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Objectives
Address the Impacts of Changes in Asphalt Binder 

Formulation and Manufacture on Pavement 
Performance (Thermal Cracking, Block Cracking, and 
Raveling).
Propose Changes to the Current PG Asphalt Binder 

Specifications, Tests, and Practices.

 Updated Completion Date
Effective Date: 7/6/2016
Completion Date: 6/30/2019

Introduction
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Identified Issues

+ ON, CA + ON, CA

Agency Survey
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Agency Survey
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Potential Binder Issues
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Oxidized Asphalt, RAP, RAS
REOB, PPA, RAP, RAS



Internal Restraint Mechanism (Hypothesis)

Other Factors
Long-Term Aging Potential
Physical Hardening
Healing Potential

Factors Considered
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Restraint Mix in red 
or gray directions

Mastic Restraint Within 
the Aggregate Structure



Problematic Binders
High ∆Tc and generally “out of balance”, incompatible blends 

and modifications.
 REOB blends
 Airblown, oxidized blends
 Hard SDA / Soft blends
 Visbroken Residue (IMO 2020)
 Waxy binders
 Incompatible blends

o Fracking crudes / Heavy Crudes
 Inhomogeneous modified binders

o Polymers – EVA, SBS, SBR, Terpolymers
o Additives – PPA, Wax, Biomass

 High RAP / RAS

Binder Matrix
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SBR

WaxyREOB

FT wax



Binder with Corresponding Field Sections
Highway 655, Ontario, Canada MTO (7 sections)
Rochester, MN (4 sections)
US 93, AZ (4 sections)
 I 295 SB, Portland, ME 
Route 1, Presque Isle, ME
Route 11,  Wallagrass, ME
Route 12, Westmorland, NH
 SH 195, Florence, TX
 FAA/AI Study (3 Sections)

Binder Matrix
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NCHRP 09-60 
Field Visit, Ontario, Canada

NCHRP 09-60
Field Visit, Ontario, Canada

Section 4

Section 1



Binders From Suppliers

Experimental Plan
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Field Cores

Experimental Plan
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Rochester, MN

Minnesota Sections
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Rochester, MN

8% REOB in MN 1-4, by XRF (FHWA-TF)
MN 1-2 PG 58-34 was produced by (Elvaloy + PPA) 

modification of a PG 52-34 base binder came from a 
blend of Canadian crudes similar to the MN 1-3 
PG 58-28

Minnesota Sections
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Binder ID PG-grade Binder Source Modification
MN 1-2 PG 58-34 Canadian Blend Terpolymer
MN 1-3 PG 58-28 Canadian Blend N/A
MN 1-4 PG 58-28 Middle East Blend REOB
MN 1-5 PG 58-28 Venezuelan Blend N/A



Rochester, MN
 Field Performance
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Minnesota Sections
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Binder ID Binder Source Modification
MN 1-2 Canadian Blend Terpolymer
MN 1-3 Canadian Blend N/A
MN 1-4 Middle East Blend REOB
MN 1-5 Venezuelan Blend N/A

2006-2012 Data was collected by WRI, 2014 Data was obtained from (M. Corrigan, 2016)

8 yr
old
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Rochester, MN
Black Space

(RTFO)

Minnesota Sections
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Binder ID
MN 1-2 

(CA Blend / Terp.)
MN 1-3 (CA Blend)

MN 1-4 
(M.E. Blend / REOB)
MN 1-5 (Ven. Blend)
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Rochester, MN
Black Space

(PAV 40H)

Minnesota Sections
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Binder ID
MN 1-2 

(CA Blend / Terp.)
MN 1-3 (CA Blend)

MN 1-4 
(M.E. Blend / REOB)
MN 1-5 (Ven. Blend)



Oxidative Aging Effect
Black Space – MN (1-4)

Minnesota Sections
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Oxidative Aging Effect
Mastercurve– MN (1-4)

Minnesota Sections
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Oxidative Aging Effect
 FT-IR (ATR) – MN (1-4)
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Saturates, Aromatics, Resins – Asphaltene Determinator
 Fully automated SAR separation (Chromatography) coupled to 

AD asphaltene fractionation (Solubility)

SAR-ADTM
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Oxidative Aging Effect
 SAR-ADTM – MN (1-4)

Minnesota Sections
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Differential Scanning Calorimetry (DSC)

DSC
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Rochester, MN
Glass Transition (DSC) – Modulated Heating (2°C/min)

Minnesota Sections
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Rochester, MN
Glass Transition (DSC)

(Unaged)

Minnesota Sections
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Minnesota Sections
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Binder ID
MN 1-2 

(CA Blend / Terp.)
MN 1-3 (CA Blend)

MN 1-4 
(M.E. Blend / REOB)
MN 1-5 (Ven. Blend)

(Fresh, RTFO, PAV 40H)
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Rochester, MN
G-R

Parameter
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Lab aged binder ΔTc vs. extracted binder ΔTc

Existing Data 

28
(G. Reinke, 

2017)
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Rochester, MN
ABCD Test 
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Total Cracks (6 yr) vs. ΔTc – Rochester, MN Sections

Existing Data 

30(G. Reinke, 
2017)



Total Cracks (6 yr) vs. R Value – Rochester, MN Sections

Existing Data 

31(G. Reinke, 
2017)



Total Cracks (8 yr) vs. ωc – Rochester, MN Sections

Existing Data 
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(G. Reinke, 

2017)



Total Cracks (8 yr) vs. G-R – Rochester, MN Sections

Existing Data 
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Evaluation / Modification of G-R Parameter

G-R Parameter
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D. Christensen is leading this effort



Evaluation / Modification of G-R Parameter

G-R Parameter
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D. Christensen is leading this effort



 Black Space is an important tool to evaluate binder performance. 
The shape of black space curve is meaningful – polymer plateau, 
structural “feathers”, … etc.

 ∆Tc is a reliable rheological index that can capture the effect of 
various modification (e.g., REOB). Other indices are still under 
investigation.

 Low glass transition temperature (before aging) (e.g., Tg < -35 for 
MN 1-4) does not directly indicate good performance at low 
temperature.

 (Tcr) from ABCD test may not directly correlate with field 
performance. Further analysis is required to evaluate different 
strain tolerance at low temperature.

Summary of The Interim Findings
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 Binder performance will be further studied using SDENT, DTT, 
and Mix Sliver Tests, among others.

 These results “confirm or deny” previous ones and are 
intermediary only – current findings are based on MN sections 
and may change based on future results – stay tuned!

Summary of The Interim Findings
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