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APPENDIX F:  APPENDIX A,  Proposed AASHTO Specification Revisions
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APPENDIX F: APPENDIX B, Suggested Training Material Additions 
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Superpave Mixtures 
with RAP

Perform Tests

Determine Mean, Standard Deviation

Conduct Sampling
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Evaluation of RAP

• Asphalt Content
• Aggregate Gradation
• Aggregate Properties

– Consensus properties
• Binder Properties

– RAP binder stiffness influences how 
much RAP can be used with minimal 
testing

RAP Aggregate Evaluation
• Extract and test

– Gradation
– Coarse aggregate angularity
– Fine aggregate angularity
– Flat and elongated particles

• Include in evaluation of consensus 
properties of trial blends
– Evaluate sand equivalent on virgin 

aggregates only
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RAP Binder Evaluation

• If using high percentages of RAP -
see binder grade selection table

• Extract and recover binder according 
to AASHTO TP2 (revised)

• Determine high, intermediate and low 
critical temperatures for recovered 
RAP binder

Possible Binder Grade 
Selection Table

RAP Percentage
Recovered RAP Grade

Recommended Virgin Asphalt
Binder Grade

PG xx-22
or lower

PG xx-16 PG xx-10
or higher

No change <20% <15% <10%
One grade softer than normal
(i.e., PG 58-28 instead of PG
64-22)

20 – 30% 15 – 25% 10 – 15%

Follow recommendations from
blending charts

>30% >25% >15%
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Steps in Mix Design 
(Superpave)

Gradation, Asphalt Content and 
Low Temperature Grade of 
Extracted Binder from RAP

Gradation of New Aggregate

Determine Combined 
Gradation in Recycled Mix

Steps in Mix Design 
(Superpave) (continued)

Determine Approximate Asphalt 
Demand of Combined Aggregate

Determine Virgin Binder Grade

Estimate initial trial binder content 
(Reduce added binder due to amount 
of RAP binder present)
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Steps in Mix Design 
(Superpave) (continued)

Compact Trial Mixes with 
Superpave Gyratory Compactor

Evaluate Mixtures and 
Select Job Mix Formula

Selection of PG Grade 
for New Binder

As shown on Table
• Tier 1, no change in binder grade.
• Tier 2, drop high and low grades by 6º.
• Tier 3, use blending charts.
• Tiers determined by low temperature 

stiffness of the RAP binder (may be 
estimated based on local experience)
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Constructing 
a Blending Chart

• Use critical temperatures 
• Determine Appropriate Grade of New 

Binder (Method A), or 
• Determine Maximum and Minimum 

Amounts of RAP (Method B)

Data Needed for Blending 
Chart

• Target PG Grade
• Critical high, intermediate and low 

temperatures of recovered RAP binder 
• And either

– Critical high, intermediate and low 
temperatures of new (virgin) binder, or

– Desired RAP content
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Example of Method A - Blending at 
Known RAP Content

• Desired Final Binder Grade = PG64-22 
or better

• Desired RAP Content = 30%
• Recovered RAP Properties Measured

Critical Temperatures of 
Recovered RAP Binder

Property Critical Temperature, C
DSR G*/sinδ High 86.6
DSR G*/sinδ   High 88.7
DSR G*sinδ Intermed. 30.5
BBR S Low -4.5
BBR m-value Low -1.7
PG Actual PG 86-11

MP1 PG 82-10
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High Temperature Blending Chart, 
Method A
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Low Temperature Blending Chart, 
Method A
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Estimated Critical Temperatures 
Needed of Virgin Binder

Property Critical Temperature, C
DSR G*/sinδ   High 54.3
DSR G*/sinδ   High 53.4
DSR G*sinδ   Intermed. 22.6
BBR S Low -15.2
BBR m-value Low -16.4

PG Actual PG 54-26
MP1 PG 58-28
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Use PG58-28 
for the virgin binder

Example of Method B - Blending 
with Known Virgin Binder

• Desired Final Binder Grade = PG64-22 
or better

• Virgin binder grade is PG58-28
• Recovered RAP is a PG82-10
• Critical temperatures of virgin and 

RAP binders are determined.



