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1 INTRODUCTION 

1.1 History of WMA 
Warm mix asphalt (WMA) represents a group of technologies that allow production and placement of 
asphalt mixes at lower temperatures. This is achieved through reducing the viscosity of asphalt and 
complete coating of aggregate at lower temperature (D’Angelo, 2008). The first WMA pavements were 
constructed in Europe in 1995 by experimenting with Aspha-min zeolite. Shell Bitumen began 
experimenting with WAM (Warm Asphalt Mix) in Norway in 1996, which has now developed into 
WAM Foam. The first pavements were constructed with Sasobit in 1997 in Hamburg, Germany. In 2002, 
a National Asphalt Pavement Association (NAPA) study tour introduced WMA technology to the U.S. 
Later on in 2005, NAPA and Federal Highway Administration (FHWA) formed WMA Technical 
Working Group (WMA TWG). The primary goal of WMA TWG was to develop a data collection 
framework for WMA trials that agencies would use for their own evaluations on WMA technologies 
(Prowell, 2011). In 2008, the WMA TWG published a WMA Guide Specification for Highway 
Construction in AASHTO format which is available in Appendix C.  

1.2 Advantages of WMA Compared to HMA 
WMA is typically produced at temperatures 35 to 100°F lower than HMA. The characteristic of WMA, 
that has higher workability at lower temperature, also results in better compaction in the field. This results 
in less permeability and lower aging of the binder. The fact that WMA is softer than HMA is also an 
advantage in areas with low temperatures because the risk of thermal cracking is lower. Lower mixing 
and compaction temperatures also result in less fuel consumption and reduction in CO2 and fumes 
emission, which imposes less health risk on workers and shows better stewardship toward the 
environment. Considering paving benefits, there are several advantages to using WMA. The ability to 
pave in cooler temperatures, haul longer distances, compact mix with less effort, incorporate higher 
percentage of RAP, place thick lifts, and open roads to traffic in a shorter period of time are some of the 
benefits of using WMA (Prowell, 2011). 

1.3 Aim of this Study 
The aim of this study is to conduct a literature study and collect data on the materials, construction, and 
performance of WMA to determine the additives and processes that would perform best on NDDOT 
projects. The main objectives are:  

a. Evaluate the applicability of WMA processes and additives, as used in target states, to North Dakota 
projects.   

b. Recommend techniques, equipment, and additives that are most suitable for the use of WMA in North 
Dakota.  

c. Recommend specification changes to account for differences in production and/or placement of WMA, 
as compared to HMA. 
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For the literature review task, literature on the use of WMA technologies in the US and in other 
states/countries was collected. This task also included a collection of published data and information on 
the processes, the specifications, and the materials as used in the construction of WMA in the northern 
and central tier states.   

The second task was to collect specific data on the design, performance, and constructability of WMA 
applications in neighboring states. A questionnaire was prepared and sent to target states, followed by 
phone interviews to collect additional data/information on using WMA from local authorities and state 
agencies (DOTs) of other states. The objective of this section is to:  

1.  Identify the WMA additives and processes currently used in the following northern and central tier 
states and provinces: Montana, South Dakota, Minnesota, Iowa, Wisconsin, Michigan, Nebraska, Kansas, 
Missouri, Illinois, Indiana, Ohio, New York, Pennsylvania, Vermont, New Hampshire, Maine, Colorado, 
Utah, Nevada, Wyoming, Idaho, Oregon, Washington, Manitoba, Saskatchewan, and Alberta.  

2.  Identify the selection method used by states/provinces to approve a particular WMA process (approved 
products list, field experimentation, experience of others, etc.), and how they developed that selection 
process.  

3.  Collect individual state/province WMA specifications.  

After finishing data collection and analysis of questionnaire, a guideline is suggested for use of warm mix 
asphalt in North Dakota. 

1.4 Orientation of the Report 
The authors organized the information so that general topics are discussed first and in-depth information 
that will clarify, as much as possible, all aspects embedded in each topic follow. The report starts with an 
introduction that discusses the history of WMA, as well as its accompanying advantages. The aims of the 
study covered in this report, in addition to the orientation of the report, are both discussed in the 
introduction section as well.  

The literature section also serves as a means to acquaint the reader with detailed description of each of the 
WMA technologies utilized, up to the time this report was made. The mix design modifications required 
for the utilization of WMA are also covered in the literature section.  

Following the literature section, a section about the specifications and publications of the current 
agencies, to date, is furnished.  

The analysis of a survey about WMA, as distributed by the research team and disseminated amongst the 
various agencies to fill, is explained in the section titled “Survey Analysis” that follows the specifications 
and publications section.  

To sum up all the results and knowledge achieved through this study, a conclusion section is made at the 
end of this report.  

Appendices A, B, C, D, E, F, G and H in this report include: survey form, survey responses, 
specifications of target states, specifications of other resources, list of publications by target states, list of 
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publications of other resources, research papers review, and recommendations of NCHRP and other 
studies, respectively.  

1.5 Acknowledgement 
The research team at North Dakota State University would like to acknowledge the help and support of 
North Dakota Department of Transportation in conducting research and also appreciate Mr. Anthony 
Waldenmaier’s help in this project.  
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2 LITERATURE STUDY 

2.1 Warm Mix Asphalt Technologies 

2.1.1 WMA Technology Description 
In general, WMA technologies can be categorized as those utilizing water, those entailing organic 
additives, or those using chemical additives or surfactants. 

For the techniques that involve the introduction of small amounts of water to hot asphalt, either through a 
foaming nozzle, damp aggregate, or a mineral filler; the theory behind such approach lies on the fact that 
when a given volume of water is steamed at atmospheric pressure, it expands by a factor of approximately 
1700 (Cengel, 2006). The introduction of water into hot asphalt results in the transformation of water into 
steam, allowing the binder phase to undergo an expansion of approximately 5 to 10 times. Such increase 
in fluids content eases the coating and compaction ability of the binder.  

In the case of WMA technologies utilizing organic additives, a decrease of the binder viscosity is 
achieved. This would allow for better wettability for the aggregate, in addition to better compactability. 
Selection of the organic additive should be made adequately, so as to ensure that the melting point of the 
additive is higher than the expected in-service temperature; otherwise pavement permanent deformation 
can occur.  

WMA technologies that involve the utilization of chemical additives or surfactants are mainly directed 
towards the different mechanisms that help the asphalt cement coat the aggregate at lower temperatures, 
while imposing a lubricating effect to improve compaction (Prowell, 2011). 

2.1.2 Chemical Processes 

2.1.2.1 CECABASE® RT 
Contact: Arkema Group 

http://www.arkema.com/sites/group/en/innovation/our_solutions/cecabase_rt_warm_asphalt_mix.page 

Liquid at ambient temperatures, a water free (non-aqueous) surfactant that works in two ways: first it 
reduces the surface tension at the aggregate interface resulting in better coating at lower temperatures 
(also assumed to be able to increase stripping resistance), and second it acts as a lubricant at temperatures 
higher than 190°F (90°C), thus improving lay down and compaction.  

Dosage: 0.3 to 0.5 percent by weight of binder. 

Reduction in Production Temperature/Fuel Consumption: 70°F (40°C) 

Modifications to Mix Design/Plant: The addition of CECABASE in mix design should match the 
addition method in field. In the plant, CECABASE should be pre-blended with the binder before mixing. 
Liquid additive that is soluble in binder can be added at the terminal, storage tank or through in-line 
injection (Prowell, 2011). 

 

http://www.arkema.com/sites/group/en/innovation/our_solutions/cecabase_rt_warm_asphalt_mix.page
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2.1.2.2 Evotherm ™ 
Contact: MeadWestvaco Asphalt Innovations 

www.evotherm.com 

Evotherm was developed in the United States to increase coating, adhesion, and workability at lower 
temperatures. Evotherm has three types: ET (Emulsion Technology), DAT (Dispersed Asphalt 
Technology) and 3G (Third Generation).  

Dosage: 0.25 to 0.75 percent by weight of binder. 

Reduction in Production Temperature/Fuel Consumption: 100°F (55°C) 

Modifications to Mix Design/Plant: Modifications to mix design depend on the type of Evotherm used. 
For Evotherm DAT, asphalt binder is should be heated to produce a viscosity of 170 centistokes. 
Aggregate should be heated to a temperature 27˚F greater than intended mixing temperature. For 
Evotherm 3G, no changes are required for the mix design process. For the plant changes, in terminally 
blended Evotherm 3G, no modifications are required. For Evotherm DAT, an injection point is needed. 
For Evotherm ET, the plant setting should be adjusted to account for 30 percent water in emulsion 
(Prowell, 2011). 

 

2.1.2.3 HyperTherm™/QualiTherm 
Contact: Coco Asphalt Engineering (Canada) 

http://www.cocoasphaltengineering.com/warm_mix.aspx 

QPR ® (United States) 

http://www.qprshopworx.com/products/asphalt-engineering/qpr%C2%AE-qualitherm/ 

Non-aqueous fatty-acid based chemical additive first developed in Canada.  

Dosage: 0.2 to 0.3 percent of total weight of the binder. 

Reduction in Production Temperature/Fuel Consumption: Mixing as low as 248°F (120°C) and 
compaction as low as 194°F (90°C) 

Modifications to Mix Design/Plant: For mix design, appropriate amount can be added to the hot binder 
using a low shear mixer. In the plant, HyperTherm can be added to the liquid asphalt at binder terminal or 
in-line injected at the asphalt plant. Requirements are similar to Evotherm DAT (Prowell, 2011). 

 

2.1.2.4 Rediset™WMX 
Contact: Akzo Nobel Surfactants 

www.azkonobel.com 

http://www.evotherm.com/
http://www.cocoasphaltengineering.com/warm_mix.aspx
http://www.qprshopworx.com/products/asphalt-engineering/qpr%C2%AE-qualitherm/
http://www.azkonobel.com/
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Combines cationic surface-active agents (surfactants) and rheology modifiers (organic additives) in a 
solid form and does not contain water. The surfactants provide “active adhesion” that relates to better 
coating and anti-stripping.  

Dosage: 1.5 to 2.5 percent by weight of asphalt binder. 

Reduction in Production Temperature/Fuel Consumption: Allows up to 60°F (33°C) reduction in 
coating and compaction temperatures. 

Modifications to Mix Design/Plant: No Change to Mix Design procedure except for the temperatures. 
No anti-stripping agent is needed. Either pre-blended with the binder or added to the mixture after adding 
the binder. For the plant, if pre-blended type is used, no modification is needed. It can also be stored in a 
small heated tank in liquid form and then be injected in to the binder line. Can also be added directly into 
the mixing drum close to where the asphalt is added (Prowell, 2011). 

2.1.3 Foaming Processes 

2.1.3.1 Accu-Shear™ 
Contact: Stansteel® Asphalt Plant Products 

http://www.stansteel.com/accushear.asp 

Allows a combination of liquids (water and/or additives) to be injected simultaneously into the asphalt 
line. 

Dosage: Dependent on the additive/manufacturer. 

Reduction in Production Temperature/Fuel Consumption:  Allows up to 50-70˚F (122-158°C) 
reduction in coating and compaction temperatures. 

Modifications to Mix Design/Plant: Changes to mix design are dependent on the type of liquid that is 
being added to the binder. For the plant, the machine should be tied into the plant’s asphalt line and 
controls (Prowell, 2011). 

 

2.1.3.2 Advera® WMA 
Contact: PQ Corporation 

www.adverawma.com 

A synthetic zeolite composed of alumninosilicates and alkali metals. 

Dosage: 0.25 (0.15 to 0.3) percent by total weight of mix. 

Changes to Mix Design: Reduction in Production Temperature/Fuel Consumption: Typically 50°F 
(28°C) less than HMA 

http://www.stansteel.com/accushear.asp
http://www.adverawma.com/
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Modifications to Mix Design/Plant: Advera should be thoroughly blended with the binder prior to 
mixing, and it should not be heated in an oven before being blended with the binder. In the plant, Advera 
is added using a designed feeder. For a drum plant, the material could be added close to the point where 
the binder is added. For batch plants, the pipe is installed as close as possible to the center of the pug mill 
(Prowell, 2011).  

 

2.1.3.3 AQUABlack™ WMA System 
Contact: Maxam Equipment, Inc. 

http://maxamequipment.com/AQUABlackWMA.htm 

Uses a stainless steel foaming gun in conjunction with a center convergence nozzle to produce foaming. 

Dosage: NA 

Reduction in Production Temperature/Fuel Consumption: Lowers fuel consumption as much as 15 
%. 

Modifications to Mix Design/Plant: Can be installed on any existing asphalt plant. Must be added to the 
binder line just before entering the drying drum (Prowell, 2011). 

 

2.1.3.4 AquaFoam 
Contact: AquaFoam, LLC 

www.aquafoamllc.com 

Two nozzles at 180 degrees to one another and perpendicular to the asphalt stream. 

Dosage: 1.5 percent by total mix weight. 

Reduction in Production Temperature/Fuel Consumption: NA 

Modifications to Mix Design/Plant: A water addition of 1.5 percent by total mix weight is reasonable 
for most mixes. Additional water may be added to stiffer mixes. In the plant, the system is mounted in the 
asphalt line just before it enters the drum (Prowell, 2011). 

 

2.1.3.5 Aspha-Min® 
Contact: Aspha-min GmbH 

www.aspha-min.com 

Composed of aluminosilicates and alkali metals that contain approximately 20 percent water of 
crystallization. It is coarser than Advera®. 

http://maxamequipment.com/AQUABlackWMA.htm
http://www.aquafoamllc.com/
http://www.aspha-min.com/
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Dosage: 0.3 percent by total weight of mixture 

Changes to Mix Design: Usually  

Reduction in Production Temperature/Fuel Consumption: Typically 54°F (30°C) less than HMA. 

Modifications to Mix Design/Plant: Aspha-Min is added to the mixture at the same time as asphalt. For 
batch plants, it can be added to the pug mill by melt bags or weigh bucket. For drum plant, it can be added 
through the reclaimed asphalt pavement (RAP) collar or a specially built vane feeder (Prowell, 2011). 

 

2.1.3.6 Double Barrel® Green 
Contact: Astec Industries, Inc. 

www.astecinc.com 

Uses a multi nozzle foaming device. Have developed two generations of the machine. 

Dosage: 1 lb of water per ton of mix. 

Reduction in Production Temperature/Fuel Consumption: Production temperatures are typically 250-
275°F (121-135° C) and compaction temperatures as low as 220°F (104°C) 

Modifications to Mix Design/Plant: No changes to mix design, uses the standard HMA mix design. For 
the plant it is needed to install the foaming manifold and corresponding feeder lines (Prowell, 2011). 

 

2.1.3.7 Eco-Foam II 
Contact: AESCO/MADSEN 

http://www.asphaltequipment.com/whatsnew.htm 

Uses the principle of shear zone turbulence to enhance mixing/foaming process. 

Dosage: 1 to 2 percent of the liquid asphalt flow rate. 

Reduction in Production Temperature/Fuel Consumption: 50-60°F (28-33°C) 

Modifications to Mix Design/Plant: No changes to mix design, uses the standard HMA mix design. In 
the plant, the system is installed outside the dryer drum (Prowell, 2011). 

 

2.1.3.8 LEA (Low Emission Asphalt) 
Contact: McConnaughay Technologies 

www.maconnaughay.com 

http://www.astecinc.com/
http://www.asphaltequipment.com/whatsnew.htm
http://www.maconnaughay.com/
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Heated coarse aggregates (302°F – 150°C) are added to binder (already blended with coating and 
adhesive additive) at ambient temperature. After coating of coarse aggregate, it is added to cold, wet, fine 
aggregate.  

Dosage: 0.4 percent by weight of binder (for coating additives) 

Reduction in Production Temperature/Fuel Consumption: Final mix temperature is less than 212°F 
(100° C) 

Modifications to Mix Design/Plant: In the mix design, 60 to 70 percent of the total aggregate is coarse 
and the temperature is recommended to be 36°F (20°C) cooler than HMA. 3 to 4 percent water shall be 
added to the fine aggregates. For the plant, a volumetric pump is needed to add cohesive additives to the 
binder. An injection port must be added to asphalt line or pug mill. Fully coating of coarse aggregate 
before adding fines should be assured (Prowell, 2011).  

 

2.1.3.9 Meeker Warm Mix 
Contact: Meeker Equipment 

http://www.meekerequipment.com/ 

Dosage: NA 

Reduction in Production Temperature/Fuel Consumption: NA 

Modifications to Mix Design/Plant: Could be added to both batch plant and mixer. Meeker’s foamer is 
added to the binder piping, and for drum plant it is installed just before entering the mixer mixing 
chamber (Prowell, 2011). 

 

2.1.3.10 Terex® WMA System 
Contact: Terex Roadbuilding 

www.terexrb.com 

Uses a single expansion chamber that produces foams just outside the drying drum, then immediately 
injects the foamed asphalt into the mixing drum to coat the aggregate. 

Dosage: NA 

Reduction in Production Temperature/Fuel Consumption: 90°F (32.2°C) / 10-20% in fuel. 

Modifications to Mix Design/Plant: Simply installed onto an existing drum (Prowell, 2011). 

 

2.1.3.11 Tri-Mix Warm Mix Injection System 
Contact: Tarmac International, Inc. 

http://www.meekerequipment.com/
http://www.terexrb.com/
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www.tarmacinc.com 

Uses two opposed high pressure injection nozzles followed by a downstream static mixer to foam the 
binder or adds a water-based chemical additive such as Evotherm DAT. 

Dosage: Water up to 4 percent by total weight of binder. 

Reduction in Production Temperature/Fuel Consumption: 70-100°F (39-56°C) when using 
Evotherm. 

Modifications to Mix Design/Plant: Installed in the asphalt line (Prowell, 2011). 

 

2.1.3.12 Ultrafoam GX2™ System 
Contact: Gencor Industries 

www.gencorgreenmachine.com/ultrafoam.html 

Dosage: 1.5 to 2 percent water by weight of total asphalt binder.  

Reduction in Production Temperature/Fuel Consumption: NA 

Modifications to Mix Design/Plant: The only changes to plant are to install the foaming system 
(Prowell, 2011). 

 

2.1.3.13 WAM Foam 
Contact: Shell Bitumen 

www.shell.com/bitumen 

Uses two stages of adding binder, one nominally soft (20 to 30 percent of the total binder content) and the 
other nominally hard. Soft binder satisfies the demand of absorption by coarse aggregate and foaming is 
produced by adding ambient temperature water to hard binder. 

Dosage: 2 to 5 percent by mass of the hard asphalt fraction 

Reduction in Production Temperature/Fuel Consumption: Up to 35% in energy consumption. 

Modifications to Mix Design/Plant: For batch plant, the original asphalt line is used for soft asphalt and 
second line is needed for hard binder. Also a foaming nozzle and expansion chamber is needed above the 
pug mill. For the drum plant the condition is the same, one line for soft binder and one for hard binder. 
The hard asphalt line and nozzle do not extend deep inside the drum (Prowell, 2011).  

2.1.4 Organic Processes 

2.1.4.1 AstechPER®  
Contact: Engineered Additives, LLC. 

http://www.tarmacinc.com/
http://www.gencorgreenmachine.com/ultrafoam.html
http://www.shell.com/bitumen
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www.engineeredadditives.com 

Liquid at ambient temperature. Formulated for high-RAP or reclaimed asphalt shingles (RAS) mixes. 
Designed to mimic the malthenes phase of the asphalt binder. Either in pre-blended form or should be 
blended into binder by a low shear mixer. 

Dosage: 0.5 to 0.75 percent by the total weight of RAP plus RAS in the mix.  

Reduction in Production Temperature/Fuel Consumption: NA 

Modifications to Mix Design/Plant: Can be pre-blended in to the binder at the terminal or injected into 
the binder before binder enters the plant (Prowell, 2011). 

 

2.1.4.2 Sasobit® 
Contact: Sasol Wax North America Corporation 

www.sasolwax.us.ocm 

A synthetic paraffin wax. 

Dosage: 1.5 (0.8 to 4) percent by weight of the total (including RAP and RAS) binder.  

Reduction in Production Temperature/Fuel Consumption: 50°F (28°C) / Up to 19% in fuel cost 

Modifications to Mix Design/Plant: Pre-blended with the binder, mix design proceeds with no change. 
For drum plants, can be blown into the drum through a feeder approximately the same time as asphalt. It 
can also be added in-line with the binder in a molten state (Prowell, 2011). 

 

2.1.4.3 SonneWarmix™ 
Contact: Sonneborn, Inc. 

www.sonnewarmix.com 

A high melt point paraffinic hydro carbon blend. 

Dosage: 0.5 to 1.5 percent by weight of the total binder. 

Reduction in Production Temperature/Fuel Consumption: 50°F (28°C) reduction in compaction 
temperature 

Modifications to Mix Design/Plant: Added to liquid asphalt at the terminal or refinery, no other 
modification is required (Prowell, 2011). 

 

http://www.engineeredadditives.com/
http://www.sasolwax.us.ocm/
http://www.sonnewarmix.com/
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2.1.4.4 Thiopave™ 
Contact: Shell Silver Solutions 

www.shell.com/home/content/sulphur/ 

Dosage: replaces up to 25% (by mass) of the bitumen in the asphalt mixture. 

Reduction in Production Temperature/Fuel Consumption: 36-72°F (20-40°C) reduction in 
compaction temperature 

Modifications to Mix Design/Plant: In batch plants, installing a small chute above the pug mill is 
needed (Prowell, 2011). 

 

2.1.4.5 TLA-X™ Warm Mix 
Contact: Lake Asphalt of Trinidad and Tobago (1978) 

http://www.trinidadlakeasphalt.com/home/products/tla-x-warm-mix-technology.html 

A natural asphalt emulsion in its crude state, composed of soluble bitumen, mineral matter and minor 
components, mostly water. Reported benefits include excellent adhesion, homogenous blending with 
most binders, high stability and high resistance to cracking and deformation. 

Dosage: NA 

Reduction in Production Temperature/Fuel Consumption: 60-90°F 

Modifications to Mix Design/Plant: Can be added directly to the asphalt binder or pneumatically blown 
into the asphalt mixture at the same time as the liquid asphalt binder (Prowell, 2011).  

  

http://www.shell.com/home/content/sulphur/
http://www.trinidadlakeasphalt.com/home/products/tla-x-warm-mix-technology.html
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2.2 Mix Design 

2.2.1 Introduction 
The absence of a formal mixture design procedure represents a critical issue facing WMA industry. In the 
United States most of the WMA projects constructed had HMA substituted by WMA in the mix design 
with no change to the job mix formula. This doesn’t take into consideration the lower mixing and 
compaction temperatures utilized in WMA (Bonaquist, 2011).  

A project done under the National Cooperative Highway Research Program (NCHRP) termed “Mix 
Design Practices for Warm Mix Asphalt, NCHRP Project 09-43” had the objective of developing mixture 
design and analysis procedures that can be used with the wide range of WMA processes that are currently 
available or that are likely to become available in the future.  

Differences between the Design of WMA and HMA 

The design and analysis of HMA mixture generally consists of five major steps: (1) select materials, (2) 
design aggregate structure, (3) design binder content selection, (4) evaluate moisture sensitivity, and (5) 
analyze performance. Criteria for Steps 1 through 4 for HMA are contained in AASHTO M 323, Standard 
Specification for Superpave Volumetric Mix Design. AASHTO R 35, “Standard Practice for Superpave 
Volumetric Design for Hot Mix Asphalt (HMA),” provides procedures for Steps 1 through 4. Although 
there is not a standard practice addressing performance testing of HMA, several performance tests have 
been developed and have received some level of acceptance by the industry. Performance tests are 
available for measuring mixture modulus, rutting resistance, and resistance to fatigue cracking and 
thermal cracking. Several modifications to current HMA mix design procedures are needed to address the 
wide range of WMA processes currently available, and likely to become available in the future 
(Bonaquist, 2011). 

The major steps in the mixture design and analysis process that may incur differences for WMA in 
comparison to HMA can be illustrated as follows: 

2.2.2 Materials Selection 
Some elements of materials selection may require modification for WMA. Aggregate requirements for 
warm mix will not be different than requirements for hot mix, but it may be necessary to select different 
binder grades for WMA. The lower temperatures used in WMA, as compared to HMA, probably result in 
less aging during plant mixing and construction; therefore, a stiffer high-temperature binder grade may be 
needed for satisfactory rutting performance. This effect, however, may be offset by the addition of warm 
mix additives and the changes that these additives and water have on binder aging. The lower production 
temperatures may also limit the types and quantity of recycled asphalt materials that can be used in 
WMA. Design of HMA assumes substantial mixing of new and recycled binders, which may not be 
possible at the lower production temperatures used in warm mix. Lower production temperatures may 
also limit the effectiveness of some anti-strip additives. Finally, WMA design will require the selection of 
an appropriate warm mix additive and dosage rate (Bonaquist, 2011).  

Both the binder grade selection and the allowable RAP content are affected by the selection of the WMA 
process and the associated temperature for production. For the case of binder selection, temperature 
heavily impacts the aging occurring during plant production. Table 1 illustrates the minimum production 
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temperatures required to avoid having to increase the high temperature binder grade, based on the 
influence of both the aging index of the asphalt binder and the binder grade. From this table, it can be 
concluded that the higher the aging index and the higher the PG grade, the greater the WMA production 
temperature would have to be to avoid increasing the binder grade by one high temperature grade 
(Bonaquist, 2011). 

TABLE 3.1 Minimum WMA Production Temperatures (°F) Without Increasing High Temperature Grade 
(Bonaquist, 2011) 

PG High-Temperature 
Grade 

Aging Index 
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 

Minimum WMA Mixing Temperature Not Requiring PG Grade 
Increase (°F) 

52 170 190 200 205 210 215 220 220 225 225 230 230 
58 185 205 215 220 225 230 235 235 240 240 245 245 
64 190 210 230 230 235 235 240 245 245 250 250 250 
67 200 220 230 235 240 245 250 255 255 255 260 260 
70 200 220 230 240 245 245 250 255 255 260 260 260 
76 210 225 235 245 250 255 260 260 265 265 265 270 
82 215 235 245 250 255 260 265 265 270 270 275 275 

 

For RAP content, as a result of the blending between virgin and RAP binders, it is thought that the 
allowable RAP content might need to be different for WMA compared to HMA. However, for the 
absence of substantial mixing between the virgin and RAP binders at WMA process temperatures, it is 
suggested that the RAP content of WMA would need to be limited. It is also suggested that HMA 
specifications can be applied to WMA for allowable RAP content at production temperatures at or above 
265°F (130°C) (Bonaquist, 2011). 

