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Presentation

Â Warm Mix Asphalt Background & 
Suitability for the Dakotaôs (Ken)

Â SDDOT Research Project SD2008-03 
(John Foster)

Â Developments & Case Studies
Â Rosebud Sioux Tribe: November 2009

Â NDDOT 2010 WMA Projects

Â SDDOT 2010 WMA Projects



Local Orientation

ÅAbove average snow pack in 2009 & 2010 across 
the Dakotaôs

ÅExtremely wet Fall in 2009

ÅExtensive flooding in the Red River Valley 2009, 
Bismarck itself was under ñsiegeòin April 2009

ÅJames River Valley through ND and SD still 
flooding as we speak 

ÅñFlood Fightsòand ñGrade Raisesòhave become a 
way of life in the Dakotaôs



Norwegian Flood Fight ??



Warm Mix Asphalt

A Technology Fit for the Dakotaôs:

Sustainable, Suitable & Substantial? 



What is Warm Mix Asphalt 
(WMA)???



Asphalt Binder Properties
Consistency

Liquid

Semi-Solid

Temperature

Asphalt is a thermoplastic material 

that softens as it is heated and 

hardens when cooled.



Definition
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WMA Types

Â Asphalt Viscosity-reducing Organic 
Additives

Â Water-bearing Additives

Â Water-based Technologies & Processes

Â Chemical Additives
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Warm Mix Asphalt (WMA)

Â Addition or Combination of Liquid 
(Asphalt) Additives or Modifiers
Â Wax, Powder, LiquidséFoamed (Sheared)

Â Lower Viscosity (Softening) Point of 
Asphalt Cement

Â Lower Mixing Temperature of HMA

Â Limited use in United States until 2005
Â Nebraska, Colorado, Wyoming 2007

Â Used Widely in Europe



Warm Mix Asphalt (WMA)

Â Possible Benefits
Â Allowance for SD and ND Construction Seasons & 

Environments
Â More Effective Late Season Paving

Â Portable Plant SetupséLong Hauls

Â Cost Savings: Lower Burner Fuel Usage, Less 
Waste, Less Equipment Fuel Usage, More Flexible 
Project Planning

Â Improve Pavement Quality by Increasing Density 
Compliance

Â Possible Winter Season Wearing Course?

Â Environmental & Personal Protection

Â Urban Pavement Alternative



Growth in
Warm Mix Asphalt
Technology



INDICATORS & MEASURES OF GROWTH

International Picture 

Â 2005, < 10,000 tons of Evotherm Placed 
Worldwide in China, Europe, & North 
America

Â Currently over 500 Evotherm projects 
worldwide in China, Europe, & North 
America
Â 2009:  5 MM+ tons of Evotherm placed

Information from Mead WestVaco, Evotherm WMA



Domestic Growth: A majority of states have had

WMA projects (ND is now a blue stateéno 

political reference intended)

INDICATORS & MEASURES OF GROWTH

US States that

have conducted

WMA Projects



Numerous municipalities, states, provinces, & 
countries are accepting provisional, 
supplemental specifications for WMA:

INDICATORS & MEASURES OF GROWTH

PA has

created a

ñmodelò WMA

specification



Proliferation of WMA technologies:

INDICATORS & MEASURES OF GROWTH

2005:  There were three WMA technologies:

Aspha-min ïfoam zeolite

Sasobit ïwax

Evotherm ïsurfactant



Proliferation of WMA technologies:

INDICATORS & MEASURES OF GROWTH

2005:  There were three WMA technologies:

Aspha-min ïfoam zeolite

Sasobit ïwax

Evotherm ïsurfactant

2010:  > 25 WMA Technologies



Federal, state, & association support increases

to formalize tests, specs, & designs for WMA:

INDICATORS & MEASURES OF GROWTH

NCHRP studies due in 2010 & 2011 

09-43 $0.5 MM (develop mix design procedure); 

09-47A $1.2 MM (D-18) (emissions & field      
performance)



Federal, state, & association support increases

to formalize tests, specs, & designs for WMA:

