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RP Project 20-44(01)

leslie@myersmccarthy.com
Ph: 610-813-2083
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Be able to identify how this
project will support the
implementation of WMA
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e State
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MIX BRIEF 1-1

A common de

“asphalt mixtures produced at
either 275°F or less, or at 30°F
below HMA production temperature”

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

MIX BRIEF 1-1

NCHRP Projec

dentify barriers to broader use and implementation of
WMA

Review definitions for WMA and details of WMA
specifications

Update performance criteria for WMA based on agencies
and industry feedback

Improve and expand tracking mechanisms for WMA usage

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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NCHRP Projec

slie Myers McCarthy Dr. Edward Harrigan, NCHRP

Dr. Nelson Gibson, TRB

Dr. Jo Daniel > Mr. Harold (Skip) Paul, Consultant
Dr. Audrey Copeland, NAPA
Mr. Tim Aschenbrener, FHWA
Ms. Lee Friess ; Dr. Rebecca McDaniel, Purdue Univ.
Dr. Ervin Dukatz Jr., Mathy Construction

Mr. Frank Fee, Consultant

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

2/17/2017




2/17/2017

MIX BRIEF 1-1

NCHRP 20-44(01)

Assess published
and gray literature
related to WMA

Establish and
communicate WMA vey s Topical
state-of-the- Webinars
practice

Dialogue among | 1 participant per Topics for
agencies, industry, c se DOT, asphalt Breakout
and researchers contractors Sessions

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

MIX BRIEF 1-1

NCHRP 20-44(01)
Industry

Purposes of
ons of WMA

odate 2010 Survey for AASHTO NTPEP and 2014 FHWA-
APA Survey

Identify barriers to better adoption of tools for WMA
implementation

Identify observed or perceived challenges with increased
usage of WMA

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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NCHRP 20-44(01) — Wa

Warm Mix Brief 1 11 12 13
Overview of WMA History, Leslie McCarthy [l Matthew Corrigan jll Audrey Copeland
Development & Technologies PARZZIZI[Saa] FHWA NAPA

‘Warm Mix Brief 2
WMA Mix Design
and Properties

Warm Mix Brief 3
Lab Conditioning and
Aging of WMA

Warm Mix Brief 4
WMA Additives and
Recycled Materials

Warm Mix Brief 5
Field Performance and
Implementation of WMA

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




'MIX BRIEF 1-1

ach standalone presentation provides the audience with
a common knowledge basis and background on WMA

* Each presentation may spark ideas to bring forward to the
2-day workshop (please consider taking notes)

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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'MIX BRIEF 1-1

X May8and9,2017 X
Tentative Location:

% Irvine, California %

Outcomes will relate to:
s Updated methodology for WMA usage
Updated tools for tracking WMA performance

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

NCHRP 20-44(01

|Workshop proceedings, including results and a vision for the
future of WMA

Sample specifications for implementation of WMA
Suggestions for establishing a WMA Community of Practice

Develop research needs statements for TRB, AASHTO, NAPA and
FHWA

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




REVIEW

« Explain the purpose of
2-day workshop for

contribute to the
goals of the 2-day
workshop

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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ix Brief #1-2
VA and Initiatives in the U.S.

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

By the end o

e the general WMA technology categories
Identify the national efforts made to-date in the US
to further WMA implementation

« Compare the statistics relating WMA production to
total asphalt production in the US over the past
decade

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

2014-16

Number of named WMA
technologies in the U.S.?

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




2/17/2017

WMA Technolog
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Other named technologies are also available in the market.
The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Commercially-Avai
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No. of WMA Technical
Working Groups?

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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The National Academies of
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2014-16

No. of WMA International
Conferences?
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SCIENCES - ENGINEERING - MEDICINE




International

15t Conference on November 11-13, 2008 in
Nashville, TN

Processes, Mix Production & Placement, Energy
consumption, Mix Design, Material Properties
2"d Conference October 11-13, 2011 in St.

Louis, MO
Lab & Field Properties, Design & Performance,
Health & Environment, RAP w/ WMA, Binder &

Mix Properties, Moisture Susceptibility,
Construction, etc.

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

FHWA Internatio

—— bt o

¢ Joint Program with | Warm-Mix Asphalt:
El.n-opmn Practice

FHWA, AASHTO, |

NCHRP, and Industry
* Publication

FHWA-PL-08-007

* Scan Final Report

— .pdf available at
http://international.fhwa.dot.
gov/pubs/pl08007/index.cfm

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

National Researc

Feb 2017

Number of WMA NCHRP
Research Projects?

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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NCHRP Projects Funded as a Result of WMA TWG Efforts
9_43 -Mix Design Practices for WMA $522'501 Completed

-Engineering Properties, Emissions, and

9-47 Field Performance of WMA Technologies $79’000 Completed

-Properties and Performance of WMA

9-47A  Technologies $1,121,000 Completed

-Performance of WMA Technologies:

9_49 Stage I--Moisture Susceptibility $450'000 Completed
9-49A oo et reroeanee $900,000  Completed
9_52 ;\Sshptlzq:;;reMr::tta'l;Sratory Conditioning of $800,000 Completed
953 Wikomtaiconons "™ $700,000  Completed
9_54 -Long-Term Aging of Asphalt Mixtures for SSO0,000 Phase 2 Underway

Performance Testing and Prediction

-Recycled Asphalt Shingles in Asphalt
9-55 Mixtures with WMA Technologies $6001000 Phase 2 Underway

9-58 Moo wirin s & mav amiur anios 91,500,000 Oct 2017
20-07(311) rein turtvation program $50,000 Completed

-Increasing WMA Implementation

20'44(01) by Leveraging State-of-Knowledge slS0,000 Jan 2018
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NCHRP Projects Funded as a Result of WMA TWG Efforts
9_43 -Mix Design Practices for WMA $522'501 Completed

-Engineering Properties, Emissions, and
9-47 Field Performance of WMA Technologies S79,00 Completed
Completed

-Properties and Performance of WMA

9_47A Technologies

-Performance of WMA Technologies:
9-49 Stage I--Moisture Susceptibility

9-49A oo o 2 000 Completed
9-52 ek 800,000 Completed
9-53  rory ™ $700,000 Completed
9-54 ong- gg of Asphalt Mixtures for 5800,000 Phase 2 Underway

Performance Testing and Prediction

E led Asphalt Shingles it hal
9-55 Recycled Asphalt Sningies In Asphalt $600,000 Phase 2 Underway

Mixtures with WMA Technologies
-Effe f i h.
9-58  Mitwes wiign was & v ainer s 91,500,000 Oct 2017
-Devel t of a WMA
20-07(311) Tech. evataation program $50,000 Completed

-Increasing WMA Implementation

20‘44(01) by Leveraging State-of-Knowledge $150,000 Jan 2018

& |Course Number:
‘m |FHWA-NH1-131137

Course Description

PROGRAM AREA:

COURSE NUMBER:
n TRANING LEVEL:
[~ CLASS SUZE:

COURSE DESCRIPTION

arscies i
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The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Nﬁtiﬁ;al-rTran;pojrtationul?roﬁﬁ’d
e

¢ NCHRP 20-07/
Warm Mix A

The National Academies of
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Publications: WI

2014-16

Number of WMA Best
Practices Publications?

