four 62 mm tall gyratory specimens were 
prepared to a target air void level of 7.0 ± 0.5 percent. Specimens were loaded monotonically in 
indirect tension at a rate of 50 mm/min until failure while load line displacement (LLD) was 
recorded. Testing was performed using a device capable of sampling load and displacement 
data at a rapid rate (40 Hz), and a plot of load versus LLD was generated for each specimen. This 
plot was then analyzed to determine the CTIndex (Figure 4).  

The CTIndex equation from ASTM D8225-19 is shown as Equation 2 below. Three major 
parameters factor into the calculation of the CTIndex. Similar to the I-FIT, the area under the 
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load-displacement curve (Gf) and the post-peak slope |m75| factor into the results. The major 
difference from the I-FIT, in terms of the slope calculation, is that the I-FIT slope is determined 
at the post-peak inflection point of the load-displacement curve while this value is fixed at 75% 
of the peak load after the peak for the CTIndex. Additionally, the CTIndex calculation also includes 
the l75 parameter. The l75 is the displacement of the specimen at 75% of the peak load after the 
peak. A higher Gf and l75 would increase the CTIndex while a higher |m75| would lower the CTIndex. 
A higher CTIndex is generally representative of increased mixture cracking resistance. The Virginia 
DOT is currently proposing to use a minimum CTIndex of 70 for the design of surface mixes using 
BMD (VDOT, 2019). 

#4  ὼ ὼ
ȿ ȿ

Ø ρπ (2) 

Where: 

CTIndex = cracking tolerance index, 
Gf  = fracture energy (J/m2), 

|m 75|  = absolute value of the post-peak slope m75 (N/m), 
L75 = displacement at 75% of the peak load after the peak (mm), 
D = specimen diameter (mm), and 
t = specimen thickness (mm). 

  
(a) (b) 

Figure 4. (a) IDEAL-CT Test Setup and (b) Plot of Load vs. LLD (Zhou et al., 2017) 

4.5 Disk Shaped Compact Tension (DCT) Test 

The Disk-Shaped Compact Tension (DCT) test was used to assess the low temperature cracking 
susceptibility of the mixtures. Testing was performed per ASTM D7313-13 at a test temperature 
of -12°C. Lab-produced mix samples were re-heated and compacted to a height of 160 mm, and 
two DCT replicates were then cut from each larger specimen. Six replicates of each mix were 
prepared to a target air void level of 6.5 ± 0.5 percent for testing. Figure 5 shows a DCT 
specimen as well as the test setup utilized at NCAT.  
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The DCT specimen is loaded so that the notch at the top of the specimen (shown in Figure 5) is 
pulled apart in tension at the uniform rate of 0.017 mm/sec (approximately 1 mm per minute). 
The clip gage instrumented over the notch is referred to as the crack mouth opening 
displacement (CMOD) gage and serves as the control mechanism for the test. A plot of 
specimen load versus CMOD displacement is generated for each specimen (example shown in 
Figure 5). The area under this curve is the fracture energy (FE), and a higher value is generally 
indicative of a mixture with better low temperature cracking resistance. Table 1 shows the DCT 
Fracture Energy criteria that were developed as part of a national low temperature cracking 
pooled-fund study (Marasteanu et al., 2012).  

  
(a) (b) 

 
(c) 

Figure 5. (a) DCT Specimen, (b) Test Setup, and (c) Example Data 

Table 1. Recommended DCT Fracture Energy (Gf) Criteria (Marasteanu et al., 2012) 

Criteria 
Project Criticality/Traffic Level 

High  
>30M ESALs 

Moderate 
10-30M ESALs 

Low  
<10M ESALs 

Fracture Energy, minimum (J/m2), Low PG +10°C 690 460 400 
































































































