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Presenter
Presentation Notes
Skid is one of important pavement surface characteristics.  It can significantly contribute to Highway Safety.  Even though we saw gradual improvements in highway safety over years, much more must be done to engineer roads so that they are safe and eventually achieve the long term goal of zero fatalities.  Skid and Friction will be used interchangeably in this presentation.




Introduction

= Federal Mandate

- “Every State shall have a program of design, construction and
maintenance to improve highway safety.”

= Frictional Management

= Department Responsibility
- Wet Surface Crash Reduction Program
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Presenter
Presentation Notes
In 1967, Federal Highway Administration (FHWA) issued highway safety program standard, which requires every state shall have a program of design, construction and maintenance to improve highway safety.  

Recent FHWA technical advisories have provided guidance in designing and managing frictions on pavement surfaces.  An effective pavement friction management program is a critical component to reduce crashes and to lesson the consequences of crashes.

TxDOT has implemented the WSCRP in an effort to reduce the number of wet surface crashes and to efficiently address the various regional demands on pavement surfaces. WSCRP includes skid testing, aggregate selection, and wet surface crash analysis.  



TXDOT Responsibility

Skid Data Collection (Macrotexture)

Aggregate Selection (Microtexture)

Wet Surface Crash Analysis

Safety Projects and Cost Effective Treatments
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Presenter
Presentation Notes
Two types of surface texture affect pavement friction: macrotexture and microtexture.  Macortexture in bituminous surfaces is largely provided by the size, quantity and spacing of coarse aggregate and in concrete surface by treatment such as tinning and carpet drag.  Microtexture in bituminous surface s is largely provided by the texture and shape of the coarse aggregate particles, and in concrete surfaces, by the fine aggregate.

Currently, network level skid testing is performed for pavement management information system.  This monitors friction of in service pavements.
Aggregate selection provides a tool to help assess friction demand of a specific roadway section and select appropriate strategies to maximize the available friction.
Wet Surface Crash analysis identifies the locations with disproportional number of wet surface crashes, evaluate and determine the causes.  
All of these provides information in developing safety projects and implementing cost-effective projects at appropriate locations



Skid Data Collection (Macrotexture)

= Locked Wheel Skid Truck ASTM E-274
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Presenter
Presentation Notes
Skid data collection is performed using the locked wheel skid truck according to ASTEM E-274.  
To take a measurement, the vehicle (or trailer) is brought to the desired testing speed typically around 50mph.  
Water is sprayed ahead of the test tire to create a wetted pavement surface.  
The test tire braking system is then actuated to lock the test tire.  
The measurement result is reported as a Skid Number (SN).


Skid Data Collection

= Smooth Tire (ASTM E-528)
= Speed 50 mph (SN50)

= Sample Size
- 50 percent of the interstate

— 25 percent of all other systems

- Recently completed projects identified by districts
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Presenter
Presentation Notes
The skid data is collected at speed of 50 mph and with a smooth tire.  The network level data collection is done annually on 50% of the interstate and 25% of non-IH. The network level skid data is collected at 0.5 mile intervals from September to May.  Starting FY2018, districts can request additional network level skid data collection on recently completed projects before the new fiscal year starts.  


Skid Number

Weight, Fw
F

H=—
Rotation Fw

> Direction
of motion

<€

Friction Force, F

The skid number equals the horizontal tractive force divided by the vertical
load, multiplied by 100.
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Presenter
Presentation Notes
It is straightforward high school physics.  SN measures a coefficient of friction: f=F/L, 
Skid number=100(f)
Where F is the friction resistance to motion in plane of interface
L is load perpendicular to interface



Skid Number
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Presenter
Presentation Notes
Skid numbers ranges from 1 very poor to 99 very good.  However, SNs above 70 are rare.  Top two images show pavements with low SN.  The film of asphalt binder on the surface can create shinny, glass like surface.  The skid number on these surface normally could be single digit or low 10s.  The bottom two are seal coat surface and stone matrix asphalt.  These two have good skid numbers.


Interpreting Skid Number

Blue Mean and Above

-0.5- 0.0 Std. Dev.
-1.0 - -0.5 Std. Dev.
-1.5--1.0 Std. Dev.

Red Less Than -1.5 Std. Dev.
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Presenter
Presentation Notes
Unlike other pavement scores, we interpret skid number differently.  Pavement section with skid score at or above the mean has the best overall surface friction compared to other pavement sections.  A pavement section with a skid score below the mean might have a problem with surface friction, depending on local site specific conditions.  The likelihood of a surface friction problem increases as the skid number drops further below the mean.


