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Agenda 

• What is High Friction Surface Treatments? 
• Why High Friction Surface  Treatments? 

– The Opportunity (Crash Demographics)  
– Brief Case Studies  

• Wear and Durability  
• Additional Resources 

• Questions and Answers. 

Presenter
Presentation Notes
We are here today to talk about the EDC 2 safety initiative, High Friction Surface Treatments.Through today’s presentations, I like to introduce HFST technology, why is it important.  What make it a suitable countermeasure to reduce Roadway Departure crashes.



What is a High Friction Surface 
Treatment? 

• High Friction Surface Treatments (HFST) are 
pavement surfacing overlay systems with: 

 - exceptional skid-resistant properties that are 
    not typically acquired by conventional  
    materials  
 - and retains the higher friction property for a 
    much longer time. 
• Commercially available resin-based products and 

processes 
• Generally applied in short sections to improve 

spot locations where friction demand is critical. 

 

Presenter
Presentation Notes
HFST has been around for a while!  It first started in the US in the 50’s and then exported to UK.  They have been installing in since the 60’s and their experience is more mature than the USA. HFST are pavement surfacing systems with exceptional skid-resistant properties.  These properties are the application of durable aggregates bonded to the existing pavement by a layer of polymer resin.HFST is not used for pavement maintenance or continuous resurfacing, it is for spot treatment for problem (high crashes) locations.



HFST Aggregates 
  

– Recommended aggregate is calcined bauxite which 
provide the highest resistance to polishing, but flint, 
granite, slags and other materials have been evaluated. 

– Generally 3-4 mm maximum size 

Flint 

Bauxite 

Granite 

Presenter
Presentation Notes
We only place HFST in the most severe conditions that generally have high friction demand which causes aggregate polishing which is why the aggregate must have extraordinary qualities compared to typical aggregates. The most durable aggregate available is Calcined Bauxite. In our FHWA HFST Demo projects we evaluated Flint but it did not prove to be as durable.  The durability of the aggregate is the key since HFST are install to provide high friction but just as important is the resistance to polishing and thus HFST can provide the long lasting quality needed at these high crashes locations.  



  HFST Binder Materials 

• Binder system (proprietary blends) 
– Bitumen-extended epoxy resins 
– Epoxy-resin 
– Polyester-resin 
– Polyurethane-resin 
– Acrylic-resin 

Presenter
Presentation Notes
The design of binder is evolving with many new products becoming available.  The most common binder being used is Epoxy-resin but the many of the others work well also but may have some drawbacks like cost or placement restrictions.  The binder locks the aggregate in place and provide the needed tensile strength to transmit the vehicle load to the pavement below.



HFST Installation  
• Manually - Manual mixing of epoxy material and 

application with squeegee 
• Automated (machine-aided) - Machine mixing and 

application of epoxy (limited hand/squeegee work) 
 

Presenter
Presentation Notes
Acceptable methods of installation:In the past, mostly manual method.  Recently, machine application is available.  For smaller projects, manual installation is may be more cost effective but you can also group small projects for machine application to get better unit prices.Bidding directly with the HFST installers can also help reduce cost since General Contractors don’t add much to the specialty work except cost.



HFST Finished Product 

Presenter
Presentation Notes
Comparison of the two surface:  the one on the right is HFST using Calcined Bauxite.  The one on the left is the before condition.  The size of the coin illustrate the size of the aggregate.



Key Benefits 
 • HFST reduce crashes, injuries, and fatalities.  

• Additional benefits include: 
– Excellent pavement surface functional durability   
– Provides an efficient critical spot safety improvement for  

a wide variety of urban or rural locations. 
– Good benefit/cost ratio 
– A solution that can be implemented quickly  
– Minimal impact to traffic during construction 
– Negligible environmental impact. 
– Don’t receive complaints from any road user groups 

