City of Calgary

DOCUMENTATION REPORT
WARM MIX ASPHALT TECHNOLOGY EVALUATION
CALGARY, ALBERTA

4300551

January 2006

EBA Engineering Consultants Ltd.
p. 403.236.9700 • f. 403.236.7033
6 111 - 3 6 S t r e e t S E • C a l g a r y, A l b e r t a T 2 C 3 W 2 • C A N A D A

4300551
January 2006
i

TABLE OF CONTENTS
PAGE

1.0

INTRODUCTION................................................................................................................................. 1

2.0

WARM MIX ASPHALT TECHNOLOGY OVERVIEW ......................................................................... 1
2.1 General..................................................................................................................................... 1
2.2 WAM-Foam Materials and Production Process ........................................................................ 2
2.3 Synthetic and Organic Additives for WMA Production .............................................................. 4
2.3.1 Synthetic Additives ...................................................................................................... 4
2.3.2 Organic Additives......................................................................................................... 4
2.4 WMA Production Using Emulsion ............................................................................................. 5

3.0

CITY OF CALGARY WMA EVALUATION ......................................................................................... 5
3.1 Background............................................................................................................................... 5
3.2 Technology Transfer Initiative................................................................................................... 6

4.0

DEMONSTRATION PROJECT DESIGN AND CONSTRUCTION...................................................... 7
4.1 Project Details........................................................................................................................... 7
4.2 Demonstration Project Construction ......................................................................................... 8
4.2.1 Conventional Mix B...................................................................................................... 8
4.2.2 WAM-Foam ................................................................................................................. 8
4.2.3 Evotherm ..................................................................................................................... 9
4.3 Materials Characterization ........................................................................................................ 9

5.0

FUTURE ASSESSMENT ACTIVITIES ............................................................................................. 11

6.0

CLOSURE......................................................................................................................................... 13

REFERENCES ............................................................................................................................................ 14

FIGURES
Figure A

Demonstration Project Location Plan
APPENDICES

Appendix A Photographs
Appendix B Quality Management Testing Summaries

4300551wmaR01.doc

4300551
January 2006
1

1.0

INTRODUCTION
The construction industry is under pressure to reduce energy consumption and emissions
due to higher costs of fossil fuel energy and more restrictive environmental regulations. The
asphalt paving industry, as one of the main activities in the construction industry, consumes
a significant amount of energy and generates fumes and emissions. Therefore, during the
last decade there has been significant research and attention to make the asphalt industry
more cost effective efficient and environmentally friendly. Some of these methodologies,
which have been successful in asphalt paving, are applications of asphalt mixtures using
emulsions, recycling, cold mix asphalt and foamed asphalt.
Recently, European countries have implemented a new technology called Warm Mix
Asphalt (WMA), which significantly reduces energy consumption and emissions associated
with asphalt paving. The potential benefits of this technology, in terms of reduced energy
costs and the reduction in emissions during production and placement are significant,
particularly in urban areas. As such, the City of Calgary (the City) considered it both timely
and prudent to initiate a project to evaluate this technology and the potential benefits. EBA
Engineering Consultants Ltd. (EBA) was commissioned by the City to provided engineering
consulting services for the WMA technology evaluation.
This interim report presents some background and application of WMA in European
countries and recent developments in North America. The City of Calgary technology
evaluation process, including project delivery and technology transfer initiatives and a
review of the design and construction of the demonstration project in Calgary, are also
detailed.