2.2.3 Design Aggregate Structure 
The design of the aggregate structure may also require some modifications for WMA. Since the goal of 
WMA is to produce mixtures with strength and performance characteristics similar to those of HMA, the 
volumetric criteria used in design should not differ from those used for HMA. However, the procedures 
used to fabricate and condition specimens may require some modification. Most WMA process 
developers have prepared laboratory procedures for specimen fabrication. Additionally, mixture coating, 
workability, and compactability must be evaluated directly instead of using viscosity-based mixing and 
compaction temperatures. In many WMA processes, it is impossible to directly measure the viscosity of 
the binder. Additionally, there is increasing evidence that the temperature reductions associated with 
many WMA processes are not related to the change in viscosity of the binder (Hanz et al., 2010 - 
Baumgardner, 2010). 

For determination of the design aggregate structure for WMA, it is suggested that the same procedures as 
in AASHTO M323 for HMA be followed, having the short-term oven aging for WMA as 2 hours at the 
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compaction temperature. In addition, the degree of coating is determined using the standard AASHTO 
T195(Bonaquist, 2011). 

2.2.4 Design Binder Content Selection 
The selection of the design binder content should not require substantial modification other than 
specimen-fabrication. An important step in achieving WMA with performance characteristics comparable 
to HMA is to use the same volumetric criteria in the design of both mixtures (Bonaquist, 2011). 

2.2.5 Evaluate Moisture Sensitivity and Performance Analysis 
Evaluation of the mixture for moisture sensitivity and performance also will not require substantial 
modification other than specimen fabrication. Although there is concern that some WMA may exhibit 
greater moisture sensitivity than HMA (Hurley et al., 2005 – Hurley et al., 2006), AASHTO T 283, 
“Resistance of Compacted Hot Mix Asphalt (HMA) to Moisture-Induced Damage,” is a fairly reliable 
indicator of moisture-induced adhesive failure, which is the mechanism of greatest concern for WMA. 
Thus, the same process used with HMA is employed to evaluate WMA moisture susceptibility. 

The primary products of NCHRP Project 09-43 are: 

(1) A draft appendix to AASHTO R 35 titled “Special Mixture Design Considerations and Methods for 
Warm Mix Asphalt (WMA).” 

(2)  A draft standard practice titled “Standard Practice for Measuring Properties of Warm Mix Asphalt 
(WMA) for Performance Analysis Using the Mechanistic-Empirical Pavement Design Guide 
Software.” 

2.2.6 Summary 
The major conclusions drawn from the research completed in NCHRP Project 09-43 are as follows: 

1. Volumetric Properties 

For HMA mixtures with 1.0 percent binder absorption or less, the volumetric properties of WMA 
designed with the procedures developed under NCHRP Project 09-43 were essentially the same as those 
obtained from an HMA design. However, the compactability, moisture sensitivity, and rutting resistance 
of the WMA may be significantly different than those of the HMA.  

2. Binder Grade Selection  

The same grade of binder should be used in WMA and HMA mixtures designed for the same project 
location. High-temperature grade bumping may be necessary for WMA processes with extremely low 
production. 

3. RAP in WMA  

RAP and new binders do mix at WMA process temperatures, provided the mixture is held at elevated 
temperatures for a sufficient length of time. To ensure good mixing of RAP and new binders, it is 
recommended that the planned field compaction temperature for WMA exceed the high-temperature 
grade of the “as recovered” RAP binder. 
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4. Short-Term Oven Conditioning  

For WMA, it is appropriate to use 2 hours of oven conditioning at the compaction temperature, the same 
short-term conditioning that is used for design of HMA mixtures.  

5. Coating, Workability, and Compactability 

For the wide range of WMA processes available, viscosity-based mixing and compaction temperatures 
cannot be used to control coating, workability, and compactability. The combination of RAP and low 
WMA process and compaction temperatures may lead to WMA mixtures that are more sensitive to 
changes in temperature than similar HMA mixtures. 

6. Moisture Sensitivity  

Moisture sensitivity, as measured by AASHTO T 283, will likely be different for WMA and HMA 
mixtures designed using the same aggregates and binder, but the standard can still be used. 

7. Rutting Resistance 

Because lower short-term conditioning temperatures are used for WMA mixtures, as compared to HMA 
mixtures, binder aging in WMA mixtures is less. This result in lower flow numbers for WMA mixtures 
produced with the same aggregates and binder, as compared to HMA mixtures.  

8. Performance Evaluation  

For the same aggregates and binders, WMA mixtures designed in accordance with the draft appendix to 
AASHTO R 35 will have similar properties as HMA mixtures. Volumetric properties will essentially be 
the same, but the stiffness of the WMA mixture will probably be lower for as-constructed conditions.  

The draft appendix to AASHTO R 35 should be used on a trial basis by agencies and producers to provide 
additional data to further refine the WMA mixture design methods and criteria, before being considered 
for adoption.  

2.3 Warm Mix Asphalt Study in North Dakota  
A study on WMA was conducted in 2011 at North Dakota State University (Gullickson, 2011).  The aim 
of the study was to determine which type of WMA is best suited for use in North Dakota based on 
previous WMA research, cost, asphalt performance in North Dakota climatic conditions, and a survey of 
North Dakota contractors’ opinions of WMA.  After a literature study on research findings related to 
WMA performance, a survey was prepared and sent to nine contractors in North Dakota, which were 
identified by looking at bid results from NDDOT paving projects. Six of the contractors responded to the 
survey on the condition of anonymity. In general, contractors are hesitant to invest in WMA technologies 
mainly due to lack of any clear directions by NDDOT for the use of WMA in North Dakota. 

The survey consisted of seven questions. The first question was, “Which type of Warm Mix Asphalt 
would your company invest in if future projects required the use of one of the following WMA 
technologies? What factors drove your choice(s) for the previous question?” They could choose more 
than one of the listed options. Five out of six respondents chose water-based additives and four out of six 
selected chemical additives. Three of the contractors stated that they are also open to any technology 
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specified by the owner. Regarding the factors that drove them to this conclusion, three chose technologies 
that they already have experience with and two chose water-based additives because of cost. The 
contractors are willing to invest more if NDDOT provides more guidance for what it wants, since their 
experience with WMA is mostly based from projects in other states.  

The second question was, “How many years have you (or your company) worked in the asphalt pavement 
industry,” with the minimum response of 20 years and the largest of 75 years. The aim of this question 
was to assure the credibility of the responses to the survey. 

The third question was, “Have you (or your company) ever worked on a Warm Mix Asphalt project? If 
so, what was the most common type of additives among the WMA projects that your company 
completed?” Of the six respondents, four indicated that they have worked on WMA projects in their 
previous projects. Three of them stated that water-based WMA was the most common type, and the other 
two stated that chemical additives were also commonly used as water-based technologies. None of the 
respondents had any experience with organic additives. 

The fourth question was, “As a contractor, what are the main issues you would face when beginning to 
work with Warm Mix Asphalt?” Two of the respondents considered that the additional cost would a main 
issue of implementing WMA, while two others cited that the owner’s fear of unknown performance and 
the owner wanting extended warranties. Setting up equipment and addition of additives to the mixing 
process were other issues that were mentioned. 

The fifth question was, “What benefits do you think the use of Warm Mix Asphalt would provide to your 
company?” Five of the contractors chose lower overall cost or at least reduced fuel cost, easier 
compaction effort, and ability to haul longer distances. Three of the respondents also mentioned reduced 
emission of fumes, worker safety, and extended paving seasons as the benefits of WMA. 

The sixth question was, “What are the drawbacks you see to using WMA?” Five of the six contractors 
considered extra cost or extra equipment as a downfall, while two of them mentioned moisture damage or 
stripping. 

The seventh and last question was, “Given your knowledge of asphalt performance in North Dakota's 
weather conditions, do you think any type(s) of Warm Mix Asphalt will perform better in North Dakota 
versus the other types?  Please select which type you think will perform the best and then discuss your 
selection.” The responses to this question were not uniform. Two of the contractors thought water-based 
(foaming) would be the best, two were unsure, and the other three chose between organic and chemical 
additives. The results of this question show that North Dakota contractors are not totally backing a 
particular type of technology and they are not ready to risk investing in a technology that is not confirmed 
by NDDOT. 

Based on the literature study on the performance of WMA technologies, the results of the conducted 
survey, and cost issues, this research found water-based (foaming) technologies as the most suitable 
technology to be used in North Dakota.  
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3 SPECIFICATIONS AND PUBLICATIONS 
The DOTs are at different stages regarding specifications for WMA. Some have already prepared a 
separate specification for WMA, some are in the process of making one and others consider HMA 
specification sufficient for WMA. In this section, a review of available information regarding this matter 
is provided. Currently, no uniform specification is accepted by all DOTs regarding WMA construction. 
The Warm Mix Asphalt Technical Working Group (TWG) has prepared a generic specification for use by 
agencies and it is available through their website http://www.warmmixasphalt.com/. Some agencies have 
a list of pre-approved processes, these lists are updated periodically. For new technologies or technologies 
not approved yet, there is an “Approval Process” in some agencies. 

In appendices C and D, specifications, special provisions, list of approved technologies and approval 
processes for new technologies and other related official documents for WMA are provided. In this 
section an overview of the target states of study is provided.   

3.1 Colorado 
Colorado has developed a “Standard Practice for Contractor Non-Standard Asphalt Mix Approval” which 
is available in Appendix C, page C10. 

Their list of approved processes (as of September 2011) consists of Advera, AQUABlack Solutions, 
Evotherm, Green Systems, and Ultra Foam GX20. The documents are available in Appendix C, page 
C15. 

They have also published the final report of a project sponsored by Colorado DOT and conducted by 
NCAT titled “Three-Year Evaluation of the Colorado Department of Transportation’s Warm-Mix Asphalt 
Experimental Feature on I-70 in Silverthorne, Colorado” (Aschenbrener, 2011). In this project, three 
additives (Advera, Sasobit, and Evotherm DAT) were used to build three sections of WMA and compare 
to HMA control sections. Production, constructability, laboratory performance testing, and field 
performance were observed. The results of their three-year study showed that field performance of WMA 
sections were comparable to HMA sections, and despite the harsh weather conditions, they were in 
excellent condition considering rutting, raveling, and cracking. Production and placement were done with 
no problem and field compactions were achieved at 30 to 50 ˚F lower than HMA control sections. Lab 
tests showed that VTM and VMA of WMA mixes were lower than HMA samples by 0.5% to 1%. 
Regarding moisture sensitivity, WMA had loser TSR values, but still passed the requirements. Dynamic 
modulus and flow number testing showed that HMA were stiffer than WMA samples, which was 
expected. 

3.2 Idaho 
For specifications at this time (Sep 2011), Idaho DOT is looking at NCHRP 9-43 and the appendix to R35 
and discussing the need to require Commercial Mix labs in Idaho to purchase and use asphalt foaming 
equipment in the design of foaming WMA. Currently foaming WMA is designed per their Superpave 
HMA specs. Their WMA Technology Committee has produced a standard Change Order for inclusion in 
contracts where the contractor has proposed the use of WMA, with some requirements the contractor 
must meet in order to use WMA technology. This special provision is available in Appendix C, page C21. 

http://www.warmmixasphalt.com/
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Idaho DOT is in the process of formulating a formal approval process and has approved the technologies 
below strictly due to their success in other states. The only WMA process used in Idaho to date (Sep 
2011) is Double Barrel Green. Their approved technologies (as of September 2011) are Evotherm by 
MeadWestvaco (chemical process), Double Barrel® Green by Aztec Industries, and Terex® WMA 
System by Terex Roadbuilding (foaming Processes). They allow no organic additives at this time.  

3.3 Illinois 
Illinois has a draft WMA special provision at this time (Sep 2011) and this draft version is subject to 
change prior to first use.  This special provision, available in Appendix C, page C26, revises their 
standard specifications which can be accessed using this link: 
http://www.dot.il.gov/desenv/hwyspecs.html (accessed in Sep 2011) 

Illinois has a new WMA specification that will be used for the first time on upcoming January Letting.   

They have done some experimental projects with WMA but they were not let as WMA.  They were an 
equal cost substitution requested by the contractor after the projects were awarded.   

3.4 Indiana 
Indiana DOT has prepared a thorough special provision for WMA, which is available in Appendix C, 
page C43. 

3.5 Iowa 
Iowa DOT has developed a specification for WMA with several revisions. The latest specification is 
available, with the previous revisions, in Appendix C, page C60. 

Iowa has investigated WMA performance in field and laboratory-produced mixes. The technologies used 
in lab were Advera, Sasobit, and Evotherm. In the field study, Evotherm 3G/Revix, Sasobit, and double 
Barrel Green Foaming technologies were applied. The result of their study was published in 2011 titled 
“Investigation of Warm Mix Asphalt Using Iowa Aggregates” (Buss et al., 2011). The study showed that 
mixing and compaction temperature were reduced. Tensile strength ratio (TSR) values of WMA were 
lower than HMA, especially in the lab were none of the additives performed as well as the HMA. 
Regarding dynamic module, HMA samples had higher modulus which is expected and WMA samples 
had reduced flow numbers compared to HMA counterparts. 

3.6 Kansas 
Kansas DOT has developed a seven page special provision to their HMA standard specification, plus a 
list of approved technologies. Both of these are accessible in Appendix C, page C83. As of September 
2011, their approved technologies are AQUAblack Solutions, Double Barrel Green, Terex, and Ultrafoam 
GX in Foaming technologies. For chemical and organic additives, they allow Advera, Aspha-Min, 
Evotherm, Redi-Set WMX, and Sasobit. 

3.7 Maine 
Their special provision for WMA is attached in Appendix C, page C93. 

http://www.dot.il.gov/desenv/hwyspecs.html
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3.8 Michigan 
Michigan DOT has developed a special provision for WMA that could be accessed in Appendix C, page 
C97. 

In a report titled “Michigan Field Trial of Warm Mix Asphalt Technologies” (Hurley et al., 2009), they 
have published their observations of constructing a test section, M95, in Iron Mountain to evaluate field 
performance of Sasobit technology. The experimental study showed that placement was successfully done 
at 50°F lower than HMA control sections. Air voids of WMA samples measured in the lab were 
statistically different form the control samples. Regarding rutting, lab tests did not show statistical 
difference between WMA and HMA. In moisture susceptibility, similar performance to control was 
observed; even tensile strength was higher for Sasobit mixes. Dynamic modulus of Sasobit mixes were 
statistically the same as control. Finally, it was concluded that using WMA resulted in reduction of 
emission and fuel consumption.  

3.9 Minnesota 
Minnesota standard specification is permissive, which means they allow WMA on any project unless 
expressly prohibited. They also allow shingles permissively, and only on a few projects they have not 
allowed shingles. 

Minnesota is most interested in evaluating WMA potential for satisfactory low-temperature cracking 
performance. To test WMA performance, they have paved six cells with WMA on the MnROAD 
Mainline, which carries fewer than one million ESALs per year. The mix used is a level 4 Superpave with 
PG 58-34 binder and 20 percent of RAP. They used Evotherm 3G in all mixes have also made a control 
section. Production was done at approximately 50°F cooler than HMA production, and the same 
compaction with HMA was achieved with less effort. The lab tests showed good tensile strength ratios, 
leading them to the conclusion that WMA is not prone to moisture damage. The DSR testing showed that 
WMA binders may be more susceptible to short term aging. In stiffness test, both WMA and HMA 
binders failed at approximately same temperature. 

3.10 Missouri 
Missouri DOT has not developed or adopted any particular warm mix additive/technology list yet.  To 
allow WMA, they have removed and lowered some temperature restrictions in their standard 
specification. They allow contractors to choose the technology that they are more comfortable with as 
long as they follow the specifications. Acceptance or rejection of a new technology by the contractors is 
based on their own investigation and DOT does not mandate anything.  Currently, foaming and Evotherm 
are the predominant technologies in their projects. 

3.11 Montana 
They have published a report in 2009 titled “Synthesis of Warm Mix Asphalt Paving Strategies for Use in 
Montana Highway Construction” (Perkins, 2009), in which a discussion is presented on available WMA 
technologies at that time, their advantages, and the required modifications. The report presents a thorough 
literature study on ongoing research of the time, including NCHRP Project 9-43 (which is completed 
now, September 2011, and a summary of it is presented in chapter 3 of this report) and some case studies 
on WMA, like two demonstration projects that were conducted in Yellowstone National Park  and studies 
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by NCAT and Montana DOT. The report further studies WMA specifications and special provisions in 
use by DOTs nationwide, and the report is finalized by proposing a roadmap for future research and 
implementation at MDT. 

3.12 Nebraska 
Nebraska DOT will be coming out with a permissive specification in January 2012, basically allowing the 
WMA materials that they have used and allow requests for any other materials, with approval by the 
Flexible Pavements Engineer.  This draft specification is not available for distribution before January 
2012. 

In a research project to evaluate WMA technologies for use in Nebraska paving projects, three additives 
(Sasobit, Evotherm, and Advera synthetic zeolite) were used to build trial sections in Antelope County, 
Nebraska. Lab and field performance of samples of this sections were compared to HMA controls. They 
observed and compared two-year actual field performance of WMA and HMA sections, plus their long-
term performance simulated through MEPDG. The results of their study showed that WMA additives do 
not significantly affect the viscoelastic stiffness of mixtures. Their WMA mixes generally had better rut 
resistance, particularly Sasobit. For moisture susceptibility, AASHTO T283 and semi-circular bend 
fracture tests were used, in which WMA samples showed more susceptibility. Both pavement types 
performed excellently in the two-year field performance monitoring and simulating. The long-term 
performance of WMA and HMA sections by MEPDG showed no major difference in performance 
between the two (Kim et al., 2010). 

3.13 New Hampshire 
They have a list or approved technologies, accessible in Appendix C, page C99. As of September 2011, 
they allow Aqua Foam, Double Barrel Green, Eco-Foam II, Maxam, Terex, and Ultrafoam GX in 
foaming technologies. Additionally, SONNEWARMix is approved for organic technologies and 
Evotherm in chemical technologies. 

3.14 New York 
The  Specification for the use of WMA can be found in appendix C, page C101, which needs reference to 
their most current Standard Specifications Sections 401 and 402 (this can be obtained at: 
https://www.nysdot.gov/main/business-center/engineering/specifications/updated-standard-specifications-
us). They also have a WMA Tech Approval Process which is available in Appendix C, plus a more in-
depth description of the information they use, in the “Production, Testing and Compaction Details” 
provided by each WMA Technology as part of the Approval process. 

NYDOT has an approved list of WMA Technologies which is also provided in Appendix C, page C116. 

They are expected to write a document after their experimental work plan on WMA has been completed, 
but that is not expected in a near future. 

3.15 Ohio 
They have two publications on WMA, “Performance Assessment of Warm Mix Asphalt (WMA) 
Pavements” (Sargand et al., 2009) and “Mechanical Properties of Warm Mix Asphalt Prepared Using 
Foamed Asphalt Binders” (Abbas et al., 2011). The results of their study show that WMA mixes made by 

https://www.nysdot.gov/main/business-center/engineering/specifications/updated-standard-specifications-us
https://www.nysdot.gov/main/business-center/engineering/specifications/updated-standard-specifications-us
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foaming are more workable and easily compacted, although they are produced at lower temperature. Their 
study showed that WMA mixes are slightly more susceptible to moisture damage, but can satisfy the 
minimum requirement on TSR. WMA prepared using natural gravel and unmodified binder is more prone 
to rutting than HMA counterparts. However, using appropriate aggregate and binders can help in 
overcoming any adverse effects that WMA have on mix performance. 

3.16 Oregon 
Their special provision for WMA and list of approved technologies are available in appendix C, page 
C123. 

3.17 South Dakota 
SDDOT has a research project currently underway on warm mix asphalt.  The status of the research 
project and the Special Provision used for the warm mix are attached in Appendix C, page C129. 

As of September 2011, the warm mix additives that they have used are Evotherm and water injection 
methods at the plant sites.   They have plans to use Advera in the future.  The mix designs were the 
standard gyratory designs and the warm mix changes were only to lower the mix delivery 
temperatures.  They have asked for and tried to follow the warm mix additive supplier recommendations 
for mix design and additional testing.  They have also followed the SDDOT Gyratory Special Provision 
for the testing requirements.  The mixes are monitored in the field and samples are obtained for additional 
testing for the research project.    

In their research project, no changes were made to the binder grade for the warm mix sections.  The warm 
mix design and field samples were prepared and tested for moisture sensitivity.  All control and warm mix 
sections had the same binder targets. The research project matrix is to try the warm mix with three 
aggregate types (limestone, quartzite, and a natural aggregate) and three different warm mix additives 
(Advera, Evotherm, and plant water injection systems).  All the mixes are 12.5 nominal size and use the 
standard compaction specification. The mixes are checked using the Asphalt Pavement Analyzer for rut 
depth of both the control and the warm mix.   

3.18 Utah 
Utah DOT has no WMA specification at this time (September 2011) and they use the same specification 
they use for HMA, with the only exception that the temperature can be lowered until it is sufficiently 
workable. Gradation, volumetric parameters, and all other specifications. There is one sentence in their 
specifications for HMA that says that the contractor may use WMA if they so choose. Utah has seen little 
difference in how their WMA projects have performed as compared to their WMA projects, so it is 
typically left to the contractor's discretion. 

3.19 Washington 
They have added a section in their standard specification that discusses WMA (Division 5 (5-04), and 
they also have a single page of Process Approval that contractors are required to fill out and submit in 
order to receive approval to produce WMA on any WSDOT project. These documents are available in 
Appendix C, page C133. 
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Washington DOT has initiated an experimental study to evaluate long and short term performance of 
WMA produced with Sasobit. For this, they will monitor the section for five years considering friction, 
rutting and ride measurements, as well as overall pavement condition assessment with special emphasis 
on cracking and rutting resistance. The project is still ongoing, but an interim report titled “Evaluation of 
Warm Mix Asphalt” (Russell, 2009) has been published. Based on production and placement of Sasobit, 
they have concluded that mix design, production, and placement of WMA is the same as HMA. 
Compaction and placement were possible at the same density of HMA, but lower temperatures were 
obtained at a reduction of 30-50°F. 

3.20 Wyoming 
WYDOT has little experience with warm mix and has just constructed their first warm mix test section in 
August 2011, with a plant foaming process. They will most likely construct a test section summer 2012 
with several different additives and processes. 
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4 SURVEY ANALYSIS 

In the survey, questions were categorized into five subcategories: 

 General observations 
 Technologies 
 Mix design 
 Specification 
 Acceptance plan 

Under General Observation category, questions concerning WMA agencies’ past experience relevant to 
production, cost, and previous projects were of concern. 

4.1 Question 1 - General - Comparison between WMA and HMA 

Q.1 Compare WMA to HMA in the following categories based on your agency experience. Please explain 
your choices in the comment box. 

The first question was about comparing WMA to HMA for the following categories: bidding, contractor’s 
willingness, constructability, performance, maintenance and cost. A section for the comments was also 
part of the question. FIGURE 4.1, illustrates the results for the first question. As can be seen from 
FIGURE 4.1, for all categories the majority of responses considered HMA and WMA of same ranking. 
On the other hand, WMA had the highest advantageous ranking in terms of constructability followed by 
contractors’ willingness.  In terms of the disadvantages of WMA compared to HMA, cost was the highest 
disadvantage of WMA, followed by performance, and the least disadvantageous in terms of 
constructability. 

http://www.surveymonkey.com/MySurvey_EditPage.aspx?sm=8Evo5SXDcBbZ1mVcEMOJWdJBLstedjukhVtvI3ds%2f0knHE2uZFod7Misu35ZMzx%2f&TB_iframe=true&height=450&width=650
http://www.surveymonkey.com/MySurvey_EditPage.aspx?sm=8Evo5SXDcBbZ1mVcEMOJWcQmwqaup8CR7ZA3p0wmuvF%2fN6tcudStSMLJlRvh4MlV&TB_iframe=true&height=450&width=650
http://www.surveymonkey.com/MySurvey_EditPage.aspx?sm=8Evo5SXDcBbZ1mVcEMOJWcQmwqaup8CR7ZA3p0wmuvGvDdpeMmPtry%2bSrborgMi8&TB_iframe=true&height=450&width=650
http://www.surveymonkey.com/MySurvey_EditPage.aspx?sm=8Evo5SXDcBbZ1mVcEMOJWdJBLstedjukhVtvI3ds%2f0nK49WSRayF3WU0rHcxf8H2&TB_iframe=true&height=450&width=650
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FIGURE 4.1 Comparison between WMA and HMA based on agencies’ experience 

4.2 Question 2 - General – Approximate Agencies’ Yearly Production of 
WMA and HMA 

Q.2 How much was the WMA and HMA approximate production (tonnage/year) based on the average of 
last five years? 

This question was about the WMA and HMA approximate production (tonnage/year) based on the 
average of last five years. The question was a comment section, in which the respondents were able to 
state their production data as well as their accompanying explanation for it FIGURE 4.2.a and FIGURE 
4.2.b illustrate the average yearly production for both HMA and WMA, respectively. As shown in 
FIGURE 4.2.a, for HMA production, South Dakota (Pierre), had the highest amount of production with 
an average of eight million tons/year, followed by Ohio (Columbus) with an average production of six 
million tons/year and then Washington (Olympia) averaging 4.8 million tons/year. The lowest three 
averages of HMA production were for Montana (Helena), Manitoba-Canada (Winnipeg) and Michigan 
(Lansing)/Vermont (Montpelier) averaging 25,600, 40,500, and 400,000 tons/year, respectively. For 
WMA, as illustrated in FIGURE 4.2.b, the production averages varied significantly for the different 
agencies. Ohio (Columbus) had the highest average with 1.9 million tons/year, followed by Indiana 
(Indianapolis) that averaged 500 thousand tons/year, while New York (Albany) came third with an 
average of 225 thousand tons/year. The lowest three averages of WMA production were for Utah (Salt 
Lake), Idaho (Boise) and Oregon (Salem) averaging 5000, 6000 and 10,000 tons/year, respectively. 
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FIGURE 4.2.a Approximate HMA production (average of last five years) 

 

FIGURE 4.2.b Approximate WMA production (average of last five years) 
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Q.3 was a comparison between HMA and WMA in terms of bidding cost. This question was divided into 
two sections. There is a general section, asking about the overall rating of WMA cost and whether it is 
higher, lower, or the same compared to HMA. The second part of the question specifically inquires about 
the increase of WMA cost compared to HMA, by providing five choices for the increase in the bidding 
cost, which are 1 to 5%, 6  to 10%, 11 to 15%, 15 to 20% and 21% or more, from which the survey taker 
has to choose only one choice. 

