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Good afternoon.  I’m Mary Jane Hayden, and I’m a pavement design engineer for the Florida Department of Transportation.  Although I’ve been practicing engineering for almost 17 years, I’ve only been in my current position for around 3 months.  So, I’m really happy to be here today to give you an overview of our flexible pavements in Florida.
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• Factors Contributing to Durability

• Example

Presenter
Presentation Notes
So, just to give you a quick idea of what I’m going to cover today, I’m going to start with a few facts about my home state.  Then we’ll talk about some pavement design history that led us to where we currently are.  I’ll talk about some of the main factors that have contributed to the durability that we are seeing from our asphalts, and then I’ll wrap it up with a little example and some discussion on the pavement layers.
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Florida
• Nickname: Sunshine State
• Capital: Tallahassee
• Counties: 67
• 2018 Population: 21,299,325 

– 3rd most populous state
– > 100 people move here every day
– 20% of population is over 65 years old

• 14 million registered vehicles
• Known For: Sunshine, Heat, 

Oranges, Hurricanes, Space 
Shuttles, Beaches, Theme Parks, 
Race Cars

• 127 million visitors in 2018
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So, let me tell you a little bit about my state.  I’m sure everyone knows our nickname is the sunshine state, and hopefully most of you know that the capital is Tallahassee (not Orlando or Miami).  We have 67 counties, and our population, as of 2018, is a little over 21 million people.  We are the 3rd most populous state in the US, we are growing at a rate of over 100 people each day, and approximately 20% of our population is at least 65 years old.  As best I could find, there are 14 million registered vehicles in the state of Florida.  We are known for our sunshine and heat, oranges, hurricanes, space shuttles, beaches, theme parks, race cars… the list can go on.  So, what does all that mean?  It means that, with the exceptions of hurricanes, our state attracts a lot of visitors every year.  The latest statistic I could find was that we had 127 million visitors in Florida during 2018.  So… that’s a lot of traffic on our roads.

http://dhr.dos.state.fl.us/kids/images/symbols/flag.jpg
http://dhr.dos.state.fl.us/kids/images/symbols/flag.jpg
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Florida’s State Roads

• As of 2019:
– Arterials – 33,700 lane miles
– Interstate – 8,500 lane miles
– Turnpike – 2,300 lane miles

• Of those miles:
– Rigid – 1,200 lane miles
– Flexible – 43,300 lane miles

Total Lane Miles: 44,500
(Flexible and Rigid Combined)

Flexible 
97.4% 

Rigid
2.6%
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And, Florida DOT maintains all state roads.  If you’re thinking that our lane mile total here of around 45,000 miles seems low, that’s because it’s only our state highway system mileage.  There’s probably another 100,000-plus lane miles of off-system roads that are maintained by cities and counties in our state.  So, OF these state roads, you can see the breakup here of arterials, interstates, and turnpike lane miles, and also the breakdown of our concrete roads versus our asphalt roads.  In general, roughly 3% of our state highway system is rigid pavement, while the remaining 97% is flexible.  In case you’re wondering what this translates to in terms of just centerline miles, that’s around 12,000 total centerline miles, with approximately 11,800 miles of asphalt.  Ok, so that’s just a few facts about our state and our roads.
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FDOT Pavement Design Background

