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Summary
Background: The workshop was held in Frederick, Maryland from March 25-27, 2002. It included presentations on the design, production, and placement of Stone Mastic Asphalt (SMA). There were 430 attendees, representing 26 states and 7 foreign nations. The workshop was co-sponsored by Maryland State Highway Administration, Virginia Department Of Transportation, Federal Highway Administration, State Asphalt Pavement Associations, Asphalt Institute, International Society for Asphalt Pavements, and National Asphalt Pavement Association. 
Purpose of the Workshop: The purpose of the workshop and my attendance was to learn from other DOTs and Countries experiences where SMA has been used. SMA is rapidly becoming the material of choice in heavily traveled highways throughout the USA. In some states, it has already become the "state of the practice." 
Lessons Learned: 
· Performance of SMA in Europe and Maryland has been very successful. 
· It's estimated that SMA lasts 20-40% longer than HMA. 
· Majority of U.S. SMA specification originated with NCHRP 9-8.
· Maryland has constructed over 85 SMA projects since 1992.
· Maryland specifies SMA exclusively on high-speed (55 MPH and higher) roadways where traffic counts exceed 20,000 AADT.
· Alaska turned to SMA to combat studded tires in 1992. They use wind blown silt as mineral filler.
· In Germany the SMA thickness is mostly 4 cm.
· Germans built their first SMA in 1984.
· There are over 28 states using SMA in wearing surface application. 
· Georgia DOT places Open-Graded Friction Course (OGFC) over SMA.
· SMA and Superpave technologies were brought from Europe about the same time.
· Polymer modified binder in lieu of fibers and unmodified binder in the SMA mixture is not sufficient all the time. Region 6 has experience drain-down and flushing on the recently constructed SMA projects where neither fibers nor drain-down tests were specified.
· It is imperative to allow fibers in SMA to prevent drain-down.
· Must specify drain-down test for mix design and production. 
· SMA is known for its stone-on-stone contact characteristics. To ensure stone-on-stone contact, the mix design must require VCADRC > VCAMIX. 
· VMA varies with nominal maximum size aggregate. The current specified target of 17% is under study by NCAT. Stay tuned.
· Performance is enhanced with the use of fibers and polymer together.
· States report a dramatic reduction in rutting with SMA.
· A trial section must be specified where issues such as compaction, flushing, segregation and plant to field coordination can be discussed. Bugs must be worked out before commencing full production.
· SMA is very sensitive to ambient temperature. It requires added attention during hauling, placing and compaction.
· Ambient air temperature is important when compacting SMA. Some suggest paving when air temperature is 60 degrees and rising.
· Cores are often used for measuring density.
· It's recommended to use steel drum rollers in static mode as close to the paver as possible. Best results have been cited using 10-12 Ton rollers. When using steel drum roller in vibratory mode, one must exercise caution to not crush aggregate. 
· Favorable compaction temperature is 260-290 degrees Fahrenheit.
· Must not use pneumatic tires on SMA due to "pick up" of the modified binder.
· Keep the paver moving to improve smoothness.
· In Maryland, the contractors asked the state to include a Material Transfer Device (MTV) in their specifications to "level the playing field" in ensuring smoothness among competing contractors.
· Many state DOTs are moving toward using Superpave gyratory compactor as apposed to Marshall compactor.
· Maryland requires a minimum 6.5% binder content in their SMA mix design.
· Mineral fillers used have included rock dust, limestone dust, fly ash, and other suitable materials meeting the required specifications.
· Do not use RAP in SMA.
· The 19 mm mix is by far the most commonly used SMA in Maryland.
· Maryland reports, "The performance of SMA pavements in Maryland has been outstanding."
· Although SMA provides additional strength to the pavement structure, it should not be placed over pavements with poor structural strength nor underlying asphalt layers susceptible to stripping. 
Additional information is available from Reza Akhavan, CDOT Region 6, (303) 757-9881, or reza.akhavan@dot.state.co.us.