As illustrated in FIGURE 4.3.a, seven DOTs ranked WMA bidding cost to be the same as that of HMA, 
whereas eight choose to assign a more bidding cost for WMA when compared to HMA. On the other 
hand, for the exact amount of increase of WMA bidding cost compared to HMA, illustrated in FIGURE 
4.3.b , four DOTs choose 1 to 5%, followed by three choosing 6 to 10%, while only one DOT choose 15 
to 20%. Such variability in the increase of the bidding cost could be attributed to the different WMA 
technologies, that either requires additives, or modification to the plant itself. 
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FIGURE 4.3.a WMA bidding cost compared to HMA 

  

FIGURE 4.3.b Increase of WMA bidding cost compared to HMA   
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4.4 Question 4 – General – Cost Issues 
 

Q.4 What is the approximate range of additional costs ($/ton) for WMA production at:  
Q 4.1 Cost of Additives 
Q 4.2 Total Cost Including Processing 
 

4.4.1 Question 4.1 - General – WMA Additional Cost of Additives 

The following question (Q.4.1) was about the approximate range of additional costs ($/ton) for WMA 
production in terms of cost of additives at both the refinery and field locations. New York (Albany) stated 
a $3-6/Liquid Ton increase at the refinery and $8/Liquid Ton increase at the field location for WMA cost 
of additives compared to HMA. Missouri (Jefferson City) stated that no increase is needed due to the 
usage of foaming technology at both the refinery and field location, with the only needed cost for initial 
equipment installation. Iowa (Ames) stated that no increase, at the refinery, is needed due to the usage of 
foaming technology. 

 

FIGURE 4.4.1 Additional costs for WMA production in terms of cost of additives   
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4.4.2 Question 4.2 - General - WMA Additional Total Cost 

The approximate range of additional costs ($/ton) for WMA production in terms of total cost including 
processing, at both the refinery and field locations, was discussed in (Q.4.2). FIGURE 4.4.2 illustrates the 
percentage of states who responded for each section. Vermont (Montpelier) stated a $1-2 per ton increase 
for both locations. Washington (Olympia) provided a value for the increase at field location ($25,000 - 
$50,000). An increase of $2 per ton for the refinery location and $1.75 per ton for field location were 
stated by Minnesota (Maplewood). Iowa (Ames) stated an increase of $2-4 per ton for the refinery 
location only. Ohio (Columbus) and Michigan (Lansing) both stated that no increase is needed except for 
cost of initial equipment installation.  

 

 

 

FIGURE 4.4.2 Additional costs for WMA production in terms of total cost including processing 
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4.5 Question 5 - General – Agencies’ WMA Experiences 

Q.5 Is it possible to provide information/data/documentation for some of your agency 
projects/experiences with WMA? (Please provide it through web link, email, or post) 

The following question (Q.5) asked about information, data, and documentation for some of the agency 
projects or experiences with WMA. Detailed data obtained from this question, as well as all other 
additional data collected by the research team used in formalizing this report are all gathered in Appendix 
D – Case Studies and Reports on WMA. FIGURE 4.5 illustrates the number of states that has publication 
related to WMA. 

 

 

FIGURE 4.5 Agencies that have WMA publications 
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4.6 Question 6 - General –Agencies’ Preferred WMA Process 

Q.6 If you had to pick one WMA process, what would it be? Please explain why. 

Q.6 asked the survey takers about a single WMA process to choose. As illustrated from FIGURE 4.6, an 
equal response count seven was recorded for both chemical and foaming processes, while the organic 
additives had only three responses. Five of the respondents could not choose a single technology. 

 

 

 

   

FIGURE 4.6 Distribution of WMA type preference 
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In the technologies section, questions concerning WMA agencies past experience relevant to technologies 
implemented for WMA utilization were of concern. 

Questions (Q.7.1, Q7.2, and Q7.3) discussed number of constructed projects, ranges in temperature 
reductions after utilization of WMA technology and types of distresses (either moisture damage or 
rutting) together with the number of projects that had such distresses, for the agencies projects made with 
chemical processes, foaming processes and organic additives, respectively. 

4.7 Question 7 – Technology – Evaluation of Processes 
 

4.7.1 Question 7.1 - Technology – Chemical Processes 

For each of the three main processes below please specify the followings: In how many of your agency 
projects was the technology implemented? How much reduction in mixing temperature could you achieve 
compared to HMA projects? Have you observed moisture damage and/or rutting on your warm mix 
projects? If yes, in how many projects did you observe them? If there were other distresses, please list 
them in the comment box. 

In Q.7.1, chemical processes agencies past experience was discussed. As illustrated in FIGURE 4.7.1.a, 
Evotherm™ had the highest number of constructed projects among agencies with 54 projects done, 
followed by CECABASE®RT and HyperTherm™/QualiTherm that had only two and one, respectively. 
FIGURE 4.7.1.b discusses the ranges of temperature reductions for the different chemical processes. For 
Evotherm™, amongst the 13 agencies who choose such process, 10 picked the (40-60ºF) temperature 
range reduction while only three choose the (20-40ºF) range of reduction. For CECABASE®RT and 
HyperTherm™/QualiTherm, for the two agencies that choose them, the (40-60ºF) temperature range 
reduction was their choice. The number of projects that had either moisture damage or rutting, for the 
chemical processes chosen, is shown in FIGURE 4.7.1.c. The highest number of projects was assigned to 
Evotherm™ process, and it was the only process to show 13 projects suffering from moisture damage. 
This, however, does not give direct indication of the susceptibility of such process to moisture damage, 
but rather is attributed to it being the highest process in terms of number of projects. 

http://www.surveymonkey.com/MySurvey_EditPage.aspx?sm=8Evo5SXDcBbZ1mVcEMOJWcQmwqaup8CR7ZA3p0wmuvF%2fN6tcudStSMLJlRvh4MlV&TB_iframe=true&height=450&width=650
http://www.surveymonkey.com/MySurvey_EditPage.aspx?sm=8Evo5SXDcBbZ1mVcEMOJWcQmwqaup8CR7ZA3p0wmuvF%2fN6tcudStSMLJlRvh4MlV&TB_iframe=true&height=450&width=650
http://www.surveymonkey.com/MySurvey_EditPage.aspx?sm=8Evo5SXDcBbZ1mVcEMOJWcQmwqaup8CR7ZA3p0wmuvF%2fN6tcudStSMLJlRvh4MlV&TB_iframe=true&height=450&width=650
http://www.surveymonkey.com/MySurvey_EditPage.aspx?sm=8Evo5SXDcBbZ1mVcEMOJWcQmwqaup8CR7ZA3p0wmuvF%2fN6tcudStSMLJlRvh4MlV&TB_iframe=true&height=450&width=650
http://www.surveymonkey.com/MySurvey_EditPage.aspx?sm=8Evo5SXDcBbZ1mVcEMOJWcQmwqaup8CR7ZA3p0wmuvF%2fN6tcudStSMLJlRvh4MlV&TB_iframe=true&height=450&width=650
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FIGURE 4.7.1.a Number of constructed projects for each chemical process 

 

FIGURE 4.7.1.b Mixing temperature reduction (°F) achieved for each chemical 
process  
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FIGURE 4.7.1.c Number of projects with moisture damage for each chemical process 

 

4.7.2 Question 7.2 - Technology - Foaming Processes 

The past experiences of agencies with foaming processes is discussed in Q.7.2. From FIGURE 4.7.2.a, a 
rather wide range of processes is available. Double Barrel® Green process had the highest number of 
projects (44), followed by AQUABlack™ WMA System (33 projects), while Terex® WMA System 
came third with a total number of 17 projects. Accu-Shear™, Aspha-Min®, Aquafoan, and Ultrafoam 
GX2™ System had the lowest number of projects with only one, one, three, and three projects 
respectively. As illustrated in FIGURE 4.7.2.b, the majority of foaming process was assigned the 20-40ºF 
temperature reduction range. The only exceptions were for Advera® WMA process that had 40-60ºF 
temperature reduction range chosen by some agencies, and LEA (Low Emission Asphalt) where an 
agency choose 80-100ºF as its temperature reduction range. 
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FIGURE 4.7.2.a Number of constructed projects for each foaming process 
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FIGURE 4.7.2.b Mixing temperature reduction (°F) achieved for each foaming process  

4.7.3 Question 7.3 - Technology - Organic Additives 

In Q.7.3, organic additives agencies’ past experience is discussed. As illustrated in FIGURE 4.7.3.a, 
Sasobit® had the highest number of projects constructed among agencies with 16 projects done, followed 
by Thiopave™ and SonneWarmix™ that had only three and two projects, respectively. FIGURE 4.7.3.b 
discusses the ranges of temperature reductions for the different organic additives. For Sasobit®, among 
the eight agencies who choose such additive, four picked the 20-40ºF temperature range reduction, three 
choose the 40-60ºF range of reduction, and only one choose the 80-100ºF range of reduction. For 
Thiopave™ and SonneWarmix™, for the two agencies that choose them, the 20-40ºF temperature range 
reduction was their choice. 
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FIGURE 4.7.3.a Number of constructed projects for each organic additive 

 

FIGURE 4.7.3.b Mixing temperature reduction (°F) achieved for each organic 
additive 
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In the mix design category, modifications in the mix design, in terms of material, binder and design 
aggregate structure were investigated. Lab testing modifications, amount of anti-stripping additives, and 
utilization of Reclaimed Asphalt Pavement (RAP) or Reclaimed Asphalt Shingles (RAS) in WMA were 
also investigated. 

4.8 Question 8 - Mix Design - WMA Material Selection Modifications 

Q.8 In your WMA Material Selection, which of the items below has been modified compared to HMA 
mix design? (Please explain in the comment box) 

In Q.8, WMA mix design material selection modifications in terms of binder selection, aggregate 
properties, volumetric parameters (VMA & VFA), recycled asphalt pavement (content/gradation) and 
additives (types/percentage) compared to HMA were discussed. As can be seen from FIGURE 4.8, the 
majority of responses from agencies (14) determined the need for no modifications at any time. On the 
other hand, binder selection was among the items of WMA mix design material selection that needed 
modifications with a response count of two. Next, volumetric parameters (VMA & VFA), recycled 
asphalt pavement (content/gradation) and additives (types/percentage) that had all a response count of one 
from all the agencies who answered the question. 

 
 
FIGURE 4.8 Modifications in WMA material selections items compared to HMA 
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4.9 Question 9 - Mix Design - WMA Binder Selection Modifications 

Q.9 In your WMA Binder Selection, which of the items below has been modified compared to HMA mix 
design? (Please explain in the comment box) 

In Q.9, WMA binder selection modifications in terms of binder content, binder grade, and binder 
preparation/testing compared to HMA were discussed. As can be seen from FIGURE 4.9, the majority of 
responses from agencies (18) determined the need for no modifications at any time. On the other hand, 
binder content was among the items of WMA mix design material selection that needed modifications, 
with a response count of two. Next, were binder grade and binder preparation/testing that both had a 
response count of one among the agencies who answered the question. 

 

 

FIGURE 4.9 Modifications in WMA binder selection items compared to HMA 
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In Q.10, WMA design aggregate structure modifications in terms of aggregate sources, nominal 
maximum aggregate size, trial gradations and aggregate compaction, compared to HMA were discussed. 
As can be seen from FIGURE 4.10, 19 respondents determined the need for no modifications at any time, 
while only one agency (Saskatchewan) stated that no changes have taken place for the aggregate 
properties because WMA is in the early trial stages. 

 

 

FIGURE 4.10 Modifications in WMA design aggregate structure compared to HMA 
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4.11 Question 11 - Mix Design - WMA Lab Performance Tests 
Modifications 

Q.11 In your WMA Lab Performance Tests, which of the testing below has been modified compared to 
HMA mix design? (Please explain in the comment box) 

In Q.11, WMA lab performance tests modifications in terms of rutting, thermal cracking, fatigue, and 
moisture sensitivity compared to HMA were discussed. As can be seen from FIGURE 4.11, the majority 
of responses from agencies determined the need for no modifications at any time, for both specimen 
preparation and testing procedures categories. On the other hand, moisture sensitivity was among the 
items of WMA lab performance tests that needed modifications, with three agencies attributing the 
modifications in specimen preparation, while only one agency choose modifications in testing procedure. 

 

 

FIGURE 4.11 WMA lab performance tests modifications compared to HMA 
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4.12 Question 12 - Mix Design – WMA Anti-Stripping Agent 
Modifications 

Q.12 Compared to HMA, does your agency require modifying the amount of anti-stripping agent used for 
WMA? If yes, please specify how? Also if any other types of additives are required for WMA, please 
specify in the comment box 

In Q.12, WMA modifications in terms of the amount of anti-stripping agent used were investigated. As 
can be seen from FIGURE 4.12, the majority of responses from agencies (19) determined that no 
modifications were needed at any time. On the other hand, one agency responded with the need for 
modifications in the amount of anti-stripping agent for WMA. 

 

 

FIGURE 4.12 WMA requirements on anti-stripping agent compared to HMA 
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4.13 Question 13 - Mix Design - RAP and RAS Utilization in WMA 

Q.13 For which of the following does your agency have different requirements 
(percentage/processing/testing) compared to HMA? Please specify in the comment box below. 

Q.13 was directed to investigate the utilization of RAP (Reclaimed Asphalt Pavement) or RAS 
(Reclaimed Asphalt Shingles) in WMA, and whether there are different requirements as compared to 
HMA for their usage in terms of percentage, processing, and testing. As illustrated in FIGURE 4.13, for 
both RAP and RAS, the majority of responses indicated no need for any modifications. However, only 
two agencies answered with YES for modifications regarding RAP and RAS. 

 

 

 

FIGURE 4.13 WMA requirements on RAP and RAS compared to HMA 
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4.14 Question 14 - Mix Design - WMA Mix Design Dependence on WMA 
Technology 

Q.14 If Modifications are made, does the design for WMA depend on the WMA technology used? (if yes, 
please explain how) 

In Q.14, discussion of the dependence of the WMA mix design on the WMA technology used is 
elaborated. As can be seen from FIGURE 4.14, nine of the respondents elaborated that no modification is 
needed. On the other hand, four of the respondents choose (YES) for the need of modification in mix 
design for the different WMA technologies utilized. 

 

 

FIGURE 4.14 WMA design dependence on the technology employed 
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In the specification category, mechanisms for developing warm mix asphalt in agencies as well as the 
methods for development of specification or approval procedure for WMA within agencies are discussed. 

4.15 Question 15 - Specifications - Agencies Mechanisms for WMA 
Development 

Q.15 What are the mechanisms for developing warm mix asphalt in your agency? In the 
comment box, please provide your most recent documents/web links for each of the items below. 
(Either copy the web link(s) or email us the document) 

In Q.15, it was requested to provide the mechanisms for developing WMA in the agencies and 
whether it is done through following; separate specification developed for WMA, approved list 
of processes, or an approval process for non-listed processes proposed. FIGURE 4.15 illustrates 
the response percent for this question. Montana (Helena), Minnesota (Maplewood), New York 
(Albany), Maine (Augusta), South Dakota (Pierre), Nebraska (Lincoln), and Iowa (Ames) all 
choose to have separate specification developed for WMA. Idaho (Boise), New Hampshire 
(Concord), New York (Albany), Colorado (Denver), Nebraska (Lincoln), and Kansas (Topeka) 
choose having an approved list of processes as the mechanisms for developing WMA. The third 
choice (approval process for non-listed processes proposed) was picked by the following 
agencies; Idaho (Boise), New York (Albany), Colorado (Denver), Nebraska (Lincoln), Manitoba, 
Canada (Winnipeg), and Kansas (Topeka), to be the mechanisms for developing WMA. 

 

FIGURE 4.15 Mechanisms for developing warm mix asphalt in agencies  
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4.16 Question 16 - Specifications - Specifications or Approval Procedures 
Development 

Q.16 How did you develop your agency specification or approval procedure? (in the comment box please 
specify the reference your agency used for the first two choices) 

Q.16 discussed the methods for development of agencies specification or approval procedures. The 
respondents had to choose whether they developed their specifications or approval procedures based on 
national studies/guidelines (such as NCHRP reports), based on other DOTs specifications, or they 
developed them by their own. The response percent for this question is illustrated in FIGURE 4.16. 
Montana (Helena), Idaho (Boise), Minnesota (Maplewood), South Dakota (Pierre), Colorado (Denver), 
and Iowa (Ames) all choose to have their specifications developed based on national studies/guidelines 
(such as NCHRP reports). Montana (Helena), New Hampshire (Concord), Minnesota (Maplewood), 
South Dakota (Pierre), Nebraska (Lincoln) and Kansas (Topeka) choose developing WMA specification 
or approval procedures based on other DOTs specifications. 

The following state agencies; Vermont (Montpelier), Washington (Olympia), Indiana (Indianapolis), 
Idaho (Boise), Minnesota (Maplewood), New York (Albany), Main (Augusta), South Dakota (Pierre 
city), Missouri (Jefferson City), Michigan (Lansing), Colorado (Denver), Nebraska (Lincoln), Manitoba 
(Winnipeg)-Canada, Utah (Salt Lake), Iowa (Ames), and Ohio (Columbus), all choose to have developed 
their WMA specifications or approval procedures by their own. 

 

FIGURE 4.16 Development methods for specification or approval procedure in agencies  
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4.17 Question 17 - Specifications - WMA Non-Permitted Technologies or 
Additives 

Q.17 Do you have a list of NOT PERMITTED (WMA technologies, additives, etc...) in any section of 
your specification? (If yes, please list the Not Permitted items in the comment box below) 

The last question in the specifications category, Q17, was about having a list of not permitted (WMA 
technologies, additives, etc...) in any section of the agency specification. FIGURE 4.17 illustrates the 
response count for this question. As can be seen from FIGURE 4.17, all the respondents had no list of 
non-permitted WMA technologies, additives. 

 

  

FIGURE 4.17 Agencies having any NOT-PERMITTED list in their specification 
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Under the acceptance plan category, questions concerning modifications in WMA acceptance plan 
components, temperature monitoring, sampling schedule for quality assurance, lab assurance testing, and 
quality control plan are covered. 

4.18 Question 18 - Acceptance plan - WMA Acceptance Plan 
Modifications 

Q.18 Compared to HMA, for which of the WMA acceptance plan components do you have 
modifications? Please explain in the comment box. Also, could you provide us with your agency 
acceptance plan for WMA (through web link, email, or hard copy).  

Q.18 covers the WMA acceptance plan components modifications in terms of acceptance sampling type, 
quality characteristics, specification limits, quality level goals, risk, and pay factors as compared to HMA. 
As illustrated in FIGURE 4.18, no modifications were required by agencies for WMA acceptance 
sampling type, quality level goals, and risk as compared to HMA. Minor response count (one) was given 
for modifications in quality characteristics, specification limits, and pay-factors for WMA when 
compared to HMA. 

 

 

FIGURE 4.18 Modifications in WMA acceptance plan components compared to HMA  

1 1 1

17 17

16

17 17

16

7

6

7 7 7 7

0

4

8

12

16

20

Acceptance 
Sampling Type

Quality 
Characteristics

Specification 
Limits

Quality Level 
Goals

Risk Pay Factors

Re
sp

on
se

 C
ou

nt

Yes, modifications exit

No, modifications don't exist

No Response



 

Page | 50 
 

4.19 Question 19 - Acceptance Plan - WMA Modifications in 
Temperature Monitoring 

Q.19 Compared to HMA, in which of the following do you have modifications in temperature monitoring 
for WMA? Please specify in the comment box. 

In Q.19, modifications in temperature monitoring for WMA as compared to HMA in terms of mixing and 
construction or compaction were discussed. FIGURE 4.19 illustrates the response percent for Q.19. The 
majority of correspondents (11) identified no modification in temperature monitoring for WMA as 
compared to HMA for both mixing and construction or compaction. In terms of modifications in mixing 
temperatures, a response count of seven was calculated out of the respondents. On the other hand, a total 
response count of eight was calculated the respondents for choosing construction or compaction 
temperature monitoring modifications for WMA as compared to HMA. 

 

 

FIGURE 4.19 Modifications in temperature monitoring for WMA compared to HMA 
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4.20 Question 20 - Acceptance Plan - WMA Modifications in QA 
Sampling Schedule 

Q.20 Is the WMA sampling schedule for quality assurance different from HMA? (If yes, please explain in 
the comment box) 

Q.20 investigated whether there is a difference in the WMA sampling schedule for quality assurance as 
compared to HMA or not. As illustrated in FIGURE 4.20, the majority of correspondents (20) chose no 
difference in the WMA sampling schedule for quality assurance as compared to HMA. A total response 
count of one stated that there is a difference in the WMA sampling schedule for quality assurance as 
compared to HMA. 

 

 

 FIGURE 4.20 Changes in WMA quality assurance sampling schedule compared to HMA 
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4.21 Question 21 - Acceptance Plan - WMA Lab Assurance Testing 
Modifications 

Q.21 For lab assurance testing, in which of the following do you have modifications compared to 
HMA? Please specify in the comment box. 

Q.21 discussed the WMA lab assurance testing modifications as compared to HMA in terms of 
sample preparation and testing procedure. As shown in FIGURE 4.21, the majority of 
correspondents (13) identified no modification in WMA lab assurance testing as compared to 
HMA for both sample preparation and testing procedure. In terms of modifications in sample 
preparation, a response count of six was calculated out of the respondents. On the other hand, a 
total response count of three was calculated the respondents for choosing lab assurance testing 
procedure modifications for WMA as compared to HMA. 

 

 

FIGURE 4.21 Modifications in lab assurance testing for WMA compared to HMA 
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4.22 Question 22 - Acceptance Plan - WMA Modifications for QC Plan 

Q.22 Compared to HMA, does your agency have any modifications on Quality Control Plan? If yes, 
please explain in the comment box. 

The modifications on quality control plan for WMA as compared to HMA is discussed in Q.22. FIGURE 
4.22 illustrates the response percent of Q.22. The majority of respondents (17) replied that no 
modifications are required. A total response count of four replied that modifications on WMA quality 
control plan as compared to HMA is required. From those who replied for the need of modifications, 
Vermont (Montpelier) stated that it mandates that the quality control plan has a section on the WMA 
technology to be used, New York (Albany) mandates that the “Production, Testing and Compaction 
Details" document made by the WMA technology provider be followed by the mixer producer so as to 
ensure that everyone is utilizing the technology properly, Maine (Augusta) requests that the contractor has 
to determine the technology-specific production and placement temperature range, and finally, Missouri 
(Jefferson City) requests that the WMA temperature for mixing and compaction be specified. 

 

 

FIGURE 4.22 Modifications in WMA quality control plan compared to HMA  
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4.23 Question 23 - Acceptance Plan - Evaluation of WMA Construction 
Performance 

Q.23 Do you use test sections to evaluate construction/performance of WMA technologies? If yes, what 
are the approval process and the tests? 

As illustrated in FIGURE 4.23, 14 of the respondents responded by not using test sections for WMA 
construction/performance evaluation. Six of the respondents replied that they carry out test sections for 
the evaluation of construction/performance of WMA. From those who replied for the need of test sections 
for WMA evaluation of construction/performance, Saskatchewan (Saskatoon)-Canada commented that 
the approval for test sections is conducted on a case by case basis, with the tests including mechanistic 
testing of lab produced samples, some moisture susceptibility testing, and control sections established on 
WMA trials. New York (Albany) explained that they do allow trial sections to be built on NYSDOT 
roadways but do not require it to be limited to the state only. Their approval process allows trial sections 
to be built in other states, cities, counties, while following up with the project owner on performance and 
construction of trial section. Maine (Augusta) responded that they use HMA control-strips to compare 
performance of WMA. Nebraska (Lincoln) stated that they allow the use of both WMA and HMA on a 
project, requiring at least 1000 tons of each material be placed, and then evaluate the testing as what is 
done with HMA. They continue to monitor the road by visually evaluating it against HMA section. 
Manitoba (Winnipeg)-Canada explained that they perform distress survey of each test section for rutting, 
cracking, and ride quality. Finally, Iowa (Ames) responded that they use test strips for both HMA and 
WMA. Here, they verify that the density is being achieved with higher specification limits, and if 
compaction is not achieved, then a change in mix or rolling pattern may be needed. 

 

FIGURE 4.23 Use of test section for WMA evaluation  
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4.24 Question 24 - Acceptance Plan –Use of Non-Approved WMA 
Technologies 

Q.24 In case of using non-approved technologies, additives, or modifiers by the contractor, what would 
be the agency action? Please explain in the comment box. 

Q.24 investigated the measures taken by the agencies if non-approved technologies, additives, or 
modifiers are used by the contractor.   As illustrated in FIGURE 4.24, the majority of respondents replied 
that they would reject the project (11), whereas only two of the respondents replied that they would accept 
the project, but with penalty. Six agencies replied by taking other actions.  

 

 

 

FIGURE 4.24 Agency action in case of using non-approved items by the contractor` 
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5 SUMMARY AND RECOMMENDATIONS 
A main concern in this study was to look at what steps other DOTs have taken in reaching their current 
status so that NDDOT could also follow the same route. The project conducted literature study and 
collected data on the materials, construction and performance of WMA in neighboring states to 
determine the additives and processes that would perform the best on NDDOT projects. Specific 
changes to current specifications and acceptance plans must follow manufacturer directions, lab testing, 
and field trials and performance.  

5.1 Summary of Survey 
In the first category of the survey questions that dealt with the general experience of the agencies with 
WMA, the increase of WMA additives cost was deemed disadvantageous; however, some agencies 
identified foaming processes as appealing because they require only the initial cost of installation. The 
potential added cost of anti-stripping agents associated with WMA technologies, except for Evotherm™, 
was another disincentive against WMA. On the other hand, reductions in costs associated with fuel and 
plant wear when utilizing WMA were advantageous. Distresses, such as early rutting as a result of 
uncertain optimum bitumen ratio and increased moisture sensitivity due to incomplete drying of 
aggregates, were other disadvantages for WMA. In terms of average yearly production of WMA 
compared to HMA, WMA yearly production ranged from 20% to 5% of their HMA yearly production for 
most of the agencies participating in the survey, except for South Dakota (Pierre) and Washington 
(Olympia). In terms of bidding cost, the agencies responses showed variability in the increase of the 
bidding cost of WMA as compared to HMA within a range of 5 % to 20%. Such variability could be 
attributed to the different WMA technologies employed, that either requires additives or modifications to 
the plant itself. In terms of the agencies’ preferred WMA process, foaming and chemical processes were 
both favored. According to the agencies responses, foaming installation costs are considered as a one-time 
annualized cost that can be compensated through decreased fuel usage. In addition, water will evaporate 
out of the mix and leave the asphalt intact with the least potential for changing asphalt properties. This 
would also be easier for a contractor to install on his hot plant, while providing increased film thickness 
and compaction. For chemical processes, it is favored as it can act as adhesion promoter, as well as a 
compaction aid. In addition, the ability to replicate the chemical process in the lab, which is not possible 
for the foaming process, is also an advantage. Other advantages of chemical processes include its anti-
strip capabilities, and the fact that it allows the utilization of higher percentages of RAP and RAS.  