INDICATORS & MEASURES OF GROWTH

Standardization of WMA use:

ñBest Practices Manualò

published by National 

Asphalt Pavement Association



Federal, state, & association support increases

to formalize tests, specs, & designs for WMA:

INDICATORS & MEASURES OF GROWTH

WMA Conference November 2008 ïLargest 

Single-Subject Conference Ever for the 
Industry

NAPA 2009 - Two Quality Construction Awards 
Presented, > 50,000 ton category



INDICATORS & MEASURES OF GROWTH

Mike Acott, NAPA President, in his March 2009 address

to Congress cited four industry initiatives which would 

significantly impact challenges facing the U.S. in 

areas of energy, the environment, and climate.

Warm Mix Asphalt was

the first of the four

initiatives cited.



INDICATORS & MEASURES OF GROWTH

Jim Weeks, Chairman of NAPA, and Senior VP of Colas Inc., 

issued a statement in July 09:

ñIn the next five years or less, warm mix asphalt will represent 

90% or more of our production in this country [USA].ò



National Status

Â Over 38 States with WMA projects, many 
have prescriptive specifications in place

Â Texas
Â Approved Nine Products (See Chart)

Â Over a million tons of WMA in 2009 to date

Â NCAT ïTest Track Verification

Â Regionally ïColorado, Nebraska, and 
Wyoming (FHWA) have all completed 
demonstration type projects



National Status (Conôt)

WMA Technology Process Type WMA Supplier

Advera (Syn. Zeol.) Chemical Additive PQ Corp.

Aspha-Min (Syn. Zeo) Chemical Additive Aspha-Min

Double Barrel Green Foaming Process Astec Ind.

Evotherm Chemical Additive MeadWestvaco

Redi-Set WMX Chemical Additive Akzo Nobel

Sasobit Organic Additive Sasol

Terex Foaming Process Terex Roadbuilding

Maxam Foaming Process Maxam Equipment

Ultrafoam Foaming Process Gencor Industries

Texas DOT Approved WMA Product/Process List (5/2009)



Evaluation of Warm Mix 
Asphalt Concrete Pavement in 

South Dakota Conditions
PI -Peter Sebaaly, University of Nevada -Reno

Co-PI -Lance Roberts, SDSM&T

Project SD2008-03



Â Warm -mix asphalt (WMA) is based on a 
group of technologies that allow a 
reduction in the temperatures at which 
asphalt mixes are produced and placed 
> Implications . 

Â These technologies tend to reduce the 
viscosity of the asphalt and provide for 
the complete coating of aggregate 
materials at lower temperatures (35 to 
100 ÁF below that of HMA).

Evaluation of Warm Mix Asphalt 
Concrete Pavement in South Dakota 

Conditions



Organic Additives

Â Sasobit

Â Synthetic paraffin wax

Â Flakes or pellets

Â Blended in the binder or added to the mix

Â Sasoflex

Â Plastomer (Sasobit) + SBS

Â Blended in the binder

9/8/2010 30



Water-Bearing Additives

Â Advera

Â Hydrated Synthetic Zeolite

Â Internal moisture released as steam

Â Steam droplets improve workability 

Â Aspha-Min

Â Hydro-thermally crystallized Synthetic 
Zeolite

Â Internal moisture released as steam

Â Steam droplets improve workability 
9/8/2010 31



Water-Based Technologies

Â Double Barrel Green

Â Foaming nozzles 

Â Inject water into the mixing chamber

Â One pound of water per ton of mix

9/8/2010 32



Chemical Additives

Â Evotherm

Â Evotherm additive in asphalt emulsion

Â DAT is a concentrated solution of Evotherm 

Â Injected in -line with the binder

Â 5% by weight of binder 

Â Evotherm 3G = Non Water Based Version 

9/8/2010 33



Chemical Additives

Â Rediset WMX

Â No water

Â Lowers the binder viscosity

Â Blended into binder or added to mix

Â 1.5 ï2.5% by weight of binder

9/8/2010 34



Estimated WMA Costs
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Economic 

