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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 publicin 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.

CODE OF FEDERAL REGULATIONS

Source: U.S. Government Printing Office 3



Scale of the Road Safety Challenge

The crisis on our roadways continues to worsen based on estimated
roadways fatalities in 2021:

Estimates of Motor Vehicle Traffic Fatalities, 2020 vs. 2021

2020 Estimates 2021 Estimates Percent Increase from
2020 to 2021
38,824 42,915 10.5%

The largest number of projected fatalities since 2005.

Source: Early Estimate of Motor Vehicle Traffic Fatalities, National Highway Traffic Safety Administration


Presenter
Presentation Notes
USDOT released data from the Fatality Analysis Reporting System (FARS)’s History. 
An estimated 42,915 people died in motor vehicle crashes in 2021, up 10.5% over 2020. That’s the largest number of projected fatalities in that time period since 2005.


U.S. Fatalities by Focus Area

United States Fatalities by FHWA Focus Area  Average 2018-2020

13%

45% 11%

13%

0.2% 1.4%

Bl Intersections and Pedestrians/Bicycles (5.7%)
B Intersections and Roadway Departures (4.0%)

B Roadway Departure Only Crashes (45%) B Roadway Departures and Pedestrian/Bicycles (1.4%)
All Focus Areas (0.2%)

18%

B Intersection Only Crashes (18%)
@ Pedestrian/Bicycle Only Crashes (13%)
B Multiple Focus Areas (11%)

Crashes not involving a Focus Area (13%)

SOURCE: FARS
FHWA definitions available at safety.fhwa.dot.gov/fas
NOTE: Numbers in the pie charts may not add exactly due to rounding.
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Presentation Notes
FHWA defines a roadway departure (RwD) crash as a crash which occurs after a vehicle crosses an edge line or a center line, or otherwise leaves the traveled way. Another term our partners often use is lane departure, which is synonymous with RwD


ennessee Safety Priorities

Figure 20 - Fatalities and Serious Injuries by Infrastructure Type (2013-2017)
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Figure 24 - Vulnerable Road User Fatalities and Serious Injuries by Type of User (2013-2017)
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Tennessee Friction Experience

» Systemic applications of

HEST is already
established in TN

* This experience can be
leveraged toward a
more comprehensive
pavement friction
management program

TENNESSEE

Systemic Applications
of High Friction Surface
Treatment in Tennessee

What was the safety issue, problem, or gap?

In 2010, the Tennessee Department of Transportation (TDOT)
created a Safety Office to analyze crash types, causes, and
severity. In 2011, Tennessee adopted their Roadway Departure
Implementation Plan, which induded high friction surface
treatments (HFST). Up to that time, TDOT had implemented
HFST at ten locations statewide, primarily for lengthening
bridge lifecycles, and were now interested in widespread
deployment of the treatment as a safety improvernent
through the State’s HFST Initiative.

What were the key challenges that needed to be
addressed before the new practice could be Implemented?

Relatively new to HFST implementation, TDOT wanted to utilize a data-driven procedure to select sites where
HFST could effectively improve safety as they launched the Initiative. TDOT regarded crash history and site-specific
conditions related to pavement conditions, existing delineations, proximity to other curves, and other factors as
important considerations for selecting appropriate sites. However, analysis of these criteria was no small feat and
required field visits to each candidate location by Safety and Pavement/Materials Office staff.

TDOT requires a defined need before ebligating safety funds for any improvement. It was important to not only
document how safety at a particular site may improve after HFST installation, but to limit HFST use to locations with
sufficient pavement integrity, allowing HFST to last a full life span of up to 10 years.

Describe the new practice:
TDOT employed three approaches to help determine potential locations to include in their HFST Initiative, such as:

TDOT has an active The DOT has an exhaustive horizontal curve inventory | TDOT considers other spot locations
Road Safety Audit (RSA) | and overlays crash data onto known curve locations | as issues or opportunities arise,
program and conducts | to identify opportunities to further investigate. Curves | such aslocations experiencing

an RSA at some locations | slated for HFST installation through this approach are | wet-weather related crashesora
with a significant crash included in TDOT's HFST Initiative and the projectis | curve with dose proximity to an
history. programmed accordingly. upcoming HFST installation.

