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this report.  
 
This information is available in alternative accessible formats. To obtain an alternative format, 
contact the Office of Public Affairs, Kansas Department of Transportation, 700 SW Harrison, 2nd 
Floor – West Wing, Topeka, Kansas 66603-3745 or phone (785) 296-3585 (Voice) (TDD). 
 
 
 

DISCLAIMER 

 
The contents of this report reflect the views of the authors who are responsible for the facts and 
accuracy of the data presented herein. The contents do not necessarily reflect the views or the 
policies of the state of Kansas. This report does not constitute a standard, specification or 
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Abstract 

The determination of warrants for bridge railing and approach guardrails is a fundamental 

roadside safety issue. These are specialized roadside safety barriers that are intended to capture 

and smoothly redirect errant vehicles that leave the roadway either on the bridge itself or on the 

approach to the bridge. 

The Federal Highway Administration (FHWA) requires tested bridge rails and approach 

guardrails on all National Highway System (NHS) Roadways. However, states are given the 

discretion to develop their own policies for non-NHS roads. Currently in Kansas, all bridges 

constructed with federal funds are required to have one of the Kansas Department of 

Transportation’s (KDOT) standard bridge rails (either corral rail or barrier curb) and approach 

guardrail (including transition and end treatment). These systems are expensive in terms of the 

initial cost of a bridge and they have additional safety and maintenance considerations that may 

outweigh the expected safety benefits on many low-volume applications. 

In an effort to maximize the safety benefits of the limited funding, KDOT undertook the 

effort outlined in this report to establish practical risk-based guidelines and policies for bridge 

rails and guardrails on low-volume local roads. 
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INTRODUCTION 

 

The determination of warrants for bridge railing and approach guardrails is a fundamental 

roadside safety issue.  These are specialized roadside safety barriers that are intended to capture 

and smoothly redirect errant vehicles that leave the roadway either on the bridge itself or on the 

approach to the bridge.   

The FHWA requires tested bridge rails and approach guardrails on all National Highway System 

(NHS) roadways.  However, states are given the discretion to develop their own policies for non-

NHS roads.  Currently in Kansas, all bridges constructed with federal funds are required to have 

one of KDOT’s standard bridge rails (either corral rail or barrier curb) and approach guardrail 

(including transition and end treatment) all of which have met the crash test criteria of NCHRP 

Report 350 (1) or AASHTO’s Manual for Assessing Safety Hardware (2), regardless of whether 

the structure is on the NHS and irrespective of the functional classification or ownership of the 

route.  These systems are expensive in terms of the initial cost of a bridge (greater deck 

thickness, additional embankment, and additional right of way acquisition, to name a few), and 

they have additional safety and maintenance considerations that may outweigh the expected 

safety benefits on many low-volume applications. 

In an effort to maximize the safety benefits of the limited available funding on a system-wide 

basis, the Kansas Department of Transportation (KDOT) undertook the effort outlined in this 

paper to establish practical risk-based guidelines and policies for bridge rails and guardrails on 

low-volume local roads.  The primary tasks included: 
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 A review of the state of the practice, including current American Association of State 

Highway and Transportation Officials (AASHTO) policies and guidelines, to determine 

the amount of flexibility/discretion allowed. 

 A review of research studies with similar objectives that have been performed elsewhere. 

 A review of the policies of other state highway agencies. 

 Analysis of bridge/approach guardrail crashes on low-volume local roads in Kansas. 

 Benefit-cost analyses based on typical traffic and location features. 

 

DESCRIPTION OF THE PROBLEM 

 

Of the roughly 140,000 miles of public roads in the state of Kansas, only about 10,000 miles are 

under the state’s jurisdiction.  The remaining 130,000 miles are the responsibility of cities, 

counties or townships.  Included on this local system are approximately 20,000 bridges.   

The National Bridge Inspection Program data for local bridges in Kansas shows that many of 

these local bridges are older structures and in deteriorated condition.  Over 3,600 of them are 

currently rated as either structurally deficient or functionally obsolete.  About one-half of these 

deficient structures are less than 50 feet long and are located on roads with average daily traffic 

(ADT) lower than 50 vehicles per day.  See Figures 1 and 2. 
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Figure 1.  Deficient Local Bridges by Length.  (Source:  Kansas Local NBI Data) 

 
Figure 2.  Deficient Local Bridges by Traffic Volume.  (Source:  Kansas Local NBI Data) 
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Compounding the problem is the age of the bridges on local roads.  With nearly half of the local 

bridges exceeding 50 years age at this time, it is expected that there will be additional bridges 

added to the deficient list in coming years.  See Figure 3. 

 

 
Figure 3.  Numbers of Local Bridges by Age.  (Source:  Kansas Local NBI Data) 
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Although many of these deficient bridges are located on very low-volume roads, they are critical 

to Kansas’ agriculture industry.  There is usually significant political pressure from local 

residents to replace these deficient bridges rather than close them.  A study performed by 

Mulinazzi, et al (3), investigated, for a variety of traffic volumes and detour lengths, the 

comparison of highway agency costs to replace and maintain a bridge versus the user costs to 

detour around a closed bridge.  The goal was to provide a tool that local elected officials could 

use to justify to their constituents the closure of some bridges when they could no longer be 

maintained to safely carry traffic.  Surprisingly, the study results indicate that, even at traffic 

volumes in the range of 10 vehicles per day, the user costs over the 75-year assumed life of a 

bridge are sufficient to justify repair or replacement of the structure.  There are obviously other 

factors that need to be considered, particularly the agency’s ability to pay on a system-wide 

basis, but it is not anticipated that local agencies will be closing enough bridges to provide much 

contribution to reducing the numbers of deficient bridges in the future. 

In short, there appear to be only two ways to address the current and anticipated numbers of 

deficient bridges on the local system: 1) increase the amount of funding available for bridge 

replacements, and/or 2) allow more cost-effective or lower cost, design alternatives in 

appropriate locations utilizing federal-aid funds. 

In an effort to address these needs, KDOT has recently implemented a new state-funded program 

for local agencies that will provide funding for replacement of some of their deficient bridges.  

The program targets bridges ranging from 20 to 50 feet in length on roads with traffic volumes of 

100 vpd or less, which comprise approximately one-half of all deficient locally-owned bridges.  

Funding levels are based on low-cost bridge options with features that are considered appropriate 

for very low-volume, and therefore low-risk, applications.  The dollars available for this program 
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are limited and subject to legislative and other actions that may limit KDOT’s revenues.  

Although it will be helpful, the program in itself will not come close to solving the locally-

owned deficient bridge problem. 

Funding for local bridges may come from one or a combination of three sources:  local revenues, 

state funds, and federal funds.  In the current political climate at all levels of government, it is 

not anticipated that there will be a significant increase in the dollars made available to 

transportation from any of these sources in the foreseeable future.  As a result, it is recommended 

that low-cost alternatives, such as those being used in the state-funded program, be explored that 

would reduce the cost of individual federal-aid bridge projects and allow replacement of a 

greater number of the deficient bridges with the limited amount of dollars available. 

 

OPTIONAL BRIDGE DESIGNS 

 

Typical bridges constructed under the Federal-Aid Off-System Bridge Program in Kansas are 

either reinforced concrete box culverts (RCB), rigid frame box culverts (RFB) or reinforced 

concrete haunched slab span bridges (RCSH).  While these are all very good structures and have 

proven themselves over the years, the cost to construct them is difficult to justify on very low-

volume rural roads.  In addition the cost of the bridge for the roadway itself, these projects all 

provide for either approach guardrail work or involve extending the culverts to an appropriate 

clear zone.  As a result, the typical investment of federal dollars in one of these structures is 

nearly $500,000.  This does not include the matching cost to the local agency for construction 

and inspection or the total cost of design, right-of-way acquisition, and utility relocations.  
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There are a number of counties in Kansas and elsewhere in the region that replace bridges 

regularly using their own funds.  There are a number of fabricators who serve this market by 

offering low-cost bridge designs that are structurally sound and adequately meet the needs of a 

location that is unlikely to see traffic volumes of more than a few dozen vehicles per day during 

its lifetime.  Although these designs meet the applicable structural and geometric design criteria, 

the bridge railings are lightweight and untested.  Typically the rail is simply a W-beam rail 

mounted on standard guardrail posts or other light structural steel shape attached to the bridge 

with brackets. The rail is terminated with a blunt end and there is no approach guardrail.  Object 

markers are installed at each corner of the bridge to delineate the end of the rail. 

These types of bridges are currently being constructed in a number of Kansas counties.  When 

contractors are used for the construction, the prices range from less than $100,000 for a 20-foot 

long structure to around $140,000 for a 50-foot long bridge. (13)  Since these are “modular” 

bridges produced by a number of manufacturers having their own specific design details, the up-

front design effort is substantially less than a typical federal-aid bridge project. 

Two representative examples of these low-cost bridges are shown in Figures 4 and 5.  A sample 

set of plans is included in Appendix F. 
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Figure 4.  Low-Cost Bridge Design for Very Low-Volume Local Roads.  Steel Girder Bridge. 
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Figure 5.  Low-Cost Bridge Design for Very Low-Volume Local Roads.  Precast concrete 
bridge. 

 

AASHTO CRITERIA 

 

There is a substantial amount of recognition in AASHTO documents of the unique 

characteristics of low-volume local roads and the challenges of making the most effective 

decisions on how to expend the limited funds available for these roads.  Following is a brief 

summary of the AASHTO guidance. 

The AASHTO publication, A Policy on Geometric Design of Highways and Streets (Greenbook) 

(4), is the primary reference that provides guidelines and accepted engineering practices for 
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design of roads and streets.  In addition to providing minimum values for the design of a variety 

of roadway features, the document also emphasizes a goal of cost-effective design by indicating 

that results “may need to be modified to meet the needs-versus-funds challenges that highway 

administrators face” (4, p. xlii).  Based on this approach, dollars should be spent where they 

provide the greatest benefit to the system as a whole, rather than individual project sites. 

AASHTO outlines a hierarchy of functional classification that essentially replicates the system 

adopted by the Federal Highway Administration (FHWA) and is based on a number of factors, 

including connectivity of urban areas, trip length, and travel densities, as well as others.  The 

local road network is the lowest level in this hierarchy and consists of roads that serve the 

primary function of providing access to adjacent land.  Trips on these roads are typically of 

shorter distance, and most of the drivers have driven the road before and are familiar with the 

features of a particular road.  Because of this function, many of these roads also have very low 

traffic volumes.   

