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Presentation Outline

• What is RAP?
– Hasn’t it been used for 

years?
– Economic drivers
– Demand for aggregates

• State-of-the practice
– State DOT and 

Contractor Perspective
– Roadblocks

• National 
perspective
– Objectives and 

essential steps for 
increasing pavement 
recycling 

– FHWA involvement 
and activities
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Reclaimed Asphalt Pavement (RAP)

Sources of RAP
– Milling
– Pavement removal
– Plant waste

Most Common Uses
– Addition to HMA
– Aggregate in cold-mix
– Granular base
– Fill or embankment 

material

Presenter
Presentation Notes
RAP comes from milling of existing surfaces of roadways or from pavement removal.  Another good source of RAP is from plant waste.  The most common uses of RAP are as addition to HMA and as aggregate in cold mix, granular bases, and as fill or embankment material.  Currently, the most economical use of RAP is as addition to HMA in the intermediate or surface layers of a pavement.  Approximately 50 million tons of RAP is milled annually.  After milling, the RAP is typically hauled to central plant, processed (crushed, sized, screened) and then stockpiled. 
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Hasn’t RAP been used for years?

1970s – Begins a recycling boom

1980s – 1990s – Technical Guidance
• NCHRP
• FHWA

Presenter
Presentation Notes
1970s - Oil Embargo
Equipment for milling roadways,  full-depth reclamation, and processing RAP  are advanced.
1980s - NCHRP
Recycling Materials for Highways, Synthesis of Highway Practice No. 54
Guidelines for Recycling Pavement Materials, Report No. 224
1990s – FHWA
Pavement Recycling Executive Summary and Report
Pavement Recycling Guidelines for State and Local Governments: Participant’s Reference Book
Superpave
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Hasn’t RAP been used for years?

1990s – Superpave developed
• New mix design system
• New gradation controls
• State DOTs limit RAP allowed

• Long life material design
– Crushed, angular aggregates
– Manufactured sands

• High friction demand
– Improved texture – decreased wear

• High quality mixes 
– Selective aggregate sizes

• Management/Treatment of runoff
– Leachate control

Presenter
Presentation Notes
The Superpave system was developed to address the three primary failure mechanisms in HMA pavements: permanent deformation, fatigue cracking and thermal cracking.  Superpave is a new system for grading binders based on Performance Grade (PG) and designing HMA mixture based on volumetrics.  There is also a new compaction method and equipment, the Superpave Gyratory Compactor, for compacting HMA similar to the field.  
	New gradation controls that are part of the Superpave system made it difficult for High RAP mixes to meet certain specifications or limits.  Fines generated in RAP production combined with inherent variability in RAP stockpile prevented RAP Superpave mixes from meeting volumetric requirements, thus States began to limit the amount of RAP allowed in HM A  mixtures and the use of RAP in HMA declined.


http://images.google.com/imgres?imgurl=http://civil.sharif.edu/~superpave/lab-rv_files/image001.jpg&imgrefurl=http://civil.sharif.edu/~superpave/lab-rv.htm&h=1200&w=1600&sz=769&hl=en&start=15&um=1&tbnid=j8_r1GPmfyB53M:&tbnh=113&tbnw=150&prev=/images%3Fq%3Dsuperpave%26um%3D1%26hl%3Den%26rlz%3D1T4GZHZ_enUS239US240%26sa%3DN�
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You may recall…

• Superpave Mixture Expert Task 
Group (ETG) developed interim 
guidelines for the use of RAP in the 
Superpave method.

Presenter
Presentation Notes
Recognizing the need for guidance for using RAP with the Superpave system, the FHWA Superpave Mixture Expert Task Group made the following recommendations when using RAP:
Low amounts of RAP (ten to twenty percent) can be used without characterizing the recovered binder properties and the RAP may be solely accounted for as a component of the aggregate.
For amounts of RAP greater than twenty percent, recovery and testing of the binder is recommended, along with use of blending charts to determine performance grade of virgin binder to be used in mix design.  The RAP aggregate properties should be considered if RAP aggregates are in a separate stockpile and in the mix design, RAP aggregate should be mixed with virgin aggregate so that the final blend meets specifications. 


http://images.google.com/imgres?imgurl=http://civil.sharif.edu/~superpave/lab-rv_files/image001.jpg&imgrefurl=http://civil.sharif.edu/~superpave/lab-rv.htm&h=1200&w=1600&sz=769&hl=en&start=15&um=1&tbnid=j8_r1GPmfyB53M:&tbnh=113&tbnw=150&prev=/images%3Fq%3Dsuperpave%26um%3D1%26hl%3Den%26rlz%3D1T4GZHZ_enUS239US240%26sa%3DN�
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Hasn’t RAP been used for years?

