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Goals

Reduce fatal and 

serious bodily injury 

crashes

Accelerate mode shift 

by improving the 

experience of 

pedestrians and 

micromobility

Accessibility SustainabilityStrategic focusSafety

Reduce pedestrian 

and side street delay



Safe Waves
Developed by Peter G Furth

Northeastern University

• Reduce speed by reducing Stale Green

• Stale Green: “When a vehicle arrives at an 

intersection with a green ball with no vehicle 

ahead of it for 5 seconds”



Safe Waves Principals

1. Short cycles

2. Target progression speed 

3. Smaller coordination zones 

4. Pedestrian recall

5. Fully actuated control



Shorter Cycle Lengths

• Less main street green = fewer speeding opportunities

• Decreased pedestrian delay

• Improved service of side street

Note: decreasing a cycle length from 120s to 

90s results in 33% more crossing opportunities 

(30 per hour to 40 per hour)

120s 
cycle 
length

90s 
cycle 
length



Pedestrian Recall

Major left is 
shorter than 
usual

A coordinated cycle 
with ped recall

How if works when side 
street ped service is skipped

Start



West Colfax

1. Reduced off-peak Cycle Length from 120s to 60s

2. 71% reduction in fatalities, 39% reduction in SBI’s



Denver’s Additions

1. Leading Pedestrian Intervals (LPI’s)

2. Protected left turns

3. Late night timing
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Risk Factors for Fixed-Object Crashes 
and Potential Countermeasures

GDOT / ARC Regional Safety Task Force



What is a Fixed-Object Crash? 

Utility Pole

Sign/Signal/Luminaire

Guardrail/Barrier Wall House/Building

Other

Tree

Fence

Mailbox

Bridge Pier/Abutment Wall

Fire Hydrant



What is a Roadway Departure Crash? 

A crash which occurs after a 
vehicle crosses an edge line, 
center line, or otherwise leaves 
the travelled way.

- FHWA



Factors Contributing to a Roadway Departure Crash 

- Driver Error
- Sleepy / Distracted

- Collision Avoidance

- Vehicle Failure
- Tires

- Road Condition
- Wet / Icy
- Diminished Pavement Friction



https://cdn.atlantaregional.org/wp-content/uploads/arc-regional-safety-strategy-9-may-23.pdf





Focus Facility Types and Roadway Characteristics













Roadway Departure Countermeasure Hierarchy

1st - Keep vehicles on the road

2nd - Reduce the crash potential

3rd - Minimize the crash severity

• Curve Signing
• Pavement Markings
• Friction Treatments
• Rumble Stips/Stripes

• Shoulders
• SafetyEdgeSM
• Center Line Buffer
• Clear Zone
• Traversable Slopes

• Breakaway Devices
• Barriers
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High Friction Surface Treatment
101

Frank Julian
GDOT / ARC Regional Safety 

Task Force

September 30, 2025

Roadway Departure Crash 
Countermeasures 

1st - Keep vehicles on the road

2nd - Reduce the potential for crashes

3rd - Minimize the severity
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Provide Skid-Resistant 

Pavement Surfaces

15.2 A - Reduce the 
likelihood of a vehicle 
leaving its lane and 
either crossing the 

roadway centerline or 
leaving the roadway 
at a horizontal curve

Since the 1920’s it has been 

recognized that Pavement-Tire friction 

can make a significant contribution to 

highway safety, particularly the 

probability of wet skidding crashes

Provide Skid-Resistant 

Pavement Surfaces
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Skid Related Crashes are
Determined by Many Factors:

• Tire issues 

• Weather Conditions

• Aggregate Friction 

Characteristic

• Friction Demand

"Double the skid resistance and halve the accidents"

Viner et al., 2004

Pavement Friction and 
Crash Risk Relationship 
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• Crash Types addressed by 
improving pavement 
friction:

– wet weather

– curves

– other skidding

(e.g. too fast for conditions) 

Provide Skid Resistant Pavement Surfaces

Some Common Methods to 
Restore or Add Friction

• Chip Seal (pavement preservation)
• Micro Milling
• Shot Blasting
• Grooving (concrete)
• Resurface with a friction course

• Nova Chip (UTBWC)
• HFST (critical spot Improvement)

Any of these methods may be an 
appropriate solution depending 
on the definition of the problem
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Evaluation of Low-Cost 
Safety Improvements 
Pooled Fund Study

Phase VI - Pavement 
Safety Performance

http://www.fhwa.dot.gov/publications/research/safety/14065/14065.pdf

AASHTO M 354 - 24 “Standard Practice for 
High Friction Surface Treatment for Asphalt 
and Concrete Pavements” requires Calcined 
Bauxite.

Some State requirements exceed 65

What defines HFST?

In-place friction characteristics must meet 
a minimum requirement of 65 FN40R 
when tested in accordance to AASHTO 
T242 upon completion of the installation.
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The aggregate that defines HFST is Calcined 
Bauxite which provides the highest resistance 
to polishing and friction durability.

