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Demonstration of the United States Road 
Assessment (usRAP) as a Systematic Safety Tool 
for Two Lane Roadways and Highways in Kansas

by B.G. Nye, E.J. Fitzsimmons, and S. Dissanayake

The United States Road Assessment Program (usRAP) is a systematic tool that determines areas of 

two-lane corridors, a US highway, a Kansas highway, and a rural secondary road, were selected for 

this study. Data collection for the usRAP software included manual speed data collection, system-

wide centerline miles and crashes, crash costs, countermeasure costs, and manual roadway coding 

data every 100 m. The usRAP software evaluated and developed a star rating and a Safer Roads 

Investment Plan for each corridor. 

BACKGROUND

19% of the United States population lived in a rural area, but crashes in rural settings accounted 

Due to the high percentage of rural fatalities compared to the population, rural road and highway 

vehicle crash prevention are topics of serious concern for state transportation agencies, counties, 

Accident Facts developed by the Kansas Department of Transportation (KDOT) reported 36.4% 

of the approximately 5,525 crashes occurred on rural roads (KDOT 2014). The 2,011 crashes on 

rural roads accounted for 231 fatal crashes, or 70.6% of the total number of fatal crashes in Kansas 

(KDOT 2014).

Between 2005 and 2013, the total number of fatal crashes decreased from 276 to 231, respectively, 

while urban fatal crashes have remained relatively unchanged (KDOT 2014). The reduction in fatal 

rural crashes could be in part from the implemented safety programs, including a primary seat 

belt law, implementing FHWA Every Day Counts (EDC) programs, updating the Kansas Strategic 

Highway Safety Plan (SHSP), and identifying and improving high risk rural roads (HRRR).

residents use the state highway or paved secondary system to travel to larger communities. The 

time from emergency medical services (EMS) is often longer because crashes may go unnoticed 

and implementation of roadway safety countermeasures before vehicle crashes occur is crucial to 

increasing rural roadway safety.

mass-action area determination from past crash data. However, crash data in rural settings tend to be 

systematic approach that utilizes the roadway and intersection characteristics, opposed to crash data, 

should be used. 
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LITERATURE REVIEW

by the Federal Highway Administration (FHWA) to help make policy decisions and by engineers 

Maine, Michigan, Minnesota, and Utah based on the availability, quantity, and quality of the data 

(Tan 2011). 

determine safety concerns on roadways: crash mass action areas and systematic analysis of roadway 

roadway. SafetyAnalyst and FHWA geographical information system (GIS) using HSIS data are 

used to identify safety concern locations.

SafetyAnalyst

Harwood et al. (2010a) developed SafetyAnalyst, an analytical tool to assist in the decision-making 

characteristics to identify sites with higher-than-expected and expected levels of crash frequencies. 

The network-screening tool focuses on identifying spot locations and short segments with potential 

for safety improvements. The network-screening tool can also identify large sections of roadway.

SafetyAnalyst closely refers to the Highway Safety Manual (HSM) and the FHWA’s Interactive 

Highway Safety Design Model (IHSDM). All three tools extensively use safety performance 

and to strengthen support for the decisions made. Long-term viability of SafetyAnalyst is determined 

by continuous software enhancements to meet users’ evolving needs (Hardwood et al. 2010a).

FHWA GIS and HSIS

In 1999, the FHWA integrated GIS capabilities with the HSIS to create a crash analysis tool. The 

integrated system used traditional GIS features to spatially located crash locations and information 

using crash analysis tools. The tools allow engineers to evaluate crashes at a user designated spot, 

corridor (FHWA 1999). 

Road Assessment Programs

In 1999, the road assessment program known as EuroRAP was created. The program analyzes 

vertical and horizontal alignment to objects near the roadway that could be struck by a motorist who 

et al. 2010b). 
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highways totaling 704 km. Road data were categorized into more than 900 sections in order to 

analyze the collected data. The model predicted ROR accident frequency, fatality, and injury using 

of trucks were primary factors in ROR crashes. However, it was found additional research is needed 

to improve the ROR prediction models.

