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Top 10 Needs for Increased RAP Use

1. Performance test(s) for evaluating RAP
2. Best practices for mix design and construction including 

advantages of RAP and guidelines for producing a 
quality mix with varying levels of RAP

3. Characterize RAP without hazardous solvents
4. Necessary binder grade changes
5. Co-mingling of binders (RAP/virgin) in plants
6. Field performance of high RAP mixes
7. Replicating RAP and virgin plant heating in labs
8. States with no or low % RAP specs up to speed with 

current practices
9. Variability of RAP—(aggregate, AC content, 

modification, binder characterization)
10. Processing RAP including fractionation.
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Why do we need mix and best practices guidance?

• The majority of State DOTs use between 10 and 20% 
RAP. 

• Greatest single upfront cost saving measure 
available to highway agencies is increasing RAP in 
construction and rehabilitation of asphalt pavements. 
– Agency RAP specs appear to be factor in increasing RAP 

contents (NCAT survey 2008)

• Contractors can effectively use RAP often and in high 
amounts with processing and production best 
practices.

• Need for clear engineering test methods and 
performance standards.
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Presentation Outline

• Available Guidance
– FHWA
– NCHRP 9-12
– AASHTO M323
– Industry
– Issues

• Coming soon…
– NCHRP 9-33 HMA 

Mix Design Manual
– NCHRP 9-46 Mix 

Design for High RAP

• Discussion
– What do we need to 

do?
– RAP ETG document
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Pavement Recycling Guidance

• Construction Methods & 
Equipment for Batch and 
Drum Plants

• Materials and Mix Design
– Limited Superpave 

Information
– Useful information on 

sampling

• Case Histories & QC/QA

Presenter
Presentation Notes
Pre-Superpave implementation so focus is on Hveem/Marshall mix design methods, does include Superpave and recommends tiered approach.�Sampling information is very useful.
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Current Guidance for RAP with Superpave

• NCHRP Project 9-12 Recommended 
Use of RAP in Superpave

• AASHTO M 323 Standard 
Specification for SuperpaveTM

Volumetric Mix Design

Recommended Virgin Asphalt Binder Grade Percent (%) RAP
No change in binder selection < 15
Select virgin binder grade one grade softer than normal 15 – 25
Follow recommendations from blending charts > 25

Presenter
Presentation Notes
Mixture with RAP must meet same requirements as virgin mixture.NCHRP Project 9-12 Incorporation of RAP in the Superpave System Research Results Digest 253 “Summary of Guidelines for Incorporating RAP in the Superpave System”NCHRP Report 452 “Use of RAP in Superpave: Technician’s Manual”NCHRP Web Documents 30: Parts 1-3
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Findings of NCHRP 9-12
1. Does RAP act like black rock?

No, some blending occurs.
2. Binder effects – Can we use Superpave 

protocols to evaluate RAP and blended binders?
Superpave binder tests (AASHTO M320) and 
linear blending equations are appropriate (RAP 
contents less than 40%).

3. How does RAP content effect the mixture?
At low RAP contents, mixes behave similarly.  
As RAP content increases, there is an increase 
in stiffness supporting use of softer binder and 
blending equations.

Presenter
Presentation Notes
1st PhaseNo significant difference for blending at low RAP contents.  At high RAP contents, black rock case had lowered stiffness and high deformations.  The actual practice and total blending cases were not significantly different.RAP binder – no PAV aging is required before fatigue or low temp cracking testing.  Confirms tiered approach
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NCHRP 9-12 Recommendations

• Standard Superpave Mix design procedures

• Estimating RAP Aggregate Specific Gravity

• Account for weight of asphalt on RAP when 
batching

• Reduce new, virgin binder content to account 
for RAP

• Consider lower virgin binder grade to account 
for RAP binder aging

Presenter
Presentation Notes
RAP stockpile treated like any other aggregate stockpile.  I.e. if the RAP stockpile is highly variable, then the amount used should be limited.Estimating RAP Aggregate Specific GravityAASHTO T 209Determine asphalt content of RAPCalculate effective specific gravity of RAPEstimate aggregate bulk specific gravity based on assumed asphalt absorption
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Industry Guidance
• “How to Recycle”
• Summarizes equipment 