The National Academies of
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Quality Improve

31 Edition

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

2014-16

Number of AASHTO
Standards on WMA?

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

AASHTO R35 Apper

“Special Mixture Desig
Considerations and
for WMA”

StTaNDARD
SPeciFicaTiONS

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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2015

Number of WMA tons
produced annually?

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

6t Annual A [rm———
Asphalt Pavement
o i i

Product of FHWA & NAPA
Cooperative Agreement
Contract

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Overall WMA vs. Tc
Producti

Total asphalt produced
(million tons) 358.4 359.8

35%
30%
25% |
20%

T T T T
2011 2012 2013 2014 2015

68.7 86.7 106.4 113.8 119.8 Total WMA
(million tons) Produced

/ 2009 2010
16.8 41.1

2006
WMA trials
begin

The National Academies of

SCIENCES - ENGINEERING < MEDICINE

WMA vs. Total
Productio

[Total asphalt mix by States:
(million tons) 169.2 172.5

40%
35%
30%
25%
20%
15%

2009 2010 2011 2012 2013 2014 2015
200 346 464 55.7 56.9 60.9 Total WMA
(million tons) Produced

WMA trials
begin

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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2014-16

Number of WMA projects
evaluated by FHWA?

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

FHWA Field Teckh

avement Testing Trailer (MATT)
— Site Visits to W

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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WMA Project
Yellowstone
National Park

/MA Project
Eend

2/17/2017
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WMA Proj
Golden Gate
National

Recreatio

e “The collective efforts from highway agencies and industry
Qg&gﬁv partners to advance warm mix asphalt technologies as a
8 standard practice has been tremendous.”
- U.S. DOT Federal Highway Administration

“[We] support the development and implementation of warm-
mix asphalt ... this will inevitably become the standard practice
for asphalt mixture production.”

- Global Asphalt Pavement Alliance

“WMA is the future of flexible pavements in the U.S. ... lowering our
PA production and paving temperatures promises improved energy

=g ; ; e
et e | consumption, operations, and quality.

-Mike Acott, President, NAPA

“WMA technology provides an important tool to the pavement engineer ...
designers and contractors alike now have a great opportunity to learn more about
this promising practice which is revolutionizing the paving industry in North

America.” 0.
A =sphalt insiiue -Pete Grass, President, Asphalt Institute

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

gy categories
ade to-date in the US

omparing WMA to total
e US over the past decade

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

2/17/2017
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Audrey Copeland, PhD, PE

National Asphalt Pavement Association
Audrey@asphaltpavement.org

The Nation
SCIENCES - ENGIN

1G - MEDICIME

By the end of this Warm Mix Brief | -, you will
understand:

The Nation miies of
SCIENCES « ENGINEE 1G - MEDICIME

Volumetric Mix Design
Higher RAP Contents

Contractors Fractionating
U.S. Use of Reclaimed Asphalt
PRACTICE & || Shingles

CHALLENGES More states specifying binder

replacement (or equivalent)

No consensus on cracking
performance testing

WNMA use continues to grow
(in most areas)
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Warm-Mix Asphalt
* Reduced Mixing temperatures (502-10092 F)

' AVERICARDESONUS | Asphalt.

Benefits of Warm Mix Asphalt

CONSTRUCTION INNOVATION FORUM — 2013

Tons of HMA/WMA Produced Nationally

(in millions)
533 gy

470
402
362 360 360 382
IIIi 1 I
s 20 2012
SATETEA-LU

% 2007 Q0B M09 p010 el 013 214 BOAS 2016
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WTHAT'S 5% MORE
THAN LAST YEAR. OH, AND OVER
600% MORE THAN 2009

Estimated WMA Tons

T 140
JE 10
g 10 i
] = 80
Es 60
% Q 40
't - H
= =
= o
'09 '10 11 12 13 '14 '15

HCommerca& o 13 178 214 28 285 304

Residential
W Other Agency 3.6 9.8 163 i89 279 284 285
WDOT 8.6 20 346 464 55.7 56.9 609

W DOT W Other Agency W Commercia & Residential

WMA Usage
Percentage of Total Asphalt Production

in US

2009 2010 2011 2012 2013 2014 2015




Percent WMA Used by State

2/17/2017
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!

Information Series 138

Wh ere to fl n d Asphalt Pavement
the IateSt Industry Survey on

Recycled Materials and

SU rvey report: Warm-Mix Asphalt Usage

2014

Sth Annual Survey

www.asphaltpavement.org/recycling
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Contractor Use of WMA

U.S. Department of Transportation NAPA
Federal Highway Administration -;‘:.ﬂ

Working Together...

» Expert Task Groups

¢ Benchmarking

* Research & Pooled Fund Studies

» Standards and Specifications

¢ Resources

Towards the Future...

As of 2013, 49 State DOTSs support
use of WMA (FHWA).

When WMA is fully implemented,
U.S. will save 150 million gallons
of No. 2 fuel oil per year — cutting

carbon dioxide emissions by an
equivalent of 210,000 cars

Warm Mix Asphalt annually.
(WMB) USDOT estimates by 2020, use of
WMA will save more than $3.5

million by reducing fuel needed to
produce asphalt mixtures.
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U.S. Department of Transportation

Federal Highway Administration LTPP WMA Study

Short & Long-Term Performance of WMA & HMA
Several WMA technologies considered

Field performance, lab test data

Benefits and performance prediction

RAP included and some RAS

TRB Papers

Partnership for Inno
in Asphalt Pavemei

Warm-Mix Asphalt:
European Practice
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TR REERETER NCHRP RESEARCH
9-43, WMA Mix Design (completed)
9-47 WMA Emissions, Properties (complete)
9-47A, Properties and Performance of WMA (complete)
9-49, WMA Moisture Susceptibility (complete)
9-49A, Long-Term Field Performance (2016)
9-53, Properties of Foamed WMA (complete)
9-55, Shingles and RAP/RAS in WMA (2016)
20-07(311) Development of a WMA Technology Evaluation Program
(complete)
20-44(01) Increasing WMA Implementation by Leveraging State-of-
Knowledge (2018)

Over S5 million devoted to WMA research!