TDOT mostly used the proactive approach to develop the candidate location list and relied on the following systemic
process to do so:

Overlay crash data onto horizontal alignment.
TDOT overlaid three years’ of crash data onto their horizontal alignmentinventory.

Flag candidate locations and review data.

staff isolated all curves with four or more crashes in three years for further review, noting these that were
indicated as weather- or speed-related in the crash report.

Perform field Investigation.

Small teams of Safety Office and Pavement/Materials Office staff visited each candidate location to review and
document curve geometry, sight distance, cross-slopes, existing safety improvements (e.g., signs, pavement
marking), and evidence of past crashes (e.g., skid marks, damaged infrastructure). The team marked and
documented potential limits for each HFST location and ensured signing and pavement markings were
appropriate and in good condition.

Narrow the list.

After field reviews, some locations were eliminated from the HFST Initiative for various reasons, including poor
pavement integrity, crashes attributed to intersections within the curve, and others. Curves remaining on the list
were grouped by proximity and prograrnmed for installation.

Key accomplishments, Including roadway safety Improvements:
Since the launch of the HFST Initiative in 2011, TDOT has completed approximately
50 HFST projects ranging from 2-lane rural to 5-ane urban locations, and
appreximately 60 locations were selected for HFST applications in the past year. TDOT
plans to complete performance evaluations for the HFST Installations, after collecting
three to five years of crash data.

Additionally, TDOT held an "open house” event in 2015, as seen In photo, where
they provided nearly 50 participants representing local agencies, engineering
consultants, TDOT, FHWA, and universities with an opportunity to learn more about
HFST application, benefits, and costs. The event induded a live, on-site demonstration of HFST installation by the
TDOT Materials and Test Divisien; presentations on HFST history, development, effectiveness, and installation; and an
opportunity for questions and answers withTDOT and FHWA presenters.

HFST Open House by TDOT

What technical and/or institutional changes resulted from the new practice?

TDOTS systemic HFST implementation has impacted local agencies; several have expressed a desire to try HFST
and contacted TDOT for guidance and information. Along with their impressive local route inventory, local agencies
in Tennessee have a solid funding mechanism that can sustain HFST installations on the local network.

What benefits were realized as a result of the practice?

Applying a systemic approach and rigorously vetting proposed locations ultimately helped leadership suppaort the
HFST initiative and moved it forward. The process also garnered support and proved to be beneficial at the
local agency level.

Safe Roads for a Safer Future

Lnvestinnst i3 rashsay iofely suses dves Joseph Cheung Danny Lane

http:/safety fvwe dot gow FHWA Office of Safety Tennessee Department of Transportation
THWASATE 0S8 Joseph.cheungendot.gov dannylaneatn.gov




The New Safety Paradigm

The Safe System Approach: 6 Core Principles

= Death/Serious Injury is s A
Unacceptable R %ﬁ??‘ ‘
= Humans Make Mistakes >
= Humans are Vulnerable
= Responsibility is Shared

= Safety is Proactive

= Redundancy is Crucial

5 Inter-Related Elements

Q ZER®Q 848

Federal Highway Administration A SAFE SYSTEM 15 HOW WE GET THERE
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A New Direction \

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

ﬁ Accommodating human
mistakes

Keeping impacts on the human
* body at tolerable levels



Presenter
Presentation Notes
Key Message: The Safe System approach aims to eliminate fatal and serious injuries for all road users by accommodating human mistakes and keeping impacts on the human body at tolerable levels. This is the fundamental objective of the Safe System approach. What separates the Safe System approach from the traditional approach to safety is the ethical imperative that not even one death is acceptable in our roadway system. The next slide provides a bit of brief background on the Safe System approach.
Interactivity: No interactivity for this slide.
Background: No background for this slide.
Notes: Examples of accommodating human mistakes include roadway design features like rumble strips, which alert a driver when they are unintentionally departing the roadway, or vehicle design features like autonomous emergency braking, which activate to stop the vehicle when the driver may not be able to do so. Examples of keeping impacts on the human body at tolerable levels include measures to control speed, physically separating users travelling at different speeds (e.g. drivers and people riding bikes), and vehicle safety features like seatbelts and airbags.