and methods
– Reclaiming
– Processing and Storing 

RAP
– Processing RAP in HMA 

plant
– High % Recycling
– Laydown and 

Compaction

Presenter
Presentation Notes
National Asphalt Pavement 	Association (NAPA) 	PublicationsAsphalt Institute’s MS-2: Mix 	Design Methods for AsphaltSection on using RAPRecommended Use of RAP in the Superpave Mix Design Method: Technician’s ManualNCHRP Report 452NCHRP Web Document 30A “how-to” guide for using RAP has been provided by the National Asphalt Pavement Association (1996).  The guide summarizes how to reclaim existing HMA pavements, processing and storing RAP, processing RAP, and laydown and compaction.  It does not address mix design of asphalt mixtures using RAP, however a section on mix design using RAP is included in the Asphalt Institute’s Mix Design Methods (MS-2) and NAPA has released a quality improvement guide for Designing HMA Mixture with High RAP Content (Newcomb, Brown et al. 2007). NAPA’s popular guide to processing RAP (reclaimed asphalt pavement) at the hot-mix asphalt plant has been updated, enhanced, and significantly expanded. This revised publication explains the how-to of RAP: how to reclaim, size, store, and process the material in the various types of HMA plants. Calculations for determining the value of using RAP are also provided. �27 pp. (January 2007)The newest NAPA publication on RAP and recycling is a joint publication of NAPA, AASHTO, and FHWA. Recycling asphalt pavement into HMA saves precious natural resources and reduces the cost of pavement for the traveling public. This publication provides practical guidelines for HMA mixtures with at least 25 percent RAP, including materials evaluation, mix design, plant verification, and quality control necessary to produce a quality pavement. 
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Industry Guidance

• Practical guidance for 
using 30 to 40 % 
RAP in HMA
– Material Selection & 

Evaluation
– Mix Design
– Plant Verification
– Quality Control
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Issues for Designing High RAP Mixtures
Talking Points

1. Manner in which effective binder grade is changed by 
addition of RAP. 

• High RAP content increases the stiffness and requires binder 
changes to achieve desired blended binder characteristics

• Extraction and recovery procedures

2. Meeting volumetric requirements
• Gradation of RAP may contain too much material passing the No. 

200 sieve that will limit amount of RAP that can be used.
• Consensus properties of aggregate

3. Effect of RAP use on production variability
• RAP availability
• Stockpile management
• RAP moisture content 
• Plant limitations
• Temperature restrictions

Presenter
Presentation Notes
Ignition oven – aggregate correction factors don’t exist for RAPAmouint of fines could be issue for rutting performance.Moisture is concern for durability, asphalt film thickness.Sources: 	NAPA High RAP Mix Design Guide		Decision Concerning Critical Issues for NCHRP Project 9-33: A Mix Design Manual for HMA, August 8, 2008
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Future Guidance

• NCHRP Project 9-33
A Mix Design Manual for HMA

Chapter: Recycled Asphalt Pavements 
and Other Recycled Materials

• NCHRP Project 9-46 
Mix Design and Evaluation Procedure for 
High Reclaimed Asphalt Pavement Content 
in Hot Mix Asphalt
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Overview of HMA Mix 
Design with RAP
NCHRP 9-33 HMA Manual

SAMPLE RAP STOCKPILES
8-10 LOCATIONS

SPLIT SAMPLE FOR BINDER CONTENT 
AND GRADATION ANALYSIS

COMBINE INDIVIDUAL SAMPLES TO 
OBTAIN REPRESENTATIVE SAMPLE

DETERMINE AVERAGE AND STANDARD 
DEVIATION OF BINDER CONTENT AND 

GRADATION

DETERMINE FEASIBLE RAP CONTENTS 
BASED ON GRADATION AND VARIABILITY

SPLIT SAMPLE FOR 
CHARACTERIZING RAP

AGGREGATE AND BINDER 
PROPERTIES

RAP BINDER 
PROPERTIES

RAP AGGREGATE
PROPERTIES

BLENDING CHART
ANALYSIS

PERFORMANCE TESTING AS REQUIRED

VOLUMETRIC MIXTURE DESIGN

DESIRED
RAP

CONTEN
T

Yes

No

> 15%?

Presenter
Presentation Notes
Recommendations in 9-33 are largely based on 9-33
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OBTAIN STOCKPILE SAMPLES
AASHTO T2

Size = 10 kg x (number of mix designs) + 5 kg

COMBINE WITH OTHER LOCATIONS TO 
CREATE REPRESENTATIVE SAMPLE

BINDER CONTENT AND GRADATION FOR
BLENDING AND VARIABILITY ANALYSIS

COMBINE WITH OTHER LOCATIONS TO
CREATE REPRESENTATIVE SAMPLE

CHARACTERIZE RAP BINDER
PROPERTIES IF REQUIRED CHARACTERIZE 

RAP AGGREGATE 
PROPERTIES

VOLUMETRIC MIXTURE DESIGN AND 
PERFORMANCE ANALYSIS

SELECT 8-
10 RANDOM 
SAMPLING 

LOCATIONS

SPLIT SAMPLE 
AASHTO T248

SPLIT SAMPLE 
AASHTO T248

SPLIT SAMPLE 
AASHTO T248

5 kg

2.5 kg 2.5 kg

2.5 kg

REMAINDER

REMAINDER

Recommended Sampling
of RAP Stockpiles
NCHRP 9-33 HMA Manual

Presenter
Presentation Notes
Two objectives for RAP sampling:Determine average and variability of the binder content and aggregate gradation in the RAP in the stockpile.	Variability is important consideration in selection of feasible RAP contents2. Obtain representative materials for mix design.
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RAP Binder Testing
NCHRP 9-33 HMA Manual