Presenter
Presentation Notes
HFST reduce crashes, injuries, and fatalities. Additional benefits include:Pavement surface functional durability  Provides an efficient critical spot safety improvement for  a wide variety of urban or rural locations.Good benefit/cost ratioA solution that can be implemented quickly with minimal impact to traffic during constructionNegligible environmental impact.Generally  it does not raise objections or complaints from any of the road user groups• High Friction Surface Treatments reduce crashes, injuries, and fatalities. A study in UK for 800 intersections using HFST indicated a 31 percent reduction in crashes. Transit New Zealand published a report showing a benefit cost ratio of 40 upon the implementation of skid resistance policy and a significant reduction in the wet road crash rate in the order of 30%. The Pennsylvania, Kentucky and South Carolina DOTs report a before/after total crash reduction of 100%, 90% and 57%, respectively, for their respective signature trial projects, for which the after periods equal approximately three to five years. Additional analysis of the reduction in crashes are currently underway as part of the FHWA’s Evaluation of Low-Cost Safety Improvements Pooled-Fund Study. Other benefits:•	HFST are relatively low in cost compared to geometric improvements. The square foot cost of HFST is not cheap, but its durability makes it worth the cost since the treatments are long-lasting and the life-cycle cost is excellent. Further, the benefit-cost ratio is good since the crash reductions continue for many years.   •	HFST are customizable to specific state and local safety needs. Road owners can use where most needed as shown by studies and their experience, such as two lane urban or rural roads at horizontal curves, areas near steep grades, areas at or near lane changes, and rural and urban intersections.  •	HFST produce negligible environmental impacts and minimal impact on traffic. Typically, project lengths are very short and the materials set up very quickly so the treatments can often be applied in hours, requiring minimal impact on traffic as compared to a conventional pavement overlay project.HFST do not generally have complaints from user groups like bicyclist, motorcyclists or pedestrians and certainly not the motorist.  The color may be different from the local aggregate and you may detect a slight change in tire sound but studies have shown an actual slight decrease in decibel levels and it is used in the UK as a motorcyclist safety improvement countermeasure.



Why High Friction Surface  Treatments? 
• The Opportunity (Crash Demographics) 



 Roadway Departure Crashes  

National Fatal Crashes 

(Average 2009-2011) 
30,305  Fatal 
Crashes/Year 

15,783 Fatal RwD 
Crashes/Year 

Source: NHTSA  FARS 

Roadway Departure Crash (RwD) - A non-intersection 
crash in which a vehicle crosses an edge line, a 
centerline, or otherwise leaves the traveled way. 

Presenter
Presentation Notes
Roadway Departure crashes – look at the definition – A non – intersection crash in which a vehicle crosses an edge line, a centerline, or otherwise leaves the traveled way.If you look at the pie chart, 52% of fatal crashes are roadway departure crashes based on an average of Fatal Crashes in 2009, 2010, 2011 Fatal Crashes 	All	RwD	% 		29,757 	15,307 	51.44  2010		30,296 	15,806 	52.172009		30,862 	16,235 	52.61Ave.		30,305 	15,783 	52.08



 Horizontal Curve Fatal Crashes 

Presenter
Presentation Notes
In fact if you look at the total fatal crashes in the USA, HC account for 28% of all of the fatal crashes.   This is amazing when we have studied HC we find that only a small percentage are crash problems.  This is good since we can make great gains by working on a  small part of the mileage.



Horizontal Curves and Safety 

Average crash 
rates for 
horizontal curves 
is about  3  times 
that of tangent 
segments 

Tangent 
Segments 

Curves and 
Transitions Source: Glennon, et al, 1985 study for FHWA 

 

Presenter
Presentation Notes
Of the 52% of RwD crashes, it is three times for horizontal curves than the tangent section.



Why High Friction Surface  Treatments? 
• What Can HFST Do for You?  

 



Strategies for Reducing Crashes  
(Where Can HFST Benefit Safety?) 

1. Horizontal curves 
2. Approach to intersections 
3. Grades 

When the pavement has: 
 Marginal friction effected from weather 
 Low friction 
 Friction values not compatible with approach 

speeds and geometrics (friction demand)  

Presenter
Presentation Notes
Where does HFST benefits the most?  At Horizontal Curves, at intersections and at down grade road sections.At horizontal curve where:Lack of superelevation especially in the rural 2 lane roadLimited sight distanceSpeeding problemCombination of HC and vertical grades increase friction demandHFST can provide the needed friction to keep the vehicle in its track to take care of the above problems at curve sections.  It can be used to restore or improve the pavement friction but it does not improve driver comfort so it does not encourage speeding (as increasing superelevation may do).Intersections and down grade – rear end collision.   This is a particular issue for intersections in curves since both stopping and side friction can easily exceed conventional pavement friction which may lead to one component suffering a deficiency in friction unless more is supplied.  Since vehicles can actually stop in a shorter distance, HFST can help improve Stopping Distance to reduce collision at intersections.  Downgrades in conjunction with curves increase friction demand for all vehicles but particularly for trucks.  This is an especially good countermeasure for ramps since they tend to have this geometry.