“Invisible” PSC

Safety Benefits:
HFST can reduce
crashes up to:

63%

for injury crashes at ramps.?

48%

for injury crashes at
horizontal curves.2

20%

for total crashes at
intersections.?

For more information on this
and other FHWA Proven Safety
Counfermeasures, please visit

https:/ /safety.thwa.dot.gov
provencountermeasures/ and

hiips://safety.thwa.dot.gov/
readway_dept/pavement_

OFFICE OF SAFETY

Proven Safety
Countermeasures

Pavement Friction
Management

, \eal che

‘Continuous Pavement Friction
Measurement

Applications

HFST should be applied in locations
Friction data for safety performance with increased friction dermand

5 best measured with Continuous Including:

Pavermnent Fiction Measurernent
(CPFM) equiprnant. Spot friction
measurement devices, like locked-
wheed skid tre . cannot safely and + Intersection approaches.
accurately collect fiction d n
curves orf intersections, whare the

* Horizonhal cumnves.

+ Inferchange ramps.

o Highet-speed signalzed and
stop-controled Infersections.

o Steep downward grades.

crtical. Without CPRM aquiprient,

tions with a history of rear-and.
ure to yield, wet-waatheat of red-
light-nunining crashes.

+ Crosswalk appr

agencias me tha some
friction over a mike of more.

CPFM technology medires fricton
confinuoushy at highway speads
des both network and segment  Considerations

L wars can analyze  « HFST s applied on existing pavernent,
the friction, crash, and roodway data 50 No new pavement & added.
to better undarstand and predict
where fiction-related crashes wi
ocewr to better farget locations and
mare effectively install freciments.

ches.

= If the underlying pavemeant
structure is unstable, then the
HF5T life cycle may be shortened,
resulting in pre-mature failure.

High Friction Surface Treatment

+ The autornated instaliation method
Iz prefarmad as it minimizes isues
often associated with manua
Instaillction N error due to
fatigue, Inadequate bindar midng
Inpropar o unigven bindor
thickness, delayed oggregate
placermant, and inad
aggregate coverage.

egate over a thenm,
olyrmar rasin binder that
aggregate in ploce to restore or
anhance friction and resistance.
Calcined bauxite is the oggregate
shown fo yield the bast results

nd should be used with HFST

appicanions.

+ The cost can be reduced when
bund Installations at multiple
locations.

ZERNEH

* Originally High Friction Surface
Treatment (HFST)

e 2021 PSC Update expanded this to be
the foundation of Pavement Friction
Management

e Still includes HFST

 Added Continuous Pavement Friction
Measurement (CPFM)

* Recognizes benefits at additional locations

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

10



What is Texture?

Macrotexture
Microtexture /

o Aggregate

Pavement Cross Section

Source: Center for Sustainable Transportation Infrastructure (CSTI)/ Virginia Tech Transportation Institute (VTTI).
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Presentation Notes
When we try quantify friction characteristics, we try to measure texture.  The texture of interest is micro and macro texture. Micro texture is the roughness of the aggregate surface (think of sandpaper) and macro texture is voids between aggregate on the surface that will allow moisture to be evacuated.  There are no perfect tests to measure texture at highway speed.



Friction Considerations

* Friction is a function of pavement
surface macrotexture and microtexture

* Friction demand is that needed to
safely perform braking, steering, and
acceleration maneuvers

* Pavement Friction Design Objective:

* Design for end-of-life friction meeting

road friction demand
e Different roads have different friction

demand

Price

12


https://www.techzim.co.zw/2014/08/economics-technology-introduction/
https://creativecommons.org/licenses/by-nc-nd/3.0/

Surrogate Approach

* Relies on
crashes
(reactive)

e = f-‘ e 25 crashes over
> .| past3years

© ¢ < High wet-to-dry
“ | crash ratio

Source: Federal Highway Administration.
13



Typical U.S. Field Measurement

Conventional Friction Tester
used on U.S. roads

* Locked-Wheel Skid Trailer (LWST) |

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

* Even when done at network level
this is sample-based testing

Source: Center for Sustainable Transportation Infrastructure (CSTI)/ Virginia
Tech Transportation Institute (VTTI).
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Presenter
Presentation Notes
The locked wheel skid trailer is the standard for US highway applications.  It is a quality field test with good repeatability and reproducibility.  It is a sample based testing system and due to testing methods may be unable to test sections of pavements of interest such as curves and intersections.
For state DOT’s that conduct network level friction testing, the LWST is the test procedure.



