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Coun1termeasure 

Install ing chevron signs , curv e Low~oo st: Safety 
Recent data sh O\'l!l th at 2S-% of all fatal crash es occur on horizontal •warning signs , seq uential treatments v ary by the#1 curves and about three t imes as many crashes occl.lr on curves than in

number of traffic ,contro I flas hing beacons , adv isory tangential sections of roadways . The listed countermeas ures canElillil:alilted speed s igns or h igti fr iction dev ices (TCD) or amount of red uce crashes from 12%-74% . Ken De li11eation a mll HFST p laced . Typ icalsurface treatments can hav e a 
Friction1 for pos itiv e affect on red ucing costs of TCDs range f ro m More information can be fo und at: http:J/safety.fhwa.dot.qovJ 

v eh icl es from leaving the S30 to S160 and HFST Horizontal Curves prov en co unterm eas ures/fhwa s a 12 OD9. htm 
ro ad,•,ay on horizontal curv es . range fro m S20 to S40 1SY . 

A p ed estri an-.activ ated w ami ng Low to, Med i:um oo-st: The Tlh is is asp ed alizecl traffic sign al for pedestrian safety. At the lo cal I ev el, 
dev ice located on the roads ide eqLipmentfor a pedestrian comm unity outreach is required to educate and fam iii arize the public 
or on mast arms ov er mid block hybrid beacon for aspot w ith the new traffic ,contro I cl evi ce. 

#2 peel estri an crossings . treatment typically costs 
Safety benefits indud e up to a 69% red 1.1cti on in p ed estri an oras ti es at(Flash ing light intervals .and about$35,000 to $40,000.Ken Pe<d.estriani Hybr-dl 

Preli minary engineering, midblock cross ings , and up to a 29% reduction in total road,•1ay crashes . sequences , i.e. red , y e! low Beaconi labor, and maintenanceI ights ind icate to clriv ers and 
More information can be fo und at: htlp:Jlsafety.fhwa.dot.qovJped bikeJagreement -costs roudpeel estri ans their d earance 
tools solv eJfhwasa14014/ increase cost. t ime to ,cross the roadw ay) 

Al lowable pradice through Section 4D.1 2 of the CA-IMUTCD. May res ult 
in a 15% red uction in all ,eras ti es at urban , s ign al ized intersections . Lo-w~oo st: Adding 

Back p I ates and retro reflective # 3 Increases road us er awareness of traffics ign al during pow er outage. back pl ates or a
borders are added to a traffic Install ation time is about tw o hours per intersection. retro reflectiv e border to anBa-ck plates witli11 signal head to improv ev isibili1y Steve exiisting sign al backp I ate Retr,oreflective More information can be fo und at: http:J/safety.fhwa.dot.qovJintersection/of the ill uminated face of the 

,can be a v ery low costHorders signal . conv ention alJsig n al izedJbackpl ates/exec/ 
.safety imp rov em ent. 

http :JJs afety.1hwa. dot. qovlp rov en co unterm eas ureslfhw a s a 12 007. cfm 

Ov er 50% of Cali forn ia's fatal -crashes are a result of roadway departure. Most numble stnips .and stripes 
Tlh is appli cation provides an audible w arning and physical vibration to#4 are gro llld into the pav ement Lo,w~oo-st: Cost v aries 
alert driv ers th ey are leaving the road\•tay . The app li cation of rumble and are main ly install ed along based on the ap plication .Longitu:dlin.al strips or stripes has show n good res ul ts in red ucing n.n off the roadPrii ces range between the centerl ine or s'.houder. TIh e Steve Rumble Strips and ( RO R) crash es . Bi cyd e cons dous designs are av ai I able. I atter are painted ov er ,n ith $0.20 and S3.00 per li nearStripe s 01i11Two­

retro refl eciiv e str,ip ing to foot. More information can be fo und at: http:/Jsafety.fhwa.dot.qov/Lan.e Roads 
increase v is iti lity. roadw ay deptJp av em entJrum bl e stri psi 

!9 Proy,en Saiety~C-ounterme~ures : http~://~afety.fhwa.dot,_g~m'pt'oy,encounterme~ure~/______________________________________________________________________________________________________________________ ! 

https://htlp:1/safety.fhwa.dot.gov/intersection
https://htlp:1/safety.fhwa.dot.gov/intersection
http:/Jsafety.fhwa.dot.qov
https://Longitu:dlin.al
http:J/safety.fhwa.dot.qovJ


rumble strips 

- Edge 'Hli'le r1ie1i ,on 
rumble strillp, 

... 

