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Life Cycle Cost Using RAP NAPA
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What’s the National Trend? DNAPA
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* 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.



INDUSTRY SURVEY OF
RECYCLING & WMA

NAPA
-—-,.,\_
MATIOMAL ASPHALT

PAYEMENT ASSOCIATION



» 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 Challenﬂes




How much RAP is in an NAPA
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1eclaimed Asphailt Pavement (RAP, 1@1’5

AAAAAAAAAAAAAAA _

How much RAP is Being Used?
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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
with high RAP (35%) can ﬁ
perform well during life span
el

-_._.

WeII -designed pavement
No significant difference in

performance of virgin and
.inall 3 envrronmental
recycled pavement sections.
zones, long term

performance of RAP likely to W
be comparable to other ‘ ‘

treatments.
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Average age of virgin mixes is 11 years.
For 30—50% RAP content, the average

age ranges from 10—13 years.



National Center for
Asphal ItT chnol Iogy

Evaluating RAP Performance NCAT

at Auburn Uni

» 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
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LTPP Study Results

Fatigue Cracking Longitudinal Cracking

s | sonicanybete 1% " sgnifcanty beter

than RAP %\S . than RAP
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 %

@ Difference @ Difference
between Virgin between Virgin
and RAP 78% and RAP

96% ° insignificant

insignificant

A A

at Auburn University




TECHBRIEF
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Statistical Analysis of
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Hot Mix Asphalt Overlay

n Flexible Pavement

Rehabilitation

FHWA Publicstion Mo FHWA-HAT-11-051

FHWA  Contact:
armywisorB oot.goy

Larry ‘'Wisar, HRDI-30, ([302} &53-3078,

This document Is & fechnical summary of the Federal Higheay
Administration report, impact of Design Festures on Pavemant
Response and Porformance In Rehshilllated Flavdhie and Rigid
Pavemanis |FHWA-HRT-10-06E1.

Introduction

Tha growing need Tor materials 0 rehabiltaie the higheay Infrastruc-
fure In the United Staios and for sustainabla and emyircnmantsity
friendly sRomatives have substantially inoreased the demend for
recycling materials. The most comimon material recycling applicson
r pavements Is reclaimed asphalt pavement (AAFL. RAF Inchudes
any ramoved of eprocessed pavement material that contains asphalt
and aggregabes. Tha largest source of AAP s milled materal retrievod
from axisting pavemsenis of Trom full-dopth emeoval. AP can ba com-
hinod with virgin aggregaios, now bindar, sndior recycling agonts io
produce @ moycled hot mik, which Is tha most froquant usa of RAR
Tha Incorparation of RAP In roecyclod hot milkes 1= not & now oonoot.
A sureay of 12 Stale tansporiation deparimanis Indicaios that In 1286
33 parmant of pavement removed was used a5 RAF In kol mix asphalt
HMA) production.'” This peroentage 15 llksly 0 have Incressed sinm
ma tima of the suryey with the affcrt of Fedaral and Siato transpar-

G0N depatmants promaoting F F:.-!.F usD and with advanoemems In
:- vemam recycling techinology.!

Saveral siudies have evaluaied propsries and perfommanoa of 'nla-:n?
with AAF In the laboraiory that have been dooumaented in IHaraturs."
When designed proparly, RAF mixes have demonsiraied & qualihy
comparabie to Yirgin HMAS, Howewer, cespin all the infoemation
ayallzble and the succass e of FRAF mibll projects, the parcaption that
recyched matarials are of Inferor quaility sHll persists. The objective of
this TechBriel I= 0 provide a summary of sigtisBical analysis rosuls
of data collected during the Long-Termn Fevement Performanca [LTRP)
program In which parformance of recycled HMA wes compared o
wirgin mitx In fMexible pavemant cvariays

LTPPF SP5-5 Experiment

The LTPF Specific Favement Stody [SPE]S oapsriment wes
designed to provide gualty data for developing Improved design

“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.”




Long-term Performance of nNapPA
RAP Pave me ntS Bt o

« 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
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* 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”.
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CURRENT NATIONAL SPECIFICATIONS

e RAP Use

— AASHTO M 323 — Superpave Volumetric Design
Requirements

e 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

uuuuuuuuuuuuuuu 20
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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

e 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

AAAAAAAAAAAAAAA
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Binder Replacement for High &pﬁ
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.



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?

e Evaluating the end mixture for long term
performance

AAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAA



Improved Mix Design, Evaluation, and
Materials Management Practices of HMA
with High RAP Content




SUGGESTED CHANGES TO AASHTO M323
- - - - - - - - - - - - - - - - - -
Based on research from NCHRP Project 9-46

Recommended Virgin Asphalt Binder RAP Binder Ratio
Grade

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



SUGGESTED CHANGES TO AASHTOR 35
- - - - - - - - - - - - - - - - - -
Based on research from NCHRP Project 9-46

e 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

AAAAAAAAAAAAAAA
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SUGGESTED CHANGES TO AASHTOR 35
- - - - - - - - - - - - - - - - - -
Based on research from NCHRP Project 9-46