• 1960’s – Hubbard-Field mix design

• 1970 – Marshall mix design

• 1980’s – FDOT 
Milling & Resurfacing 
Program Introduced

• 1990’s – Superpave 
mix design
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So, now let’s look at some history of Florida DOT’s pavement design.  Throughout our history, we have used a wide variety of asphalt materials in the construction of our pavements.  In the 1960’s, Florida used the Hubbard-Field mix design method, which was a mix design created by Charles Hubbard and Frederick Field in the 1920’s.  This mix was based on the work of a man named Felix Richardson, who, in the early 1900s, warned that asphaltic concrete is not suitable as a surface layer on main streets.  In his opinion, a high asphalt content sand mix was needed on main roads to resist the impact of horseshoes.  So, Hubbard and Field built on the concepts of Felix Richardson and focused on the sand asphalt wearing course in the surface mixture.  They went on to develop a method to determine asphalt content by using specific gravity and air voids.  They also developed a stability test where the compacted mix is squeezed through a ring that is a slightly smaller diameter than the specimen.  The peak load sustained before the mix started flowing through the orifice was called the Hubbard-Field stability.In the 1930’s Bruce Marshall developed his mix design, which was based on the Hubbard-Field method.  In 1943, Marshall presented his mix design to the Corps of Engineers in Mississippi, where he worked, and they adopted it and began using it in World War II airfields.  After World War II, it was “civilianized” for use by state highway departments.So, again, in the 60’s, Florida DOT used the Hubbard-Field mix design.  Then, in 1970, we converted to using the Marshall mix design method, and therefore updated the types of mixes routinely placed.In the early 1980’s, we adopted a milling and resurfacing program, where old pavements were milled and the recycled.  In addition to conserving resources and reducing costs through recycling, the milling operations frequently removed substandard materials from the pavement structure and reduced the likelihood of reflective cracking or rutting due to an underlying layer. Then, following the completion of the work done under the Strategic Highway Research Program (SHRP) and the development of the Superpave Mix Design System in the mid-1990’s, Florida DOT began experimenting with the design and construction of Superpave mixes.  The Superpave Mix Design represented a significant departure from the Marshall mixes and resulted in a number of significant improvements in Florida.
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Benefits Resulting from Superpave

• Improved Specifications
– Stronger, more rut resistant mixes

• Better Aggregate
• Less Sand
• Better Binders

– Mixture 
Consistency

• 9.5 mm
• 12.5 mm
• 19.0 mm
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So, let’s look at some of the benefits we found from moving to Superpave.  In a nutshell, it caused us to improve our Specifications.  As a result of the use of the Superpave Gyratory Compactor that could simulate the loads associated with higher traffic volumes, as well as the Superpave aggregate consensus properties, mixes in Florida were significantly stronger and were much less likely to rut.  These new standards weeded out some lesser-performing ingredients in our mixes.  Historically-softer-aggregate sources, which had a history of rutting problems, could not meet the new volumetric requirements of Superpave and were, therefore, no longer suitable for use.  Mixes with large amounts of natural sand also failed to meet the mix design requirements, which significantly reduced the amounts of sand being used.  Additionally, crushed river gravel sources were unable to consistently meet the aggregate consensus properties, which ultimately led to their elimination.  The use of stronger, more durable asphalt binders also contributed greatly to the improved rutting resistance of these mixes. Upon the adoption of the Superpave System, Florida eliminated all leveling sand mixes and focused on the use of three Nominal Maximum Aggregate Sizes (9.5 mm, 12.5 mm and 19.0 mm) for our mixes.   In addition to reducing the various types of mixes used, it also ended up eliminating a number of mix types with a history of poor performance. 
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Friction Courses

• Highway Safety Act of 1966
– 1967, FHWA required high skid resistance

• FDOT developed several wearing courses, 
finalized in 1975

• Meanwhile… FHWA published new 
guidelines in 1974 for Open Graded 
Friction Course
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So, backing up just a little bit here to talk about friction course.  With the passage of the Highway Safety Act of 1966, FHWA, in 1967, issued an Instructional Memorandum to state highway agencies requiring them to develop “standards for pavement design and construction with specific provisions for high skid resistant qualities.”  So, we had to develop standards for wearing, or friction courses.  Following this guidance, Florida began working on the development of 8 different wearing course mixtures that would be used on the State Highway System.  4 of the wearing courses were dense graded, and 4 were open graded asphalts, and they were finalized in 1975.So, while Florida DOT was working on the development of our 8 wearing courses in the early 70’s, FHWA was also working on publishing new guidelines and a design procedure for open graded friction courses, which was based on the success that western states had with plant mixed seal coats.  FHWA published their new guidelines in 1974, and they encouraged states to adopt this technology.  So Florida moved forward with further developments.