For the technology category in the survey, Evotherm™ was, by far, the most utilized chemical process 
amongst agencies. Generally, a 40-60ºF temperature reduction was associated with the utilization of 
WMA chemical processes, and moisture damage was the most significant distress encountered. For 
foaming processes, the most employed technologies are the Double Barrel® Green, AQUABlack™, and 
Terex® WMA. However, lower ranges of temperature reduction were achieve for such technologies 
ranging at about 20-40ºF. In the organic additives, Sasobit® is the most utilized technology. Temperature 
reduction ranges between 20-40ºF. It is worth mentioning that amongst the three main technologies; 
chemical, foaming, and organic additives, the foaming processes were the most employed technology in 
agencies. 

In the mix design category, in terms of WMA materials selection, the majority of agencies would treat 
WMA as HMA. Some modifications; however, would be implemented on the type of anti-stripping 
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agents and the utilization of RAP or RAS. In another approach, the implementation of NCHRP 9-43 (Mix 
Design Practices for Warm Mix Asphalt) report recommendations, in terms of using proposed compaction 
temperature in the binder grade selection depending on the aging index, were utilized. In terms of 
modifications for the WMA binder selection, generally, no modifications were applied by agencies, 
except for adjusting the binder content for reduced absorption. In terms of WMA design aggregate 
structure, no modifications were recorded for any agency. As for the WMA lab performance tests, the 
only modifications were for the case of moisture sensitivity’s specimen preparation and testing, where 
some agencies require that the specimens be fabricated with the WMA technology expected to be utilized. 
In addition, lower compaction temperatures are employed to make the testing samples. For the 
modifications in the amount of anti-stripping agent, no modifications are required for WMA utilization by 
most of the agencies. In some agencies, a 1%-1.5% lime is required, regardless of the mixing temperature 
employed. For the utilization of both RAP and RAS, the requirements for both WMA and HMA are 
generally the same, except for some agencies where RAP may be permitted for HMA, but not for WMA. 
Based on most of agencies feedback, WMA mix design does not depend on its technology, with the 
exception of some agencies that elaborated that, for WMA, all additives need to be included in the 
specimen fabrication, and mix design needs to be submitted for the specific WMA technology utilized.    

For the acceptance plan category, WMA has no modifications as compared to HMA, except in some cases 
that entail differences on laboratory compaction temperatures, or modifications to mixing and placement 
temperatures as determined by the manufacturer recommendations. In terms of the modifications in 
temperature monitoring for WMA, although no changes are associated with the monitoring procedure of 
temperature as compared to HMA, lower temperatures are employed for cases of WMA. Thus, a 
threshold temperature is normally set, below which a drop in temperature is not permitted. In terms of 
WMA sampling schedule, no modifications are required as compared with HMA. IOWA (Ames) 
exceptionally requests all WMA mixes designed for above three million ESALS be tested under 
AASHTO T 283 (Resistance of Compacted Asphalt Mixtures to Moisture-Induced Damage), while for 
HMA it is only a requirement when utilized in interstates and quartzite mixes. For lab assurance testing, 
modifications in WMA sample preparation and testing procedure are mainly employed towards the 
utilization of lower compaction temperatures. Generally the WMA mixing and compaction temperatures 
are recommended by the WMA technology provider. 

5.2 Summary of WMA Specifications  

5.2.1 Based on Literature 
In Colorado, WMA is considered as a Non-Standard Asphalt Mix (NSM) technology. Plant temperatures 
more than 100°F below existing HMA Superpave mixing temperatures are not allowed for the production 
of WMA. In case of utilizing more than 20% RAP in WMA mixtures, the plant production temperature 
must be greater than the documented grade of the “as recovered” RAP binder. 

In Idaho, acceptance of test strip requires two additional tests for WMA, namely immersion compression 
and rutting susceptibility (APA). 

In Illinois, modifications employed to WMA can be summarized in terms of Mix Design Verification, 
Quality Control/Quality Assurance Testing, and Construction Requirements. 
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In Indiana, WMA, can be employed utilizing water injection foaming devices for ESAL category 1 
(<300,000 ESALS), 2 (300,000 to<3,000,000 ESALS), and 3 (3,000,000 to <10,000,000 ESALS) 
mixtures only.  

In Iowa, WMA production temperature should be kept between 215ºF (102ºC) and 280ºF (138ºC) until 
placed on the grade. WMA mixtures should not be produced at temperatures 10ºF (5ºC) below the target 
temperature. Compacted WMA field samples should be transported to the laboratory at 240ºF (115ºC). If 
RAP or RAS are utilized with percentages higher than 20% but less than 30% of the total binder, the 
designated high temperature binder grade would be intact.  

Kansas requires a prequalification process for WMA technologies that the contractor has to pass before 
using a new technology, otherwise the contractor can select from a pre-approved list of processes which is 
updated and evaluated based on the field performance.  

Michigan has a special provision for water-injection foaming devices, which requires the lab testing 
temperatures to be based on suppliers’ recommended value and a daily asphalt binder sample. The sample 
should be taken from a point where the water or water foaming additive is added, and the point where the 
binder is added to mixture. 

NYDOT special provision requires the technologies that are used by contractors to be from the approved 
list of processes developed by them or be approved by the Engineer prior to application. It is mandatory 
to submit WMA design 14 days prior to construction for verification. Tests results of both the HMA and 
WMA samples using one of the three methods allowed by the DOT (Asphalt Pavement Analyzer (APA), 
Hamburg Wheel Track (HWT), and Asphalt Mixture Performance Tester (AMPT)) should be prepared 
and sent to DOT. The final decision of the WMA is done by the director of Materials Bureau. 

In Ohio, a special provision for WMA requires a sampling valve at the injection equipment to sample the 
binder before spraying for foaming processes. The mixing plants should be pre-approved by the agency.  

Oregon has a special provision for WMA, wherein they allow contractors to use WMA in all lifts.  The 
contractors are allowed to choose from a previously approved list of WMA processes, or in case of non-
approved processes, their proposed technology should be approved by the Engineer. Recycled asphalt 
shingles cannot be used in WMA mixes with minimum compaction temperatures less than 260°F. 

South Dakota has a special provision to quality control/quality assurance specification for WMA 
produced for a field trial section. WMA additives shall be added based on the manufacturer’s suggestion, 
and changes in job mix formula shall be verified in writing by the Bituminous Engineer. Modifications 
are made for air voids, in-place density, and pay factor. For air voids, the modified test temperature is 
determined based on the production and compaction temperature of the trial section. For density, the field 
results are compared to the applicable lower specification limits for the class of mix produced. Placement 
and compaction temperature cannot drop below 140°F (60°C). 

According to the Washington specifications, contractor should submit a WMA submittal to the state 
engineer for approval. The only requirement on the specification for WMA is that the temperature shall 
not exceed the maximum recommended by the manufacturer.  
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5.2.2 Based on Survey Responses 
In binder content and selection for mix design, only Iowa, Nevada, and South Dakota have modifications 
compared to HMA in which the emphasis is on adjusting binder content for reduced absorption. In 
aggregate selection and structure design, none of the agencies have modifications compared to HMA. 

Regarding use of anti-stripping agents, none of the agencies have any modifications compared to HMA, 
except Nebraska. Currently, they require 1.0% lime by weight of virgin aggregate.  They require that TST 
on WMA sample be more than 80% 

Considering use of RAP or RAS, most agencies have no difference in their HMA and WMA 
specifications. In Montana, RAP is allowed in HMA but not WMA. Michigan has also stated that their 
requirements on RAP and RAS are different, but has not stated how. 

Of the studied 21states, none have any modifications to the acceptance plan, as compared to HMA.  In 
sampling for quality assurance, none of the states have any changes compared to HMA except Iowa. They 
only sample T283 for HMA on interstates and quartzite mixes. However, they sample T283 for all WMA. 

In lab testing, of the 21 respondents, 13 had no changes in their lab test (either in “sample preparation” or 
in “testing procedure”). Of the eight agencies that responded positive to this question, all stated lower 
compaction temperature (based on the type of WMA technology) in sample preparation as the main 
modification. Idaho has an additional AASHTO T-165 test done with plant produced material for foamed 
WMA. Iowa stated that they test all the assurance samples at 240°F, regardless of WMA technology. 

In quality control plans, only three agencies stated that they have modification compared to HMA. Maine 
and Missouri stated that it is up to contractor to determine production and placement procedure specific to 
the technology they use. New York requires a submission of a "Production, Testing, and Compaction 
Details" document.  

5.3 Recommendations for WMA Implementation in North Dakota 
 

5.3.1 NDDOT WMA Selection or Approval Process 
Most DOTs develop their own list of approved WMA technologies. Not all technologies would succeed 
in ND considering extreme weather conditions as well as different petroleum resources.  It is 
recommended that a short list of approved processes be developed that consists of those processes most 
frequently used in ND that have had acceptable performance.  The list shall be updated on a routine basis. 
New technologies that have been successful in other states can be evaluated on a limited basis with the 
assistance of research effort. NAPA has had many pilot studies done in this regard whose publications 
could be used as a starting point subjected to further evaluation. It is recommended that NDDOT base 
their selection of approved processes on local evaluation including lab and field testing. Appendix C of 
the final report provides approved list of processes of all states that have such list.  

Additional specification requirements shall be added for each approved technology/additive based on 
local evaluation. As will be discussed later, the following areas will require testing modifications: 
temperature acceptance, moisture susceptibility, and binder selection. Further research will indicate the 
details of needed mix design modifications including lab mixing and compaction temperatures and aging 
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requirements. Considering the fact that new technologies and methods of WMA production are coming 
out each year, developing an approval procedure for new WMA technologies is recommended. Samples 
of other states approval process are attached in Appendix C of the report.    

The trade-off between cost and performance among different WMA technologies must be based on life-
cycle-cost analysis that is based on long-term performance monitoring of different WMA technologies. 
Added cost of WMA is based on contractors’ practices and decisions to use specific 
technology/equipment. At this time, a suggestion by a contractor to use a specific technology may not be 
acceptable because NDDOT must first adopt practices and specifications for WMA technologies. 

5.3.2 Additives or Processes Appropriate for Use on NDDOT Projects 
Most DOTs have had experiences with foamed processes and chemical additives while use of organic 
additives has been limited. DOTs of North states are at early stages of experimenting WMA and in most 
cases they have minimum modifications in their WMA specs and testing compared to HMA and are 
mainly following manufacturer’s recommendation. The suggestions of NCHRP 691 study on WMA mix 
design are mostly directed toward agencies’ preferences and implementation based on local testing and 
experiments. NDDOT experience with foaming technologies will be expanded with future new projects. 
It is too early to judge which process seems to be more suitable.  

The following recommendations are made based on the survey results: the results of survey show foaming 
processes are most favored (among which Double Barrel Green is the most widely used) and after that are 
chemical processes (with Evotherm being mostly used). This could be a good starting point for NDDOT 
although the importance of local testing and evaluation in the actual climatic condition cannot be 
neglected; the advantage of using the Double Barrel and Evotherm is that as long as other DOTs are years 
ahead in laying down their WMA sections, updates of the performance of other projects could be of use 
for NDDOT.  

 

5.3.3 Specification Changes to Account for Differences in Production and/or 
Placement of WMA as Compared to Hot-Mix-Asphalt 

This study provides details current WMA specifications and documents experience of other states in 
implementing WMA technologies. Following the survey conclusions that most states do not require 
additional testing for WMA projects as compared to HMA project, no immediate changes to current 
acceptance testing are recommended. But specific concerns are considered for future WMA 
implementation. The main items of concern of WMA future specifications that must be evaluated based 
on local conditions are: (1) temperature control, (2) moisture sensitivity, and (3) selection of binder grade. 
A key element in WMA future implementation is testing applicability for production and acceptance 
quality. Special effort should be directed to the verification of the applicability of current HMA testing on 
WMA mixes. There is also the possibility of conducting local testing to verify characteristics of new 
technologies and requirements for new specifications.  

Specific changes to current specifications and acceptance plans must follow manufacturer directions, lab 
testing, and field trials and performance.  Research at the early stages of WMA implementation would 
evaluate the steps and practices by other DOTs in using manufacturer’s recommendation in mix design 
and construction. Lab studies on mix design and evaluation at lowered temperatures will help evaluate 
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different technologies and additives. Comparisons of mix performance of different additives, for example 
moisture susceptibility, in the lab will help verify/develop special requirements and specifications for 
WMA as compared to HMA specifications. Testing equipment shall not be altered or changed as long as 
all DOTs are using the same testing equipment they use for HMA. The same note is advised in NCHRP 
691, but some of the requirements could be modified such as TSR acceptance values.  

Based on the survey results and the review of current research, selection of WMA binder grades may need 
revisions, particularly for softer binders that will not be aged enough during the mix production and 
construction stages. Moisture susceptibility testing and acceptance criteria will be close to that of HMA 
but more restrictive. NCHRP study also showed that HMA and WMA performance were similar and not 
much modification is required. What is inevitable is the construction of test sections and the running of 
lab experiments on selected WMA technologies that are to be implemented. Projects with high traffic are 
more likely to have modified binder grading but considering current knowledge there is not enough 
information to recommend changes related to moisture testing requirements. The survey suggests that anti 
stripping or lime is being used by most agencies. 

It is recommended to take one step at a time and not to rush into using RAP and RAS as long as full 
performance of WMA using conventional ingredients is not fully understood. Although RAP use shall not 
be neglected in pavement projects due to environmental and sustainability concerns, it is not beneficial to 
add another element to our experiment that increases the complexity. It is also recommended that 
NDDOT sponsor well designed experiments and extensive lab research on the performance of WMA 
constructed using local aggregates and laid in ND climate.  

Appendix H provides additional recommendations based on the NCHRP 691 study that can help in future 
WMA implementation in North Dakota. 

5.4 Recommendations for Future Research 
The widespread demand for Warm Mix Asphalt in North America requires more in-depth information on 
materials, additives, testing plans, and mix design considerations. As discussed earlier, additional testing 
requirements are recommended in the following areas: temperature acceptance, moisture susceptibility, 
and binder selection. Further research will indicate the details of needed mix design modifications 
including lab mixing and compaction temperatures and aging requirements. Additional studies are 
recommended in the following areas:  

5.4.1 Applicability of HMA Testing on Warm Mix Asphalt  
The objective of the proposed study is to examine the applicability of current hot mix testing, including 
Superpave testing, on warm mixes and the potential to characterize moisture susceptibility accurately. 
Laboratory study to evaluate the moisture susceptibility of plant-produced warm mix asphalt (WMA) is 
proposed. WMA mixture samples will be obtained at asphalt plant and compared to hot-mix asphalt 
(HMA) samples through laboratory performance tests. In addition to traditional AASHTO T283 freeze 
and thaw (F-T) and tensile strength ratio (TSR), Superpave indirect tension (IDT) tests, dynamic modulus 
test, Asphalt Pavement Analyzer (APA), and Hamburg wheel tracking test are recommended to evaluate 
asphalt mixtures subjected to F-T moisture conditioning.  
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5.4.2 Comparison of Moisture Susceptibility of Warm-Mix Asphalt Technologies  
The objective of this study is to compare the moisture susceptibility of the two widely used warm-mix 
asphalt (WMA) approaches: foaming and emulsion technologies. It is recommended that the study 
evaluates the constructability of both technologies through monitoring trial pavement sections of the two 
WMA technologies and their hot-mix asphalt (HMA) counterpart. Plant-mixed loose mixtures from the 
field will be collected at the time of paving and will be evaluated in the laboratories by conducting 
various experimental evaluations of the individual mixtures. Recommended testing includes AASHTO 
T283 freeze and thaw (F-T) and tensile strength ratio (TSR), Superpave indirect tension (IDT) tests, 
dynamic modulus test, Asphalt Pavement Analyzer (APA), and Hamburg wheel tracking test. The testing 
will be focused on susceptibility of WMA to moisture conditioning as compared to the HMA controls. 
Early-stage field performance data will be collected for years after placement to confirm rutting and 
cracking performance from both the WMA and HMA sections, and that field data agree with laboratory 
evaluations.  

5.4.3 Laboratory Evaluation of Warm Mix Asphalt containing High Percentages of 
RAP 

The objective of this study is to evaluate the rutting resistance, moisture susceptibility, and fatigue 
resistance of warm-mix asphalt (WMA) mixtures containing high percentages of reclaimed asphalt 
pavement (RAP) through laboratory performance tests. WMA mixtures can be plant produced, with 
selected foaming technologies in the US. RAP content will range from 0 to 60%. Laboratory performance 
tests include asphalt pavement analyzer (APA) rutting test, Hamburg wheel tracking test, tensile strength 
ratio (TSR) test, Superpave indirect tension (IDT) tests, and possibly, beam fatigue test. WMA mixtures 
will be compared to HMA mixtures containing same RAP contents.  
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B1. General - Comparison between WMA and HMA  

Colorado
Idaho Same Same Advantageous Disadvantageous Disadvantageous Same
Indiana Same Same Advantageous Same Same Same
Iowa Disadvantageous Advantageous Advantageous Same Same Disadvantageous
Kansas Same Same Same Same Same Same
Maine Same Same Same Same Same Disadvantageous
Manitoba, Canada Advantageous Advantageous Advantageous Same Same Same
Michigan Same Same Same Same Same Same
Minnesota Same Same Advantageous Same Same Disadvantageous
Missouri Same Same Advantageous Advantageous Same Same
Montana(1) Same Same Same Disadvantageous
Montana(2) Disadvantageous Advantageous
Nebraska Disadvantageous Same Same Same Same Disadvantageous
Nevada(1) Same Same Disadvantageous Disadvantageous Same Same
Nevada(2)
New Hampshire Advantageous Advantageous Advantageous
New York Same Same Same Disadvantageous
Ohio Advantageous Advantageous Same Same Same Advantageous
Oregon
Saskatchewan Disadvantageous
South Dakota Same Disadvantageous Same Disadvantageous Disadvantageous Advantageous
Utah Same Disadvantageous Same Same Same Same
Vermont Disadvantageous Same Same Same Same Disadvantageous
Washington Same Advantageous Same Same Same Same

 State Bidding Contractor's Willingness Constructability Performance Maintenance Cost
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Colorado
This is the first construction season that CDOT is allowing WMA processes in construction. We have no information on Q1 at 
this time.

Idaho Performance is still an unknown. There may be the potential to strip and moisture susceptibility.
Indiana WMA has permitted extending the time available to compact the HMA.

Iowa

In Iowa the cost of additives is about $2.25/mix ton for Evotherm and $4/ton for Sasobit, which is an increase to HMA. The 
water injection technology is only an initial investment cost; however, we require all WMA mixtures to undergo AASHTO T283 
testing to satisfy a minimum 80% TSR. We do not require this on all HMA mixes, which leads to a potential added cost of an anti-
stripping agent for all WMA technologies except Evotherm.

Kansas
We have WMA down for only one year and so far the performance has been the same.  We don't specify that WMA must be 
used it is the contractor's option, and we have not seen a difference in bidding between the contractors that use WMA and 
contractors that use HMA.

Maine
Currently contractors are bidding HMA and utilizing warm-mix technologies as compaction aid (not lowering production 
temperatures). Projects bid with warm-mix technology are slightly more expensive than those with conventional HMA.

Manitoba, Canada

Manitoba Infrastructure and Transportation has constructed 2 WMA projects to date (with a 3rd scheduled for this season using 
water injection).  We hosted a number of informational sessions for MIT staff Contractors prior to advertising our first WMA 
project; to educate all parties and address any concerns.  We felt we recieved competitive bids for the first project, as it was used 
as part of a bigger reserach project.  The second project was proposed by the Contractor to test the benefits of long haul (2 
hours).  Although the pavement has not been in service for very long, MIT was happy with the constructibility and performance 
thus far.

Michigan We plan on taking an apporach where WMA is allowable at the contractor's option, therefore everything is considered the same.

 State Comments

Table B1 Comments section 
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Montana(1)
Montana DOT has only let 5 projects to date requiring WMA, to date only 3 of those jobs have been paved.  These were paved 
within the last year so no information is available for performance and maintenance.  The data base for cost comparison is pretty 
small.  Several contractors have purchased equipment for WMA foaming application.

Montana(2)

We are still in the beginning phases of WMA ourselves.  So far there has been both reluctance to use WMA and proactive 
requests to use WMA from our contracting community.  Some of the larger contractors have purchased new hot plants in 
anticipation of wider use of WMA but we have only spec'ed it on 6 jobs so far.  3 last year and 3 this year so 
performance/maintenance data is not there yet.  Compaction is aided on the road but older retrofitted plants have a hard time 
working at the reduced temperatures.  I can't speak to any cost or bidding related issues.

Nebraska
Contractors seem interested in WMA, but there needs to be more innovation in finding cost effective solutions for many of the 
additives.  At the moment, this seems to be one of the bigger hinderances for widespread use in Nebraska.

Nevada(1)
The main concerns that NDOT has with Warm Mix is early rutting due to uncertain optimum bitumen ratio and increased 
moisture sensitivity due to incomplete drying of aggregates.

Nevada(2) We have not bid WMA in Nevada.
New Hampshire Questions not responded to due to lack of data.

New York

Performance and Maintenance of WMA vs. HMA - We don't have enough history yet, hoiwever we do not expect to see the 
same or better.  Cost - Our current WMA specification requires extra testing not normally done with our HMA mixtures, and our 
production quality incentives/disincentives do not apply to the WMA mixtures. These factors cause the current bid prices to be 
slightly higher ($1 - $5 per mix ton).

Ohio Not enough information on performance yet.  Since a new set of construction issues arise I rate constructability the same.

Oregon Can't really address these as we have done only a couple of Warm Mix projects and most have been by a no cost change order.

Saskatchewan
Warm mix was found to have created more tender mixes, which is not a benefit in Saskatchewan as our mixes are already 
tender. As well, when used for blade patching, crews found it more difficult to work with. However, increased haul distances 
were an advantage.

Comments State

Table B1 Comments section continued 
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Utah UDOT's approach is to allow WMA but not require it.  This allows the contractor to use the technology as it benefits them.

Vermont
We have not required WMA or bid it as an alternate but our specification would allow WMA useage.  Contractors have not 
proposed WMA because of increased costs.

Washington
Use of WMA is optional to the Contractors but must be proposed and approved by WSDOT. Since WMA has only been used for 
a couple of years it is difficult to provide an accurate assessment of performance and maintenance.

 State Comments
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Table B1 Comments section continued 
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B2. General – Approximate Agencies’ Yearly Production of WMA and 
HMA 

Table B2 How much was the WMA and HMA approximate production (tonnage/year) based on the 
average of last 5 years? 

  

Colorado Aside from small test sections 3 years ago, we have yet to complete a construction year with WMA projects.
Idaho WMA avg over last 5 years 6,000 ton/yr.  HMA avg over last 5 years 500,000 ton/yr.

Indiana
Indiana has had a permissive specification for the past three years. Annual HMA production could be estimated at 4 million tons with an 
average of 15 out of 100 plants equipped with foaming equipment. WMA production would therefore be in the realm of 500,000 tons or 
higher...we do not track WMA production tonnage.

Iowa
We are not permissive yet, so the WMA tonnage is limited and not representative of the true desire of WMA from the contractor's 
perspective. Iowa did 125,000 tons in 2010 which was about 4%. We expect this to increase when we are permissive in 2012.

Kansas
Last year was the first year we placed WMA and there were approximately 110,000 tons of WMA placed and around 1,100,000 tons of HMA 
placed.

Maine Average Production:  WMA - 50k Ton  HMA - 750k Ton

Manitoba, Canada
Project advertised in 2009: 31,400 tonnes total project (23,550 was WMA)  Project contstructed 2011: 81,000 tonnes total project (40,500 will 
be foamed WMA)

Michigan 0 tons of WMA.  A contractor placed WMA on a project at their choice but I wouldn't consider it in answering this question.
Minnesota 50,000 WMA per year  1 million HMA per year

Missouri
In the last 5 years WMA has gone from almost 0% to 20% of the total production or almost 1 million tons.  That should increase considerably 
for 2011 with more contractors using WMA.

Montana(1)
WMA - 25,600 tons based on 5 projects let.  HMA - 25,800 tons based on average of 5 years.  Although these averages are very close the 
individual project tonnages vary widely.

Montana(2)
Nebraska Around 2 Million Tons per year
Nevada(1) Zero for State contracts.
Nevada(2) WMA - 0  HMA - 600,000 tons
New Hampshire This is the first paving season it is being utilized

New York
HMA - approx. tonnange per year - 3 million    WMA - we are still in a experimental trial stages, but we have done approx. 225,000 tons of 
WMA in the last 5 years.

Ohio
In 2010 we produced 1.9 million WMA tons and almost 6 million total tons.  Prior to that we ahd about 5.5 million total tons with WMA phasing 
in from 0 to 1.9 million tons in about 3 years.

Oregon We have only done two WMA projects to date with a total tonage of about 10,000 ton.    We average about 1,500,000 Tons of HMA

Saskatchewan
WMA production has been limited to trials in 2010. Some has been used for blade patching, some has been used on a thin lift overlay, a trial in 
which two additives will be evaluated was constructed, and one contractor was allowed to use WMA on paving job when work was occuring in 
December.   Costs have been borne by the contractor/and or supplier at this point, so no information is available regarding bidding/costs.

South Dakota only test sections of warm mix approx. 20,000 tons of 8 million tonns
Utah 5000
Vermont HMA - 400,000 T/year  WMA - 0
Washington WMA approximately 75,000 tons.  HMA approximately 4,800,000 tons.

 State Comments
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B3. General – HMA and WMA Bidding Cost Comparison 

Table B3. How is WMA bidding cost compared to HMA? 

