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19 MILLION.

THAT’S DUE TO A 10% INCREASE 
IN THE USE OF RAP IN ONE YEAR.

The estimated barrels of 

asphalt conserved.

= 3 Million tons @ ~ $1.5 Billion





Life Cycle Cost Using RAP 
11" AC vs. 9" PCC



What’s the National Trend?

• Probably the greatest single upfront cost stabilizing & 
saving measure available to US highway agencies today is 
increasing the use of RAP in construction and rehabilitation 
of asphalt pavements. 

• The majority of State DOTs use between 10 and 20% RAP, 
but have potential to use up to 30%.

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

–Consistency & best practices are key when combining RAP, 
RAS, & WMA!

• The use of RAS and interest in rubber is increasing.

–Start with low amounts of RAS and maintain quality.
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INDUSTRY SURVEY OF 

RECYCLING & WMA
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Reclaimed Asphalt Pavement (RAP)

�America’s most recycled material: Mining the 

roads

�Reused not just recycled

�FHWA / NAPA Survey (2012)

� ~ 93% of RAP was reused into value 

pavements

� ~ 67 million tons RAP reused (19% loading)

� Utilization still growing: 19% increase since 

‘09

�Future Challenges

� Full credit LCCA / LCA for “end-of-life” / 



How much RAP is in an 

Average MIX?

10

11

12

13

14

15

16

17

18

19

20

2009 2010 2011 2012

A
v
e
ra

g
e
 P

e
rc

e
n

t 
 A

ll
 M

ix
e
s

8



Reclaimed Asphalt Pavement (RAP)

How much RAP is Being Used?

<1% RAP is landfilled
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2011 Average RAP Content

by State
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PERFORMANCE OF HIGH RAP 

MIXTURES
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Primary Performance 
Concerns

• Fatigue Cracking

– Aging characteristics – virgin vs. RAP 

binder

• Low Temperature Cracking

• Durability (Raveling)

– Moisture content
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Long-Term Performance of RAP in HMA
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No significant difference in 
performance of virgin and 
recycled pavement sections.

Well-designed pavement 
with high RAP (35%) can 
perform well during life span.

Average age of virgin mixes is 11 years.
For 30–50% RAP content, the average 
age ranges from 10–13 years.

“…in all 3 environmental 
zones, long term 
performance of RAP likely to 
be comparable to other 
treatments.”



Evaluating RAP Performance

• Long Term Pavement Performance 
SPS-5 sections

– Virgin

– 30% RAP

– Milled and non-milled surface

– 50 and 125 mm thick

– Oldest is over 17 years

– Variety of climates

at Auburn University



at Auburn University
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Fatigue Cracking 

29%

10%

61%

Virgin performed
significantly better
than RAP

RAP performed
significantly better
than Virgin

Difference
between Virgin
and RAP
insignificant

Longitudinal Cracking 

15%

10%

75%

Virgin performed
significantly better
than RAP

RAP performed
significantly better
than Virgin

Difference
between Virgin
and RAP
insignificant

Block Cracking 

3% 1%

96%

Virgin performed
significantly better
than RAP

RAP performed
significantly better
than Virgin

Difference
between Virgin
and RAP
insignificant

Raveling

7%

15%

78%

Virgin performed
significantly better
than RAP

RAP performed
significantly better
than Virgin

Difference
between Virgin
and RAP
insignificant

RAP Mix Performed As Well As or Significantly 

Better than Virgin Mix

Fatigue Cracking – 71% (RAP cracking equiv or < virgin)

Longitudinal Cracking – 85 %

Block Cracking – 97 %

Raveling – 93 %

LTPP Study Results
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“In summary, the performance 
data from LTPP SPS-5 shows 
that RAP and virgin HMA mixes 
used in overlays of flexible 
pavements showed 
approximately the same 
performance across a range of 
climates, traffic, and existing 
pavement conditions over a 

period of up to 17 years.  This 

finding should give 

agencies confidence in 

specifying RAP mixtures 

for overlays when 

economic and other 

conditions warrant.”
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Long-term Performance of 

RAP Pavements

• High percentages of RAP have successfully 

been used for more than 30 years.

• Long-term performance of recycled asphalt 

pavements not well documented – but staring 

to document

• Recycled asphalt mixtures designed using 

established mix design procedures and 

produced with appropriate QC/QA measures 

perform comparably to conventional mixtures.



WHY ASPHALT BINDER 

REPLACEMENT?



RAP PERCENTAGE BASED ON BINDER

• Historically, agency specs limit RAP based on RAP percentage by 

weight of total mix or weight of aggregate.

• With high RAP contents, the primary issue is amount of binder 

replacement.

– Impacts binder properties & may impact binder choice

• Determine contribution of RAP binder toward total binder in the 

mix, by weight.