Florida Department of Transportation

Friction Courses

• 1979: FC-2 Open Graded Friction Course

• 1998, FDOT began development of FC-5
– Based on GDOT’s D-Modified OGFC

• 2000, FDOT Specs for FC-5 were finalized 
& implemented
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So, based on our past experiences with open graded wearing course mixtures (both good and bad), coupled with the new FHWA guidelines, Florida developed specifications for a new open graded friction course, called FC-2, which were finalized in 1979.  This new open graded friction course replaced the 4 wearing courses that were open graded asphalts, and FC-2 was placed on all high-speed multi-lane facilities in the state, in an effort to reduce the risk of hydroplaning. FC-2 was an improvement over the wearing courses, but there were performance issues with it.  By its nature, the porous texture of an open graded friction course exposes the thin film of asphalt on the aggregate in the pavement to heat, air, UV radiation, and moisture, all of which cause the binder to oxidize and harden.  This hardening makes the binder more brittle and less likely to behave as a flexible material.  The primary source of failure with FC-2 mixtures in Florida was raveling.  A couple of key issues contributed to this problem: 1. FC-2 had a low binder content, which resulted in a thinner film of binder on the aggregate, which intensified the aging problem.  Lower production and placement temperatures also contributed to occasional texture problems during construction.  Both of these contributed to the raveling problem. 2. With a minimum spread rate of 40 LB/SY, and payment on a per-square-yard basis, there was little incentive for a contractor to place the mixture thicker than 40 lbs/sy, which basically comes out to a thickness of about a half inch.  In many cases, the layer was so thin that it led to a rough surface texture and performance problems. In 1998, based on positive feedback that Georgia DOT had received on their D-Modified open graded friction courses, Florida began the development of a similar type of open-graded friction course, called FC-5.  The Specifications for FC-5 were finalized and utilized in all projects beginning in January of 2000.FC-5 has better material properties and is paid for in such a way that contractors are allowed certain tolerances of placing the mix slightly higher than the target, and they will get paid for the material.  The thicker layer, coupled with a higher production temperature, translated to a smoother surface with a more uniform texture. 
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Other Factors

• Demand for Quality:
– Contractor Quality Control (CQC) Specs
– Construction Training and Qualification 

Program (CTQP)
• Warranty Specifications
• Pavement Management

– Florida Statute
– Pavement Condition Survey

• Florida’s Geology and Climate
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So, now we know how Florida’s structural courses and friction courses arrived to be what they are today.  Let’s look at some other factors that have contributed to the performance of our flexible pavements.  Beyond the mix design, these factors play a significant role in our asphalt roads.First of all, we adopted new quality standards.  In 2002, we adopted Contractor Quality Control specifications, where the primary responsibility for the testing fell to the Contractor.  The Contractor’s test data, after being verified by Florida DOT, were used to calculate payment.  The goals of these changes were to: 1) increase the quality of construction by requiring contractors to pay more attention to quality control; and 2) provide a mechanism to reward contractors for producing a product that matched the mix design and was consistent and uniform.  In addition to the CQC specs, the Code of Federal Regulations added requirements which said that only qualified testing personnel were allowed to participate in the acceptance of testing on Federal-Aid projects.  So, Florida DOT used this opportunity to develop a comprehensive set of training courses that focused on constructing higher quality asphalt pavement.  We call this Construction Training and Qualification Program, or CTQP.  All plant and roadway technicians in Florida are required to be qualified under this program. In 2004, we adopted Value Added Asphalt Pavement specifications which essentially serve as a 3-year warranty on performance.  Any raveling that occurs during the 3-year period following final acceptance of the project would require that the contractor take remedial actions or lose their pre-qualification status and not be allowed to bid on future FDOT projects.  So, essentially, these first couple of bullets are really about holding the contractor responsible for his product in a quantitative and measurable way.Another big factor playing a role in Florida’s improved pavement performance is it’s Pavement Management practices.  According to Florida Statute, 80% of our State Highway System must meet our own Department standards.  This threshold is used within Florida DOT to allocate resurfacing funds to ensure that this goal is met.  In order to measure our performance, we conduct pavement condition surveys on an annual basis on all of our state roads.  Every lane mile gets rated each year.  We will talk more about that in just a second.Finally, one of the biggest contributors to Florida’s successful flexible pavement designs are our geology and our climate <<click>>.  Florida is blessed to have a very large supply of limestone throughout our state, which we use as the majority of our base material.  Our limestone has proven to be an extremely high performing base material, which has greatly contributed to our flexible pavement’s longevity.  And, unlike most any other state, Florida does not have to worry about freeze-thaw considerations.  We may have to worry about hurricanes, but we don’t have to worry about freezing.
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 PCS data has been collected since 1976.
 The PCS rates pavements using three indices:

