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Presenter
Presentation Notes
11:00-11:30 so plan for 25 minutes. the presentation/information they would like includes continuous friction measurement through curves and how that provides the needed information to assess if a curve is in need of friction enhancement – I can make that presentation and include some information on HFST application in curves and their crash reduction. Appreciate opportunity to share with you . .  .  In the US discussion between pavement personnel and safety does not have a long history.  US is learning from information presented in the years at this conference, and trying to apply it within the US.  I am honored to be here, give you insight into US practices



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. Trademarks, names, or logos appear in this 
presentation only because they are considered essential to the 
objective of the document. They are included for informational 
purposes only and are not intended to reflect a preference, approval, 
or endorsement of any one product or entity.

• All AASHTO and ASTM standards mentioned in this workshop 
content are non-governmental, voluntary standards and compliance 
with them is not required under Federal law.

• The approaches and methods discussed in the presentations are not 
Federal requirements unless otherwise stated. Some items may be 
required by State policy or specification.

• Unless otherwise noted, FHWA is the source of all images in this 
presentation.
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Acronyms
• AASHTO: American Association of State 

Highway and Transportation Officials
• AADT: Annual Average Daily Traffic
• ADT: Average Daily Traffic
• ASTM: American Society for Testing and 

Materials
• CFME: Continuous Friction Measurement 

Equipment
• CFR: Code of Federal Regulations
• CMF: Crash Modification Factor
• DOT: Department of Transportation
• FHWA: Federal Highway Administration
• HFST: High Friction Surface Treatment
• HFT: Highway Friction Tester
• HSM: Highway Safety Manual
• KYTC: Kentucky Transportation Cabinet

• LWST: Locked Wheel Skid Tester
• MPD: Mean Profile Depth
• MSC: Mean SCRIM Coefficient
• NCHRP: National Cooperative Highway 

Research Program
• RSA: Road Safety Audit
• SCRIM: Sideway-force Coefficient 

Routine Investigation Machine
• SPF: Safety Performance Function
• SR: Continuous Friction Measurement 

Test Result
• VaTech, VTTI: Virginia Tech 

Transportation Institute
• UK: United Kingdom
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Agenda
• Friction and Safety
• Continuous Friction Measurement Data to Support Safety 

Analysis
• Continuous Friction Measurement Data
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Presenter
Presentation Notes
Pvt Pres:  provide background information and current activities to hopefully assist you in your efforts going forward.  How friction and safety are being assessed.Add safety analysis modeling – very briefly since audience is pavement folks;History is a great teacher and must know history to move forward. Physics and science do not recognize political boundaries, but culture does and culture drives policies, priorities, and action.  Culture changes as a country goes from being young, to middle age, and further into maturity and that is the case with the US and road transport and safety.
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Friction and Safety
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AASHO Road Test – 1950’s 

Major Federal Road Research 
• Pavement and Safety
• Large Vehicle Damage Assessment – Taxes
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Presenter
Presentation Notes
The AASHO road test is the foundation for the pavement design of most roads constructed in the US and much of this research is included in our current pavement design methods.



Highway Friction Testing – 1950s to 1960s
• 1st International Skid Prevention 

Conference held in the United 
States, 1958

• Correlation study of locked wheel skid 
trailers in 1962

• American Society for Testing and 
Materials (ASTM) committee E-17 
on Skid Resistance formed in 1960

Source: Center for Sustainable Transportation Infrastructure (CSTI)/ 
Virginia Tech Transportation Institute (VTTI).
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Presenter
Presentation Notes
Significant fundamental rubber friction research was occurring in the US in this time frame.  The fundamental research was then applied to pavements. That research led to these activities.



Pavement Policy

Federal Regulation, 23 CFR 626.3 – Policy 
• “…Pavement shall be designed to accommodate current and 

predicted traffic needs in a safe, durable, and cost effective 
manner.”
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National Friction Guidance and 
Practices (continued)
NCHRP Report 37, 1967: 
• Vehicle speeds increased, younger drivers  
• “…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.”
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Presenter
Presentation Notes
Recognized in 1967, but not formally addressed; Pavement friction not regarded as great concern prior to 1950.  Perceived skidding accident rate increase, thus increase in interest of pavement friction.  Similar concept as we face many times today, 50 years later,  – was it an increase in skidding accident rate or improved accident reporting?  No question that vehicle speeds increased, younger drivers, increase vehicle density (increase in pavement wear). 



