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•	 Delineating objects with retroreflective material 
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that brings various safety countermeasures related to RwD 
together in one place to serve as an enriched reference for 
transportation agencies to help them select suitable solutions to 
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Introduction

ARoadway Departure (RwD) happens when a vehicle 
departs from the traveled way by either crossing an 

edge line or a centerline (FHWA 2014a). RwD events 
comprise both run-off-road (ROR) and head-on collisions. 
The reasons for ROR events are varied and include the 
driver attempting to avoid a vehicle, an object, or an animal 
in the travel lane; inattentive driving due to distraction, 
fatigue, sleep, or drugs; the effect of weather on pavement 
conditions; and traveling too fast through a curve or down 
a grade.

There also a number of roadway design factors that can 
increase the probability that a driver error will become 
an ROR crash (e.g., travel lanes that are too narrow, 
substandard curves and unforgiving roadsides) (Neuman 
et al. 2003a). Most head-on crashes are similar to ROR 
crashes—in both cases, the vehicle strays from its travel 
lane (Neuman et al. 2003b). 

RwD is one of the more severe types of crashes compared 
with all other crash types. According to the Federal Highway 
Administration (FHWA), in 2012, 56 percent of fatal motor 
vehicle traffic crashes involved a RwD. Figure 1 depicts the 
percentage of total RwD fatal crashes across the United 
States, categorized by the first event in the crash. According 
to a query of six years of crash data (2007-2012) from 
the Fatality Analysis Reporting System (FARS) database, 
an average of 57 percent of motor vehicle traffic fatalities 
occurred each year due to roadway departure in the United 
States. The distribution of this number differs from one state 
to another (see Figure 2).

Figure 1. Percentage of Fatal Crashes in the United States in 2012 (FHWA 2014a)

Figure 2. Average Percentage of RwD Fatalities in Each State (2007-2012)
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The probability of severity of RwD crashes depends on 
the roadside features, including side slopes, fixed-object 
density, offset to fixed objects, shoulder width, etc. (Jalayer 
et al. 2015). Collision with a fixed object is identified as the 
first harmful event in ROR crashes (Noyce et al. 2008). A 
recently conducted inquiry of the FARS database revealed 
that 7,416 people perished in crashes involving fixed 
roadside objects in 2012, accounting for 22 percent of the 
total fatalities for that year (IIHS 2014).

Many techniques (e.g., roadway cross-section improvements, 
hazard removal or modification, and delineation) have been 
utilized in urban, suburban, and rural areas to keep the 
vehicles in travel lanes and to reduce potential collisions 
with roadside objects, such as trees, signs, and utility poles 
(Neuman et al. 2003a). 

The American Association of State Highway and 
Transportation Officials (AASHTO) defined several 
strategies to mitigate the ROR crashes, including (AASHTO 
2008):

•	 Centerline and shoulder rumble strip installation
•	 Pavement edge-line installation
•	 Pavement marking enhancement
•	 Horizontal curves geometric improvement
•	 Skid-resistant roadway surface provision
•	 Shoulder drop-offs elimination
•	 Safer slopes design
•	 Objects removing/relocation within the clear zone
•	 Objects delineation using retroreflective tape
•	 Barrier design improvement 

Most of these strategies are low-cost countermeasures 
and can be implemented systemically. The purpose of this 
publication is to provide several concise case study examples 
that will serve as easy-to-read resources and references for 
local public officials who hold the responsibility of making 
their roadways safer. The case study examples consist of a 
series of cost-effective improvements for preventing vehicle 
departure from roadways. 

This publication includes four parts: (1) Introduction; (2) 
Fourteen Case Study Examples; (3) Examples of Funding 
for Local Safety Projects; and (4) A List of References. 
Fourteen implementation examples were developed based 
upon a comprehensive literature review, phone interviews, 
and inputs from the panel members. Implementation case 
study examples in this booklet include:

1.	 Chevrons (Washington State)

2.	 Dynamic Curve Warning Systems (Douglas County, 
Ore.)

3.	 Advanced Curve Warning and Advisory Speed Sign 
(Estill County, Ky.) 

4.	 High-Friction Surface Treatments (Kentucky) 

5.	 Raised Pavement Markers (Mobile County, Ala.) 

6.	 Edge-Line Pavement Markings (Missouri) 

7.	 Safety EdgeSM (Georgia and Indiana)

8.	 Centerline Rumble Strips (Michigan)

9.	 Shoulder Rumble Strips (Washington State)

10.	Cable Barrier (Minnesota)

11.	 Guardrail (North Carolina)

12.	Breakaway Supports for Signs and Lighting (Nationwide)

13.	Clear-Zone Improvements (Dallas County, Iowa)

14.	Shoulder Widening (North Carolina)

Special Notes 

At the time of publication, some of the RwD countermeasures 
presented in this report, while anticipated to be effective 
in addressing RwD crashes, have not been formally 
evaluated using statistically valid methods. Readers are 
encouraged to obtain more up-to-date information by 
contacting their corresponding agency directly.
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Part I: Signs

CASE 1: Chevrons
Washington State

Statistics from the FARS database indicate that more 
than 83 percent of the fatal crashes at horizontal curves 

involve RwD (Satterfield et al. 2009). Enhancing curve 
delineation with chevrons (see Figure 3) is a low-cost safety 
improvement, providing positive guidance in horizontal 
curves. It also may encourage drivers to decrease their 
speeds and, as a result, would reduce the frequency of 
RwD and head-on crashes (Srinivasan et al. 2009).  

Table 1. Typical Spacing of Chevron Alignment Signs 
on Horizontal Curves (FHWA 2009a)

Figure 3. Sample of Installed Chevron (Image: Neal Hawkins)

According to the Manual on Uniform Traffic Control Devices 
(MUTCD), chevrons and/or one-direction large arrows shall 
be used where the difference between speed limit and the 
advisory speed is more than 15 mph (FHWA 2009a). In 
order to delineate the curve and provide additional guidance 
for drivers, chevrons must be spaced properly. The 2009 
MUTCD provides guidance on the spacing of chevrons as 
shown in Table 1 (FHWA 2009a). See section 2C.09 in the 
2009 MUTCD for more detailed information. 

Moreover, the retroreflective sign sheeting material used 
makes the curve more visible to drivers during nighttime 
conditions. A series of these signs may be placed in one 
or both directions of travel, on the outside of a curve, and 
positioned in line with approaching traffic at a right angle to 
the driver’s sightline (FHWA 2011a).

In an attempt to evaluate the safety effectiveness of chevron 
signs (W1-8 signs), the Washington State Department of 
Transportation (WSDOT) gathered data for 139 treated 
curves on rural two-lane roads. The data includes a total of 
71.5 mile-years in the before period and a total of 95.0 mile-
years in the after period (Srinivasan et al. 2009). In order to 
incorporate Empirical Bayes (EB) methods in a before-after 
analysis, data were also collected at reference sites without 
chevron signs. 

