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Presentation Objective

ÅWhat is Roadway Departure and the 

scale of the problem

ÅWhy is FHWA focused on Horizontal 

curves

ÅSummary of some new improvements 

that help improve safety at horizontal 

curves and how it can be implemented
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Fatal Crashes

2006-2008 Averages
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2008 National Fatal Crashes

34,017  

Fatal 

Crashes

17,818 

Roadway 

Departures

Roadway Departure Crash - A non-intersection crash in 
which a vehicle crosses an edge line, a centerline, or 
otherwise leaves the traveled way.
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Roadway Departure Fatal Crashes
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Roadway Departure:

ñA non-itersection crash which occurs 

after a vehicle crosses an edge line or 

centerline, or otherwise leaves the traveled 

way.ò

2006-2008 Averages
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Percent of Roadway Departure 

Fatal Crashes
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Roadway Departure:

ñA non-intersection crash which occurs 

after a vehicle crosses an edge line or 

centerline, or otherwise leaves the traveled 

way.ò

2006-2008 Averages



fatal crash locations

are

random
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Discussion

How do you target Roadway Departure Crashes?

ÅRandom

ÅAvoidance

ÅGeometric



fatal crash types are predictable

www.art4linux.org



Focus on the predictable

High Risk Locations

www.pixelgirlpresents.com



Horizontal Curves and Safety
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Segments

Curves and 

Transitions

Average crash 

rates for 

horizontal curves 

is about 3 times 

that of tangent 

segments

Source: Glennon, et al, 1985 study for FHWA



2008 Horizontal Curve Fatal Crashes

28% Straight

Curve

72%



Horizontal Curve Fatal Crashes
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2006-2008 Average



Percent Curve Crashes
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Alignment
2008 Fatal Crashes 



Some New Changes for 

Horizontal Curves



Standard:

In advance of horizontal curves on freeways, on expressways, and 

on roadways with more than 1,000 AADT that are functionally 

classified as arterials or collectors, horizontal alignment warning 

signs shall be used in accordance with Table 2C-5 based on the speed 

differential between the roadwayôs posted or statutory speed limit or 

85th-percentile speed, whichever is higher, or the prevailing speed on 

the approach to the curve, and the horizontal curveôs advisory speed.

2009 MUTCD

Section 2C.02 Application of Warning Signs

Standard:

The use of warning signs shall be based on an 

engineering study or on engineering judgment.

Section 2C.06  Horizontal Alignment Warning Signs



2009 MUTCD Chapter 2C :

Chevrons required where the Curve Differential Speed is 15mph or more



2009 MUTCD Chapter 2C :



2009 MUTCD Chapter 2C :

Support:  Among the established engineering practices that 

are appropriate for the determination of the recommended 

advisory speed for a horizontal curve are the following:

16 degrees of ball-bank for speeds of 20 mph or less

14 degrees of ball-bank for speeds of 25 to 30 mph

12 degrees of ball-bank for speeds of 35 mph and higher

A. An accelerometer that provides a direct determination of 

side friction factors

B. A design speed equation

C. A traditional ball-bank indicator using the following criteria:



2009 MUTCD Chapter 2C :

Support:

The 16, 14, and 12 degrees of ball-bank criteria are 

comparable to the current AASHTO horizontal curve design 

guidance.  Research has shown that drivers often exceed 

existing posted advisory curve speeds by 7 to 10 mph.

See the ñGuidelines for Determination of Advisory 

Speedsò by Robert Seyfried and Jim Pline to be published 

in ITE Journal



High Grade Sheeting

Source: Texas Transportation Institute



Orient Chevron to Traffic Approach



Curve Advance Marking



Markings give drivers the illusion theyôre traveling faster than they are

Optical Speed Bars



Solar Powered RPM



Improving Friction to 

Keep Vehicles on the Roadway

Crash Types addressed by improving 

pavement friction:

Åwet weather

Åother skidding

(e.g. too fast for conditions)

Åcurves



15.2 A7 Provide skid-resistant 

pavement surfaces



15.2 A7 Provide skid-resistant 

pavement surfaces


