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Project Overview

Fatigue cracking in asphalt pavements extremely
complex (excluding construction practices!)

Temperature

Loading rate and magnitude

Strain levels

Asphalt binder rheology

Mixture volumetrics

Performance test procedures
Basically a condition of lower temperature with higher
asphalt stiffness under critical strain conditions will
drive cracking
Objective of the study to evaluate a number of asphalt
binder test procedures with the potential to identify
asphalt binders prone to top-down cracking



Asphalt Binder Testing

Binder test methods selected from
literature and local experience;
PG grading (intermediate & Low PG)
ATc

Master curves for Rheological Properties

Generated using method proposed by Rowe
(2015) and constructed using RHEA software

Glover-Rowe Parameter, Loss Tangent, C-A
Parameter (NCHRP g-59)

Double Edge Notched Tension (DENT)
NCHRP g-60 approach (post project)
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Mixture Testing — Lab Mix Phase

FAA (P401) specs currently
incorporates the Asphalt Pavement
Analyzer or Hamburg Wheel Tracking
to evaluate rutting potential

Currently no fatigue cracking mixture

tests
Study used SCB FI (AASHTO TP124)

and IDEAL-CT (ASTM D8225)

Can be used for both mix design and
quality control testing



Laboratory Evaluation — Phase 1

Materials

3 Binder suppliers
Supplier #1: 58-28; £8-28 (64-22 + 10% REOB), 64-22, 64-28, 64-34, 70-28
Supplier #2: 64-22, 64-28, 64-28 (64-22 + 10% REOB), 76-22
Supplier #3: 64-34, 70-28, 76-28

2 mix designs
P401%2" Max (VBE = 14.2%)
P401 34" Max (VBE =11.9%)
Same aggregate source
3 levels of laboratory conditioning



Field Experiments for Verification — Phase 2

PANYNJ Newark and JFK Airports
Varying levels of fatigue cracking

Different PG grades
FAA Extended Life Pavement Study

Tucson, Kansas City, Salt Lake City, BWI, Columbus
and Greensboro

Not all testing available due to limited materials

FHWA ALF

Experiment specifically designed for evaluating
fatigue cracking

Advanced Use of Recycled Asphalt in Flexible Pavement
Infrastructure

64-22 & 58-28, WMA (different production temps), RAP,
RAS



Phase 1 - Laboratory
Evaluation




Lab Mix Phase — Examples of Results

Intermediate PG Grade

Shown to illustrate the
current practice

As expected, no
relationship exists between
the binder parameter and
mixture fatigue
performance
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Lab Mix Phase — Examples of Results

Glover-Rowe Parameter
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relationship with the = ¢ .’ 3 .«

“modified” version resulting  g.| .

is a slightly stronger o . N .

correlation S e T e
G' _|G*| (cosS) o Tracitons! Glover Rowe Parameter () GloverRowe Parameter @256, 1014/s

’i'/ sind



Lab Mix Phase — Examples of Results

ATc

BBR testing conducted for . P ey o | ¥
passing and failing Stiffness &=+ : 5o | '
and m-values !
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Lab Mix Phase — Examples of Results
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Lab Mix Phase — Examples of Results

Double Edge Notched
Tension (DENT), CTOD

Tests conducted at 4 temps
(16, 22, 25 and 340)

SCBFI

0 10 20 30 40 50 60 70 8 90 100

Mixed results with respect to oawrcron @1:¢
DENT CTOD and mixture

cracking performance Pl o ‘
Overall, better relationship

at lower temps, but makes

mounting specimens more e e e e

difficult



Laboratory Phase — Selection for Field

In the end, parameters chosen for field
evaluation were;
Glover-Rowe Parameters
Traditional & At Intermediate Temperature

Loss Tangent Parameters

At Intermediate Temperature & G* =10 MPa

Measured at the same binder stiffness to reduce
stiffness dependency issues regarding loading rate and
temperature

Selected parameters resulted in similar
to better correlations to mixture tests
while illustrating similar behavior to
other tests (DENT, ATc)

DENT CTOD @ 16C

ATc
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Phase 2 - Field Verification and
Initial Criteria




Evaluation of Field Cores
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Field Verification

Multiple pavements noted as
having top-down cracking used to
help validate tests and proposed
criteria
JFK & Newark Airports
PANYNJ field engineers observations
FAA Extended Pavement Life project

Consultant visual distress surveys

FHWA ALF Experiment

Cycles to 15t Crack
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1,800
1,600

E 1,400
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Initial Criteria

Initial criteria was based on current
Glover-Rowe parameters

> 180 kPa = Cracking Warning

> 600 kPa = Crack Limit
When applicable, relationships generated
at different intermediate temperatures

Allows binder testing to be conducted at the
appropriate intermediate pavement temp

Temps based on NCHRP g-59
recommendations
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G* =10 MPa

(Loss Tangent)?
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JFK 4L-22R (Set 5) 25 0.829 Pass No Cracking ateTemp | @ G*=10 1st Crack
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Salt Lake City 25 1.168 Pass No Cracking, PCl =94 (+/- 4) Lane 7 20 0.462 Cracking Limit 23005
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Columbus 22 0.918 Pass No Cracking, PCl = 100 Lane 9 20 0.907 Pass 270058
Greensboro 27 0.731 Warning Low Severity Weathering/Cracking, PCI = 89 (+/- 2) Lane 11 20 0.729 Cracking Warning 81044




(Loss Tangent)? @ Intermediate Temp
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Glover-Rowe @ Intermediate Temp
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Traditional Glover-Rowe
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NCHRP 9-60

FAA project completed
before NCHRP g-60 study
completed

With proposed criteria for

durability, remaining binders
were evaluated

Sent to FHWA Turner-

Fairbanks for Asphalt Binder o g -

Cracking Device (ABCD) v 5ot ool

testing to determine Tcr : | . sea
NCHRP 9-60 approach uses == T

a performance space of ATC  “w oo o7 u e W
AT, (Tc(S) - Te(m)), °C AT, (Tc(S) - Te(m)), °C
and ATf



NCHRP 9-60
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Summary of Field Verification
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Other Considerations




Other Considerations

A good binder test helps to
strengthen a purchase spec for
material selection
However, still need to ensure
enough asphalt binder in the mix
Ex. Phase 1 — Laboratory Mixes
2" Max: VBE =14.2%
" Max: VBE =11.9%

VBE reduction of 2.3% reduced
SCB Fl by 37%
IDEAL-CT Index by 43%

y = 0.6295x
R?=0.9635
[
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0
SCB FI (1/2" Max; VBE = 14.2%)
y =0.5734x
R2=0.9613

100.0  200.0  300.0 4000  500.0  600.0
IDEAL-CT (1/2" Max; VBE = 14.2%)



Other Considerations

Proper effective binder content s S
(VBE) not only improves fatigue A
cracking performance, higher film i
thickness helps to reduce impact of
binder aging B e e e
Phase 1 - Laboratory Mixes orors
Higher film thickness will also reduce ~ ron
overall aging of asphalt binder £
Recovered from mix produced at -0.5%, ;‘E
Opt, +0.5% $ U1

GRP (kPa)



Thank you for your time!

Questions?

Thomas Bennert, Ph.D.
Rutgers University
609-213-3312
bennert@soe.rutgers.edu