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

• Contractors implement 
improved techniques
– RAP processing 
– Gradation control

2000s – Superpave implemented

Presenter
Presentation Notes
In the early 2000s, as the Superpave system was being implemented, NCHRP sponsored research with the goal of specific guidelines for incorporating RAP use in Superpave.  The result is NCHRP report 452 “Recommended Use of RAP in the Superpave Mix Design Method: A Technician’s Manual”.  With these guidelines, States began to allow RAP in Superpave mixtures; however, RAP amounts were usually limited to twenty percent or less, especially in intermediate and surface layers.  

The use of RAP is on the rise due to escalating asphalt costs in 2006. Contractors began to implement improved techniques for RAP processing and gradation control such as fractionation.   
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Current Specification for RAP Use

• AASHTO M 323 Standard Specification for 
SuperpaveTM Volumetric Mix Design

• Mixture with RAP must meet same requirements as 
virgin mixture.

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
Based on the findings of NCHRP Project 9-12 and the recommendations of the FHWA Superpave ETG, the standard specification for Superpave mix design, AASHTO M 323, was updated to include recommended virgin asphalt binder grade and mix design recommendations for using RAP in Superpave.  
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Economic Drivers for Using RAP

Growth in recycling occurs when it 
is economical to do so.  
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Construction Materials Price Increases and 
Availability Issues

• Information and guidance from Office of 
Program Administration
– Gerald Yakawenko – July 31, 2008

• Asphalt Cement Supply/Polymer Modified 
Asphalt Issues

• Structural and Reinforcing Steel Issues

• Contracting Considerations

• Price Adjustment Clauses

Presenter
Presentation Notes
At the same time that refineries are producing less asphalt, global demand has risen for asphalt cement and Styrene-Butadiene-Styrene (SBS) polymers used to produce polymer-modified asphalt binders. The rise in demand for SBS polymer and other raw materials can be attributed to considerable demand in India and China.  Refineries’ shift to now producing more profit yielding products such as fuel oil has contributed not only to a shortage of asphalt cement but also in the base stock product used for butadiene in SBS polymer.  A cracker is used to make the base stock product, C4, for Butadiene and unplanned cracker outages and problems have led to a tight global supply of SBS polymers.  In addition, naphtha or propane is used as feedstock for ethylene used to produce butadiene.  The market price differentials currently favor propane, however propane produces about forty percent less butadiene than naphtha (Yakawenko 2008).  
	The US is currently experiencing shortages of SBS-polymer modified asphalt and SBS polymer emulsions in certain geographic areas causing suppliers to place customers on allocation.  State highway agencies are faced with issuing change orders to switch to unmodified, readily-available asphalt binder or look for alternative polymer-modified binders.  The FHWA Office of Program Administration has issued specific guidance (Yakawenko 2008) recommending that care is taken when reducing binder grade, especially in instances where the higher grade binder is specified due to traffic and temperature conditions.  Asphalt binder supplies are more reliable than polymer-modified asphalt binder supplies; however binder shortages may occur since high costs have contributed to a decline in winter stockpiling of asphalt binder.



U.S. Department of Transportation
Federal Highway Administration 12

TDOT  Bituminous Materials Cost Index

Presenter
Presentation Notes
This illustrates the escalating asphalt mix costs that states such as Tennessee are seeing.  There is a sharp increase in the cost of a ton of bituminous material starting in May 2008.
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Asphalt Production Cost Categories
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Greatest Potential for Cost Savings is
in the Materials Category

Presenter
Presentation Notes
There are four major asphalt production cost categories, materials, plant production, trucking and laydown.  Materials are the expensive production cost category, comprising about 70% of the cost to produce asphalt cement.  There is a potential to realize cost savings by substituting a less expensive, but quality material such as RAP for more expensive virgin material.
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Why allow high RAP?
• Reduced costs 

• For example…
– Upfront cost impact - If specification allows high RAP, 

contractors may submit different bid prices on plant mix items 
or frequency of price adjustments and delays.