—

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

Sideway-force Coefficient Routine Investigation Machine

Source: FHWA



Presenter
Presentation Notes
SCRIM system – the reason it is the size it is – project required 2000 gallon water tank to meet daily testing requirements to test 150 miles/tank;  So I am excited to learn of your long term experiences.
Implementation is a challenge in the US – change is a challenge – so when engineers saw this vehicle compared with their conventional trucks, they were initially taken a back;
FHWA SCRIM has a 2200 gallon tank – over 124-186 miles of testing between water fill ups;  WA DOT skid trailer has 600 gallon tank (I believe larger than others) they generally run 2 tanks of water a day of testing, 1 test per mile,
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Source: Federal Highway Administration.


Presenter
Presentation Notes
Figure shows the continuous friction test results, depicted by the blue line.  The small yellow boxes, FN40R, indicate a test result from the standard locked-wheel skid trailer (LWST) with a ribbed tire with a test frequency of 1 test per mile.  Test results demonstrate that friction varies throughout this horizontal curve and the standard LWST sample-based testing program does not identify the low friction areas. 
Source of information is FHWA study conducted by Virginia Tech



Additional Data Collection Ability

SCRIM also collects:
1. Grade

2. Cross-slope

3. Curvature

Ratz Frama
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Source: Federal Highway Administration.
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Presentation Notes
Photo shows the road geometrics and intersection at the low friction location.
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CPFM Resolution \

I

1. Good SR 50-55 =
2. Fair SR 45-50 I:I
3. Poor SR 40-45 [
4 Very Poor SR35-40 M

GGGGG


Presenter
Presentation Notes
Each box represents an average test result over 30 feet using the continuous friction measurement system.  

Do not use in formal presentation



NCHRP Report 37

“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.”

- National Cooperative Highway Research Program Report 37 (1967)
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TN CPFM Pilot Demo Examples
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* Recent HFST/friction HighFriction e =X High Friction
experience has been mostly  [Suissdissi Surface Treatment ppjcatons s
.. . at Intersections e ot G SR
limited to horizontal curves _

and ramps
e Past evaluations of enhanced |

' o

Ly

Intersection Applications

HFST is well-suited to intersection approaches. HFST can be applied using a systemic approach as a

I Over time, the pavement surface may become polished, thereby reducing
preventative safety strategy based on specific roadway, intersection, or pavement characteristics.

the available pavement friction and creating a higher risk of crashes.'
Also, intersections are locations where friction demand is higher due to
slowing, stopping, and turning actions that require an adeguate supply
of friction. High Friction Surface Treatment (HFST) consists of a layer of
durable, anti-abrasion and polish-resistant aggregate (typically calcined
bauxite) over a thermosetting polymer resin binder that “locks” the
aggregate in place to restore or enhance friction and skid resistance.

. ° HFST is one of the FHWA Proven Safety Countermeasures, and has been e
shown to significantly reduce injury and fatal crashes by roughly half Approaches to Locations with history of intersection
S I r e S I S a I I ‘ e I l O a at horizontal curves and nearly two-thirds at interchange ramps.2 As a S’:;%‘i;sg% we’:ﬁ;’ggz‘ma‘?ﬂ%m é‘mﬁgg;”%j
result, agencies are applying HFST at intersections as well. stop-controlied running crashes, especially
intersections with severe injuries

intersections has shown @ .