NCHRP &3l NCHRP

REPOAT 691

Special Mixture Design
Considerations and Methods for

e Prectizes.

or Warm Mix Asphalt

Special Mixture Des|
AASHTO R 35 for Sup Cansiderallionsland Mm‘ggs for

include considerations Warm Mix Asphalt (WMA)

An Appendix to AASHTO R15
Standard Proctice for Superpave
Volumetric Design for Hot-Mix
Asphalt (HMA)

Web Based Training

Course Description

BT T T ———
-

DESERIFTION




2/17/2017

NCHRP

REPORT 763

REPORT 807

Evaluation of the Moisture
susceptiility of WMA
Technologies
REPORT 779
Properties of Foar
Asphalt for Warm
Asphalt Applicati

ield Performance of Warm
Mix Asphalt Technologies

RESEARCH PROJECT
SUMMARY
January 2017

THINLAY
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Quantifying the Asphalt Industry’s
Environmental Impact

Environmental Facts

Functional Unit: 1 metric ton of Asphalt Cement

Primary Energy Demand (MJ)
Nor-Renewible Energy (M) General Program Instructions o
Renewable Energy (MJ) . mmrx;w Pragras

Global Warming Potential (kg COseq)

Acidification Potential (kg SO.eq)

Eutroplcation Potential (kg Neq)

Ozone Depletion Potential (kg CFC-11eq)  7.3x<10*

Smﬁ Potential !k! 0:!:1 4.4

Boundanes. Cradie-to-Gate
Comparry: XYZ Asphalt
RAP: 10%

www.AsphaltPavement.org/EPD

Everal O

ECO~#LABEL

Quantify potential environmental
impacts of an asphalt mixture

# Meet material credit requlrements of green rating syslems affordably

# Meet public agency req 1ts to quantify a p. -

sustainability Reumil Fang €14 e

# |dentify opportunities to improve operational efficiencies EFEE:E

= Streamline collection process for corporate sustainability reporting e —

= Ensure an even playing field in the green construction sector e

# Tool available beginning April 1, 2017 w
=

www.AsphaltPavement.org/EPD

Ma{y have hlgher initial cost than other preservatxon
strategies.

—Provide longer Isfe
—Thinner lifts

reenings and«secycled materials
, rubber)




PosiTion ==
POSITION. o 5 e

Thinlays: The Pavement Preservation Tool of Choice
NAPA Position on Thin Asphalt Overlays for Pavement Preservation

Every day in 2011, more than 48 milion tons. of goods, worth soma $45 billicn, wene
transported across was carried over the

nation's highways wstration (FHWA), 49.4
percent of vehicle | stem faied o meet the
standard of “good ‘wiled to reach the less
stingent “acceptat a"... direct impact on

wvehicle operating ¢ les and repair costs.

Poorpavemenicd cAfFF. SMOOTH. DURABLE. npact on crash rates.™
Given the value of _ s, and the effect of

road condlion on costs, time, and safety for the publkc, it is critical that our nators highways
and roads be kept in proper condiion

Mary agencies apply pavement pressrvation technigues 1o cost effectively mai

2/17/2017

5. [NAY

RERLEEE|

THIN HMA OVERLAYS FOR
PAVEMENT PRESERVATION
AND LOW VOLUME ASPHALT
RADADS

www.asphaltpavement.org/Thinlsin  www.ncat.us/files/reports/2013/rep13-05.pdf
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UTCOMES REVIEW

e state-of-practice of the industry influencing
MA use

¢ The benefits of WMA

« Benchmarks, improvement efforts, & resources
for WMA use

« Technologies for expanding use of WMA

The National Academies of
SCIENCES - ENGINEERING < MEDICINE

2/17/2017

The National Academies of
SCIENCES - ENGINEERING < MEDICINE
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M MIX BRIEF 2-1
ARY OF NCHRP 9-43:

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

3/10/2017

OUTCOMES

ntify the key features of the mix design process for
~ WMA, including major differences from HMA mix design

» Recall why coating and compactability are evaluated
during WMA design

« Describe how rutting resistance is evaluated in WMA
design

* Discuss recent research and possible future changes in
AASHTO R 35

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

WNMA BRIEF 2-1, PART 1:
MIX DESIGN OVERVIEW

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




N CATEGORIES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

3/10/2017

OM NCHRP 9-43 MIX
OCEDURES FOR WMA

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Materials Se

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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IAL SELECTION
- HwA

WMA Process NA Producer Selected

Aggregate AASHTO M323 AASHTO M323

RAP AASHTO M323 Compaction Temp

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

ETRIC DESIGN

Item HMA WMA
Mixing & Viscosity Coating
Compaction Compactability
Temperatures

Optimum AASHTO M323 AASHTO M323
Binder Volumetrics Volumetrics
Content

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

AASHTO T195

AASHTO T283 AASHTO T283
Sensitivity

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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A BRIEF 2-1, PART 2:
PPENDIX TO AASHTO R 35

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

. Equipment for designing WMA e —
> Fa T SPECIAL WITURE DESIGN CONSIGERATIONS AND PRAGTICES

. WMA technology selection FORWARM MIX ASPHALT (WMA)

. Binder grade selection

. RAP in WMA

. Technology-specific specimen
fabrication procedures

Evaluations

e i s e it 1 WA
Ay ko o ot
e 8 O

* Coating
* Compactability

i s et 5 T e
ot e

* Moisture sensitivity :,
* Rutting resistance
. Adjusting the mixture to meet
specification requirements
=
The National Academies of

SCIENCES - ENGINEERING < MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




¢ WMA mix design requi
— WMA product

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

¢ Use same grade as HMA
W lowTemeprature Grade @ High Temperature Grade

LEA-100F

lant Faam -60 F

Advera T”F

0.0
Change in Grade (HMA Control - WMA), °C

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Start of Field C

100 112 124 136
RAP High Temperature Grade, °C

148

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

3/10/2017




e Low temperature gra

.1_1'_@;._1._.__JIJM NN

Virgin Binder 1T
/ ! ) = >

T

T RAP Binder
| e e e

=
«n

Low Temperatue Grade, °C
&
\
\

40 60

Binder Replacement, %

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

PECIFIC SPECIMEN
\TION PROCEDURES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