Detailed Workshop Notes
Introduction
A workshop was recently held on the design, production, and placement of Stone Mastic Asphalt (SMA). There were over 400 attendees, representing 26 states and 7 foreign countries. Representing Colorado were Reza Akhavan (CDOT Region 6), Jarrett Welch (Brannan Sand & Gravel), and Denis Donnelly (CAPA). The workshop was co-sponsored by the Maryland SHA, Virginia DOT, FHWA, and the Asphalt Pavement Alliance. The site for the workshop was Frederick, Maryland which is near the heart of long lasting SMA projects built by the states of Maryland and Virginia. The state of Georgia, which is also a leader in the use of SMA, was also represented at the workshop. 
The workshop was broken down into several SMA topic areas with PowerPoint presentations made by national and international experts on the respective subjects. In addition to a binder containing copies of the presentations, a CD-ROM is available containing each of the presentations along with the list of attendees. Information contained in the workshop notebook and CD-ROM is available from Denis Donnelly, CAPA, 303-741-6150, or donnellyde@aol.com.
The following are notes taken at the conference on the many topics discussed. 
Background
The first use of SMA in the USA began in 1991 following the European Study Tour. At that point, the states of Virginia, Maryland, Georgia, Wisconsin, and a few others were the first to install SMA. Colorado installed their first SMA project in 1994 on a test section located along SH 119. Currently, the state of Maryland has approximately 1400 lane-miles of SMA which consists of approximately 3 percent of the system. Performance on these projects has been very successful. The FHWA estimates that approximately 50 million tons of SMA have been placed on highways in the US.
Splitttmastixasphalt originated in Germany and Sweden in the mid-1980's when heavy truck traffic forced a solution to the resulting rutting problem. The FHWA-sponsored European Study Tour brought this technology to the US in 1990. Over nine European countries are using SMA as a conventional wearing course with over 1.2 million tons placed on motorways in the UK during 2001.

Performance of SMA in Europe has been highly successful. Their design uses cellulose fibers (0.3% by wt.), a typical thickness of 3 - 4 cm., paved at high temperatures, and placed on most major motorways. A consensus opinion is that if SMA is to be successful, following the European procedures.
SMA Technical Working Group Activities - FHWA
The NAPA, in cooperation with the FHWA, have published a series of documents on the design and construction issues using the SMA mixture. Mixture properties regarding the aggregate gradation and binder are identified. An emphasis area is plant production and placement which addresses quality control and equipment requirements. The use and specifications for fibers are included. In 1997, NCHRP Report 9-8 identified guidelines for the design and construction of SMA. This report is the basis of the current AASHTO Specification. 
Use of SMA in the USA
There are currently over 28 states using SMA as an asphalt pavement wearing surface. In the state of Georgia, they use an open-graded friction course as a wearing surface over SMA on major freeways. It was pointed out that the Superpave design procedures, in additional to the Marshalll design procedure, is typically used when designing the SMA mixture. Superpave is a design procedure, SMA is a design concept and product. A recent NCAT study identified several issues surrounding the use of SMA. They included the harshness of the mix and its lack of workability. Once it is placed, it stays there. Other potential problems include fat spots, longitudinal joints, and permeability if the density is low. Performance is enhanced with the use of polymer-modified binders and fibers. On high volume roadways, both modified binders and fibers should be specified. If drain down is to be avoided, specify fibers. The longitudinal joint issues can be overcome using the Michigan step-down taper joint. Wisconsin has constructed projects where the joint is virtually undetectable. In 1992, the State of Alaska has turned to SMA to combat studded tires and using wind blown silt as a mineral filler. NCAT has found that permeability becomes a problem when the air voids exceed 6 percent. Thus, the asphalt content needs to be maintained at a high level.
Since 1992, the state of Maryland has constructed over 85 SMA projects. SMA is specified exclusively on high-speed (55 MPH and higher) roadways where traffic counts exceed 20,000 AADT. Again, performance has been very successful.