Supplementing the Greenbook, AASHTO has also published the Guidelines for Geometric 

Design of Very Low-Volume Local Roads (ADT<400) (Low-Volume Guide) (5) to address 

criteria and considerations that are appropriate for the unique characteristics of these roads.  The 

Low-Volume Guide recommends a rational approach to safety and discourages the expenditure 

of safety funds at sites where little safety benefit will be recognized (5, p. 2).  The guidelines 

were based on a risk assessment approach that established criteria for very low-volume roads 

which, when applied system-wide, will provide safety similar to the guidelines in the Greenbook 

for higher-volume roads.  The philosophy is based on safety concerns, but in recognition of the 

limited funds available for a very large local system, recommends that dollars only be used 

where there is likely to be an actual safety benefit in return.  Based on the risk assessment 
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approach, AASHTO found that, even though there are clear safety benefits to providing an area 

free of obstacles on the roadside,  it is generally not cost-effective to provide a clear zone on very 

low-volume local roads.  Similarly, the use of guardrail or other barriers was also found to not be 

cost-effective.  Determination of whether to provide a clear zone or install barriers on these very 

low-volume roads should be based on site-specific conditions and the engineering judgment of 

the designer. 

AASHTO’s Roadside Design Guide (6) has, since its original publication, recognized the need to 

allow flexibility in the application of roadside safety principles.  It promotes economic 

evaluation of alternative measures so the projects that are built are the ones that best meet the 

public’s need for safety and mobility.  The Guide has previously provided the ROADSIDE 

analysis program and currently supports the Roadside Safety Analysis Program (RSAP) as 

methods to analyze features to determine the cost-effectiveness of improvements.  Also included 

in the most recent version of the Roadside Design Guide is a chapter providing guidance on 

roadside safety recommendations for low-volume roads and streets.  This chapter recognizes that 

it may not be practical to design low-volume roads to the same criteria as higher volume 

facilities.  It recommends that it may be more effective to provide smaller improvements across 

the system rather than focus on bringing individual sites up to the highest possible level of 

safety.  In regard to bridges, this recommendation means that “bridges in urban or low-volume 

roads that carry low traffic volumes, reduced speeds, or both may not need bridge railings 

designed to the same standard as bridge railings on high-speed, high-volume facilities” (2, p. 7-

9).  The guidelines also state that “under some circumstances (e.g., extremely low traffic 

volumes or approach speeds, good sight distance, and low probability of a severe crash), a 

decision to use no approach guardrail may be appropriate” (2, p 12-7). 
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REVIEW OF RELEVANT SAFETY RESEARCH 

 

Although there appears to have been limited research efforts that are focused on the analysis and 

development of warrants/guidelines for bridge rail/approach guardrail on low-volume roads, a 

few studies have been done.  Not insignificantly, one of these studies involved the review of sites 

in Kansas, while the other two are from Midwest states with locally-owned roads that have many 

similarities to those in Kansas. 

In 2012, Schrum et al. (7) conducted a study for the Midwest States Pooled Fund Crash Test 

Program to determine cost-effective roadside safety treatments for low-volume roads.  This study 

was focused on roadways with traffic volumes less than 500 vehicles per day and legal speed 

limits of 55 mph or greater.  A benefit-cost analysis, utilizing the Roadside Safety Analysis 

Program (RSAP) was performed for a variety of roadside features and treatment options.  

Depending on the minimum benefit-to-cost ratio selected to establish a warrant (This is an 

administrative decision to be made by the highway agency.  In Kansas the minimum B/C ratio to 

approve a countermeasure is usually in the range of 2 to 4, depending on the situation.), the study 

found little justification for replacement of existing untested bridge railings with approved bridge 

rails on roads with traffic volumes under 350 vpd. 

Bigelow et al. (8) conducted a study in 2010 in the State of Iowa in which an analysis was 

performed regarding crashes on bridge rails and approach guardrails on low-volume road bridges 

in that state.  The study involved statistical and benefit-cost analyses for the use of bridge rails 

and approach guardrails based on the bridge and crash features.  Roadways included in the study 
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were those with traffic volumes less than or equal to 400 vpd and legal speed limit of 45 mph or 

higher.  Benefit-to-cost analyses were done on a statewide basis, not for individual bridges, to 

compare the expected safety benefit of upgrading these systems to “current standards” versus the 

cost of making the improvement.  This study found that, system-wide, the benefit-to-cost 

analyses resulted in very low B/C ratios, which would indicate that upgrading the bridge rails 

and approach guardrails to a current design is not cost-effective. 

Gates and Noyce (9) studied bridge approach guardrails on low-volume roads in Minnesota.  The 

target of this study was to determine the average daily traffic volume at which the benefit-to-cost 

ratio for installation of approach guardrail on county-state-aid bridges in Minnesota exceeds 1.0.  

Based on a statistical and benefit-to-cost approach, the study recommended that approach 

guardrails be used on bridges with ADT equal to or greater than 400 vpd;  bridges with ADT 

between 150 and 400 vpd should be studied individually to determine the appropriate treatment; 

and on bridges with ADT under 150 vpd, it is not cost-effective to install approach guardrail. 

 

POLICIES OF OTHER STATE TRANSPORTATION AGENCIES 

 

Several other state agencies currently have policies that allow bridges with no approach 

guardrails to be constructed using federal or state dollars.  Following is a summary of the 

policies of three states in the same geographic region as Kansas. 

Iowa Department of Transportation in their Instructional Memorandum No. 3.213 (10) 

recommends that, in general, approach guardrails should be installed on all newly constructed 

bridges on the Farm-to-Market system and on federal-aid bridges where the speed limit exceeds 
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35 mph.  However, several exceptions are provided where, if all are met, it is not required that an 

approach guardrail be installed.  These exceptions are: 

1. Current ADT is less than 400 vpd. 

2. Structure is 24 feet or greater in width. 

3. Structure is on tangent alignment. 

4. Benefit/cost ratio is less than 0.80. 

5. Bridge width is greater than the approach roadway width. 

The Illinois Department of Transportation Bureau of Local Roads and Streets Manual (11) does 

not require a bridge approach roadside barrier on the traffic approach end of the bridge if at least 

one of the following conditions applies: 

1. The posted speed limit is less than 25 mph on an uncurbed section. 

2. The ADT is less than 150 vpd, the bridge is at least the same width as the approach 

roadway, and the bridge is on tangent alignment. 

3. A township or road district bridge is wider than the approaching roadway and the bridge 

is on tangent alignment. 

Approach barrier need on the downstream end (two-way traffic) is determined by whether the 

end of the bridge rail is within the appropriate clear zone. 

The Missouri Department of Transportation Engineering Policy Guide (12) allows delineating 

the end of a bridge in lieu of shielding on roads functionally classified as either Local Roads or 

Collectors where the operating speed is less than 60 mph and the AADT is 400 vpd or less.  

Elimination of approach barriers is not recommended where there are geometric or sight distance 

concerns or where there is a history of crashes exceeding the statewide average for similar roads. 



15 
 

 

 

KANSAS BRIDGE CRASH DATA COLLECTION AND REVIEW 

 

A review of crashes was performed for the 5-year period of 2008 through 2012.  The total 

number of reported crashes of all types in Kansas during this period was 306,056.  Of these, 

10,276 resulted in a fatality or serious injury.   

The Kansas crash database was queried to obtain data for crashes during this period that occurred 

on low volume roads and involved a bridge.  In recognition of potential differences in 

terminology used by law enforcement officers in completing the reports, the database queries 

included a wide range of categories in an effort to capture all of the applicable data points.  The 

query filters included the following: 

 Functional class = Rural Minor Collector or Rural Local Road 

 Surface type = Gravel or Dirt 

 Crash type = Fixed Object 

 Object type = Bridge Structure, Bridge Rail, Guard Rail, Culvert, Embankment, Curb, or 

Barricade 

The resulting crash data set included, for the five-year period, a total of 1,433 crashes, 30 of 

which were fatal and 65 of which were serious injury.   

All of the fatal and serious injury crash reports were reviewed.  In addition, all of the crash 

reports for non-fatal/non-serious injury crashes were reviewed for crashes involving bridge 

structure (167 crashes), bridge rail (200 crashes), and guardrail (90 crashes).  The remaining 
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categories of non-fatal/non-serious injury crashes were spot-reviewed since none of the fatal or 

serious injury crashes were in these categories and it would appear unlikely that a bridge crash 

would be miscoded to these categories.  These included culvert (358 crashes, 74 reviewed), 

embankment (485 crashes, 48 reviewed), curb (31 crashes, 3 reviewed), and barricade (7 crashes, 

1 reviewed).   

The review focused on determining the applicability of each crash to the specific parameters of 

this study which are as follows:  functional classification of rural local road, average daily traffic 

less than or equal to 50 vpd, and bridge length of 50 ft. or less.  Google Maps were used to locate 

structures from the location information on the crash report and, if available, to get a “street 

view” look at the site; this location was then found on KDOT’s K-GATE GIS system, which has 

a link to the Bridge Structure Inventory and Appraisal Sheet that was used to determine if the 

structure is in fact a bridge and if its geometry applicable. 

The review yielded a total of 3 fatal crashes and 2 serious injury crashes in the five-year period 

on bridges meeting the parameters outlined previously.  An additional 69 applicable crashes were 

identified that were coded as something other than fatal or serious injury.  A complete 

breakdown of the crashes including the number of crashes that are applicable to the focus of this 

effort is shown in Table 1. 
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Bridge 

Structure Bridge Rail Culvert Curb Embankment Barricade Guardrail Total

Total Crashes
Fatal 3 4 7 1 15 0 0 30
Serious Injury 11 7 12 0 32 1 0 63
non‐Fatal/Non‐Ser. Inj. 167 200 358 31 485 7 90 1338

Crashes Applicable to Study
Fatal 2 1 N/A N/A N/A N/A N/A 3
Serious Injury 1 1 N/A N/A N/A N/A N/A 2
non‐Fatal/Non‐Ser. Inj. 17 36 N/A N/A N/A N/A 16 69

TABLE 1.  SUMMARY OF CRASH REVIEW 2008 ‐ 2012

LOW‐VOLUME ROAD BRIDGE CRASHES

 

A rigorous statistical analysis of the crash data was not performed due to staffing and resource 

constraints.  However, some important observations can be made.   

1. Of primary importance is that crashes involving shorter bridges on low-volume local 

roads are extremely rare events.  There were a total of 74 reported crashes (all severity 

levels) of this type over the 5-year review period in comparison to a total of 306,056 

crashes of all types across the state in the same period.  These crashes represent only 

0.02% of the total.  Fatal and serious injury crashes of this type account for less than 

0.05% (5 out of a total of 10,276) of all fatal and serious injury crashes and 0.0016% (5 

out of 306,056) of all crashes. 

