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Disclaimers

• Except for any statutes or regulations cited, the contents of this presentation do 

not have the force and effect of law and are not meant to bind the public in any 

way. This presentation is intended only to provide information regarding existing 

requirements under the law or agency policies.

• The U.S. Government does not endorse products, manufacturers, or outside 

entities. Names/logos appear in this presentation only because they are 

considered essential to the objective of the presentation. They are included for 

informational purposes only and not intended to reflect a preference, approval, 

or endorsement of any one product or entity.

• Unless noted otherwise, FHWA is the source for all images in this presentation.
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23 CFR Part 626

§626.3 Pavement Design Policy

Pavement shall be designed to 
accommodate current and predicted 
traffic needs in a safe, durable, and 
cost-effective manner.

Source: U.S. Government Printing Office
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A public health crisis on our roadways, but gradual progress in 

recent years:

Estimates of Motor Vehicle Traffic Fatalities, 2021-2023

2021 Estimates 2022 Estimates 2023 Estimates
Percent Decrease 
from 2021 to 2023

43,230 42,514 40,990 5.2%

Source: Fatality Analysis Reporting System (FARS), National Highway Traffic Safety Administration (NHTSA)

Scale of the Road Safety Challenge
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The New Safety Paradigm
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A New Direction

The Safe System approach aims to eliminate fatal 
and serious injuries for all road users by:

Accommodating human 
mistakes

Keeping impacts on the human 
body at tolerable levels
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An “Invisible” PSC

• Originally High Friction Surface 
Treatment (HFST)

• 2021 PSC Update expanded this to be 
the foundation of Pavement Friction 
Management
• Still includes HFST
• Added Continuous Pavement Friction 

Measurement (CPFM)
• Recognizes importance of friction at 

additional locations, i.e., intersections and 
crosswalk approaches

• Proactive safety approach that dovetails 
with pavement preservation and asset 
management

Source: FHWA Pavement Friction Management | FHWA (dot.gov) 7

https://highways.dot.gov/safety/proven-safety-countermeasures/pavement-friction-management


• Friction (overall) is a function of two pavement surface 
characteristics: microtexture and macrotexture.

• Pavement Friction Design Objective:  
• Design for end-of-life friction meeting road friction demand.
• Different roads, and points along roads, have different 

friction demand.

• Friction demand is the level of friction needed to safely 
perform (i.e., meet driver expectations) for 
braking/stopping, steering/turning, and accel/decel.
• Friction demand varies based on type of maneuver.
• The nature of friction demand changes with speed.

Pavement Friction Characteristics

This Photo by Unknown Author is licensed under CC BY-NC-ND
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https://www.techzim.co.zw/2014/08/economics-technology-introduction/
https://creativecommons.org/licenses/by-nc-nd/3.0/


NCHRP Report 37 (1967): 

“…because the intensity of the polishing process 
increases markedly with tread element slip, all 
other factors being equal, the lowest friction 
levels are found on high-speed roads, curves, and 
approaches to intersections; in short, in locations 
at which high friction values are needed most.”

Back…to the Future!

This Photo by Unknown Author is licensed under CC BY-SA
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https://commons.wikimedia.org/wiki/File:TAR-intersection-icon.png
https://creativecommons.org/licenses/by-sa/3.0/


Field Friction Measurement

Conventional Friction Tester used 
on U.S. roads

• Locked-Wheel Skid Trailer (LWST)

• Runs at 40MPH for a 60-foot test 
(usually with ribbed tire)

• High-quality, repeatable test that 
provides sensible, reproducible results

• BUT…even when done at network 
level (recurring intervals) this is 
sample-based testing

Source: Center for Sustainable Transportation Infrastructure (CSTI) 
at Virginia Tech Transportation Institute (VTTI).
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Network Testing: Continuous vs. Sample

• Where routine pavement friction testing is still 
done in the U.S., it is sample-based using LWST.

• How does this compare to other pavement asset 
management data collection methods?
• Density (Intelligent Compaction, Infrared Technology, 

Ground Penetrating Radar (GPR)).

• Structural Integrity (Traffic Speed Deflectometer 
(TSD), GPR).

• Segregation (Texture).

• Ride/smoothness.

• Rutting and cracking. Do pavement conditions vary markedly
as you travel down the road???

Source: FHWA
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Continuous Friction Measurement

Source: Center for Sustainable Transportation Infrastructure (CSTI) at 
Virginia Tech Transportation Institute (VTTI).

Source: FHWA.

Source: FHWA.

Sideway-force Coefficient Routine Investigation Machine (SCRIM)

12

2,200 Gallon Water Tank   ≈   150-mi CPFM

Free-Rolling Wheel:
Slip-Angle: 20°
Slip-Ratio: 34%
Slip-Speed: 14 mph 

Smooth Test Tire 

NOT equal to 
Standard Vehicle Tire

• Rubber Tire test continuously measuring every foot of pavement
(more sensitive to microtexture).

