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Operations Aggregates-Asphalt
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European Scan Tour-Group
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Where the Group Visited
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Warm Mix Asphalt Benefits: &

Reduced Worker Exposure  "EG&R"

Typical
reductions:
30% to 50% P4
asphalt
fumes and
poly-cyclic
aromatic
hydro-
carbons
(PAHS)




Warm Mix Asphalt Benefits: &
Reduced Plant Emissions PAYRE & DOLAN

Typical T
reductions: &

25% Co,
25% SO,
35% VOC
20% CO
40% NO,




Payne & Dolan’s Interest initially =/}
was emissions DAY NE & DOLAN

INCORPORATED

Attainment and Nonattainment Areas in the U.S.
8-hour Ozone Standard

S B

e

[ Attainment {or Unclassifiable) Areas (2668 counties)
[ Monattainment Areas (432 entire counties)
[J Monattainment Areas (42 partial counties)




Warm Mix Asphalt Benefits: &7
Reduced Fuel Usage PAYIE & DOLAN
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Warm Mix Asphalt Benefits: &
Paving Benefits A & DEAN

Improved
workability

Extend Paving
Season

Pave through
cooler
temperatures

Haul longer
distances

Improved
Compaction

Better Ride IRI
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EXxperiences

First Warm Mix Project In Wisconsin and
Michigan 2006 -350K ton To Date

Sasobit-Wax
Evotherm-Emulsion Based and 3G
Advera-Zeolite-Additive “Foaming”
Gencor-Green Machine “Foaming”
Maxam-AquaBlack “Foaming”
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Sasobit — Sasol International
Fisher-Tropsch wax technology
Manufactured in South Africa

Added to bitumen at the Asphalt Cement
plant or pneumatically fed through the fiber
port of a drum plant.

Melting Temperature — 210F
Reduces the viscosity of the mix




=

PAYNE & DOLAN

INCORPORATED

www.payneanddolan.com




=

PAYNE & DOLAN

INCORPORATED

Manufactured by MeadWestvaco

Three Products:

Evotherm - Emulsion Technology with
Chemical Package.- 30% water

Evotherm DAT - Chemical Package — 10% water
Evotherm 3G M1 — Waterless technology.
Superpave E.3,E-1,E-3

Binder 64-22, 58-28,64-28

Average Temp Reduction 65 F

Average Field Density Improvement 1.1 Percent
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Asphalt Binder Testing 2

I_ b PAYNE & DOLAN
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Muskego Plant Emissions &

Testing N CORPORATER |
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Field Emissions
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Asphalt Fumes 2

PAYNE & DOLAN

(at the paver)
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Field Testing
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Field Results (Mix- &
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Final Product
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Moving forward with WMA i
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West Bend Airport
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West Bend Airport i

www.payneanddolan.com




=/

West Bend Ailrport 8 DOl

INCORPORATED




L 2
Paving in Echelon
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Finished Product
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Densities Average
903.2

Little to no reflective
bumps from crack
sealant

Mix volumetrics 100
percent pay

Extremely happy
owner
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Aggregate Moisture and Stockpiling

Burner Optimization at reduced
Temperatures

Baghouse Operations
Drum Operations and Flighting

Liquid Storage and Handling at Lower
Temperatures
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Keeping moisture out is a great way to start

Keep track of temperature drop of material

> 20°F from drum discharge to load out can
Indicate moisture

21/05/2007
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Cooler Asphalt Production temperatures doesn't
necessary mean cooler liquid binder
temperatures

Cooler liquid binder can affect pumping and
meter accuracy

Produce and pump liquid binder at the
temperature you are calibrated for

Modified binders have a steeper viscosity curves
and dramatically increase the problems with
meter accuracy if you try to pump at too cool of
temperatures
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Things to Watch PAYNE 8 DOLAN
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Advera-Attributes

Handwork segregation much improved at higher temperatures
Can be stored for 8 plus hours in silo and maintain properties
Improved ride with harsh mixes