B, - Ed'ge line on 
rumble, slrmp, 

c -Cente,r Ii ne on 
rumble, s.tri p 

□□□□□□□ a □ o □□□□□□□ □□□ 

le nd 

Note: E.dge, line may e. located alongside 'lhe. rum' l,e strip (Option A) o on the n.Jmb:la strip (Option B}. 
Cerller line markings may also be !oca1'e-d on a oen er line rumble strip (Option C). 

Shoulder and center line 

Presenter
Presentation Notes
California MUTCD Figure 3J-1.

Most rumble strips are ground into the pavement and are mainly installed along the centerline or shoulder. Rumble Stripes are the same shape with painted striping over the top to increase visibility. 46% of California’s fatal crashes are a result of roadway departure. This application provides an audible warning and physical vibration to alert drivers they are leaving the roadway. The application of rumble strips or stripes has shown good results in reducing run off the road (ROR) crashes.



on _,... Shoulder and center line 
rumble strips 

SR 84 in bay area 
Courtesy of Google 

Shoulder Rumble Stripe 

Presenter
Presentation Notes
Caltrans issued Traffic Operations Policy Directive (TOPD) in October 2011.  Internet search “TOPD 11-04” 

http://www.dot.ca.gov/hq/traffops/policy/11-04.pdf




Shoulder and center line 
rumble strips 

• Low-cost: Cost varies based on the application. Prices 
range between $0.20 and $3.00 per linear foot. 

• >250 Crash Modification Factors (CMFs) for 
longitudinal rumble strips. Range from 0.9 – 0.5. 
– www.cmfclearinghouse.org 

– Ex: Centerline rumble strip 
• rural head on/sideswipe; fatal/injury 
• 2-lane, 20,784 max. ADT, segment 
• A: 20 [crashes/yr] x 0.70 = 14 crashes/yr 

Presenter
Presentation Notes
$5,000/mile.  Reduce total crashes by as much as 42% and fatal crashes by as much as 73%.

Crash modification factor is a multiplier value to determine how much reduction or increase to your crash statistics is expected in using the countermeasure.

There are modification factors for all crashes as well as specific types and crash severity levels.

http://www.cmfclearinghouse.org/using_cmfs.cfm

http://www.cmfclearinghouse.org/
www.cmfclearinghouse.org


Caltrans Sinusoidal 
Rumble Strip 

(aka mumble strip) “Mumble strip: 14” O.C., sinusoidal 
profile, p-p depth 5/16” 

Conventional ground rumble 
strip: 12” O.C., 

4” Dia Dots: 12” O.C., 

Solving the Problem 

Presenter
Presentation Notes
Caltrans “patented” sinusoidal rumble strips, aka mumble strips>

Top Left:  District 1 mumble strip test location on US 101 near McKinleyville. Caltrans has received national attention for this unique design. 

Bottom Left:  Conventional ground rumble strip 12” center to center spacing.

Bottom Right: The raised dots are called Botts’ dots after a Caltrans Engineer that invented them.



s 
Solving the Problem 

Rumble Strip Conclusions 

• Rumble strips can help reduce sideswipe, 
head-on collisions, and run-off-road crashes 

• Caltrans mumble strips achieved goals 
 Lower exterior dB A-weighted levels 
 Provide sufficient driver warning input 

• Interior noise & vibration response varied 
with vehicle type 

Presenter
Presentation Notes
Decibel A-weighted is the most common sound pressure curve for measurement of environmental noise.




News Alert 

- Caltrans moved to 6” striping July 17, 2017 

- Both Rt and Lf lane lines 

- Better visibility and less maintenance = 
reduced worker exposure 

- CMF of 78 (three star) 

Presenter
Presentation Notes
# of existing crashes x CMF (.78) = total number of expected crashes with countermeasure



on _,... 

What Is the Safety Edge? 

When used on asphalt pavement 

edge durability. 

the 

crashes 

improve pavement 

Presenter
Presentation Notes

The safety edge is a:
 
 	30 degree beveled pavement edge 
 	shaped during the paving process
 	it can be asphalt or concrete 
 	and it is located where the pavement interfaces with a graded material.  This can be the edge of the travel lane and a graded 	shoulder or the edge of a paved shoulder and a front slope 
 	but in either case it allows a vehicle to re-enter the pavement with better stability and less loss of control resulting in reduced  	crashes on the roadways
 	The Safety Edge when used on asphalt pavement extrudes the shape and can improve pavement edge durable.