 

 

 

Colorado
Idaho Same
Indiana Same
Iowa 1  to 5 % Higher More
Kansas Same
Maine 6  to 10% Higher More
Manitoba, Canada
Michigan Same
Minnesota 6  to 10% Higher More
Missouri Same
Montana(1) 6  to 10% Higher More
Montana(2)
Nebraska 15 to 20 % Higher More
Nevada(1) 1  to 5  % Higher Same
Nevada(2)
New Hampshire
New York 1  to 5 % Higher More
Ohio 1  to 5 % Higher
Oregon
Saskatchewan
South Dakota
Utah Same
Vermont More
Washington Same
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B4. General – Cost Issues 

B4.1. General – WMA Additional Cost of Additives 

Table B4.1 What is the approximate range of additional costs ($/ton) for WMA production in 
terms of Cost of additives 

 

Colorado
Idaho Unknown
Indiana
Iowa we use foaming only. 0.00
Kansas
Maine n/a n/a
Manitoba, Canada unknown
Michigan
Minnesota
Missouri 0.00 0 - except for initial equipment installation
Montana(1)
Montana(2) n/a n/a
Nebraska
Nevada(1) depends on additive depends on additive
Nevada(2)
New Hampshire
New York $3-6/Liquid Ton $8/Liquid Ton
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont Unknown Unknown
Washington N/A N/A

 State Refinery Field Location
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FIGURE 4.1 Additional costs for WMA production in terms of cost of 
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B4.2. General - WMA Additional Total Cost 

Table B4.2 What is the approximate range of additional costs ($/ton) for WMA production in 
terms of Total Cost Including Processing 

 

Colorado
Idaho
Indiana N/A N/A
Iowa 2-4$/mix ton
Kansas
Maine Unknown/Bid Specific Unknown/Bid Specific
Manitoba, Canada
Michigan 0 0- except for initial equpment installation
Minnesota 2 1.75
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1) n/a n/a
Nevada(2)
New Hampshire unknown
New York
Ohio 0 0
Oregon
Saskatchewan
South Dakota
Utah unknown
Vermont $1-2 per ton $1-2 per ton
Washington Unknown $25,000 - $50,000

 State Refinery Field Location



 

App. B – Survey Responses | 12 
 

2 2
3 3

6

3

13

16

0

4

8

12

16

20

At the Refinery At the Field Location

R
es

po
ns

e C
ou

nt

Same

Increase

Unknown

No Response

FIGURE B4.2 Additional costs for WMA production in terms of total cost 
including processing



 

App. B – Survey Responses | 13 
 

B5. General – Agencies’ WMA Experiences 

Table B5 Is it possible to provide information/data/documentation for some of your agency 
projects/experiences with WMA? (Please provide it through web link, email, or post) 

 

 

Colorado

Idaho

Nothing of great value. We have only limited information on one job. It was 
bid as HMA and Change Ordered to WMA at contractors request at no cost 
CO. Did meet all original HMA Superpave specifications and had reasonably 
good Pay factors based on Volumetrics and density. Spec for density is 91 to 
96 percent (Correlated Nuke Gauge). Project completed 2010 mid summer in 
hot weather.

Indiana
Indiana is permissive with foaming asphalt only. We have not permitted any 
solid modifiers and have not been pressured by our Contractors to use them 
because of the substantial cost increase per ton of mixture.

Iowa
http://www.iowadot.gov/operationsresearch/reports/reports_pdf/hr_and_tr/re
ports/TR-599%20Final%20Report.pdf

Kansas I will email some of the project results from our WMA projects.
Maine Yes, however, projects have yet to be completed.

Manitoba, Canada
Contact: 
tara.liske@gov.mb.ca

Michigan NA
Minnesota http://www.dot.state.mn.us/mnroad/WMA/WMA%20Index.html

Missouri
Our first project is documented as part of NCHRP 09-47A and NCAT 
Report No. 10-02.

Montana(1) deroberts@mt.gov
Montana(2)
Nebraska Yes, will email the information
Nevada(1) None available at this time.
Nevada(2)
New Hampshire Not at this time. First paving season using this technology

New York
Yes, some info/data can be made available. We have various projects with 
various WMA technologies. Contact me with the type of information you are 
interested in.

Ohio Emaililng a reprot from trials in 2008.
Oregon

Saskatchewan A paper will be published in the Canadian Technical Asphalt Association 
Proceedings, and a presentation will be given at the CSCE annual meeting.

South Dakota No
Utah
Vermont No data to date.  First projects to be bid this year.
Washington http://www.wsdot.wa.gov/Research/Reports/700/723.1.htm

 State Response Text
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B6. General – Agencies’ Preferred WMA Process  

Table B6 If you had to pick one WMA process, what would it be? Please explain why.

 

Colorado
Chemical additive like Advera. CDOT is wary of foaming processes because of the lack of long-term, field performance 
information.

Idaho Idaho's only WMA experience is with foaming asphalt (plant modification) Double Barrel Green.

Indiana
Indiana is permissive with foaming asphalt only. The equipment installation costs are considered a one-time annualized cost 
with pay-back to the contractor in the form of decreased fuel usage. The fuel savings have not approached the nationally 
reported value of 14% as many variables play into that number.

Iowa
As an owner I would choose Evotherm because it acts as an adhesion promoter as well as a compaction aid. A contractor 
would prefer water injection due to the one-time initial cost.

Kansas
Chemical Process.  At this point we can't replicate the foaming process in the lab and we would be able to replicate the 
chemical process in the lab.  Also the temperature drop can be more substantial with chemical processes, at this point with 
the foaming processes the contractors aren't really seeing a substantial savings in fuel costs.

Maine
For quality purposes, we feel that the synthetic wax WMA technologies are the best. However, we have only utilized 
EvoTherm and Water technologies in the State of Maine.

Manitoba, Canada
We only have experience with WMA additives: Sasobit, Evotherm and Advera.  We will be constructed a foamed WMA 
project this season.

Michigan Foaming/water injection.  Least costly.
Minnesota Evotherm, lower mixing temperatures, adhesion promoters, and anti-strip capabilities

Missouri
Experience has shown that chemical admixtures (Evotherm) provide the largest temperature reduction in addition to antistrip 
qualities and allowing higher percentages of RAP and RAS.

Montana(1)
foaming technology, water will evaporate out of the mix and leave the asphalt intact with the least potential for changine 
asphalt properties.

Montana(2)

Nebraska
If a process could prove itself to lower the cost to produce asphalt while not losing anything in quality, that would be our 
choice.  There is no clearcut leader in that, although the water injection methods may be the frontrunner.

Nevada(1) Uncertain as of this date.
Nevada(2) Foaming, easier for a contractor to install on his hot plant.
New Hampshire At this point it would be the foaming method. No added cost, increased film thickness and compaction.

 State Response Text
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New York

NYSDOT does not favor any process over the other(s). NYSDOT has an approval process for each technology to follow in 
order for them to be put on our Approved List of WMA Technologies. Technologies that have been Approved are allowed to 
be used on entire WMA projects.  Technologies that have not been Approved are limited to trial sections of 1000 tons or 
less.

Ohio Foaming, no extra cost, significant emissions reduction.
Oregon
Saskatchewan Not enough information at this time.
South Dakota chemical additives
Utah unknown

Vermont
Probably waxes (Sasobit/Sonnewarm) because they can be added to the binder either at the HMA plant or at the 
refinery/terminal.

Washington N/A

 State Response Text

Table B6 Comments section continued 
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B7. Technology – Evaluation of Processes 

B7.1. Technology – Chemical Processes 

Table B7.1 For each of the three main processes below please specify the followings: In how many of 
your agency projects was the technology implemented? How much reduction in mixing temperature could 
you achieve compared to HMA projects? Have you observed moisture damage and/or rutting on your 
warm mix projects? If yes, in how many projects did you observe them? If there were other distresses, 
please list them in the comment box.  

 

 

 State
Number of Constructed Projects 

CECABASE® RT

Mixing Temperature 
Reduction Achieved (°F) 

CECABASE® RT

Number of Projects with 
Moisture Damage 
CECABASE® RT

Number of Projects 
with Rutting 

CECABASE® RT

Colorado

Idaho

Indiana

Iowa

Kansas

Maine

Manitoba, Canada

Michigan

Minnesota

Missouri

Montana(1)

Montana(2)

Nebraska

Nevada(1)

Nevada(2)

New Hampshire

New York 1 40-60

Ohio

Oregon

Saskatchewan 1

South Dakota

Utah

Vermont

Washington
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 State

Number of 
Constructed 

Projects 
Evotherm ™

Mixing 
Temperature 

Reduction 
Achieved (°F) 
Evotherm ™

Number of 
Projects with 

Moisture 
Damage 

Evotherm ™

Number of 
Projects with 

Rutting 
Evotherm ™

Colorado 1 20-40

Idaho

Indiana

Iowa 6 40-60

Kansas 4

Maine 3 20-40 1

Manitoba, Canada 2 40-60

Michigan

Minnesota 3 40-60

Missouri 15 40-60

Montana(1) 1

Montana(2)

Nebraska 1 40-60

Nevada(1)

Nevada(2)

New Hampshire 2 40-60

New York 7 40-60

Ohio 2 40-60

Oregon

Saskatchewan 3 20-40

South Dakota 3 40-60 12

Utah 1 40-60

Vermont

Washington

Table B7.1 Continued 
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 State

Number of 
Constructed 

Projects 
HyperTherm™

/QualiTherm

Mixing 
Temperature 

Reduction 
Achieved (°F) 

HyperTherm™
/QualiTherm

Number of 
Projects with 

Moisture 
Damage 

HyperTherm™
/QualiTherm

Number of 
Projects with 

Rutting 
HyperTherm™

/QualiTherm

Colorado

Idaho

Indiana

Iowa

Kansas

Maine

Manitoba, Canada

Michigan

Minnesota

Missouri

Montana(1)

Montana(2)

Nebraska

Nevada(1)

Nevada(2)

New Hampshire

New York 1 40-60

Ohio

Oregon

Saskatchewan

South Dakota

Utah

Vermont

Washington

Table B7.1 Continued 
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 State

Number of 
Constructed 

Projects 
Rediset™WM

X

Mixing 
Temperature 

Reduction 
Achieved (°F) 
Rediset™WM

X

Number of 
Projects with 

Moisture 
Damage 

Rediset™WM
X

Number of Projects with 
Rutting Rediset™WMX

Colorado

Idaho

Indiana

Iowa

Kansas

Maine

Manitoba, Canada

Michigan

Minnesota

Missouri

Montana(1)

Montana(2)

Nebraska

Nevada(1)

Nevada(2)

New Hampshire

New York

Ohio

Oregon

Saskatchewan

South Dakota

Utah

Vermont

Washington

Table B7.1 Continued 
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 State Please list other technologies and/or other distresses not listed above

Colorado

Idaho Foaming Asphalt - Double Barrel Green

Indiana Chemical processes are not currently permitted.

Iowa

Kansas

Maine Moisture damage to the WMA projects is unknown to the date.

Manitoba, Canada

Michigan

Minnesota

Missouri

Montana(1)

Montana(2)

Nebraska

Nevada(1)

Nevada(2) None.

New Hampshire

New York LEA - Lite - 4 Projects with approx 50 degree F temperature reduction. No damage to date.

Ohio

Oregon

Saskatchewan No data regarding moisture damage/rutting is available at this time. Temperature reduction is based off of the trial 
construction.South Dakota

Utah

Vermont None of these technologies have been used.

Washington

Table B7.1 Continued 
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B7.2. Technology - Foaming Processes 

Table B7.2 For each of the three main processes below please specify the followings: In how many of 
your agency projects was the technology implemented? How much reduction in mixing temperature could 
you achieve compared to HMA projects? Have you observed moisture damage and/or rutting on your 
warm mix projects? If yes, in how many projects did you observe them? If there were other distresses, 
please list them in the comment box.  

 State

Number of 
Constructed 

Projects Accu-
Shear™

Mixing 
Temperature 

Reduction 
Achieved (°F) 
Accu-Shear™

Number of 
Projects with 

Moisture 
Damage Accu-

Shear™

Number of 
Projects with 
Rutting Accu-

Shear™

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska 1 20-40
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington
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 State

Number of 
Constructed 

Projects 
Advera® 

WMA

Mixing 
Temperature 

Reduction 
Achieved (°F) 

Advera® 
WMA

Number of 
Projects with 

Moisture 
Damage 
Advera® 

WMA

Number of 
Projects with 

Rutting 
Advera® 

WMA

Colorado 1 20-40
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada 1 40-60
Michigan
Minnesota
Missouri 1 20-40
Montana(1)
Montana(2)
Nebraska 1 40-60
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio 3 40-60
Oregon
Saskatchewan 1 20-40
South Dakota
Utah
Vermont
Washington

Table B7.2 Continued 
C 
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 State

Number of 
Constructed 

Projects 
AQUABlack

™ WMA 
System

Mixing 
Temperature 

Reduction 
Achieved (°F) 
AQUABlack

™ WMA 
System

Number of 
Projects with 

Moisture 
Damage 

AQUABlack
™ WMA 
System

Number of 
Projects with 

Rutting 
AQUABlack

™ WMA 
System

Colorado
Idaho
Indiana
Iowa
Kansas 15 20-40
Maine
Manitoba, Canada
Michigan
Minnesota 10 20-40
Missouri 6 20-40
Montana(1) 1
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington 1 20-40

Table B7.2 Continued 
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 State

Number of 
Constructed 

Projects 
AquaFoam

Mixing 
Temperature 

Reduction 
Achieved (°F) 

AquaFoam

Number of 
Projects with 

Moisture 
Damage 

AquaFoam

Number of 
Projects with 

Rutting 
AquaFoam

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota 2
Utah
Vermont
Washington 1 20-40

Table B7.2 Continued 
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 State

Number of 
Constructed 

Projects Aspha-
Min®

Mixing 
Temperature 

Reduction 
Achieved 

(°F) Aspha-
Min®

Number of 
Projects with 

Moisture 
Damage 

Aspha-Min®

Number 
of 

Projects 
with 

Rutting 
Aspha-
Min®

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri 1 20-40
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

Table B7.2 Continued 
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 State

Number of 
Constructed 

Projects 
Double 
Barrel® 
Green

Mixing 
Temperature 

Reduction 
Achieved (°F) 

Double 
Barrel® Green

Number of 
Projects with 

Moisture 
Damage 

Double Barrel® 
Green

Number of 
Projects with 

Rutting 
Double 
Barrel® 
Green

Colorado
Idaho 1 20-40
Indiana
Iowa 5 20-40
Kansas
Maine 12 20-40
Manitoba, Canada
Michigan
Minnesota
Missouri 15 20-40
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire 8 20-40
New York
Ohio
Oregon
Saskatchewan
South Dakota 1
Utah 1 20-40
Vermont
Washington 1 20-40

Table B7.2 Continued 
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 State

Number of 
Constructed 
Projects Eco-

Foam II

Mixing 
Temperature 

Reduction 
Achieved (°F) 
Eco-Foam II

Number of 
Projects with 

Moisture 
Damage Eco-

Foam II

Number of 
Projects with 
Rutting Eco-

Foam II

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

Table B7.2 Continued 
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 State

Number of 
Constructed 

Projects 
LEA (Low 
Emission 
Asphalt)

Mixing 
Temperature 

Reduction 
Achieved (°F) 

LEA (Low 
Emission 
Asphalt)

Number of 
Projects with 

Moisture 
Damage 

LEA (Low 
Emission 
Asphalt)

Number of 
Projects with 
Rutting LEA 

(Low 
Emission 
Asphalt)

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York 12 80-100
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

Table B7.2 Continued 
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 State

Number of 
Constructe
d Projects 
Meeker 

Warm Mix

Mixing 
Temperature 

Reduction 
Achieved 

(°F) Meeker 
Warm Mix

Number of 
Projects with 

Moisture 
Damage 
Meeker 

Warm Mix

Number of 
Projects 

with 
Rutting 
Meeker 

Warm Mix

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

Table B7.2 Continued 
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 State

Number of 
Constructed 

Projects 
Terex® 
WMA 
System

Mixing 
Temperature 

Reduction 
Achieved (°F) 
Terex® WMA 

System

Number of 
Projects with 

Moisture 
Damage 

Terex® WMA 
System

Number of 
Projects with 

Rutting 
Terex® 
WMA 
System

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri 4 20-40
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire 8 20-40
New York 3 20-40
Ohio
Oregon
Saskatchewan
South Dakota 1
Utah
Vermont 1 20-40
Washington

Table B7.2 Continued 
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 State

Number of 
Constructed 
Projects Tri-
Mix Warm 

Mix Injection 
System

Mixing Temperature 
Reduction Achieved (°F) 

Tri-Mix Warm Mix 
Injection System

Number of 
Projects with 

Moisture 
Damage Tri-

Mix Warm Mix 
Injection 
System

Number of 
Projects with 
Rutting Tri-
Mix Warm 

Mix Injection 
System

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

Table B7.2 Continued 
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 State

Number of 
Constructed 

Projects 
Ultrafoam 

GX2™ 
System

Mixing 
Temperature 

Reduction 
Achieved (°F) 

Ultrafoam 
GX2™ System

Number of 
Projects with 

Moisture 
Damage 

Ultrafoam 
GX2™ System

Number of 
Projects with 

Rutting 
Ultrafoam 

GX2™ 
System

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington 3 20-40

Table B7.2 Continued 
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 State

Number 
of 

Construct
ed 

Projects 
WAM 
Foam

Mixing 
Temperatur
e Reduction 
Achieved 

(°F) WAM 
Foam

Number of Projects 
with Moisture Damage 

WAM Foam

Number of Projects 
with Rutting WAM 

Foam

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

Table B7.2 Continued 
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 State Please list other technologies and/or other distresses not listed above

Colorado I'm pretty sure Advera is a mineral additive, not a foaming process
Idaho

Indiana
Indiana contractors have primarily focused on purchasing the Double Barrel Green system and the Gencor system for 
foaming. One contractor to date has purchased the Accu-Shear system and one contractor to date has acquired the 
AQUABlack system.

Iowa

Kansas
We have not seen any mositure damage or rutting in any of the WMA projects, though the longest has been down for 
just a year.

Maine
Moisture damage to the WMA projects is unknown to the date. No rutting observed in these projects to date. All have 
been thin overlays.

Manitoba, Canada
Michigan first official project will be this summer
Minnesota
Missouri
Montana(1) One other project utilized foaming technology but the specific system was not noted.
Montana(2)
Nebraska
Nevada(1)
Nevada(2) None.
New Hampshire
New York

Ohio
Contractors in Ohio use any of the above foaming equipment.  I do not currently have a count of each type. Total is 
about 70 plants.  We are not using other foam processes like WAM, LEA etc

Oregon
Saskatchewan No data is available on rutting/moisture damage at this time.
South Dakota
Utah
Vermont

Washington
Since WMA has only been used for a couple of years it is difficult to provide an accurate assessment of performance 
and maintenance.

Table B7.2 Continued 
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FIGURE B7.2.b Mixing temperature reduction ( F) achieved for each foaming process 

FIGURE B7.2.a Number of constructed projects for each foaming process
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B7.3. Technology - Organic Additives 

Table B7.3 For each of the three main processes below please specify the followings: In how many of 
your agency projects was the technology implemented? How much reduction in mixing temperature could 
you achieve compared to HMA projects? Have you observed moisture damage and/or rutting on your 
warm mix projects? If yes, in how many projects did you observe them? If there were other distresses, 
please list them in the comment box. 

  

 State
Number of Constructed 
Projects Astech PER®

Mixing 
Temperature 

Reduction 
Achieved (°F) 
Astech PER®

Number of 
Projects with 

Moisture 
Damage 

Astech PER®

Number of 
Projects with 

Rutting Astech 
PER®

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington
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 State

Number of 
Constructed 

Projects 
Sasobit®

Mixing 
Temperature 

Reduction 
Achieved (°F) 

Sasobit®

Number of 
Projects with 

Moisture 
Damage 
Sasobit®

Number of 
Projects with 

Rutting 
Sasobit®

Colorado 1 20-40
Idaho
Indiana
Iowa 1 20-40
Kansas
Maine
Manitoba, Canada 1 40-60
Michigan
Minnesota
Missouri 8 20-40
Montana(1)
Montana(2)
Nebraska 1 80-100
Nevada(1)
Nevada(2)
New Hampshire
New York 1 40-60
Ohio 1 40-60
Oregon
Saskatchewan
South Dakota 1
Utah
Vermont
Washington 1 20-40

Table B7.3 Continued 
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 State

Number of 
Constructed 

Projects 
SonneWarmix

™

Mixing 
Temperature 

Reduction 
Achieved (°F) 
SonneWarmix

™

Number of 
Projects with 

Moisture 
Damage 

SonneWarmix
™

Number of 
Projects with 

Rutting 
SonneWarmix

™

Colorado
Idaho
Indiana
Iowa
Kansas
Maine 2 20-40
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

Table B7.3 Continued 
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 State

Number of 
Constructed 

Projects 
Thiopave™

Mixing 
Temperature 

Reduction 
Achieved (°F) 

Thiopave™

Number of 
Projects with 

Moisture 
Damage 

Thiopave™

Number of 
Projects with 

Rutting 
Thiopave™

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri 3 20-40
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

Table B7.3 Continued 
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 State

Number of 
Constructed 

Projects TLA-
X™ Warm 

Mix

Mixing 
Temperature 

Reduction 
Achieved (°F) 

TLA-X™ 
Warm Mix

Number of 
Projects with 

Moisture 
Damage TLA-
X™ Warm Mix

Number of Projects 
with Rutting TLA-

X™ Warm Mix

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

Table B7.3 Continued 
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 State Please list other technologies and/or other distresses not listed above

Colorado
Idaho
Indiana Organic additives are not currently permitted.
Iowa Sasobit (1 project) no performance issues, though the TSR failed on both the WMA and HMA control section.
Kansas
Maine Each project less than one year old, no distress observed at this time.
Manitoba, Canada
Michigan
Minnesota Planning on 1 project with Leadcap
Missouri
Montana(1) We have an experimental project in place that will begin in about 3 weeks that will utilize Sasobit additive.
Montana(2)
Nebraska
Nevada(1)
Nevada(2) None
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington Since WMA has only been used for a couple of years it is difficult to provide an accurate assessment of performance and maintenance.

Table B7.3 Continued 
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FIGURE B7.3.b Mixing temperature reduction ( F) achieved for each 
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FIGURE B7.3.a Number of constructed projects for each organic 
additive 
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B8. Mix Design - WMA Material Selection Modifications 

Table B8 In your WMA Material Selection, which of the items below has been modified compared to HMA mix design? (please explain in the 
comment box) 

 

Colorado Volumetric Parameters (VMA & VFA)
Idaho No Modifications of Any Items
Indiana No Modifications of Any Items
Iowa Binder Selection
Kansas No Modifications of Any Items
Maine No Modifications of Any Items
Manitoba, Canada No Modifications of Any Items
Michigan No Modifications of Any Items
Minnesota
Missouri No Modifications of Any Items
Montana(1) Recycled Asphalt Pavement (content/gradation)
Montana(2)
Nebraska Additives (types/percentage) No Modifications of Any Items
Nevada(1) Binder Selection
Nevada(2)
New Hampshire No Modifications of Any Items
New York No Modifications of Any Items
Ohio No Modifications of Any Items
Oregon
Saskatchewan No Modifications of Any Items
South Dakota
Utah No Modifications of Any Items
Vermont No Modifications of Any Items
Washington No Modifications of Any Items

 State Binder Selection Aggregate Properties Volumetric Parameters (VMA & VFA) Recycled Asphalt Pavement (Content/Gradation) Additives (Types/Percentage) No Modifications of Any Items
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Colorado
Lab volumetrics are run at standard super-pave temperatures; ergo, lab voids are typically below spec 
levels. We calculate an volumetric offset for each mix design, which is applied to the lab results and 
accounts for the higher compaction temperatures in the lab.

Idaho

Indiana

Indiana has treated the foaming process as a drop-in technology. We do not require the contractor to 
fabricate the mix design or production control specimens at WMA temperatures. All gyratory fabricated 
specimens, including our acceptance samples, are made at HMA temperatures, which for us means 300F 
regardless of the production temperature.

Iowa
We have implemented NCHRP 9-43 recommendations to use proposed compaction temperature in the 
binder grade selection depending on the aging index.

Kansas
Maine Warm-mix is being evaluated in the same terms as HMA.
Manitoba, Canada
Michigan
Minnesota Do not allow shingles on some projects.
Missouri

Montana(1)
Our current warm mix bituminous surfacing specifications do not allow incorporation of recycled asphalt 
pavement.

Montana(2)
Nebraska Modifications may be made to type of antistrip used on the project.
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan No modifications have taken place at this time as WMA is in the early trial stages.
South Dakota used manufacturers recommendations  mix design and field volumetrics will be areas that need work
Utah
Vermont
Washington

Comments State

Table B8 Comment section  
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FIGURE B8 Modifications in WMA material selections items compared to 
HMA 
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B9. Mix Design - WMA Binder Selection Modifications 

Table B9 In your WMA Binder Selection, which of the items below has been modified compared to HMA mix design? (please explain in the 
comment box) 

 

Colorado No Modifications of Any Items
Idaho No Modifications of Any Items
Indiana No Modifications of Any Items

Iowa Binder Grade

We suspect 0.1-0.2 in optimum 
binder content when specimens 
are fabricated using the WMA 
technology.

Kansas No Modifications of Any Items
Maine No Modifications of Any Items
Manitoba, Canada No Modifications of Any Items
Michigan No Modifications of Any Items
Minnesota No Modifications of Any Items
Missouri No Modifications of Any Items
Montana(1) No Modifications of Any Items
Montana(2)
Nebraska No Modifications of Any Items

Nevada(1) Binder Content Adjusted for reduced 
absorption.

Nevada(2)
New Hampshire No Modifications of Any Items
New York No Modifications of Any Items
Ohio No Modifications of Any Items
Oregon

Saskatchewan No Modifications of Any Items
No modifications have taken 
place at this time as WMA is in 
the early trial stages.

South Dakota Binder Content Binder Preparation/Testing
Utah No Modifications of Any Items
Vermont No Modifications of Any Items
Washington No Modifications of Any Items

Comments State Binder Content Binder Grade Binder Preparation/Testing No Modifications of Any Items
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FIGURE B9 Modifications in WMA binder selection items compared to HMA 
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B10. Mix Design - WMA Design Aggregate Structure Modifications 

Table B10 In your WMA Design Aggregate Structure, which of the items below has been modified compared to HMA mix design? (Please 
explain in the comment box) 

 

Colorado No Modifications of Any Items
Idaho No Modifications of Any Items
Indiana No Modifications of Any Items
Iowa
Kansas No Modifications of Any Items
Maine No Modifications of Any Items
Manitoba, Canada No Modifications of Any Items
Michigan No Modifications of Any Items
Minnesota No Modifications of Any Items
Missouri No Modifications of Any Items
Montana(1) No Modifications of Any Items
Montana(2)
Nebraska No Modifications of Any Items
Nevada(1) No Modifications of Any Items
Nevada(2)
New Hampshire No Modifications of Any Items
New York No Modifications of Any Items
Ohio No Modifications of Any Items
Oregon

Saskatchewan No Modifications of Any Items
No modifications have taken place at this time as 
WMA is in the early trial stages.