States using SMA have found that rutting has been virtually eliminated on SMA surfaces while reflective cracking has been greatly reduced. Better durability (from stripping and raveling) has been observed. The increased surface texture has reduced hydroplaning and spray. Overall, SMA mixtures have significantly increased performance life. A Canadian study has indicated that the higher initial cost (20-25%) is more than offset by the improvement in rutting (1/3 to ½ reduction) and the 30- 40 percent decrease in thickness. 
The following are issue associated with each of the identified topics:
SMA Placement
Pre-Paving Conference
Because of the complexity of using SMA and the harshness of the mix, a pre-paving conference is essential. Experience has shown that the placement of SMA is a team effort and it is important to get everyone involved in the placement issues. This includes the personnel from design, plant, paving, compaction, and inspectors. Communication and understanding the players at this level can prevent delays or misunderstandings during production. Since many SMA projects are placed at night, many other issues show up compared to a daytime job. This includes availability of staff and ability to handle on-the-spot problems. 
SMA is very sensitive to ambient temperature and requires added attention during hauling, placing, and compaction. Ambient air temperature is important when compacting SMA. Some suggest paving when the air temperature is 60 degrees and rising.
Trial Section
Because of the mix harshness, a trial or test section is recommended to identify placement concerns. Compaction/density, segregation, drain down/flushing, temperature requirements, plant to field coordination, and other problem areas can be addressed. This avoids similar problems during normal production and placement. Bugs must be worked out before commencing full production. The need for fibers and a material transfer device are often illustrated at this point. 
Virginia requires a 100 ton trial section but the contractor often places 3 100 ton sections before all the bugs are worked out with a new contractor, mix, and plant. When problems show up during production, another off-site trial section demo is agreed upon. Get the team together and work together.
Fibers Issue
The main purpose of the use of fibers is to prevent drain down or fat spots. Polymers are used to modify asphalt cement binder properties and change its characteristics. Whereas, fibers are used to stabilize the mortar and provide a mastic to help prevent drain down. Thus, the modified binder is held in suspension increasing the film thickness. 
Cellulose or mineral fibers are typically used in SMA mixtures. Cellulose fibers added at a rate of 0.3 percent by weight are made from paper stock and absorb the AC to some extent. Mineral fibers added at a rate of 0.2 percent by weight are extruded basalt or slag. Rock wool slag fibers are hard and not used in SMA. Application rate is typically 4 - 8 lbs./ton or 0.2 to 0.4% of the mix. Fibers can be added in pellet form or in bulk. However, it is essential that they be well mixed and separated before being uniformly distributed in the asphalt plant. High performance gravimetric fiber mixing systems are available for sale or rent to asphalt paving contractors.
During the mix design phase, fibers often do not appear to be necessary. However, under field conditions, given the variability in mixing, placement, and compaction drain down often takes place. When problems (drain down) show up, stop and fix the problem - you can't work around it. These field variables dictate the use of fibers. Georgia uses fibers in SMA as well as open graded friction course mixes. 
The AAPT 75th Anniversary Historical Review and Index to Journals, Volume 68A, contained a reference to using fibers in Stone Mastic Asphalt mixtures. The journal indicated the following: 
- Asbestos -- environmentally not acceptable
- Polypropylene -- melts at high temps, should not exceed 150C
- Polyester -- mechanical strength up to 250C. 
- Mineral fibers, manufactured from diabase (?). 
- cellulose fibers -- due to their low cost, they are used extensively in SMA.
Also, asphalt content of fibrated mixes should be increased by 0.2 to 0.3 percent.

The Haul 
Truck loading is critical with SMA mixture. Contractors find that extra personnel at the plant are helpful in the mixing as well as the loading operation. Truck operators should be reminded of good loading procedures - three dump loading system - as well as keeping the load hot. Proper use of tarps and insulated trucks is important. Proper release agents in the truck bed can prevent build-up and accumulation of mix in the truck. Soap products have been found to be excellent release agents.