Calcined 
Bauxite

3 mm aggregate
pavement surfacing 
overlay systems 
used for spot 
Safety Treatments

What defines HFST?
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 The 3 run average, SN40 wet value on 
the concrete pavement was 52 

 The 3 run average, SN40 wet value on 
the HFST was 85

 Regardless of the speed, the stopping 
difference was 25% - 30%. 

Texas Transportation Institute Friction Test Results

What defines HFST?

13

Resin Binder Systems 

(proprietary blends)

– Epoxy

– Polyester

What defines HFST?
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• The most significant issue is 
existing pavement condition

• A quality binder (epoxy) will 
maximize the life of a good 
installation

• We are expecting 10+ years based 
on accelerated test track results 
and current project experience

How Long Does HFST Last?

Why use HFST?

• The most important reason is to improved 
safety!

• Milton et al. stated that the likelihood of a 
crash becoming fatal could be reduced 
by increasing pavement surface friction.

• HFST resist polishing better than other 
known aggregates, so the improvement last 
longer 

• In locations with excessive friction demand, 
HFST is the only answer other than modify 
the geometrics by rebuilding the road.
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Agency Goals and Expectation?

• Safety
1.  High Crash

Usually wet weather crashes
High Friction demand  locations

2.  Systemic Safety 
Risk Based (preventative action)

• Operations
• Longevity (Durability)

Return on Investment

Conceptual Relationship 
(Friction Demand, Speed and Friction Availability)

Source NCHRP 108
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5342

Relationship between curve speed and side friction demand for two radii
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Example of Variable Friction Demand

Source TRR 2075

• Road Geometry

• Vehicle Speeds

• Driver Actions

• Trucks

• Tires coefficient of friction is about 70% of 
passenger cars

• Tires have about 10% higher friction demand 

Contributing Factors for Friction Demand 

19

20



11

ARC Traffic Safety Task Force 09/30/2025

Basis for AASHTO Curve Design 
Model is ________________Driver Comfort

Although the curve design policy 
stems from the laws of mechanics, 
the values used in design depend 
on practical limits and factors 
determined empirically over the 
range of variables involved. 

AASHTO Horizontal Curve 
Design Model

𝑹 = 𝑽2/15(e + f)

e = superelevation

f = side friction factor

V = design speed (mph)

R = radius of curve (ft)

e + f = V2/15 R
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HC Operating Speed Model

e = superelevation

f = side friction factor

V = design speed (mph)

R = radius of curve (ft)

f = (V2/15 R) - e

f = friction demand
V= operating speed (mph)

https://www.fhwa.dot.gov/publications/research/safety/15030/15030.pdf

Chapter 4 examined 
the effect on operating 
speed when HFST 
was applied in 
horizontal curves and 
found no statistically 
significant change 

Operational Effect of HFST on 
Vehicular Performance
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Total Crashes
• Ramps CMF = 0.48
• Curves CMF = 0.63 
Wet Road Crashes
• Ramps CMF = 0.21 
• Curves CMF = 0.37

HFST Safety Effectiveness Study 

Details: 8 State Naïve Study
(includes a 25% penalty per HSM)

http://www.fhwa.dot.gov/publications/research/safety/14065/14065.pdf

Total Crashes
• Ramps CMF = 0.65
• Curves CMF = 0.76 
Wet Road Crashes
• Ramps CMF = 0.14 
• Curves CMF = 0.48

HFST Safety Effectiveness Study 

Details: Study with comparison sites
(includes a 25% penalty per HSM)

http://www.fhwa.dot.gov/publications/research/safety/14065/14065.pdf
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Published HSM Jan. 2023
Georgia Tech

HFST CMF from Georgia

HFST Case Study

Systems interchange Junction of I-94, I-43, & I-794

Reconstruction completed in August 2008

Featured Context Sensitive Solutions for the surrounding 

community

Milwaukee, WI 

27

28



15

ARC Traffic Safety Task Force 09/30/2025

TOTALS

Before HFST (11/08 – 8/11) 2 years, 10 months – 219 crashes
HFST Applied – 9/21/2011

After HFST (10/11 – 8/14) 2 years, 11 months – 9 crashes

Kentucky HFST Program

AfterBefore
Avg. Annual 

(70 locations)

21212Wet Avg.

1565Dry Avg.

36277Total Avg.

(As of 6/22/2015)
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Kentucky HFST Program

(As of 6/22/2015)

Reduction %
Avg. Annual 

(70 locations)

90%Wet Avg.

77%Dry Avg.

87%Total Avg.

Slide Courtesy of Kentucky Transportation Cabinet 

PennDOT News Release

A study of 47 locations with 3 to 5 years of post 
installation crash history showed:

– 91% reduction in wet weather crashes

– 76% reduction in RwD crashes

– 63% reduction of injury crashes

– 100% reduction in fatalities

No other crash countermeasure gets these 
results!

“Like a Miracle”
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HFST is a great safety treatment that 
happens to be a pavement!

HFST is not a pavement treatment that 
happens to have safety benefits!

To be applicable, HFST must still provide 
the functions of a pavement for durability, 
but it must greatly reduce crashes for a 
significant duration to distinguish its’ 
unique value.

HFST Conclusion 

Questions and Discussion 
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