Road Safety Audit

A roadway can also be analyzed using a road safety audit (RSA). An RSA is a formal safety evaluation 

of an existing road or intersection conducted by an independent team of highway engineers and 

a road design engineer, a local contact person, and additional experts depending on the size and 

complexity of the project.

Once an RSA team is formed, a formal meeting is conducted to set the context of the audit 

RSA team independently conducts a review of the roadway and then come together as a team to 

RESEARCH OBJECTIVES

States Road Assessment Program (usRAP) as a systemic safety tool for rural highways and paved 

Kansas counties identify high-risk roadway segments without using historical crash data at each 

corridor. Secondary objectives included determining if usRAP was a viable tool to include in state 

and county level safety planning and seek feedback on the usRAP outputs by the local road engineer 

of the Kansas Association of Counties.

EMPIRICAL SETTING

Study Corridors

Three study corridors in Kansas were selected for evaluation in this study to represent three common 

roadways found in Kansas: a U.S. highway, a Kansas highway, and a rural secondary road. All three 

roads were two-lane undivided roadways outside of incorporated areas. The roadways were selected 

based on driving experience and visual investigation. Crash data were not used to identify roadways 

evaluated in this study

segment had a length of 19 miles and a posted speed limit of 60 mph. The research team conducted 
th percentile speed of 

64 mph. During the study, crash data from 2010 – 2014 were collected. There were a total of 236 

crashes with one resulting in a fatality and six resulting in a disabling injury. 
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The second corridor selected was K-5 between Kansas City and Lansing. The corridor was 

unique because of several horizontal curves (left and right) and vertical curves (up and down) that 

produced multiple blind spots in both directions of travel. K-5 had an AADT of 2,500 vehicles with 

a posted speed limit of 55 mph. A speed study conducted by the research team found the average 
th percentile speed to be 57 mph. The study team hypothesized the 

average speed was lower because drivers on K-5 are aware of the constant changes in horizontal and 

vertical alignment. Crash data between 2010 and 2014 showed there was a total of 75 crashes with 

three resulting in a disabling injury crash.

At the intersection of RS 20 and RS 25, there is a horizontal curve that connects the two roads to 

roads have a posted speed limit of 55 mph. A speed study conducted by the research team found 
th percentile speed of 61 mph. To determine the number 

of crashes along the route, data were manually extracted from county crash records. From 2010 to 

2014, there were a total of 35 crashes resulting in one disabling injury crash.

usRAP Calibration

countermeasure costs) is required. In Kansas, the cost of a crash varies with the severity. A property 

damage only crash has an estimated cost of $3,200, while a fatal crash would have an estimated 

To calibrate the crash frequency used by the software, crash information for U.S. highways 

in Kansas and Kansas highways was collected. For U.S. highways in Kansas, there were 21,305 

crashes between 2010 and 2014 resulting in 264 fatal and 455 disabling injury crashes (KDOT 2014). 

353 disabling injury crashes (KDOT 2014). KDOT had limited crash data outside of incorporated 

areas. Therefore, for this study, default calibration parameters were used based on AADT, roadway 

type, and posted speed limit.

The usRAP software incorporates 192 built-in countermeasures for urban and rural environments. 

These countermeasures range from low cost to high cost, which may range from signs to large 

reconstruction projects, respectively. Each countermeasure has a low, medium, and high cost that 

can be adjusted prior to software coding. Of the 192 possible countermeasures, the research team 

selected 70 countermeasures that were applicable to Kansas rural environments. The research team 

then met with KDOT’s Bureau of Local Projects to verify countermeasure costs. All countermeasure 

costs provided by KDOT were considered to be medium costs, and the low and high costs for each 

countermeasure were determined by a percentage decrease or increase, respectively. 