Source NCHRP 108 

Conceptual Relationship Between 
 Friction Demand, Speed and Friction Availability 



Source NCHRP 108 

Conceptual Relationship Between 
 Friction Demand, Speed and Friction Availability 
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Side Friction Demand for Different Radii 
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Source TRR 2075 

Side Friction Demand for Different Radii 



Fs =  V2  - e 

        15R 

What  about Friction Demand? 

In an existing curve the following is known:  
• superelevation, 
• radius 
• curve approach speed 

Solve for friction demand: 

Presenter
Presentation Notes
Another important aspect of friction relates to the lateral or side-force friction that occurs as a vehicle changes direction or compensates for pavement cross-slope and/or cross wind effects. The relationship between the forces acting on the vehicle tire and the pavement surface as the vehicle steers around a curve, changes lanes, or compensates for lateral forces is as follows:Fs =  V2  - e      15Rwhere: 	FS = Side friction.	V = Vehicle speed, mi/hr.	R = Radius of the path of the vehicle’s center of gravity (also, the radius of  curvature in a curve), ft.	e = Pavement super-elevation, ft/ft.



Kentucky Transportation Cabinet 

Oldham County 
Bridge Hill - KY 22 
  
8/1/07 thru 8/1/09:     
      56 total crashes  
      (1 Fatal and 23 Injury) 
KYTC installed HFST 
5 crashes since  
  
  Total Project Cost = $66,500 

Presenter
Presentation Notes
I like to illustrate some of the benefits of HFST with two case studies from State DOTs.Kentucky Transportation cabinet began the use of HFST in 2009. This is one of the problem curve location in Oldham County, state route 22.  Signing and rumble strips were installed 4 to 5 years prior to the HFST but these countermeasures failed to reduce crashes.  As of April 2012,  5 crashes have been reported.  



Kentucky Transportation Cabinet 



Kentucky Transportation Cabinet 



Kentucky Transportation Cabinet 



Kentucky Results 

High Friction Surfaces 
• 32 sites selected and installed in 

2009, 2010 and 2011 
• Preliminary evaluation of 26 projects 

shows a 69% reduction in crashes  
• Total : 90 HFST installed or planned 

 
 
 
 

 

Presenter
Presentation Notes
From Lovell presentation on 5/14/1379 Sites Installed 17 Sites Remain Sites May Contain Multiple Curves 



High Friction Surfaces 
• 32 sites selected and installed in 

2009, 2010 and 2011 
• Preliminary evaluation of 26 projects 

shows a 69% reduction in crashes  
• Total : 90 HFST installed or planned 

 
 
 
 

 

Kentucky Results 



High Friction Surfaces 
• 6 sites installed between 10/23/2008   

11/30/2010   
• Preliminary results show:  

- Total Crash Reduction 69.9 % 
- Wet Crash Reduction 76.9 % 

South Carolina Results 



High Friction Surfaces 
• 6 sites installed between 10/23/2008   

11/30/2010   
• Preliminary results show:  

- Total Crash Reduction 69.9 % 
- Wet Crash Reduction 76.9 % 

South Carolina Results 



Bellevue Washington 

Presenter
Presentation Notes
Between 1997 to 2002, the steep approach experienced 21 crashes, some serious, including four rollovers. Nearly all the crashes were rear-enders that occurred in wet conditions and  excess speed was a factor. 



Bellevue Washington 

Presenter
Presentation Notes
Bellevue tried several countermeasures, including installing a large flashing warning sign, additional road markers, and raised pavement markers. 



Installed  HFST in October 2004 

Bellevue Washington 

Presenter
Presentation Notes
In October 2004, the city installed a high-friction, epoxy-resin pavement treatment on Forest Drive just before the intersection. Each lane was opened to traffic within 4–6 hours. After the installation, the city recorded significant increases in pavement friction along the treated section. Between October 2004 and June 2008, only two crashes occurred on the steep approach after the treatment—one the result of brake failure, the other due to an inattentive driver.  