EXTRACT AND RECOVER 50 to 60 g of RAP BINDER
AASHTO T319

CONDITION 35 g OF BINDER IN RTFOT
AASHTO T240

DETERMINE AS-RECOVERED HIGH
TEMPERATURE TC

AASHTO T315

DETERMINE RTFOT HIGH TEMPERATURE TC

AASHTO T315

DETERMINE RTFOT INTERMEDIATE TEMPERATURE TC

AASHTO T315

DETERMINE RTFOT LOW TEMPERATURE TC

FOR STIFFNESS
AASHTO T313

DETERMINE RTFOT LOW TEMPERATURE TC

FOR m-VALUE
AASHTO T313

Presenter
Presentation Notes
No PAV aging required for intermediate and low temperature properties.  NCHRP 9-12 concluded that AASHTO M320 properties of a blend of RAP and new binder could be accurately estimated from as-recovered and RTFOT aged RAP binder with performing PAV aging of recovered RAP binder.



U.S. Department of Transportation
Federal Highway Administration 17

5 Approaches for Utilizing RAP

1. HMA Tools spreadsheet with full RAP 
analysis

2. Design Charts
3. HMA Tools with simplified analysis in 

conjunction with design charts
4. Approach 1 with design charts used as 

educational tools only
5. Quality classification approach
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Including RAP in Mix Design
Approach 1 - HMA Tools with Full RAP Analysis

• Limits amount of RAP based on RAP and 
blending variability

• Theoretically sound, but complex (e.g. 
multiple RAP samples)
– Mathematics part of HMA Tools spreadsheet

• Requires substantial sampling and testing
– 10 samples
– Binder content and aggregate gradation

• Concerns
– Complicated, Unnecessary?
– Existing specs for handling RAP result in good 

quality material.

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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Including RAP in Mix Design
Approach 2 – Design Charts

• Determine Max Allowable RAP based 
on charts

• Same theoretical approach with 
reasonable simplifying assumptions to 
simplify calculations

• Easily see how and why RAP is limited

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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• Max Allowable RAP content as function of 
asphalt binder content standard deviation

Including RAP in Mix Design
Approach 2 – Design Charts

(based on N = 5 samples)

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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• Max Allowable RAP content as function of 
RAP aggregate sieve size and standard 
deviation

Including RAP in Mix Design
Approach 2 – Design Charts

(based on N = 5 samples)

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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• Approach 3 - HMA Tools with simplified 
RAP Analysis in conjunction with RAP 
Design Charts
– Blending variability is ignored
– Max RAP content function of RAP 

variability only

• Approach 4 – HMA Tools with Full RAP  
Analysis and Include RAP Design 
Charts as training/educational tool.

Including RAP in Mix Design
Approaches 3 & 4

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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Including RAP in Mix Design
Approaches 1, 2, 3 & 4

• States already have guidelines and 
specs for RAP utilization

• Approaches 1- 4 could be incompatible 
with existing specifications.

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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Estimating Standard Deviation

• Estimating standard deviation is critical to all 
approaches.

• Using only 10 samples or less will result in 
uncertain estimate of standard deviation.

• Apply upper confidence limit
– 80% used in HMA tools with full RAP analysis 

(Approach 1) and design charts (Approach 2).
• “Underutilizes RAP”

– 50% used in Quality Classification (Approach 5)

Presenter
Presentation Notes
Estimating mean value is easy based on a few replicate measurements.Estimating std dev is more difficult and ideally requires 25 to 30 replicate measurements which is not practical.Using 10 replicate measures or less results in an uncertain estimate of std. dev.80% confidence limit on low number of samples results in a high estimate of std dev and a lesser chance that production will go out of specification.  However, it also results in a lower max percentage of RAP that can be used.A high upper confidence limit places risk of error on underutilization of RAP as opposed to reduction in quality of production.The quality classification approach assumes that evaluation of the RAP stockpile and handling procedures provides an estimate of RAP variability.  The testing in this approach is verification only and the lower confidence limit results in a closer balance between ensuring production quality and optimal RAP utilization.
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NCHRP 9-33 Panel Decision

• Approach 3 was chosen
• HMA Tools spreadsheet will include separate, 

stand alone worksheet for determining 
maximum allowable RAP content based on 
RAP variability (blending variability ignored)

• RAP content is limited to amount that will not 
increase overall variability of HMA

• Design charts will be included for illustration
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Other considerations

• AASHTO Protocol: Procedure for 
determining blended binder grade for 
HMA containing RAP

• Max allowable RAP content based on 
binder grading determined in separate 
worksheet – RAP binders worksheet

• User can determine RAP content based 
on binder grade, variability, and/or other 
specifications. 