¢ Prepare loose mix a
fabrication proc:

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

3/10/2017




PACTABILITY

Prepare mix for fo
specific gravity

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

ACTABILITY RESULT

Gmm 2.674
Gmb J| 2561 | 2573
C_ Height, mm >
Gyrations| Specimen T Specimen 2| |Speciment]
0 139.0 138.3 78.3
1 134.9 134.1 80.7
1317 130.8 82.6

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

3/10/2017
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JRE SENSITIVITY AND
UTTING RESISTANCE

Million ESALs
<3
3to<10
10to<30
\ >30

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

E MIXTURE TO MEET

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




- WMA BRIEF 2-1:
- RECENT RESEARCH AND
POSSIBLE FUTURE
CHANGES IN R 35

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

3/10/2017

SEARCH ON WMA AND
SIBLE FUTURE CHANGES

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

+7A RECOMMENDATIONS

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




: FOAMED ASPHALT
X DESIGN METHOD
(= ] w1 B Ttassse

Pass AASHTODOT
Specification

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

We are at the
should

where to find the main AASHTO standard related to
VIA mix design
dentify the key features of the mix design process for

WMA, including major differences from HMA mix design

» Recall why coating and compactability are evaluated
during WMA design

» Describe how rutting resistance is evaluated in WMA
design

« Discuss recent research and possible future changes in
AASHTO R 35

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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of Foamed Asphalt for
ix Asphalt Applications

College Station, TX 77843
979-458-2301
d-newcomb@tamu.edu

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

OUTCOMES

cuss the properties of foamed asphalt that relate to mixture
performance

Describe the approach to designing asphalt mixtures using
foam processes

Discuss variables that affect the performance of foamed
asphalt

Describe tests for workability and coatability

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




Field Foam

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Laboratory Foz

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Te4-22_1%

——1% sample £1
—8—1%_Sanple £

Expansicn Ratio

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Moisture Content

25

Expansion Ratio
=

A
* AB Wirigen A Accufoamer
= A7 Wirtgen © AT Accufoamer
| AVT Wirtgen V7 Accufoamer
0% 1% 2% I% 4% 5% 6%

Water Content (%)

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Bubble Size Dist

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Expansion Ratio

Bubble Size wi

20 40 60 B0 100
Tima [sec]

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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DEVELOP LABOR

¢ Coatability
— Coarse agg

April21,2014 The Napipnabdademies of NCHRP 9-53
SCIENCES - ENGINEERING - MEDICINE

Coatability Evaluation
= Control HMA mFoamed WhA at 1%
wFoamed WMA m 2% Foamed WA a1 3%

Y6422

: 6422 06422
Binder Source

Contability Index

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Shear Stress

10 100
Sumber of 36U Gyratlons

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

‘Workablity Evaluation
® Control HMA @mFoamed WMA at 1%
50 @Foamed WMA at 2% @Foamed WMA at 3%
ERTE .
E 430 ! :
Z
L | - |
3 420
]
e 410 -
E
= 400 N = - -
H
390 - -
380
N64-22 064-22 Y64-22
Binder Source
The National Academies of

SCIENCES - ENGINEERING < MEDICINE

DEVELOP FOAM MIX DESIGN PROTOCOL

SUPERPAVE MIX DESIGN
Laser/Camera AASHTO R35

phaltbinder
or addimodiy foaming

Workability Evaluation
on Foamed Mixture at
OPTIMUM WATER Optimum
CONTENT (W,,,%) Binder
DETERMINATION Content
Coatability Evaluation on

Indirect Tensile (IDT)
Strength per
AASHTO T 283 Pass AASHTO/DOT

Resilient Modulus (My)
D

o R
EVALUATION . = amic Mo -

‘Hamburg Wheel Tracking
Test (HWTT) per
AASHTO T 324 or Flow

Number per TP79

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Workability Evaluation

Optimum
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The National Academies of
SCIENCES - ENGINEERING - MEDICINE

¢ Evaluate f

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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e Foaming
0 Sourci

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

2/21/2017




Vix Brief #2-3
d Performance of Warm
Asphalt Pavements

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

By the end o

{ the approach that was used to evaluate the long-term
ield performance of WMA pavements

* Compare the long-term field performance of WMA pavement
as compared to HMA pavement
— Transverse cracking
— Wheel-path longitudinal cracking
— Rutting

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

* Introduction

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

3/10/2017




low WMA compares with HMA in terms of specific
performance
— What are the critical material properties that could have
significant impact on the long-term performance of WMA

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Organic
Additive,
16.9%

. Modise Teres, _Revix, 1.0%

7=

The National Academies of
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Two-round Fie

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




Two-round Field D
Wheel-path Lon

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Two-round Field

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Material Charac
g IDT Dynamic Fati
Mixiue Modulus/Creep IDT F
Test %
Compliance
Temp.:
ot oF -
Testing 14 32.50, 68, 86°F;
Conditions. Frequency:
20, 10,5, 1,0.1,0.01
Duration: 100 secol

Material
Properties

References
/Standards

=]

Ny

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Testing
Conditions

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

¢ Introductio

= Transverse Cracking

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
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The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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¢ Introductio

= Wheel-path Longitudinal Cracking

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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The National Academies of
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Wheel-Path Longit
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¢ Introduction
* Researc

= Rutting & Moisture

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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045

« WMA

=]
B

d
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Second-Round Rut Depth, in.
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Pavement Age, years
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Moisture

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Moisture
- Lab Ha

R af Payses o SI°

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Introduction

Findings

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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ransverse cracking could be a combination of thermal and
reflective cracking.

— Younger pavements show less transverse cracks.

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Findings: Wheel-p:

¢ Wheel-path longi

— more longitudinal crack is seen in HMA and WMA pavements
with an age of 6 years or longer.

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

rutting perfor

— WMA pavements performed similarly in moisture resistance
as HMA pavements.

— suggesting that use of anti-stripping agent may be beneficial
overall for both HMA and WMA mixtures.