 

2. The vast majority (93.2%) of crashes involving shorter bridges on low-volume local 

roads did not involve a fatality or serious injury.  Factors that could contribute to the low 

rate of serious crashes include possible lower speeds due to the normally rougher surface 

on very low volume roads and/or geometric features that drivers recognize as requiring 

lower speed to safely travel.  Additionally, driver familiarity with the road could be a 
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factor.  Analysis of the factors that could influence the severity of crashes on low-volume 

local roads is beyond the scope of this current effort.   

 
3. The percentage of fatal crashes relative to all crashes on shorter bridges on low-volume 

roads (3/74 or 4.05%) is higher than the percentage of all fatal crashes in relation to all 

crashes on Kansas roads during the review period (1,992/306,056 or 0.65%).  The 

percentage of serious injury crashes relative to all serious injury crashes on shorter 

bridges on low-volume roads (2/74 or 2.7%) is the same as the percentage of all serious 

injury crashes relative to all crashes in Kansas during the review period (8,284/306.056 

or 2.7%).  It should be noted that, due to the very small number of crashes with low-

volume bridges, the proportion of fatal crashes should be considered cautiously.  

Statistically, the confidence interval for this small group is very large, ranging from about 

1.4% to 11.2% at the 95% confidence level.  An increase or decrease of only one event 

can have a large effect on the rate, changing it by about 1.35%.  As a result, one cannot 

interpret the data to indicate that a crash with a low-volume bridge is more likely to result 

in a fatality than any crash occurring in the State. 

 

4. The bridge crashes identified as applicable to this study were primarily on tangent 

sections.  However, there were a large number of crashes with non-bridge size structures 

and other features that occurred either on or immediately adjacent to a horizontal curve or 

intersection.  Although the analysis of this factor is beyond the scope of this study, it does 

indicate that roadway alignment needs to be considered in developing the final 

recommendations. 
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5. All of the fatal crashes and one of the two serious injury crashes occurred on narrow 

bridges ranging in width from 15’ to 21’.  Any new bridge constructed using state or 

federal funds will have a roadway width of at least 24’, which will make the bridge 

railings less likely to be impacted. 

 

BENEFIT COST ANALYSES 

 

The final task performed as part of this investigation involved performing benefit-to-cost 

analyses to determine the efficacy of the various alternatives for some generalized typical bridge 

sites.  The analyses were conducted using the Roadside Safety Analysis Program (RSAP), a 

probability-based encroachment tool that predicts crash costs associated with roadside features.  

Because the investigation is focused on bridges ranging from 20 to 50 feet in length, the analysis 

was performed on the two extremes with the assumption that if the recommended alternative is 

the same for both, then it could be applied to the entire range of lengths.  Similarly, the high end 

of the traffic volume range (50 vpd) was evaluated with the assumption that it is a “worst case” 

scenario for this investigation. 

For each scenario, three safety treatment options were identified as being practical for a low-

volume road application.  These are: 

1. Bridge structure with no bridge rail. 

2. Bridge structure with a w-beam rail (non-tested) and blunt end terminals. 

3. Bridge structure with a w-beam rail (non-tested) and crashworthy end terminals. 
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Obviously there are other alternatives that could be considered, including the construction of 

crashworthy bridge railings along with approach guardrails with crashworthy end terminals and 

bridge-approach transitions.  Because of the initial cost of this kind of improvement in 

comparison to a reasonably expected benefit on a road with 50 vpd, it was decided to evaluate 

this alternative only if the B/C of one of the w-beam bridge rail alternatives exceeds 1.0. 

Several general assumptions were made in the development of the datasets and modeling of the 

site characteristics.  These include: 

1. The minimum width of a new bridge will be 24 feet, which is consistent with the 

recommendations for an agricultural access road in AASHTO’s Low-Volume Guide(5). 

2. The roadway being investigated is a two-wheel-path road 24-feet in width with traffic 

generally located in the center of the roadway.  Assuming a width of traveled way equal 

to 10 feet, this would provide the equivalent of a 7-foot wide “shoulder” on each side. 

3. Design speed is 55 mph.  This is the statutory speed limit for roads in Kansas unless 

posted otherwise.  This is considered to be a conservative assumption for roads of this 

type. 

4. The construction costs used for all alternatives only included the cost of the w-beam 

and/or end terminals on both sides of the roadway.  No grading, R/W, or utility 

adjustments costs were included.  This was done to provide the most conservative b/c 

possible.  If these alternates are not cost beneficial using the lower costs, then any 

additional cost would make them even less cost beneficial.  

5. Height of the structure above the stream or ground underneath is 13 feet. 
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Initially, the analysis was done using RSAP Version 2.0.3, which is the version provided as part 

of the 2006 AASHTO Roadside Design Guide (14) and still in widespread use by the industry.   

Due to some shortcomings in this version of the program and the inability to specifically 

consider a bridge with no side rail, Alternative 1 (Base Alternate) was modeled as a road with a 

vertical slope.  This is the condition that most closely resembles the bridge drop-off condition. 

The results of the analysis using RSAP Version 2.0.3 are shown in Tables 2 and 3. 

 

TABLE 2.  RSAP 2.0.3 B/C RESULTS FOR 20-FOOT LONG BRIDGE 

Alternates  Description of Alternate 
Incremental 

B/C 

1  20 Ft. Bridge, No Rail  ‐ 

2  20 Ft. Bridge with W‐beam rail, blunt end terminals  0.18 
3  20 Ft. Bridge with W‐beam rail, crashworthy end terminals  0.20 

 

 

TABLE 3.  RSAP 2.0.3 B/C RESULTS FOR A 50-FOOT LONG BRIDGE 

Alternates  Description of Alternate 
Incremental 

B/C 

1  50 Ft. Bridge, No Rail  ‐ 

2  50 Ft. Bridge with W‐beam rail, blunt end terminals  0.19 
3  50 Ft. Bridge with W‐beam rail, crashworthy end terminals  0.16 

 

 

RSAP Version 3.0.1 has more recently become available.  This version of the program was 

developed to address the shortcomings of Version 2.0.3 and to add a more user-friendly interface 

and more comprehensive model of roadway and roadside features.  Although this version has not 

yet been adopted by KDOT, it was decided to repeat the analyses using this version because 
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these improvements allow for a more accurate modeling of the features being considered.  The 

following parameter changes were made. 

1. The roadway was analyzed as a one lane, one way roadway with 50 VPD all in the same 

direction.  It should be noted that using a one way roadway with all traffic in the same 

direction will yield the same results as two-way traffic split 50/50 because the 

configuration would be identical regardless of direction. 

2. Alternative 1 (Base Alternative) was modeled as a Bridge Edge, Medium Hazard.  This 

hazard type more accurately reflects the condition being considered when compared to 

the hazard in the previous analysis. 

The results of these analyses are shown in Tables 4 and 5. 

 

TABLE 4.  RSAP 3.0.1 B/C RESULTS FOR A 20-FOOT LONG BRIDGE 

Alternates  Description of Alternate 
Incremental 

B/C 

1  20 Ft. Bridge, No Rail  ‐ 

2  20 Ft. Bridge with W‐beam rail, blunt end terminals  0.14 
3  20 Ft. Bridge with W‐beam rail, crashworthy end terminals  0.00 

 

 

TABLE 5.  RSAP 3.0.1 B/C RESULTS FOR A 50-FOOT LONG BRIDGE 

Alternates  Description of Alternate 
Incremental 

B/C 

1  50 Ft. Bridge, No Rail  ‐ 

2  50 Ft. Bridge with W‐beam rail, blunt end terminals  0.17 
3  50 Ft. Bridge with W‐beam rail, crashworthy end terminals  0.00 
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As can be seen in the tables, the results from both versions are very similar.  In all cases the B/C 

of adding a rail to the bridge is substantially lower than 1.0, which is generally considered the 

“break even” point for an investment.  The generally accepted threshold for deciding to make a 

road or bridge improvement based on a B/C analysis is between 2.0 and 4.0.  KDOT typically 

uses a B/C of 2.0 as the minimum to support that decision.  Based on these thresholds, it is clear 

that the addition of a guardrail cannot be justified on a purely economic basis. 

Regardless of the results of this analysis, engineering judgment would lead one to consider the 

installation of the w-beam guardrail.  This railing will provide delineation of the edge of the 

bridge deck, helping to “funnel” the traffic across the bridge, and it provides some redirection 

capability for lower speed traffic that might drift toward the edge at a low angle.  To determine if 

there would be support for installing a w-beam bridge rail, an analysis was performed using 

RSAP 3.0.1 using the feature, Bridge Edge, High Hazard.  This hazard is of the most severe type 

and assumes there is a fatality each time a vehicle encroaches on it.  Although this is for extreme 

conditions that don’t exist in Kansas, it should be considered to establish an upper limit for 

decision-making. 

The results of this analysis are shown in Tables 6 and 7. 

 

TABLE 6.  RSAP 3.0.1 B/C RESULTS FOR A 20-FOOT LONG HIGH-HAZARD 
BRIDGE EDGE 

Alternates  Description of Alternate 
Incremental 

B/C 

1  20 Ft. Bridge, No Rail  ‐ 

2  20 Ft. Bridge with W‐beam rail, blunt end terminals  1.18 
3  20 Ft. Bridge with W‐beam rail, crashworthy end terminals  0.02 
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TABLE 7.  RSAP 3.0.1 B/C RESULTS FOR A 50-FOOT LONG HIGH-HAZARD 
BRIDGE EDGE 

Alternates  Description of Alternate 
Incremental 

B/C 

1  50 Ft. Bridge, No Rail  ‐ 

2  50 Ft. Bridge with W‐beam rail, blunt end terminals  1.22 
3  50 Ft. Bridge with W‐beam rail, crashworthy end terminals  0.02 

 

As the tables indicate, even when a fatality is expected every time a vehicle departs the bridge, 

the B/C of installing a w-beam rail with blunt ends is just above the theoretical break-even point 

and substantially below the KDOT threshold.  The B/C for installation of w-beam rail with 

crashworthy end terminals is well below the break-even point.  As a result, neither installation is 

supported by the economic analysis. 

Details of the input and output for the RSAP analyses are included in Appendices G and H. 

 

CONCLUSIONS  

 

The analyses show that the risk of fatal or serious injury crashes occurring at shorter low-volume 

bridges is very low.  In addition, on a system-wide basis, the costs of including a crash-tested 

bridge rail and properly installed approach guardrail section cannot be justified because they 

exceed the anticipated reductions in crash costs. 