CODING METHODOLOGY

Prior to coding the three Kansas corridors, the research team participated in a two-day training 

the development, testing, and implementation of usRAP and iRAP, presented a manual that explained 

each variable the research team was to code. The usRAP software relies on a visual inspection of the 

team ranged from open space to dense vegetation. Based on previous studies, a coding time of 30 

minutes per one mile was estimated for this project.

The coding environment for the usRAP software involved using two monitors displaying 

the coding screen and a view from Google Street View, as shown in Figure 1. The research team 

coded each variable based on a 100m segment of the roadway. For each variable, there was a drop- 
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Figure 1: Example Display of Monitors During Coding Process
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down menu with options to best describe the roadway characteristics. For example, roadside object 

that has left the roadway.  After all variables for a segment have been coded, the variables can be 

carried through to the next segment. This allowed the research team to cut down on the total time 

spent on each segment. For consistency in coding the roadway, the direction of coding was in the 

direction of increasing milepost markers.

team worked in groups of two to discuss which variables would be the most appropriate for the given 

segment. After completion of a roadway, the code was sent to the principle investigator (PI) to verify 

the coded variables for half-mile intervals. If a disagreement was found between coded variables, 

the PI would adjust the segment and surrounding segments to better match the roadway segment’s 

segment was coded accurately before data were uploaded to the usRAP website for analysis.

RESULTS OF SELECTED KANSAS CORRIDORS

usRAP

Using the coded data and operational characteristics for each corridor, the usRAP program determines 

a road protection score for each segment of the roadway using built-in modeling algorithms. The 

road protection score is based on coded variables having a known impact or relationship with crash 

occurrence and the probability a segment would have high risk of a serious injury or fatal crash. 

Determination of risk is translated into a star ranking (AAA 2012 and Knapp et al. 2014). The star 

ranking is a color coded and numerical ranking (1 to 5, with 1 being the highest risk) indicator of 

risk for a segment of roadway.

The usRAP program also generates a Safer Roads Investment Plan, which provides information 

on countermeasures previously selected that could be implemented to reduce the probability of there 

being a fatal or serious injury crash on a certain segment. The Safer Roads Investment Plan also 

which side of the road on which to implement the countermeasure using the terms driver side or 

passenger side. The driver side and passenger side are representative of the direction of coding of 

the roadway. For example, if the coding direction was east, the driver side would be on the north and 

passenger side would be on the south. For this study, the Safer Roads Investment Plan only showed 

Star Rating and Safer Roads Investment Plan

Figure 2 through 4 show the star ratings for the three corridors selected in this study. Each delineated 

segment shown has a number that corresponds with its star rating. The usRAP program generates a 

star rating map for vehicle occupants, motorcycles, bicycles, and pedestrians. However, the analysis 

showed minimum change in those areas. The usRAP website overlays the results on top of Google 

physical features. 

Figures 2a and 2b show the star rating before and after countermeasure implementation, 

respectively, of US-40.  As shown in Figure 2a, approximately 67% (19.4km) of the corridor 

was considered 2 stars or lower. Lower star ratings (labeled with the number 1) occurred around 

entrances to businesses.
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Figure 2: Before and After Star-Rating for US-40

a) Before Countermeasures

b) After Countermeasures

To increase the star rating and reduce the number of fatal and serious crashes on the corridor, the 

suggested shows the number of suggested sites (represented by length), total number of fatal or 

cost ratio was to clear roadside hazards on the passenger side. The usRAP program estimated 

there was 13.60km (136 100-meter segments as shown in Figure 5) where implementation of the 

of US-40 if all countermeasures suggested by Safer Roads Investment Plan were implemented. After 

countermeasure implementation, approximately 12% (3.2km) of the corridor was considered 2 stars 

or lower. The usRAP program estimated the total cost to implement all suggested countermeasures 

approximately 4.
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Figure 3: Before and After Star-Rating for K-5

a) Before Countermeasures

b) After Countermeasures
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a) Before Countermeasures

b) After Countermeasures

Figure 4: Before and After Star Rating for RS 20 and RS 25

Figures 3a and 3b show the star rating before and after counter implementation, respectively, of 