Safety performance functions (SPFs) were estimated for 
five crash classifications as follows:
1.	 Total nonintersection crashes (all severities and all 

crash types)
2.	 Nonintersection lane-departure crashes (all severities)
3.	 Nonintersection fatal and injury crashes (all crash 

types)
4.	 Nonintersection crashes during dark (all severities and 

all crash types)
5.	 Nonintersection lane-departure crashes during dark 

(all severities)
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Agency Contact:

Rick Mowlds
State Sign Engineer
Washington State Department of Transportation
360-705-6826
mowldsr@wsdot.wa.gov 

Table 2. Before-After Analysis Results of Treatment Curves 
(Srinivasan et al. 2009)

The study found that chevrons along the horizontal curves 
on two-lane rural roads decreased the total number of lane-
departure and all crashes during dark conditions by up to 
22.1 and 24.5 percent, respectively (Srinivasan et al. 2009). 
In addition, results from a disaggregate analysis indicated 
that the chevrons are more effective for the sites with higher 
annual average daily traffic (AADT) than the sites with lower 
AADT. Table 2 lists the before-after analysis results based 
on the aggregate analysis. 

Table 3. Summary of Economic Analysis Results 
(Srinivasan et al. 2009)

In order to estimate the benefit-cost (B/C) ratio, an 
economic analysis was also conducted. Costs were 
estimated based on actual installation costs of the chevron 
signs. Benefits were estimated based on the RwD crash 
reductions using unit crash cost data from the Federal 
Highway Administration (FHWA). Table 3 illustrates the 
range of estimated B/C ratios. It should be noted that the 
lowest installation cost per sign was assumed to be $30, 
and the upper limit was considered to be $160. This case 
study demonstrated that installing chevron signs can be a 
very cost-effective treatment with the B/C ratio exceeding 
8:1 (Srinivasan et al. 2009).
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CASE 2: Dynamic Curve Warning Systems
Douglas County, Oregon

Dynamic curve warning systems (DCWSs), as traffic 
control devices, are programmed to provide drivers 

exceeding a certain speed threshold with a message, 
flashing light-emitting diodes (LEDs), or their speed display. 
Otherwise these signs are blank or blacked-out. The 
system can interact with drivers individually by a relatively 
personalized message and may lead to better compliance 
with speed limits (FHWA 2013a). DCWSs typically consist 
of a speed measuring device (e.g., loop detector and radar) 
and a message sign displaying feedback to drivers. 

Figure 4 shows two different types of signs: speed feedback 
sign and curve warning sign. A national demonstration 
project (Hallmark et al. 2012) evaluated these two types of 
signs at 22 sites in seven states on rural two-lane curves. 
The study found that there was a 1.8-mph reduction in mean 
speed at one month after installation, a 2.6-mph reduction 
in mean speed at one year after installation, and a 2.0-mph 
reduction in mean speed at two years after installation (all 
of these speed reductions occurred at the point of curvature 
or beginning of the curve). 

Taking advantage of a full Bayes analysis, the study 
developed crash modification factors (CMFs) for DCWSs. 
Results indicated that crashes were 5-7 percent lower after 
installation of the sign, depending on type and direction of 
crash. More specifically, RwD crashes in the direction of the 
new sign reduced by 5 percent regardless of the severity 
(Hallmark et al. 2014).  

Agency Contact:

Shyam Sharma
Region 3 Traffic Manager
Oregon Department of Transportation 
541-774-6335
shyam.sharma@odot.state.or.us 

Figure 4. Two Examples of Installed DCWS (MTC 2009)

Figure 5. Before (top) and after (bottom) Pictures of DCWS at 
Interstate 5 (Bertini et al. 2006)

However, it should be noted that most curves do not require 
this level of signage, and proliferation of any device is likely 
to cause drivers to lose respect for signs. In addition, the 
high initial installation costs ($2,000 to $11,000 per display) 
and the maintenance costs limit their use to selective high-
crash curve locations. Before installation, the DCWS should 
be checked for MUTCD compliance (Hallmark et al. 2013a, 
Hallmark et al. 2013b). 

In 2002, the Oregon Department of Transportation (ODOT) 
installed a DCWS system in advance of a curve on 
Interstate 5 between mileposts 107 and 109, near Myrtle 
Creek in Douglas County. This curve carried about 16,750 
vehicles per day with the advisory speed of 45 mph. Figure 
5 depicts a comparison between the conditions before and 
after installation of the DCWS system. 

This system consisted of a dynamic message sign, an 
advisory speed sign, a controller unit, a radar unit, and 
computer software. With a 95 percent level of confidence, 
the evaluation results demonstrated that installation of 
the DCWS was followed by a reduction of 2.6 mph in 
passenger-car mean speeds and 1.9 mph in commercial-
vehicle mean speeds (Bertini et al. 2006). In addition, the 
results showed that 76 percent of drivers slowed down due 
to the system’s installation. 
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CASE 3: Advance Curve Warning and Advisory Speed Sign
Estill County, Kentucky

Advance curve warning signs are placed in advance 
of curves to alert drivers of what lies ahead on their 

route (see Figure 6). Curve warning signs are required or 
recommended to be supplemented with advisory speed 
signs based on the difference between the speed limit 
and advisory speed per Table 2C-5 of the MUTCD. Where 
emphasis of a specific sign is needed, techniques to 
increase the likelihood of drivers perceiving and reacting to 
the sign, such as flags, warning beacons, and retroreflective 
sign supports, can be added. See section 2A.15 in the 2009 
MUTCD for more detailed information (FHWA 2009a). 

Properly installed curve warning signs are proven to 
improve safety for horizontal curves. According to the Crash 
Modification Factor Clearinghouse, the curve warning 
signs with advisory speed plaque can reduce 13 percent 
of all serious- and minor-injury crashes and 29 percent of 
all property-damage only (PDO) crashes (Hallmark et al. 
2013). 

One challenge for this countermeasure is setting proper 
advisory speeds. Studies have found that drivers do adjust 
their speed even though compliance with lower advisory 
speed is low (Milstead et al. 2011). The cost for most 
commonly used curve warning signs with advisory speed 
plates ranges from $500 to $700 per sign, considering a 
wooden post (ODOT 2014). Updating existing signs with 
higher types of prismatic sheeting can improve nighttime 
visibility. Fluorescent sheeting will increase sign visibility 
during low-light conditions like dawn, dusk, or cloudy 
weather. The fluorescent products currently available have 
good daytime visibility and nighttime visibility, as well, due 
to the overall quality of the available materials. ODOT 
switched to fluorescent curve signs, resulting in up to 25 
percent reduction in nonintersection fatal and injury crashes 
(ODOT 2014).

Figure 7. LED-Enhanced Curve Warning Sign, 
KY 82 (Image: KYTC)

Agency Contact:

H. B. Elkins
Public Information Officer
Kentucky Transportation Cabinet, District 10
606-666-8841
hb.elkins@ky.gov
www.transportation.ky.gov/district-10

In response to a number of fatal crashes, the Kentucky 
Transportation Cabinet (KYTC) installed an LED-enhanced 
curve warning sign1 in advance of a curve on KY 82 in 
Estill County. This roadway segment carries more than 
3,500 vehicles per day. In addition to the LED sign, a 
proper advisory speed limit was determined to be 25 mph 
at this location (Elkins 2007). Figure 7 illustrates the LED-
enhanced curve warning sign installed. 