Presenter
Presentation Notes
Manual will discuss issues of choosing max RAP content based on binder grade, variability, agency requirements, etc. and that there are many approaches.Procedures in manual should only be followed when:The mix designer is asked to determine max. RAP contentApplicable local requirements on RAP content do not exist or are consistent with approach given in manual.
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What do we need to do?
• Clearly define high RAP
• Decide best manner to provide guidance/best 

practices for RAP use.
– RAP ETG report?
– AASHTO document?

• Scope (establish bounds) for standard 
practice
– Key factors unique to RAP – identified by ETG
– Provide references and/or insights

• Provide guidance and insure information in 
NCHRP 9-33 and 9-46 is accurate.

Presenter
Presentation Notes
Address and provide clear instruction for most pressing issues with RAP use
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Thank you! Questions?

www.fhwa.dot.gov/pavement/recycling/rap
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Proposed Standard Practice for Use 
of RAP in HMA

• Design considerations 

• Processing and Storing RAP

• Requirements for Sampling 
and Insuring Quality of RAP

• Aggregate and Binder 
Requirements

• Mixture Design 
Requirements
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Discussion Questions

• What are we trying to accomplish?
– Increase use of RAP overall

• What is needed?
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Including RAP in Mix Design
Approach 5 – Quality Classification

• Testing is limited
– Verify classification of RAP quality
– Ensure some objectivity

• Simple, easy to understand, flexible
• More compatible with existing guidelines 

and specs
• Matter of judgment

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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Including RAP in Mix Design
Approach 5 – Quality Classification

RAP Variability Very Low Low Moderate
Maximum 
Allowable RAP 
Content, Weight %

50 30 15

Characteristic Description

RAP Source
Single source 
or screened & 

processed

Same mix type 
and NMAS; 
construction 

dates with 2 year 
time span*

Same mix type, 
NMAS within one 
size; construction 

dates within 5 
year time span*

Typical 
documentation

JMF, complete 
QC data, 
pavement 
structure

JMF, limited QC 
data including 
contractor and 

date of 
construction

JMF, contractor, 
date of 

construction

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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Including RAP in Mix Design
Approach 5 – Quality Classification

RAP Variability Very Low Low Moderate
Maximum Allowable 
RAP Content, Weight % 50 30 15

Characteristic Description
Number of RAP 
samples used for mix 
design

10 5 3

Typical RAP QC testing 
frequency > 2 per day 1 or 2 per day 1 or 2 per week

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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Including RAP in Mix Design
Approach 5 – Quality Classification

RAP Variability Very Low Low Moderate
Maximum Allowable 
RAP Content, Weight %

50 30 15

Maximum Standard Deviation for Sample Size
RAP Characteristic N=10 N=5 N=3
% Passing 9.5 mm 4.6 6.2 9.0
% Passing 2.36 mm 3.4 4.6 6.6
% Passing 0,075 mm 1.7 2.3 3.2
Asphalt Binder Content 0.30 0.40 0.60

Presenter
Presentation Notes
User doesn’t need to know mathematical details and equations.
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Materials Evaluation

Recycled
Asphalt 
Pavement

Roadway
Sample

Stockpile
Sample

Size According
to Plant
RAP
Stockpile(s)

Separate 
According 
to Stockpile(s)

Stockpiled
Aggregates

Aggregate 
Testing

Laboratory
Crushing

Binder
Extraction
and Recovery

Binder 
Content

PG Binder TestingVirgin Binder

PG Properties
Tests or
Regional
Properties
(for >25% RAP)

Aggregate
Testing

1

2

3

4
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Mix Design Procedures

Stockpile Aggregates

RAP Binder

RAP Aggregates

Virgin Binder

Combine Aggregates
to Meet Gradation and 
Quality Requirements

Combine Asphalt
to Meet PG Grading 
Requirements
(for >25% RAP)

Choose Highest %
RAP that Satisfies
Both Gradation and 
PG Requirements

Perform
Mix Design

1

2

3

4
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Plant Verification Procedure

Set Plant Controls
to RAP, Aggregate
Binder @ Mix Design
Proportions

Test Volumetrics
%Gmm1, VMA, VFA

Compare to Mix
Design and 
Specs.-Air Voids
VMA, VFA

Contruct Test Sections-
Establish Roller Patterns,
Check Density/Volumetrics

Take Sample
from Truck

Adjust Mix
Proportions

Performance Testing-
Rut, Perm. Def. Thermal
Cracking, Fatigue, Modulus,
Moisture Sensitivity Durability

Compact 2
Samples @ 
Mix Design
Level

Produce Mix: 1 hr
Prod. In Batch
Plant or 60 to 200 T
in Drum
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