Aggregate Selection (Microtexture)
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Presenter
Presentation Notes
The aggregates selected for use in pavement surfacing should provide adequate microtexture such that when combined with adequate pavement macrotexture, the frictional demands of the roadway will be met.  

The aggregate selection is for coarse aggregate used on final surface of travel lane consisting of hot mix asphalt or surface treatments.  It doesn’t apply to concrete pavements.


Aggregate Selection (Microtexture)

= Rainfall (inches per year)
= Traffic volume (ADT, vehicles per lane, etc.)
= Posted speed

= Geometrics (both number and severity of horizontal and vertical curves,
super elevation, etc.)

= Frequency of vehicle stops (driveways, crossroads, etc.)
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Presenter
Presentation Notes
The first step in aggregate selection is to determine the overall friction demand of the roadway surface.  This and next slides show major factors influencing friction demand.  


Aggregate Selection

= Amount of cross traffic

= Amount of truck traffic (percent, number ESALS)

= Surface texture (rough, smooth, etc.)

= Drainage characteristics (cross slope, ponding, rutting, etc.)
= Visibility restrictions (sight distance)

= Crash history
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Friction Demand

Low Medium High Designer’s Rating
<20

Rainfall (in./yr.) >20 <40

Traffic (AADT) <5,000 >5,000<15,000 >15,000
Posted Speed (mph) <35 >35 <60 >60
Truck (%) <8 >8 <15 >15
Vertical Grade (%) <2 >2 <5 >5
Horizontal Curve <3° >3° <7° >7°
Driveways (per mi.) <5 >5 <10 >10
'(gtngS)ec“”g Roadways 500 >500<750  >750
Wet Surface Crashes

(%)

Summary of Total
Friction Demand
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Presenter
Presentation Notes
These factors are categorized in this table to determine total friction demand.


Available Friction

: o Medium De_signer’s
Available Friction Rating (2, 5,
(2) or 8)
Cross Slope <2% >2% <3% >3% <4%
Surface Design Life ~10 S5 <10 <5
(yrs.)
Micro-texture of Fine Medium Coarse
Proposed Surface
Examples: Examples: Examples:
HMAC Microsurface Seal Coat,
Type D or HMAC Type C, PFC,
HMAC CMHB, NovaChip,
Type F Superpave SMA
Aggregate Micro- SAC C SAC B SAC A

texture

Summary of Total

Available Friction

Does the total available friction equal to or exceed frictional demand?
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Presenter
Presentation Notes
These factors greatly influence the total friction available and can be changed by the designer.  Make sure available friction is greater or equal to friction demand.
The surface type and SAC can then be selected to provide the additional friction needed to satisfy the demand.


Wet Surface Crash Analysis
= |dentification of Wet Surface Crash Sites
- Wet Surface to Total Crash Ratio
— Rural Roadway Section - Three (3)
- Urban Roadway Section - Six (6)

= Wet Surface Crash Site Review
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Presenter
Presentation Notes
Traffic Safety Division identify locations on the state highway system which are over represented with wet surface condition crashes.  The identification of these locations are based on established threshold for rural and urban roadway sections.

A wet surface to total crash ratio higher than the statewide ratio was 18.97% for Rural and 16.10% for Urban for 2019. 

Three or more wet surface crashes within the rural portion of a control section in the most current calendar year.  A population of 5000 is used as the criteria to define rural or urban.
 
Districts need to review crash report and skid data for all locations identified.


Wet Surface Crash Analysis
= Office Review Process
= Field Review Process

- Site evaluation

- Resulting actions and recommendations
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Wet Surface Crash Site Review

= Rutting or wheel path channelization

= Build up on shoulder edges
that causes ponding on the road surface

= Bleeding of pavements
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Wet Surface Crash Site Review

= Drainage issues that result
in water on the pavement

= Geometrics (grade & curvature)

= Traffic flow interactions (intersections,

ramps, access drives)

rr:..
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Low Friction Treatments

= Re-surface
— Qverlays (PFC, SMA, Ultra Thin Bounded Overlay, TOM mix
— Chip Seal/Seal Coat
— Microsurfacing

= Re-texture

— Grinding & Grooving
— Skid Abrador
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Presenter
Presentation Notes
Flushing/Bleeding
Resurfacing
Water Blasting
Rutting
Mill & Inlay
Micro-surfacing for rut fillings



Wet Surface Crash Analysis Data in PA
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Wet Surface Crash Analysis in PA
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PA Skid Data and Report

= Skid Data Table

T
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Skid Data Table
Static Tables 4
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Skid Graph Down the Road

Skid Sections Overdue
Skid Data Collection Status Table

Skid Data Collection Status View

= Critical Value Ratings and Scores Report
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PathWeb
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Skid Data With 4 Year Projects
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