Kentucky HFST Program – Crash 
Reductions 
• Crash reduction percent; % (138 locations: 107 curves, 30 

ramps, 1 int.)
• Nationwide, very few HFST installations were from sites 

identified by network friction testing. 
(As of 10/29/2018)

Annual All Ramps
Wet Average 91% 90%
Dry Average 53% 31%

Source: Kentucky Transportation Cabinet (KYTC).

2020 Initiated largest continuous friction measurement project 
in US.  Annually collecting approximately 15,100 lane miles.

10Office of Innovation Implementation

Presenter
Presentation Notes
I expect all are aware of the recent efforts in High Friction Surface Treatments.  In 2010 in the US we had a few installations being placed and now it is a common Safety Countermeasure in many states and the use has increased exponentially. When installed at appropriate locations - significant crash reductions are achieved.  Here is Kentucky information on crash reductions – 60 locations – 3 years before and at least 3 years after HFST installation crash data.  HFST addresses one item – friction, so clearly this data and our experiences with HFST have demonstrated that there are locations where increasing the friction can lead to safety benefits. Please note that crash reductions in both wet and dry conditions are significant..  The KY sites were selected based on crash analysis, road geometrics, and visual field site investigation. The KY data for this slide comes from June 2015 analysis.KY information source:  Kentucky Transportation Cabinet and February 2015, Case Study: Kentucky Transportation Cabinet's High Friction Surface Treatment and Field Installation Program.1999 national survey – 24 of 39 responding SHAs indicated they did some level of network friction testing. I want to highlight that very few if any HFST installation sites to date have been identified by state network friction testing programs. So several states are assessing friction today, but it is not identifying sites for friction improvement. PennDOT 2019 (source is Carbondale News April 22, 2019 on-line newspaper, Carbondale, PA – data confirmed by PennDOT) Examples of deployed STIC innovations in Pennsylvania include:High Friction Surface Treatment (HFST)As of November 2018, PennDOT had successfully installed HFST on over 300 different two-lane sections of Pennsylvania roadways. These locations were selected based on wet-road crash data, excessive braking at intersections, presence of unmovable objects affecting the width of the clear zone and other lane departure crashes. Follow-up crash data analysis at 47 locations, where crash data was available for at least three to five years after HFST installation, showed a significant crash reduction in wet road, run-off-road, hit fixed object, and all crashes. Fatalities at these locations went from eight to zero and injury crashes went from 190 to 71, a 63 percent decrease.
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Presenter
Presentation Notes
Preventive – do not wait for crash
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Presenter
Presentation Notes
 "Intersections only" refers to non-interchange intersection/intersection-related crashes; "Roadway Departures only" refers to non-intersection crashes in which a vehicle crosses an edge line, a centerline, or leaves the traveled way (includes intersections at interchange areas); RwDs consistently account for more than half of the fatalities in the United States.Other crash types of Safety Focus Area:  Alcohol, Unrestrained, Large Trucks"Alcohol" refers to crashes involving a driver with a blood alcohol content (BAC) =.01+; "Unrestrained" refers to unrestrained passenger vehicles occupant fatalities (does not include unknown restraint use).



Safety Analysis 
Safety Performance Functions (SPF), relate crashes 
to several factors
• X1, X2, …, X n

•   Explanatory variables
• P: Number of crashes on segment L
• AADT: Traffic count
• Xi: Friction, Texture, Curvature, cross-slope, grade, etc.

Friction demand – level of friction (micro- and macrotexture) needed to safely perform 
braking, steering, and acceleration maneuvers.
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Presenter
Presentation Notes
Current and emerging Safety analysis methods are being assessed;  – it is commonly used now in the Safety Analysis field; Negative Binomial equation; Trying to assess crash risk. Possibly add rumble strip, paved shoulder to Xi?  This is crash frequency – what is appropriate L? for rumble strips and lane width can be miles, but what about for friction?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 practice for network level friction measurement in the United States to use 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 provides useful point information but equates to results for only about 1 percent of road mileage. Results are averaged across long distances through changing road conditions, and do not effectively differentiate the changes in friction while traveling the roadway. 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. However, opportunities to improve friction at locations below the wet weather crash threshold will inevitably be overlooked.



𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑟𝑟
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AASHTO Highway Safety Manual (2010)
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For rural 2-lane 2-way segments, the basic formula is:Npredicted rs = Nspf rs × Cr  × (CMF1r × CMF2r × … × CMF12r)SPF calculates crash frequency (e.g. crashes per AADT, length, crash type, crash severity,)If we had friction data, we would probably apply it as a CMF, but it isn’t currently one of the 12 CMFs we use, which include lane width, shoulder width and type, horizontal curves, superelevation, grades, driveway density, center rumble strips, passing lanes, TWLTLs, roadside design, lighting, and automated speed enforcement. Several of the CMFs have their own equations, which we might need to come up with for friction measurements. Each factor has a base condition, so twelve foot lanes are the base condition, and if the segment has 12 foot lanes, the CMF is 1.00. But for 11 foot lanes, if ADT is <400 it is 1.01, or > 2000 it is 1.05, but if it is between 400 and 2000 use the formula 1.01 + 2.5 × 10-5(AADT – 400). There are different CMFs and equations for 10 foot and 9 foot lanes. So if we had friction data, we would probably incorporate something like that. 



Example Analysis: Rural Two- 
Lane Segment 
Lane Width - base condition is 12’
• Segment has 12’ lanes, the CMF is 1.00. 
• Segment has 11’ lanes, if ADT is <400 CMF is 1.01 (increase in 

crash risk by 1%)
• Segment has 11’ lanes, if ADT is > 2000 CMF is 1.05
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Presenter
Presentation Notes
National CMF clearinghouse.  Note the increase in traffic results in an increase in crash frequency – this is for many reasons – could one reason be related to friction since more traffic results in additional “polishing” of pavement?
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Continuous Friction 
Measurement Data to 
Support Safety Analysis 

Presenter
Presentation Notes
Safety Performance Modeling and Analysis:  Safety Folks use this terminology while Andy thinks of Crash Risk Analysis



Standard of Practice
• Locked-Wheel Skid Trailer 

(LWST)
• Wet weather-related crashes 

(Skid Accident Reduction 
Program (SKARP))

Source: Center for Sustainable Transportation Infrastructure (CSTI)/ Virginia 
Tech Transportation Institute (VTTI).
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Presentation Notes
US is only developed country with highway agencies conducting network level friction testing that use sample/LWST, all others use continuous.  US airfields use continuous for over 30 years. Conventional US highway skid test:  A locked wheel skid tester consists of a trailer with one test wheels in the left wheelpath. The trailer is towed at a given speed, and then water is applied in front of the test wheel when the test wheel is locked. The friction force between the tire and the pavement is then measured for a specific time interval (usually 2 to 3 seconds, test result is the average over a 1 second interval (59ft) of fully locked wheel). Either a ribbed tire or a smooth tire can be used for testing.  Twenty four out of the 39 State highway agencies that responded to the survey by Henry(1) indicated they perform skid testing of their highway network at regular intervals. The testing frequency varied among the agencies. The testing frequency of the interstates was: entire network annually – 12 agencies; half of the network annually – 9 agencies; a third of the network annually – 3 agencies. The testing frequency of the primary road network was: entire network annually – 3 agencies; half of the network annually – 14 agencies; a third of the network annually – 2 agencies; and a quarter or a fifth of the network annually – 5 agencies.Network – testing was still spot testing – 59’ feet measured/recorded and 1 test every mile or so – probably not at high friction demand locations.  Many believe skid test represents a certain pavement section vs. a spot test.



Continuous vs. Sampled Based 
Pavement Testing
Standard friction testing in the United States is 
sample based
Do pavement conditions vary markedly as you travel 
down the road?
• Density (Intelligent Compaction, Infrared Technology, Ground 

Penetrating Radar (GPR))
• Structural Integrity (Traffic Speed Deflectometer (TSD), GPR)
• Segregation (Texture)
• Ride
• Cracking
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Presenter
Presentation Notes
For those agencies that conduct network level friction testing, the standard test is the locked wheel skid trailer which is a sampled based approach vs. continuous. (the airport/runway standard friction testing in the US utilizes continuous friction measurement systems). Pavement community is trying to address current limitations of sample based approach to pavement condition in many areas – friction is just one more area it needs to be addressed



What is Texture? 