Key Message 

• Saves Lives 
– Allows vehicles to safely return to the travel lane 
– CMF for Drop-Off related crashes is 0.655 

• Improves Durability 
– Reduces edge raveling 

• Low Cost 
– Minor change to paving operations 

Presenter
Presentation Notes
The Safety Edge

The purpose of this overview is to introduce the purpose and need for the Safety Edge; the practical solution the Safety Edge provides; and the features and benefits.  This presentation also is an opportunity to answer questions and discuss the advantages of the Safety Edge.

Three messages are key to communicating the benefits of the Safety Edge.  The Safety Edge—

  Saves lives.
  Is low cost.
  Improves durability.

This Safety Edge Technical Overview contains the following:

  Purpose and Need
  A Practical Solution
  Conclusion

This is your elevator speech to all your partners.  The Safety Edge-��·         Reduces crashes and saves lives by mitigating pavement edge drop-off��·         Is a low cost, systematic improvement applied during paving��·         Improves durability by reducing edge raveling ��Communicate that the Safety Edge is a simple but extremely effective solution that can help save lives by allowing drivers who drift off highways to return to the road safely.  The FHWA's goal is to accelerate the use of the Safety Edge technology, working with States to develop specifications and adopt this pavement edge treatment as a standard practice on all new and resurfacing pavement projects.��



on _,... 

Basic Principle 

Without  a Safety Edge 



on _,... 

Basic Principle 

With Safety Edge 



Locations at High-Risk 
for Drop-Offs 

• Horizontal Curves 
• Near Roadside Mailboxes 
• Turnarounds/Unpaved Pull-Outs 
• Shaded Areas 
• Eroded Areas 
• Edge ruts 
• Asphalt Pavement Overlays 

Presenter
Presentation Notes
When surveying a candidate project for drop-off locations, you most likely will notice the condition is prominent in the following locations.  The following slides take a closer look at these areas.






Safety Edge pre EDC 

L--+---1~-==~--71---------, 
0 

'C) 

(J 

A 

A 

State DOT Projects Built 
A = Alternative design 2007 

Presenter
Presentation Notes
Early 2007:  Light versions of the colors are those that are possibilities that the team will try to work with to get on the list. (Iowa, Indiana and Georgia)



Where We Are: Safety EdgeSM 

A 

A 

A 
A

A 

A A 

A 

A 

Considered Universally 
Site Analysis/Systematic 

Not at all/case by case 

No Baseline Score 

A Alternative design 
2014 

Presenter
Presentation Notes
This scale is different than the measures in EDC.



The Hardware 

Presenter
Presentation Notes
There are now four companies that make devices that have been shown to “extrude” the asphalt into the Safety Edge shape, consolidating the edge.  

Transtech and Troxler make a shoe with compound angles.  This requires a different shoe for the right or left side.
Advant-Edge makes a shoe with a concave shape, which is reversible.
Carlson makes an attachment that replaces the typical screed end – it can be heated and add vibration if connected electrically to the screed, and can be adjusted from 25 -90 degrees.
Willows Design



Costs of the Safety Edge 

• Hardware 
– Approximately $1400-

$4500 per device 
– Reusable 

• Material 
– Minor additional asphalt 
(depends on shoulder 

condition) 

• Paving Process 
– No change in paving 

speed or rolling patterns 
– No additional operation 
– Minimal monitoring 

• Surface Details 
– No change in 

smoothness/ride quality 



Enhanced Delineation for 
Horizontal Curves 

- Data collected from states of Connecticut and 
Washington 

- Delineation improvements for horizontal curves on 
two-lane rural roads 

- 117 mile/years of before and after data (228 sites 
total) 

- Chevron, curve ahead, horizontal or suggested 
speed limit signs 

- Fluorescent sheeting, increased size or additional 
signs 

Presenter
Presentation Notes
Information taken from a FHWA TechBrief in August 2009.  FHWA-HRT-09-046 HRDS-06/08-09 (1M) E

Mile/years equals the number of years the strategy has been in-place times the number of miles.  E.g., 10 miles and 3 years = 30 mile/years.



on _,... 