– Future cost impact – higher RAP pavement may have 
different life-cycle properties

• The cost effectiveness of higher-RAP mixes depends 
on:
– Unit cost of mixtures
– Performance during and after placement

Presenter
Presentation Notes
Reduced costs of construction. 
Conservation of aggregate and binders. 
Preservation of the existing pavement geometrics. 
Preservation of the environment. 
Conservation of energy. 
Less user delay. 
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Demand for Materials

Demand for high quality 
aggregates is becoming difficult to 

meet.  
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Growth of the Interstate
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Demand for Aggregates

USGS Report: “Sociocultural Dimensions of Supply and Demand for Natural Aggregates”

Presenter
Presentation Notes
CA, MN, FL – need to find new sources for aggregates.
 California Department of Conservation Study
 80% of all Southern CA aggregate study areas have less than half of the aggregate resources needed to meet projected 50-yr demand without relying on imports.
Southern CA only has approximately 20 yrs worth f permitted aggregate reserves remaining.
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Demand for Materials
• 160,000 mile National 

Highway System
• 4 million miles of public 

roads
• Produce over 600 million 

tons of HMA annually & 
85+ million SY of concrete 
for paving annually

• $70 billion capital outlay to maintain pavements
• Demand for aggregates considerable requiring an 

estimated 700+ million tons to meet annual 
demand (15%-25% of annual production)

Presenter
Presentation Notes
Construction aggregates make up 80% of total aggregate production

Use of construction aggregates is at 70-75% of total raw material demand in the United States

Demolition generates over 200 million metric tons of recycled aggregates annually (100 each for asphalt and concrete)

About 80% of the recycled aggregate is re-used where the primary use is in base material and as aggregate in HMA for lower volume roads.  The smallest percentage is in use for higher volume roadways.

Recycled concrete supplies about 5 percent of the total aggregate production but is not used as much in structural concrete mix or asphalt.  
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Aggregates in Pavements

USGS – Materials in Use in US Interstate Highways

Total Consumption

NHS Highway Consumption
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Material Production Quantities - US
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Presenter
Presentation Notes
Rehabilitation of aging infrastructure

There is a point where the demand for Recycled Asphalt and PCC may be greater than the supply.  



O
ffi

ce
 o

f P
av

em
en

t T
ec

hn
ol

og
y

U.S. Department of Transportation
Federal Highway Administration

FHWA Involvement and Activities

A National Perspective
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Our Objectives

• Encourage the use of recycled materials in 
the construction of highways to the maximum 
economical and practical extent possible with 
equal or improved performance.  

• Greatest impact in pavement recycling can be 
realized through the promotion of Reclaimed 
Asphalt Pavement (RAP).  

Presenter
Presentation Notes
3 Keys to Accepting/Increasing Asphalt Recycling 
1. Costs less
2. Environmental responsibility
3. Performance

FHWA encourages the increased use of RAP.
Greatest single upfront cost saving measure available to highway agencies is increasing use of RAP in construction and rehabilitation of asphalt pavements.
RAP can be used often and in high amounts with processing and production best practices.
GOAL
Increasing the number of projects that RAP is used.
Increasing the amount of RAP used in projects.
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What’s Needed?

1. Clear engineering and environmental 
standards and policy for the use of 
RAP.

2. Funded, coordinated research to 
support standards.

3. Public and industry working groups.
4. Education.
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FHWA Policy - 2002
• Recycled/Re-Use materials are viable 

resources
• Recycled materials should get 1st

consideration
• Consider use of recycled materials early in the 

planning/design process
• Economic benefits should be considered in 

the material selection process
• Restricting the use of materials should be 

technically based
• Material should not adversely impact the 

environment and should perform as intended
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How Do We Get There?
• Use of industrial by-products

– Coal combustion products
– Steel Slag
– Foundry sand

• Use of materials that are traditionally wasted
– Glass
– Shingles
– Crumb rubber

• Maximize existing pavement materials
– Asphalt
– Concrete
– Aggregate
– Steel
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Why Aren’t We There Now?

