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•Current tests
◦ Not performance tests (FHWA-HIF-19-103)
◦ FI vs CT Index
• FI : fatigue, top down, reflective
• CT : thermal, reflective

◦ What is the distress?
• Lack of long term aging
• Selection of criteria
• Selection of binder content for “balanced mixes”
•Agency expectations

Concerns With Balanced Mix Design (BMD)



•Work recently done at UNR (Rami Chkaiban)
•5 different mixes with similar index values
•Additional testing done and run through FlexPave prediction 

modeling software
• Significantly different performances predicted

Index Tests



UNR Study – Rami Chkaiban



UNR Study – Rami Chkaiban



•Balanced Mix Design (BMD) process, is an asphalt mixture 
design process that uses performance tests on appropriately 
conditioned specimens to address primary modes of distress 
while taking into consideration asphalt mixture aging, traffic, 
climate, and location of the mixture within the pavement 
structure. (FHWA-HIF-19-103)
•How is this being accomplished?

Aging



Long Term Oven Aging
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• Should be done based on actual field performance
• Not benchmarking
• VA used mean values
• CT Index     Flexibility Index FI

NY -135      NY - 8
PA – 70-90     NH - 10
VA – 70      IL – 8-16 ; 5-10
FL – 30      MO – 2-6
OK – 80      CA - 3
AL – 55, 83, 110

• Some mixes might get worse

Selection of Criteria





¡ Comparing Volumetric vs Performance 
Optimum AC%
§ Performance Minimum AC% is defined as 

average minimum asphalt content to 
achieve fatigue cracking performance

¡ For the 11 mixes tested;
§ 5 of 11 mixes were shown to be “Balanced”
§ 6 of 11 mixes were not “Balanced” or    

under-asphalted

§ ALL mixes met the rutting requirements

Performance Volumetric
Mix #1 6.59 6.8 0.21
Mix #2 5.57 6.1 0.53
Mix #3 6.67 6.8 0.13
Mix #4 6.36 6.8 0.44
Mix #5 6.54 6.2 -0.34
Mix #6 5.91 5.5 -0.41
Mix #7 6.50 6.1 -0.40
Mix #8 7.81 7.0 -0.81
Mix #9 6.38 6.3 -0.08

Mix #10 6.39 6.0 -0.39
Mix #11 6.63 6.7 0.07

Mix Type
Vol. vs 

Perform.
Minimum Asphalt Content (%)

Courtesy of Tom Bennert



• Who determines the binder content?
◦ Minimize cracking (high end of the range)
◦ Middle of the BMD range (truly balanced)
◦ Minimize rutting (low end of the range)

Selection of Binder Content
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¡ Another factor to consider 
is not just minimum 
asphalt content, but the 
“range” within a BMD

¡ Narrow ranges would make 
mixture difficult to produce 
within tolerances
§ Most mixes resulted in an 

average BMD range that 
could be achievable during 
production
▪ Including a tolerance for AC%
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Mix #1 1.2 0.21 20 -16.4 PG64V-22
Mix #2 2.7 0.53 15 -17.3 PG64V-22
Mix #3 0.9 0.13 15 -17.8 PG64V-22
Mix #4 2.8 0.44 10 -20.3 PG64V-22
Mix #5 2.1 -0.34 20 -18.6 PG64V-22
Mix #6 4.7 -0.41 20 -16.7 PG64V-22
Mix #7 3.3 -0.40 15 -11.2 PG64V-22
Mix #8 0.5 -0.81 15 -14.6 PG64V-22
Mix #9 1.6 -0.08 20 -15.7 PG64V-22

Mix #10 6.5 -0.39 20 -16.5 PG64E-22
Mix #11 3.6 0.07 20 -17 PG64E-22

Binder 
Grade

RAP 
Content (%)

Mix Type
Low Temp 
PG of RAP

BMD AC% 
Range

Vol. vs 
Perform.

Courtesy of Tom Bennert



• This is not the holy grail
• Improved performance is not guaranteed with BMD
• FHWA Mission Statement:
 “The Path Forward for Asphalt Pavement Performance will guide FHWA 

Pavement & Materials engineers in focusing their efforts to increase 
asphalt pavement performance by fostering science surrounding data-

 driven approaches to asphalt pavement across its life cycle in order to 
improve sustainability, including mobility, economy, and safety.  This Path 
Forward will guide FHWA as we assist stakeholders in the implementation 
of BMD and performance testing tools to attain incremental improvements 
in mixture durability, cost effective designs, and innovation.”

Agency Expectations
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Improving Durability

• Increase Effective Volume of 
Binder
• Use Polymer Modification
• Use Softer Grade of Binder
• Place Limits on Recycled 

Binder Effectiveness

http://onlinepubs.trb.org/onlinepubs/circulars/ec186.pdf



Illinois SCB (Flexibility Index)



Example Design Specification

Effective 
RAP Binder 

Ratio

Minimum Design VBE, vol %
58-28

S
58-28

H
58-28

V
58-28

E
58-34

S
58-34

H
58-34

V
58-34

E
0.00 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

>0.00  ≤0.05 10.4 10.2 10.0 10.0 10.0 10.0 10.0 10.0

>0.05  ≤0.10 10.7 10.5 10.1 10.0 10.0 10.0 10.0 10.0

>0.10  ≤0.15 11.1 10.9 10.4 10.0 10.0 10.0 10.0 10.0
>0.15  ≤0.20 11.5 11.3 10.8 10.2 10.1 10.0 10.0 10.0
>0.20  ≤0.25 11.9 11.7 11.2 10.6 10.4 10.2 10.0 10.0