Example of Enhanced Delineation 

Presenter
Presentation Notes
Example of Enhance Curve Delineation in Connecticut.



Results from Study 

Crash Type 

Injury and fatal curve crashes 

Curve crashes during dark conditions 

Lane departure crashes on curves during dark conditions 

Recommended Crash Reduction 
Factors (Point Estimate) 

18 

25.4 

Standard Error 

8.6 

7.3 

7.8 

* Improving curve delineation with signing improvements, is a very cost-effective 
treatment with a B/C  exceeding 8:1. The greatest enhancements can be seen at 
locations with more hazardous roadsides, higher volumes and smaller curve radii. 

Presenter
Presentation Notes
A Crash Reduction Factor (CRF) is the expected percentage change in crash due to a particular treatment.  A CRF of 18, for instance indicates that an 18 percent reduction in crashes might be expected with use of this treatment.

I have a copy of the “Toolbox of Countermeasures for Rural Two-Lane Curves” purduced by Iowa State University.  I can send the document to anyone who wants it.

Curve crashes = all crashes that happened including in the lane.
Lane departure crashes = all crashes that happened leaving the lane.



High Friction Surface 
Treatments 

Presenter
Presentation Notes
Benefits of HFST:

Medium to Low cost
Easy to install (manually or mechanically)
Doubles friction numbers
Little impact to traffic

* FHWA is ok with Flexibility in Design



Friction Demand, Speed and Friction Availability 
Conceptual Relationship Between 

Source NCHRP 108 

Presenter
Presentation Notes
Vehicle Speed on the X-axis, Pavement-Tire Friction on Y-axis.  As  speed increases, tire-friction demand increases.  When the speed of a vehicle exceed the Pavement-tire frictional capacity, the vehicle will start skidding.



Key Messages 

• HFSTs reduce crashes -> Reduce injuries and fatalities 
• Additional messages include: 

– the durability and longevity of the pavement surface 8 – 
10 years 

– $20 - $40 / yd2 
– minimal impact to traffic during construction 
– negligible environmental impact 

Presenter
Presentation Notes

• High Friction Surface Treatments reduce crashes, injuries, and fatalities. In 1967 for the greater London Council, the city undertook a program to improve intersections by applying a highly skid-resistant overlay at more than 800 intersections. A study of the project indicated a 31 percent reduction in crashes. Transit New Zealand reviewed the different levels of skid resistance pavement and subsequently produced a report in 1997. The report showed a benefit cost ratio of 40 upon the implementation of skid resistance policy and a follow up report showed that there had been a significant reduction in the wet road crash rate in the order of 30%. 
The Pennsylvania, Kentucky and South Carolina DOTs report a before/after total crash reduction of 100%, 90% and 57%, respectively, for their respective signature trial projects, for which the after periods equal approximately three to five years. Additional analysis of the reduction in crashes are currently underway as part of the FHWA’s Evaluation of Low-Cost Safety Improvements Pooled-Fund Study. 

Other benefits:
•	HFST are relatively low in cost compared to geometric improvements. The square foot cost of HFST is not cheap, but its durability makes it worth the cost since the treatments are long-lasting and the life-cycle cost is excellent. Further, the benefit-cost ratio is good since the crash reductions continue for many years. 
 
•	HFST are durable and long-lasting. HFST provide a durable and long lasting solution to pavement locations where insufficient friction is a contributing factor in crashes.
 
•	HFST are customizable to specific state and local safety needs. Road owners can use where most needed as shown by studies and their experience, such as two lane urban or rural roads at horizontal curves, areas near steep grades, areas at or near lane changes, and rural and urban intersections.
  
•	HFST produce negligible environmental impacts and minimal impact on traffic. Typically, project lengths are very short and the materials set up very quickly so the treatments can often be applied in hours, requiring minimal impact on traffic as compared to a conventional pavement overlay project.




Case Study: DN-199 

• All 28 collisions in 3 years occurred under wet
pavement conditions. 

• District had used many low cost countermeasures 
with little change in collision pattern. 

• District proposed curve realignment. 





Case Study: DN-199 

• Initial proposed project was to realign curve 
– $14 M project; approx. 5 years for

environmental, design and construction 

• Realignment project put on hold to install HFST 
– $250 K project; approx. 6 months for

environmental, design and construction 

• No crashes since installation (Summer 2012) 



on _,... 