2.0

WARM MIX ASPHALT TECHNOLOGY OVERVIEW

2.1

GENERAL
Recently some European countries have started to use new asphalt technology, which
appears to allow a reduction in the temperatures at which asphalt mixes are produced and
placed. This new technology has answered the demands and requirements of good quality
and performance on the road; good workability during mixing, paving, compaction; early
opening of sites to traffic and application during the whole season. This new technology is
called Warm Mix Asphalt (WMA).
Typical temperatures for hot mix asphalt production range from 150ºC to 165ºC, while for
warm mixes, it can be reduced to 115ºC or less. According to some experts, the WMA can
improve paving performance as well as reduce emissions and odours, while improving cost
efficiency at asphalt plants. The most immediate benefit of WMA production is a reduction
in the energy consumption required for the production, compared to conventional HMA
(Koenders et al, 2000).
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An additional benefit of WMA is a reduction in emissions from burning fuels, fumes and
odours generated at the plant and the paving site (Corrigan, 2004). If a 10ºC to 15ºC
reduction in the asphalt mix production process is achievable, there can be a significant
reduction in energy consumption. This could translate into future cost savings for asphaltproducing plants. The savings for asphalt plants would come in terms of emission control
costs, which can account for 30% to 50% of plant operation costs. Further, decreased
oxidation hardening of the binder and decreased wear on the plant and lay-down equipment
are other advantages to reducing HMA production temperatures. Finally, other possible
benefits of WMA are cool weather paving, which extends the construction season (once the
temperature loss in transit is not critical to the mix’s performance), and ease of compaction
for stiff mixes. With all these potential enhancements, Warm Mixture Asphalt represents a
significant advancement for the industry, for the environment, and for the work place.
Generally, there are three technologies employed to produce Warm Mix Asphalt.
•

The first technology is a two-component asphalt binder system, called WAM-Foam,
which uses one soft binder and one hard foamed binder at different stages of
production.

•

The second technology uses mineral or organic additives in the asphalt mix. Some
examples of additives used for WMA are, Aspha-Min® (a synthetic zeolite mineral),
Sasobit®, and Sasoflex® (a paraffin based organic).

•

The third technology is a new generation of asphalt emulsion products that purportedly
improve upon the typical performance deficiencies of previous cold mix asphalt
materials.

All these methods (foamed, mineral and organic additives and emulsion) appear to allow the
production of WMA by reducing the viscosity of the asphalt binder during production.
These technologies can lower production and placement temperatures by as much as 20%
and may help reduce emission-control costs. Additionally, the products also may make
asphalt mixes easier to place, as the asphalt mix is more fluid, and thus it is possible to more
easily achieve compaction. The initial results obtained from preliminary tests and the initial
construction applications have shown that WMA performance has been equivalent, and in
some cases possibly superior, to traditional HMA (Koenders et al, 2002).
2.2

WAM-FOAM MATERIALS AND PRODUCTION PROCESS
The Warm Asphalt Mix (WAM-Foam) production process utilizes a two-stage addition of
the asphalt binders. In the first stage, in order to achieve a pre-coating, the aggregate is
coated with a very soft binder, which may be referred to as flux. The properties of this soft
binder control the minimum mixing and compaction temperatures for the mixture. Then, a
harder binder is added along with a very small amount of water. The water foams the hard
binder, allowing the expanded binder to coat the aggregate and improving workability
during compaction. Mixing the various components of the hard and soft binders provide a
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final asphalt binder component with the required properties to conform to performance
and specification requirements.
The soft binder component can be mixed with the mineral aggregates at much lower
temperatures (e.g. 90ºC – 110ºC). The hard binder component is subsequently added, as
foam, into this mixture, at a temperature ranging from 20ºC to 70ºC. The foaming of the
hard binder reduces the viscosity and enables proper coating and adhering of the binder to
the aggregate components at a lower temperature. The soft binder component must be
heated to reach a viscosity of less than 0.300 Pa.s (preferably less than 0.200 Pa.s). This
allows mixing and complete coating of the aggregates at temperatures below 100°C. By
adjusting the ratio of soft binder and hard binder, equivalent final binders have been
produced to meet penetration grade requirements from 40 to 400 dmm.
The penetration of the hard component is typically less than 100 dmm at 25°C. A key
parameter in this process is the rate of dissolution of the hard component into the soft
binder. This determines the workability of the mixture and the final binder composition
and properties. Furthermore, careful selection of soft and hard components is essential to
make this process work properly (Larsen et al., 2002).
This kind of application can be carried out with conventional asphalt mixing plants and
techniques (Koenders et al., 2000). The WAM Foam process can be used in both
continuous drum plants and in batch mixing plants. A conventional asphalt mix production
facility, which comprises a drying drum, a mixing mill, a mix storage silo and bitumen foam
production facilities, could be used to process the WAM Foam. Aggregates are introduced
to the drying drum and are heated to approximately 130ºC. The warm stone/sand is then
led to the mixing mill where it is mixed with a soft bitumen at approximately 120ºC. When
the soft bitumen is properly mixed with the stone/sand, the hard bitumen foam is added to
the mixture, and mixing continues until, finally, the filler is added to the mixture at
approximately 20ºC. The product is composed of approximately, by mass, 90%
stone/sand, 1.8% soft bitumen, 4.2% hard bitumen, and 5% filler (Larsen et al., 2002). The
WAM-Foam process could, in principle, be applied to other asphalt mixes such as open
graded and gap graded asphalt mixtures.
Carrying out large-scale WAM production at intermediate temperatures in existing hot mix
plants poses a number of challenges. The temperature in the dryer typically has to be above
100°C in order to prevent clogging of the dust collection system. During initial trials in
Norway, pug-mill mixing times were extended by five seconds, as compared to the hot mix
procedure. This was related to the addition of two bitumen components. However, the
longer mixing time was not essential and, most probably, not even desirable. In the case of
foamed bitumen in particular, the coating and distribution of the bitumen into the aggregate
mixture should be as complete as possible during the foam addition stage (Koenders et al.,
2002).
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2.3