South Dakota
Utah No Modifications of Any Items
Vermont No Modifications of Any Items
Washington No Modifications of Any Items

Other Aggregate Properties State Aggregate Sources Nominal Maximum Aggregate Size Trial Gradations Aggregate Compaction No Modifications of Any Items
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FIGURE B10 Modifications  in WMA design aggregate structure compared 
to HMA 
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B11. Mix Design - WMA Lab Performance Tests Modifications 

Table B11 In your WMA Lab Performance Tests, which of the testing below has been modified compared to HMA mix design? (Please explain in 
the comment box) 

Colorado
Idaho
Indiana
Iowa
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

 State Rutting-Specimen Preparation Rutting-Testing and Procedure Thermal Cracking-Specimen Preparation Thermal Cracking-Testing and Procedure
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Colorado
Idaho Specimen Preparation Testing and Procedure
Indiana
Iowa Specimen Preparation
Kansas
Maine
Manitoba, Canada
Michigan
Minnesota Specimen Preparation
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan
South Dakota
Utah
Vermont
Washington

 State Fatigue-Specimen Preparation Fatigue-Testing and Procedure Moisture Sensitivity-Specimen Preparation Moisture Sensitivity-Testing and Procedure

Table B11 Continued 
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Colorado Specimen Preparation Testing and Procedure
Idaho
Indiana Specimen Preparation Testing and Procedure
Iowa Testing and Procedure
Kansas Specimen Preparation Testing and Procedure
Maine Specimen Preparation Testing and Procedure
Manitoba, Canada
Michigan
Minnesota
Missouri Specimen Preparation Testing and Procedure
Montana(1) Specimen Preparation Testing and Procedure
Montana(2)
Nebraska Specimen Preparation Testing and Procedure
Nevada(1) Specimen Preparation Testing and Procedure
Nevada(2)
New Hampshire Specimen Preparation Testing and Procedure
New York Specimen Preparation Testing and Procedure
Ohio Specimen Preparation Testing and Procedure
Oregon
Saskatchewan Specimen Preparation Testing and Procedure
South Dakota
Utah Specimen Preparation Testing and Procedure
Vermont Specimen Preparation Testing and Procedure
Washington

 State No Modifications of Any Items-Specimen Preparation No Modifications of Any Items-Testing and Procedure

Table B11 Continued 
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Colorado
Lab volumetrics are run at standard super-pave temperatures; ergo, lab voids are typically 
below spec levels. We calculate an volumetric offset for each mix design, which is applied 
to the lab results and accounts for the higher compaction temperatures in the lab.

Idaho AASHTO T 165 done at test strip, in addition to being done at design, with plant 
produced material.

Indiana

Iowa We require the specimens are fabricated with the WMA technology (except foaming at 
this point since no contractor has a foaming table).

Kansas
Maine
Manitoba, Canada MIT does not conduct performance tests as part of our mix design
Michigan None at this time
Minnesota Lower compaction temperature.
Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1) We will modify to match proposed field mixing and compacting temps.
Nevada(2)
New Hampshire
New York
Ohio
Oregon
Saskatchewan No modifications have taken place at this time as WMA is in the early trial stages.
South Dakota
Utah
Vermont

Washington To date only the Sasobit additive was evaluated during mix design analysis, all other 
WMA technologies have been used during production with no mix design evaluation.

 State Comments

Table B11 Continued 



 

App. B – Survey Responses | 57 
 

 

1

15

3

14

0

10

20

R
es

po
ns

e C
ou

nt
Testing and 
Procedure

Specimen 
Preparation

FIGURE B11 WMA lab performance tests modifications compared to HMA 
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B12. Mix Design – WMA Anti-Stripping Agent Modifications 
Table B12 Compared to HMA, does your agency require to modify the amount of anti-stripping agent 
used for WMA? If yes, please specify how? Also if any other types of additives are required for WMA, 
please specify in the comment box. 

Colorado No
Idaho No

Indiana No

Our mix design procedures 
incorporate AASHTO T-283. 
We do not conduct stripping 
tests on production samples. 
Indiana, overall, does not 
have stripping sensitive 
aggregates and overall we 
see very little use of anti-
stripping materials.

Iowa No

The dosage is not prescribed 
for neither HMA nor WMA. 
It is optimized by evaluating 
TSR over 3 dosage rates.

Kansas No

Maine No
Not at this time. Potential 
changes in the future.

Manitoba, Canada No
Michigan No
Minnesota No
Missouri No
Montana(1) No
Montana(2)

Nebraska Yes

Yes, currently we require 
1.0% lime by weight of virgin 
aggregate.  For evotherm or 
any other WMA with amine 
antistrip material no lime is 
added, but the contractor 
must find a way to meet 80% 
or greater on TSR.  Most 
other additives still require 
1.0% lime at this time, but 
this is still preliminary.

Nevada(1) No
We already require 1.5% 
lime by 48-hour marination.

Nevada(2)
New Hampshire No additives required
New York No
Ohio No
Oregon

Saskatchewan No

1% lime is generally required 
in all Saskatchewan mixes 
regardless of mixing 
temperature.

South Dakota No
Utah No
Vermont No
Washington No

 State Does your agency require to modify the amount of anti-stripping agent used for WMA? Comments
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FIGURE B12 WMA requirements on anti-stripping agent compared to HMA
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B13. Mix Design - RAP and RAS Utilization in WMA 

Table B13 For which of the following does your agency have different requirements (percentage/processing/testing) compared to HMA? Please 
specify in the comment box below. 

 

Colorado No Yes
Idaho No No

Indiana No No Indiana has one set of standards 
for using recycled materials.

Iowa No No
Kansas No No
Maine No No
Manitoba, Canada No MIT does not use RAS.
Michigan Yes Yes
Minnesota No No
Missouri No No

Montana(1) Yes No

Asphalt Shingles are not 
allowed in either HMA or WMA 
at this point in time.  RAP is 
allowed in HMA but not allowed 
in WMA.

Montana(2)
Nebraska No No

Nevada(1) No No
We allow 15% max RAP and do 
not allow Shingles.

Nevada(2)
New Hampshire No No
New York No No
Ohio No No
Oregon

Saskatchewan No No
RAS is not used in 
Saskatchewan

South Dakota No
Utah No
Vermont No No

Washington

Requirments are the same for 
use of RAP, WSDOT does not 
allow the use of RAS under 
current specifications.

 State RAP (Reclaimed Asphalt Pavement) RAS (Reclaimed Asphalt Shingles) Comments
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FIGURE B13 WMA requirements on RAP and RAS compared to HMA
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B14. Mix Design - WMA Mix Design Dependence on WMA Technology 

Table B14 If Modifications are made, does the design for WMA depend on the WMA technology used? 
(If yes, please explain how) 

 

Colorado
Idaho
Indiana No

Iowa Yes

All additives need to be 
included in the specimen 
fabrication. For the time being, 
contractors do not need a 
foaming table to do a foam 
design. We will require the raw 
materials be sent to our lab 
where we will foam the 
contractor's design and compare 
air voids. If we see a significant 
difference between the foamed 
and HMA designs we will 
eventually require contractors to 
foam their designs.

Kansas No
Maine No

Manitoba, Canada No modifications have been 
made to date.

Michigan No
Minnesota No
Missouri

Montana(1) Yes

A mix design needs to be 
submitted for MDT approval for 
the specific WMA technology 
utilized.

Montana(2)
Nebraska No

Nevada(1) Yes Depending on proposed mixing 
and compacting temps.

Nevada(2)
New Hampshire No modifications at this time
New York No
Ohio
Oregon
Saskatchewan
South Dakota Yes
Utah No
Vermont No
Washington N/A

 State Does the design for WMA depend on the WMA technology used? Comments
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Total Responses: 13

FIGURE B14 WMA design dependence on the technology employed
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B15. Specifications - Agencies Mechanisms for WMA Development 
Table B15 What are the mechanisms for developing warm mix asphalt in your agency? In the comment box, please provide your most recent 
documents/web links for each of the items below. (Either copy the web link(s) or email us the document) 

 

Colorado
Approved list of 

processes
Approval process for non-listed 

processes proposed

Idaho
Approved list of 

processes
Approval process for non-listed 

processes proposed

Indiana

Indiana has a permissive 
specification as written into 
our Standard Specification for 
foamed asphalt only.

Iowa
Separate specification 
developed for WMA

No formal approval process. 
The technology needs to be 
approved by the Bituminous 
Engineer. We may eventually 
adopt an approach similar to 
Florida (provide results from 
previous paving histories for 
new technologies).

Kansas
Approved list of 

processes
Approval process for non-listed 

processes proposed

http://www.ksdot.org/burmatr
res/pql/pql-04-03.pdf  
http://www.ksdot.org/burCon
sMain/specprov/2007/pdf/07-
12002.pdf

Maine
Separate specification 
developed for WMA

Separate special provision 
developed for Warm-mix 
technology use.

Manitoba, Canada
Approval process for non-listed 

processes proposed
Michigan Same as HMA

Minnesota
Separate specification 
developed for WMA

WMA is also allowed under a 
permissive basis in our 
standard specification.  
MnDOT does not have an 
approved product list.

Other (Please Specify) State Separate specification 
developed for WMA

Approved list of 
processes

Approval process for non-listed 
processes proposed
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 State
Separate specification 
developed for WMA

Approved list of 
processes

Approval process for non-listed 
processes proposed

Other (please specify)

Missouri

Contractors are choosing the 
tried and tested processes 
and tend to shy away from 
others.

Montana(1)
Separate specification 
developed for WMA

We have a separate special 
provision for WMA.

Montana(2)

Nebraska
Separate specification 
developed for WMA

Approved list of 
processes

Approval process for non-listed 
processes proposed

We are still drafting the 
specification.  Any process 
may be used, but if it is not on 
the approved list it will need 
to go through a trial/research 
project.

Nevada(1)
We intend to approve specific 
processes by specific 
Contractors.

Nevada(2)

New Hampshire
Approved list of 

processes

New York
Separate specification 
developed for WMA

Approved list of 
processes

Approval process for non-listed 
processes proposed

Ohio

We only allow foaming.  
HMA Specs allow use of 
WMA except where 
restricted in specific mix 
types.  Contractors can 
propose other processes but 
so far have not.

Oregon
Saskatchewan Nothing at this time.

South Dakota
Separate specification 
developed for WMA Research project

Utah Same as Hot Mix

Vermont

Project Special Provision 
modifying sections of HMA 
specification.  Currently being 
developed.

Washington

Use of WMA is optional to 
the Contractors but must be 
proposed and approved by 
WSDOT.

Table B15 Continued 
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Total Responses: 21

FIGURE B15 Mechanisms for developing warm mix asphalt in agencies
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B16. Specifications - Specifications or Approval Procedures Development 

Table B16 How did you develop your agency specification or approval procedure? (in the comment box please specify the reference your agency 
used for the first two choices) 

 

Colorado Based on national studies/guidelines (such as NCHRP reports) Developed by your own agency

Idaho Based on national studies/guidelines (such as NCHRP reports) Developed by your own agency
NCHRP Report 691 under 
study for implementation

Indiana Developed by your own agency
Iowa Based on national studies/guidelines (such as NCHRP reports) Developed by your own agency

Kansas Based on other DOTs specifications

For now since our experience 
with WMA has been limited 
we have used Texas's 
experience with WMA.  
Once we have gathered more 
of our own information we 
will re-evaluate the steps to 
get pre-approved.

Maine Developed by your own agency

May adopt New England 
agency guidelines for 
approval process and 
approved products list.

Manitoba, Canada Developed by your own agency

Michigan Developed by your own agency
Agency and HMA Industry 
developed

Minnesota Based on national studies/guidelines (such as NCHRP reports) Based on other DOTs specifications Developed by your own agency
Missouri Developed by your own agency

Montana(1) Based on national studies/guidelines (such as NCHRP reports) Based on other DOTs specifications
Also based on MDT research 
of local Federal Lands 
projects utilizing WMA.

Montana(2)

Nebraska Based on other DOTs specifications Developed by your own agency

We surveyed other DOT 
specifications and then for 
that brought in what was 
pertinent for our specification 
and local experiences.

Nevada(1) Not developed yet.
Nevada(2)
New Hampshire Based on other DOTs specifications
New York Developed by your own agency
Ohio Developed by your own agency
Oregon

Comments State Based on National Studies/Guidelines (Such as NCHRP Reports) Based on Other DOTs Specifications Developed by Your Own 
Agency
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 State Based on national studies/guidelines (such as NCHRP reports) Based on other DOTs specifications Developed by your own agency Comments

Saskatchewan

No agency spec or approval 
process at this time. Trials 
are approved on a case by 
case basis.

South Dakota Based on national studies/guidelines (such as NCHRP reports) Based on other DOTs specifications Developed by your own agency
will use all three to develop 
spec for state

Utah Developed by your own agency
Vermont Developed by your own agency

Washington Developed by your own agency

Worked with Washington 
Asphalt Pavement 
Association to develop 
review and approval process 
based on nationally 
recognized processes.
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FIGURE B16 Development method for specification or approval procedure in agencies

Table B16 Continued 
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B17. Specifications - WMA Non-Permitted Technologies or Additives 

Table B17 Do you have a list of NOT PERMITTED (WMA technologies, additives, etc...) in any section 
of your specification? (If yes, please list the Not Permitted items in the comment box below) 

 

Colorado No

Currently, some foaming 
processes are limited to 5,000 
tons per project for test 
sections.

Idaho No
Indiana No

Iowa No
Although our lab results with 
Advera are not encouraging

Kansas No
Maine No
Manitoba, Canada No
Michigan No
Minnesota No
Missouri No

Montana(1) No

We don't specifically list 
technologies that we permit, 
instead we have listed 
technologies that we do 
allow.

Montana(2)
Nebraska No
Nevada(1) No
Nevada(2)
New Hampshire No

New York No

If the WMA technology is on 
our approved list, then it can 
be used for an entire WMA 
project. Technologies that 
have not been put on our 
Approved List are limited to 
1000 ton trial sections.

Ohio No
Oregon
Saskatchewan No
South Dakota not determined at this time
Utah No
Vermont No
Washington No

 State Do you have a list of NOT 
PERMITTED (WMA technologies, 

Comments



 

App. B – Survey Responses | 70 
 

20

4

0

5

10

15

20

25

Yes, we have No, we haven't No Response

R
ep

on
se

 C
ou

nt

Total Responses: 20

FIGURE B17 Agencies having any NOT-PERMITTED list in their specification



 

App. B – Survey Responses | 71 
 

B18. Acceptance plan - WMA Acceptance Plan Modifications 

Table B18 Compared to HMA, for which of the WMA acceptance plan components do you have modifications? Please explain in the comment 
box. Also, could you provide us with your agency acceptance plan for WMA (through web link, email, or hard copy)? 

 

Colorado No No No No No No
Idaho Yes
Indiana No No No No No No
Iowa No No No No No No
Kansas No No No No No No
Maine No No Yes No No No
Manitoba, Canada
Michigan No No No No No No
Minnesota No No No No No No
Missouri No No No No No No
Montana(1) No No No No No No
Montana(2)
Nebraska No No No No No No
Nevada(1) No No No No No No
Nevada(2)
New Hampshire No No No No No No
New York No No No No No Yes
Ohio No No No No No No
Oregon
Saskatchewan No No No No No No
South Dakota
Utah No No No No No No
Vermont No No No No No No
Washington

 State Acceptance Sampling Type Quality Characteristics Specification Limits Quality Level Goals Risk Pay Factors
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Colorado
Idaho

Indiana
Indiana expects all foamed asphalt to 
meet the HMA criteria.

Iowa
Kansas

Maine

Modification to specification limits is for 
mixing and placement temperatures as 
determined by the manufacturer 
recommendations.

Manitoba, Canada n/a
Michigan

Minnesota
Only difference is laboratory compaction 
temperatures.

Missouri
Montana(1)
Montana(2)
Nebraska
Nevada(1)
Nevada(2)
New Hampshire

New York

Under our current experimetal work plan 
for WMA, the plant recieves no 
incentives/disincentives for mixture 
quality.

Ohio
Oregon

Saskatchewan
Acceptance is the same as HMA at this 
time.

South Dakota not deermined at this time
Utah
Vermont

Washington
No modifications required.  
http://www.wsdot.wa.gov/biz/constructio
n/word/wmaproposal.docx

Comments (Links or Other Information) State

Table B18 Comments section 
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FIGURE B18 Modifications in WMA acceptance plan components compared to HMA
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B19. Acceptance Plan - WMA Modifications in Temperature Monitoring 

Table B19 Compared to HMA, in which of the following do you have modifications in temperature 
monitoring for WMA? Please specify in the comment box. 

 

Colorado None
Idaho
Indiana None

Iowa Mixing Construction/Compaction

WMA plant temp is proposed as 
part of the mix design. The 
design is done at this 
temperature. Production temp 
cannot drop more than 10F 
below the target temp. The max 
temp for WMA is 280F.

Kansas Construction/Compaction
For HMA maximum density 
needs to be  achieved by 175 F 
and for WMA by 165 F.

Maine Mixing Construction/Compaction
Manitoba, Canada Mixing Construction/Compaction
Michigan Construction/Compaction
Minnesota None
Missouri None
Montana(1) None
Montana(2)

Nebraska None It is based on manufactures 
recommendation.

Nevada(1) None
Nevada(2)
New Hampshire None

New York Mixing Construction/Compaction

Monitoring of the Temperature 
does not change. The mixing 
and compaction temperatures 
are as recommended by the 
WMA technology provider.

Ohio Mixing Construction/Compaction

We compact field specimens at 
30 degrees less than the HMA 
design temp.  We target about 
30 degrees less at the pavement 
depending on conditions.

Oregon

Saskatchewan Mixing
WMA is mixed at a lower 
temperature, so plant operators 
must be aware of this, and adjust 
temperatures accordingly.

South Dakota Mixing Construction/Compaction
Utah None

Vermont None Monitoring protocols are the 
same, only lower temperatures.

Washington None

Comments State Mixing Construction/Compaction None
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FIGURE B19 Modifications in temperature monitoring for WMA compared to HMA 
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B20. Acceptance Plan - WMA Modifications in QA Sampling Schedule 

Table B20 Is the WMA sampling schedule for quality assurance different from HMA? (If yes, please explain in the comment box) 

 

Colorado No
Idaho No
Indiana No

Iowa Yes

Only in the realm of AASHTO 
T283. We normally only sample 
T283 for HMA on interstates 
and quartzite mixes; however, we 
will sample T283 for all WMA 
mixes above 3M ESALS.

Kansas No
Maine No
Manitoba, Canada No
Michigan No
Minnesota No
Missouri No
Montana(1) No
Montana(2)
Nebraska No
Nevada(1) No
Nevada(2)
New Hampshire No
New York No
Ohio No
Oregon
Saskatchewan No
South Dakota No
Utah No
Vermont No
Washington No

 State Is the WMA sampling schedule for quality assurance different from HMA? Comments
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Total Responses: 21

FIGURE B20 Changes  in WMA quality assurance sampling schedule compared 
to HMA 
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B21. Acceptance Plan - WMA Lab Assurance Testing Modifications 

Table B21 For lab assurance testing, in which of the following do you have modifications compared to 
HMA? Please specify in the comment box.  

 

Colorado None

Lab volumetrics are run at 
standard super-pave 
temperatures; ergo, lab voids are 
typically below spec levels. We 
calculate an volumetric offset for 
each mix design, which is 
applied to the lab results and 
accounts for the higher 
compaction temperatures in the 
lab.

Idaho Testing procedure

Foamed WMA Plant produced 
Material is brought down below 
200 F and then brought to HMA 
temps and tested as HMA. 
There is an additional AASHTO 
T-165 test done with plant 
produced material for foamed 
WMA.

Indiana None

Iowa Sample preparation

We compact assurance testing 
to 240F for WMA regardless of 
technology or compaction temp. 
(275F for HMA)

Kansas Sample preparation

The sample preparation will be 
completed at the warm mix 
asphalt temperatures if the 
mateiral is not re-heated.  If 
foaming is used and the material 
needs to be re-heated then we re-
heat the material to HMA 
temperatures.

Maine None
Manitoba, Canada None
Michigan None

Minnesota Sample preparation Lower lab compaction 
temperatures

Missouri Testing procedure

Fresh WMA by foaming 
process is compacted at WMA 
tempertures.  Reheated foamed 
WMA is compacted at the 
binder recommeded temperature.

Montana(1) None
Montana(2)
Nebraska None
Nevada(1) None
Nevada(2)
New Hampshire None

Comments State Sample Preparation Testing Procedure None
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 State Sample preparation Testing procedure None Comments
New Hampshire None

New York Sample preparation

Laboratory samples are 
compacted at the WMA 
compaction temperature 
recommended by the WMA 
technology provider.    One of 
our Approved technologies 
recommends conditioning the 
mixture in an oven prioir to any 
QC/QA laboratory testing.

Ohio Sample preparation 30 degrees less compaction temp 
for WMA.

Oregon
Saskatchewan None
South Dakota Sample preparation Testing procedure
Utah None
Vermont None
Washington None
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Total Responses: 21

FIGURE B21 Modifications in lab assurance testing for WMA compared 
to HMA

Table B21 Continued 
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B22. Acceptance Plan - WMA Modifications for QC Plan 

Table B22 Compared to HMA, does your agency have any modifications on Quality Control Plan? If yes, 
please explain in the comment box. 

 

Colorado No
Idaho No
Indiana No
Iowa No
Kansas No

Maine Yes

Contractor has to determine the 
technology-specific production 
and placement temperature 
range.

Manitoba, Canada No
Michigan No
Minnesota No

Missouri Yes Specify WMA temperature for 
mixing and compaction.

Montana(1) No
Montana(2)
Nebraska No
Nevada(1) No
Nevada(2)
New Hampshire No

New York Yes

As part of a WMA technologies 
approval, the technology must 
write a "Production, Testing and 
Compaction Details" document. 
This document must be followed 
by the mixture producer to 
ensure that everyone using this 
technology is using it in the 
proper way. We require the mix 
producers to state in their 
Quality Control Plans that they 
will follow the "Details" writen 
by the technology provider.

Ohio No
Oregon
Saskatchewan No
South Dakota No
Utah No

Vermont Yes Need to include section on the 
WMA technology to be used.

Washington No

 State Compared to HMA, does your agency have any modifications on Quality Control Plan? Comments
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FIGURE B22 Modifications on WMA quality control plan compared HMA
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B23. Acceptance Plan - Evaluation of WMA Construction Performance 

Table B23 Do you use test sections to evaluate construction/performance of WMA technologies? If yes, 
what are the approval process and the tests? 

 

Colorado No

Idaho No

We perform Test Strips on all 
projects HMA or WMA with 
no changes to either however 
we do not  place control 
sections for WMA projects.

Indiana No

Iowa Yes

We use test strips for both 
HMA and WMA. We verify 
density is being achieved with 
higher specification limits. If 
compaction is not achieved 
then a change in mix or 
rolling pattern may be 
needed.

Kansas No

Maine Yes
Use of HMA control-strips to 
compare performance of 
WMA.

Manitoba, Canada Yes
Distress survey of each test 
sections (rutting, cracking, 
ride)

Michigan No
Minnesota No Some sections at MnROAD
Missouri No

Montana(1) No

Currently we have one 
research project to be 
constructed where we have 
one control paving section 
utilizing HMA and 3 other 
WMA technologies that we 
will be able to compare 
during construction and 
compare results following 
construction.

Montana(2)

Nebraska Yes

We allow the use of both 
WMA and HMA on a 
project, requiring at least 
1000 tons of each material be 
placed, and then evaluate 
testing as we do with HMA 
and continue to monitor the 
road, visually evaluating it 
against the HMA and

 State Do you use test sections to 
evaluate 

Comments
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 State

Do you use test sections to 
evaluate 

construction/performance of 
WMA technologies?

Comments

Nevada(1) No
Nevada(2)
New Hampshire No

New York Yes

We do allow trial sections to 
be built on NYSDOT 
roadways, but we do not 
require it. The approval 
process allows trial sections 
to be built in other states, 
cities, counties, etc. We 
follow up with the project 
owner on performace, 
construction, etc.

Ohio No

We had condcuted trials a 
few years ago.  We not 
longer construct test sections 
but may for a new 
technology.

Oregon

Saskatchewan Yes

Approval for test sections is 
conducted on a case by case 
basis. Tests at this point have 
included mechanistic testing 
of lab produced samples, 
some moisture susceptibility 
testing, and control sections 
established on WMA trials.

South Dakota
Utah No
Vermont No
Washington No

Table B23 Continued 



 

App. B – Survey Responses | 84 
 

6

14

4

0

4

8

12

16

Yes, test sections are used No, test sections are not used No Response

R
es

po
ns

e C
ou

nt

Total Responses: 20

FIGURE B23 Use of test section for WMA evaluation
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B24. Acceptance Plan – Use of Non-Approved WMA Technologies 

Table B24 In case of using non-approved technologies, additives, or modifiers by the contractor, what 
would be the agency action? Please explain in the comment box. 

 

Colorado Reject Accept with penalty
Idaho Reject

Indiana Cost added per ton of mixture for additives or modifiers has prohibited their 
use or request for use in Indiana.

Iowa Reject
Kansas Reject
Maine Reject All technologies must be approved prior to use by the contractor.
Manitoba, Canada We would investigate the product and approve prior to use.
Michigan Reject Only allowing foaming/water injection at this time.
Minnesota Reject

Missouri
What is "non-approved?"  If it is that the contractor used a recognized 
process without noticification, the mixture would be accepted based on 
testing and acceptable placement.

Montana(1) Reject
Montana(2)
Nebraska Reject
Nevada(1) Reject
Nevada(2)
New Hampshire Require verification before use.

New York

If a producer seeks prior consent to use a non-approved technology, we 
are open to limited trials of 1000 tons or less.    If a producer uses a non-
approved technology without our consent, then the pavement section will 
be rejected.

Ohio Reject
Oregon

Saskatchewan

At this time, no standard response exists. The ministry is open to new 
technologies, if the contractor/supplier shares some of the risk. However, it 
is unlikely a contractor would be allowed to proceed if they switched 
additives during construction.

South Dakota

Utah

This issue should be performance based.  Mix tests can be used to sort out 
the major sources of distress.  If performance is demonstrated to be poor in 
labratory testing, penalties should be assessed accordingly.  If a mix is 
executed contrary to design, it should not be accepted.

Vermont Accept with penalty

Would likely accept with penalty if contractor can demonstrate no 
significant adverse effect.  However, we monitor at the plant and would not 
allow production to begin if a non-approved used.  Technology must be 
identified in WMA design.

Washington N/A

Other (Please Specify) State Reject Accept with Penalty Accept
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FIGURE B24 Agency action in case of using non-approved items by the contractor
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WARM MIX ASPHALT (WMA) (BMPR) 

 
Effective:  January 1, 2012    
 
Description: 
 
This work shall consist of designing, producing and constructing Warm Mix Asphalt (WMA) in lieu of 
Hot Mix Asphalt (HMA) for N30, N50 and N70 mixtures.  The requirements of Section 406, 407, 408, 
1030 and 1102 of the Illinois Department of Transportation Standard Specifications for Road and Bridge 
Construction (January 1, 2012) shall apply except as modified herein. 
 