Very consistent volumetrics

No change in TSR ratios

Very versatile in being used as compaction aid or warm mix
Paved in December in Wisconsin E-10 with 70-28P ol
Extends the paving season | | '
Cost $1.25-$2.00 ton
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Sasobit —Benefits
Field Crews - Slightly better hand work
Mix Tests and Volumetrics consistent
Very good densities at lower temperatures
No change in TSR values noticed
Mix costs associated with material $2.25-$3.00 ton
May give slightly stiffer binder grade
Plant modification costs $60K
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Gencor Green Machine T 2 DOLAN
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Gencor-Foaming Water

Installed directly on AC Line
Superpave E-1,E-3

Binder 58-28, 64-22

Mix Temp Average Reduction 35F
Densities equal to or better than control
Workability and handwork Improved

Material laydown behind screed improved less
dragging

¥
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Gencor-Foaming Water

= Mix Volumetrics slightly harder to control - not as
consistent as with control

= Mix cools faster in cold temperatures than control at
same temperature

= |deal for use during the summer and on commercial
mixes

= Unit cost $45-$55k
= Water costs minimal
= Very economical
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Maxam-Foaming Water

Installed directly on AC Line
Superpave E-1,E-3

Binder 58-28, 64-22

Mix Temp average reduction 35F
Densities equal to or better than control
Workability and handwork Improved

Material laydown behind screed improved — less
dragging




=/

Maxam AguaBlack ANE & DOLAN
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Maxam

Mix Volumetrics slightly harder to control - not as
consistent as with control

Mix cools faster in cold temperatures than control at
same temperature

|deal for use during the summer and on commercial
mixes

Unit cost $45-$55k
Water costs minimal
Very economical
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Virginia’s Warm Mix Experience

Stacey Diefenderfer, PhD., P.E.
Research Scientist
Virginia Transportation Research Councll

May 24, 2010



vire \/A’s Road to Implementation

e Evaluate warm mix asphalt
— Field evaluation during construction

— Lab evaluation of plant mix
e Specimens compacted on-site
 Reheated specimens

— Lab evaluation of lab-produced mix
— Long-term performance monitoring

* Long-term goals of studies
— Verify performance
— Specification



Research Program

 Monitored Field Installations - 2006
— Sasobit — US Rt. 211, Rappahannock County
— Sasobit — US Rt. 220, Highland County
— Evotherm ET — State Rt. 234, Williamsburg

e Lab Evaluation
— Sasobit
— Did not proceed with Evotherm ET

 Pending Work
— Foam processes



Field Evaluation

« HMA and WMA sections
— Same paving procedures

e Three trials / three contractors

« Evaluation
— In-place density

— Cores
e Density & Permeability

— Visual inspection
— Returned at 3-months, 6-months, 1-year, 2-years
— Plan to return at 5-years (2011)



Expectations

e Equal (or improved) properties
 Equal (or improved) paving
 Equal (or improved) performance

* Except for temperature, no changes were
made to plant or paving operations



Keys to Success

« Communication, Cooperation, and Planning
— Agency
— Contractor
— Technology manufacturer/representative

 Minimized “interference”
— No changes to typical operations

 Document successes and any reasons for
lack of success



Trial A — Aug. 11, 2006

Rappahannock County, VA

AADT: 1,100 vehicles, 2% trucks
Haul distance: 30 mi

1.5 in overlay

9.5mm NMAS surface mix, PG 64- 22
5.5% AC

20% RAP

Sasobit




Field Testing Summary

* No significant differences
— Nuclear density at construction
— Core air voids at construction, 3mo, 1yr, 2yr
— Permeability at all ages