PennDOT Test Site    

State Route 0611, Northampton County, PA  
in Segment 40  along the Delaware River  

An area commonly known as the “Canal Locks” 
About 5 miles south of Easton, PA  

Presenter
Presentation Notes
A test site was determined based on crash pattern data and characteristics of the roadway.  Why did we choose this site?  This was the number 2 priority crash location for LVTS MPO.  The selected site Route 611 parallels the Delaware River and the Historic Delaware Canal.  This region is now part of the Delaware & Lehigh National Heritage Corridor running from Bristol PA to Wilkes-Barre PA. 



Crash Data for Rte 611Curve 

21 Crashes Southbound Lane 

Presenter
Presentation Notes
Location crash data was unique in that the vast majority of crashes were Southbound in wet conditions.  This provided the Department with an opportunity to use the Northbound lane as a control.    ADT for roadway is 5,000 with 8% truck traffic



 Begins at 8:30 AM   6/13/07 



2:30 PM , Swept, Dry and Ready for Traffic 

Mixed 2 part epoxy resin is hand 
spread with a serrated squeegee. 



Friction Testing & Crash Results 
Friction Results 

Reportable Crash Results 
Before Installation =  21  (south lane) 

After Installation    =   0  * *  as of 4/12/2012 

Before Installation   =  avg 24 * 

Aug ’07   =  avg 75 
Apr ’08    =  avg 75 

After Installation  (June 13th, 2007) 

Control Lane Test Lane 
avg 34 * 

avg 34 
avg 40 

Nov ‘08   =  avg 72 avg 44 

* 11/30/06 

Mar ‘09   =  avg 74 avg 58 *  Repaved 

Bauxite 
Aggregate 

Nov ‘09   =  avg 72 avg 44 
Jun ‘10   =  avg 71 avg 44 

Presenter
Presentation Notes
To put these before installation friction results in perspective, readings below 35 for ribbed tires is considered fair.  TyreGrip produced a 225% increase in skid resistance with high/low readings between 84 and 68.  This compares to actual 1 year old  pavement skid results of 54 to 60 on SR 3016 in Monroe County (paved 2007, tested 2008).  Control lane reading increased due to sand material spilled on road surface from Delaware canal re-construction.  Typical friction results for fresh pavement according to BOCM is 40 to 60. 



• 13 installed and completed 
• 37 in planning and design stage 
• RwD Safety Plan identify 170 
    locations for HFST. 
• Total 229 curves in California. 

California’s  Experience with HFST 

Presenter
Presentation Notes
California experience with HFST:Low Construction costLess retaining wall requiredShorten construction timeLess delay in trafficLess impact on the environmentImprove drainage – reduce wet crashes



• Initial proposed project was to realign curve and would cost 
$14 million and take 5-6 years to get environmental 
approval. 

• Realignment project has been put on hold to install HFST 
(~$250K) instead. 

 

CALTRANS DN-199  
(Planned Project ) 

• 28  wet pavement collisions 
occurred in a 3 year period  

• District had used many low 
cost countermeasures with 
little change in the collision 
pattern. 

Presenter
Presentation Notes
DN – 199, typical rural highway.Caltrans has tried everything else from double chevrons to larger signs and extra large aggregate to reduce wet crashes.  28 collisions in 3 year.Now they will use HFST which only cost $250K instead of a major project that cost close to 14 million and will likely take 6 or 7 years to get it under complete.  Not to mentioned the traffic delay during construction.  If there is 6 more years of delay you could see at least 56 (28 x 6/3) more crashes if the numbers don’t accelerate which is common as the pavement polishes more. 