The installed sign is solar-powered and has an auto dimming 
feature for nighttime visibility. Similar signs, installed at 
other locations across the state, have shown to be effective 
in lowering RwD crashes. Since the installation at one 
specific location, on KY 82 near Salem Baptist Church in 
Estill County in 2006, no fatalities have been recorded, 
even though the crash history indicated one fatality per year 
for three consecutive years prior to the installation of the 
advance curve warning sign.

Figure 6. Example of Advisory Ramp Speed Sign 
and Chevrons (FHWA 2009b)

1-Since some LED sign designs have been known to obscure 
the sign message, special attention should be paid to purchase
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RwD crashes may occur when there is insufficient friction 
between the tire and pavement surface, which is one 

contributor to a vehicle leaving the pavement, especially 
at horizontal curves or intersections. One strategy that 
has been used to address problem locations is applying 
high-friction surface treatments (HFSTs), a thin layer of 
durable aggregates (typically calcined bauxite) that are 
highly resistant to polishing (ATSSA 2013, ATSSA 2014). 
The aggregate is bonded to the asphalt, concrete, or other 
pavement surfaces using polymer binders. 

This treatment should only be applied to structurally sound 
pavement, as it only changes the surface friction not the 
pavement’s structural performance. HFSTs can be installed 
by either machine or hand tools with a minimal impact on 
traffic during construction. A sample of the finished product 
can be seen in Figure 8. The HFST provides greater friction, 
allowing motorists to maintain better control in dry and wet 
road conditions, resulting in reduced RwD crashes. 

Figure 8. Sample of High-Friction Surfacing Treatment on a Roadway, 
Madison County, Ky. (Image: Kentucky Transportation Cabinet)

Agency Contact:

Tracy Allen Lovell, P.E.
Division of Traffic Operations
Kentucky Transportation Cabinet
502-782-5534 
tracy.lovell@ky.gov

HFSTs are considered a cost-effective safety 
countermeasure, since the friction has a long life. Despite 
the fact that its initial costs are higher than other traditional 
thin overlay treatments, the outstanding crash reductions 
experienced by the many installations and the longevity 
of the friction makes it a cost-effective solution. A similar 
product using the same method of installation can also be 
colored to identify special areas (e.g., bus or bike lanes 
and sidewalks). If the area does not have a high friction 
demand, lower-cost aggregates can be used.

According to the FHWA, Every Day Counts (EDC) 2012 
Initiatives, a B/C ratio of about 24:1 can be achieved by 
implementing pavement friction treatments (FHWA 2012a). 

Due to the high rates of RwD crashes on rural roads in 
Kentucky, the KYTC launched a three-year HFST program 
to enhance friction for horizontal curves at 75 locations 
statewide in 2010. A photo taken during application of the 
pavement surface treatment is shown in Figure 9.

Part II: Pavement Safety

CASE 4: High-Friction Surface Treatments
Kentucky

The KYTC reported that the total number of RwD crashes 
at the installation sites dropped by 91 percent (from 357 to 
33) and 78 percent (from 126 to 28) in wet and dry weather 
conditions, respectively (RST 2013).

Figure 9. High-Friction Surfacing Treatment, Kentucky 
(Image: Kentucky Transportation Cabinet)
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CASE 5: Raised Pavement Markers
Mobile County, Alabama

Raised pavement markers (RPMs) are often used by 
transportation agencies as delineation treatments to 

improve nighttime visibility, particularly in wet conditions. 
According to AASHTO’s Strategic Highway Safety Plan 
(SHSP), RPMs are considered as one of the effective, low-
cost strategies to mitigate RwD crashes (ATSSA 2011). 

These devices are widely used to supplement centerlines 
and edge lines to provide critical guidance and sight distance 
recognition for road users (FHWA 2009a). Inclement 
weather and low-light conditions, especially on rural roads, 
are such circumstances that justify the application of 
RPMs due to the need for more visual clues to identify and 
maintain travel lanes. RPMs can provide increased visibility 
and tactile feedback by reflecting vehicle headlights to show 
road alignment to reduce RwD crashes and fatalities. 

The 2009 MUTCD offers guidance in using RPMs: “raised 
pavement markers should not substitute for right-hand edge 
line markings unless an engineering study or engineering 
judgment indicates the benefits of enhanced delineation of 
a curve or other location would outweigh possible impacts 
on bicycles using the shoulder, and the spacing of raised 
pavement markers on the right-hand edge line is close 
enough to avoid misinterpretation as a broken line during 
wet night conditions” (FHWA 2009a). See section 3B.11-14 
in the 2009 MUTCD for more detailed information. 

According to the Crash Modification Factor Clearinghouse 
website, the CMFs associated with installing raised 
pavement markers are 0.81-0.87, which means a reduction 
of 13-19 percent in the total crashes regardless of severity 
(FHWA 2013b). 

With the increasing number of RwD crashes on local rural 
roadways, Mobile County, Ala., assisted by the FHWA 
and the Alabama Department of Transportation (ALDOT), 
implemented a systematic application of RPMs along 10 
rural roadways. These roadways, measuring more than 
65 miles, experienced the highest number of RwD crashes 
within the county. One-directional white RPMs were easily 
placed just outside the existing edge line using traffic 
maintenance department equipment and manpower (FHWA 
2013c).

In this project, the RPMs were installed with 80-foot spacing 
in tangent sections of roadways, 40-foot spacing between 
the advance warning curve sign and the beginning of the 
curve, and 20-foot spacing through the curve (see Figure 
10). 

Agency Contact:

James Foster
Traffic Manager
Mobile County Engineer Office
251-574-8595 
jfoster@mobilecounty.net

The crash evaluation results revealed a significant decrease 
in injuries and fatalities occurring on treated roadways. 
Compared with 2004-2008 crash data, which included 287 
RwD crashes that resulted in eight fatalities and 177 injuries, 
RwD crashes during 2009-2012 on the same roadways 
dropped to 33, resulting in an average annual decrease of 
85.6 percent in RwD crashes. More specifically, this change 
eliminated the fatalities and reduced injuries from 177 to 10. 
Now, RPM installation is a part of most roadway projects in 
Mobile County, Ala. (FHWA 2013).

Figure 10. Example of 20-foot RPM Spacing for a Curve During Daytime/Nighttime (FHWA 2013b)
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CASE 6: Edge-Line Pavement Markings
Missouri

Edge-line pavement markings separate travel lanes 
from the adjacent shoulders, and they delineate the 

travel path and roadway alignment. By facilitating quick 
recognition of travel lanes, they help prevent vehicles from 
running off roads (see Figure 11).

Figure 11. Sample of Installed Edge-Line Pavement 
Markings (Carlson et al. 2010)

Agency Contact:

John P. Miller, P.E.
Traffic Safety Engineer
Missouri Department of Transportation
573-526-1759
john.p.miller@modot.mo.gov

Based on the MUTCD, edge-line markings shall be white 
when they are on the right edge of the roadway. In addition, 
the normal width of edge-line markings is 4-6 inches, and 
wider edge-line markings can range from 8 to 12 inches, 
with a larger width measurement (FHWA 2009a). 

The MUTCD 2009 edition details the standard for installing 
edge-line markings: “Edge line markings shall be placed on 
paved streets or highways with the following characteristics: 
Freeways, Expressways, and Rural arterials with a traveled 
way of 20 feet or more in width and an average annual daily 
traffic (AADT) of 6,000 vehicles per day or greater” (FHWA 
2009a). See section 3B.07 in the 2009 MUTCD for more 
detailed information. However, many state departments 
of transportation (DOTs) and local agencies use these 
markings on low-volume rural roads where the RwD crash 
is a notable concern. 