Microtexture Macrotexture

Aggregate

Pavement 
Cross Section

Source: Center for Sustainable Transportation Infrastructure (CSTI)/ Virginia 
Tech Transportation Institute (VTTI).
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Presenter
Presentation Notes
Macrotexture is one pavement preservation can design – positive vs negative texture not researched for friction/safety.  MPD may not be most appropriate measurement for macrotexture as it relates to friction.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.



Continuous Friction Measurement
• Rubber Tire test continuously measuring every foot of pavement 

(study – microtexture)
• Laser based texture measurement system measuring every foot 

of pavement (macrotexture)
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Presenter
Presentation Notes
For the FHWA study mentioned earlier microtexture is characterized by a rubber tire interaction with the pavement which is a response type test which has many complexities that impact the measured response.  The macrotexture is characterized by a laser based measurement system.  Both systems are measuring every foot of pavement traversed.There is no perfect test for macro or micro – but these tests provide you some insight into macro and micro.   We are engineers, we recognize there is no perfect anything, we make decisions based on the best available information at that time.



Discrete Macrotexture Test – Sand 
Patch Test
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• Changes in Pavement Macrotexture 
• Have Been Used to Identify Segregation, 

Skid Resistance, Pavement Noise
• CTM – Laser-Based Device to Measure 

Mean Profile Depth (MPD) of a Pavement
• Correlates Well with Sand Patch Test

Circular Track Meter (CTM)

Microtexture Macrotexture
Aggregate

Pavement 
Cross- 
Section
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Ames RLTS 9500

23

Scan Area: 100 mm x 100 mm
Vertical Resolution: 0.01 mm
Transverse Res.: 0.415 mm
Longitudinal Res.: 0.496 mm
Scan Time: 90 sec

Source: https://amesengineering.com/products/laser-texture-scanner-model-9500/ 

Office of Innovation Implementation

https://amesengineering.com/products/laser-texture-scanner-model-9500/


Source: Center for Sustainable Transportation Infrastructure (CSTI)/ Virginia Tech 
Transportation Institute (VTTI).
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British Pendulum 
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Dynamic Friction Tester (DFT)

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

Grip Tester
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Dynatest HFT

Source: Center for Sustainable Transportation Infrastructure (CSTI)/ Virginia Tech Transportation Institute (VTTI).
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Data Collection System – SCRIM 
Water Tank: 2,200 Gallons = 8,400 Liters 

Source: Center for Sustainable Transportation Infrastructure (CSTI)/ Virginia Tech Transportation 
Institute (VTTI).
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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, the “big” SCRIMtruck, with a tank capacity of 2,200 gallons. The times it normally takes to fill that tank are:1.	With a 2” hose – 30 minutes2.	With a 1.5” – 30-45 minutes3.	Anything smaller than that could take 2+ hours4.	If a hydrant (2.5”) is available it probably takes only 5 minutes or less



Laser Texture Sensor 

Source: WDM® United Kingdom 
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Presenter
Presentation Notes
Your annual pavement surface data collection vendor/equipment probably has this now. 

https://www.wdm.co.uk/


Friction Demand - Investigatory 
Levels (UK)

Source: United Kingdom CS 228 Skidding Resistance Revision 0, August 2019.
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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.  Manage friction to these investigatory thresholds.  This could be developed using the SPF approach.  In addition the SPF can quantify the safety improvement per road section.(UK did not use SPF approach)UK - posted speed limit greater than 50 mph then test speed is 80 kph (50 mph), so speed limit is 50 mph or less then test speed is 50 kph (31 mph). So they do have two standard test speeds that vary per speed limit – all test speed corrected to that speed (so some are 80 kph and some are 50 kph);  all tests have speed correction adjustment to 50 kph; this chart is for speed (50 kph) and seasonally adjustment values;