 Significant difference
— Core air voids at 6mo (HMA: 6.2; WMA: 7.8)
— Due to random variability in coring

e QC results within acceptable limits
— No penalties assessed

e Visual assessment — no difference



A£vire  Trial B — Aug. 14-15, 2006

 Highland County, VA
e AADT: 780 vehicles, 9% trucks

e Haul distance: 45 miles, 1 hr 45 mins
 1.5iInch overlay

e 12.5mm NMAS surface mix, PG 64-22

e 5.3% AC
e 10% RAP
e Sasobit




Field Testing Summary

* No significant differences
— Nuclear density at construction, 3mo, 6mo, 1yr,
2yr
— Core air voids at construction, 3mo, 6mo, 1yr
 Significant difference
— Core air voids at 2yr (HMA: 9.5; WMA:7.4)
— Due to random variability in coring

e QC results within acceptable limits
— No penalties assessed

e Visual assessment — no differences



York County, VA

Haul distance: 10 miles

1.5 inch overlay

9.5mm NMAS surface mix, PG 70-22

5.7% AC
20% RAP
Evotherm ET
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Field Testing Summary

No significant differences

— Core air voids at construction, 3mo, 6mo, lyr, and
2 yr

Significant difference

— Nuclear density at construction

WMA density not within acceptable limits

— Penalties were assessed

Visual assessment
— WMA appears more open
— Similar performance to date



Laboratory Testing

e Plant-compacted and lab-compacted plant mix
specimens

« Lab production at different temps

e Testing plan
— Volumetrics
— Binder content and gradation

— Moisture susceptibility
« TSR, Hamburg

— Rutting potential - APA
— Fatigue



viec . Trial A Laboratory Summary

Similar results - volumetric properties,
gradations

Permeabllity
— Similar performance, acceptable <9.5% air voids

TSR
— HMA passed, WMA failed even after reheating

Hamburg — similar performance
APA Rutting - acceptable, similar performance
Fatigue — similar performance



viec - Trial B Laboratory Summary

* Volumetric properties, gradations
— Similar results

 Permeabillity
— Similar performance, acceptable <8.0% air voids

e TSR
— Acceptable, WMA indicated lower strengths

« Hamburg
— WMA indicated slightly better performance

 APA Rutting - acceptable, similar performance
e Fatigue — similar performance




Path to Specification

 Trial sections (2006)

e Special Provision (July 1, 2008)
— Allowed technologies from Approved List

— Limited initial production of 500T or one day
production

— Superpave properties will be determined after
cooling to 100°F and reheating

— Minimum TSR requirement = 0.60

o Special Provision Copied Note (Aug. 1, 2009)
— Minimum TSR requirement = 0.80



Path to Specification

o Supplemental Specification (Dec. 3, 2010)
— Addendum to Road & Bridge Specifications
— Allows technologies from Approved List

— Limited initial production of 500T or one day
production

— Superpave properties will be determined after
cooling to 100°F and reheating

— TSR requirement = 0.80



viee  Approved Products List

Requires cooperation
— Manufacturer and Contractor

Submittals to Agency

— Documentation and independent test data
— Mix design

— Trial section or limited production
Review by committee

Addition to Approved Products List



Challenges Within Agency

e Risk-aversion
e “| don’t want to be a guinea pig.”

e Education
— What is WMA?
— What are benefits to Agency?
— What are the risks to Agency?
— What is the cost of WMA?
— How to we specify WMA as a bid item?
— Should we expect a reduction in bid price?

— Should Value Engineering proposals be required for
WMA?



Summary

* Field trials were generally successful
— Production, construction

 WMA field performance to date has been
comparable to HMA

e Lab performance was comparable

e Specification
— Evolved over three years
— WMA allowed under Supplemental Specification



More Information

 For additional information please visit our
website: www.vtrc.net

e Reports available on website:

— Diefenderfer, McGhee, and Donaldson. (2007)
Installation of Warm Mix Asphalt Projects In
Virginia, VTRC 07-R25.

— Diefenderfer and Hearon. (2008) Laboratory
Evaluation of Warm Asphalt for Use in Virginia,
VTRC 09-R11.