In addition to the work completed in this study, there is ample support from AASHTO for using 

lower design criteria on very low-volume roads.  Significant among AASHTO guidelines are the 
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AASHTO Low Volume Guide’s allowance of no clear zone and its conclusion that barriers in 

general are not cost effective on very low-volume roads. 

Any new bridge constructed under this guideline will be no less than 24 feet in width.  

AASHTO’s Roadside Design Guide provides information regarding the application of roadside 

safety principles, including the clear zone concept and guidelines for installation of various kinds 

of safety hardware.  The clear zone recommended by the Guide for roads with less than 700 vpd 

is generally 6’ to 10’.  For traffic volumes less than 50 vpd it would be appropriate to use the 

lower end values of this range. For two-wheel path roads (most rural local roads under 50 vpd 

are two-wheel path roads) the vehicles are driving in the center of the traveled way.  Assuming a 

12’ driving lane in the center, a 6’ clear zone would be provided on a bridge that is 24’ wide.  

Therefore, the bridge rail is outside the clear zone and not likely to be struck. 

Previous studies in several states in the Midwest region have reached similar conclusions that 

upgrading to current bridge rail designs and/or installing approach guardrail are not 

recommended for locations with very low traffic volumes. 

 

RECOMMENDATIONS 

Although the findings of this investigation would support a policy that does not require 

installation of bridge rails on structures between 20 ft. and 50 ft. on roads functionally classified 

as Local Roads with less than 50 vpd traffic, it is recognized that there are benefits of the rail that 

cannot be evaluated by this effort.  That is, they provide delineation to all drivers by indicating 

where the edge of the structure is located; additionally even a lightweight, non-tested rail has the 

ability to redirect some low-angle and/or low speed impacts.  As a result it is recommended that 
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bridge rails installed on new or rehabilitated bridges utilizing federal funds could be of a non-

tested design if the structure meets the set of conditions outlined below.  This non-tested design 

is constructed of a w-beam guardrail section mounted on standard guardrail posts that are 

fastened to the bridge structure either by welding or a bolted connection.  In addition, no 

approach guardrail will be required on these bridges.  

  

In order to use this design, the bridge would need to meet all of the following conditions: 

1. The bridge is located on a road functionally classified as a Local Road. 

2. Traffic volume is less than or equal to 50 vpd. 

3. The approach roadway is a two-wheel path road. 

4. Roadway surface on approaches is gravel, sand or dirt. 

5. Maximum length of bridge is 50 feet. 

6. The new structure shall be no less than 24 ft. wide 

7. Bridge is not located on or adjacent to a curve or intersection. 

8. A Type 3 object marker shall be installed at each end of the bridge rails. 
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Bridge Structure
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

ELLIS 2011 20110090101 N
NEMAHA 2008 20080090073 Y BR # 00070985003443  ??
OTTAWA 2008 20080095160 Y BR # 000720779704420

Bridge Rail
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

GREENWOOD 2009 20090095053 N
MEADE 2011 20110095022 N
JACKSON 2009 20090090016 N
RENO 2008 20080095064 Y BR # 000780775005600

Culvert
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

BOURBON 2009 20090095025 N
RICE 2013 20130095010 N
RICE 2010 20100095097 N
OSAGE 2010 20100095051 N
NEOSHO 2009 20090095019 N
CLOUD 2008 20080095107 N
SEWARD 2009 20090097145 N

Curb
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

SEDGWICK 2011 20110095114 N

Embankment
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

KINGMAN 2009 20090095030 N
BARTON 2010 20100095050 N
ELLSWORTH 2012 20120090076 N
BARBER 2010 20100095147 N
CLAY 2010 20100095004 N
CLAY 2010 20100095144 N
DONIPHAN 2010 20100095077 N
DOUGLAS 2011 20110090087 N
HARPER 2011 20110095046 N
MIAMI 2013 20130090001 N
ROOKS 2012 20120095143 N
SMITH 2013 20130095019 N
BROWN 2011 20110090057 N
MARSHALL 2008 20080095065 N
OSAGE 2009 20090090130 N

APPENDIX A

FATAL CRASHES

A‐1



Bridge Structure
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

LINCOLN 2013 20130122329 N
BARTON 2012 20120111224 N
DOUGLAS 2011 20110033964 N
MIAMI 2011 20110024720 Y BR # 000611073005190
OSAGE 2012 20120110726 N
SALINE 2010 20100113251 N
FRANKLIN 2008 20080031063 N
MIAMI 2008 20080004030 N
SEDGWICK 2008 20080024155 N
WABAUNSEE 2008 20080025051 N
FINNEY 2009 20090100868 N

Bridge Rail
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

DECATUR 2013 20130114597 N
LYON 2010 20100080767 N
MCPHERSON 2013 20130101734 N
NEMAHA 2012 20120025879 N
SEDGWICK 2011 20110009927 N
NEOSHO 2009 20090002091 N
JOHNSON 2009 20090048846 Y BR # 000461097804740

Culvert
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

ELLIS 2013 20130002232 N
ELLSWORTH 2012 20120012176 N
JACKSON 2013 20130031218 N
MARION 2013 20130006555 N
SALINE 2011 20110023643 N
SEDGWICK 2010 20100101284 N
BUTLER 2008 20080003050 N
CHEROKEE 2009 20090012004 N
CRAWFORD 2008 20080105427 N
WABAUNSEE 2008 20080048606 N
WABAUNSEE 2009 20090152844 N
WOODSON 2008 20080052738 N

Barricade
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

SEDGWICK 2013 20130103584 N

APPENDIX B

SERIOUS INJURY CRASHES

B‐1



Ditch
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

CHEYENNE 2012 20120102639 N
WABAUNSEE 2010 20100012423 N

Embankment
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

BROWN 2012 20120011636 N
CLOUD 2010 20100013171 N
COFFEY 2012 20120118166 N
ELLIS 2011 20110106298 N
HODGEMAN 2012 20120120830 N
JACKSON 2012 20120020024 N
MCPHERSON 2013 20130115323 N
MORRIS 2012 20120118996 N
OSAGE 2011 20110115362 N
WASHINGTON 2012 20120000084 N
MARION 2010 20100018500 N
ANDERSON 2012 20120100755 N
ATCHISON 2013 20130116303 N
CLAY 2011 20110105121 N
COWLEY 2009 20090061919 N
CRAWFORD 2010 20100024818 N
DICKINSON 2011 20110021763 N
DOUGLAS 2010 20100022073 N
FINNEY 2011 20110026710 N
MIAMI 2011 20110019664 N
MITCHELL 2012 20120007764 N
NEMAHA 2011 20110032786 N
SUMNER 2012 20120026276 N
WYANDOTTE 2011 20110024365 N
BUTLER 2011 20110019350 N
JEFFERSON 2011 20110009869 N
NEMAHA 2011 20110024501 N
GRAHAM 2009 20090007071 N
LEAVENWORTH 2008 20080012089 N
MORRIS 2008 20080055540 N
REPUBLIC 2009 20090156878 N
SEDGWICK 2009 20090014127 N

B‐2



Bridge Structure
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

ALLEN 2012 20120025119 N
BOURBON 2012 20120030726 N
CHAUTAUQUA 2011 20110029138 Y BR #000100943006948
CHEROKEE 2013 20130007295 N
GRAHAM 2013 20130000563 N
KINGMAN 2010 20100112917 N
MIAMI 2013 20130031156 N
PAWNEE 2013 20130007474 N
RICE 2012 20120122938 N
ALLEN 2013 20130080478 N
ATCHISON 2010 20100111065 Y BR # 00031049603625
ATCHISON 2011 20110109146 N
ATCHISON 2012 20120120279 N
BOURBON 2011 20110013754 N
BUTLER 2010 20100026290 N
BUTLER 2010 20100017993 N
BUTLER 2010 20100081290 N
BUTLER 2011 20110116803 N
BUTLER 2011 20110004874 N
BUTLER 2011 20110004193 N
BUTLER 2011 20110000010 N
BUTLER 2013 20130030392 N
BUTLER 2013 20130034378 Y Br # 000080887905960
BUTLER 2013 20130005575 N
CLAY 2010 20100115771 N
CLOUD 2010 20100080333 Y Br # 000150785803740
COFFEY 2010 20100107809 N
COWLEY 2009 20090063294 N
COWLEY 2010 20100023567 N
COWLEY 2010 20100025126 N
COWLEY 2010 20100026613 Y BR # 000180865906660
COWLEY 2013 20130010650 N
CRAWFORD 2011 20110008572 N
CRAWFORD 2012 20120001444 N
CRAWFORD 2012 20120021006 N
CRAWFORD 2012 20120026815 N
DICKINSON 2012 20120108559 N
DICKINSON 2013 20130034894 N
DONIPHAN 2010 20100014585 N
ELLSWORTH 2013 20130030893 N
FRANKLIN 2010 20100005236 N
FRANKLIN 2013 20130038566 N

APPENDIX C

NON‐FATAL OR SERIOUS INJURY CRASHES

C‐1



GEARY 2010 20100017701 N
GEARY 2011 20110005170 N
GEARY 2013 20130105581 N
GREENWOOD 2010 20100036932 N
GREENWOOD 2011 20110008303 N
HARPER 2012 20120103824
JEFFERSON 2013 20130111855 N
JOHNSON 2011 20110080035 N
KINGMAN 2012 20120103606 Y BR # 000480765006565
KINGMAN 2012 20120108747 N
LABETTE 2010 20100018426 N
LABETTE 2011 20110002264 N
LABETTE 2013 20130002305 N
LINCOLN 2011 20110033422 N
LINCOLN 2013 20130109647 N
LINN 2013 20130104524 N
LYON 2010 20100116401 N
MCPHERSON 2010 20100023493 Y BR # 000590815305500
MCPHERSON 2013 20130116367 N
MIAMI 2010 20100039484 N
MIAMI 2010 20100039678 N
MIAMI 2010 20100039360 N
MIAMI 2012 20120027151 N
MITCHELL 2011 20110005569 N
MORRIS 2011 20110122407 N
NEMAHA 2013 20130004041 Y Bridge is removed
NEOSHO 2009 20090102439 N
NEOSHO 2011 20110007074 Y BR # 000671045606340
NESS 2011 20110081201 N
OSAGE 2013 20130116542 N
OTTAWA 2011 20110021555 N
PAWNEE 2011 20110001905 N
PAWNEE 2011 20110026421 N
PAWNEE 2013 20130030145 Y BR # 000730589005481
POTTAWATOMIE 2009 20090047493 N
POTTAWATOMIE 2013 20130005622 N
RICE 2011 20110111544 Y BR # 000800749805320
RUSSELL 2009 20090058968 N
SALINE 2010 20100012106 N
SEDGWICK 2009 20090063126 N

SEDGWICK 2010 20100008795

Y
Appears to be bridge.  
No bridge in inventory 
at this location.