Initial Texture Depth for UK Trunk 
Roads/ Motorways 

Road Type Surfacing Type Average/  
1,000 m

Average/ 10 
measures

High Speed Roads > 
50 MPH

Thin surface overlay
Aggregate 
size<14mm

MPD 1.4 mm MPD 1.0 mm

Surface treatments MPD 1.6 mm MPD 1.25 mm

Lower Speed roads
<40 MPH

Thin surface overlay
Aggregate 
size<14mm

MPD 1.4 mm MPD 0.9 mm

Surface treatments MPD 1.25 mm MPD 1.0 mm
Roundabout, high 
speed
>50 MPH

All surfaces MPD 1.25 mm MPD 1.0 mm

Roundabout, low 
speed
<40 MPH

All surfaces MPD 1.0 mm MPD 0.9 mm

Source: United Kingdom Specification for Highway Works, Volume 1 Series 900, August 2008 Amendment, Table 9-3; British Standard EN 13036-1) 
using ASTM E1845 eq. MPD = (ETD -0.2)/0.8.
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Presenter
Presentation Notes
So let’s put into perspective the MPD test results. Here is UK mix design requirements.  Significantly greater than 0.4 mm14 mm mix would be 9.5 or 12.5 mix in US



Texture Demand Categories New 
Zealand Transport Agency (NZTA)

Source: NZ Transport Agency T10, 2010.
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MSC Crash Rates Differ by Road 
Classification
• The relationship between MSC and KYTC’s wet crash rate is strongest on State 

Primary and State Secondary roads.
• The wet crash rate on State Secondary roads is 5x the wet crash rate on Parkways 

(60.4 vs 11.3).
• May reflect how geometric design standards and improved alignments on the 

Interstate and Parkway networks mitigate crash risk or the predominance of certain 
segment types on different Road Classifications.

Hierarchy
Year 1 Survey 

Miles

Wet Crash Rate
(per 

100Mvm/yr)
Interstate 1,756.1 12.0
Parkway 964.1 11.3

State Primary 3,693.3 29.7
State Secondary 7,375.2 60.40
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Source: Kentucky Transportation Cabinet (KYTC).
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Presenter
Presentation Notes
Secondary/lower volume rural roads have higher crash rate – more opportunity for improvement.



Site Category Hierarchy CMF

% Decrease in 
Crash Rates for 10 

unit increase in 
MSC

C1 State Secondary 0.9650 29.96
(23.58, 35.81)

C4 State Secondary 0.9657 29.44
(26.93, 31.85)

Non-Event State Secondary 0.9695 26.64
(25.1, 28.15)

Intersection State Secondary 0.9700 26.26
(24.88, 27.62)

C1 State Primary 0.9711 25.44
(18.61, 31.7)

In this District-level example, the 5 Site Category/Hierarchy combinations that offer the most potential impact 
(measured as the % decrease in 5-year crash rate if MSC is increased by 10 units).

Data Analysis Results - Statewide
0.1-mile analysis section segmented into 4 subsegments – lowest average friction 
subsegment used in the analysis.

Source: Kentucky Transportation Cabinet (KYTC).
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Presentation Notes
C1 curves (radius < 300 ft)C2 curves (radius 300 – 700 ft)C3 curves (radius 700 – 1200 ft)C4 curves (radius 1200 – 2000 ft)Intersection (526 ft total length centered at the intersection – i.e. 264 ft on either side)if a 0.1-mile segment included both a tangent and curve (or tangent and intersection), the entire segment was labeled as a curve (or intersection)Low end alternative,: each set of 20 observations were divided into four “mini-segments” of five averaged observations and the lowest average “mini-segment” value used as the representative MSC segment value
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Continuous 
Friction 
Measurement Data

35



Importance of Continuous Measurement 
• State Route A 
• Comparison Continuous Friction Measurement Equipment 

(CFME) and texture data collection vs. 1.0-mile Locked Wheel 
Skid Testing (LWST)
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Presentation Notes
This case study will demonstrate the challenges of a sampled based friction testing effort versus continuous friction measurement.



Continuous Friction Test Results
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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



Road Geometrics and Intersection at 
Low Fiction Location
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Presenter
Presentation Notes
Photo shows the road geometrics and intersection at the low friction location.