 The rating scale for the PCS is from 0 (worst) to 10 (best).
 A rating under 6.5 in most cases is considered deficient. 
 Since 2006 FDOT has surpassed the 80 % performance 

standard per Florida Statute.
 Averages: OGFC ~ 15 years; DGFC ~ 20 years

Pavement Condition Survey (PCS)

Presenter
Presentation Notes
So, just to tell you a little bit about our Pavement Condition Survey.  First of all, we’ve been collecting pavement condition data on our roads since the mid-70’s.  We rate all of our roads for crack, rut, and ride.  On a scale of 0 to 10, with zero meaning the road is falling to pieces and 10 being brand new pavement, we consider anything lower than a 6.5 to be deficient.  So, according to Florida Law, 80% of the state roads in Florida must have a rating of 6.5 or higher, as determined by our annual condition survey; and I’m glad to tell you we’ve exceeded that goal for a very long time now.So where we are now, after all of that history, and all of the upgrades to our mixes, specifications, QC efforts, funding, and condition monitoring, we are seeing pavements that last, on average 14 to 19 years.  In general, we are seeing our dense-graded asphalts last for 18 to 20 years before they are deemed deficient and require milling and resurfacing.  For our open-graded mixes, we are typically seeing them last 13 to 15 years.
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Example: High Volume Pavement Design

0.75” FC-5
5” Asphalt Structural Course

12” Limerock Base

12” Stabilization

12” Concrete

4” Asphalt Base

12” Stabilization

Asphalt Concrete

29
.7

5”

12,000 psi subgrade

28
”
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So, here are some typical pavement designs you would see on our roads in Florida.  Just for the sake of comparison, I’ve included a rigid pavement example here.  So, here we have what may be a typical design from one of our interstates, such as I-75 through Tampa.  The design shown here can support the extremely high levels of traffic on our interstates, which includes heavy truck traffic.  Let’s take a look at each of these layers of the flexible pavement design.
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Friction Courses

• Dense Graded
– FC-9.5
– FC-12.5

• Open Graded
– FC-5

0.75” FC-5
5” Asphalt Structural Course

12” Limerock Base

12” Stabilization
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So, starting from the top of the pavement structure, and working our way down, let’s look first at the friction course.  Obviously, its purpose is to provide a skid-resistant riding surface for vehicles.  There are two general types of friction courses currently in use by the Department, dense graded (FC-9.5 & FC-12.5) and open graded (FC-5).  The numbers in the names of our friction courses correspond with the Nominal Maximum Aggregate Sizes, as we saw previously when we discussed Superpave.Friction Courses FC-12.5 and FC-9.5 are dense graded mixes which are typically placed 1-½-inch and 1-inch thick respectively.  These friction courses provide smooth riding surfaces with adequate friction numbers for skid resistance.  The FC-9.5 dense graded mix will allow a 1-inch lift of friction course.  On some projects, this thinner lift may allow room for an additional structural or overbuild lift, as in some curb and gutter sections, without milling into the base or overlaying friction course into the gutter.Our other friction course, FC-5, is an open graded material, and is only placed in a single ¾-in thick lift.  FC-5 provides a skid resistant surface, and the open graded texture of the mix provides for the rapid removal of water from between the tire and the pavement to reduce the potential for hydroplaning at higher speeds.  One thing I should note about FC-5 is that we do see some performance issues in some locations, such as turnouts and intersections of lower-speed roads, so we limit the use of open graded friction course to high speed facilities.  The slow stopping and turning movements cause this particular friction course to get “shoved.”
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Structural Courses