• What are the material properties?
• How should the material be extracted, 

processed and stored?
• How is the manufacturing process controlled 

to maximize consistency?
• How will the material perform?
• How can we quantity the benefits?
• What incentives are appropriate?
• How do existing specs generate waste?
• How can we remove the prohibition of 

materials?
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Environmental Stewardship
• Recycled Materials

The use of recycled materials… is maximized to the extent 
economical and practical with equal or improved performance.

• Re-Use
The use of consumer, industrial, agricultural, or energy bi-
products in pavements/materials is optimized to the extent 
economical and practical with equal or improved performance.

• Environmental Innovations
The highway industry utilizes innovative technologies which are 
environmentally-sound and applies sustainable approaches to 
pavement design and material selections and 
construction/preservation.

• Workforce Capability
The highway industry workforce is well-trained, well-connected, 
qualified and experienced to conduct environmentally-sound 
paving and material practices.
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Performance Measures

• Recycled Material Potential
– Self assessment of specs, policies, etc.

• Recycled Material Use
– Production quantities

• Implementation of New Technology
– New technology penetration nationally

• Qualification of Workforce
– Self assessment of staff proficiency

• Outreach Impact
– Assessment of awareness nationally
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Guidance Documents

www.fhwa.dot.gov/pavement/recycling/rap

Presenter
Presentation Notes
Recommended Use of RAP in the Superpave Mix Design Method: Technician’s Manual
NCHRP Report 452

NCHRP Web Document 30
A “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). 

National Asphalt Pavement Association (NAPA) Publications:

Recycling HMA Pavements - 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. (January 2007)

Designing HMA mixtures with high RAP Content - 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. 

Asphalt Institute’s MS-2: Mix Design Methods for Asphalt
Section on using RAP
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High RAP Mix Design

• NCHRP 9-46 Mix Design and Evaluation 
Procedure for High Reclaimed Asphalt 
Pavement Content in Hot Mix Asphalt

• Objective: Develop mix design method and 
specification for HMA containing up to 50% 
RAP.

Presenter
Presentation Notes
NCHRP 9-46 Mix Design and Evaluation Procedure for High Reclaimed Asphalt Pavement Content in Hot Mix Asphalt 
Objective: Develop mix design method and specification for HMA containing up to 50% RAP.
Tasks
Mix design method
Test method for measuring properties of composite binder
Specification for RAP quality and processing
Evaluate mixtures with fractionated RAP
Test method(s) for determining that materials meet environmental requirements during production
Specification for surface, binder, and base mixes that ensure high RAP content mix is equal or better quality than comparable virgin mixture
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Other Nationally Funded Research

Asphalt Research Consortium (ARC)
– FHWA Cooperative Agreement

Investigation of Properties of Plant 
Produced RAP Mixtures

Performance characteristics of HMA mixtures with 
RAP in low temperatures

Provide knowledge regarding plant-produced HMA 
mixtures with RAP.

Presenter
Presentation Notes
Asphalt Research Consortium - FHWA Cooperative Agreement
Engineered Materials
Budget: $3.68 Million for 5 years
Focus area: Conserving Energy & Natural Resources
Objective: Develop guidelines for high level use of recycled pavement mixtures.
Concentrating on advanced and applied research for binder compatibility and RAP characterization.

Investigation of Properties of Plant Produced RAP Mixtures by the North Central Superpave Center at Purdue University – This is a project being sponsored by the FHWA to continue evaluating low temperature properties of high RAP mixtures.  In addition, this project will explore the properties of plant produced RAP mixtures.  

http://www.westernresearch.org/index.shtml�
http://www.civil.tamu.edu/index.html�
http://www.engr.wisc.edu/cee/�
http://www.wrsc.unr.edu/�
http://www.advancedasphalt.com/�
https://engineering.purdue.edu/NCSC/index.htm�


U.S. Department of Transportation
Federal Highway Administration 39

Recycled Materials Resource Center

• Created under TEA-21 in FY1999
• Continued under SAFETEA-LU with 

FHWA, EPA, State and Industry 
contributions

• Have developed several 
specifications for AASHTO 
consideration

• 43 Projects with a wide variety of 
products available online
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RAP Expert Task Group (ETG)