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.”
 - National Cooperative Highway Research Program Report 37, 1967
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16 Tests/Tries to Find Low Friction
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Presenter
Presentation Notes
16 tests/tries to find the low friction



Chip Seal
Continuous Friction and Texture data collection on chip sealed roads in hot 
weather (bleeding?)
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Presenter
Presentation Notes
The bottom graph shows the SR 30 results (microtexture) of about 30 (which would in many cases be a value that you would consider investigating) at station 9400 and in the upper left hand the macrotexture measurement of MPD of a little over 1 (many cases probably not investigate). Source of information is FHWA study conducted by Virginia Tech. 



Chip Seal
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Presenter
Presentation Notes
At station 9700 both the SR 30 and MPD drop appreciably which is identified by the continuous measurement versus a sampled based approach.



Microsurfacing

Data Collection in 2021
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Presenter
Presentation Notes
Potential Friction Tool Box mix from Missouri; QUESTION:  What is the aggregate between RM 26 to 36 (Higher Friction)?  John Donahue, MoDOT, follow up. Friction data collection in 2021.  This was actually a 2019 microsurfacing:  microsurfacing mix designs require primarily hard durable non-carbonate aggregate; Donahue couldn’t locate the job mix formula, but from what I gleaned in electronic files, the main aggregate is ‘Joplin chat’.  Basically mine tailings from the SW part of the State, where a lot of zinc and iron ore was processed.  Chat is already used in Superpave and SMA mixes, as well as surface treatments like this micro, when economically viable for contractors to haul to job locations.  The good frictional properties of chat are pretty well known here.Note: the drop in last pavement section (RM 36) is near a school.



HFST – Interstate Ramp

Assist in 
defining 

HFST 
installation 
on termini
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Presenter
Presentation Notes
With continuous you know exactly where to start and stop HFST (economics and efficient)Source of information is FHWA project conducted by Virginia Tech 



Conclusion
• Various road sections have different friction demand.  
• Friction demand – level of friction (micro- and macrotexture) 

needed to safely perform braking, steering, and acceleration 
maneuvers.

• Different pavement surfaces provide different levels of friction – 
through the life of the surface.
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Presenter
Presentation Notes
So why is your SHA using sampled based testing?



Questions? 

Andrew Mergenmeier P.E.
Senior Pavement and Materials Engineer
Andy.Mergenmeier@dot.gov 

U.S. Department of Transportation 
Federal Highway Administration, Office of 
Innovation Implementation - 
Resource Center
 

mailto:Andy.Mergenmeier@dot.gov

	Federal Highway Administration, Office of Innovation Implementation - �Resource Center
	Disclaimers
	Acronyms
	Agenda
	Friction and Safety
	AASHO Road Test – 1950’s 
	Highway Friction Testing – 1950s to 1960s
	Pavement Policy
	National Friction Guidance and Practices (continued)
	Kentucky HFST Program – Crash Reductions 
	Slide Number 11
	Slide Number 12
	Safety Analysis 
	Slide Number 14
	Example Analysis: Rural Two- Lane Segment 
	Continuous Friction Measurement Data to Support Safety Analysis 
	Standard of Practice
	Continuous vs. Sampled Based Pavement Testing
	What is Texture? 
	Continuous Friction Measurement
	Discrete Macrotexture Test – Sand Patch Test
	Circular Track Meter (CTM)
	Ames RLTS 9500
	British Pendulum 
	Slide Number 25
	Grip Tester
	Slide Number 27
	Data Collection System – SCRIM 
	Laser Texture Sensor 
	Friction Demand - Investigatory Levels (UK)
	Initial Texture Depth for UK Trunk Roads/ Motorways 
	Texture Demand Categories New Zealand Transport Agency (NZTA)
	Slide Number 33
	Slide Number 34
	Continuous Friction Measurement Data
	Importance of Continuous Measurement �
	Continuous Friction Test Results
	Road Geometrics and Intersection at Low Fiction Location
	NCHRP Report 37, 1967
	16 Tests/Tries to Find Low Friction
	Chip Seal
	Chip Seal
	Slide Number 43
	HFST – Interstate Ramp
	Conclusion
	Questions? 