SEDGWICK 2010 20100014925 N
SHAWNEE 2010 20100009424 N
WILSON 2012 20120021183 N

C‐2



WILSON 2012 20120080008 N
WOODSON 2010 20100080407 N
WOODSON 2012 20120105447 N
WOODSON 2013 20130113920 N
CLAY 2011 20110112340 N
DONIPHAN 2013 20130037438 N
JACKSON 2013 20130034361 N
CHEROKEE 2010 20100036814 N
OSAGE 2012 20120106361 N
LABETTE 2012 20120002385 N
BUTLER 2010 20100017141 N
SUMNER 2011 20110013137 N
ANDERSON 2011 20110081068 N
SEDGWICK 2011 20110109595 N
ATCHISON 2008 20080022530 N
ATCHISON 2008 20080051003 Y BR # 000031051903481
BARTON 2008 20080021511 N
BARTON 2009 20090155350 N
BOURBON 2008 20080042509 N
Butler 2008 20080033081 N
BUTLER 2008 20080022544 N
BUTLER 2009 20090028538 N
BUTLER 2009 20090010556 N
BUTLER 2009 20090010555 N
CHEROKEE 2008 20080026038 N
CHEROKEE 2008 20080034015 Y BR # 000111095006947
CHEROKEE 2008 20080015510 N
CHEROKEE 2008 20080054009 N
CLARK 2008 20080026044 N
CLAY 2009 20090152279 N
CLOUD 2009 20090019474 N
COFFEY 2009 20090000534 N
COWLEY 2008 20080022578 N
CRAWFORD 2008 20080034539 N
DICKINSON 2008 20080049071 N
DOUGLAS 2008 20080051066 N
DOUGLAS 2008 20080021551 N
DOUGLAS 2008 20080046072 N
ELK 2009 20090005005 N
FRANKLIN 2008 20080021570 N
GOVE 2009 20090021338 N
GREENWOOD 2008 20080016584 N
HARPER 2009 20090009052 N
HARVEY 2008 20080023056 N
KIOWA 2008 20080007513
LABETTE 2008 20080018069 Y BR # 000501023006900
LABETTE 2008 20080053530 N

C‐3



LABETTE 2008 20080053524 N
LABETTE 2009 20090023832 N
LABETTE 2009 20090029390 N
LEAVENWORTH 2008 20080012064 N
LINN 2009 20090029475
MARION 2009 20090154773 N
MCPHERSON 2008 20080001055 Y BR # 000590801705340
MCPHERSON 2008 20080010574 N
MEADE 2008 20080036548 N
MIAMI 2008 20080011531 N
MIAMI 2009 20090029547 N
MIAMI 2009 20090014615 N
MONTGOMERY 2008 20080036564 N
MONTGOMERY 2009 20090029874 N
MORRIS 2009 20090024310 N
NEOSHO 2008 20080002017 N
NEOSHO 2009 20090020018 N
OSAGE 2009 20090026966 N
OSAGE 2009 20090004020 N
OSBORNE 2009 20090017175 N
POTTAWATOMIE 2008 20080002023 N
RENO 2008 20080109915 N
RENO 2009 20090156633 N
RICE 2009 20090022371 N
SEDGWICK 2008 20080024116 N
WILSON 2008 20080042091 N
WOODSON 2009 20090019915 N
CRAWFORD 2010 20100020211 N
DOUGLAS 2010 20100010497 N
PRATT 2011 20110033365 N
SHAWNEE 2010 20100002271 Y BR # 000891001004446
DOUGLAS 2010 20100029132 N
KINGMAN 2010 20100100001 N
LINN 2012 20120036054 N

BridgeRail
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

ALLEN 2013 20130007759 Y BR # 000011031005780
BUTLER 2011 20110026871 Y BR # 000080857006189
BUTLER 2013 20130121737 N
BUTLER 2013 20130085131 N
CHASE 2012 20120036179 N
COWLEY 2012 20120028437 N
GRAY 2011 20110081508 N
MARION 2012 20120018879 N
MARSHALL 2012 20120002464 N
NESS 2013 20130085588 N

C‐4



OSAGE 2010 20100106635 N
OSAGE 2010 20100115021 N
PHILLIPS 2012 20120121928 Y BR # 000740615303180
POTTAWATOMIE 2013 20130031185 N
SEDGWICK 2013 20130107436 N
SHERIDAN 2011 20110030170
WABAUNSEE 2012 20120002110 N
WILSON 2010 20100026150 N
BUTLER 2010 20100015000 N
DOUGLAS 2013 20130005141 N
EDWARDS 2011 20110017855 Y BR # 000240577205860
NEOSHO 2010 20100015821 N
RICE 2013 20130109356 Y BR # 000800753805260
ANDERSON 2013 20130000842 N
ATCHISON 2011 20110107617 N
BARBER 2011 20110022267 N
BARTON 2013 20130112443 N
BOURBON 2010 20100011610 N
BOURBON 2012 20120104575 N
BOURBON 2013 20130003017 N
BROWN 2011 20110024777 Y BR # 000071007103380
BROWN 2012 20120029710 N
BUTLER 2010 20100004082 N
BUTLER 2011 20110080419 N
BUTLER 2012 20120021228 N
BUTLER 2013 20130034281 N
BUTLER 2013 20130030746 Y BR # 000080845306000
BUTLER 2013 20130008440 N
BUTLER 2013 20130005583 Y BR # 000080845306000
CHEYENNE 2011 20110116008 N
CLOUD 2011 20110025162 N
CLOUD 2011 20110012273 N
COFFEY 2011 20110104780 Y BR # 000161007905660
COMANCHE 2011 20110028464 N
COWLEY 2011 20110121286 N
COWLEY 2013 20130002247 N
CRAWFORD 2009 20090063333 N
CRAWFORD 2012 20120019546 Y BR # 000191073906580
DICKINSON 2010 20100011922 N
DOUGLAS 2011 20110000128 N
DOUGLAS 2013 20130101874 N
ELLIS 2010 20100011175 N
ELLSWORTH 2011 20110022780 N
FORD 2012 20120036157 N
FORD 2012 20120029699 N
FRANKLIN 2010 20100013706 N
FRANKLIN 2010 20100023359 N

C‐5



FRANKLIN 2010 20100035358 N
FRANKLIN 2011 20110014147 N
FRANKLIN 2011 20110026568 N
GEARY 2012 20120027569 N
GRAHAM 2011 20110012961 N
GREENWOOD 2010 20100016023 N
HARPER 2011 20110121490 Y BR # 000390735006948
HARPER 2013 20130101389 N
JACKSON 2010 20100000664 N
JACKSON 2010 20100024799 Y BR # 000430989003646
JACKSON 2012 20120021796 N
JACKSON 2013 20130036110 ?
JACKSON 2013 20130060193 N
JEFFERSON 2011 20110023383 Y BR # 000441035204061
JOHNSON 2009 20090055159 N
KEARNY 2011 20110108650 N
KINGMAN 2010 20100109855 N
KINGMAN 2012 20120117893 N
LABETTE 2013 20130030735 N
LABETTE 2013 20130004505 N
LYON 2010 20100010263 N
MCPHERSON 2010 20100004606 N
MCPHERSON 2010 20100023957 Y BR # 000590791205460
MCPHERSON 2011 20110115029 N
MCPHERSON 2012 20120102091 Y BR # 000590785105020
MCPHERSON 2013 20130114033 Y BR # 000590775005426
MEADE 2013 20130007537 N
MIAMI 2010 20100039463 N
MIAMI 2010 20100039594 N
MIAMI 2011 20110004345 N
MIAMI 2012 20120001536 N
MIAMI 2013 20130035562 N
MONTGOMERY 2010 20100120316 N
MONTGOMERY 2012 20120105254 N
MONTGOMERY 2012 20120103472 N
MONTGOMERY 2013 20130100508 N
MORRIS 2011 20110111119 N
MORRIS 2012 20120104319 N
NEMAHA 2013 20130004254 N
NEMAHA 2013 20130030022 N
NORTON 2009 20090101460 N
OSAGE 2012 20120123156 N
OTTAWA 2011 20110024124 N
PAWNEE 2012 20120029182 Y BR # 000730615405540
PHILLIPS 2011 20110115331 Y BR # 000920639003300
PHILLIPS 2011 20110124253 N
POTTAWATOMIE 2013 20130006855 N
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PRATT 2010 20100022632 N
RENO 2011 20110006345 N
REPUBLIC 2013 20130119649 Y BR # 000790783103240
RICE 2011 20110118069 N
ROOKS 2010 20100040128 N
ROOKS 2010 20100040088 N
SALINE 2009 20090062335 N
SALINE 2009 20090058982 Y BR # 000850775104820
SALINE 2011 20110023759 N
SEDGWICK 2011 20110120654 N
SEDGWICK 2011 20110003418 N
SEDGWICK 2012 20120110984 N
SEDGWICK 2012 20120108602 N
SEDGWICK 2012 20120107687 Y BR # 000870801006421
SEDGWICK 2013 20130112810 N
SHAWNEE 2012 20120028911 Y BR # 000890987004240
STAFFORD 2010 20100027482 Y BR # 000930691005882
SUMNER 2009 20090065823 N
SUMNER 2010 20100022551 Y BR # 000000000960200
SUMNER 2010 20100019929 N
THOMAS 2011 20110118168 Y BR # 000970447004180
WASHINGTON 2010 20100017471 N
WASHINGTON 2013 20130033147 N
WILSON 2011 20110022978 Y BR # 001030975406362
WILSON 2013 20130005533 N
WOODSON 2011 20110119582 N
CLAY 2009 20090064577 N
CLAY 2013 20130113284 N
DOUGLAS 2011 20110014743 N
NEOSHO 2011 20110019734 N
SEDGWICK 2011 20110000754 N
SMITH 2010 20100110364 Y BR # 000920645503260
SMITH 2013 20130101306 N
BUTLER 2011 20110026869 N
ALLEN 2009 20090018507 N
ANDERSON 2008 20080013503 N
ANDERSON 2009 20090010505 N
BUTLER 2008 20080002512 N
BUTLER 2009 20090015536 Y BR # 000080879006128
CHAUTAUQUA 2008 20080034529 N
CHEROKEE 2009 20090000090 N
CLOUD 2009 20090154530 Y BR # 000150805703600
DICKINSON 2008 20080042554 N
DONIPHAN 2009 20090013082 N
DOUGLAS 2008 20080034553 N
FRANKLIN 2008 20080053517 N
FRANKLIN 2008 20080014547 N

