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1. OBJECTIVE 
Each year, thousands of drivers in the United States are involved in motor vehicle crashes on the U.S. 

highway system. According to the National Highway Traffic Safety Administration (NHTSA), this 

resulted in a total of 35,092 fatalities in the year 2015 (NHTSA, 2016). In order to address this safety 

concern, the Federal Highway Administration (FHWA) has launched several program initiatives with 

the goal of identifying and accelerating proven low-cost safety innovations that are not yet widely 

utilized. One of these initiatives involves the use of High Friction Surface Treatments (HFSTs). HFSTs 

are pavement overlay systems in which a high quality, durable, and polish resistant aggregate topping 

is placed on top of a resin binder. This provides drivers increased pavement friction, and ultimately 

assists them to stay within their travel lane, particularly when navigating horizontal curves, or when 

travelling under wet pavement conditions.  

Although HFSTs have a higher cost when compared to other pavements, its cost and construction 

schedule are moderate when compared to other alternatives to reduce crashes such as changing the 

superelevation and increasing right-of-way at horizontal curves. Installed costs vary widely, depending 

on the size of the project, the prevailing costs of labor in that particular jurisdiction, and various 

components of the projects such as traffic control, treatment of pavement markings, etc. Projects in 

general have ranged from about $25 to $35 per square yard; however, the price has been going down 

for larger projects and where small installations can been bundled (FHWA, 2014). HFST is also 

characterized as having a relatively short construction schedule, resulting in limited delays for travelers.  

In the past two decades, there has been an increase in HFST installations projects at the state level within 

the United States, with at least 80% of states having applied  the treatment in at least one location as of 

2016 (FHWA, 2017). When considering HFST projects, it is important to study the long-term benefits 

versus the costs. Preliminary crash data from the FHWA’s Surface Enhancements at Horizontal Curves 

(SEAHC) indicate benefit-cost ratios were as high as 50 to 1 (Albin, Brinkly, Cheung, et al, 2016); 

however, values varied greatly from state to state. 

The aim of this research is to perform a comprehensive review HFST performance from an economic 

perspective, through an analysis of 122 installation projects in the state of Pennsylvania, and compare 

to national averages. Using crash data provided by the Pennsylvania Department of Transportation 

(PennDOT), it analyzes cost of installation along with the extent of their effectiveness in reducing 

crashes at various facility types. The findings serve as a proof of concept to show how DOTs can use 

crash data to determine the top locations types to invest in HFST projects for the best return on 

investment. 
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2. BENEFIT-COST ANLAYSIS METHODOLOGY 
A benefit cost ratio (BC Ratio) summarizes the overall value for money of a project or proposal. The 

ratio is calculated by dividing the expected benefit of proceeding with a project by the costs. Having a 

BC ratio greater than 1.0, indicates that the benefit outweighs the cost, and often provides evidence that 

the project is recommended to proceed. Based on this formula, the greater BC ratio, the better the 

argument that the project was successful and fulfilled its objective. The following sub-sections will 

describe the approach used to determine and analyze the BC Ratio for the HFST projects in 

Pennsylvania. 

2.1. Database Building 
In order to accomplish this objective, an extensive research and data collection effort was conducted. 

This included the compilation of three databases. The first was a crash database that contained detailed 

regarding more than 3000 crashes from the year 2003 through 2016. This was built using information 

as provided by PennDOT, and included crash type, location, severity, road surface conditions, etc. The 

second database was an HFST project database that included information on the locations of the 122 

HFST installations across the state of Pennsylvania, as well as their installation data. The third database 

was a site features database that was built by collecting geometric, traffic, and project related 

information for each of the locations within the HFST project database. Tools such as Google Earth and 

several PennDOT websites were critical to obtaining all of the necessary data. 

2.2. Determining Cost 
For the BC analysis, the cost was determined based on the overall project cost of installing HFST at 

each of the locations. This cost data was retrieved from the PennDOT ECMS (Engineering and 

Construction Management System), iTMS (Internet Traffic Monitoring System), MPMS IQ (Multi-

modal Project Management System Interactive Query), and the provided HFST project database. When 

costs were only provided for the entire project rather than on a site by site basis, the cost of installation 

was obtained by dividing total project cost proportionally to each site based on segment lengths. For this 

dataset, the prices of installation per site ranged from about $3,000 to $390,000. 

2.3. Determining Benefits 
The benefit of installing HFST was determined based on the lives and injuries saved by installing HFST, 

which was measured by the annual reduction in crashes by severity. In order to compute this, each of 

the more than 3,000 crashes in the crash database, were correlating it to the appropriate project location. 

Then, each crash was correlated with the HFST Project Database to determine whether each crash 

occurred before or after the HFST installation. From here a before-after database was developed which 

calculated the average number of crashes per year each site experienced before and after the HFST 

installation. From this, the annual average crash reduction was computed for each site by crash severity 

level. 

PennDOT provided the annual cost of each severity from the years 2010 to 2014. Since our crash data 

extended through the year 2016, linear extrapolation was used to predict the annual costs by severity 

level for the years 2015 and 2016. Using this information, the average cost was then calculated for each 

severity level (Table 1), and these values were multiplied by the annual reduction in departure crashes 

for each HFST project site for each corresponding severity level, to calculate the annual total benefit 

that was derived from the project.  