SYNTHETIC AND ORGANIC ADDITIVES FOR WMA PRODUCTION

2.3.1

Synthetic Additives
Another option to lower the asphalt mix production temperature is to use synthetic
additives. Generally, these additives do not require significant modifications to either
asphalt plants or mix designs. European producers have used a synthetic zeolite as an
additive that lowers the required mixing and compaction temperatures of HMA. Zeolites
are crystalline mineral materials (hydrated aluminium silicates) resulting from low-grade
metamorphism.
The most commonly used synthetic additive for WMA is a material with the trade name of
Aspha-Min®, which is marketed by MHI (Mitteldeutsche Harstein-Industrie AG, a German
highway contractor). It is a Natrium – Aluminium – Silicate, which has been hydro
thermally crystallized, i.e. a man made material, which contains approximately 21% water by
weight. Aspha-Min® is considered to be an additive which increases the workability of
paving material at low temperatures. Mixing temperatures between 130ºC and 145°C are
possible when it is used. It causes greater binder durability, and therefore increases the
durability of the mix.
When a small amount of synthetic zeolite (±0.3% by mix) containing water is added to
HMA during the mixing process, the water is released due to the temperature of the heated
aggregate and asphalt binder. As the water is released, the viscosity of the asphalt binder is
temporarily reduced. This provides mixing and compaction viscosities, which are normally
only attainable at high temperatures, and could mean cost savings due to reduced fuel
consumption. The foamed asphalt produced by zeolite has greater workability and allows
coating of the aggregate particles at lower temperatures, as well as improved compatibility.
Aspha-Min® can be introduced into an asphalt plant by a number of methods. In the batch
plant, it can be manually added directly to the plug mill or automatically added using a
weight bucket. In a drum plant, the Aspha-Min® can be added through the RAP collar,
however the preferred method requires a specially built feeder. A calibrated vane feeder
controls the quantity and then the material is pneumatically blown into the drum (Prowell et
al 2004) 2.

2.3.2

Organic Additives
Sasobit® is a Fischer-Tropsch (FT) wax, which is a by-product of the production of natural
gas from coal. Unlike paraffin waxes, which can cause increased temperature susceptibility
resulting in permanent deformation or rutting, these waxes have actually been shown to
reduce rutting susceptibility (Prowell and Hurley, 2004). At service temperatures, Sasobit®
forms a lattice structure, which is the basis for stability and resistance to rutting. Other
Sasobit® features are temperature reductions of 20ºC to 30°C, with the associated decrease
in CO2 emissions, bitumen fumes and aerosols. The main concern regarding Sasobit® is its
impact on low temperature properties. While the recommended addition amount is 3% by
mass, if the amount added exceeds 4% there is a possible negative impact on low
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temperature properties. Furthermore, the addition of Sasobit® does not require high shear
blending. It can be terminal blended or blended in the contractor’s storage tank by
circulation. Recently, trials have been conducted where Sasobit® was added directly into
the mixing drum through the RAP collar (Prowell and Hurley, 2004).
To address the low temperature performance deficiency of Sasobit®, Sasol Wax
International developed a special cross-linking agent to allow the incorporation of SBS
polymer with Sasobit®. The combination is called Sasoflex®, which incorporates a
chemical linking agent that effectively works in the final modified asphalt blend by forming
unique chemical linkages of polymer to asphalt and plastomer to asphalt. In addition to
those benefits of Sasobit® in improving high temperature stiffness, the polymer contributes
to elasticity at low temperatures and to achieving the desired flexibility.
2.4