WMA is an asphalt mixture which can be produced at temperatures lower than allowed for HMA utilizing 
approved WMA technologies.  WMA technologies are defined as the use of additives or processes which 
allow a reduction in the temperatures at which HMA mixes are produced and placed.  WMA is produced 
by the use of additives, a water foaming process, or combination of both.  Additives include minerals, 
chemicals or organics incorporated into the asphalt binder stream in a dedicated delivery system.  The 
process of foaming injects water into the asphalt binder stream, just prior to incorporation of the asphalt 
binder with the aggregate.   
 
Approved WMA technologies may also be used in HMA provided all the requirements specified herein, 
with the exception of temperature, are met. However, asphalt mixtures produced at temperatures in excess 
of 275 ºF (135 ºC)will not be considered WMA when determining the grade reduction of the virgin 
asphalt binder grade. 
 
Materials: 
 
Add the following to Article 1030.02 of the Standard Specifications: 
 
 “(h)   WMA Technologies  (Note 3)” 
 
Add the following note to Article 1030.02 of the Standard Specifications: 
 
 “Note 3.   Warm mix additives or foaming processes shall be selected from the current Bureau of 

Materials and Physical Research Approved List , “Warm-Mix Asphalt Technologies”.”   
 
Equipment: 
 
Revise the first paragraph of Article 1102.01 of the Standard Specifications to read: 
 

“1102.01   Hot-Mix Asphalt Plant.  The hot-mix asphalt (HMA) plant shall be the batch-type, 
continuous-type, or dryer drum plant.  The plants shall be evaluated for prequalification rating and 
approval to produce HMA according to the current Bureau of Materials and Physical Research Policy 
Memorandum, “Approval of Hot-Mix Asphalt Plants and Equipment.”  Once approved, the Contractor 
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shall notify BMPR to obtain approval of all plant modifications.  The plants shall not be used to produce 
mixtures concurrently for more than one project or for private work unless permission is granted in 
writing by the Engineer.  The plant units shall be so designed, coordinated and operated that they will 
function properly and produce HMA having uniform temperatures and compositions within the tolerances 
specified.  The plant units shall meet the following requirements.”   
 
Add the following to Article 1102.01(a) of the Standard Specifications: 
 
 “(13) Equipment for Warm Mix Technologies. 
 

a. Foaming.  Metering equipment for foamed asphalt shall have an accuracy of ± 2 percent 
of the actual water metered. The foaming control system shall be electronically interfaced 
with the asphalt binder meter. 

 
b. Additives.  Additives shall be introduced into the plant in accordance with the supplier’s 

recommendations and shall be approved by the Engineer.  The system for introducing the 
WMA additive shall be interlocked with the aggregate feed or weigh system to maintain 
correct proportions for all rates of production and batch sizes.” 

 
 
Mix Design Verification: 
 
Add the following to Article 1030.04 of the Standard Specifications: 
 
 “(d)   Warm Mix Technologies. 
  

(1) Foaming.  WMA mix design verification will not be required when foaming technology 
is used alone (without WMA additives).  However, the foaming technology shall only be 
used on HMA mix designs previously approved by the Department." 

 
(2) Additives. WMA mix designs utilizing additives shall be submitted to the Engineer for 

mix design verification.  Additional mixture verification requirements include Hamburg 
Wheel testing according to IL Mod AASHTO T324 and tensile strength testing according 
to IL Mod AASHTO T283 which shall meet the criteria in Tables 1 and 2 respectively 
herein.  The Contractor shall provide the additional material as follows: 

 
a. Four (4) gyratory specimens to be prepared in the Contractor’s lab according to IL 

Mod AASHTO T324 
 

b. Sufficient mixture to conduct tensile strength testing according to IL Mod AASHTO 
T283.   
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   Table 1. Illinois Modified AASHTO T324 Requirements.1/ 

Asphalt Binder 
Grade 

# Wheel 
Passes 

Max Rut Depth 
in. (mm) 

PG 76-XX 20,000 ½ in. (12.5 mm) 
PG 70-XX 15,000 ½ in. (12.5 mm) 
PG 64-XX 

10,000 ½ in. (12.5 mm) PG 58-XX 
Note: 1/  Loose WMA shall be oven aged at 270 ± 5 ⁰F (132 ± 3 ⁰C) for 
two hours prior to gyratory compaction of Hamburg Wheel specimens.
  

 
 

Table  2.  Tensile Strength Requirements 
Asphalt Binder Grade Tensile Strength psi (kPa) 

Minimum Maximum 

PG 76-XX 
80 (552 kPa) 200 (1379 kPa) 

PG 70-XX 

PG 64-XX 
60 (414 kPa) 200 (1379 kPa)” 

PG 58-XX 

  
Production: 
 
Revise the second paragraph of Article 1030.06 (a) to read: 
 

“At the start of mix production for HMA, WMA and HMA using WMA technologies, QC/QA 
mixture start-up will be required for the following situations: at the beginning of production of a 
new mix of a new mixture design, at the beginning of each production season, and at every plant 
utilized to produce mixtures, regardless of the mix.” 
 

Insert the following between the sixth and seventh paragraph of Article 1030.06(a): 
 
“(1) Warm Mix Technologies: 
 

a. Mixture sampled to represent the Test Strip shall include additional material 
sufficient for the Department to conduct Hamburg Wheel testing according to IL 
Mod AASHTO T324 and tensile strength testing according to IL Mod AASHTO 
T283 (approximately 110 pounds (50 kg) total).   
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b. Upon completion of the Start-up, WMA production shall cease.  The Contractor may 
revert to HMA production provided a start-up has been previously completed for the 
current construction season for the mix design.  WMA may resume once all the test 
results, including Hamburg Wheel results are completed and found acceptable by the 
Engineer.” 

 
Add the following as a second paragraph to Article 1030.05(d)(2)c.: 

 
“During production of each WMA mixture or HMA utilizing WMA technologies, the Engineer 
will request a minimum of one randomly located sample, identified by the Engineer, for Hamburg 
Wheel testing to determine compliance with the requirements specified in Table 1 herein.”   

 
Quality Control/Quality Assurance Testing: 
 
Revise the table and notes in Article 1030.05(d)(2)a. to read as follows: 
 
 

 
 
“Parameter 

Frequency of Tests 
 
High ESAL Mixture 
Low ESAL Mixture 

Frequency of Tests 
 
All Other Mixtures 

Test Method 
See Manual of 
Test Procedures 
for Materials 

Aggregate Gradation 
 
 
 
% passing sieves: 
1/2 in. (12.5 mm),  
No. 4 (4.75 mm),  
No. 8 (2.36 mm),  
No. 30 (600 m)  
No. 200 (75 m) 
 
Note 1. 

 
1 washed ignition oven 
test on the mix per half 
day of production 
 
Note 4. 

 
1 washed ignition oven 
test on the mix per day 
of production 
 
Note 4. 

 
Illinois Procedure  

Asphalt Binder 
Content by Ignition 
Oven 
 
Note 2. 

 
1 per half day of 
production 

 
1 per day 

 
Illinois-Modified 
AASHTO T 308 
 

VMA 
 

Note 3. 

Day’s production  
≥ 1200 tons: 
 
1 per half day of 
production 
 
 

N/A Illinois-Modified 
AASHTO R 35 

Day’s production  
< 1200 tons: 
 
1 per half day of 
production for first  
2 days and 1 per day 
thereafter (first sample 
of the day) 
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“Parameter 

Frequency of Tests 
 
High ESAL Mixture 
Low ESAL Mixture 

Frequency of Tests 
 
All Other Mixtures 

Test Method 
See Manual of 
Test Procedures 
for Materials 

Air Voids 
 
Bulk Specific 
Gravity 
of Gyratory Sample  
 
Note 5. 

Day’s production  
≥ 1200 tons: 
 
1 per half day of 
production 
 

 
 
1 per day 
 

 
 
Illinois-Modified 
AASHTO T 312  
 

Day’s production  
< 1200 tons: 
 
1 per half day of 
production for first  
2 days and 1 per day 
thereafter (first sample 
of the day) 

 
 
Parameter 

Frequency of Tests 
 
High ESAL Mixture 
Low ESAL Mixture 

Frequency of Tests 
 
All Other Mixtures 

Test Method 
See Manual of 
Test Procedures 
for Materials 

 
Maximum Specific 
Gravity of Mixture 
 
 

Day’s production  
≥ 1200 tons: 
 
1 per half day of 
production 
 

 
1 per day 

 
Illinois-Modified 
AASHTO T 209 

Day’s production  
< 1200 tons: 
 
1 per half day of 
production for first  
2 days and 1 per day 
thereafter (first sample 
of the day) 

 
Note 1.  The No. 8 (2.36 mm) and No. 30 (600 m) sieves are not required for All Other 
Mixtures. 
 
Note 2.  The Engineer may waive the ignition oven requirement for asphalt binder 
content if the aggregates to be used are known to have ignition asphalt binder content 
calibration factors which exceed 1.5 percent.  If the ignition oven requirement is waived, 
other Department approved methods shall be used to determine the asphalt binder 
content. 
 
Note 3.The Gsb used in the voids in the mineral aggregate (VMA) calculation shall be the 
same average Gsb value listed in the mix design. 
 
Note 4.The Engineer reserves the right to require additional hot bin gradations for batch 
plants if control problems are evident. 
 
Note 5.The WMA compaction temperature for mixture volumetric testing shall be 270 ± 
5 ⁰F (132 ± 3 ⁰C) for quality control testing.   The WMA compaction temperature for 
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quality assurance testing will be 270 ± 5 ⁰F (132 ± 3 ⁰C) if the mixture is not allowed to 
cool to room temperature.  If the mixture is allowed to cool to room temperature it shall 
be reheated to standard HMA compaction temperatures.” 
 

Construction Requirements: 
 

Revise the second paragraph of Article 406.06(b)(1) to read as follows: 
 

“The HMA shall be delivered at a temperature of 250 to 350 ºF (120 to 175 ºC).  WMA shall be 
delivered at a minimum temperature of 215 ºF (102 ºC).” 

 
Basis of Payment: 
 
This work will be paid at the contract unit price bid for the HMA pay items involved except a new pay 
item will be created to document the use of WMA.  Anti-strip will not be paid for separately, but shall be 
considered as included in the cost of the work.  
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C6. Iowa 
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C7. Kansas 
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C8. Maine 

  



 

App. C – Specs of Target States | 93 
 



 

App. C – Specs of Target States | 94 
 



 

App. C – Specs of Target States | 95 
 

 
  



 

App. C – Specs of Target States | 96 
 

 

 

 

 
C9. Michigan 
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MICHIGAN 

DEPARTMENT OF TRANSPORTATION 
 

SPECIAL PROVISION 
FOR 

WARM-MIX ASPHALT (WMA) 
(M-59 CS 63041  JN 110761) 

 
C&T:CJB 1 of 1 C&T:APPR:JWB:SJP:05-13-11 
 

a. Description.This work consists of furnishing a WMA mixture using a water-injection foaming 
device or water foaming additive for Superpave HMA Mixture 5E10.  All work must be in accordance 
with the standard specifications and applicable special provisions, except as modified herein.  No 
deviations to acceptance test methods/procedures will be allowed. 
 

b. Materials.  Provide materials in accordance with the Special Provision for Superpave HMA 
Mixtures. 
 
Base lab testing temperatures for compaction of gyratory sampleson the binder suppliers recommended 
value. 
 
Take the daily asphalt binder sample from a sampling spigot located in the pipeline supplying asphalt 
binder to the plant, in a position between the location in which the water or water foaming additive is 
added and the point where the asphalt binder enters the mixture. 
 

c. Construction. 
 

1. Equipment.  Provide equipment for the water-foaming additive or water-foaming 
injection device that is attached to the HMA plant. 

 
2. Placing WMA.  The Department will reject loads with a temperature either below 250 

degrees F or greater than ± 20 degrees F from the recommended maximum mixing temperature 
specified by the binder producer at the time of discharge from behind the screed. 

 
d. Measurement and Payment.  The completed work, as described, will be measured and paid for 

at the contract unit price using the following contract item (pay item): 
 

Contract Item (Pay Item) Pay Unit 
 

Warm Mix Asphalt, 5E10 ............................................................................................................ Ton 
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C11. New York 
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C12. Ohio 
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C14. South Dakota 
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C15. Washington 
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WARM MIX ASPHALT SUBMITTAL 
 

In accordance with WSDOT Standard Specifications Section 5-04.2 this submittal must be 
approved by the Engineer prior to production of WMA. 

Contract Information  
o Contract number 
o HMA tons per bid item 

 WMA tons per bid item 
 HMA mix design ID number(s) to be used for production of WMA 

Warm Mix Asphalt 
o WMA technology description; organic additive, chemical additive and equipment used 

 Manufacturer’s technical information  

 Recommendations for production of WMA 

 Material safety data sheets (MSDS) for additive if used 
 Contractor’s target rate for water or additive 

o Mixing temperature @ discharge 
 Manufacturer of the WMA technology 

 Recommended mixing temperature 

 Maximum mixing temperature 
 Mix design  

 Optimum mixing temperature 
o The optimum mixing temperature is provided on the mix design 

report 

 Maximum mixing temperature  
o The maximum temperature is the optimum mixing temperature 

+25°F (+14°C)  per Section 5-04.3(8) 
 Contractor’s mixing temperatures 

 Target mixing temperature  

 Maximum mixing temperature  
o The Contractor’s maximum mixing temperature cannot exceed the 

manufacturer’s maximum mixing temperature or the mix design 
maximum mixing temperature 

o Target temperature for WMA @ paver laydown 

Asphalt plant 
o Location, type & model  
o Equipment and/or modifications for WMA production 
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o RAP percentage (20% max.) 
o Production rate 

Truck Ticket 
o The truck ticket shall identify the material produced as HMA or WMA 
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D1. California 
 



 

App. D – Specs by Other States | 2 
 



 

App. D – Specs by Other States | 3 
 



 

App. D – Specs by Other States | 4 
 



 

App. D – Specs by Other States | 5 
 

 

  



 

App. D – Specs by Other States | 6 
 

 

 

 

 

D2. NorthCarolina 
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D3. Pennsylvania 
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Abbas, A. R. and A. Ali (2011). Mechanical Properties of Warm Mix Asphalt Prepared Using Foamed 
Asphalt Binders, Ohio Department of Transportation. 

Al-Qadi, I., J. Kern, et al. (2011). A Study on Warm-Mix Asphalt, Illinois Center for Transportation. 
Aschenbrener, T. (2011). Three-Year Evaluation of the Colorado Department of Trasportation's Warm-

Mix Asphalt Experimental Feature on I-70 in Silverthorne, Colorado, National Center for Asphalt 
Technology (NCAT). 

Buss, A. F. (2011). Investigation of Warm-Mix Asphalt Using Iowa Aggregates, Iowa State University. 
Crews, E. (2008). Extended Season Paving in New York City Using Evotherm Warm Mix Asphalt. 
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Hurley, G. C., B. D. Prowell, et al. (2009). Michigan Field Trial of Warm Mix Asphalt Technologies: 
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Manitoba, Canada, UNIVERSITY OF NEVADA, RENO. 
Kim, Y.-R., J. Zhang, et al. (2010). Implementation of Warm-Mix Asphalt Mixtures in Nebraska 

Pavements, Nebraska Department of Transportation. 
MeadWestvaco (2009). Evotherm Warm Mix Asphalt in Crow Wing County, Minnesota: Eliminating 

Thermal Cracking at Reduced Cost, MeadWestvaco Asphalt Innovations. 
Perkins, S. W. (2009). Synthesis of Warm Mix Asphalt Paving Strategies for Use In Montana Highway 

Construction, Montana Department of Transportation. 
Portfliet, J. V. (2010). M-95 – Warm Mix Asphalt Project, Michigan Department of Transportation. 
Russell, M., J. Uhlmeyer, et al. (2009). Evaluation of Warm Mix Asphalt, Washington Department of 
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Sargand, S., J. L. Figueroa, et al. (2009). Performance Assessment of Warm Mix Aspahlt (WMA) 

Pavements. 
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Anderson, R. M., G. Baumgardner, et al. (October 2008). NCHRP 9-47 Interim Report: Engineering 
Properties, Emissions, and Field Performance of Warm Mix Asphalt Technologies. 

Bonaquist, R. (2011). NCHRP Report 691, Mix Design Practices for Warm Mix Asphalt. 
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Newcomb, D. E. (2009). Thin Asphalt Overlays for Pavement Preservation, National Asphalt Pavement 

Association (NAPA). 
Prowell, B. (2007). "Warm Mix Asphalt, The International Technology Scanning Program Summary 

Report." Federal Highway Administration, Washington, DC. 
Prowell, B. D., G. C. Hurley, et al. (2011). Warm-Mix Asphalt: Best Practices, 2nd Edition, National 

Asphalt Pavement Association. 
Sargand, S., J. L. Figueroa, et al. (September 2009). "Performance Assessment of Warm Mix Aspahlt 

(WMA) Pavements." 
Tsai, J. and J. Lai (June 2010). Evaluating Constructability and Properties of Warm Mix Asphalt. 

 

 



 

 

 

 

APPENDIX G - SCHOLARLY PAPERS ON 
WMA



 

App. G - Papers | 1  
  

Evaluation of Low Temperature Binder Properties of Warm Mix Asphalt, Extracted and 
Recovered RAP and RAS, and Bioasphalt 

Zhanping You et al. studied the effect of effect of adding Sasobit and using reclaimed asphalt pavement 
(RAP) and reclaimed asphalt shingle (RAS) and Bioasphalt on low temperature performance of asphalt 
modified with these materials. They used two methods of testing: bending beam rheometer and asphalt 
binder cracking device (ABCD). For WMA, the tests were carried on binders modified with 0.5, 1.5, and 
3.5% Sasobit. For RAS they used 5% and 10% recovered RAS and RAP at 50% and 100%. The analysis 
of results suggests that all four materials have to the potential to enhance the low temperature 
performance of asphalt pavements. Considering WMA, the results show that adding Sasobit beyond a 
certain percentage could potentially compromise the low temperature cracking performance and the 
researchers suggest a framework to set a maximum for the use of Sasobit. 

Evaluating the Effect of Warm Mix Asphalt Technologies on the Moisture Characteristics of 
Asphalt Binders and Mixtures 

Mogawer et al. evaluated four different types of WMA technologies to see the effect on the moisture 
susceptibility of the mix and the adhesion characteristic of the binder used. They evaluated Advera, 
Evotherm, Sasobit and SonneWarmix. Hamburg wheel tracking device (HWTD) was used to test 
moisture susceptibility of the mixtures at three aging times and three aging temperatures.  Also, a pull-off 
test was used to evaluate the effect of the WMA technology on the binder adhesion, by the bitumen bond 
strength (BBS) test. The results of their research showed that moisture resistance of all mixtures had 
significant improvement with increasing aging time or temperature. For samples failing HWTD, liquid 
anti-strip and hydrated lime was added. Addition of anti-strip improved the HWTD results. Out of the 
four technologies, only Sasobit had a significant effect on the pull off tensile strength of the binder. 

Influence of Anti-stripping Additives on Moisture Susceptibility of Warm Mix Asphalt Mixtures 

Xiao et al. studied the effect of anti-stripping additives (ASA) on moisture susceptibility of WMA 
mixtures. They tested 36 types of mixtures (6 of each type) where they had 3 different types of 
aggregates, four different types of anti-stripping additives (ASA, lime, and two liquid ASA, as well as the 
control [no additive]), one binder grade (PG 64-22), and three types of WMA additives (virgin, 
Asphamin, and Sasobit). For each type of mixture, three samples were tested in dry condition and three in 
wet condition. The samples were evaluated based on indirect tensile strength (ITS), tensile strength ratio 
(TSR), toughness, and flow.  The results show that hydrate lime exhibits the best moisture resistance for 
WMA mixtures, while the other two liquid ASA were weaker compared to lime, although they increased 
the ITS values of the mixtures. Also, the wet ITS values of the mixtures were lower when they contained 
WMA additives. There were no significant differences between the flows of different mixtures. Also, 
toughness values of specimens containing WMA additives are less than those of virgin mixtures. 

Influence of Commercial Wax on Performance of Asphalt 

Wei et al. studied the influence of addition of Sasobit on asphalt binder. The effects on rheological 
properties, chemical composition, and surface properties of the binder were investigated. The results 
showed that Sasobit had a stiffening effect on the binders, increasing the complex modulus and 
decreasing the phase angle. Investigation of the chemical effect of wax on the binder showed that there 
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was no chemical interaction between the two when mixed at 135°C. Their research showed that addition 
of wax reduced the surface energy of the binder, which may result in increased wettability of the binder 
on the aggregate surfaces. 

Influence of Production Temperature and Aggregate Moisture Content on the Performance of 
Warm Mix Asphalt  

Bennert et al. studied the influence of mixing temperatures on the performance of WMA mixtures from 
rutting and fatigue viewpoints. They also evaluated the stripping potential by using pre-wetted aggregates. 
They used asphalt mixture performance tester (AMPT) and wet Hamburg wheel tracking tests to evaluate 
the performance of the mixtures, which clearly showed a decrease in rutting resistance and stiffness of the 
mixes. The magnitude of the stiffness change was not consistent and was dependent on the type of WMA 
additive. Fatigue resistance was tested by the Overlay Tester and this showed increase in cracking 
resistance. The moisture susceptibility was tested by TSR and wheel tracking test. The results clearly 
showed an increase in stripping, and this result was more serious when the aggregate blends have higher 
absorption properties. 

Influence of WMA Additives and Reduced Aging on Rheology of Asphalt Binders with Different 
Natural Wax Contents 

Arega et al. investigated the interaction between WMA additives and natural wax present in the asphalt 
binder. Natural wax refers to naturally crystallizable material in asphalt binders. Four asphalt binders 
were selected; two with high natural wax content and two with low content. The WMA additives used 
were Sasobit, Cecabase, Evotherm DAT, Evotherm 3G, and Rediset. The results of their testing showed 
that certain additives reduce the viscosity of short-term aged binder, especially when used with high 
natural wax content. Considering stiffness, WMA mixes are expected to have reduced stiffness and 
increased susceptibility to permanent deformation. Certain WMA additives compensate, while others 
aggravate the initial reduced stiffness of the binder. Binders with WMA additives that were subjected to 
short term aging followed by Pressure Aging Vessel (PAV) aging, and had similar or slightly reduced 
thermal cracking resistance. 

Laboratory and Field Evaluations of Foamed WMA Projects 

Granite Construction performed two WMA paving demonstration projects in 2008. The two projects were 
constructed with the free water method (Double Barrel Green). Based on these two demonstration 
projects, Wielinski et al. concluded that conventional mix design methods could be used for designing 
WMA with free-water technology. The Hveem and Marshall properties of HMA and WMA were similar. 
The WMA had lower initial stiffness, but WMA wet mix met the minimum mechanical properties. The 
researchers suggest requiring anti-strip agents by the public agencies. In both demonstration projects, the 
in-place densities for WMA and HMA were very close. There was also less variability of the in-place 
densities of WMA as compared to HMA.  
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Shanghai’s Experience with WMA 

Yan et al. studied the performance of 10 WMA projects constructed in Shanghai from 2006 to 2010. The 
major WMA technology being applied is Evotherm.  Two major asphalt mixtures used in Shanghai are 
studied and laboratory performance of WMA is compared to HMA. For both types of mixtures, WMA 
had similar performance to HMA and satisfied the specification requirements. The performance criteria 
considered were air voids, Marshall Stability, TSR and dynamic stability. In the first two, WMA values 
were lower than HMA, while in the last two, they were higher than HMA. 

Moisture Susceptibility and Stripping Resistance of Asphalt Mixtures Modified with Different 
Synthetic Waxes 

Merusi et al. proposed a simple method to evaluate the influence of wax on stripping resistance and 
moisture susceptibility. Waxes with different chemical structures were used, namely paraffinic and 
polyamidic. Moisture susceptibility was tested by first the conventional method and then through the 
proposed method of using digital image analysis to identify the stripped surface in a quantitative way. 
Their results showed that enhanced performance (contradictory to expectation) could be obtained in the 
presence of wax modified binders, but this depends on the type of wax used.  

Moisture Susceptibility of WMA Mixtures Containing Nano Sized Hydrated Lime 

Super fine hydrated lime was produced from regular hydrated lime (RHL) by using LA abrasion machine. 
Tests conducted for moisture susceptibility were indirect tensile strength (ITS), tensile strength ratio 
(TSR), flow, and toughness. Two types of limes were used, nano-sized and regular-sized. Three different 
WMA additives were also used. The results of the tests showed that super fine hydrated lime has greater 
ITS and TSR values for WMA than with regular hydrated lime. Also, the anti-stripping properties of 
WMA mixtures containing super fine hydrated lime are dependent on the types of aggregates and 
additives used. 

Utilization of Foaming Technology in WMA Mixtures Containing Moist Aggregates 

Xia et al. performed an experimental design in which 42 different mixture types were used and indirect 
tensile strength (ITS), tensile strength ratio (TSR), rut depths of dry and conditioned specimens, and flow 
were measured. Design of the experiment utilized 2 aggregate sources, two aggregate moisture contents, 
two lime contents, one anti-stripping agent, and three foaming water contents (2, 3, and 4%). The results 
showed that rut depths of HMA mixtures were lower than other mixtures, and that, in general, rut depth 
was more related to aggregate sources, rather than moisture or lime content. According to their test 
results, aggregate source was responsible for ITS and rutting resistance. Hydrated lime showed little 
effect on rutting and moisture resistance. The anti-stripping agent used in the study was not recommended 
for use in foaming technology with moist aggregate, as long as it showed sensitivity to moisture. The 
effect of foaming water content was significant on rut depth and ITS, and the results showed that samples 
containing 2% water content were suitable for mixing. 

Production, Placement, and Performance Evaluation of WMA in Texas 

Estakhri et al. compared samples from a field trial placed by Texas DOT. The field trial was placed in 
2006 using the emulsion based technology, Evotherm. In their study, field-mixed and lab compacted 



 

App. G - Papers | 4  
  

samples were evaluated for production density, moisture susceptibility, and cracking resistance. Hamburg 
wheel tracking tests and Texas Transportation Institute (TTI) overlay test were run on the cores taken 
from the field after one month and one year of service. No problems were observed in laydown or 
compaction operation. WMA samples taken after placement and after one month in service failed the 
Hamburg test requirements, but the cores taken at one year passed the requirements. In overlay test 
results, all of the lab-molded WMA mix specimens performed poorly, although there was a significant 
improvement after one month, which was gone after one year. Overall, the field performance of the 
WMA is comparable to HMA section after two years of service. 