Wisconsin 

Project: EB I-94/I-794 to NB I-43  
(Marquette Interchange E-N ramp) 

• SMA Pavement 
• HFST Aggregate:  Calcined Bauxite 
 



Preliminary Crash Reduction 
Results  

• Wisconsin - Marquette Interchange W-N Ramp 
– “Ramp closed virtually every time it rains” 
– 2008-2010:  81 crashes (59 wet – 73%; 2 icy – 2%) 
– Since Sept. 2011:  2 crashes (dry conditions, driver 

inattention, truck lost control) 



Wear and Durability 



Increased  Friction Demand creates  aggregate 
shear and polishing  (surface wear) 
• Severe horizontal curves 
• Grades 
• Grade and horizontal curve combinations 
• Approach to intersections (roadways, RR grade 

crossings, crosswalks) 
 
Polishing increases at these locations when large 
trucks are a significant volume  
 

Wear and Durability 

Presenter
Presentation Notes
While our objectives are focused on placing HFST on strategic horizontal curves, aggregate wear does occur to a lesser degree on grades and approaches to intersections.



Important characteristic of HFST aggregate is 
resistance to polishing 
• Polishing Stone Value (PSV) Test (AASHTO T 278 

& T 279 or ASTM E 303 & D 3319) is commonly 
accepted method for measuring resistance to 
aggregate polishing 

• Calcined Bauxite  provides  high microtexture 
and has a PSV of 70 (the highest value with 
friction qualities and polish resistance) 

• Gradation provides macrotexture 

Wear and Durability 



NCAT Photos 

NCAT 

NCAT 

  Aggregate Durability Study 

HFS Installation Location 



Granite 

Bauxite 

Flint 

100’ 

Steel Slag 

Silica 

Taconite 

Emery 

Basalt 

15’ 

  Aggregate Durability Study 

Presenter
Presentation Notes
Purpose: Test the durability of various aggregate types under the same conditionsInstalled on similar sections NCAT Test Track on a curve Installed by same HFS supplier using the same resin, crew, and equipmentExposed to the same traffic and climatic conditions



Caltrans: http://www.youtube.com/watch?v=AZ-W_XdFD3g 

Kansas: http://www.youtube.com/watch?v=ofQouIAOeoA 

Montana: http://www.youtube.com/watch?v=gq4Rq6cO5Fo 

HFST: http://www.youtube.com/watch?v=TecQV14ZZtE 

Additional Resources 

http://www.youtube.com/watch?v=AZ-W_XdFD3g
http://www.youtube.com/watch?v=AZ-W_XdFD3g
http://www.youtube.com/watch?v=AZ-W_XdFD3g
http://www.youtube.com/watch?v=AZ-W_XdFD3g
http://www.youtube.com/watch?v=AZ-W_XdFD3g
http://www.youtube.com/watch?v=ofQouIAOeoA
http://www.youtube.com/watch?v=ofQouIAOeoA
http://www.youtube.com/watch?v=gq4Rq6cO5Fo
http://www.youtube.com/watch?v=gq4Rq6cO5Fo
http://www.youtube.com/watch?v=TecQV14ZZtE
http://www.youtube.com/watch?v=TecQV14ZZtE


HFST Deployment Map 

National Demonstration Project – Surface Enhancement at 
Horizontal Curve (SEAHC) 

Presenter
Presentation Notes
To date, under the FHWA SEAHC Demonstration Program, HFST has been installed in ten (10) states, with a total of 24 installations being placed around the country.   Today at least 39 states have applied HFST on at least one project site and the remaining 11 States have no HFST installations to date.  Nine (9) of the 39 states  that have HFST installed have gone on to deploy more aggressive use of HFST – States that are either actively deploying HFST in multiple sites or have systematic program in place for HFST.           HFST Usage throughout the United States and in �National Demonstration States Today at least 39 states have applied HFST on at least one project site and the remaining 11 States have no HFST installations to date.  Nine (9) of the 39 states  that have HFST installed have gone on to deploy more aggressive use of HFST – States that are either actively deploying HFST in multiple sites or have systematic program in place for HFST.  The speed and quality of HFST installation can be varied, with some systems being developed to use fully mechanized installation techniques.  Strides have been made also in the development of more versatile and accurate friction measurement equipment, which play a part in the identification and documentation of problem sites, as well as in the documentation of friction improvement provided by HFST. 



Closing Thoughts 

• The potential for crash reduction with HFST  is  
significant 

• Many States have experimented with HFST and a few 
have embraced a deployment program already 

• ATSSA is working with AASHTO to develop a HFST 
Specification with an Interim Specification available 
soon. 

• HFST products and application technology has 
evolved and making  the product better and more 
versatile  

• Every Day Counts  particularly since Every Life Counts 
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