WMA PRODUCTION USING EMULSION
Recently, the emulsion industry has developed innovative chemical additive technology for
WMA production. A chemical structure has been developed to specifically optimize
coating, workability, strength and cohesion of mixtures. Historically, cold mix asphalt
produced with emulsion has generally been deficient with respect to aggregate coating and
cohesion that has, in some cases, resulted in performance concerns with respect to moisture
susceptibility.
Evotherm® is an emulsion product developed specifically for WMA by MeadWestvaco,
and distributed in Canada by McAsphalt Industries Ltd. Evotherm® uses Dispersed
Asphalt Technology (DAT) delivery system to purportedly provide equivalent performance
to HMA, including excellent resistance to moisture induced damage. No plant
modifications are necessary and no significant changes to mix design methodology are
required. Base asphalts for use in Evotherm® can be a wide range of both modified and
unmodified binders. Evotherm® can be used with a wide range of aggregate materials and
is suitable for RAP usage.
Limited experience exists with Evotherm®, but mixing temperatures as low as 60°C are
considered feasible. This could result in significant benefits with respect to energy
consumption and emissions as reported for other WMA products.

3.0

CITY OF CALGARY WMA EVALUATION

3.1

BACKGROUND
In March 2004, a demonstration of WMA processing and construction was made in
Nashville, Tennessee at the World of Asphalt Show. It is understood that this was the first
experience with this technology in North America. Given the potential benefits of this
technology, the City of Calgary chose to initiate a project to evaluate this technology and the
potential benefits.
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A Project Team was established with industry stakeholders who were collectively
committed to delivery of the WMA Demonstration Project in a manner consistent with the
objectives.
The Project Team, including primary personnel were as follows:
City of Calgary – Agency Leader: Ken Yeung, P.Eng., as Materials and Research
Engineer provides the agency perspective and focus to the Project Team. He provided
senior project management in terms of administration for financial and coordination issues.
EBA Engineering Consultants Ltd. – Project Consultants and Technical Resource:
With considerable experience with projects of this type EBA’s involvement included design,
construction and post-construction monitoring in support of the Project Team. Art
Johnston, C.E.T., Principal Consultant, Materials & Pavements Practice was EBA’s
designated Project Manager.
Lafarge Construction Materials – Process Facilitators / Constructors: Lafarge were
represented by Jim Bird, P.Eng. Operations Manger, and Bob Forfylow, P.Eng., Manager of
Asphalt Materials. Lafarge exhibited a commitment to the development and implementation
of WMA technology in a systematic, sustainable manner. In addition to providing
operational and process related input, they are responsible for mixture design, processing,
construction, and quality management.
The initial phase involved completing a review of available information to position the
project team to address all relevant aspects of WMA technology. Much of this information
is provided in Section 2 of this report. The Project Team completed an assessment of the
various options for WMA processing. The assessment focused on selecting a process that
was appropriate for Western Canada and sustainable for the future. Several of the WMA
processes are proprietary, with significant restraints associated with the availability of
specialized additives. For this reason a fundamentally physical, or mechanical, based
process (WAM-Foam) was selected as the preferred option.
In April 2005, representatives of McAsphalt Industries Ltd. made a presentation to the
project team on the WMA emulsion alternative Evotherm®. Subsequent to this
presentation the decision was made to include Evotherm in the Demonstration Project.
3.2

TECHNOLOGY TRANSFER INITIATIVE
Given that the vast majority of experience with WAM-Foam, including process
development, exists in Europe, representatives of the project team took the opportunity to
visit Norway in April 2005. There, Kolo Veidekke and Shell Bitumen hosted the team while
in Norway. Olle Larsen, of Kolo Veidekke, who is a well-known and respected expert in
WAM-Foam technology, was the primary liaison for the technology transfer.
In addition to receiving a detailed description of the process, the Project Team members
toured both batch plants and drum mix plants retrofitted for WAM-Foam processing.
Completed projects, constructed with both WAM-Foam dense graded mixes and stone
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matrix asphalt were included in the tour. A visit to the Kolo Veidekke central laboratory
provided valuable insight with respect to materials selection and mixture design. The
technology transfer initiative was considered fundamental to positioning the project team to
successfully undertake a WAM-Foam alternative for the Demonstration Project.
4.0

