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 Rutgers University working on putting together a 
set of performance tests (rutting and cracking) 
that can be used by asphalt plants
 Time for testing and analysis
 Relationship to current test methods/field 

performance
 Cost (equipment, supplies)



 Most plants still have 
Marshall equipment
 TSR’s
 FAA work

 Proposing the use of 
Marshall equipment as 
the loading frame for 
new tests

 Rutting and cracking 
performance can be 
assessed with minor 
investments





 High temperature IDT
 Uses TSR IDT frame with Lottman head (used for TSR; 

AASHTO T283)
 Gyratory compacted samples (set air void level to 

specified)
 Condition in oven for >4 hours; water for >2 hours (place 

in bag to keep dry)
 50 mm/min (2 inch/min) deformation rate
 Test temperature is 10oC lower than local climate 

(LTPPBind 3.1, 98% Reliability, 20 mm below surface, 
not corrected for traffic or vehicle speed)
▪ For  NJ = 44oC



 Indirect tensile 
strength (IDT) is 
related to the shear 
strength of materials
 Mohr-Coulomb

 Rutting a function of 
the shear strength 
 Cohesion (C) ≈ binder 

properties
 Friction (φ) ≈ 

aggregate properties 



 Gokhale (2001) compared 
HT-IDT to Superpave 
Shear Tester (SST) 
Repeated Shear test 
maximum permanent 
shear strain (MPSS) 

 Found good relationship 
for lab test (HT-IDT vs 
MPSS) and related to field 
rutting at FHWA ALF
 Issue – test conducted at 7.5 

mm/min & 33oC



 NCHRP 9-33 (AAT, 2010) 
proposed using test 
method at faster loading 
speeds (50 mm/min) & 
warmer test temperature
 Temps based on LTPPBind

software
 For NJ, temp = 44oC

 Also proposed limits, but 
not verified with actual 
field performance 

Traffic Level Minimum HT-IDT Strength
Million ESAL's psi

< 3 ---
3 to < 10 29

10 to < 30 49
≥ 30 67



 Bennert (2013) conducted 
study for FAA showing 
strong relationship 
between HT-IDT & Flow 
Number (Repeated Load)

 Bennert (2015) evaluated 
8 different PANYNJ mixes 
and showed strong 
relationship between HT-
IDT & APA rutting
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 Since 2015, Rutgers 
continuing to develop 
database of APA vs HT-
IDT
 Red symbols represent 

NCHRP 9-33 
relationships

 Almost 20 different 
HMA mixes (P401, 
Superpave, SMA, 
polymer & neat 
binders included)

y = -43.53ln(x) + 102.92
R² = 0.6538
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 HPTO, BDWSC, BRIC & HRAP all require APA testing 
but equipment not readily available for everyone

 Suppliers can use relationship to provide guidance 
whether or not mixture will pass rutting requirement

 Test quick enough to be used during daily QC
 NOT to be used for acceptance – NJDOT still using and 

requiring APA – solely used for GUIDANCE
 Test method allows asphalt suppliers to evaluate mixes on 

their own (i.e. – impact of RAP%, WMA, rejuvenators, binder 
grade/type)



y = -43.53ln(x) + 102.92
R² = 0.6538
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 Over the past 5 years, Rutgers has been evaluating a 
number of fatigue cracking/durability tests for asphalt 
mixtures and binders
 Mixture to field performance
 Binder to field performance
 Mixture to binder relationships

 Looking for “simplified” method that is related to field 
performance and sensitive to volumetrics and aging

 On-going/Initiating research with both NJDOT & FAA



 Semi-circular Bend Flexibility Index Test
 Can use Marshall equipment
 Modification to Lottman Head fixture required or
 3 point bending fixture required (≈ $750)
 25oC
 50 mm/min deformation rate

 Sample prep, testing speed, and analysis fast 
enough to be used during daily QC testing





 Developed at University of Illinois in 2014 
combining the concept of fracture energy 
and post-peak strength

 Early testing showed:
 Sensitive to volumetrics
 Sensitive to recycled AC (RAP & RAS)
 Correlated to field performance



 Examples of some of the work to date
 FHWA ALF Experiment on Recycled Asphalt
 PANYNJ’s Airfield Durability
 SCB Flexibility Index to Overlay Tester Correlation
▪ Resultant Proposed Criteria



 ALF Loading Conditions
 Controlled 20oC @ 20mm depth
 Loading only in one direction
 Lateral wander
 425 Super Single Tire
 100 psi inflation
 14,200 lb load



 Cracking performance 
measured and 
quantified in two indices
 Number of cycles until 1st

Crack observed
 Cracking Rate 



 Question:  How well do 
asphalt mixture and 
binder tests correlate to 
field measured fatigue 
performance?
 RAP, RAS, WMA

 10 cores taken from each 
lane

 Mixture and binder testing 
conducted on bottom 2 
inches of field core to 
minimize surface aging



R² = 0.7725

 -

 50,000

 100,000

 150,000

 200,000

 250,000

 300,000

 350,000

 400,000

0.0 5.0 10.0 15.0 20.0 25.0

AL
F 

Lo
ad

in
g 

Cy
cl

es
 to

 1
st

 C
ra

ck

SCB Flexibility Index



R² = 0.6505

0.00000

0.00500

0.01000

0.01500

0.02000

0.02500

0.03000

0.03500

0.0 5.0 10.0 15.0 20.0

AL
F 

Cr
ac

ki
ng

 R
at

e

SCB Flexibility Index



 Evaluate different runway P401 mixtures for their 
respective fatigue cracking performance
 6 different mixes (1 seal coated so eliminated from analysis)
 Different asphalt binders
 Different field performance
▪ 3 years – performing poorly
▪ 15 years – performing well

 “Fatigue” asphalt binder testing
 Mixture fatigue cracking tests  
 Ultimately – can we find a binder parameter for 

purchase specification and mixture specification for 
Quality Control to promote durable asphalt mixtures



 No rutting
 Longitudinal and 

transverse cracking 
observed

 Cracking top-down
 Stops approximately 

0.5” to 0.75” below 
surface
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 Initial testing shows 
possible relationship 
between SCB Flexibility 
Index and Overlay Tester
 Further evaluating in 

NJDOT Research Study
 With NJ’s work showing 

good relationship 
between field 
performance & Overlay 
Tester, SCB Flexibility 
Index may be used for 
GUIDANCE

R² = 0.8115
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 BRIC, HRAP & HPTO (2017) all require Overlay Tester 
testing but equipment not readily available for 
everyone

 Suppliers can use relationship to provide guidance 
whether or not mixture will pass cracking requirement

 Test quick enough to be used during daily QC
 NOT to be used for acceptance – NJDOT still using and 

requiring Overlay Tester – solely used for GUIDANCE
 Test method allows asphalt suppliers to evaluate mixes on 

their own (i.e. – impact of RAP%, WMA, rejuvenators, binder 
grade/type)
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 Laboratory tests available for asphalt suppliers to 
provide help in design and material evaluation
 Not intended for acceptance – ONLY GUIDANCE

 Ultimately acceptance would continue to be 
conducted with APA (rutting) and Overlay Tester 
(fatigue) until more experience gained 

 These proposed methods will allow:
 Asphalt suppliers to evaluate mixtures prior to design 

submittal
 Possible use during QC testing
 With more research/experience, potential use as QA tests 

that can be conducted by both agency and industry with 
little dollar investment
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