C‐7



FRANKLIN 2008 20080044060 N
FRANKLIN 2008 20080002551 N
FRANKLIN 2009 20090019500 N
GRAHAM 2008 20080033039 N
GRAHAM 2009 20090021344 N
GREELEY 2008 20080020073 N
GREENWOOD 2008 20080031567 N
HARVEY 2009 20090029059 N
JACKSON 2008 20080004504 N
JEFFERSON 2008 20080050517 N
JOHNSON 2008 20080032191 N
KEARNY 2008 20080049544
KEARNY 2008 20080045043
KINGMAN 2008 20080046545 N
LABETTE 2009 20090029410 N
LINCOLN 2008 20080054570 N
MARSHALL 2008 20080032035 Y BR # 000580895403223
MCPHERSON 2009 20090002009 Y BR # 000590801005187
MCPHERSON 2009 20090012510 N
MIAMI 2008 20080010004 N
MIAMI 2008 20080013041 N
MIAMI 2008 20080010577 N
MIAMI 2009 20090019654 N
MITCHELL 2009 20090017096 N
MONTGOMERY 2008 20080018512 N
MORRIS 2008 20080017062 N
MORRIS 2008 20080030575 N
MORRIS 2008 20080055019 Y BR # 000640877004944
MORRIS 2009 20090029879 N
NEMAHA 2009 20090004014 N
NEOSHO 2009 20090003095 N
NEOSHO 2009 20090007590 N
POTTAWATOMIE 2008 20080001504 N
REPUBLIC 2008 20080108382 Y BR # 000790767003246
REPUBLIC 2009 20090150881 N
SEDGWICK 2008 20080038593 N
SEDGWICK 2009 20090018094 N
SEDGWICK 2009 20090010003 N
SHAWNEE 2008 20080040061 N
SHAWNEE 2008 20080040085 N
SHERIDAN 2008 20080040618 N
SUMNER 2008 20080042049 Y BR # 000960819506980
WABAUNSEE 2008 20080010055 N
WASHINGTON 2008 20080019045 Y BR # 001010847103220
WASHINGTON 2009 20090019885 N
WOODSON 2009 20090030380 N
FRANKLIN 2013 20130000016 N
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MIAMI 2012 20120021524 Y BR # 000611071204800
JACKSON 2013 20130006908 N

GuardRail
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

ELLIS 2013 20130030740 Y BR # 000830593004801
GREENWOOD 2012 20120021321 N
JOHNSON 2009 20090101225 N
LABETTE 2011 20110021769 N
SEDGWICK 2011 20110033891 N
WASHINGTON 2013 20130002930 N
WILSON 2011 20110021948 N
BARBER 2011 20110116650 N
MIAMI 2011 20110081339 Y BR # 000611073004841
ANDERSON 2013 20130101842 N
BARTON 2010 20100108881 N
BUTLER 2011 20110016845 N
BUTLER 2012 20120017558 N
BUTLER 2012 20120002754 N
CHASE 2012 20120017808 N
CHEROKEE 2011 20110009192 N
CHEYENNE 2011 20110106608 N
CRAWFORD 2013 20130037561 N
DOUGLAS 2010 20100015204 N
ELLIS 2013 20130003612 N
FRANKLIN 2011 20110024241 N
FRANKLIN 2012 20120013536 N
GEARY 2009 20090059989 N
HARVEY 2010 20100022082 Y BR # 000400827005742
HARVEY 2010 20100022085 N
HARVEY 2011 20110106410 N
JACKSON 2010 20100005845 Y BR # 000430995003886
JEFFERSON 2013 20130037088 N
KEARNY 2012 20120117646 N
LINN 2013 20130115790 N
MARION 2012 20120002112 N
MARSHALL 2010 20100004954 Y BR # 000580885003108
MCPHERSON 2010 20100028059 N
MEADE 2013 20130000101 Y BR # 000600473906560
MIAMI 2010 20100039413 N
MIAMI 2012 20120018594 N
MONTGOMERY 2010 20100105498 Y BR # 000630999506906
MONTGOMERY 2011 20110107549 N
NEMAHA 2013 20130037393 N
OSAGE 2010 20100107891 N
OSAGE 2013 20130115476 N
POTTAWATOMIE 2011 20110103022 N
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POTTAWATOMIE 2013 20130010094 N
RILEY 2009 20090046110 N
RUSSELL 2009 20090050136 N
SALINE 2009 20090052028 N
SEDGWICK 2010 20100017173 N
SEDGWICK 2010 20100000825 Y BR # 000870771406240
SHAWNEE 2011 20110080487 Y BR # 000890975104480
SUMNER 2012 20120005259 N
SUMNER 2013 20130107342 N
WABAUNSEE 2013 20130003558 N
NORTON 2011 20110022465 Y BR # 000690553903208
OTTAWA 2012 20120000014 N
DICKINSON 2012 20120060187 N
SHAWNEE 2011 20110030304 N
COFFEY 2011 20110112917 N
NEMAHA 2011 20110115419 Y BR # 000660983003149
SEWARD 2010 20100120971 N
BARBER 2009 20090010531 Y BR # 000040703406740
BARBER 2009 20090011505 Y BR # 000040699906800
BROWN 2008 20080013546 N
BUTLER 2008 20080013554 N
BUTLER 2009 20090028484 N
BUTLER 2009 20090019929 N
BUTLER 2009 20090015546 N
CRAWFORD 2008 20080014523 N
CRAWFORD 2009 20090009032 N
DOUGLAS 2008 20080034036 N
ELLIS 2008 20080040515 N
ELLSWORTH 2009 20090021326 N
FRANKLIN 2008 20080021564 N
HARVEY 2009 20090005047 Y BR # 000400817005748
JEFFERSON 2008 20080023073 N
JOHNSON 2008 20080044074 Y BR # 000461083104680
JOHNSON 2008 20080035503 N
JOHNSON 2009 20090007086 Y BR #000461075104708
LYON 2009 20090009081 N
MARSHALL 2008 20080002578 N
MARSHALL 2009 20090003586 N
MIAMI 2008 20080023561 N
MIAMI 2008 20080017043 N
MIAMI 2009 20090014027 N
MIAMI 2009 20090019651 N
MONTGOMERY 2008 20080001074 N
OSAGE 2009 20090003113 N
PRATT 2008 20080036598 N
REPUBLIC 2008 20080103703 N
SALINE 2008 20080052634 N
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SHAWNEE 2008 20080029548 N