DEMONSTRATION PROJECT DESIGN AND CONSTRUCTION

4.1

PROJECT DETAILS
A Demonstration Project to evaluate Warm Mix Asphalt (WMA) was constructed in
Calgary, Alberta in 2005. The WMA demonstration project is Taravista – Stage 2,
Residential Subdivision Development, located in the community of Taradale. The
development is located in northeast Calgary and is bounded by 80th Avenue NE to the
north, and lies east of Falconridge Blvd. and north of 64 Ave. NE. Figure 1 provides a map
for reference.

Figure 1: WAM Demonstration Project Location, NE Calgary

The project compares three surfacing mix types, conventional City of Calgary Mix B, and
two WMA alternatives, Warm Asphalt Mix (WAM-Foam) technology and Evotherm
emulsion. Essentially the same aggregate blend and source was used for each of the mixes
produced for the project.
All conventional and WMA construction comprised one lift of 50 mm thickness on both
residential and collector roadways. For residential roadways, this represented the initial
asphalt concrete on granular base. For collector roadways, the 50 mm was placed over a
previously constructed 60 mm thickness of City of Calgary Mix A base course asphalt
concrete. In both cases this comprises the initial stage of construction that will receive a
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final lift of asphalt concrete in approximately two years. The final lift thickness will be
30 mm for residential roadways and 40mm for collector roadways.
Table 1 provides the construction schedule and quantities for the demonstration project.
Figure A illustrates the detailed layout of the project and the location of each of the mixture
types.
TABLE 1: WMA DEMONSTRATION PROJECT - SCHEDULE AND QUANTITIES
Mix Type

Dates Placed

Residential
(lin.m)

Collector
(lin.m)

Approximate Quantity
(t)

Conventional
Mix B

Mid July to
Sept.

1100

540

2000

WAM-Foam

Aug. 5 & 6

1100

280

1700

Evotherm

Sept. 30

550

130

650

4.2

DEMONSTRATION PROJECT CONSTRUCTION

4.2.1

Conventional Mix B
The conventional HMA for the project was the standard City of Calgary Mix Type B. The
mixing and compaction temperature for this mix is typically ±145°C and ±140°C,
respectively. This mix represents the standard mix used in Calgary for the majority of
surfacing applications. It is a Marshall 50 blow designed HMA, using 150/200 A
penetration grade asphalt cement, with a typical design asphalt content of ± 6.0%. The
WAM-Foam and Evotherm® mixture designs used the same design criteria and target
binder characteristics as would be typical for the conventional Mix B.

4.2.2

WAM-Foam
For the WAM-Foam product, the “soft” binder was V1500 supplied by Husky Energy and
the “hard” binder used was an 80/100A asphalt cement, supplied by Imperial Oil. A drum
mix plant was retrofitted as necessary for WAM-Foam production.
Several plant trials were conducted to facilitate proper foaming of the hard binder, and
coordination of the soft binder, hard binder and aggregate feed systems. Finally, a field trial
including lay-down and compaction operations was undertaken to further evaluate the mix
and construction process prior to construction of the Demonstration Project. Typical
mixing temperature was ±110°C, with only the asphalt cement temperature being
maintained above this level. The typical lay-down temperature was ±100°C.
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Generally, product delivery, placement and compaction of the WAM-Foam material used
the same equipment and procedures as conventional HMA. Field crews were pleased with
the workability of the material and positive comments were received regarding the lack of
fumes when material was discharged for the haul trucks. Some adjustments to binder and
aggregate proportions were made during construction in response to quality control test
results. Of note was that no exhaust was visible from the plant emission stack during
mixing of the WAM-Foam.
4.2.3