Paver Operation
The main rule is "keep the paver moving." Because of the stiffness of the SMA mixture, it is important not to stop and start the paver. This prevents the "bump" and insures a smooth riding surface. One contractor indicated that they keep the paver moving at all times - fueling is even done on the fly. 
In addition, it is important to keep the haul truck from bumping into the paver. This also avoids the "bump" in the SMA pavement surface. In the state of Maryland, the contractors asked the state to include a material transfer device (MTD) in their specifications to "level the playing field" in insuring smoothness among competing contractors. 
Compaction
Three to 4 steel wheel rollers up close to the paver are essential to compaction of the stiff SMA mixture. Steel wheel rollers, typically 10 - 12 Ton, are used for compaction at a speed of 1 - 3 MPH. If operated in the vibrating mode, it is important to avoid breaking rock. Since SMA is a stone on stone mixture, excessive vibrating can break the stone matrix causing stripping of the uncoated particles. Keeping rollers close to the paver will insure compaction prior to cool down. Typical preferred SMA mix temperatures are 325 at the plant, 310 at laydown, and 210oF at compaction. Because of the problems with "pick up", pneumatic tire rollers are not recommended on SMA mixes. 
Cores are the preferred method for measuring density. Although the nuclear device is used for quality control testing, cores are used for determining mixture density for quality assurance. 
Many of these issues can be addressed and resolved during the trial section placement. 

SMA Mixture
The Stone Mastic Asphalt mixture is primarily comprised of a fractured stone skeleton, sand, fibers, and bitumen. Typically SMA has been designed using the Marshalll mix design procedures. However, as agencies become more familiar with Superpave and have Superpave laboratory equipment, the Superpave design procedure is becoming more popular. Superpave design properties are discussed here. 
Binder Quality
Eastern states typically used a PG76-22 polymer modified binder. In Colorado, a PG76-28 is typically used for SMA mixtures on high volume roadways. AC content in SMA mixtures is typically 6.3 to 6.5 %. Maryland requires a minimum 6.5% binder content in their SMA mix design. This level also insures good compaction. 
Aggregate Gradation
Too many voids in the mix will result in water intrusion and stripping of the SMA mix. Maximum VMA is 18% with most mixes designed at 17% to insure compliance. Compaction, Ndesign = 100 is typical, however; to avoid over compaction and fracturing the large stone particles, Ndesign = 75 should be considered. Percent drain down of 0.3 % max. is recommended. 
In order to insure stone on stone contact of the coarse fractured particles, voids in the coarse aggregate (VCADRC) is an important parameter. VCADRC >VCAMIX.
The 19-mm nominal aggregate size mix is by far the most commonly used SMA in Maryland. However, the use of 4.5 mm, 9.5mm, and 12.5 mm aggregate size is also being studied for other special applications. Recycled pavement (RAP) is not used in SMA. 
Mineral Filler
The mineral filler in a SMA mix is designed to fill the voids and form a stiff mastic or mortar with asphalt binder and stabilizing fiber. It increases the cohesion of the mix resulting in a significant increase in shear resistance. Commonly used mineral fillers are Type F fly ash, hydrated lime, finely ground limestone dust, and cement kiln dust. Typical level of mineral filler is 7% depending on aggregate gradation. 
Performance Life and Cost
A true life cycle cost analysis can't be performed until the service life under actual roadway conditions has been reached. Unfortunately, SMA applications in the US began 10 to 11 years ago and they have not reached their service life at this point. Based on limited information available from states with long term performance data (Ga, Wis, Tx), some states indicates that life cycle costs are 4 - 8 % less with SMA. If SMA lasts 3 years longer than conventional dense graded Superpave designs, SMA is worth the added cost. In Georgia, 6 inches of dense graded Superpave was used to overlay PCCP. Now, with SMA, 3 to 4 inches is used. 