The Missouri Department of Transportation (MoDOT) 
initiated a program to install edge-line markings, from 2009 
to 2012, on eligible high-risk rural roads (HRRRs). 

Since more than 219 fatalities and 1,500 incapacitating 
crashes occurred over a three-year time frame on high-risk 
roadway segments in rural areas with the ADT between 
400 and 1,000 vehicles per day, the program focused on 
installing the edge lines on all eligible HRRRs that carry an 
ADT greater than 400 vehicles per day.

Considering five years of crash data, MoDOT performed 
a safety evaluation of implemented countermeasures on 
73 high-risk roadway segments. Since the completion of 
this project, the number of RwD crashes at those locations 
has declined from 113 (27 severe crashes) per year during 
the three-year before period (2006-2008) to 87 (16 severe 
crashes) per year during the two-year after period (2010-
2011). The total of RwD crashes and the total of severe 
RwD crashes decreased by 23 and 38 percent with the 
installation of the edge-line markings. Final evaluation 
results, using the EB method, concluded that the edge-
line markings contributed to a 15.2 percent decrease in all 
crashes and a 19.3 percent decrease in severe crashes. 
The results support that adding edge-line markings at these 
lower volumes can offer benefits at an acceptable cost by 
reducing both total and RwD crashes. 

According to the FHWA “Manual for Selecting Safety 
Improvements on High Risk Rural Roads,” the B/C ratios of 
implementing edge-line markings varies between 27.9 and 
336.1 (see Table 4). It should be noted that a volume of 
1,000 vehicles per day is defined as the threshold between 
lower and higher volumes. Additionally, optimal conditions 
consist of 12-foot travel lanes with 6-foot paved shoulders, 
while narrower conditions may be as little as 10-foot travel 
lanes without any shoulders (FHWA 2014b). 

The CMFs associated with edge-line markings vary 
between 0.56 and 0.62, which demonstrates a reduction of 
38- 44 percent in the total crashes regardless of severity 
(see Table 4). More specifically, the number of RwD crashes 
has dropped by 30 percent for all crash severities combined 
(FHWA 2014). 

Table 4. Results of B/C and CMFs Analysis for 
Edge-Line Markings (FHWA 2014b)
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CASE 7: Safety EdgeSM
Georgia and Indiana

Safety EdgeSM is a simple but effective countermeasure 
to prevent roadway drop-off crashes, particularly on 

rural roads with unpaved shoulders. It can save lives by 
allowing drivers who drift off highways to return to the 
pavement safely. The Safety EdgeSM is one of the nine 
proven safety countermeasures by the FHWA in 2012. It 
mitigates the vertical elevation difference by sloping the 
edge of the pavement to 30 degrees during paving or 
resurfacing projects, using a commercially available device 
that can be attached to the hot-mix asphalt (HMA) paver 
(FHWA 2012b).  

The Safety EdgeSM is also highly cost-effective. The added 
cost of resurfacing with this treatment was found to be very 
small, because the asphalt just needs to be reformed to 
create the Safety EdgeSM. It can extend pavement life by 
providing an additional level of consolidation so that edge 
raveling is decreased (FHWA 2012b).

The FHWA developed a guide for the Safety EdgeSM design 
and construction, sharing the findings from 10 demonstration 
projects in multiple states (FHWA 2012d). It also provides 
information on the various elements to consider when 
designing and constructing pavement projects with the 
Safety EdgeSM (FHWA 2012c).

In Figure 12, the main photo shows pavement construction 
with a Safety EdgeSM. Upon project completion, the adjacent 
unpaved material should be graded flush with the top of the 
pavement (inset photo) (FHWA 2012b). 

Agency Contact:

Michael Turpeau
State Safety Program Supervisor
Georgia Department of Transportation
404-635-2831
mturpeau@dot.ga.gov

A safety evaluation of the Safety EdgeSM was conducted by 
the Midwest Research Institute (MRI) with 261 treated sites 
(685 miles) in Georgia and 148 sites (514 miles) in Indiana. 
Figures 13 and 14 show examples of typical treated sites 
in Georgia and Indiana that were resurfaced with Safety 
EdgeSM (FHWA 2011b). 

Figure 12. The Safety EdgeSM (Image: FHWA)

Figure 13. Example of Georgia Treatment Site (FHWA 2011b)

Figure 14. Example of Indiana Treatment Site (FHWA 2011b)

The evaluation results indicated that there was a 5.7 
percent reduction in total crashes by the Safety EdgeSM, 
based on crash data of six years before (1999 to 2004) and 
three years after (2006 to 2008) resurfacing the study sites 
in Georgia, and those of two years before (2003 to 2004) 
and three years after (2006 to 2008) in Indiana. Additionally, 
the B/C ratio for two-lane highways with paved shoulders 
ranged from 3.8 to 43.6 for Georgia and from 3.9 to 30.6 
for Indiana. For two-lane highways with unpaved shoulders, 
the B/C ratio ranged from 3.7 to 62.8 for Georgia and from 
2.8 to 12.8 for Indiana (FHWA 2011b). Efforts have been 
initiated to develop CMFs for the Safety EdgeSM based on a 
large sample size (FHWA 2012c).
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CASE 8: Centerline Rumble Strips
Michigan

Centerline rumble strips (CLRS),  as a longitudinal safety 
feature, can be installed at or near the centerline of 

undivided roadways. The CLRS include a series of milled 
or raised elements on the pavement (FHWA 2011c). Figure 
15 shows a sample of milled CLRS. It should be noted that 
the centerline pavement markings are typically installed 
on the rumble strips, which are also sometimes known as 
centerline rumble stripes. 

Figure 15. Sample of Installed Milled CLRS (Image: Neal Hawkins)

The CLRS are typically employed as a treatment to mitigate 
the multivehicle cross-centerline and single-vehicle RwD 
crashes, which are some of the most severe crash types 
(Iowa DOT 2013). Tires rolling over rumble strips generate 
noise and vibration, which alert a distracted or drowsy driver 
to make a safe steering correction. Additionally, the CLRS 
help to keep drivers in their travel lanes in poor-visibility 
conditions like fog, rain, snow, and darkness. 

In 2012, longitudinal rumble strips and stripes on two-
lane roads became one of the FHWA’s nine proven safety 
countermeasures. It is necessary to consider the safe 
accommodation of all road users throughout the design 
and application of CLRS. The FHWA provides some 
recommendations on CLRS installation, accommodation, 
and mitigation (FHWA 2011c).

Based on the National Cooperative Highway Research 
Program (NCHRP) report results, the number of injury 
crashes for these crash types dropped from 38 to 50 percent 
and 37 to 91 percent for rural two-lane and urban two-lane 
roads, respectively (Torbic et al. 2009). 