Evotherm
The Evotherm emulsion was produced at McAsphalt’s Calgary facility a day before mix
production. The base asphalt used for the emulsion was 150/200 A asphalt cement.
The Evotherm WMA production required no plant modification, and no special mix design
requirements were necessary. The Evotherm addition rate was 8.7% (by mass of mix) that
was intended to provide a target residual binder content of 6.0%. In this case the aggregate
was heated to ±140°C such that when the emulsion, which was at ambient temperature, was
added, the resulting mix temperature was ± 90°C. Some visible emissions from the plant
were observed, but it was likely that the majority of this was steam. Initial production at a
somewhat lower mixing temperature (±80ºC) resulted in some uncoated coarse aggregate.
The mixing temperature was increased until optimal aggregate coating was achieved. This
resulted in a typical lay-down temperature of ±80°C.
As was the case with the WAM-Foam, the Evotherm product delivery, placement and
compaction was with the same equipment and procedures as used for conventional HMA.
Initially some uncoated coarse aggregate, as noted at the plant site, was observed but this
was generally confined to one load. Later, some flushing under compaction was noted and
some mix tenderness after compaction was observed. Technical specialists, familiar with
the Evotherm® product, identified that in some cases the material requires some time to
achieve the ultimate stiffness.
Select photographs of the Calgary WMA production and construction are provided in
Appendix A.

4.3

MATERIALS CHARACTERIZATION
Quality Management Testing Summaries for the three mix types are provided in Appendix
B. This data represents both process QC and mix characterization testing conducted by
Lafarge and audit and mix characterization testing conducted by EBA. In addition, the
results of a comprehensive core testing program, including compaction and thickness
determinations conducted by EBA, is provided.
Table 2 serves to summarize the mix properties and compaction achieved for the three
mixture types. This data represents testing conducted by both Lafarge and EBA.
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TABLE 2: SUMMARY OF MIX CHARACTERISTICS AND COMPACTION
WAM-Foam

Property

Specified
Limits
Note 1

Binder Content
(%, by mix)

6.0 min.

6.0

Percent Passing
10 mm Sieve Size

85 - 95

90

-

64

3-8

7.0

70 min.

-

7.0 min.

7.3

Bulk Relative
Density (BRD)

-

2.365

Maximum Relative
Density (MRD)

-

2.454

Air Void Content
(%)

3-5

3.6

Voids in Mineral
Aggregate (%)

14 min

15.1

Marshall Stability
(kN)

7.1 min

10.0

Marshall Flow
(0.25 mm Units)

10 - 16

12.0

Compaction
(% of BRD)

96 min.

-

Core Air Voids

-

-

Percent Passing
5 mm Sieve Size
Percent Passing
0.80 mm Sieve Size
Coarse
Aggregate Fracture
(%, 2 + faces)
Film Thickness
(µm)

Mix
Design
Value

Test Result
Average
(Range)
6.1
(5.7 - 6.5)
88
(82 – 92)
62
(54 – 66)
7.3
(6.3 – 8.3)
84
(83 – 84)
7.6
(6.8 – 8.4)
2.345
(2.328-2.371)
2.418
(2.402-2.447)
2.9
(1.5 – 3.8)
15.6
(15.0 – 16.2)
11.2
(9.9 – 12.4)
14.4
(13.6 – 15.1)
99.7
(97.6– 101.8)
4.0
(2.0 – 6.0)

Evotherm
Mix
Design
Value
6.0
93
67
7.0
7.8
2.318
2.414
4.0
16.2
6.9
10.3
-

Notes: 1- City of Calgary Mix B Surface Course Specification Limits
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Test Result
Average
(Range)
6.0
(5.7 – 6.4)
91
(90 – 94)
64
(62 – 68)
7.6
(6.4 – 8.6)
84
(82 – 85)
7.0
(6.9 – 7.2)
2.339
(2.322-2.355)
2.399
(2.381-2.412)
2.5
(1.1 – 3.4)
15.9
(15.8 – 15.9)
6.4
(5.8 – 6.9)
14.4
(11.3 – 17.4)
98.9
(96.7–100.3)
4.3
(3.0 – 6.4)

Conventional Mix B
Mix
Design
Value
6.0
90
64
7.0
7.8
2.345
2.432
3.6
15.8
11.3
10.0
-

Test Result
Average
(Range)
6.3
(6.3 – 6.3)
94
(93 – 94)
69
(69 – 69)
5.9
(5.5 – 6.2)
80
(78 – 81)
8.3
(8.0 – 8.5)
2.312
(2.308-2.315)
2.414
(2.408-2.419)
4.3
(3.9 – 4.6)
17.0
(16.6 – 17.4)
14.7
(12.7 – 16.7)
11.7
(11.3 – 12.0)
100.1
(96.0-101.8)
4.8
(3.1 – 8.8)
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The following observations are provided with respect to the mix characterization test data.
•

Although some variability exists, the average binder content for each mix type is
generally consistent with the design JMF and specified tolerances.