S i g n i fi C a n t b e n efi t S Safety Benefits of Improved Friction Advantages of HFST @ Q @

« Improved driver contral = Service life at least 5 years, with some over 10 years
(o) M M « Reduced stopping distances under both wet and dry « Very cost effective® y o i ol
[ ] conditions?® . Appfied by machine instafled aver Applied in a Can be tinted Results in minimal
O * The targeted nature of the treatment is conducive at a similar speed to virtually all relatively short additional pavement
* Reduced skidding to short installation windows resulting in brief wark other paving surface asphalt and timeframe thickness
« 20-percent reduction in total intersection crashes* zones and less impact fo traffic treatments or applied concrete (4" o%")
. . . - _ . - with hand tools pavement types
o o 42-percent reduction for al rear-end crashes at Provides significantly higher Trlct!un al Incauunsr
. o reduction for rear-en ;i
and critical Additional Resources

* Nearly 70-percent of wet pavement crashes

atintersctions can be prevented by improved * Can mitigate for Imited sight-distance at + FHWA Every Day Counts, Frequently Asked Questions — High Friction Surtacs Treatments 2017. https: /www.fwa dot.gow/
C ra S h e S pavement friction on a systemic basis® ;’;E‘;‘EE“D”S by reslucing the fntal déstance needed innovati ydaycounts/edc-2/pdis/hfst fags.odf
—_ S i » FHWA Every Day Counts, A Road Surface Treatment for Critical Safety Spot Locations that Helps Vehicles Stay in Their Lane.
s ; . . hittps:/fwww. fhwa. dot. gow/innovation/everydaycounts/edc-2/pdfs/ifst_brochure.pdf
az * High Friction Surface Treatments (HFST) website - hitos.//safety. fiwa.dot.gow/roadway dept/

FHWA-5A-20-012|

e 70% reduction of wet
pavement crashes
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20%

10%

0%

Florida Intersection Case Study

Comparison of Improper Stopping Behavior Rate
at Hillsborough @ Central Ave, Tampa

42%

35%

** significant at a
95% confidence level
* significant at a 90%

13%*
11%**

confidence level

N

Night
mBefore «xAfter 1 month = After 9 months

Results from analysis of stopping behavior at Central Ave. intersection before and after HFST application. (Source: CUTR)

* District 7 (Tampa)

e Used CPFM and crash
data to conduct
intersection Road
Safety Assessment

* Pre-HFST: FN4OR = 37/
* Post-HFST: FN4OR =79

* Before/After crash
data analysis pending



UK Friction Management Levels

Site category and definition

Investigatory level (50 or 80 kmvh)

0.30|0.35| 040 0.60

Motorway

0.65

Dual carriageway non-event

Single carriageway non-event

Approaches to and across minor and major
junctions, approaches to roundabouts

Approaches to pedestrian crossings and other
high risk situations

Roundabout

G1

Gradient 5-10% longer than 50m

G2

Gradient >10% longer than 50m

S1

Bend radius < 500m - dual carriageway

S2

Bend radius < 500m - single carriageway

Source: United Kingdom CS 228 Skidding Resistance Revision 0, August 2019.

LEGEND: . Normal Risk D Lower Risk
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Presenter
Presentation Notes
Example of UK friction program and the varying friction thresholds for different road characteristics – one size does not fit all conditions.
This could be built with SPF.  SPF would also be able to quantify expected safety benefit (probable crash reduction) on individual segments of road.
Lighter pink squares in chart:   cells indicates a lower IL that may be appropriate in lower risk situations, such as low traffic
levels or where the risks present are mitigated by other means, providing this has been confirmed by
the crash history.



Superior Approach

= - Friction loss
observed via
CPFM

e Intervention
programmed
Source: Federal Highway Administration. p roa Cti\le Iy
26
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Conclusion

* 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.

27


Presenter
Presentation Notes
So why is your SHA using sampled based testing?



For More Information

[

U, Papariment of Tronsporiation
Eederal Highway Administration

CONTINUOUS PRVEMENT FRICTION MEASUREMENT

Enhancing Safety through Continuous
Pavement Friction Measurement

Pavement friction can save lives in your state. Roadway departure and intersection
crashes account for 75 percent of traffic
fatalities across the United States.