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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OUTCOMES

x;')lain the approach that was used to evaluate the long-term
field performance of WMA pavements

» Compare the long-term field performance of WMA pavement
as compared to HMA pavement
— Transverse cracking
— Wheel-path longitudinal cracking
— Rutting

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Mix Brief #2-4
spective on WMA Placement

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

OUTCOMES

plain the economic and environmental reasons to construct
lexible pavements with WMA

s Compare the post-construction densities for WMA and HMA
over time for a project in North Carolina

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Perspective o

Improves mix workability in high percentage RAP

mixes, long hauls, & where excessive handwork is
involved

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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)to Protocol: UN Framework Convention
ate change to reduce 4 greenhouse gasses
arbon dioxide, methane, nitrous oxide, &

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

WMA
(no Aspha-min) (with Aspha-min)

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Stack Observatior

(no Aspha-min) (with Aspha-min)

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




Modified Stack

Test Sequence 0, co, co SO, NO, THC

% % ppm ppm ppm ppm
Emissions before product was added 15.74 4.10 26.12 22.38 54.35 39.81
Emissions during product addition 15.93 4.00 27.28 17.29 50.47 24.25
Emissions after product was added 15.84 4.05 26.74 19.58 53.11 35.12

Average emissions before & after

product addition 1575 4.10 26.43 20.98 53.73 37.46

Difference between average normal

operating period and product addition -0.14 0.09 -0.85 3.69 3.26 13.22
Percent reduction in emissions -0.90% 230%  -3.20% 17.60%  6.10%  35.30%

02 :0xygen  CO2: Carbon Dioxide  CO: Carbon Monoxide SO2: Sulfur Dioxide  NOx: Nitrogen Oxide
THC: Total Hydrocarbons

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

spproval
‘stanuses baved on the consinction and periomance of NCDOT-approved job mx fomulns
technoioay

and currord approval stshis.
The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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WMA Project on Old

The National Academies of
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WMA Project on Old

The National Academies of
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WMA Project on Old

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Warm Mix Asphalt Densities

3/8/2017
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The National Academies of
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The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Old Statesville Rd: WMA vs. HMA

mpaction




3/8/2017

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




WMA Project: CMP K

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Carolina Motorspor

.70 MILE KART TRACK
CcCOoOMING SOON

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Compaction / Workabilit

2000
vam—
g i
qum il I
00— "“*mmnnm RANEEL —|
B4-22 FOAMED
| 1 1 | 1 1
=0 m 0 e m a0 0
TEMPERATURE
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] akes 440 BTUs to raise 1 ton of aggregate 1°F

* (11,000 / 140,000) x $1.65 = $0.13

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

vs. Benefits

"‘No bonus for higher density

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

ul
in the economic and environmental reasons to construct
ble pavements with WMA

g 'Compare the post-construction densities for WMA and HMA
over time for a project in North Carolina

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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ance: WMA Mixture
d Performance

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

By the end of this W
be able to:

design process and placement of WMA in
atistically the performance of WMA from various
scribe the use of RAP in WMA in Florida, and

how the successes and concerns of WMA as seen by FL
contractors.

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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¢ Introduction

Implementation

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Introductic

¢ WMA has been used in Florida sin

¢ In Florida, WMA is asphalt wi
additive or process produce
than conventional hot mi
¢ WMA asphaltisan o
the asphalt prod

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

ensures the mobility of people a
prosperity and preserves the g
communities.

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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WMA Implem
¢ In Florida, there are three step

¢ Be acknowledged by anoth
warm mix technology o
http://warmmixasph

constructed natio

Partner with a

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Approved WMA Tech

AD-here LOF 65-00/Cecabase RT 945
Aqua Foam System
Aspha-min Zeolite

Double Barrel Green System
Eco Foam Il
Evotherm DAT H-5
Evotherm M-1

Ultrafoam GX Process

Warm Mix Asphalt System
ZycoTherm

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

http://www.fdot.gov/materials/quality/progr:

3/13/2017




Tonnage
Total Asphalt Percent WMA

4,049,000 730
2007 4,514,000 9,856 0.22
2008 5,233,000 9,545 0.18
2009 5,015,000 187,236 3.73
2010 5,151,000 223,942 4.35
2011 4,418,000 252,402 5.71
2012 4,827,000 113,928 236
2013 4,548,000 230,729 5.07

4,277,352 231,922

4,780,423 64,584

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Percent WMA Tonnage

Zycotherm, 0%

AD-hore LOF 65-00/Cocabase RT 945, 7%

Warm Mix Asphalt
Systern, 63

Evotherm DAT H-5,
%
Aspha-min Zeolite,

Eco Foam |1, 0% o

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

FDOT WMA Mixture D

Similar to the hot mix asphalt mi
are responsible for designing
FDOT specifications.
¢ Each mix design may
Switching processe

The asphalt pro

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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What is Different o

Product

SPW 13-12049A (TL-D)

(Party
Mixing Temperature _
(Plesacdmery)
Compaction Temperature 270

27 _*

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

FDOT WM

¢ Market driven. No incen

¢ Any approved WMA
be indicated on t

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

WMA Mixture Proo

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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WMA Placement a
Equipme

¢ Same as HMA, must mee
ride, and texture as

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

WMA Testing and A

¢ Must meet the same requir

— Air voids
— Densi
ty Table 334-5
— AC content Master Produstion Range

— Gradation

Passingg No. 200 Sicve
Air Vo

o). s ssrage o § sy, i o

Table 333-%
Specification Limits
Quality €
Passing No. ¥ sseve | percent)
Fassing No. 2100 sscve | percent)
Asphalt Content { percent)

! Air Vaids [ percent)
Drisity, vibeatory modk: { peroent of Ciet
desity, satic minde { percent

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

RAP and

¢ Same requirements as HMA
— Limited to 20% RAP with
— No RAP limit with nea

Percent RAP Asphalt Binder Grade
0-15 PG 67-22
16 -30 PG 58-22
>30 PG 52-28

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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RAP and WI

¢ RAP usage in all Florida asphalt

RAP Usage in Mixtures without RAP Restrictions

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

HMA / WMA De

¢ Average Density of HMA and WM

2009.
— HMA =92.45%
— WMA =92.38%

— No significant differer

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Warm Mix Perform

* Initial WMA Performance Report
— No performance issues documen
— Three initial projects, two de
— Control sections also pla

Mix Type OGFC Dense SP 12.5 mm Dense SP 12.5 mm
WMA process Aspha-min Zeolite | Evotherm DAT H-5 | Double Barrel Green System
Date paved May 2006 October 2007 December 2007