The Michigan Department of Transportation (MDOT) 
initiated a CLRS installation program during the period of 
2008 to 2010. Approximately 5,400 miles of nonfreeway 
roadways were included in this program. At that time, the 
program was the largest of its kind across the nation. The 
MDOT guideline recommends the installation of CLRS on 
all rural, nonfreeway highways with a speed limit of 55 mph 
or higher and a width of lane plus paved shoulder beyond 
the centerline corrugation greater than 13 feet. Table 5 lists 
standard installation details. Figure 16 compares before 
and after the CLRS installation in Michigan.

Table 5. MDOT CLRS Standard Installation Details 
(Datta et al. 2012)

Figure 16. Before (left) and after (right) Pictures of the CLRS Installation (Datta et al. 2012)
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Agency Contact:

Mary K. Bramble
Pavement Marking and Delineation Engineer
Michigan Department of Transportation
517-335-2837
bramblem1@michigan.gov

Following this program, MDOT conducted a two-phase 
safety evaluation study of effectiveness of the CLRS. 
Phase I study results demonstrated that the implementation 
of rumble strips resulted in a significant reduction in both 
centerline and edge-line encroachments in tangent sections 
and through the curves (Datta et al. 2012). More specifically, 
after CLRS installation, the centerline encroachments within 
the curves to the left side dropped by 87 percent (from 11.9 
to 1.5 percent) (see Figure 17). 

Figure 17. Sample of Captured Centerline Encroachment (Datta et al. 2012)

Phase II study contains a comprehensive safety analysis 
using three-year period before-after dataset. Based on 
the preliminary results, the total number of crashes at the 
treated sites has declined from 4,137 during the three-year 
before period to 2,775 during the three-year after period. 
There was a 33 percent reduction in all types of crashes. 

Table 6. Preliminary Before-After Safety Performance 
by Crash Types (MDOT 2014)

Table 7. Preliminary Before-After Safety Performance 
by Severity Levels (MDOT 2014)

With a 95 percent level of confidence, the percent 
reductions for fatal and severe injury crashes (A or B) were 
more pronounced than for possible injury crashes (C) and 
PDO crashes. Table 7 illustrates the before-after safety 
evaluation results by severity levels. While a benefit-cost 
(B/C) analysis for CLRS is currently underway as part of the 
Phase II study, it is noted that the typical cost per foot during 
the initiative installations was only $0.13 (MDOT 2014). 

Table 6 lists percentage of crash reduction for three related 
crash types. The opposite-direction sideswipe collisions, 
multivehicle head-on crashes, and single-vehicle RwD 
crashes decreased by 46, 35, and 31 percent, respectively.
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CASE 9: Shoulder Rumble Strips
Washington State

Shoulder rumble strips (SRS) are commonly installed in 
paved shoulders that are adjacent to the travel lane. 

SRS provide acoustical and vibrational warnings to drivers 
who are leaving travel lanes due to inattention, fatigue, 
drowsiness, or poor visibility due to adverse weather 
conditions. In order to increase the visibility or accommodate 
narrow shoulder conditions, SRS can be painted with edge 
line markings, usually known as edge line rumble stripes.  

Shoulder or edge line rumble strips on two-lane roads is 
on FHWA’s most recent proven safety countermeasures list 
(FHWA 2012e). Past studies have shown a high B/C ratio 
when considering the amount of RwD crashes reduced. The 
B/C ratio for SRS was estimated to be approximately 50:1 
based on a survey of 50 State DOTs (OKLADOT 2014).

Following significant reductions in RwD crashes in rural 
interstate system after SRS installation in 1998, the WSDOT 
investigated the possibility of applying SRS on undivided 
highways. To date, WSDOT has installed over 260 miles 
of SRS, a mix of milled and raised, on its rural two-lane 
undivided highways. Table 8 lists the WSDOT’s design 
policy guiding the installation of SRS. Figure 18 depicts 
examples of SRS installed in Washington State.

In early 2013, the WSDOT undertook a review of historical 
crash data for nine years (2002-2010). The study examined 
a total of 190.53 miles of roadways with SRS in 45 segments, 
covering all geographic areas of the state (Olson et al. 
2013). The study focused on the combined performance of 
shoulder and CLRS, where the SRS is specifically designed 
to address the run-off-the-road to the right side (ROTRR) 
crashes. 

In cases where SRS were added during or after CLRS 
installation, the results showed that ROTRR crash rates 
were reduced by between 47.0 percent and 61.6 percent in 
all-severity crashes, and by between 15.3 percent and 66.6 
percent in fatal and serious injury crashes. Table 9 illustrates 
the before-after safety evaluation study results by severities 
for these two conditions. Note that a rate approach, using 
per 100 million vehicle miles traveled (VMT), was used in 
the analysis.

Figure 18. Sample of Installed SRS in Washington State (FLG 2014)

Agency Contact:

John P. Donahue
Design Policy and Analysis Manager
Washington State Department of Transportation
360-705-7952
DonahJo@wsdot.wa.gov

Table 8. WSDOT SRS Standard Installation Details (Olson et al. 2013)

Table 9. Before-After Safety Performance by Crash Types and Severity Levels (Olson et al. 2013)

Standards
Use on rural roads where posted speed is 45 mph or higher

Provide for at least 4 feet of usable shoulder between the rumble strip 
and the outside edge of shoulder. If guardrail or barrier is present, 
increase the dimension to 5 feet of usable shoulder

Ensure shoulder pavement is structurally adequate to support milled 
rumble strips

Do not place SRSs on downhill grades exceeding 4 percent for more 
than 500 feet in length along routes where bicyclists are frequently 
present

Consult the region and Headquarters Bicycle and Pedestrian 
Coordinators to determine bicycle usage along a route, and involve 
them in the decision-making process when considering rumble strips 
along bike touring routes or other routes where bicycle events are 
regularly held
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ABarrier is a device designed to stop or redirect errant 
vehicles to prevent a more serious crash. Although 

barriers cannot reduce the total number of crashes, the 
benefits of cable barriers are that they tend to minimize 
the severity of injuries by absorbing the impact of the crash 
and have a safer consequence compared with striking the 
shielded obstacles. However, installing a safety barrier 
should be taken into consideration only after other treatment 
options (e.g., removing/relocating hazard, making the 
hazard traversable, etc.) have been investigated. 

Three main types of safety barriers are used by transportation 
agencies, including flexible barriers, semi rigid barriers, and 
rigid barriers. Flexible barriers, made from wire rope strung 
between posts, are the most forgiving type of barriers and 
the best option for minimizing injuries to vehicle occupants 
(iRAP 2011). 

Semi rigid barriers, also known as guardrails or guiderails, 
are the most common type being widely used and can be 
effective at preventing: 

•	 RwD crashes
•	 Vehicles from hitting fixed objects
•	 Vehicles from going over steep embankments. 

Guardrails have a low life-cycle cost since they often 
remain functional without immediate repair needs (ATSSA 
2011). Rigid barriers, such as concrete barriers, are very 
effective in keeping vehicles within the roadway and often 
used as a median barrier when providing a wide median is 
not feasible (MnDOT 2014a). 

Part III: Roadside Design

CASE 10: Cable Barrier
Minnesota

Figure 19. Sample of Cable Barrier System, Minnesota 
(Image: Mark J. Bloschock)

Table 10 illustrates the results of before-after crash-data 
evaluations in all treated sites for a three-year time period 
(DeVoe and Monroe 2012). It should be noted that the 
cost of material and installation per mile for concrete and 
cable median barriers includes $400,000 to $500,000 and 
$140,000 to $150,000, respectively (MnDOT 2014a). 