•

With only several exceptions, the aggregate gradation values were within specified
tolerances and consistent with the JMF. In general, the two WMA products were
marginally coarser than the JMF.

•

It is noted that the dust content of the WMA products is marginally higher than the
respective JMF values and higher than the conventional mix. This may be due, in part,
to a reduction in dust loss during mixing associated with the lower dryer drum
temperatures and associated air flow.

•

The volumetric properties of the WMA products were generally characterized by lower
Marshall air voids than the design JMF. In some cases this resulted in air void contents
below the specified range. This may be a consequence of the higher dust content
previously noted.

•

The Marshall stability values for the Evotherm mix were below the specified minimum,
as was the JMF value. The significance of this may depend on longer term strength gain
of the material, and warrants further assessment.

•

The compaction achieved was in all cases above the minimum specified criteria. Several
field air void values are within a range that could be considered low with some potential
for flushing (i.e. less than 3%). This potential may not be of significant consequence
given the relatively light traffic loading anticipated.

In summary, the three mix types as produced and constructed are considered, within the
limits of practicality, similar enough to provide a legitimate performance comparison. For
the purposes of accelerated testing, the test data can be used to select bulk samples
(acquired during construction) that have less variation between mix types than the overall
production.
5.0

FUTURE ASSESSMENT ACTIVITIES
The Project Team has developed and initiated an assessment program to evaluate the
potential benefits and/or limitations of WMA technology. Generally, this assessment
comprises issues related to construction, field performance monitoring and an accelerated
performance-testing program.
Using the temperature data collected during production, available techniques will be utilized
to assess both the reduced energy consumption and emissions of WMA compared to
conventional HMA.
The field performance of the alternative mix installations will be monitored using both
detailed visual condition surveys (including crack mapping) and periodic windshield surveys
at appropriate intervals. Recovered binder rheology assessments are also being considered
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to evaluate the relative “aging” characteristics of the mix types. Deflection surveys (using
falling weight deflectometer methods) are also being considered to quantify the subgrade
support conditions for the various pavement installations.
Accelerated testing is considered fundamental to providing an early indication of the
performance characteristics of the WMA products compared to conventional HMA.
Currently the following testing program is planned:
•

Rut testing using the Asphalt Pavement Analyser (APA), to assess the relative potential
for instability rutting.

•

Resilient modulus testing to enable comparison of the relative strength of the alternative
materials.

•

Assessment of fatigue properties using the four-point loading of beam specimens.

•

Low temperature crack testing using Indirect Tension Testing (ITT) for determination
of the critical cracking temperature.

In addition, other “state-of-the-industry” test methods such as dynamic modulus testing are
being considered.
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FIGURES
Figure A

Demonstration Project Location Plan
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Photo 1
Drum plant emissions stack during WAM-Foam production (note no visible discharge).

Photo 2
Discharge of WAM-Foam material into truck box (note no visible emissions).
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Photo 3
Final plant trial production of WAM-Foam (note good aggregate coating characteristics).

Photo 4
Discharge of WAM-Foam material from truck to paver hopper (note no visible emissions).
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Photo 5
WAM-Foam lay-down operations at demonstration project (temperature ± 100°C)

Photo 6
Initial compaction of WAM-Foam using vibratory steel roller (typical temperature 80°C to 90°C).
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Photo 7
Intermediate compaction of WAM-Foam using pneumatic tired rollers (final compaction with steel roller to follow).

Photo 8
WAM-Foam pavement two months after construction.
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Photo 9
Batch plant during Evotherm production (some visible emissions, likely predominantly steam).
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Photo 10
Discharge of Evotherm material from truck to paver hopper (note some visible emissions).

Photo 11
Compaction of Evotherm material (typical temperature ± 80°C).
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Photo 12
Initial Evotherm placement at demonstration project exhibits some uncoated coarse aggregate
(characteristic of first two loads of Evotherm only).

Photo 13
Evotherm lay-down operations at demonstration project (note some localized surface flushing evident on left mat).
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Photo 14
Final compaction of Evotherm material (conventional compaction methods used
including initial vibratory steel, intermediate pneumatic tire and final steel roller).
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