 

 

 

 



 

 

   

Table 1: Average Costs Per Crash Severity 

Crash Severity Average Cost 

Fatal $                6,356,342.14 

Major Injury $                1,388,970.86 

Moderate Injury $                     92,848.34 

Minor Injury $                       7,373.36 

Property Damage Only $                       2,949.34 

Unknown Injuries $                       7,373.36 

 

2.4. Analysis 
For the benefit cost analysis, first all of the sites were examined collectively. The data was next sorted 

to identify the sites with the top 25%, middle 50%, and bottom 25% BC ratios. Similar to the before-

after analysis, the goal of this investigation was to isolate the combinations of features that experienced 

the highest and the lowest returns on investment (e.g. intersections, segments, rural facilities, urban 

facilities, tangents and horizontal curves). The number and distribution of a particular combination of 

features within the original database were then compared to the number and distribution within the sites 

that experienced the highest, middle and lowest BC ratios, and their distribution in the original database. 

A statistically significant overrepresentation or underrepresentation of a specific feature would indicate 

the types of locations that practitioners would expect (or not expect) a good return on investment 

3. RESULTS 

3.1. BC Ratio for All Sites 
The benefit-cost ratio for the combined cost and benefit of all HFST projects was 3.01. When the sites 

were examined individually, the mean was 6.9, and the median BC ratio was 0.9. The minimum BC 

ratio observed was -58.1, and the maximum was at a value of 138.7. Out of all the sites analyzed, 48% 

of the where HFST was installed resulted in an annual BC ratio greater than 1.0. All of these results 

indicate that while individual projects may vary quite significantly, the overall value of deploying 

multiple HFST projects provide a desirable return on investment (ROI). 

3.2. BC Ratio Percentile Analysis 
Error! Reference source not found. shows the distribution results of the investigation when the sites 

were broken down into the top 25th, middle 50th, and bottom 25th percentile.  

Table 2: Distribution Comparison for BC Ratio 

Site Classification 

DISTRIBUTIONS 

Original 122 

Total Sites# * 

Top 25th 

Percentile  

BC Ratio# 

Middle 50th 

Percentile  

BC Ratio# 

Bottom 25th 

Percentile  

BC Ratio# 

Urban/ Segment/ Curve 18 (16.4%) 5 (19.2%) 11 (20.0%) 1 (3.8%) 

Urban/ Segment/ Tangent 7 (6.4%) 1 (3.8%) 3 (5.5%) 3 (11.5%) 

Urban/ Intersection/ Curve 25 (22.7%) 5 (19.2%) 14 (25.5%) 6 (23.1%) 

Urban/ Intersection/ Tangent 7 (6.4%) 3 (11.5%) 2 (3.6%) 1 (3.8%) 

Rural/ Segment/ Curve 25 (22.7%) 6 (23.1%) 13 (23.6%) 6 (23.1%) 

Rural/ Segment/ Tangent 2 (1.8%) 0 (0.0%) 1 (1.8%) 1 (3.8%) 

Rural/ Intersection/ Curve 15 (13.6%) 3 (11.5%) 7 (12.7%) 5 (19.2%) 

Rural/ Intersection/ Tangent 11 (10.0%) 3 (11.5%) 4 (7.3%) 3 (11.5%) 
*12 sites did not have any “before” crash data available in the provided database and were thus excluded in this investigation so as not to skew 

the results. Therefore, the original distribution values in this column sum to 110 sites rather than 122 sites. 
# First value represents the number of sites, and second value in parentheses represents this value’s percentage within that column’s respective 

total  



 

 

 

For the 26 sites with the top 25% BC Ratios, there initially appeared to be a slight overrepresentation 

for urban-segment-curves, urban-intersection-tangent, and rural segment-curves. However, after 

conducting the z-test and Monte-Carlo simulation for two proportions, the null hypothesis that these two 

proportions were the equal could not be rejected among all the combinations. 

For 55 sites with the middle 50% BC Ratios, there appeared to be a slight overrepresentation for urban-

segment-curves, urban-intersection-curves, with the rest showing a slight underrepresentation; however, 

after conducting a similar statistical analysis, the null hypothesis that these two proportions were the 

equal could not be rejected among all the combinations 

For the 26 sites with the bottom 25% BC Ratios, there appeared to be a slight overrepresentation for 

urban-segment-tangents and rural-intersection-curves, and an underrepresentation of urban-segment-

curves. However, after conducting the z-test and Monte-Carlo simulation for two proportions, once 

again, the null hypothesis that these two proportions were the equal could not be rejected among all the 

combinations.  

In summary, there were some slight trends in the data of this investigation that could potentially be 

supported with a larger dataset. However, based on the current data available that was used in this study, 

there was no difference between the distribution of a particular combination of features within the sites 

that experienced the top, middle, and bottom BC ratios, and the distribution within the original database 

from a statistical standpoint. This means that one particular combination did not significantly outperform 

or underperform compared to the others when considering return on investment. Therefore, based on 

this investigation, practitioners can expect BC ratios from the perspective of site classification to 

perform fairly equally. 

4. CONCLUSION 
This research involved a comprehensive review and analysis of PennDOT crash data to evaluate benefit 

and costs of HFST in terms of installation costs and crash reduction. Based on the results of this research, 

the results indicate that while individual projects may vary quite significantly, the overall value of 

deploying multiple HFST projects provide a desirable ROI. Practitioners can expect an average annual 

3:1 return on their investment when deploying this treatment at multiple locations. When looking further 

into specific site features that were within the top 25th, middle 50th, and bottom 25th percentile in terms 

of BC Ratio, the showed that various combinations of features performed similarly. Therefore, the 

average 3:1 annual return can be applied to HFST installations in general. 

Overall the results of this research are very timely and applicable to the transportation field.  It shows 

that installation projects throughout the state of Pennsylvania have been effective in their goal of 

reducing crash rates at a relatively low cost, and therefore, practitioners in general can expect this 

treatment to save lives and provide a return on their investment, especially when deploying this treatment 

at multiple locations. 
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