Laboratory Simulation of WMA Binder Aging Characteristics 

Gandhi and Amirkhanian studied the effect of WMA additives on the binder aging process. Asphalt 
mixtures containing two different binder sources and three different WMA additives (Control, Asphamin, 
and Sasobit) were prepared and aged in the oven, and tests were run on the extracted binders. The results 
of their work indicates that binders extracted from WMA had lower aging indecies (viscosity of extracted 
binder to the original binder) compared to HMA, and they had aged significantly less than HMA binders. 
Regarding fatigue cracking, WMA additives had no significant effect on G*sin δ or the creep stiffness, 
although Asphamin increased the m-value of the binders. 

Laboratory Evaluation of WMA Performance in Liaoning 

Yanhai et al. studied the performance of WMA made by adding Sasobit. Four types of binder were tested, 
one control and three with additives. Rutting, bending at low temperatures, fatigue, and dynamic modulus 
tests were conducted. The results showed that adding 3% of Sasobit decreased the mixing temperature by 
20°C and significantly increased the dynamic stability. Considering anti-cracking ability and fatigue 
resisting of the mixes, Sasobit had negative effect on the base asphalt, but positive on Styrene Butadiene 
Styrene (SBS) modified binder. Adding Sasobit improved the stability of mixes at high temperatures, as 
long as dynamic modulus of WMA with Sasobit increased significantly. 

Analysis and Application of Relationships between Low-Temperature Rheological Performance 
Parameters of Asphalt Binders 

In this work, Liu et al. tested the low temperature behavior of rubberized warm mix asphalt (RWMA) and 
investigated the possibility of formalizing a method by synthetically combining m-value and S-value. 
This is based on a physical equation between creep stiffness S (t) and creep rate m (t), where the binder 
with a larger m (t)/S (t) ratio value is considered a good low-temperature property material. The authors 
verified the adequacy of this method for selecting the best low-temperature performing RWMA binder 
among many binders by only comparing the m-value or S-value. 

Effect of Sasobit and Aspha-Min on Wettability and Adhesion between Asphalt Binders and 
Aggregates 

Wasiuddin, Zaman et al. explored the effect of Sasobit and Aspha-Min additions on wettability and 
adhesion between asphalt and aggregates by utilizing the surface free energy (SFE) method. Two selected 
asphalt binders, namely a PG 64-22 and a PG 70-28 were investigated, with the PG 70-28 binder 
modified with styrene-butadiene-styrene polymer. The SFE components of these binders were evaluated 
at three selected percentages of Sasobit (2%, 4%, and 8%) and Aspha-Min (1%, 4%, and 6%), based on 
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the weight of the binder. The authors were able to correlate between the reduction of asphalt-aggregate 
adhesion and the increase in Sasobit percent. On the other hand, the effect of Aspha-Min on SFE, 
wettability, and adhesion could not be determined. This was attributed to the sample-making procedure 
that involved placing the asphalt-coated glass plates inside an oven at 150°C for 1min, a procedure that 
lead to the absence of water vapor at 150°C. An increase in wettability of PG 64-22 from 70.9 dyne/cm 
and 70.3 dyne/cm to 98.7 dyne/cm and 98.8 dyne/cm for limestone and sandstone, respectively, was 
recorded with the addition of 8% Sasobit. Better results were obtained for PG 70-28, giving a generally 
increasing trend in wettability with the increase in percent of Sasobit for both the binders. For moisture 
susceptibility (spontaneous change in free energy under water), a small or no reduction was observed in 
the case of PG 64-22, whereas Sasobit was found to greatly increase the moisture susceptibility of PG 70-
28. An overall observation recorded by the authors was that Sasobit reduces the adhesion (free energy of 
adhesion) and increases the moisture susceptibility. For Aspha-Min, no trend was observed on increase or 
reduction of adhesion (free energy of adhesion). There was also no trend found for wettability in the case 
of PG 64-22, due to heating with Aspha-Min for 36 hours. For PG 70-28, Aspha-Min increases the 
adhesion (free energy of adhesion) and reduces the moisture susceptibility. 

Warm Mix Asphalt using Sasobit® in Cold Region 

The aim of this study was to present an overview of WMA for cold weather paving through a field 
experience, to evaluate the WMA's moisture susceptibility, as well as the rutting and fatigue potential 
through dynamic modulus testing and tensile strength ratio testing. WMA made with Sasobit added at a 
rate of 1.5% by mass of binder was utilized in this study. The same volumetric design was employed for 
placing both WMA and HMA (control). The mixing temperature used for WMA was 260°F (126.7°C) 
and HMA was 320°F (160°C). During the WMA production, emission was significantly reduced 
compared to HMA production. The recorded time needed for cooling down the WMA was significantly 
longer than HMA, about 27 minutes more than the time needed for HMA. The authors used this fact to 
verify that the use of WMA technology can significantly improve the cold weather paving by allowing an 
extended hauling distance and increasing the time required for cooling of the pavement. Tensile Strength 
Ratio (TSR) testing results for control and WMA mixtures showed that the TSR for WMA is comparable 
to the HMA (control mixture), which could indicate that there are no significant differences between 
WMA made with Sasobit and HMA, in terms of moisture damage. However, the authors found that the 
tensile strength of WMA is significantly lower than HMA, indicating that the fracture energy of WMA is 
lower than HMA, which may lead to having WMA made with Sasobit of higher fatigue cracking potential 
than HMA. The authors also found that WMA mixtures had higher dynamic modulus (E*) than those of 
HMA, a result that indicated that WMA has a lower rutting potential as compared to HMA.   

Evaluation of Potential Processes for Use in Warm Mix Asphalt 

In this research work, Hurley and Prowell investigated the performance of three warm mix asphalt 
processes, namely: Aspha-min, Sasobit, and Evotherm through a laboratory study. In this study, the 
applicability of these processes to typical paving operations and environmental conditions commonly 
found in the United States was examined. The compactability of mixtures was improved for all three 
processes. The mix temperatures were 160°F (71 °C); and in the field, laydown and compaction 
temperatures were 140°F (60°C). The addition of the Aspha-min zeolite reduced the design asphalt 
content by approximately 0.1 to 0.4%, while the addition of Sasobit or Evotherm reduced the design 
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asphalt content by approximately 0.1 to 0.5%. The addition of zeolite, Sasobit, and Evotherm improved 
compaction over the control mixture for all binder, aggregate, and temperature combinations. Evotherm 
lowered the air void content the most, with Sasobit next, while zeolite was the least. Evotherm increased 
the measured resilient modulus the most, with zeolite next, whereas Sasobit decreased the measured 
resilient modulus. Evotherm lowered the rut depths the most (by an average of 1.8 mm); followed by 1.4 
mm for Sasobit, while the zeolite decreased the value by an average of 0.2 mm. The strength gain 
experiment was conducted to evaluate the rutting potential immediately after construction; results 
indicated that although the strength varied over the different aging times, there was no change in strength 
for either the control mix or for the warm mix at a particular age time. This proved that there was no 
evidence to support the need for a cure time before traffic for asphalt mixtures containing such additives. 
Based on the results for the asphalt pavement analyzer (APA) rutting tests, Sasobit neither increased nor 
decreased the rutting potential, down to 230°F (110°C). On the other hand, there was a significant 
increase in the rutting results for both compaction temperatures in case of zeolite. The test results for the 
Evotherm revealed an increased potential for rutting at the 230°F (110°C) compaction temperature. 
Tensile strength ratio (TSR) results showed a decrease in the presence of zeolite, but still resulted in an 
acceptable value. Meanwhile, the Sasobit lowered the TSR value to an unacceptable value. On the other 
hand, Aspha-min exhibited a cohesive failure that was attributed by the authors as a result of the binder 
emulsification due to the moisture released from the Aspha- min. The authors suggested having a cure 
time that would dissipate the moisture in the binder, eliminating the potential of a cohesive failure. The 
authors utilized anti-stripping agents as a means to increase moisture resistance. ARMAZ LOF 6500 was 
used with the control and zeolite mixtures. For the control mixture, the liquid anti-strip reduced the 
adhesive failure and increased the unsaturated tensile strengths, while the saturated tensile strengths 
remained the same as the control mixture without liquid anti-strip. For the mixture with zeolite, the liquid 
anti-strip increased the unsaturated tensile strengths, but it decreased the saturated tensile strengths, thus 
resulting in a low TSR value (0.38). The authors attributed the decrease in the saturated tensile strength to 
a reduction in binder viscosity from the liquid anti-stripping agent. All processes improved the 
compactability of the mixtures. The resilient modulus of the investigated warm mix asphalt compared to 
mixtures having the same PG binder were the same, on the basis that the authors verified that there would 
not be any effect on pavement thickness design when using warm asphalt mixes. The addition of 1.5 
percent hydrated lime resulted in improved cohesion and moisture resistance over the warm mixtures 
without hydrated lime. Hamburg wheel-tracking tests indicated good performance in terms of moisture 
susceptibility and rutting for the mixtures containing Sasobit. Hamburg results also suggested that the 
lime assisted in the rutting resistance of warm mixtures, with Aspha-min compacted at lower 
temperatures due to the lime stiffening of the asphalt binder. Superpave gyratory compactor results 
indicated that Aspha-min, Sasobit, and Evotherm may lower the optimum asphalt content.  

Evaluation of Warm-Mix Asphalt Produced with the Double Barrel Green Process 

Middleton and Forfylow evaluated the economic, environmental, and mixture performance of the Double 
Barrel Green process. WMA mixes containing reclaimed asphalt pavement and manufactured shingle 
modifier (MSM) produced with the Double Barrel Green System during field trials were examined in this 
study. According to the authors, transportation agencies and HMA producers are unlikely to adopt WMA 
technologies solely because the benefits involved in their utilization do not cover the associated increase 
in investment and additive costs. However, a minimization in the increased material costs identified with 
other WMA technologies can be attained by the utilization of the Double Barrel Green process for the 
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production of WMA with a standard-grade asphalt binder, as it only involves a one-time mechanical plant 
modification. This modification is the installation of the foaming manifold over an existing asphalt 
injection system on the outer drum of the plant, and installation of corresponding asphalt binder and water 
feed lines into the manifold. The mixes employed in this study were a control, 15% RAP, 15% RAP and 
5% MSM, and 50% RAP. A minimal impact on rutting susceptibility was recorded with increased RAP 
and MSM contents. The resilient modulus of the control mix showed an approximate 30% increase in the 
values obtained at 5°C and 25°C test temperatures, compared to the WMA mixes with RAP and MSM. A 
moisture content of less than 0.1% was recorded for the WMA as compared to that of HMA, indicating 
that retained moisture from the foaming process was not significant. In terms of emission, 10% reductions 
in carbon dioxide, carbon monoxide, and nitrogen oxides were determined for WMA over HMA. On the 
other hand, a slight increase in sulphur dioxide was identified. However, the authors attributed such 
increase to testing variances.  A decrease in temperature of about 41°C was recorded for WMA compared 
to HMA, yielding a 24% reduction in energy consumption.  

Warm-Mix Asphalt Technology to Incorporate High Percentage of Reclaimed Asphalt Pavement 
Material in Asphalt Mixtures 

Mallick et al. investigated the feasibility of using a warm-mix asphalt (WMA) additive, Sasobit H8, in the 
recycling of hot-mix asphalt (HMA) with 75 % RAP at a lower temperature. The emphasis of the study 
was directed towards selecting the right grade of asphalt binder while taking into consideration that the 
temperature of recycling is 125°C, because this temperature is sufficiently lower than conventional 
mixing and compaction temperatures used for PG 64-28 in most of the northeastern United States. A 
control HMA was prepared with extracted aggregates and PG 64-28 binder at 150°C. Another HMA was 
produced with PG 52-28 binder at 135°C. Two WMA mixes were prepared with Sasobit H8 at 125° C, 
one with PG 52-28 and the other with PG 42-42 binder. For the RAP mix investigated in this study, the 
design (added) asphalt content was 1.5%. Sasobit H8 was added to asphalt at 1.5% (1.5% of the total 
binder which includes RAP binder and added binder). Sasobit H8 was used to facilitate mixing and 
compaction by attaining sufficient workability through decreasing the viscosity of the asphalt. The study 
concluded that it is possible to produce mixes with 75% RAP with similar air voids as virgin mixes at 
lower than conventional temperatures using 1.5% Sasobit. However, Sasobit had a slightly stiffening 
effect at low temperatures. On the other hand, the addition of Sasobit helped in producing uniform mixes. 
The production of a mix that is most comparable with a virgin mix was achieved through the addition of a 
significantly lower grade of binder, PG 42-42, at a rate of 1.5% by weight of mix. 

Evaluation of Compactability and Mechanical Properties of Bituminous Mixes with Warm 
Additives, 2011 

The effect of employing additives (chemical and organic) on the compactability and mechanical 
properties of asphalt mixes is studied in this work.  The measurement of the degree of compactability was 
derived from the measurement of the compaction energy index (CEI) which compares the compaction of 
one mixture to another, while the traffic densification index (TDI) was utilized to give indication of the 
estimated densification produced by traffic, as it analyzes the effect of post-compaction due to the traffic 
loads during the pavement service life. Lower CEI values were displayed for mixes with WMA additives, 
indicating their ease of compaction compared to original binder and also the ability to reduce the working 
temperatures. The TDI values for WMA manufactured at 140 °C and at 120 °C were similar to original 
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mix's value at 160 °C. The addition of WMA additives improved the sensitivity to water compared to 
original mix at the same temperature, and the stiffness modulus obtained was reduced. On the other hand, 
these moduli varied less with temperature than in original mix, while having all the WMA showing a 
higher stiffness modulus than original mix at 120 °C. 

Rheology of Warm Mix Asphalt Binders with Aged Binders, 2011 

This study addresses the rheological investigation of properties of warm mix asphalt (WMA) binders con-
taining long-term aged binders. The recycled binders with the additives were produced using two (i.e., 
zeolite Aspha-min and wax Sasobit) of the available warm asphalt processes. The addition of Sasobit into 
the recycled binders seemed to increase the viscosity values of the binders at 60°C, suggesting better 
rutting resistance at a critical pavement temperature. The creep recovery test and the repeated creep 
recovery test indicated the least permanent deformation for the WMA binders. The temperature 
susceptibility was slightly improved for the WMA binders. The frequency sweep test indicated that the 
recycled binders containing Sasobit were observed to have lower phase angles and higher complex 
modulus than the other recycled binders, meaning better elastic properties. 

Evaluation of the Potential of Sasobit to Reduce Required Heat Energy and CO2 Emission in the 
Asphalt Industry, 2010 

This paper evaluated the effects of different quantities of a WMA additive, Sasobit, on the required heat 
energy and the amount of CO2 produced to increase the temperature of two aggregates from three sources 
and one binder from 25°C to the point of mixing. The results showed that incorporating 1% Sasobit can 
potentially reduce the required heat energy and amount of CO2 produced by 2.8% and 3.0%, respectively, 
for all aggregate types and sources investigated.  The paper also incorporated a design chart for 
appropriate Sasobit content to produce the most cost effective asphalt mixture with less environmental 
impact. Through this chart, 1.6% Sasobit content is the most suitable proportion to be blended into the 
asphalt binder, without compromising pavement resistance against fatigue failure. 

Estimating Correlations between Rheological and Engineering Properties of Rubberized Asphalt 
Concrete Mixtures Containing Warm Mix Asphalt Additive, 2011 

This paper investigated the mixture performance characteristics of rubberized warm asphalt mixtures, and 
their correlation with binder properties. The results of the experiments indicated that the use of crumb 
rubber and WMA additive in HMA can effectively improve the engineering properties of these mixes at 
lower mixing and compacting temperatures. The addition of Sasobit to rubberized, as well as virgin 
binders significantly reduced the viscosity of the binders. On the other hand, addition of Asphamin did 
not have any significant effect on the viscosity of the virgin and rubberized binders. WMA additives 
increased the high temperature performance (G*/sin δ) values of the binders. Also, the addition of crumb 
rubber reduced G*sin δ and stiffness values after long-term aging, but the WMA additives do not 
significantly affect these values. The increase in the mixing and compaction temperatures, due to the 
addition of crumb rubber, can be offset by adding the warm asphalt additives, which lowers the mixing 
and compaction temperatures of rubberized mixtures comparable to those of conventional HMA. 
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Effects of Warm Mix Asphalt Additives on Performance Properties of Polymer Modified Asphalt 
Binders, 2010 

This study presented an experimental evaluation for the performance properties of polymer modified 
asphalt (PMA) binders containing warm mix asphalt (WMA) additives (i.e., Aspha-min and Sasobit). The 
addition of Sasobit significantly decreased the viscosity of PMA binders at 135 °C. The viscosity of PMA 
binders containing Aspha-min increased due to the filling effect of the additive. PMA binders containing 
Aspha-min and Sasobit had higher failure temperature than the control PMA binders, suggesting better 
resistance on rutting at high temperature. The PMA binders containing the additives were observed to 
have higher G*sin δ values compared to the control PMA binders, meaning that the addition of the 
additives might result in the PMA binders being less resistant to fatigue cracking at intermediate tempera-
tures. The warm PMA binders were found to have significantly higher stiffness values which relate to 
possible lower resistance on low temperature cracking. Also, the PMA binders with Sasobit showed 
significantly lower m-values than the control PMA binders. 

Analysis of Rheological Properties of Rubberized Binders Containing Warm Asphalt Additives, 
2010 

This paper presented the data on rheological tests conducted on rubberized binders containing warm 
asphalt additives. Two of the available warm asphalt technologies, Asphamin and Sasobit, were used to 
produce the warm asphalt binders. The binders containing Sasobit had higher viscosities at 60°C, 
irrespective of the binder source, compared with binders containing Asphamin or no warm asphalt addi-
tive. The binders containing Sasobit had lower permanent deformation values, whereas, for the binders 
with Asphamin the permanent deformation was similar to binders without any warm asphalt additives. 
Binders modified with Sasobit showed lower phase angle compared with the binders without any warm 
asphalt additives, especially at lower temperatures, which suggests improved elasticity of the binders at 
lower temperatures. This increase in elasticity would help the binders to resist rutting and permanent 
deformation. 

Investigation of Field Produced Warm Mix Asphalt Mixes in Iowa, 2010 

This publication presents the results of the field study investigation of four field produced WMA mixes 
and four control mixes. The WMA technologies used in this study were Evotherm 3G, Revix, Sasobit, 
and foaming using the Double Barrel Green system. Reduced compaction temperatures were achieved 
with all WMA additives. For the Evotherm 3G, the HMA average peak load was greater than the peak 
load of the WMA samples. For the Revix, WMA had a slightly higher overall average for the indirect 
tensile strength tests (IDT) peak strength. On the other hand, the WMA had a greater loss of strength 
when subjected to moisture conditioning. For the Sasobit, The field compacted moisture conditioned 
WMA samples were the lowest performing samples. The tensile strength ratios (TSR) showed higher 
values for HMA. For the Double Barrel Green foaming, moisture conditioned samples had a lower peak 
loads than HMA ones. 

  



 

App. G - Papers | 10  
  

Using Warm-Mix Asphalt Technology to Incorporate High Percentage of Reclaimed Asphalt 
Pavement Material in Asphalt Mixtures, 2008 

This study investigated the feasibility of using a warm-mix asphalt (WMA) additive, Sasobit H8, in 
successfully recycling hot-mix asphalt (HMA) with 75% RAP at a lower temperature. The results 
obtained from this study indicated that it is possible to produce mixes with 75% RAP with similar air 
voids as virgin mixes at lower than conventional temperatures using 1.5% Sasobit (based on the weight of 
the total asphalt binder). The addition of Sasobit also helped in lowering the viscosity of the asphalt 
binder at higher temperatures; however it had a slightly stiffening effect at low temperatures. The addition 
of Sasobit helped in getting uniform mixes that had air voids compacted at lower than conventional 
temperature similar to air voids obtained in conventional mixes compacted at conventional temperatures. 

Laboratory Evaluation of Warm Asphalt Binder Aging Characteristics, 2009 

This paper presented the results of a study to evaluate the aging characteristics of WMA binders 
artificially aged in the rolling thin film oven (RTFO) and the pressure aging vessel (PAV). The outcome 
of the study showed that by reducing the mixing temperatures of WMA binders, the aging of the binders 
can be reduced.  After artificial aging, binders containing Asphamin had significantly higher viscosities 
compared with the unmodified binders, and binders containing Sasobit had significantly lower viscosities 
compared with the unmodified binders. Binders containing Asphamin and Sasobit had higher G*/sin δ 
values compared with unmodified binders. Thus, adding the warm asphalt additives improved the rutting 
resistance of the binders. Addition of Asphamin and Sasobit did not seem to influence the fatigue 
resistance of the binders, as the G*sin δvalues for binders with and without the warm asphalt additives 
were not significantly different in most cases. Binders containing Asphamin and Sasobit had significantly 
higher creep stiffness values compared with unmodified binders. Thus, the authors concluded that adding 
the warm asphalt additives made the binders stiffer at low temperatures. 

High Temperature Properties of Rubberized Binders Containing Warm Asphalt Additives, 2009 

This paper presented the high temperature properties of rubberized binders containing warm asphalt 
additives (i.e. Aspha-min and Sasobit). The addition of warm asphalt additive Sasobit significantly 
decreased the high temperature viscosity, while the addition of Asphamin increased the viscosity due to 
the filling effect of the additive. Higher failure temperatures than the control rubberized binders were 
recorded for both WMA types, indicating better resistance on permanent deformation at high temperature. 

Fatigue Behavior of Rubberized Asphalt Concrete Mixtures Containing Warm Asphalt Additives, 
2009 

This study explored the utilization of the conventional fatigue analysis approach in investigating the 
fatigue life of rubberized asphalt concrete mixtures containing the WMA additives (Asphamin and 
Sasobit). The results indicated that the fatigue life of the mixtures made with crumb rubber and WMA 
additive is greater than the control mixtures (no rubber and no WMA additive). The combination of the 
crumb rubber and WMA additive in asphalt binder is beneficial for improving the rheological properties 
of both the unaged and aged binders (e.g. increase G*sin δ and reduce G*/sin δ values). The increase in 
the mixing and compaction temperatures due to the addition of crumb rubber can be offset by adding the 
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warm asphalt additives, which lowers the mixing and compaction temperatures of rubberized mixtures 
comparable to conventional HMA. 

Effects of Compaction Temperature on Volumetric Properties of Rubberized Mixes Containing 
Warm-Mix Additives 

This study investigated the effects of compaction temperature on rubberized mixes containing the warm 
mix additives (Asphamin and Sasobit). The authors found that the compaction temperatures of Crumb 
Rubber Modifier (CRM) mixtures containing the warm mix additives can be decreased to those of the 
control mixtures, with the target air void contents satisfied. In addition, Regardless of the compaction 
temperature, the addition of warm mix additives into CRM mixtures resulted in the increase of %VFA 
(Voids Filled with Asphalt Cement) values and the decrease of %VMA (Voids in the Mineral Aggregate) 
values. 

Evaluation of Selected Warm-Mix Additives for Asphalt Recycling, 2010 

This study evaluated the possibility of using WMA additives (Evotherm and Sasobit) for recycling 
recovered binder. The results of this study indicated that Evotherm was better than Sasobit for stiffness 
and viscosity reduction of the recycled binder, and also that Evotherm could be used to recycle up to 30% 
of the recovered binder without using rejuvenator at 135oC. Therefore, it was concluded that the additive, 
Evotherm, could be efficiently used for WMA recycle without using rejuvenator, but Sasobit was better 
for normal binder WMA process than WMA recycle process. 

 

 



 

  

 

 

APPENDIX H – RECOMMENDATIONS 
OF NCHRP AND OTHER STUDIES



 

App. H – NCHRP Recommendations | 1  
 

Specimen Fabrication Procedures 
“All of the WMA processes, including plant foaming processes, could be reasonably reproduced 
in the laboratory for mixture design and performance evaluation. The Draft Appendix to 
AASHTO R 35 includes process-specific specimen-fabrication procedures for the major 
categories of WMA processes.” 

Coating 
“The type of   mixer used to prepare laboratory mixtures of WMA significantly affects the 
coating of coarse aggregate particles. The Draft Appendix to AASHTO R 35 includes a note that 
the mixing times included in the appendix were developed using a mechanical planetary mixer 
with a wire whip.  Mixing time for bucket mixers should be determined by preparing HMA 
mixtures using the viscosity-based   mixing temperature from AASHTO T 312, and evaluating 
coating.” 

Workability 
“Devices that measure the torque during   mixing or the force to move a blade though loose mix 
could not detect differences between HMA and WMA   mixtures at normal WMA production 
temperatures.  Differences could be detected at lower temperatures associated with compaction.” 

Compactability 
“The Draft Appendix to AASHTO R 35 includes evaluating the compactability of WMA 
mixtures by determining the number of gyrations to 92-percent relative density at the planned 
field compaction temperature and 54°F (30°C) below the planned field compaction temperature.  
A   maximum increase in gyrations of 25 percent when the compaction temperature is reduced is 
recommended.”  

 Moisture Sensitivity 
“Moisture sensitivity, as measured by AASHTO T 283, will likely be different for WMA 
compared to HMA.  Some WMA processes improve the resistance to moisture damage because 
they include anti-strip additives.  Anti-strip dosage rates may be different for WMA compared to 
HMA. The Draft Appendix to AASHTO R 35 recommends that moisture sensitivity be evaluated 
and that appropriate anti-strip additives be used if needed.” 

Rutting Resistance 
“The rutting resistance of all WMA processes except Sasobit, as measured by the flow number 
test on mixtures conditioned for 2 h at the planned field compaction temperature, is lower 
compared to HMA.  Current criteria for the flow number test are based on mixtures that have 
been short-term conditioned for 4 h at 275°F (135°C).  This conditioning represents the aging 
that occurs during construction as well as some time in service.  A two-step conditioning process 
that includes 2 h at the compaction temperature followed by further loose mix aging at a 
representative service temperature appears feasible. 
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The Draft Appendix to AASHTO R 35 recommends performing flow number tests on laboratory 
prepared mixtures that have been conditioned 2 h at the planned field compaction temperature to 
simulate the effect of construction.  The flow number criteria included in the Draft Appendix to 
AASHTO R 35 were adjusted to be 56 percent of the values recommended in NCHRP Project 
09-33.  This adjustment was made to account for the fact that the standard aging of 4 h at 275°F 
(135°C) used with HMA accounts for the stiffening that occurs during construction as well as 
some time in service.” 

Fatigue Resistance 
“The fatigue resistance of WMA and HMA are similar for mixtures made from the same asphalt 
binders and aggregates and having the same volumetric properties. The draft standard practice 
for measuring properties of WMA for performance analysis using the MEPDG does not include 
a fatigue test since the calibrated fatigue relationship in the MEPDG should also apply to WMA 
mixtures.” 

 

 

 