Source: Fatolity Analysis Reporting System

The friction provided by a roadway surface affects how vehicles interact
with the roadway. Measuring, monitering, and maintaining pavement
friction — especially at locations where vehicles are frequently turning,
slowing, and stopping — can prevent many roadway departure and
intersection related crashes, resulting in fewer serious injuries and
fatalities. Best practices and proven technology in use for several
decades in other countries present an exciting opportunity for the U.S.
road safety community.

Experience with High Friction Surface
Treatment (HFST) in the LS. has revealed
that friction is an important safety
performance parameter.

Source: FHWA HFST Website

Why Continuous Pavement Friction Measurement is Better

To characterize the safety performance of a specific horizontal curve or intersection, it would not make sense to
report it as an average of the crashes observed (or expected) at locations several thousand feet or more away. And
yet, this is usually how friction is reported for most locations. Furthermore, pavement friction is not currently a
parameter used in crash-based safety modeling in the same way as other roadway characteristics, such as number
and width of travel lanes; presence, width, and type of shoulder; degree of curvature, etc. For these reasons,
Continuous Pavement Friction Measurement [CPFM) offers a two-fold opportunity for enhancing road safety.

Today, it is standard procedure for network level friction in the United States to be measured using a sample-
based, discrete (i.e., not continuous) measurement called the Locked-Wheel Skid Trailer (LWST) test, in which a
measurement IS taken over a 60-foot distance by locking a wheel on a tow-behind trailer. This method is highly
reliable and does provide useful point information. However, reported values reflect averages across long distances
through changing road conditions, and do not effectively differentiate the changes in friction along the route
corridor. Furthermore, LWST equipment is difficult to utilize in critical high friction demand locations, such as
horizontal curves or intersections, which tend to experience greater tire scrubbing and polishing that lead to loss of
pavement friction. For this reason, surrogate safety metrics, such as the number or ratio of wet weather crashes,
are used to screen for locations that may respond to friction improvement. Unfortunately, opportunities to improve
friction and enhance safety at locations below the wet weather crash threshold may be overlooked.

Fortunately, CPFM is an established and proven approach

that has been used for several decades in other countries that
could revolutionize the role of pavement friction in framing our
d ding and it of the safety perfe -
of our Nation's roads. CPFM equipment is able to measure
pavement friction continuously, through tangents, curves and
intersections, at speeds as high as SOMPH. This data can then
be post-processed at user-defined increments as small as 1-foot.
This approach is commaonly used by road authorities in many
European countries, Australia, and New Zealand, and even by
airport authorities in the U.S. to measure friction on runways.
Figure 1 presents CPFM data acquired at one U.S. location that
was part of a recent FHWA pilot project, where it was found
that pavement friction varied throughout the curve; it was
considerably less through the curve and intersection area than

on the tangent approaches. It would have been very difficult, if

not impossible, to measure pavement friction at this resolution Figure 1: Visualization of CFM data through a curve with
in these locations using LWST equipment. an intersection (presented in 30-foot averaged intervais).

Managing Friction for Safety

More than 50 years age, National Cooperative
Highway Research Program (NCHRP) Report 37
stated that “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 maost.” Essentially, this
research recognized that a clear friction “supply

and demand” relationship exists, and s a factor in
determining the safety performance of a road. While
aggregate testing and specifications, pavement mix
designs, and rubber tire manufacturing have evolved
inthe years since that report was published, the
basic friction supply and demand relationship is still
relevant. Research conducted in other countries hag
consistently found a relationship between paverment
friction levels and safety, and programs that
subsequently established maintenance values for
friction that are grounded in safety performance rely
upon CPFM for monitoring. Furthermore, pavement
friction treatments, including HFST, can be better
targeted for installations that are more efficient and
effective when using CPFM data.

In 2015, the Federal Highway Administration [FHWA)
began collaborating with four State departments

of transportation on a pilot study to demonstrate
CPFM equipment technologies and compare

results to each State's LWST equipment. The study
confirmed that CPFM data, combined with crash
data, provides significant insight regarding whether
friction improvements reduce crashes. Based on
the pilot results, FHWA encourages the use of CPFM
to provide comprehensive pavement friction data,
combined with existing safety data and analysis, to
create an overall pavement friction management
program anchored in safety.