Performance of SMA has been demonstrated to be outstanding. As observed in the European countries and on test sections placed up to 10 years ago in the US, these pavements have had outstanding performance under high traffic and heavy ESAL conditions. Rutting has all but been eliminated on these projects and reflection cracking has been greatly reduced. Findings to date indicate that performance life of asphalt pavements are increased by 30 percent or more. Even though the cost of the SMA is higher, it has been demonstrated that the cost can be recovered when the service life is increased by three years - a feature well within the capabilities of SMA. 
Is SMA worth it? In addition to cost, savings to the traveling public and nearby neighborhoods are realized due to the reduced noise level, the increased surface friction, reduction of water spray in wet weather, and other side benefits. When cost of materials and construction are added to the user cost savings and other conveniences to the motoring public, Stone Mastic Asphalt is a bargain and the material of the future on high type pavements.
CDOT Questions
General Questions:
What is the most common size aggregate for SMA? (Nominal Maximum Aggregate Size, ¾, ½, etc.) A. 19 mm is the most prominent nominal maximum aggregate size used, for example, in the State of Maryland. However, it is important to fit the material to the application. Typically, the 9.5 and the 12.5 mm mixes are used for surfaces (not 19mm). 19mm is used for intermediate mixes if SMA is to be used in place of a dense graded Superpave mix.
What thickness is most commonly used? (2", 1.5", etc.)
19.5mm 2" min
12.5mm 1 ½" min
9.5 mm 1" min
4.5 mm ¾" min
Is everyone using cores for density measurement?
Wisconsin uses nuclear testing for QC & QA. However, most eastern states, NCAT, and the experts appear to be recommending the use of cores for QA and the nuclear, if used, for QC.
Are there some recommended traffic volume/loading criteria to justify use of SMA? (For instance, where a 100-gyration mix is required, is SMA also recommended?)
The common theme is to use SMA on high traffic/freeway/motorway facilities with a minimum of 3,000 to 10,000 tons. Typically, in areas where a 100 gyration mix would be used (but design for a 3.5 VTM @ 75 gyrations).
Are there any variations on nominal aggregate size and lift thickness depending on traffic loading? 
Probably not since this is a high quality mix used in the harshest of traffic and loadings.
Is anyone besides Georgia using SMA in lower lifts? (Ron Collins said Georgia uses SMA with an Open Graded Friction Course as a surface treatment. How common is this practice?)
Because of economics, most states use a dense graded Superpave mixes in the lower lifts and SMA on the surface -- the Perpetual Pavement philosophy. Georgia does this in addition to the OGFC on the surface to avoid spray and improve skid resistance.

Design and Component Questions:
How many other states require the use of fibers in SMA?
Maryland specifications state that "…Gap-Graded shall incorporate a stabilizer…' Virginia indicates that "Fibers mandatory - cellulose or mineral."
Georgia requires fibers in OGFC and SMA
In general, European countries and states that want to avoid drain down use fibers.
MTV's are also mandatory in Virginia.
What type of fibers, mineral or cellulose?
Both are acceptable. AASHTO provides specs and recommended applications. Most states leave it up to the contractor to select based on cost, availability, and equipment.
Method of fiber addition to mix? (pellets/blown in, other)
A high performance gravimetric fiber mixing systems was demonstrated at the workshop by a regional vendor, Hi-Tech Asphalt Solutions. Most contractors in the east use this system on a rental basis. Those contractors who do a lot of SMA work purchase this pug mill-type equipment that inserts the dispersed fibers into the asphalt plant. It will take pellets or bulk fibers in bundles. Bundles 80# or larger appear to be the preferred method.
What binders are being used with SMA? (i.e., PMA such as PG76-28, or unmodified PG70-22.) What grades?
A high quality polymer modified binder is typically used based on the Superpave environmental conditions. In the eastern states (Md & Va) they typically use a PG76-22. Colorado would probably use a PG76-28.