Process HMA WMA HMA WMA HMA WMA

Mix Temperature (°F) 320 270 325 250 310 270
Energy ratio 0.47 0.60 1.66 1.64 1.70 1.85

APA rut depth (mm) - - 2.8 2.8 4.1 2.7

Moisture Damage TSR - - 70 65 61 58

| The National Academies of |
SCIENCES - ENGINEERING - MEDICINE




SR 417 Perfo

* SR 417, Warm Mix in OGFC
— WMA Process: Aspha-mi
— Some rippling began

3/13/2017

< = May 2006 October 2016
HMA OGFC WMA OGFC HMA OGFC WMA OGFC
Rutting (inches) 0.00 0.00 0.07 0.02
Crack rating (0-10) 10 10 10 10
Ride (Average IRI) 46 51 62 75
The National Academies of
SCIENCES - ENGINEERING + MEDICINE
US 92 Perfor
e US 92, Warm mix in dense
only. Overlaid with OGF
— WMA Process: Evoth
— A new project be
PCS Test Date -
A November 2007 January 2014
HMA SP 12.5 WMA SP 12.5 HMASP 125 | WMASP 125
Rutting (inches) 0.03 0.03 0.09 0.11
Crack rating (0-10) 10 10 10 10
Ride (Average IRI) 54 56 60 54
The National Academies of
SCIENCES - ENGINEERING + MEDICINE
SR 11 Perfor
* SR 11, Warm mix in dense
45% RAP.
— Overlaid with 1.5” de
— WMA Process: D
A June 2008 October 2016
HMA SP 12.5 WMA SP 12.5 HMASP 125 | WMASP 125
Rutting (inches) 0.03 0.05 0.06 0.10
Crack rating (0-10) 10 10 10 7.0
Ride (Average IRI) 50 46 73 59

The National Academies of

SCIENCES - ENGINEERING < MEDICINE




I-10
e Structural Course in al
12.5 with PG 76-2
* WMA process
¢ OGFCinth
* OGFCi
Date and e pe
° October 2013 October 2016
HMA OGFC WMA OGFC HMA OGFC WMA OGFC
Lane Inside Inside Outside | Outside | Inside | Inside | Outside | Outside
EB WB EB WB EB WB EB WB
Rutting (in.) 0.04 0.04 0.07 0.03 0.06 0.05 0.05 0.10
Ride (Avg. IRI) | 38 39 37 34 46 | 49 40 37
The National Academies of
SCIEMCES * EMGIMEERING < MEDICINE
Contractor A

¢ Once they optimized t
have been able to
consistently me

Experienced

¢ WMA opti

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Contractor

The fuel savings is sm

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Other WMA Infor

¢ In Florida, three approved warm n
approved liquid anti-stripping
— AD-here LOF 65-00 with Cec
— Evotherm M1
— ZycoTherm

¢ Anti-stripping age

(APL), not the n

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

By the end of this Warn
be able to:

esign process and placement of WMA in

ally the performance of WMA from various

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Questions? Please contact me.
howard.moseley@dot.state.fl.us

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Brief #3-1

aboratory Aging of
es, NCHRP 9-52 & 9-52A

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

By the end of thi
be able to:

e relationship between short-term lab and field

derstand the impact of WMA and aggregate absorption on
he aging of asphalt
* Understand the relationship between climate and intermediate
aging of asphalt
« Be able to identify the point at which WMA stiffness = HMA
stiffness for cold and warm climates

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Environmental Zones

e Field Projects
@ - Dry-Freeze
: :::a::: ﬂ{ Projects

The National Academies of
SCIENCES - ENGINEERING - MEDICINE




FieldProject ~ WMA _roduction o Tvpe RAP/RAs  Agsregate Gl
Temperature Absorption  Source

Texas |

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Validation

uodNSuo)

2h@240F /  Stabilize@240F

Volumetrics: G, & Py,
Stiffness: M & E*
Rutting Resistance: HWTT

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Summary —

The National Academies of
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Field Mg Ratio vs. CD|

[ :m.u.mx.m,[,

LTOA Protocols
Avg Stdev

2W@140°F 1.478 0.233
SD@185°F 1.781 0.279

o 10000 20000 30000 o000

®2weeksal A0 @5 days at 185°F

Cumulative Degree Days (‘F-days)

LTOA Protocols CDD

2W@140°F 9,600

SD@185°F 17,500 /T

0 10000 20000 30000 40000
Cumulative Degres Days (*F-days)
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Summary — LTOA

* Proposed CDD

In-Service Time

LTOA Protocols

Warmer Climates  Colder Climates

2 weeks at 140°F 7 months 12 months

9,600

5daysat 185°F 17,500 12 months 23 months

The National Academies of
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Factor Analysi

Short-Term:
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1000

800

g

WMA - Mg (ksi)

HMA - My, (ksi)
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BMP Mixture - My, (ksi)

O Field Cores
'

1 w 0 ) 40
‘M Mictuce 1, Ralio

DMP Mixture - Mg, (ksi)
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Factor Analysis

Short-Term

RAPIRAS Mixture - My, (ksi)

No RAPIRAS Mixture - Mg (ksi)
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Factor Analysis —
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High Absorption Mixture - My, (ksi)

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

2/21/2017




Mixture with Binder V - Mg (ksi)

400 600 800
Mixture with Binder A - Mg (ksi)
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OUTCOMES

Variables Impacting Aging: Recycled Materials, WMA
Technology, Aggregate Absorption, Asphalt Source
s LTOA of 5 Days at 185F Same as 12 mos. in Warm Climate
and 23 mos. in Cold Climate
* WMA = HMA, in 2-3 mos.
« WMA=HMA
— Warm Climate 17 mos.
— Cold Climate 30 mos.
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Aix Brief #4-1
g RAP/RAS Contents
Recycling Agents
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By the end o

objectives of NCHRP 9-58 & use of WMA in field projects

Describe the approach used to evaluate the use of Recycling
Agents to increase RAP and RAS contents in NCHRP 9-58

« List findings to date and next steps

The National Academies of
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INTRODUCTION
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NCHRP 9-58 The Effects o
Asphalt Mixtures with H
Ratios — TTI, UNR,

O Assess effectiven

The National Academies of
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Research Plan

PHASE |
Identification of Gaps in
Knowledge on RA Use with High
RBRs

Task 1. Gather Information

Task 2. Design Laboratory
Experiment
Task 5. Design Field
" Experiment and Document rask 8. Develop Training
%:r:;ﬁ:‘;:;‘:‘s " Results in Second Interim terials and Best Practices
Report and Deliver Workshop