Component

WMA Technology

Organic 

additive

Water-bearing 

additive

Water-based 

technology

Water-based 

technology

Water-based 

technology

Water-based 

technology

Chemical 

additive

Sasobit® Zeolites
Double 

Barrel® Green

Ultrafoam 

GXTM WAM-Foam® LEA Evotherm®

Equipment 

Modification or 

Installation Costs

$5,000-

$40,000

$5,000-

$40,000

$100,000-

$120,000

$100,000-

$120,000

$60,000-

$85,000

$75,000-

$100,000
$1,000-$5,000

Royalties None None None None

$15,000 first 

year, $5,000 

per plant, 

$0.35 per ton

N/A None

Cost of Material $0.80 /lb $0.60 /lb None None
$75 premium 

on soft binder
None

$35-$50 

premium on 

binder

Recommended 

Dosage Rate

1.5-3% by 

weight of 

binder

0.3% by 

weight of Mix

2% water to 

binder

2% water to 

binder

3% weight of 

binder

0.5% Coating 

additive 

weight of 

binder

30% water, 

70% AC

Approximate 

Increased Cost of 

Mix

$2.00-$3.00 $3.60-$4.00 None None
$0.27-$0.35 

Royalty

$0.50-$1.00 

(depending on 

use of coating 

additive)

$3.50-$4.00



Estimated WMA Cost Savings
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Iceland Honolulu, HI Joliet, IL

Fuel source No. 2 fuel oil Diesel Natural gas

Amount to make 1 ton of HMA1 2-3 gal 2-3 gal 2.5-3.5 therms

Fuel cost1 $2.50/gal $2.20-$3.00/gal $0.70-$0.80/therm

Fuel cost to make 1 ton of HMA1 $5.00-$7.50 $4.40-$9.00 $1.75-$2.80

Electricity to make 1 ton of HMA1 8-14 kWh 8-14 kWh 8-14 kWh

Industrial electricity cost1 $0.02/kWh $0.1805/kWh $0.0445/kWh

Electricity cost to make 1 ton of HMA1 $0.16-$0.28 $1.44-$2.53 $0.36-$0.64

Total energy cost to make 1 ton of HMA1 $5.16-$7.78 $5.84-$11.53 $2.11-$3.44

20% savings with WMA2 $1.00-$1.50 $0.88-$1.80 $0.35-$0.56

35% savings with WMA2 $1.75-$2.63 $1.54-$3.15 $0.61-$0.98

50% savings with WMA2 $2.50-$3.75 $2.20-$4.50 $0.88-$1.40



Plant Modifications
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WMA 

Technology
Category Plant Modifications

Sasobit®
Organic 

Additive

¶ Terminal or asphalt plant: direct blending into the asphalt binder.

¶ Drum plant: added through the RAP collar.

¶ Preferred method: specially built feeder similar to fiber feeder (drum).

Advera® Water-bearing 

additive

¶ Batch plant: manually added to the pug mill.

¶ Drum plant: added through the RAP collar, mixing box.

¶ Preferred method: modified fiber feeder (drum).

Aspha-Min® Water-bearing 

additive

¶ Batch plant: manually added to the pug mill.

¶ Drum plant: added through the RAP collar, mixing box.

¶ Preferred method: vane feeder to blow additive into binder stream (drum).

Double Barrel® 

Green

Water-based 

technology
¶ Multi -nozzle foaming manifold and corresponding feeder lines.

Ultrafoam GXTM Water-based 

technology

¶ Generator, specially designed combustion system, burner control system and a newly designed 

RAP system.  

WAM-Foam
Water-based 

technology

¶ Batch plant: second asphalt line to supply hard binder and a foaming nozzle and expansion 

chamber above the pug mill.

¶ Drum plant: second asphalt line to supply hard binder and a well-insulated water line to foam the 

asphalt.

Low Energy 

Asphalt (LEA)

Water-based 

technology

¶ Batch plant: injection port added to the asphalt line, a separate cold feed bin for wet fine 

aggregate, and a moisture monitoring system. 