Table 10. Before-After Crash Data Analysis Results

According to the Crash Modification Factor Clearinghouse 
website, the CMF for fatal cross-median crashes associated 
with median cable barriers is 0.34, which means a reduction 
of 66 percent in fatal crashes regardless of the type of crash 
(FHWA 2013d). 

In an effort to reduce fatal and severe crashes, the 
Minnesota Department of Transportation (MnDOT) initiated 
a Toward Zero Deaths (TZD) program in 2003. In 2004-
2008, cable barriers were implemented at 31 segments 
along approximately 150 miles of a freeway to reduce the 
number of fatalities and severe injuries caused by cross-
median crashes in Minnesota (MnDOT 2008). Figure 19 
depicts a cable barrier system being installed and tensioned.

Continued on next page
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Figure 20. Before-After Crash Reduction on I-35 
(Image: MnDOT Office of Traffic, Safety and Technology)

Agency Contact:

Kevin Gutknecht
Director of Communication
Minnesota Department of Transportation
651-366-4266 
kevin.gutknecht@state.mn.us

Figure 20 depicts a significant cross-median crash reduction 
(from eight fatal and three serious injuries to zero fatal and 
two serious injury crashes) on a sample segment of I-35 
(MnDOT 2014a). 

It is important to note that installation of any type of barrier 
may result in a significant increase in lower severity (e.g., 
PDO or possible injury) crashes as shown in Table 10. 
However, since fatal and serious injury crashes average 
significantly higher costs, the total crash cost at these 
locations had a 38 percent reduction due to the cable 
barrier installation, comparing the crash cost in the three-
year before period with the three-year after period.
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CASE 11: Guardrail
North Carolina

Properly designed and installed guardrail can reduce 
the severity of RwD crashes by containing and/or 

redirecting errant vehicles. Guardrail will not necessarily 
reduce the number of RwD crashes, because it is longer 
than and closer to the traveled way than the object it 
shields. Therefore, guardrail should only be installed where 
it is judged that striking the guardrail is less severe than 
consequences of striking fixed objects or slopes behind the 
guardrail (Caltrans 2012).  

There are a number of barrier systems (including various 
types of guardrail) that will perform the function described 
above. The most common guardrail system used in the 
United States is the metal beam guardrail, which is made 
up of W-shaped metal beam rail elements fastened to 
wood or galvanized steel posts (Ray and McGinnis 1997). 
W-beam guardrail is in the semi rigid barrier category, with 
deflections ranging from 2.6 to 7 feet (AASHTO 2011a).

It is worth mentioning that an untreated end of a roadside 
barrier can result in more severe crashes. Therefore, 
crash-worthy end treatments should be employed to safely 
decelerate the vehicle to a stop or redirect it from an object 
of concern (AASHTO 2011a). 

Approximately, 70 percent of W-beam guardrail collisions 
were reported to be PDO crashes (Ray et al. 2003). Overall, 
evidence suggests that the installation of W-beam guardrail 
is a low-cost safety improvement that reduces the severity 
of RwD crashes (ATSSA 2008). Among the post-and-beam 
barrier systems, the strong-post W-beam guardrails yield 
lower deflections (Ray and McGinnis 1997). It is relatively 
low maintenance because in a minor crash it may require 
no repairs.

According to the Crash Modification Factor Clearinghouse 
website, installing guardrail in rural roadways can reduce 
up to 33 percent of RwD fatal and injury crashes (FHWA 
2014c).

Figure 21. Site 1: Driving West on U.S. 64 (NCDOT 2014)

Figure 22. Site 2: Driving West on U.S. 74/19 (NCDOT 2014)

Figure 23. Site 3: Driving Toward Nutley Drive (NCDOT 2014)

In an attempt to reduce the RwD crash severity, the 
North Carolina Department of Transportation (NCDOT) 
completed the evaluation of spot-safety and hazard-
elimination projects for 14 divisions in the state. Since the 
most prevalent crash type at the subject locations was RwD 
crash, the guardrail was installed with the aim of reducing 
their severity (NCDOT 2014). Figures 21 through 23 depict 
the three of many treatment sites.

Continued on next page
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In order to measure the effectiveness of the implemented 
guardrail, a before-after analysis of the three treatment 
sites was conducted by NCDOT.

The crash analysis results and background information 
of the three sites are summarized in Table 11. The crash 
severity index is defined to be equal to the total equivalent 
PDO crashes (76.8 for “K=Fatal” and “A= Incapacitating 
injury” crashes, and 8.4 for “B=Non-Incapacitating injury” 
and “C=Possible injury” crashes) divided by the total number 
of crashes. The analysis results suggest that the percent 
reduction in the total severity index and RwD severity index 
range from 16.6 percent to 36.7 percent at the three sites 
(NCDOT 2014). The number of total and RwD crashes 
increased at Site 1 and Site 3 but were reduced at Site 2.

Agency Contact:

Shawn A. Troy
Safety Evaluation Engineer
North Carolina Department of Transportation
919-773-2897
stroy@ncdot.gov

Table 11. Before-After Analysis Results of Three Treatment Sites (NCDOT 2014)
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CASE 12: Breakaway Supports for Signs and Lighting
Nationwide

Breakaway supports are various devices designed and 
constructed to break or yield when they are hit by a 

vehicle (FHWA 2012f). Rigid objects (e.g., traffic signs, utility 
poles, lighting structures, traffic signals, railroad warning 
devices, motorist-aid call boxes, and mailboxes) can 
become deadly roadside hazards when struck by vehicles 
in RwD crashes. Based on the National Highway Traffic 
Safety Administration’s (NHTSA) traffic safety facts in 2012, 
collisions with fixed objects accounted for 36 percent of all 
fatal crashes across the United States (NHTSA 2012).  

It is not always feasible to maintain object-free roadside 
clear zones (the total roadside border area starting at the 
edge of the traveled way); however, crash severity can be 
diminished by using breakaway supports for those objects. 
Figure 24 depicts an example of an information sign with 
breakaway supports within the clear zone (FHWA 2012f). Figure 25. An Omnidirectional Breakaway Support 

System for Light Poles (Image: Transpo 2014)

Figure 24. An Information Sign with Breakaway Supports (FHWA 2012f)
Figure 26. Sample of Breakaway Support System (Image: TAPCO)

Agency Contact:

Nick Artimovich
Roadway Departure Team
FHWA Office of Safety
202-366-1331
Nick.Artimovich@dot.gov

Many breakaway designs for traffic signs, luminaires, 
and mailboxes have been crash tested and meet current 
standards. The 2009 MUTCD states that post-mounted 
roadside sign supports in the clear zone shall be breakaway, 
yielding, or shielded (FHWA 2009a). This requirement 
applies to all roads open to public travel, whether publicly 
or privately owned. 

Although state highway agencies are generally in compliance 
already, many local agencies may not be aware of this 
requirement (FHWA 2014d). Additionally, the AASHTO 
Roadside Design Guide and most states’ own standards 
provide guidance for designs of breakaway supports that 
have been crash tested. 

Costs for replacing noncompliant sign posts can be 
minimized by coordinating with the upgrading of the 
retroreflective sheeting of signs (FHWA 2014d).

