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Presenter
Presentation Notes
Excluding private properties2. Including single vehicle collisions -> fixed objects, run of road left and run of road right3. More then a one vehicle -> Run of road left and run of road right and cross median4. Opposite direction head on, opposite direction side swipe, struck parked vehicle
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Contributing Factors  
Horizon Curve Crashes

 Poor Pavement Condition

 Complex Driving Task Negotiating Curve

 Wet Road Hydroplaning

 High Friction Demand of Vehicle in Curve



Factors Contributing to Skid Related Crashes 

 Tire issues 

 Weather Conditions

 Friction Demand

 Road Geometry

 Vehicle Speeds

 Driver Actions

 Vehicle Characteristics



AASHTO Horizontal Curve Design Model

𝑹𝑹 = 𝑽𝑽2/15(e + f)

e = superelevation

f = side friction factor

V = design speed (mph)

R = radius of curve (ft)

e + f = V2/15 R

Presenter
Presentation Notes
Key Message:    Introduce the AASHTO horizontal curve design model  Factors in the design of horizontal curves are speed (V), superelevation (e), friction (f), and radius (R).  Additional Info:  When a vehicle moves in a circular path, it undergoes centripetal acceleration toward the center of curvature (although drivers feel it is a force pushing them outward). From accumulated research and experience, limiting values for e and f have been established for curve design.AASHTO Design Model Assumptions:Passenger car tracks curve as a point massPassenger car operates at design speed through curveCurve design should avoid loss of control due to skidding (i.e., during cornering)The model is intended to produce operations that avoid loss of control due to skidding, which would occur if the side friction demand exceeded the friction provided by the tire/pavement interface. Appropriate values for curve radius for a given design speed are influenced by amount of superelevation provided.  Although the model has a theoretical basis that curve design should avoid loss of control due to skidding (i.e., during cornering), the actual controlling values are based on an operational model of providing a level of comfort to drivers. Question/Interactivity: Ask what is the result of the model parameters being based on driver comfort rather than skidding point. Answer: the design values provide a substantial margin of safety against loss of control (for most cars on dry pavement) assuming the assumption including V (speed) is correct.
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Why High Friction Surface Treatment

24% Reduction in Crashes



Benefits of HFST (Cont’d)

 Restoration or enhancement of skid resistance 
on existing or new pavements

 Provides a solution for “spot treatment” of a 
pavement where friction demand is highest

 Low Cost Treatment (when compared to removal 
and replacement existing pavement)



Benefits of HFST (Cont’d)

 Installation during short (4-6 hour) lane closures 
of the pavement
 one lane at a time

 Minimal additional thickness or (1/8″ – 1/4″) 
thickness for limited overhead clearances

 Installed over virtually all pavement types

 Can be colored for delineation purposes



What is HFST

HFST, High Friction Surface 
Treatment = anti-skid 
surfaces, composed of 
polish-resistant, abrasion-
resistant aggregates bonded 
to the pavement surface 
using a resin.

GRIT & GLUE



Aggregate Properties
The surface of aggregate 

provides micro-texture  
pavement 

High Polish Resistance, 
polished stone value 
(PSV) 

 Ideal aggregate abrasion 
value (AAV) are polish 
resistance and abrasion 
resistance.

Calcined bauxite most 
commonly used 
aggregate for HFST

Presenter
Presentation Notes
, generally reported in terms of.  The polished stone value is a measure of how resistant an aggregate is to polishing under traffic wear.  Aggregates used for HFS are generally 3-4 mm nominal maximum size.  Specifications generally require a minimum of 95 percent passing the No. 6 sieve and maximum of 5 percent passing the No. 16 sieve.





Presenter
Presentation Notes
The bauxite aggregate has excellent Micro-texture and Macro-texture.  Micro-texture provided the friction we needed to stay in the lane and Macro-texture Channel the water form the road surface so the tire can maintain contact during wet event.



Binder Properties

 Epoxy-resin - two-component system. Both 
parts are mixed on-site. 

 Rosin-ester -“premixed”, meaning the resin & 
the chippings are bagged as a dry powder.     
On-site the powder is heated and spread.

 Polyurethane-resin - A multi-component binder 
cures chemically & is hand applied. The 
aggregate is then applied after. 

 Acrylic-resin - Similar to epoxy-resin, however 
faster curing time.



Considerations When Using HFST

 Pavement should be in good condition. 

 Clean & Dry Pavement Surface; free of oils, grease, etc. 

 temperatures will accelerate curing & hardening.

 Surface temperatures > 50F are required for most resins.

 Excess aggregate must be removed
 The new surface will naturally shed aggregate first several days, 

requiring additional sweeping.

 Life expectancy 5-7 years under heavy traffic, 10-15 years for 
low traffic



Resources
http://safety.fhwa.dot.gov/roadway_dept/



HFST web content
• Case Studies from Iowa DOT, South Carolina,

California DOT, Kentucky Transportation 
Cabinet, Tennessee DOT, TXDOT and Penn 
DOT

• FAQs - ATSSA HFST FAQs, HFST 101 – High 
Friction Roads, FHWA HFST FAQs

• Specifications - ATSSA State Specifications
• Other Resources - HFST Curve Selection and 

installation Guide, FHWA-HFST Video, Penn 
DOT HFST Video, Oklahoma FHWA/OKDOT 
HFST Pilot Video, KTC Calcined Bauxite Video, 
ATSSA HFS website, NCAT – Alternative 
Aggregates Study, FHWA HFST CMF’s research



Questions
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