Task 9. Document Results in
Final Report

PHASE Il
igation of i of
RAs in Restoring Binder Rheology,

Development of Blending
Protocol, and Associated Mixture
Performance

PHASE Il

Mixtures
with High RBRs

Task 6. Conduct Field
Experiment

Task 4. Conduct Laboratory ropose Revisions to
Experiment 'AASHTO Specifications and

Test Methods

SCIENCES « ENGI

o Field Projects

@ - Vet Fraene IN 9/15: 0..3, 0.4 RBR

WI19/16: 0.2, 0.3 RBR
RA: V2

DE 12/16:
0.3,0.4RBR

RA: T2
NV 9/15: 0.3 RAPBR 1 mixture
RAs: T2+ A2 w/WMA

TX 6/14: 0.
RA:T:

+ 1 mixture /WMA

.3 RBR
1
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BINDER &

UPG - BOTH
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U stiffness
- M, @25°C
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URA Dosage Selection
material combinatio
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OComplete
chemi

The National Academies of
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Hl;e the approach used to evaluate the use of Recycling
gents to increase RAP and RAS contents in NCHRP 9-58

« List findings to date and next steps
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By the end o
be able to

inherent challenges of combining WMA and recycled
aterials

Discuss the advantages seen with combining WMA with
recycled materials

= Explain how recycled materials and WMA impact construction

The National Academies of
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BRIEF 4-2

Estimated WMA Tons

T a0
2
33
T a0
22 o
g2 =
A
: o =1 . . . . .
9 10 11 12 13 14 15

“rommercaf 4o 413 178 214 228 285 304

Residential
M Other Agency 3.6 5.8 163 189 2789 284 285
EDOT B.G 20 346 46.4 55.7 56.9 G0.9

WDOT @ Other Agency W Commercia & Residential
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IX BRIEF 4-2

RAF Tare, Kl an
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IX BRIEF 4-2
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IX BRIEF 4-2

Can recycled materials and WMA
work together?
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BRIEF 4-2

¢ Why might t
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BRIEF 4-2

Shingle Asphalt
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MIX BRIEF 4-2
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IX BRIEF 4-2

%
% .
Lrvm T . sl
508 1 ¥ VL Ay § o B 7J‘/‘."
g « s el _—
X — R -
i'! N /_/J = 024
: g = e
.. =
5” ‘ i P
— .
9 = A
H .
im
*o

L %0 100 no 120 130 140 150 160 170
Compaction Temperature, degree C
« Foam 165C & Foam 132C
= = Linear (Foam 165C)- - - -Linear (Foam 132C)

=
—— Linear (HMA)
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Timm, West, an

10,000,000 100,000,000

W511-3 WMA-Additive
%510-3 WMA-Fosm

Mazimum Tensile Strain (ue)

«59-3 Control
# N11-3 RAP-WMA

 N10-3 RAP-HMA
Cycles to Failure (BBFT) at 20°C
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Timm, West, an

5113 WiiA-Additive
%5103 WMA-Foam
»59-3 Control

® N11-3 RAP-WMA

Maximum Opening Displacement (mm)

4 N10-3 RAP-HMA

Overlay Test (NCAT) Cycles to Failure at 25°C
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Timm, West, an

—w-510 WMA-Foam

8- 511 WMA-Additive
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IX BRIEF 4-2
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IX BRIEF 4-2

¢ Construct
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Porous HMA Porous WMA RAP Porous HMA ~ RAP Porous WMA

Fig. 4. Comparison of compaction energy for porous asphalt with and
without RAP
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SCIENCES - ENGINEERING - MEDICINE




3/6/2017

RAP% HMA (%) Evotherm | Foamer (%)
(%)
-12 -6

0% Control

20% 6 0
40% with PG 35 12
64-22
40% with PG -6 18
58-28
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¢ Theinherent
materials
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Brief #4-3
ia: Use of WMA in Mixes
er

Content
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By the end of thi
be able to:

e differences between HMA and WMA used with
ed tire rubber content
cribe whether the addition of additives to reduce the
production and construction temperatures of asphalt concrete
influences performance
Identify the impact on pavement rutting performance of WMA
mixtures with recycled tire rubber content, both experimentally
(using accelerated pavement testing and in the lab) and in the
field

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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¢ Introduction

* Objectives and

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

— Many projects, but limited long-term
monitoring
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t paving, long hauls,
nvironmental, worker safety and
health, etc.
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and workplan

APT and lab testing results

¢ Field tests

e Conclusions & implementation

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Phase 3:

e Test track 110m x
¢ Nine cells (37m
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UCPRC - Lab and

The National Academies of
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Phase 3: Constru

Rubber content

Binder content*  [SSSEZEE 7

Prod Temp °C

Pave Temp** °C
|

Air voids %

Target 7.3% ** Behind screed

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Phase 3: Constr

Parameter Control Wax Chem Foam  Surfact-
Foam ant
Rubber content 19%

Air temp °C 7-9

Haul Time + 120 minutes
Binder content* 3 d 7.6

Prod Temp °C 145

Pave Temp** °C 130 125
Air voids % 10.7 9.1

* Target 8.3% ** Behind screed

The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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Phase 3: Control
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Phase 3: Warm-mix
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Outline

s & implementation
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Phase 3: HVS & Laboratory Testing

di—

Standard rutting test: 40, 60, and 80kN half axle loads
Pavement temperature: 50°C at 50mm

Lab testing (specimens cored/cut from track): Rutting, fatigue,
moisture sensitivity, emissions

The National Academies of
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Test Track Rutting

40kN 60kN 80kN

—=— Control
4 —— Advera
—+— Astec DBG
6 - Rediset
—o- Sasobit

? W
12

Average Maximum Rut Depth (mm
®

14 +
16 t t t t t t t
0 50 100 150 200 250 300 350 400
Number of Load Repetitions (x 1,000)
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Tensile Stren

CDry EEWet -=-TSR

The National Academies of
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onstruction

and lab testing results

e Conclusions & implementation
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Point Arena:

The National Academies of
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construction

and lab testing results

The National Academies of
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Phase 3
¢ R-WMA mixes have si

— Long hauls, early/late paving, night paving, thin lift
construction, etc.
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General Conc