Culvert
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

ANDERSON 2010 20100109967 N
BUTLER 2013 20130001334 N
CHAUTAUQUA 2013 20130034411 N
COWLEY 2011 20110034337 N
COWLEY 2011 20110025817 N
COWLEY 2013 20130010769 N
CRAWFORD 2011 20110022399 N
DICKINSON 2011 20110123490 N
DOUGLAS 2013 20130005150 N
FINNEY 2011 20110029980 N
FRANKLIN 2011 20110005871 N
FRANKLIN 2012 20120030924 N
GREENWOOD 2010 20100038339 N
GREENWOOD 2011 20110015420 N
HARPER 2011 20110103113 N
LABETTE 2012 20120013304 N
LOGAN 2012 20120002425 N
LYON 2012 20120025769 N
NEOSHO 2013 20130009301 N
PRATT 2011 20110022638 N
RICE 2011 20110109303 N
RUSSELL 2009 20090064116 N
SALINE 2012 20120027735 N
SALINE 2012 20120081087 N
SEDGWICK 2009 20090056632 N
SEDGWICK 2011 20110003963 N
SHAWNEE 2013 20130035239 N
WABAUNSEE 2011 20110002792 N
WASHINGTON 2012 20120015931 N
CLAY 2011 20110116708 N
RENO 2012 20120020394 N
BOURBON 2013 20130008529 N
OTTAWA 2013 20130031774 N
DICKINSON 2011 20110016599 N
ELLIS 2010 20100121712 N
DOUGLAS 2012 20120021940 N
MCPHERSON 2012 20120111027 N
MITCHELL 2010 20100002887 N
SEDGWICK 2012 20120105498 N
STAFFORD 2013 20130085444 N
WOODSON 2012 20120117563 N
ALLEN 2012 20120014879 N
ANDERSON 2010 20100033598 N
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ANDERSON 2012 20120104153
ANDERSON 2012 20120027837
ANDERSON 2013 20130037097
BARBER 2012 20120027903
BARTON 2010 20100111289
BARTON 2010 20100107505
BARTON 2010 20100103688
BARTON 2011 20110109909
BARTON 2011 20110108178 N
BARTON 2011 20110106040
BARTON 2012 20120116523
BOURBON 2012 20120006738
BROWN 2011 20110033242
BUTLER 2010 20100102894
BUTLER 2010 20100035772
BUTLER 2010 20100014186
BUTLER 2010 20100025710
BUTLER 2011 20110007287
BUTLER 2011 20110030587 N
BUTLER 2011 20110030588
BUTLER 2011 20110029624
BUTLER 2012 20120000064
BUTLER 2012 20120012959
BUTLER 2013 20130034818
BUTLER 2013 20130037565
BUTLER 2013 20130032346
BUTLER 2013 20130008807
BUTLER 2013 20130007275
CHAUTAUQUA 2012 20120007046 N
CHEROKEE 2010 20100027053
CHEROKEE 2011 20110023457
CHEROKEE 2012 20120018302
CHEROKEE 2012 20120002567
CHEROKEE 2013 20130104950
CLARK 2012 20120018242
CLAY 2012 20120111401
CLOUD 2011 20110024101
CLOUD 2012 20120026794
CLOUD 2013 20130002898 N
COFFEY 2011 20110113352
COFFEY 2012 20120101994
COFFEY 2012 20120124833
COWLEY 2009 20090061921
COWLEY 2009 20090057339
COWLEY 2010 20100021402
COWLEY 2011 20110107562
COWLEY 2011 20110024158
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COWLEY 2011 20110009535
CRAWFORD 2010 20100003559 N
CRAWFORD 2012 20120012818
DICKINSON 2011 20110013812
DOUGLAS 2009 20090048821
DOUGLAS 2010 20100036752
DOUGLAS 2011 20110000433
DOUGLAS 2012 20120010306
DOUGLAS 2013 20130000099
ELK 2011 20110031181
ELLIS 2009 20090063542
ELLIS 2011 20110031196 N
ELLSWORTH 2012 20120018379
FINNEY 2009 20090048824
FINNEY 2012 20120019806
FINNEY 2013 20130109387
FORD 2010 20100039622
FRANKLIN 2011 20110002801
GRAY 2011 20110028156
HARPER 2013 20130101390
HARVEY 2010 20100000655
HARVEY 2011 20110022324
HARVEY 2011 20110034457 N
HARVEY 2011 20110122807
HARVEY 2012 20120023926
HODGEMAN 2010 20100010807
JEFFERSON 2010 20100113881
JOHNSON 2010 20100020086
JOHNSON 2010 20100022921
JOHNSON 2011 20110014033
JOHNSON 2011 20110027826
KEARNY 2011 20110120033
LABETTE 2010 20100033480 N
LEAVENWORTH 2012 20120013721
LYON 2012 20120020783
LYON 2012 20120027450
LYON 2013 20130009271
MARION 2012 20120002415
MARSHALL 2012 20120016053
MCPHERSON 2010 20100015785
MCPHERSON 2011 20110112010
MCPHERSON 2011 20110119217
MIAMI 2011 20110030418 N
MIAMI 2011 20110011816
MITCHELL 2012 20120013632
MONTGOMERY 2011 20110103976
MONTGOMERY 2012 20120107002
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MONTGOMERY 2013 20130100515
MORRIS 2011 20110111464
NEOSHO 2010 20100026009
NEOSHO 2010 20100021484
NEOSHO 2011 20110024301
NEOSHO 2011 20110024302 N
NEOSHO 2013 20130006783
OSAGE 2011 20110105577
PAWNEE 2010 20100110235
POTTAWATOMIE 2010 20100000778
POTTAWATOMIE 2011 20110023989
POTTAWATOMIE 2012 20120022401
POTTAWATOMIE 2012 20120010010
RENO 2013 20130033563
RENO 2013 20130008699
RICE 2010 20100119659 N
RICE 2012 20120116003
ROOKS 2012 20120025215
ROOKS 2012 20120081441
RUSSELL 2009 20090058976
RUSSELL 2010 20100015948
RUSSELL 2010 20100027621
SALINE 2009 20090058998
SALINE 2009 20090045326
SALINE 2011 20110030043
SALINE 2013 20130030276 N
SALINE 2013 20130002688
SALINE 2013 20130036021
SEDGWICK 2009 20090101227
SEDGWICK 2010 20100015096
SEDGWICK 2010 20100019876
SEDGWICK 2010 20100023230
SEDGWICK 2010 20100014250
SEDGWICK 2011 20110024586
SEDGWICK 2011 20110120551
SEDGWICK 2012 20120121567 N
SEDGWICK 2012 20120110259
SEDGWICK 2012 20120101854
SEDGWICK 2012 20120116879
SEDGWICK 2013 20130123664
SHAWNEE 2009 20090046249
SHAWNEE 2010 20100026380
SHAWNEE 2011 20110021501
SHAWNEE 2011 20110033367
SHAWNEE 2013 20130011725
SUMNER 2010 20100012335 N
SUMNER 2011 20110023739
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SUMNER 2011 20110023737
THOMAS 2012 20120105460
WABAUNSEE 2012 20120005499
WABAUNSEE 2013 20130080363
WILSON 2010 20100026151
WILSON 2011 20110021683
WOODSON 2010 20100008421
WOODSON 2011 20110002095
WOODSON 2013 20130100125 N
HARVEY 2010 20100023757
LOGAN 2012 20120005682
NEMAHA 2010 20100015783
RICE 2010 20100101330
RUSH 2010 20100012431
BOURBON 2012 20120004713
COWLEY 2011 20110005316
CRAWFORD 2011 20110014751
GRANT 2009 20090065418
HARVEY 2011 20110007757 N
MARSHALL 2011 20110023543
MCPHERSON 2012 20120116581
NORTON 2013 20130032135
OSAGE 2010 20100109504
CHEYENNE 2010 20100107826
JACKSON 2012 20120026434
OSAGE 2010 20100121272
WOODSON 2011 20110122014
BUTLER 2011 20110016473
BUTLER 2011 20110022308 N
DOUGLAS 2013 20130112286
RUSH 2013 20130031702
WILSON 2010 20100038362
WOODSON 2011 20110117061
COFFEY 2011 20110112918
ALLEN 2008 20080033004
ALLEN 2008 20080031001
ALLEN 2008 20080037501
ALLEN 2008 20080042503
ALLEN 2008 20080021505 N
ANDERSON 2008 20080033006
BARTON 2008 20080026014
BOURBON 2009 20090004521
BOURBON 2009 20090018516
BROWN 2008 20080013541
BROWN 2008 20080044015
BUTLER 2008 20080034005
BUTLER 2008 20080050031
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BUTLER 2009 20090007026
BUTLER 2009 20090028514 N
BUTLER 2009 20090028495
BUTLER 2009 20090028491
BUTLER 2009 20090014524
BUTLER 2009 20090000060
BUTLER 2009 20090027321
BUTLER 2009 20090020804
CHEROKEE 2008 20080044036
CHEROKEE 2009 20090000503
CHEROKEE 2009 20090004545
CHEROKEE 2009 20090153957 N
CLARK 2008 20080026042
COFFEY 2009 20090000533
COWLEY 2009 20090006927
CRAWFORD 2008 20080021547
CRAWFORD 2008 20080030521
CRAWFORD 2009 20090028843
DOUGLAS 2008 20080051071
DOUGLAS 2009 20090016549
DOUGLAS 2009 20090011004
ELLSWORTH 2009 20090021317 N
FINNEY 2008 20080015523
FRANKLIN 2008 20080034571
FRANKLIN 2008 20080030054
HARPER 2008 20080024563
HARPER 2009 20090019528
HARPER 2009 20090011040
HARPER 2009 20090019525
HARVEY 2008 20080051531
HARVEY 2008 20080024848
HARVEY 2008 20080030544 N
HARVEY 2009 20090019540
HARVEY 2009 20090021362
HARVEY 2009 20090021365
HARVEY 2009 20090150961
JACKSON 2009 20090009064
JEFFERSON 2008 20080003585
JEFFERSON 2009 20090005061
KINGMAN 2008 20080018058
LABETTE 2008 20080046562
LABETTE 2009 20090029393 N
LABETTE 2009 20090019579
LEAVENWORTH 2008 20080032011
LEAVENWORTH 2008 20080043063
LEAVENWORTH 2008 20080045056
LEAVENWORTH 2009 20090005505
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LINCOLN 2009 20090019988
LINN 2008 20080106063
LINN 2009 20090152540
LYON 2008 20080050561
MARION 2009 20090011104 N
MCPHERSON 2008 20080020520
MCPHERSON 2009 20090002014
MCPHERSON 2009 20090023874
MIAMI 2009 20090006044
MONTGOMERY 2008 20080010162
MONTGOMERY 2009 20090011147
MONTGOMERY 2009 20090002058
MORRIS 2008 20080008546
MORRIS 2009 20090011153
NEOSHO 2009 20090011165 N
NEOSHO 2010 20100019141
NEOSHO 2010 20100018055
OSAGE 2009 20090004022
PHILLIPS 2009 20090017196
RENO 2008 20080102224
RENO 2008 20080103891
RENO 2009 20090156597
REPUBLIC 2008 20080111493
RICE 2008 20080048525
RUSH 2009 20090017286 N
SALINE 2008 20080102347
SEDGWICK 2008 20080030386
SEDGWICK 2008 20080018578
SEDGWICK 2008 20080040022
SEDGWICK 2008 20080020530
SEDGWICK 2008 20080015578
SEDGWICK 2008 20080017595
SEDGWICK 2009 20090019800
SEDGWICK 2009 20090022392
SEWARD 2009 20090150066 N
SMITH 2008 20080019574
SUMNER 2008 20080008046
SUMNER 2009 20090012259
WASHINGTON 2009 20090019889
WILSON 2008 20080052725
WILSON 2008 20080048619
WOODSON 2008 20080052737
DONIPHAN 2010 20100036989
MCPHERSON 2012 20120118784
BUTLER 2010 20100004260 N
BUTLER 2013 20130004557
COWLEY 2013 20130000074
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CRAWFORD 2009 20090065757
CRAWFORD 2012 20120022392
DICKINSON 2010 20100021120
DOUGLAS 2011 20110032984
DOUGLAS 2012 20120103132
HODGEMAN 2011 20110005520
MARION 2013 20130032026
MARSHALL 2012 20120026884 N
MITCHELL 2010 20100029735
OSAGE 2013 20130120198
REPUBLIC 2010 20100103082
SALINE 2013 20130035899
SEDGWICK 2013 20130103445
TREGO 2010 20100017130
TREGO 2010 20100014005
WASHINGTON 2012 20120080875
DOUGLAS 2010 20100014684
SEDGWICK 2012 20120123596 N
SEDGWICK 2012 20120104119
ATCHISON 2012 20120122747
GEARY 2011 20110005171
JACKSON 2013 20130009005
LANE 2010 20100027936
SEDGWICK 2011 20110116078
MONTGOMERY 2011 20110123958
SALINE 2011 20110033215
BUTLER 2012 20120008110
COFFEY 2012 20120122963 N
FINNEY 2011 20110013185
GEARY 2011 20110001995
HARVEY 2012 20120012955
NEMAHA 2013 20130031924
SUMNER 2013 20130111429

Curb
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

CHEYENNE 2010 20100113638
SEDGWICK 2009 20090101617
SEDGWICK 2012 20120124584
SEDGWICK 2013 20130122640
SALINE 2009 20090065577 N
SEDGWICK 2012 20120100825
SEDGWICK 2013 20130118237
KINGMAN 2012 20120124234
SEDGWICK 2010 20100114171
SEDGWICK 2010 20100116744
SEDGWICK 2012 20120106313
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JOHNSON 2012 20120030885
RUSSELL 2010 20100119341
JOHNSON 2012 20120003737
LEAVENWORTH 2012 20120009680 N
MIAMI 2011 20110016846
POTTAWATOMIE 2012 20120006555
RENO 2010 20100038158
SEDGWICK 2010 20100118449
SHAWNEE 2009 20090047940
HASKELL 2008 20080049522
JOHNSON 2008 20080011286
MEADE 2009 20090003589
REPUBLIC 2008 20080105838
RILEY 2008 20080035090 N
SEDGWICK 2008 20080000365
SEDGWICK 2009 20090021789
STAFFORD 2008 20080042023
LABETTE 2010 20100037457
SEDGWICK 2012 20120101080
BARTON 2010 20100102795

Barricade
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

EDWARDS 2011 20110080968
COWLEY 2012 20120015723
GRANT 2010 20100028276
RICE 2012 20120100506 N
SALINE 2011 20110007424
ALLEN 2008 20080020598
BUTLER 2008 20080011035