The omnidirectional breakaway 
support system is commonly 
used for light poles (see Figure 
25). The key component of the 
system is a high-strength, double-
neck coupling, designed to break 
away quickly and cleanly upon 
the impact, behaving consistently 
and predictably regardless of 
impact angle. 

Figure 26 illustrates a reusable breakaway support system 
for signs, mailboxes, etc. to make it possible to replace 
posts in minutes. This anchor can be installed in concrete, 
asphalt, and soil using a hand or power driver.

Phone interviews were conducted with traffic and safety 
engineers from several state DOTs regarding the safety 
effects of breakaway supports. Most agencies reported 
that the countermeasure has been proven to be effective 
in reducing the severity of RwD crashes and that no 
evaluation is necessary. More detailed information 
regarding breakaway features for sign supports, utility 
poles, and other roadside features can be found on the 
FHWA website: http://safety.fhwa.dot.gov/roadway_dept/
policy_guide/road_hardware/ctrmeasures/breakaway/

http://safety.fhwa.dot.gov/roadway_dept/policy_guide/road_hardware/ctrmeasures/breakaway/
http://safety.fhwa.dot.gov/roadway_dept/policy_guide/road_hardware/ctrmeasures/breakaway/
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CASE 13: Clear-Zone Improvements
Dallas County, Iowa

AClear zone is defined by the FHWA as “An unobstructed, 
traversable roadside area that allows a driver to 

stop safely, or regain control of a vehicle that has left the 
roadway” (AASHTO 2011a). The clear zone area, which 
starts at the edge of the traveled way, not only decreases 
the likelihood of a crash, but also reduces crash severity 
(see Figure 27). This area, which also includes a shoulder, 
a recoverable/nonrecoverable slope, and run-out area, 
can be achieved by removing/relocating roadside hazard 
objects or flattening slopes (FHWA 2014e).  

Clear zone distances are most affected by the traffic volume, 
speed, roadside slope, and curvature. More specifically, 
as recommended by the AASHTO Roadside Design 
Guide, the suggested clear-zone distances for flat, level-
terrain highways range between 7 and 34 feet, considering 
speed and average daily traffic (ADT) (AASHTO 2011a). 
See section 3-1 in the 2011 “Roadside Design Guide” 
for suggested clear-zone distances for different ADT and 
speed.

Figure 27. Clear-Zone Illustration (BMTE 2014)

According to the Crash Modification Factor Clearinghouse 
website, changing clear zones from greater than or equal 
to 26.2 feet (8 meters) to less than or equal to 6.6 feet 
(2 meters), between 6.6 feet (2 meters) and 13.1 feet (4 
meters), and between 13.1 feet (4 meters) and 26.2 feet (8 
meters) results in increasing RwD fatal and injury crashes 
by 119, 60, and 27 percent, respectively (FHWA 2010).

In an attempt to reduce the RwD crash severity on their 
roads, in 2006, the Iowa Department of Transportation 
(Iowa DOT) started to develop standards and tools to be 
implemented by individual counties (Sperry et al. 2008). This 
program includes, but is not limited to, removal/relocation 
of hazards in the clear zone (e.g., trees, telephone poles, 
mailboxes) and the shielding or delineation of objects if 
achieving the first option is not feasible (see Figure 28). The 
safety evaluation results demonstrated that the number of 
total crashes dropped by up to 38 percent (Sperry et al. 
2008). 

Figure 28. Clear Zone (Image: Jack Latterell)

Agency Contact:

Jim George
Dallas County Engineer
Iowa Department of Transportation
515-993-4289
jgeorge@co.dallas.ia.us
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CASE 14: Shoulder Widening
North Carolina

Roadway shoulders, as a safety feature, can improve 
road safety not only by allowing drivers to recover 

in a stable, clear recovery area, but also by providing 
drivers with more space to maneuver to avoid crashes. In 
addition, a wider shoulder improves stopping sight distance 
(SSD) at horizontal curves and provides better bicycle 
accommodations (see Figure 29).   

Figure 29. Sample of Wider Shoulder (Image: Caltrans)

Shoulder width can vary between 2 feet for minor rural 
roads and 12 feet for major roads. It can also be widened 
on both inside and outside of curves (AASHTO 2011b). 
For low-volume roads (less than 1,000 vehicles per day) 
with narrow pavement width (less than 12 feet), it is more 
beneficial to consider narrower lanes with a wider shoulder 
(FHWA 2014b). 

Based on current research on crash-related effectiveness 
of treatments, shoulder widening is considered a proven 
strategy that is compatible with other treatments for 
preventing RwD crashes (FHWA 2014b).

Shoulder widening can mitigate specific types of crashes, 
including single-vehicle RwD, multiple-vehicle head-on, 
and sideswipe crashes. Based on a recent study, in rural 
areas, upgrading a narrow unpaved shoulder (<5 feet) to a 
wider unpaved shoulder (>5 feet) can reduce these types of 
crashes up to 79 percent regardless of severity (Gayah and 
Donnell 2014). 

Figure 30. Site 1: Driving North on U.S. 258 (NCDOT 2014)

Figure 31. Site 2: Driving West on State Route 1335 (NCDOT 2014)

Figure 32. Site 3: Driving East on State Route 2220 (NCDOT 2014)

The NCDOT completed many paved shoulder widening 
projects to mitigate RwD crashes on two-lane highways in 
14 divisions throughout the state. Figures 30 to 32 illustrate 
three of many treatment sites on rural two-lane highways 
with an added 4-foot shoulder at Site 1 and an added 2-foot 
shoulder at Site 2 and Site 3 (NCDOT 2014). 

Continued on next page
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The NCDOT conducted a before-after analysis of these 
three treatment sites using three or more years before and 
after crash data. Table 12 lists study site characteristics and 
crash analysis results of the three projects. Considering 
weighting factors (76.8 PDO crashes for one “K” or “A 
Injury” crash, and 8.4 PDO crashes for one “B injury” or “C 
injury” crash), the crash severity index can be computed 
using the total equivalent PDO crashes divided by the total 
number of crashes. 

The study found that the total number of RwD and all 
crashes decreased by up to 75.0 percent and 52.4 percent, 
respectively. Moreover, the analysis results demonstrated 
that the percent reduction in the total severity index and 
RwD severity index range from 43.7 percent to 69.2 percent 
at the three sites. 

Table 12. Before-After Analysis Results of Three Treatment Sites (NCDOT 2014)

Agency Contact:

Shawn A. Troy
Safety Evaluation Engineer
North Carolina Department of Transportation
919-773-2897
stroy@ncdot.gov
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Several means of federal funding currently exist for 
local agencies to support highway safety projects for 

mitigating RwD crashes. The most popular program used 
is the Highway Safety Improvement Program (HSIP), a 
federal-aid safety program designed to reduce fatalities on 
all public roads.  

HSIP is also known as Section 148, referring to the highway 
safety improvement program section of title 23 of the U.S. 
Code. This program is currently being funded by the Moving 
Ahead for Progress in the 21st Century Act (MAP-21). 
Projects funded by HSIP usually receive a federal share 
of 90 percent, with some projects being eligible for 100 
percent funding (FHWA 2013e). The funding is set aside 
for each state, leaving it up to the states to decide how to 
spend the funds. 