Case Study: Hwy. 17 at Laurel 
Canyon 



on _,... SR-17, Laurel Curve near 
Santa Cruz (July 2012) 

Presenter
Presentation Notes
ADT 58,000
Latest 5 years of collision data, 191 of 228 or 84% of collisions were in wet pavement conditions.
OGFC -existing pavement surface
HFST was installed in July 2012




Case Study: Hwy. 17 at Laurel Canyon 
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■ Before ■ After 
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94.8% collision reduction!! 
B/C – 183 to 1 
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Nine proven safety countermeasures





Shoulder and center line rumble strips









California MUTCD Figure 3J-1.



Most rumble strips are ground into the pavement and are mainly installed along the centerline or shoulder. Rumble Stripes are the same shape with painted striping over the top to increase visibility. 46% of California’s fatal crashes are a result of roadway departure. This application provides an audible warning and physical vibration to alert drivers they are leaving the roadway. The application of rumble strips or stripes has shown good results in reducing run off the road (ROR) crashes.
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Shoulder and center line rumble strips







SR 84 in bay area 

Courtesy of Google



Shoulder Rumble Stripe





Caltrans issued Traffic Operations Policy Directive (TOPD) in October 2011.  Internet search “TOPD 11-04” 



http://www.dot.ca.gov/hq/traffops/policy/11-04.pdf
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Shoulder and center line rumble strips

Low-cost: Cost varies based on the application. Prices range between $0.20 and $3.00 per linear foot. 

>250 Crash Modification Factors (CMFs) for longitudinal rumble strips.  Range from 0.9 – 0.5.

www.cmfclearinghouse.org 



Ex: Centerline rumble strip 

rural head on/sideswipe; fatal/injury   

2-lane, 20,784 max. ADT, segment 

A: 20 [crashes/yr] x 0.70 = 14 crashes/yr





$5,000/mile.  Reduce total crashes by as much as 42% and fatal crashes by as much as 73%.



Crash modification factor is a multiplier value to determine how much reduction or increase to your crash statistics is expected in using the countermeasure.



There are modification factors for all crashes as well as specific types and crash severity levels.



http://www.cmfclearinghouse.org/using_cmfs.cfm
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Caltrans Sinusoidal Rumble Strip 
(aka mumble strip)







“Mumble strip:  14” O.C., sinusoidal profile, p-p depth 5/16”

Conventional ground rumble strip:  12” O.C., 

4” Dia Dots:  12” O.C., 

Solving the Problem







Caltrans “patented” sinusoidal rumble strips, aka mumble strips>



Top Left:  District 1 mumble strip test location on US 101 near McKinleyville. Caltrans has received national attention for this unique design. 



Bottom Left:  Conventional ground rumble strip 12” center to center spacing.



Bottom Right: The raised dots are called Botts’ dots after a Caltrans Engineer that invented them.
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Rumble Strip Conclusions



Rumble strips can help reduce sideswipe, head-on collisions, and run-off-road crashes



Caltrans mumble strips achieved goals

Lower exterior dB A-weighted levels

Provide sufficient driver warning input



Interior noise & vibration response varied with vehicle type

Solving the Problem







Decibel A-weighted is the most common sound pressure curve for measurement of environmental noise.
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News Alert

-  Caltrans moved to 6” striping July 17, 2017



Both Rt and Lf lane lines



Better visibility and less maintenance = reduced worker exposure



CMF of 78 (three star)









# of existing crashes x CMF (.78) = total number of expected crashes with countermeasure
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What Is the Safety Edge?



 30 degree beveled pavement edge shaped  during the paving process 

asphalt or concrete 

 located where the pavement  interfaces 	with a graded material.   

 it allows a vehicle to re-enter the pavement  with greater stability and less loss of  control resulting in reduced  crashes  

When used on asphalt pavement  the extruded  shape  can improve pavement  edge durability.











The safety edge is a:

 

 	30 degree beveled pavement edge 

 	shaped during the paving process

 	it can be asphalt or concrete 

 	and it is located where the pavement interfaces with a graded material.  This can be the edge of the travel lane and a graded 	shoulder or the edge of a paved shoulder and a front slope 

 	but in either case it allows a vehicle to re-enter the pavement with better stability and less loss of control resulting in reduced  	crashes on the roadways

 	The Safety Edge when used on asphalt pavement extrudes the shape and can improve pavement edge durable.