• Laser based texture measurement system measuring every foot of pavement
(macrotexture).



Additional Data Collection Ability

SCRIM also collects:

1. Grade

2. Cross-slope

3. Curvature

1 2 3
This Photo by Unknown Author is licensed under CC BY-SA-NC
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https://cat.xula.edu/food/brightspace-tip-37-grade-book-bonus-points/
https://creativecommons.org/licenses/by-nc-sa/3.0/


• Method that objectively considers the 
following factors and how they may 
contribute to future crashes:
• Crash history.
• Roadway factors.
• Traffic characteristics.

• Helps agencies identify and prioritize 
locations for potential safety investment.

Network Screening
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• CPFM data from 5 states (FL, ND, TX, VA, WA)

• Over 50K 0.1-mile segments and 160K crashes across 
freeways, rural multilane hwys, rural two-lane hwys, 
and urban arterials; by tangent, curve, or intersection

Modeling Friction and Safety

FHWA Characterizing Road Safety Performance Using Pavement Friction | FHWA

https://highways.dot.gov/safety/rwd/keep-vehicles-road/pavement-friction/fhwa-characterizing-road-safety-performance-using


Friction and Safety Performance



Friction and Safety Performance



Proposed Facility Type Friction Thresholds



Value of CPFM for Safety

• Relies on 
crashes 
(reactive)

• 25 crashes over 
past 3 years

• High wet-to-dry 
crash ratio

Source: Federal Highway Administration. 
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Sample Data vs. Continuous Data

Side-by-Side Test Case
• Goal to obtain friction tests 

at even mile marker 
intervals

• Blue and red lines are 
CPFM-SCRIM
• Blue is microtexture (left axis)
• Red is macrotexture (right axis)

• Yellow boxes are LWST
• Note the location deviations 

at MM55 and MM56

• What about the highlighted 
area around MM59.8?

Source: Federal Highway Administration. 

A
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Findings from CPFM

Source: Federal Highway Administration. 21



Reactive or Proactive?

• Wait for crashes 
to happen, i.e., 
25 crashes over 
past 3 years

• Trigger a wet-to-
dry crash ratio 
threshold

• Friction loss 
observed via 
CPFM

• Intervention 
programmed 
proactivelySource: Federal Highway Administration. 

• Wait for crashes 
to happen, i.e., 
25 crashes over 
past 3 years

• Trigger a wet-to-
dry crash ratio 
threshold

• Friction loss 
observed via 
CPFM

• Intervention 
programmed 
proactively
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High Friction Surface Treatment (HFST) 
Program

• Crash reduction across 138 locations
(107 curves, 30 ramps, 1 intersection)

• In the U.S. very few HFST 
installations involved sites identified
by network friction testing. 

Kentucky Friction Experience

(As of 10/29/2018)

Crash Reduction from HFST

Category All
Ramps 

Only

Wet Average 91% 90%

Dry Average 53% 31%

Source: Kentucky Transportation Cabinet (KYTC).

In 2020, KY initiated largest PFM-CPFM project in the U.S.!

https://safety.fhwa.dot.gov/roadway_dept/pavement_friction/case_studies_noteworthy_prac/kytc/ky_hfst_15_038.pdf 
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https://safety.fhwa.dot.gov/roadway_dept/pavement_friction/case_studies_noteworthy_prac/kytc/ky_hfst_15_038.pdf


For More Information

https://highways.dot.gov/safety/rwd/keep-vehicles-road/pavement-friction/cpfm 
24

https://highways.dot.gov/safety/rwd/keep-vehicles-road/pavement-friction/cpfm


Conclusions  

• The collection of continuous friction and 
macrotexture data through the adoption of 
CPFM along with systemic pavement friction 
management (PFM) can have a significant 
impact on crash reductions.

• Measuring friction continuously (macro and 
micro), especially when complemented by 
road geometry data, provides a more 
effective method for identifying the most 
critical sections and allow focusing the safety 
improvement efforts on the higher risk 
locations, such as intersections and curves.
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Source: FHWA/Andy Mergenmeier

Source: PennDOT



Friction for Safe System Redundancy

The “Swiss Cheese Model” of redundancy 
creates layers of protection

Death and serious injuries only happen 
when all layers fail

Post-crash 
care

Safe roads

Safe 
speeds

Safe 
vehicles

Safe road 
users

Post-crash 
care

Safe roads

Safe 
speeds

Safe 
vehicles

Safe road 
users

Source: FHWA
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Thank You!

Jeffrey Shaw – FHWA Office of Safety

jeffrey.shaw@dot.gov 

Andy Mergenmeier – FHWA Resource Center

andy.mergenmeier@dot.gov 

mailto:jeffrey.shaw@dot.gov
mailto:andy.mergenmeier@dot.gov
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