In order to receive funds, the state must develop and 
maintain a State Strategic Highway Safety Plan (SHSP) 
and fund projects in line with this plan (FHWA 2013f). For 
the fiscal year 2013, all 50 states as well as the District of 
Columbia were apportioned HSIP funds (FHWA 2013g). In 
2013, 698 (21 percent) HSIP projects were classified under 
the SHSP emphasis area (EA), 15 (keeping vehicles on the 
road) and 815 (25 percent) projects were aimed at EA 16 
(minimizing the consequences of leaving the roadway); both 
concern limiting the number and severity of RwD crashes 
(FHWA 2014i). 

It should be noted that in two states, Minnesota and 
Washington, HSIP funds are proportionally distributed to 
local road systems based upon serious crashes (50 percent 
of the serious crashes occur on the local road system). This 
distribution results in approximately 50 percent of the HSIP 
funds being allocated to the local road systems to improve 
their safety (Preston et al. 2014). 

Pennsylvania
Pennsylvania, along with many other states, makes use of 
these funds, distributing them through the Pennsylvania 
Department of Transportation (PennDOT). Some of the 
safety areas that Pennsylvania addresses using HSIP 
funding to reduce RwD collisions include: shoulder widening 
and rumble strip installation, safety edge installation, 
installation of chevrons or curve warning markings for 
horizontal curves, and clear-zone improvements (PennDOT 
2012).

Part IV: Funding Local Safety Projects

Federal Highway Safety Improvement
Program Funds

PennDOT distributes the funds amongst various planning 
regions according to several factors, including number of 
lane-miles, vehicle-miles traveled, fatalities, and crashes 
(Nelson et al. 2011). Furthermore, PennDOT has its own 
funding program to invest in safety improvements for 
preventing vehicle departure from roadways.

Washington State
In Washington State, federal funding is distributed through 
the County Safety Program, which, in 2010, funded more 
than 100 projects, totaling $45 million (WSDOT 2014). 
According to the County Safety Program, project costs 
range from $500,000 to $2.5 million (WSDOT 2014). Many 
RwD projects were funded including one in Douglas County 
where $750,000 was awarded to improve the clear zone; 
add guardrails, centerline rumble strips, and delineators; as 
well as upgrade signs, adding radar speed signs (WSDOT 
2014).

Minnesota
Project selection in Minnesota starts with municipalities 
submitting funding applications to the state DOT, where they 
are then reviewed by a team comprising representatives 
from the state aid and safety offices as well as the FHWA 
(MnDOT 2014b). In order for a project to be funded, it must 
meet Minnesota’s goals outlined in its SHSP (MnDOT 
2014b). For state fiscal years 2015 and 2016, Minnesota has 
awarded more than $800,000 to go to installing chevrons; 
nearly $2.5 million in rumble strip and stripe installation; 
and more than $4 million in shoulder paving and safety 
edge installation, with nearly all those funds coming from 
HSIP (MnDOT 2014b). 

Other Sources of Federal Aid

In addition to HSIP, some states also make use of two other 
sections of Title 23 of the U.S. Code: Section 154 “Open 
Container Transfer Provision” and Section 164 “Repeat 
Offender Transfer Provision.” Both provisions allow the 
federal share of eligible project costs to be funded at 100 
percent (FHWA 2013h). 

Continued on next page
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Missouri
The state of Missouri is subject to both Section 154 and 
Section 164 transfer provisions (Nelson et al. 2011). 
Section 154 and Section 164 transfer some federal funds 
that have been withheld to be used for hazard elimination 
as part of HSIP Section 148, 23 U.S.C. §154. The funds 
used for HSIP-eligible projects are released back to the 
state DOT, which then funds eligible projects through the 
local Public Agency Program (MoDOT 2013). This program 
seeks to guide local governments in the process of applying 
for federal aid and coordinates processing the requirements 
for such aid (MoDOT 2013). 

Other Federal Funding Under MAP-21

MAP-21 provides several funding programs that local 
governments can take advantage of outside HSIP. Safety 
improvements can and often should be included during 
other federal-aid projects. For roads that are included in 
the National Highway System (NHS), federal funds can 
be obtained from the National Highway Performance 
Program (NHPP), which can then be used for highway 
safety improvements on the NHS, subject to the eligibility 
requirements of that program (FHWA 2013i). Similarly, the 
Surface Transportation Program (STP) provides funds for 
a number of eligible activities, including highway safety-
infrastructure improvements and programs that can be 
used on any federal-aid highway (FHWA 2013j). Finally, 
the State Planning and Research (SP&R) fund provides 
for the development of various planning and research 
activities, including those related to highway safety (FHWA 
2013k). This is important, as many aid programs and grants 
require some sort of improvement plan or safety evaluation 
before awarding funds. Local agencies need to work with 
metropolitan or regional planning organizations or State 
DOTs for federally funded projects.     

State Sources of Funding

However, funding programs are not limited to just the 
federal level. Various state programs were established 
to be included as part of the state DOT’s budget or were 
derived from other forms of revenue. 

Colorado
Colorado has made use of funds available for implementing 
countermeasures for RwD crashes from the Transportation 
Commission, revenue from charging tolls, grants, licensing 
fees, and partnerships between public and private 
interests (Nelson et al. 2011). Furthermore, the state of 
Colorado legislature passed a bill, known as the Funding 
Advancements for Surface Transportation and Economic 
Recovery Act of 2009 (FASTER), that provided funding for 

safety programs through the use of car rental fees as well 
as vehicle weight-based registration fees. Funds generated 
through FASTER are split among the Colorado DOT (60 
percent), counties (22 percent), and municipalities (18 
percent) in order to fund safety projects (CDOT 2014a). In 
2010, FASTER provided more than $460,000 of funding 
to widen shoulders and install rumble strips, guardrail, 
roadway signs, and pavement markings in several counties 
throughout the state (CDOT 2014b).

Nonfinancial Benefits Afforded to Local 
Transportation Agencies

Finally, state DOTs can help local agencies gain access 
to federal funding or grants, if the department is unable 
to provide them directly. In addition, various states have 
created organizations or programs to share funds among 
the different levels of highway administration in order to 
fund safety projects.

Georgia
The Georgia DOT (GDOT) is able to provide road safety 
audits along with other forms of assistance in order to 
help counties apply for safety funds (Nelson et al. 2011). 
Furthermore, GDOT has a Local Administered Project 
Certification program that is designed to help communities 
manage federal funding requirements so that they do not 
lose funding from noncompliance (GDOT 2012).

Iowa
Iowa shares its safety funds and has established the Iowa 
Traffic Safety Alliance to support local and multidisciplinary 
projects (Nelson et al. 2011). Similar to Georgia, Iowa has 
a Traffic Engineering Assistance Program that can provide 
experienced engineering assistance—up to 100 hours— 
to examine safety and to identify funding sources for the 
assisted projects (Iowa DOT 2014). One example of how 
this service can be used is to help perform traffic and safety 
analysis, B/C analysis, research to find funding sources, 
and preparation of reports. These services can help 
municipalities apply for funding that requires relevant safety 
data to be provided before funds are awarded, providing 
small transportation departments with the resources to 
pursue such funding.
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