8



Key Message

Saves Lives

Allows vehicles to safely return to the travel lane

CMF for Drop-Off related crashes is 0.655

Improves Durability

Reduces edge raveling 

Low Cost

Minor change to paving operations 





The Safety Edge



The purpose of this overview is to introduce the purpose and need for the Safety Edge; the practical solution the Safety Edge provides; and the features and benefits.  This presentation also is an opportunity to answer questions and discuss the advantages of the Safety Edge.



Three messages are key to communicating the benefits of the Safety Edge.  The Safety Edge—



  Saves lives.

  Is low cost.

  Improves durability.



This Safety Edge Technical Overview contains the following:



  Purpose and Need

  A Practical Solution

  Conclusion



This is your elevator speech to all your partners.  The Safety Edge-

·         Reduces crashes and saves lives by mitigating pavement edge drop-off

·         Is a low cost, systematic improvement applied during paving

·         Improves durability by reducing edge raveling 

Communicate that the Safety Edge is a simple but extremely effective solution that can help save lives by allowing drivers who drift off highways to return to the road safely.  The FHWA's goal is to accelerate the use of the Safety Edge technology, working with States to develop specifications and adopt this pavement edge treatment as a standard practice on all new and resurfacing pavement projects.
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Without  a Safety Edge



Basic Principle

Basic Principle

















With Safety Edge



Basic Principle

Basic Principle





Locations at High-Risk 
for Drop-Offs

Horizontal Curves

Near Roadside Mailboxes

Turnarounds/Unpaved Pull-Outs

Shaded Areas

Eroded Areas

Edge ruts

Asphalt Pavement Overlays
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When surveying a candidate project for drop-off locations, you most likely will notice the condition is prominent in the following locations.  The following slides take a closer look at these areas.









Safety Edge pre EDC
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State DOT Projects Built

A = Alternative design

2007





Early 2007:  Light versions of the colors are those that are possibilities that the team will try to work with to get on the list. (Iowa, Indiana and Georgia)
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Where We Are: Safety EdgeSM













 A

Alternative design













































































































































A

A

A

A

A

A

A 

A

A

Considered Universally

Site Analysis/Systematic

Not at all/case by case

No Baseline Score

2014





This scale is different than the measures in EDC.
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The Hardware
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There are now four companies that make devices that have been shown to “extrude” the asphalt into the Safety Edge shape, consolidating the edge.  



Transtech and Troxler make a shoe with compound angles.  This requires a different shoe for the right or left side.

Advant-Edge makes a shoe with a concave shape, which is reversible.

Carlson makes an attachment that replaces the typical screed end – it can be heated and add vibration if connected electrically to the screed, and can be adjusted from 25 -90 degrees.

Willows Design



Costs of the Safety Edge 

Hardware

Approximately $1400- $4500 per device

Reusable

Material

Minor additional asphalt

(depends on shoulder condition)



Paving Process

No change in paving speed or rolling patterns

No additional operation

Minimal monitoring 

Surface Details

No change in smoothness/ride quality
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Enhanced Delineation for Horizontal Curves

Data collected from states of Connecticut and Washington

Delineation improvements for horizontal curves on two-lane rural roads

117 mile/years of before and after data (228 sites total)

Chevron, curve ahead, horizontal or suggested speed limit signs

Fluorescent sheeting, increased size or additional signs







Information taken from a FHWA TechBrief in August 2009.  FHWA-HRT-09-046 HRDS-06/08-09 (1M) E



Mile/years equals the number of years the strategy has been in-place times the number of miles.  E.g., 10 miles and 3 years = 30 mile/years.
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Example of Enhanced Delineation







Example of Enhance Curve Delineation in Connecticut.
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Results from Study



* Improving curve delineation with signing improvements, is a very cost-effective treatment with a B/C  exceeding 8:1.  The greatest enhancements can be seen at locations with more hazardous roadsides, higher volumes and smaller curve radii.





A Crash Reduction Factor (CRF) is the expected percentage change in crash due to a particular treatment.  A CRF of 18, for instance indicates that an 18 percent reduction in crashes might be expected with use of this treatment.



I have a copy of the “Toolbox of Countermeasures for Rural Two-Lane Curves” purduced by Iowa State University.  I can send the document to anyone who wants it.