¶ Drum plant: volumetric pump to add additive to the binder, an injection port added to the asphalt 

line, an additional cold feed bin going to the RAP collar (necessary only if RAP is used), 

movement of the asphalt line going into the drum, and a moisture monitoring system.

EvothermTM DAT
Chemical 

additive
¶ Injection point on the existing asphalt line, DAT volumetric pump.

RedisetTM WMX Chemical 

additive

¶ Terminal, asphalt plant, or hot-mix plant: direct blending into the asphalt binder.

¶ Pneumatic feeder and mixing box if added directly to the mixing drum.

RevixTM Chemical 

additive

¶ Terminal: direct blending into the asphalt binder.

¶ Hot-mix plant: volumetric pump, metering system if directly added to liquid asphalt.  A 

pneumatic pump if directly added to mixing drum or pug mill.



Impact on Emissions
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Emission
Percent Reductions relative to HMA

Norway Italy Netherlands France Canada

Carbon dioxide: CO2 31.5 30-40 15-30 23.0 45.8

Sulfur dioxide: SO2 NA 5.0 NA 18.0 41.2

Volatile organic compounds: VOC NA 50.0 NA 19.0 NA

Carbon monoxide: CO 28.5 10-30 NA NA 63.1

Oxides of nitrogen: NOx 62.5 60-70 NA 18.0* 58.0

Dust 54.0 25-55 NA NA NA



Upper Great Plains Region

Â Semi -arid climate with hot summers, 
extremely cold winters, high winds, 
periodic droughts and flooding.

Â Temperatures typically vary between 
12 º and 74 ºF with extremes between     -
58 º and 120 ºF.

Â These factors limit the paving window 
in the Dakota ôs.



Goals: SD2008-03

Â Evaluate the suitability of using Warm Mix 
Asphalt (WMA) in SD 

Â Assess WMA suitability in all paving 
applications (e.g. overlays, leveling, interim, 
preventative pavement measures, etc.)

Â Evaluate WMA properties (binder, aggregate 
& mixture)

Â Evaluate WMA pavement integrity & durability 
characteristics w/ HMA

Â Emissions evaluation (benefits) of WMA 
during paving & production



Goals (Conôt)

Â Evaluate Benefit Claims

Â Decreased fuel or energy consumption (with the 
incumbent cost and risk savings for fuel)

Â Reduced emissions and odors from plants and site

Â Reduced smoke and public visibility

Â Improved working conditions at site

Â Improve workability of mixture

Â Enhance in-place density

Â Decrease thermal segregation 



SD2008-03 Warm Mix Asphalt

Â Project Schedule & Cost
Â 48 months: Field Sections in 2009-2010 & 

Immediate Initiation of Laboratory Testing

Â Build Off of Existing Regional Experience (Wyo.-
YNP, Colorado- I 70, Nebraska ïNE12)

Â Compensate for SDôs Aggregates/Binders/Projects

Â Extended Field Section Performance Evaluations

Â Cost: $140,000

Â Approx. $150MM-$200MM invested in HMA 
Pavements in SD Each Year



SD2008-03 Warm Mix Asphalt

Â Technical Panel
Â John Foster: SDDOT Research

Â Rick Rowen, Jason Smith: SDDOT M&S

Â Dave Anderson: SDDOT Local Transportation

Â Ryan Johnson: SDDOT Operations

Â Wayne Cramer: SDDOT Huron Area Engineer

Â Brett Hestdalen: FHWA Division Office

Â Ken Skorseth: SD LTAP

Â Bill Anderson: Pennington County Highway Dept.

Â Kevin Carlson: Jebro Inc.