Number of agencies using Superpave versus Marshalll design method for SMA? (how many gyrations/how many blows)
Most states have used the Marshalll design method in the past but are converting to Superpave. Design for 3.5 VTM @ 75 gyrations.
Are other states using the NCAT VMA recommendations (minimum 17% regardless of nominal aggregate size) or does it vary depending on nominal aggregate size?
The only VMA specification discussed was 17% min. with the design at 18% VMA.
What type of mineral filler is used? (Colorado uses limestone dust which is locally available from two suppliers, what do other people use and have there been any problems with the use of other materials?)
Commonly used mineral fillers are Type F fly ash, hydrated lime, finely ground limestone dust, and cement kiln dust. 
Can pneumatic rubber tire rollers be used on SMA?
No.
Has any State looked at assigning a new strength coefficient value when designing SMA pavement?
No, but there was some interest in pursuing that. Byron Lord, FHWA, challenged the attendees and the presenters to investigate this subject.
Follow-Up Design
Following the Maryland workshop there was interest in how the lessons learned could be applied and the influence on SMA design and material properties using locally available binder and aggregates. The aggregate properties were of special interest in meeting the gradation properties and the stone-on-stone contact of the SMA mixture. 
Asphalt binder, available from KOCH Materials; aggregate, from Brannan Sand & Gravel's Frei quarry, along locally available mineral filler and fibers were used to prepare a laboratory mix. Superpave design procedures were used with the Pine gyratory compactor for preparing the mix specimens. Two series of mixtures were prepared to determine optimum AC content, one with fibers and one without. Drain down properties of the mix was a major concern. Of special consideration was the selection of an aggregate that met requirements for:
§ LA Abrasion
§ Sulfate Soundness
§ Flat & Elongated angularity
§ Liquid Limit
§ Plastic Limit
The SMA mixture contained the following properties:
Binder: G76-28 (KOCH)
Mineral Filler: 5% Pete Lien,Cal 325
Fibers: 0.4% (mineral fibers)
Aggregate Source: Frei Quarry and Brannan Pit 29.
Aggregate Gradation:
Sieve Size Percent Passing
¾" 100
½" 86
3/8" 69
#4 31
#8 23
#30 15
#200 8.7
Compactive Effort: Ndesign = 100
A major emphasis area with SMA mixtures is the amount of drain down or fat spots in the compacted material. Thus, the comparison between the mixture with and without fibers. Those compacted specimens without fibers showed a definite amount of "free binder" in the mix; whereas, those specimens with fibers appeared to be uniform in AC content and had no shiny spots. 
Stone-on-stone content was evaluated by measuring the Voids in the Coarse Aggregate in the Compacted Mixture (VCAmix) vs. the Voids in the Coarse Aggregate in the Dry Rodded Condition (VCAdrc). It has been determined that the VCA Ratio is a good indicator of stone-on-stone contact and can be analyzed using the following:
VCA Ratio & VCA Criteria
VCA Ratio: VCAmix / VCAdrc
VCA Criteria: VCA Ratio < 1
VCAmix < VCAdrc 
For the Brannan mix, the VCA Ratio = 33.3/44.4 = 0.75, thus stone-on-stone contact was achieved.
The following charts and graphs present the remainder of the voids analysis of the Brannan SMA mixture. From the mix with fibers, 3% voids can be achieved at approximately 7.0 % AC with VMA = 17%. (The criteria is met). However, without using fibers, the AC content of 6.0 to 6.5% would be required to achieve 3% air voids, with a VMA=15.5. (The criteria is not met). 
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The aurthors, l to r, of this report attended the "Maryland SMA in the USA II Workshop".
Reza Akhavan, Materials Engineer, Colorado DOT, Region 6;
Denis Donnelly, Research Engineer, Colorado Asphalt Pavement Association;
Jarrett Welch, Quality Control Manager, Brannan Sand and Gravel Company