For more information:
FHWA Office of Safety
Jeff Shaw leffrey.shaw@dot.gov

CPFM: An International Best Practice
United Kingdom

Since the 1980s, pavement friction of the English
Strotegic Rood Network has been managed through
a requirement to provide specific levels of skid
resistance and texture depth, using CPFM as the basis
for monitaring. A 1991 paper by Rogers and Gorgett
referenced a National Skidding Resistance Survey
report that estimated this approach would result in 6
percent fewer casualties per year on trunk roads, and
a benefit-cost ratio of 5.5-to-1. In 2016, the Transport
Research Laboratory published PPR B06, which further
reviewed the relationship between crash risk and

skid resistance. The study found that for curves and
steep grades, roodways with higher skid resistance
have o lower risk of collisions, even in wet conditions,
ond recommended that enhanced skid resistance
treatments be prioritized for those sites.

New Zealand

Throughout the 1950s, the New Zealand Tronsport
Agency (NZTA) sponsored road surface friction
research and development and estoblished their
Jirst skid resistance policy and specification in 1997,
which required CPFM eguipment be used for netwaork
skid resistance mensurement. Consistent with UK
experience, the 1998 Transfund New Zeoland Research
Report 141 documented a statistically significant
relationship between crashes and skid resistance at
Jfunctions, curves and steep grades, ond indicated that
wet road crashes could be reduced 45-61% ot these
Iocotions with torgeted enhonced skid resistance.
Finally, a 2011 paper by Whitehead, et al, reviewed 11
years af experience with the NZTA policy and found the
benefit-cost ratio ranged between 13:1 and 35:1.

Including t fricionas a ter in road safety performance modeling, establishing friction
performance thresholds based on context, and proactively and systemically managing friction can help your
agency achieve its road safety goals to save lives and prevent serious injuries.

FHWA Resource Center
Andy Mer i Andy. i .Bov

FHWA-5A-21-014

F M e e

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



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

Safe Systems have Redundancy

The “Swiss Cheese Model” of redundancy
creates layers of protection
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Death and serious injuries only happen
when all layers fail
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Source: FHWA



Presenter
Presentation Notes
Key Message: 
The left graphic shows how five Safe System elements work together, such that if one part fails, there are redundant systems in place. The “Swiss Cheese Model” helps demonstrate this redundancy. Layered safety measures are represented as slices of swiss cheese with the holes being weaknesses in individual parts of the system. The holes represent weakness causing failures or latent condition. When the cheese slices act as successive layers of defenses and the holes are not lined up, a person is protected.
The right graphic shows that a failure only results when a hole in each slice momentarily aligns, permitting a hazard to pass through holes in all the slices. The basic principle is that lapses and weaknesses in one part of the system can occur, but other parts compensate to not allow a failure. This relates back to the Safe System principles that redundancy is critical and responsibility is shared.
We’ve now discussed all six Safe System principles and all five Safe System elements. The next section of the presentation focuses on Safe System case studies. 
Interactivity: Optional break for questions.
Background: 
The “Swiss Cheese Model” is applicable to numerous risk management fields and was originally espoused by Dante Orlandella and James T. Reason of the University of Manchester. The graphic was adapted for FHWA from their work to explain the redundancy of the five Safe System elements.
We showed the previous slide where all the holes are lined up, meaning redundancy isn’t there. This slide shows cheese slices with the holes not lined up and how redundancy works. 
Notes: A good example of how the five Safe System elements work together to create redundancy is distracted driving. Education campaigns focused on alert driving—avoiding behaviors like texting while driving—help create safe road users. Vehicle safety systems, like lane departure warnings, create safe vehicles that alert distracted drivers to potential hazards. Enforcement can help maintain safe speeds, so that if an incident should occur due to distracted driving, impact forces on the human body remain within tolerable levels. Infrastructure like rumble strips creates safe roads and an additional layer of redundancy to warn distracted drivers about a potential roadway departure. Sometimes, all these measures are not enough to prevent a distracted driving crash from occurring, but efficient, rapid post-crash care can help this mistake not be fatal.
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