— Diefenderfer and Hearon. (2010) Performance of
Virginia’s Warm Mix Asphalt Trial Projects, VTRC
10-R17.



http://www.vtrc.net/�

VTRC

Virginia Transportationﬂ
Research Council




Virgin and RAP WMA

Andrea Kvasnak

at Auburn Un



Benefits of WMA for Binders

* Lower temperature reduces oxidation of
binder

e | ess oxidation results In a softer binder

* Potential for improved fatigue and low
temperature cracking resistance

— Jury is still out

(NCAT

at Auburn Un




However....

e WMA tends to have lower indirect tensile
strengths than HMA

o Often results In lower tensile strength ratios

« Adding RAP to mix will typically increase
Indirect tensile strengths

— Also partially offsets the additional cost of WMA
NCAT

at Auburn Un




Unconditioned Indirect Tensile
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Conditioned Indirect Tensile
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Percent Difference
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Does Adding RAP Always Help?

National Center for
(Asphalt Technology
at Auburn University




Plant Produced Mix ITS

B DryITS B WetITS
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What Are The Binder Performance
Grade Differences?

National Center for
(Asphalt Technology
at Auburn University




Binder Grade Differences

 Typically, at the time of construction WMA s
softer than HMA

 However, after about 2 years the WMA
binder grade Is often similar to the HMA

(NCAT

at Auburn Un
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Low Performance Grade
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Can a standard PG be used with high
RAP WMA?

National Center for
(Asphalt Technology
at Auburn University




Use of Standard and Soft Binder

 WMA at the standard grade and HMA at the
softer grade




On-Going Research

NCAT Test Track

— Evaluating WMA with and without RAP compared
to HMA with and without RAP

NCHRP 09-43
— Mix Design for WMA — Final Report

NCHRP 09-4/7A
— Performance and Emissions of WMA

WMA Certification

at Auburn Un



2009 Test Track Group Experiment

Conventional Permeahle High RAP % Foamed Additized
Dense Surface on Warm Warm Warm
HMA Dense HMA Mix= Mix Mix=

7 inches 7 inches 7 inches 7 inches

B inches hes :
DEAR 1S4 DEAR

otiff Subgrade otiff Subgrade otiff Subgrade otiff Subgrade otiff Subgrade otiff Subgrade

www.pavetrack.com



http://www.pavetrack.com/�

Virgin WMA

e S9
— Control for group

experiment 9.5mm PG 76-22
« S10

— WMA Water Injection

System 19.0mm PG 67-22
— Same mix as S9

e S11
— WMA Chemical Package
— Same mix as S9

19.0mm PG 76-22

at Auburn Un



High RAP and WMA

e N10O:

— Similar gradation and
effective asphalt to S9

- 50% RAP HMA
* Fractionated RAP 19.0mm PG 67-22

e N11:
— Same gradation as N10
- 50% RAP WMA
— Water injection system

9.5mm PG 67-22

19.0mm PG 67-22

at Auburn Un



NCHRP 09-43

e Superpave Mix Design

— Required Testing: Coating, Aging Index,
Compactability, TSR, Flow Number

— Optional: Indirect Tensile Creep Compliance and
Strength, and AMPT Fatigue

« Evaluated Blending with RAP
— Blending does occur at WMA temperatures

* Final Report Under Review

at Auburn Un



NCHRP 09-47A

 Document the production and construction of
WMA and HMA pavement sections

« Compare construction practices, field
performance, laboratory performance,
emissions, and fuel usage

at Auburn Un



WMA Certification

« Evaluating WMA technologies in the field and
In the laboratory

« Evaluating plant- and laboratory-produced
mixes

 Will identify acceptable and unacceptable
technologies (Nc AT

at Auburn Un




WMA Resources

o http://www.warmmixasphalt.com
« NAPA documents (www.hotmix.org)

 Research Reports
— NCAT (www.ncat.us)
—VTRC
—TTI
— University of California — HVS

at Auburn Un
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QUESTIONS

ank0004 @auburn.edu
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