Curve crashes = all crashes that happened including in the lane.

Lane departure crashes = all crashes that happened leaving the lane.
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High Friction Surface Treatments
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Benefits of HFST:



Medium to Low cost

Easy to install (manually or mechanically)

Doubles friction numbers

Little impact to traffic



* FHWA is ok with Flexibility in Design



Source NCHRP 108

 Conceptual Relationship Between

 Friction Demand, Speed and Friction Availability



Conceptual Relationship Between
 Friction Demand, Speed and Friction Availability






Vehicle Speed on the X-axis, Pavement-Tire Friction on Y-axis.  As  speed increases, tire-friction demand increases.  When the speed of a vehicle exceed the Pavement-tire frictional capacity, the vehicle will start skidding.
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Key Messages


HFSTs reduce crashes  ->  Reduce injuries and fatalities 

Additional messages include:

the durability and longevity of the pavement surface 8 – 10 years

$20 - $40 / yd2 

minimal impact to traffic during construction

negligible environmental impact









• High Friction Surface Treatments reduce crashes, injuries, and fatalities. In 1967 for the greater London Council, the city undertook a program to improve intersections by applying a highly skid-resistant overlay at more than 800 intersections. A study of the project indicated a 31 percent reduction in crashes. Transit New Zealand reviewed the different levels of skid resistance pavement and subsequently produced a report in 1997. The report showed a benefit cost ratio of 40 upon the implementation of skid resistance policy and a follow up report showed that there had been a significant reduction in the wet road crash rate in the order of 30%. 

The Pennsylvania, Kentucky and South Carolina DOTs report a before/after total crash reduction of 100%, 90% and 57%, respectively, for their respective signature trial projects, for which the after periods equal approximately three to five years. Additional analysis of the reduction in crashes are currently underway as part of the FHWA’s Evaluation of Low-Cost Safety Improvements Pooled-Fund Study. 



Other benefits:

•	HFST are relatively low in cost compared to geometric improvements. The square foot cost of HFST is not cheap, but its durability makes it worth the cost since the treatments are long-lasting and the life-cycle cost is excellent. Further, the benefit-cost ratio is good since the crash reductions continue for many years. 

 

•	HFST are durable and long-lasting. HFST provide a durable and long lasting solution to pavement locations where insufficient friction is a contributing factor in crashes.

 

•	HFST are customizable to specific state and local safety needs. Road owners can use where most needed as shown by studies and their experience, such as two lane urban or rural roads at horizontal curves, areas near steep grades, areas at or near lane changes, and rural and urban intersections.

  

•	HFST produce negligible environmental impacts and minimal impact on traffic. Typically, project lengths are very short and the materials set up very quickly so the treatments can often be applied in hours, requiring minimal impact on traffic as compared to a conventional pavement overlay project.
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Case Study: DN-199

All 28 collisions in 3 years occurred under wet pavement conditions.



District had used many low cost countermeasures with little change in collision pattern.



District proposed curve realignment.
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A curved road with 30 MPH signs





Case Study: DN-199

Initial proposed project was to realign curve

$14 M project; approx. 5 years for            environmental, design and construction



Realignment project put on hold to install HFST

$250 K project; approx. 6 months for       environmental, design and construction



No crashes since installation (Summer 2012)
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Case Study: Hwy. 17 at Laurel Canyon
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SR-17, Laurel Curve near 
Santa Cruz (July 2012)







ADT 58,000

Latest 5 years of collision data, 191 of 228 or 84% of collisions were in wet pavement conditions.

OGFC -existing pavement surface

HFST was installed in July 2012
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Case Study: Hwy. 17 at Laurel Canyon



94.8% collision reduction!!

B/C – 183 to 1
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Figure 3J-1. Examples of Longitudinal Rumble Strip Markings

A~ Edge line not on B- Edge line on C - Center line on
rumble strip rumble strip rumble strip

Legend

Note: Edge line may be located alongside the rumble strip (Option A) or on the rumble strip (Option B). = Direction of travel
Center line markings may aiso be located on a center line rumble strip (Option C). 000 Rumble strip.
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Table 3. Summary of crash reduction factor:

Recommended Crash Reduction

CrashType Factors (Point Estimate) | Standard Error
Injury and fatal curve crashes 18 8.6
Curve crashes during dark conditions 275 73

Lane departure crashes on curves during dark conditions 25.4 78
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