Â Ken Swedeen: DAPA



SD2008-03 Warm Mix Asphalt

Â Project Layout

Â Literature & Process Evaluation

Â Laboratory Designs/Protocol/Testing

Â Field Test Sections/Evaluation

Â Linkage to MEPDG Project ïStrength Evaluation

Â Winter Wearing Course Issues Identified during 
December 2007 Strategic Planning Meeting

Â Linkage to Increased Recycled Asphalt Pavement 
Material Usage



Project Status 

Â Field Evaluation (Chart below-Ongoing)
Â Identify Projects 

Â Implement and Evaluate WMA ñSectionsò

Â Field Mixture Evaluation
Â JMF Verification (Project) w/ WMA

Â Evaluate Placement (WMA vs. HMA)
Â Compaction/Density Measurements

Â Thermal Image Analysis and  Mapping

Â Evaluate Field Mix Volumetric Controls

Â Evaluate Long Term Performance

Â Evaluate Plant & Placement Emissions 



Project Status

Â Field Evaluation (See Protocol Chart-Ongoing)
Â Identify Projects 

Â Implement and Evaluate WMA ñSectionsò

Â Field Mixture & Laboratory Evaluation
Â JMF Verification (Project JMF) w/ WMA

Â Evaluate Placement (WMA vs. HMA)
Â Compaction/Density Measurements

Â Develop Thermal Map

Â Thermal Camera Imaging

Â Evaluate Field Mix Volumetric Controls

Â Evaluate Long Term Performance

Â Evaluate Plant & Placement Emissions 



Research Protocol/Matrix (Conôt)

Field Test Plan

Mix Type None Advera Evotherm Foamed

Limestone/

PG64-28
X X X x

Quartzite/

PG64-28
X X x

Nat. Gravel/

PG64-28
X X x

Quartzite/

w/30% RAP
X X x

Nat. Gravel/

w/30% RAP
X X x



Project Status

Â Laboratory Protocol (Initiated 5/2010)
Â Field Collected Aggregate Samples

Â Gyratory Mixture Preparation utilizing Project JMF

Â Mixture Volumetric & Aggregate Classification

Â Verification of Aggregate/Asphalt Coating (AASHTO 
T195) and Selection of Compaction Temperature 
Criterion (Aged Asphalt Test)

Â Evaluate Moisture Sensitivity (AASHTO T283)

Â Evaluate Rutting Resistance (APA/AASHTO T312) 
including Flow Number Test

Â Evaluate Mechanical Properties (E*-MEPDG)

Â Evaluate Mixture Resistance to Fatigue Cracking and 
Thermal Cracking (AASHTO 321 & TP10-93)



Milestones Completed

Â WMA processes researched & evaluated

Â WMA research and literature identified 
& evaluated

Â Developed a lab protocol & testing plan

Â Technical Panel Meetings & Interim 
Report completed 



SD 2008-03 Current Status

Â Project Selection very ñDynamicò

Â Field sections of WMA are being 
constructed with the ñas plannedò
conventional HMA project sections for 
control/comparison

Â Field sections constructed in 2010 
depending on project and site specifics, 
three completed to date (early season)



Case Studies

Current Developments with Warm 
Mix Asphalt in the Dakotaôs



Preliminary Demonstration Project
I90 Shoulder Reconstruction Cactus Flats - 2009



Cactus Flats Project Details

Â IM-0902(145)112-Shoulder Reconstruction

Â Hills Materials, Rapid City, SD

Â 60 mile haul-long cycle time

Â E mix-30% RAP PG 58-28

Â Terex Foaming Unit- 1% water added for 
foaming

Â No production rate control of water injection -
nominal setting





Dynamic Modulus (E*) of WMA (Foamed)
I -90 Shoulder Reconstruction 

Dynamic Mechanical Test Method to Characterize Asphalt Mix design
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Dynamic Modulus: ratio of stress to strain under vibratory conditions. It is a property of viscoelastic  

materials.Viscoelasticity is studied using dynamic mechanical analysis where an oscillatory force (stress) is 

applied to a material and the resulting displacement (strain) is measured. 

Dynamic Modulus



Warm Mix Asphalt (WMA)

Case Study:

WMA ïNov. 2009; Mission, SD



Rosebud Sioux Tribe
Turtle Creek Shopping Center
Mission, SD

Morris Inc.