>0.25  ≤0.30 12.2 12.0 11.5 11.0 10.8 10.6 10.1 10.0

>0.30  ≤0.35

Low Temperature Grade Controls

11.2 11.0 10.5 10.0

>0.35  ≤0.40 11.5 11.3 10.9 10.3

>0.40  ≤0.45 11.9 11.7 11.2 10.6

>0.45  ≤0.50 12.3 12.1 11.6 11.0



Trial Section 1 – RAP Binder Contribution

5.3% Binder 5.8% Binder 



October 2012- After one year

5.3% Binder 5.8% Binder 



Research Approach

RAP Design • Volumetric Design – Perform rutting index 
test at DBC, -0.5, +0.5, and +1.0

Virgin 
Specimen

• Batch out DBC samples – recover RAP 
aggregate – add to virgin aggregate 
and mix with virgin binder to DBC – 
perform rutting index test

Binder 
Content 

Selection

• Choose optimum 
binder content for the 
RAP mixture that 
corresponds to the 
rutting value for the 
virgin specimen



Concept

New Optimum 
5.7%



In This Study
ID

T 
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% Binder

IDT Strength
RAP Mix Burnoff

DBC DBC+0.5DBC-0.5 DBC+1.0

New optimum 
binder content



• 5 different mixes ( all different geologies)
• NY (gravel, limestone, granite), NJ (basalt), PA (gneiss)
• 9.5mm and 12.5mm NMAS
• A simple interim approach in lieu of BMD
• Addresses concerns

Materials





• Determine if recovery method has effect on index 
values

• Develop virgin mixes based on composite gradation 
from each JMF

• Created RAP by adding asphalt then loose mix aging 5 
days@95C

• 3 mixes for each aggregate source
◦ Virgin
◦ Virgin with recovered agg from ignition oven
◦ Virgin with recovered agg from solvent extraction

• 30% recovered agg 
• Used HT IDT strength - 7% voids, 44C, 64S-22

Phase 1



Figure 14. Required oven aging durations at 95C to match 16 
years of field aging for depths of 6 mm
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•Performed an ANOVA and t-Test
•ANOVA showed no significant differences in the three average 

values for mixes A, C, D, and E
◦ B results were statistically different

• t-Test showed similar results when comparing virgin/burnoff; 
virgin/solvent; and burnoff/solvent

◦ No statistical difference except for mix B
• Virgin vs burnoff
• Burnoff vs solvent
• Virgin vs solvent were statistically the same

Phase 1 Results



•Perform HT IDT testing @6.0% +/- 0.5% voids at 44C
◦ DBC, DBC-0.5%, +0.5%, and +1.0%

•Use PG binder from JMF (PG 64V-22, PG 64S-22)
•Use both extraction methods for virgin mixes
•Determine new optimum binder content

Phase 2 



1 2 3 4 AVG
ERN-5.1 44.599 47.896 42.968 44.951 45.104
ERN-5.6 35.489 36.896 34.900 34.954 35.560
ERB-5.6 32.273 33.126 29.918 29.613 31.233
ERS-5.6 29.552 31.082 29.850 29.485 29.992
ERN-6.1 27.989 29.011 27.672 27.332 28.001
ERN-6.6 23.142 23.488 23.643 22.905 23.295

MIX STRENGTH IN PSI

MIX ID SAMPLE

Results – Mix E



y = -14.597x + 118.38
R² = 0.9784
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y = -14.597x + 118.38
R² = 0.9784

0.000
5.000

10.000
15.000
20.000
25.000
30.000
35.000
40.000
45.000
50.000

4.5 5 5.5 6 6.5 7

ID
T 

St
re

ng
th

, 4
4C

, p
si

% Binder

IDT Strength @6% voids, 44C, PG 64S-22
Mix E - 15% RAP Solvent NYSDOT

Phase 2 

New 
Binder 
6.06%



New Binder Contents

Recovery 
Method

JMF Binder 
Content, %

New Binder 
Content, % Change

Burn 7.12 0.22
Solvent 7.26 0.14

Burn 6.12 0.12
Solvent 6.27 0.27

Burn 5.89 0.39
Solvent 5.95 0.45

Burn 5.93 0.73
Solvent 5.93 0.73

Burn 5.97 0.37
Solvent 6.06 0.46

Mix C

Mix D

Mix E

6.9

6.0

5.5

5.2

5.6

Mix A

Mix B



Mix E

CT Index

% Binder

Avg. # of 
Passes to 
12.5mm

Avg. # of 
Passes to 

Fail 
@25mm

Avg. # of 
Passes to 

SIP 

Avg. CT 
Index

5.6 10043 12274 9124 112.0
6 8115 10451 6967 152.7

HWT



•Current tests
◦ Not performance tests (FHWA-HIF-19-103)
◦ FI vs CT Index
• FI : fatigue, top down, reflective
• CT : thermal, reflective

◦ What is the distress?
• Lack of long term aging
• Selection of criteria
• Selection of binder content for “balanced mixes”
•Agency expectations

Concerns With BMD



• Future work may include: 
◦ Same approach using HWT 

and/or APA
◦ Check each mix for compliance to 

current (proposed) DOT BMD 
criteria

Future Work



Thank you



Questions?

Gregory A. Harder, P.E.
Asphalt Institute Senior Regional Engineer
397 State Route 281 – Suite A
Tully NY 13159

Office: 315-238-7000
Mobile: 315-807-7306
Fax: 315-238-7000

Email: gharder@asphaltinstitute.org



In Loving Memory of
Gregory M. Harder

December 12, 2002
December 21, 2022
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