Confirmed that e
performance c

Beware initial tenderness/initial
higher rutting

— WMA does not replace good
engineering practice

The National Academies of
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e differences between HMA and WMA used with
ire rubber content
)escribe whether the addition of additives to reduce the
production and construction temperatures of asphalt concrete

influences performance

Identify the impact on pavement rutting performance of WMA
mixtures with recycled tire rubber content, both experimentally
(using accelerated pavement testing and in the lab) and in the
field

The National Academies of
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Brief #5-1
sceptibility of WMA

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

he approach used to evaluate Moisture
eptibility of WMA in NCHRP 9-49

tify evaluation guidelines developed in NCHRP 9-49

s Describe the approach used to verify evaluation thresholds
in NCHRP 9-49B

 List contributions from NCHRP 9-49 and NCHRP 9-49B

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

INTRODUCTION
¢ WMA with foaming
additives provid
economic,
environme
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NCHRP 9-49 Performanc
Stage | — Mois
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NCHRP 9-49
Laboratory Tests

 Indirect Tensile (ID
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¢ Hamburg Whee
— Stripping |
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NCHRP 9-49 Performance Summary

Id Climate WMA WMA
Project Traffic Field to 3/13 Lab
n PG58-28 . = Field
Us 34 Wet, F/T 17% RAP WMASs vulnerable early,
o/11 Moderate Sasobit, Ravelin some ok w/age;
Evotherm e lab tests separate
:Ii(ll Hot, Wet PG70-22 “="Field
973 Heavy Foaming, f WMASs vulnerable early, ok
112 Trucks Evotherm w/age
PG70-28
MT Cold, 1.4% Lime {.‘ o
I-15 Multi-F/T Foaming, ;:-Iselltde exceptwet DT/TSE,
10/11 Heavy Sasobit,
Evotherm
PG64-28
NM \Az;yt'ef°|:‘i . 35";’;” W = Field except wet IDT/TSR,
1-25 ! . LMLC; Mg-ratio, LMLC;
Summer Versabind . "
10/12 N Foaming, on-site
Heavy Foaming,
Evotherm
. 8
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Addimodify
D ; S)_/re\& Zﬁ;psl m?;;i'ng
s TSR 270% e
mixture
Wet Moisture components
My & >200ksi s bl
0 M- &270% ‘:\“g‘(;y’
ratio it .
SIP & evaluate
Striping gzg,soo &1 mixture
Slope 3um/eycle with
LTOA
OK with
Summer Agil
. >115psi "“;‘ S
OK wilhA
2450ksi Wet M, —
OK with 212,000 & S;‘:p‘f;g
i <l4um/eycle Slope
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TSR & Wet IDT Strength
(off-site PMLC specim

120%

NCAT

100%
. |t EMODOT
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o .
2 s wheel paths o L] eapor

.
s
-

IDT Strength =100psi

DAKDOT

0 50 100 150 200
Wet IDT Strength (psi)
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2 2 2 2

True Positive FAIL: FAIL %
False Negative PASS:FAILYE O 0 0 0

False Positive FAIL: PASS 3@ 8 8 10 15

True Negative PASS : PASS v 43 43 41 36

1.00 1.00 1.00 1.00

0.16 0.16 0.20 0.29

0.85 0.85 0.81
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ROC Space
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The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Saturated-Surface
Dry (SSD)

The National Academies of
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My, Test

Moisture Lottman
Conditioning

Protocols

I Dry Control F

IDT Strength
Test

Moisture Induced
Stress Tester

Hot Water Bath

APA Test

Specimen-
Drying
Methods

Modified
Lottman

IDT Strength
Test
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Statistic
° Sidietriadteirin: e D eng APA RRP
Protoco

Dry Control A A A
Modified Lottman B B
1,000-cycle MIST B B B-C
2,000-cycle MIST C C c-D

3-day HWB B B B

The National Acadenies of 7
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Specimen-Drying Method

¢ Saturated-surface dr
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AASHTO T283
IDT Strength per
7, AASHTO T283

My per modified
3-day HWB at ASTM D369

Loose Mix

AASHTO T283

IDT Strength per
AASHTO T283 1
Mif
and 40 psi
Compacted
3-day HWB at Specimen
60°C LTOA per
AASHTO R 30

AASHTO T 324

(LTOA Specimens) o The National Academies of
SCIENCES - ENGINEERING - MEDICINE
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DMES REVIEW

e approach used to evaluate Moisture Susceptibility of
CHRP 9-49

fy evaluation guidelines developed in NCHRP 9-49

Describe the approach used to verify evaluation thresholds in
NCHRP 9-49B

¢ List contributions from NCHRP 9-49 and NCHRP 9-49B
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ix Brief #5-2
Xxperience: Implementation
eld Performance of WMA
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DUTCOMES

derstand how Ohio DOT implemented WMA and why they
hose water injection over other technologies.

= Understand what water injection foamed WMA is and what
limitations there are.

» List pros and cons of water injection foamed WMA.

The National Academies of
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¢ Ohio DOT’s im
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¢ Ohio DOT’s im
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¢ Ohio DOT’s imp|

— Key Date
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What is water inj
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What is water injec

= =\
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¢ Ohio DOT’s impleme
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¢ Ohio DOT’s im
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WA Tons** | _ % WA
0

2006 4,173,618 0

2007 4,667,966 0 0
2008 5,130,600 10,430 0.2
2009 4,953,472 148,576 3.0
2010 6,104,867 1,948,162 32,0
2011 3,098,582 1,704,220 55.0
2012 4,900,000 2,891,000 59.0
2013 4,470,000 2,726,700 61.0
2014 4,737,330 3,167,862 66.9

* = Tons paid on projects and not tons sold
** = Water Injection Foamed
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¢ Ohio DOT’s im
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¢ Ohio DOT’s imp|
— Key Date:
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Tracking
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Tracking
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¢ Ohio DOT’s im
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¢ No major perfi
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Total Cores

Average % Density

Standard Deviation
50" Percentile
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Field Perform
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¢ Ohio DOT’s im
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Pros and Co
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nderstand how Ohio DOT implemented WMA and why they
chose water injection over other technologies.

Understand what water injection foamed WMA is and what
limitations there are.

List pros and cons of water injection foamed WMA.
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By the end of this Warn
be able to:

s associated with the use of WMA for
construction

2 Industry perspective for successfully moving
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Current Use

e What are you

 The items to be included here are the same as what
published in 2009
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amp of the Rockies, Hauled from Ft
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1-25 Co Springs North to Monument 2014
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Many other projects at local Agencies and CDOT
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ist the possibilities associated with the use of WMA for
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* Relate the Industry perspective for successfully moving
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