Pierre, SD

Chris Boom

Asphalt Supt

Morris, Inc.

Pierre, SD

Dan Johnston

Research Asst.

SDDOT

Pierre, SD

Acknowledgement:

SDDOT Materials

Jim Costello &

Rick Rowen  



Project Specifics

Project: Turtle Creek Crossing Shopping Center ï

Access Road

Owner: Rosebud Sioux Tribe

Project Location: Mission, SD

Plant Location: Pierre, SD (101 miles from Project)

Asphalt Plant: ADM RoadBuilder (Drum) 220 tph

Project Dates: November 18-20, 2009





Paving Layout



Project Specifics (Conôt)

Transport of WMA: (5) Belly Dump 40 ton trucks (to project site); (2) 
Side Dumb 15 ton trucks (paver delivery); All Trucks Tarped

Transport Details: WMA hauled 101 miles from Pierre, SD to Mission, 
SD; Transport trucks unloaded to on site pad, reloaded to end dumps via 
front end loader and skid steer loader

Laydown Equipment: Caterpillar AP1055 Track Paver, CB5 34 Rollers

Paving Layout: Varying widths, multiple passes, numerous radius and 
turnout pulls, active traffic, flagger traffic control

Weather:  

November 18, 2009: Mostly sunny, Temp. = Low 30ÁF, High 57Á

November 19, 2009: Mostly sunny/windy, Low 21Á, High 52Á

November 20, 2009: Partly cloudy, Low 23Á, High 56Á



Job Mix Formula (JMF)

Note PG Grade: 64-28!

Laboratory Asphalt Mix Design

Mix Tested as per SDDOT Standard Specifications

Contractor: Morris Inc.

Asphalt Concrete Type: Class E Type I

Asphalt Source & Type: Flint Hills PG 64-28

Aggregate Sources: Clodfelter Pit

Medicine Creek Pit



Job Mix Formula (Conôt)

Summary (50 Blow Marshall Mix Design)

Asphalt Binder (%-Pb) = 6.0
Air Voids (%-Va) = 4.6
VMA (%) = 15.3
Marshall Stability = 2230 lbs.
Marshall Flow = 12
Dust/Eff. Binder Ratio = 1.1
Bulk Specific Gravity = 2.299
Marshall (Bulk) Density = 143.4 pcf
Maximum Specific Gravity = 2.409
Maximum (Rice) Density = 150.2 pcf
Asphalt Absorption = 1.3%



Job Mix Formula (Conôt)



Field Mix Analysis 

(SDDOT)

Field Mix Analysis:  Gyratory Method

(Superpave)



Field Mix Analysis 

(SDDOT)

Mix Temp. = 270 deg. F

% Binder : 5.3

N initial = 6

N design = 65

N max = 100

Gse = 2.641

Pba = 1.4

Pbe = 4.0

N initial     N design

Average Gmb 2.145 2.301

% of Gmm 87.9            94.3

% Air Voids = 5.7   % VMA = 14.6    % VFA = 61    Dust/Binder = 1.1 



Field Mix Analysis (SDDOT)

Asphalt Pavement Analyzer

Rut Wheel Test

Average Rut Depth (8000 cycles) = 2.33 mm

Test Temperature: 58 deg. C.

Specimen #1

1.831 mm

Specimen #2

1.429 mm

Specimen #3

3.730 mm



Field Core Density Tests

Location 1**: Bottom Lift  =  90.5%*

Top Lift  =  92.1%

Location 2*** Bottom Lift  =  91.8%

Top Lift  =  90.0%

*All density based on comparison to Maximum Theoretical 

Density (Rice~Gmm)

**Core Locations not randomly selected.  Location 1 typical for 

temperature and laydown conditions

***Core Location #2 selected as most suspect area (open 

texture apparent, transport truck 4+ hour wait, temperature to 

paver < 170 deg. F.



Cross Road ï1st Day 









130 deg. Mat 

Temp >



140 deg. Mat 

Temp >