• Layer Thicknesses
– SP-9.5: 1” – 1½”
– SP-12.5: 1½” – 2 ½”
– SP-19.0: 2” – 4”

• Restricted Uses:
– SP-9.5: 

• 2 layers max. & only used in top 2 structural layers
• Not for ESAL > 10 million

– SP-19.0: 
• Not beneath FC-5

0.75” FC-5
5” Asphalt Structural Course

12” Limerock Base

12” Stabilization
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Next, let’s look at our structural course.  Again, we adopted the Superpave mix design back in the 90’s, and the following structural courses are used by the Department:• Structural Course Type SP-9.5 uses a 9.5mm, or 3/8-in, nominal maximum size aggregate.• Structural Course Type SP-12.5 uses a  12.5 mm, or 1/2-in, nominal maximum size aggregate.• Structural Course Type SP-19.0 uses a 19 mm, or 3/4-in, nominal maximum size aggregate.Our minimum and maximum layer thicknesses are shown here, and as you can see it ranges from 1-inch up to 4-inches per lift, depending on which structural course type you are using.  We also have some limitations in our Flexible Pavement Design Manual on placement of these courses.  SP-9.5 is limited to a maximum of 2 layers, which should be placed in the top two structural layers.  It also should not be used on Traffic Level D and E applications, so, no higher than 10 million ESALs.  Also, SP-19.0 cannot be used in the top structural layer beneath open graded friction course.
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Base Courses

• Optional Base Groups
– Material Type
– Thickness
– Strength

0.75” FC-5
5” Asphalt Structural Course

12” Limerock Base

12” Stabilization
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In Florida, we use Optional Base Groups in the design of our base courses.  These are different base course materials that may have different thickness, but are structurally equivalent, and they are grouped together to form an Optional Base Group, as shown in this table.  So, in a pavement design, you might call out the use of Optional Base Group 9.  The contractor would then look at this table and select a material at the specified thickness from <<click>>  Base Group 9.  As an example, reading across Optional Base Group 9, we can see that 10-inches of limerock base, which has a structural number of 0.18 per inch, provides a total structural number of 1.8.  Likewise, 12-inches of graded aggregate base, which has a structural number of 0.15 per inch, will yield a total structural number of 1.8.So, <<click>> here’s what it would look like in our plan set on the typical section sheet.  We include our pavement design here and provide thicknesses for our friction course and structural course, and simply call for Option Base Groups with no thickness specified.  So, in this example here, <<click>> we call for Optional Base Group 9 for the travel lanes and Optional Base Group 1 for the shoulders.
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Stabilization

• Materials:
– Limerock, Shell Rock, 

Cemented Coquina, 
Shell Base

0.75” FC-5
5” Asphalt Structural Course

12” Limerock Base

12” Stabilization
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The stabilized subgrade is a structural layer that is 12in thick. This structural layer serves as a working platform to permit the efficient construction of the base material.  Thanks to the presence of Limerock throughout our state, and particularly in the southern part of Florida, we often have good in-situ material to work with for stabilization.  Our standard specifications shown here provide the requirements that must be met for stabilization.  The materials, other than limerock, that can be used to stabilize our subgrades include shell rock, cemented coquina, or shell base.
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Summary

• Florida Facts

• Pavement Design History

• Factors Contributing to Durability

• Example
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So, I think I covered everything I promised to cover at the beginning of this presentation.  We talked about the population of Florida and the number of visitors we have every year, which results in our high levels of traffic.  We talked about pavement design mixes dating back to the early 1900’s and saw how it’s evolved into what we have today.  We looked at some of the things that contribute to the durability of Florida’s asphalt roads, including things beyond just mix design, such as our statutory requirements for the condition of our pavements.  And finally, we briefly talked about some typical layers you would find in our asphalt pavements.  
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Thank you!

Mary Jane Hayden, P.E.
Pavement Design Engineer

MaryJane.Hayden@dot.state.fl.us
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With that, I’d like to thank you very much for your time today.  It’s a pleasure to be here.  Thank you.
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