* 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



Reclaimed Asphalt Pavement (RAP

Societal Economic

e Natural e Reuse
Resource Aggregate and
Conservation Asphalt Binder

NATIONAL ASPHALT
PAVEMENT ASSOCIATION
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Environmental

e Reduced
Emissions

e Reduced landfill
space

e Closes Life Cycle
Circle

28



GHG of RAP NAPA
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Figure ES-1: Greenhouse Gas Emissions, No Allocation
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Criteria Air Pollutants of RAP NAPA
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Figure 5: Criteria Air Pollutant and Other Air Emissions by Species
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» 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

AAAAAAAAAAAAAAA
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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

NATIONAL
COOPERATI
HI

REPORT 752

Improved Mix Design, Evaluation,
and Materials Management
Practices for Hot Mix Asphalt
with High Reclaimed

Asphalt Pavement Content

;Fw -. T e -

National Center for
) Asphalt Technology

WUNCAT

at Auburn University




Resources from FHWA

Reclaimed Asphalt Pavement in Asphalt
Mixtures: State of the Practice

PUBLICATION NO. FHWA-HRT-11-021 APRIL 2011

Q

US.Department of Transportation
Federal Highway Administration

Research, Development, and Technology
Turner-Fairbank Highway Research Center
6300 Georgetown Pike

McLean, VA 22101-2296

INFOBRIEF

With changes in construction materials
economics, stricter environmental
regulations, and an emphasis on “green”
technologies (e.g., warm mix asphalt)
and sustainable pavements, the highway
ity is r ing the i
and environmental benefits of allowing
higher percentages of reclaimed asphalt
pavement (RAP) in premium pavements
and asphalt surfaces while maintaining
high-quality pavement infrastructure.
In 2007, the Federal Highway Admin-
istration created the RAP Expert Task
Group (ETG) to advance the use of recy-
cled materials such as RAP and recycled
asphalt shingles in asphalt paving appli-
cations. The purpose of the ETG is to
provide State transportation depart-
ments and the industry with information
that emphasizes the production of high-
quality, high-content RAP mixtures,
the performance of asphalt mixtures
containing RAP, technical guidance on
high-content RAP projects, and RAP
research activities. Members of the RAP
ETG consist of representatives from
State highway agencies, industry, and
academia. This InfoBrief summarizes the
accomplishments of the RAP ETG and
resources available for increased RAP
use. More information may be found
online at www.fhwa.dot.gov/pavement/
recycling or at www.moreRAPus, as
well as through the National Asphalt
Pavement Association and the Asphalt
Institute.

US.Department of Transportation
Federal Highway Administration

http//ww.fhwa.dot.gov/research/

High Reclaimed Asphalt
Pavement Use

FHWA Publication No.: FHWA-HRT-11-057

FHWA Contact: Audrey Copeland, HRDI-10, (202) 493
audrey.copelan dot.gov

RAP Defined

Existing asphalt materials are commonly removed during resurfacing,
rehabilitation, and reconstruction operations. Once removed and pro-
cessed, the pavement materials become reclaimed asphalt pavement
(RAP), which contains valuable asphalt binder and aggregate. RAP is a
valuable, high-quality material that can replace more expensive virgin
aggregates and binders. The most economical use of RAP is in the inter-
mediate and surface layers of flexible pavements where the less expen-
sive binder from RAP can replace a portion of the more expensive virgin
binder. While RAP has been used for decades, there is a current interest in
using higher RAP contents. High RAP content mixtures have greater than
25 percent RAP by weight of the mix.

RAP Use Today

The RAP ETG, in partnership with the American Association of State
Highway and Transportation Officials (AASHTO), conducts a RAP use
survey every 2 years. The survey was conducted in 2007, 2009, and 2011,
In 2007, the typical hot mix asphalt (HMA) mixture contained about
12 percent RAP. From 2007 to 2009, about 27 States increased the amount
of RAP per ed in asphalt mixtures, and, as of 2009, 23 States have
experience with high RAP mixtures. The results of the 2007 and 2009
surveys are summarized in the Public Roads article “Reclaiming Roads”"
As of 2011, the majority of State highway agencies (more than 40)
allow more than 30 percent RAP; however, only 11 report actually using
25 percent RAP or more.”!

Providing Technical Information

Designing High RAP Mixes

The RAP ETG developed and disseminated technical information for high
RAP use. In the first major effort, the Federal Highway Administration
partnered with AASHTO and the National Asphalt Pavement Association to
create Designing HMA Mixtures with High RAP Content: A Practical Guide,
which provides guidance for designing high RAP mixtures.” As a follow-up
and in conjunction with the Transportation Research Board, the RAP ETG
conducted the webinar Design and Production of High Reclaimed Asphalt
Pavement Mixes."!

Management and Production Best Practices

There are two best practices reports available.®™ In addition, presenta-
tions by three RAP ETG members are available, which provide a historical

http://www.fhwa.dot.gov/publications/research/infrastructure/pavements/11021/11021.pdf
http://www.fhwa.dot.gov/publications/research/infrastructure/pavements/11057/11057.pdf
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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

. . _ Increase RAP Usage
Guidelines for the Use of Reclaimed Asphalt L

Shingles in Asphalt Pavements, Information Series
136

Webinars at asphaltpavement.org




For more information:
Audrey Copeland
Heather Dylla

Phone: 301.731.4748
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