B - 11

Virgin and RAP Binder 
Critical Temperatures

Critical Temperature, C

Property
Temp. Range Virgin

Binder
RAP
Binder

DSR G*/sin δ   High 60.5 86.6
DSR G*/sin δ   High 61.0 88.7
DSR G*sin δ   Intermediate 14.2 30.5
BBR S Low -22.2 -4.5
BBR m-value Low -19.0 -1.7

PG Actual PG 60-29 PG 86-11
MP1 PG 58-28 PG 82-10

High Temperature Blending Chart, 
Method B

52
58
64
70
76
82
88

0% 20% 40% 60% 80% 100%

Percentage of RAP

T c
ri

tic
al

, C



B - 12

Intermediate Temperature 
Blending Chart, Method B
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Method B
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Estimated RAP Content to Achieve 
Final Blended Grade

Percentage of RAP to
Achieve:

Property Temperature PG 64-22 PG 70-28
DSR G*/sinδ   High 13.4% 36.4%
DSR G*/sinδ   High 10.8% 32.5%
DSR G*sinδ Intermediate 66.3% ---
BBR S Low 57.6% 23.7%
BBR m-value Low 40.5% 5.8%

RAP Content

• To achieve PG64-22, use between 14 
and 36% RAP.
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Summary

• Include RAP aggregate in gradation and 
determination of consensus properties of 
trial and final blends.

• Evaluate RAP binder properties if RAP is 
very hard or high percentages are used.

• Adjust virgin binder grade by decreasing 
grade or constructing blending charts, 
depending on RAP stiffness and content.
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APPENDIX G 
PROPOSED PROCEDURE FOR DETERMINING THE ASPHALT BINDER GRADE 
RECOVERED FROM HMA  
 

 

Although not a direct product of the research under NCHRP 9-12, the panel asked the research 

team to consider a possible extension of this work to suggest a procedure for verifying the grade of an 

asphalt binder in a sample of HMA.  The following produce is, then, a suggestion based on previous 

research under SHRP, some of the work under NCHRP 9-12, and experience with HMA.  This procedure 

is not supported by any data generated during NCHRP 9-12.
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Proposed Procedure for Determining the Asphalt Binder Grade Recovered from HMA 

R. Michael Anderson, Asphalt Institute 

 

This procedure outlines the steps necessary to determine the performance grade of an asphalt binder 

recovered from a sample of hot mix asphalt (HMA) containing RAP.  This procedure may be used to 

determine if the recovered binder grade matches design expectations.  To account for testing variability 

and validate the binder grade, it is recommended that two recoveries and associated binder testing be 

performed on each sample. 

 

1. Sample the HMA in accordance with appropriate sampling procedures.  Obtain a sample size of 

approximately 8,000 grams. 

 

2. Discharge the sample onto a splitting board and split into quarters. 

 

3. If performing centrifuge extraction (ASTM D2172) followed by Rotavapor recovery (ASTM D5404), 

select opposite quarters for testing. 

 

4. If performing the modified SHRP extraction-recovery procedure (AASHTO TP2), select opposite 

quarters and combine.  Quarter the combined sample, and select opposite quarters for testing. 

 

Note:  Research conducted during SHRP and validated during the NCHRP 9-12 study 

indicated that sample sizes substantially larger than 1000 grams may alter the recovered 

asphalt binder properties.  Therefore, a sample size of 900 – 1100 grams is recommended 

when conducting testing using AASHTO TP2. 
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5. Perform the selected extraction-recovery procedure and recover the asphalt binder from one of the 

sample quarters. 

 

6. Perform testing to grade the asphalt binder in accordance with AASHTO MP1 with the following 

exceptions: (a) rotational viscosity, flash point, and original DSR testing is not required; and (b) 

rolling thin film oven (RTFO) aging is not required – the recovered asphalt binder sample should be 

treated as if it already had been subjected to RTFO-aging.  

 

Note:  RTFO aging is intended to simulate the oxidation and volatilization of an asphalt 

binder during HMA production and construction.  Some asphalt technologists also 

consider that the RTFO simulates 1-2 years of in-place aging.  Some asphalt 

technologists also theorize that the aging process that occurs in a drum-mix plant is 

different than the process in a batch plant.  As a result, the RTFO procedure may not 

adequately simulate the actual post-production, recovered stiffness of an asphalt binder. 

It is recommended that agencies wishing to verify the recovered asphalt binder grade 

of a mixture containing RAP first experiment with the determination of the asphalt binder 

grade of a conventional (non-RAP) mixture to determine the expected change in stiffness 

caused during the mixture production. 

For example, an asphalt binder sample obtained from the Contractor’s tanks 

indicates an original stiffness of 1.22 kPa and an RTFO stiffness of 2.44 kPa at 64ºC.  

After recovery from a mixture sample, the asphalt binder stiffness at 64ºC (no RTFO 

aging) was determined to be 2.10 kPa (86% of the RTFO data).  Based on this 

information, the agency may decide to adjust the specification limits for recovered 

asphalt binder from a minimum of 2.20 kPa to a minimum of 1.90 kPa (86% of the 

specification limit). 

 

7. PAV aging should be performed prior to performing intermediate and/or low temperature binder tests. 
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8. To validate the recovery procedure and test results, it is recommended (although not required) to 

repeat Steps 5-7. 

 

9. Report the results from the two individual tests in addition to the average test values. 
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