– Typically specified as “70% of binder content must be 

virgin” or “no more than 30% binder content can come 

from RAP or RAP & RAS”.



CURRENT NATIONAL SPECIFICATIONS

• RAP Use

– AASHTO M 323 – Superpave Volumetric Design 
Requirements

• RAS Use

– AASHTO MP15 – Standard Spec for Use of 
Reclaimed Asphalt Shingle as an Additive in HMA

– AASHTO PP53 – Standard Practice for Design 
Considerations when Using Reclaimed Asphalt 
Shingles in HMA
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NATIONAL EFFORTS

• FHWA Asphalt Mixture Expert Task Group

• NCHRP 9-46 Improved Mix Design, Evaluation, 
and Materials Management of HMA with High 
RAP Contents

• Pooled Fund Studies 

– TPF5-213 – Performance of Reclaimed Asphalt 
Shingles in HMA

– TPF5-294 - Design and Analysis Procedures for Asphalt 
Mixtures Containing High-RAP Contents and/or RAS



Binder Replacement for High 

RAP Mixtures

• RAP Expert Task Group compiled existing 
literature.

• No clear direction at national level for setting 
reclaimed binder limits to properly select 
virgin binder grade.
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WHAT’S IMPORTANT?

• How much reclaimed binder can we use 

before cracking occurs?

– Cracking, low temp and fatigue, is major concern 

for adding shingles to mix.

• Are we using the proper virgin and, thus, end 

binder grade?

• Evaluating the end mixture for long term 

performance
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SUGGESTED CHANGES TO AASHTO M323

Recommended Virgin Asphalt Binder 

Grade

RAP Binder Ratio

No change in binder selection < 0.25

Follow recommendations from X.1 ≥ 0.25

X.1 is Appendix for Procedures for Estimating the Properties of 

Blended RAP and Virgin Binders

Based on research from NCHRP Project 9-46



SUGGESTED CHANGES TO AASHTO R 35

• Standard Practice for Superpave Volumetric 

Design for HMA

– Evaluation of High RAP Content Mixes using 

performance-related tests and criteria

– Handling/drying RAP for mix design trials

Based on research from NCHRP Project 9-46



SUGGESTED CHANGES TO AASHTO R 35

• Rutting tests & criteria
– Asphalt Pavement Analyzer

– Hamburg

– Flow Number

• Low Temperature Cracking tests & criteria
– Disc-shaped Compact Tension Test

– Semi-circular Bend Test

• Potential tests for load-related cracking
– Top down – Energy Ratio

– Reflection – Overlay Tester, DCT

– Fatigue – Bending Beam Fatigue, Simplified VCD, IDT 
Fracture Energy, Semi-circular Bend

Based on research from NCHRP Project 9-46



Societal

• Natural 
Resource 
Conservation

Economic

• Reuse 
Aggregate and 
Asphalt Binder

Environmental

• Reduced 
Emissions

• Reduced landfill 
space

• Closes Life Cycle 
Circle

Reclaimed Asphalt Pavement (RAP)
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GHG of RAP

Source: EPA 2013
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Criteria Air Pollutants of RAP

Source: EPA 2013



NAPA’s GHG Calculator

�Developed to estimate plant CO2 emissions

� Based on The Climate Registry (TCR) data

� Can be used to assess state reporting requirements

�Measures impact of various technologies

� Mix temperature, fuel type, RAP/RAS content

� Calculates actual CO2e and identifies carbon credits

�www.asphaltpavement.org/ghgc

� Free NAPA webinar reviews how to use GHG Calculator





How to use it:



How to use it:



How to use it:

Already included 
in emissions



RESOURCES
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NCHRP 9-46 Mix Design and 

Evaluation Procedure for High 

Reclaimed Asphalt Pavement 

Content in Hot Mix Asphalt

• Report 752

• Best Practices for 

RAP Management



Resources from FHWA

http://www.fhwa.dot.gov/publications/research/infrastructure/pavements/11057/11057.pdf

http://www.fhwa.dot.gov/publications/research/infrastructure/pavements/11021/11021.pdf



Resources

• Designing HMA Mixtures with High RAP Content: A 
Practical Guide, Publication QIP-124

• How to Increase RAP Usage and Ensure Pavement 
Performance, NAPA Publication PS 34

• Uses of Waste Shingles in HMA: State-of-the-
Practice, Special Report 179

• Guidelines for the Use of Reclaimed Asphalt 
Shingles in Asphalt Pavements, Information Series 
136

• Webinars at asphaltpavement.org
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www.asphaltpavement.org

www.asphaltroads.org

For more information:

Audrey Copeland

Heather Dylla

Phone: 301.731.4748