K-5. As shown in Figure 3a, 100% (16.2km) of the corridor was considered 2 stars or lower (2 being 

vertical curves that produced areas with limited sight distance. 

roadway markings (delineation) on two curves. The usRAP software estimated the total cost to 

approximately 13. One of the curves suggested for improved curve delineation had a slight vertical 

curve reducing sight distance as shown in Figure 6. Figure 3b shows the star rating of K-5 if all 

countermeasures suggested were implemented. If all countermeasures are implemented, 100% of 

the roadway would have a 3-star ranking and an estimated 11 FSI crashes would be prevented over 

Figures 4a and 4b show the star rating before and after countermeasure implementation, 

to be 1-star. RS 20 and 25 is a rural secondary road with no delineation on the roadway and little to 

intersection of RS 20 and 25. However, on both RS 20 and 25, there were several large culverts 
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Figure 5: Recommended Locations of “Clearing Roadside Hazard – Passenger Side”

 for US-40

Figure 6: Google Street View of the Curve Selected for Improved Delineation

the edge of the roadway. The usRAP’s Safer Roads Investment Plan suggested implementing a 

roadside barrier on both sides of that roadway at the culverts. The roadside barriers would prevent 

an estimated two FSI crashes over a 20-year period. Figure 4b shows the star rating of RS 20 and 

25. After implementation of all suggested countermeasures, 100% of the roadway remains a 1-star 

rating. However, the star rating for this particular roadway can be misleading. If all countermeasures 

2. The star rating map suggests the roadway would need to be completely upgraded to the standards 

of a two-lane highway or higher to enhance the star ratings.
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The usRAP results for RS 20 and 25 were validated by comparing the results to a road safety 

including the need for improved curve delineation and a roadside barrier. However, the usRAP 

vision.

DISCUSSION

Understanding the safety risks of rural highways and paved secondary roadways is critical in Kansas 

funding for roadway improvements and determination of locations in need of improvements can be 

is saved or one serious injury is prevented. 

The research team selected three corridors to test the usRAP software: A U.S. highway, a Kansas 

highway, and a paved rural secondary road. US-40 between Topeka and Lawrence, K-5 from Kansas 

previous driving experience and visual inspection from the research team. The amount of available 

data (crash or otherwise) were not used in the selection of the three corridors. 

The usRAP program is a free software program that requires extensive data entry based on 

Google Street View or manual data collection for 100m intervals. Corridor baseline data are needed 
th percentile 

speed, system-wide centerline miles for each roadway type, system-wide historical crash analysis 

the usRAP program is that the program does not require historical crash data for the road segment 

or corridor of interest. The usRAP software analysis is based on roadway characteristics directly 

related to crashes.

The usRAP software outputs provide valuable information that can be easily interpreted for 

every 100m and a Safer Roads Investment Plan for each corridor. The usRAP software is not 

designed to replace a required engineering study before implementation of any major roadway 

areas of a corridor to help guide a transportation study.

The star ratings developed for the three corridors provide a visualization of potential risky areas 

for each corridor. Each of the three corridors selected had 3-star or lower segments for the entirety 

of the corridor because the roads were not interstates or divided highways. The three corridors 

number of fatal or serious crashes prevented over a 20-year period for each countermeasure. The 

narrows down the location of countermeasure implementation and reduces the time, money, and 

initial investigations required for engineering studies.
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Finally, the usRAP software predicted a star rating for each corridor if all countermeasures 

predicted for US-40 and K-5, RS 20 and RS 25 were predicted to remain constant because substantial 

reconstruction was needed to upgrade the safety of the corridor. However, upgrading certain areas 

on the corridor may not bring the segment to a 2-star or higher rating, it could save a life or prevent 

a serious injury.
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