• FHWA Sponsored

• Membership
– State DOT
– AASHTO
– NCAT
– NAPA
– Hot Mix Asphalt Industry
– North Central 

Superpave Center
– Academia

• Chairman
– Gerry Huber, Heritage 

Research Group

• Secretary
– Andrea Kvaznak, NCAT

Presenter
Presentation Notes
The Federal Highway Administration (FHWA) has initiated an effort to increase the awareness of the benefits of using Recycled Asphalt Pavement (RAP) in the production of hot mix asphalt.  An Expert Task Group (ETG) was established to develop best practices for designing, processing and handling RAP in hot mix asphalt. 
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HMA Asphalt Pavement Recycling 
Expert Task Group

Advance the use of RAP in asphalt 
paving applications by providing 
highway agencies with critical 
information regarding the use of RAP, 
technical guidance on high-RAP 
projects, and direction on research 
activities.

The members consist of representatives 
from highway agencies, industry, and 
academia.

Website: www.ncat.us/rap/rap

Presenter
Presentation Notes
This is the homepage of the new website dedicated to the RAP Expert Task Group (ETG).  
The purpose, information on membership, and the website address is given above.

Documentation and dissemination of information and guide research
Develop best practices for designing, processing and handling RAP in hot mix asphalt. 
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High RAP Field Project Assistance
provided by FHWA Mobile Asphalt Laboratory

• Assist State Highway 
Agencies in mix design 
process, production, and 
construction

• Provide performance testing

• Develop information for 
future mix design, quality 
control procedures, and 
impact on performance

Presenter
Presentation Notes
One goal of the FHWA and FHWA ETG is to initiate several demonstration projects throughout the US using high percentages of RAP (30% or more).  The FHWA working with the ETG and State Highway Agencies will provide assistance to establish an experimental plan for the design, production, placement, and evaluation of a high-percentage RAP mixes as a surface course on a high volume roadway.  FHWA will provide technical assistance as well as material testing to aid in the successful completion of the demonstration project. 
The FHWA will provide performance testing of the RAP and control mix:
Dynamic Modulus testing 
Fatigue testing 
Low temperature cracking testing 
Data analysis 
Report writing. 

It is expected the State Highway Agency would provide: 
Standard QA testing 
Construction inspection 
Follow-up pavement evaluation of the test sections. 
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Green Highway Partnership

Themes:
• Watershed Driven Storm Water Management
• Re-Use and Recycling
• Conservation & Ecosystem Protection

www.greenhighways.org

Presenter
Presentation Notes
In FY2008 we are funding $475k to the implementation of Warm Mix Asphalt.  This primarily funds efforts to implement high priority findings from the international scan completed last year and field demonstration projects to better understand the use and benefits of the technology.  
We also have funded $400k towards the advancement of increased usage of recycled asphalt (RAP) in asphalt mix design.  These efforts are focusing on support efforts with states to use much higher levels of RAP (> 25%) in hot mix asphalt applications.  We helped sponsor a workshop held in Austin, TX in October on this topic that was very well attended by industry.  They are very interested in both of these technologies.
We also provided $500k of funding to support the RMRC in FY2008.   To date, $113,000 has been committed to the pooled fund from states. 
$875k in RAP initiatives
$500k+ WMA
$1,000k other related recycling initiatives
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Are we making an impact?

High RAP Usage
Extra considerations for high RAP    

acceptability

Presenter
Presentation Notes
The states highlighted with red stars use more than 30% RAP or use large amounts of RAP overall based on tonnage.  
The states highlighted with a blue star allow high RAP, but have added specifications in addition to normal high RAP mix design guidance in order to accept high RAP mixtures.  
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Are we having an impact?
Specials specs for fractionation

Presenter
Presentation Notes
The states highlighted with green stars have special specifications that designate that high RAP mixes must contain fractionated RAP or they are considering adding language to their specification for fractionation. 
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Thank you! Questions?

www.fhwa.dot.gov/pavement/recycling/rap

For more information, please contact:
Audrey Copeland

FHWA Office of Pavement Technology
Phone: 202.493.0341

Email: audrey.copeland@dot.gov

mailto:audrey.copeland@dot.gov�
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