Embankment
COUNTY_NAME Year ACCIDENT_KEY MEET CRITERIA? BRIDGE NUMBER

BARBER 2010 20100004967
BARTON 2010 20100106785
BOURBON 2010 20100036246
CHAUTAUQUA 2010 20100114698
CHAUTAUQUA 2011 20110022930
CHEROKEE 2012 20120006024
CHEROKEE 2012 20120081358 N
CLOUD 2011 20110035035
DOUGLAS 2010 20100021925
ELLIS 2010 20100081414
ELLIS 2010 20100006087
GEARY 2011 20110025140
GEARY 2012 20120029855
GRANT 2010 20100022328
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GREELEY 2010 20100038717
HARPER 2010 20100095169
JEFFERSON 2011 20110013360 N
JEFFERSON 2011 20110002540
JEFFERSON 2011 20110005452
LEAVENWORTH 2011 20110081902
LEAVENWORTH 2012 20120001238
LEAVENWORTH 2012 20120000382
MIAMI 2012 20120002714
MITCHELL 2012 20120013705
MONTGOMERY 2012 20120110745
NORTON 2010 20100005901
OTTAWA 2012 20120116365 N
PAWNEE 2010 20100028465
RILEY 2012 20120010040
RUSSELL 2010 20100019651
SEDGWICK 2010 20100025213
SUMNER 2013 20130113034
THOMAS 2013 20130110016
TREGO 2011 20110025318
WABAUNSEE 2010 20100010832
WASHINGTON 2010 20100026531
ANDERSON 2012 20120014463 N
BOURBON 2010 20100030765
BUTLER 2010 20100012041
BUTLER 2011 20110012311
BUTLER 2012 20120007393
BUTLER 2012 20120007390
BUTLER 2012 20120005525
BUTLER 2013 20130030376
CHAUTAUQUA 2011 20110022929
COWLEY 2012 20120005860
COWLEY 2013 20130008573 N
COWLEY 2013 20130012521
DICKINSON 2009 20090047471
DICKINSON 2010 20100025422
DONIPHAN 2011 20110029155
DOUGLAS 2011 20110027895
DOUGLAS 2011 20110006924
DOUGLAS 2011 20110006427
DOUGLAS 2012 20120004858
DOUGLAS 2013 20130080274
EDWARDS 2012 20120081302 N
ELLIS 2011 20110007316
ELLIS 2011 20110007342
ELLIS 2012 20120010004
FINNEY 2010 20100025471
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FRANKLIN 2010 20100009144
FRANKLIN 2013 20130006218
GRAHAM 2011 20110029658
GREENWOOD 2012 20120027728
HARPER 2010 20100119567
HARPER 2013 20130111476 N
JACKSON 2010 20100036557
JACKSON 2013 20130037163
JOHNSON 2013 20130036468
LABETTE 2013 20130030712
LEAVENWORTH 2010 20100015985
LEAVENWORTH 2012 20120009703
LEAVENWORTH 2012 20120028999
LEAVENWORTH 2012 20120007209
LEAVENWORTH 2012 20120120749
LEAVENWORTH 2013 20130031781 N
LEAVENWORTH 2013 20130037809
LYON 2012 20120026454
NEMAHA 2010 20100006473
NORTON 2013 20130036725
POTTAWATOMIE 2010 20100112116
POTTAWATOMIE 2010 20100111150
POTTAWATOMIE 2011 20110031032
POTTAWATOMIE 2012 20120010388
POTTAWATOMIE 2012 20120007519
RENO 2010 20100032269 N
RENO 2013 20130038425
RILEY 2012 20120002798
SALINE 2013 20130034440
SEDGWICK 2013 20130117784
SHAWNEE 2011 20110032897
SHERIDAN 2012 20120024953
STEVENS 2012 20120029354
TREGO 2013 20130009809
WABAUNSEE 2013 20130006828
WILSON 2012 20120025076 N
BARTON 2011 20110108857
MARION 2013 20130031703
SEDGWICK 2011 20110012072
CLAY 2010 20100116093
ELLIS 2012 20120028021
GREENWOOD 2009 20090045042
JEFFERSON 2011 20110023382
JOHNSON 2009 20090060526
LABETTE 2010 20100081417
LANE 2011 20110007970 N
MARSHALL 2011 20110004814
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BUTLER 2013 20130006904
CLAY 2012 20120114494
FORD 2013 20130030675
LABETTE 2012 20120029170
LANE 2012 20120020562
MONTGOMERY 2011 20110103970
MONTGOMERY 2013 20130108078
ROOKS 2011 20110034046
BUTLER 2012 20120016768 N
CLAY 2012 20120111237
DOUGLAS 2012 20120015551
JEWELL 2012 20120002129
JOHNSON 2009 20090059389
LABETTE 2012 20120006572
MCPHERSON 2011 20110101218
SEWARD 2010 20100021496
SHAWNEE 2009 20090045361
ANDERSON 2013 20130000103
ATCHISON 2010 20100104943 N
ATCHISON 2010 20100111067
ATCHISON 2011 20110100774
ATCHISON 2013 20130123055
BARTON 2010 20100119382
BARTON 2010 20100116318
BARTON 2010 20100115303
BARTON 2010 20100111004
BARTON 2010 20100103422
BARTON 2010 20100110891
BARTON 2011 20110103244 N
BARTON 2011 20110106258
BARTON 2011 20110115134
BARTON 2011 20110100793
BARTON 2011 20110117801
BARTON 2012 20120113288
BARTON 2012 20120123173
BARTON 2012 20120101029
BARTON 2013 20130107092
BARTON 2013 20130107103
BROWN 2012 20120123775 N
BUTLER 2010 20100023837
BUTLER 2010 20100002142
BUTLER 2010 20100009857
BUTLER 2010 20100008317
BUTLER 2010 20100010658
BUTLER 2011 20110008071
BUTLER 2013 20130010507
BUTLER 2013 20130031832
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BUTLER 2013 20130037166
BUTLER 2013 20130002274 N
CHAUTAUQUA 2010 20100029369
CHAUTAUQUA 2013 20130101196
CHEYENNE 2010 20100101927
CLAY 2013 20130113808
CLOUD 2010 20100121085
CLOUD 2011 20110022488
CLOUD 2013 20130006054
COMANCHE 2011 20110023465
COWLEY 2009 20090064709
COWLEY 2009 20090064697 N
COWLEY 2009 20090059425
COWLEY 2009 20090059908
COWLEY 2012 20120025624
COWLEY 2012 20120108339
COWLEY 2012 20120027148
CRAWFORD 2009 20090064410
CRAWFORD 2011 20110000639
CRAWFORD 2011 20110011311
CRAWFORD 2011 20110027735
DICKINSON 2009 20090045010 N
DICKINSON 2009 20090048812
DICKINSON 2010 20100036563
DICKINSON 2011 20110006910
DICKINSON 2012 20120114335
DICKINSON 2013 20130033779
DONIPHAN 2011 20110025588
DONIPHAN 2012 20120120562
DOUGLAS 2010 20100009921
DOUGLAS 2010 20100037844
DOUGLAS 2011 20110031206 N
DOUGLAS 2011 20110007817
DOUGLAS 2012 20120003913
DOUGLAS 2012 20120007617
DOUGLAS 2012 20120026499
DOUGLAS 2012 20120120986
DOUGLAS 2012 20120025599
DOUGLAS 2013 20130119539
DOUGLAS 2013 20130113233
DOUGLAS 2013 20130108179
DOUGLAS 2013 20130000096 N
DOUGLAS 2013 20130106125
ELLIS 2010 20100023503
ELLIS 2010 20100003574
ELLIS 2010 20100031439
ELLIS 2012 20120017062

C‐23



ELLIS 2013 20130114612
FINNEY 2010 20100009943
FINNEY 2012 20120018599
FORD 2011 20110013470
FRANKLIN 2010 20100015945 N
FRANKLIN 2012 20120016703
GEARY 2011 20110007517
GEARY 2011 20110032122
GRAHAM 2010 20100011228
GRAHAM 2011 20110007262
GRAHAM 2012 20120008638
GRAY 2012 20120008136
GREENWOOD 2011 20110118311
GREENWOOD 2012 20120005109
HARPER 2009 20090101936 N
HARPER 2013 20130112800
HARVEY 2010 20100105351
HARVEY 2012 20120022144
JACKSON 2012 20120006541
JEFFERSON 2010 20100027762
JEFFERSON 2010 20100032844
JEFFERSON 2010 20100037529
JEFFERSON 2012 20120013317
JEFFERSON 2012 20120101312
JOHNSON 2009 20090047156 N
JOHNSON 2010 20100001485
JOHNSON 2012 20120028815
KINGMAN 2010 20100111465
KINGMAN 2010 20100110998
KINGMAN 2011 20110106612
KINGMAN 2012 20120108741
KINGMAN 2013 20130113833
KIOWA 2013 20130037120
LEAVENWORTH 2010 20100010217
LEAVENWORTH 2010 20100034221 N
LEAVENWORTH 2010 20100032375
LEAVENWORTH 2010 20100028609
LEAVENWORTH 2010 20100017062
LEAVENWORTH 2010 20100012054
LEAVENWORTH 2013 20130036801
MARION 2009 20090058913
MARION 2011 20110001322
MARSHALL 2010 20100027047
MARSHALL 2011 20110021766
MARSHALL 2011 20110023545 N
MCPHERSON 2010 20100008979
MCPHERSON 2011 20110110548

C‐24



MCPHERSON 2011 20110110775
MCPHERSON 2011 20110106523
MCPHERSON 2012 20120103713
MIAMI 2011 20110004327
MITCHELL 2010 20100038425
MITCHELL 2011 20110028296
MITCHELL 2011 20110028475
MITCHELL 2012 20120013628 N
MONTGOMERY 2010 20100001526
MORRIS 2011 20110112190
MORTON 2012 20120005097
NEMAHA 2009 20090063896
NEMAHA 2010 20100121613
NEMAHA 2010 20100117993
NEMAHA 2011 20110029991
NEMAHA 2012 20120012530
NEMAHA 2012 20120017987
NEMAHA 2013 20130000849 N
NEMAHA 2013 20130033950
NORTON 2010 20100005880
NORTON 2010 20100005902
NORTON 2011 20110029179
OSAGE 2012 20120102353
OSAGE 2012 20120102910
OSAGE 2013 20130121961
PAWNEE 2012 20120103213
POTTAWATOMIE 2010 20100009286
POTTAWATOMIE 2010 20100022826 N
POTTAWATOMIE 2010 20100022820
POTTAWATOMIE 2011 20110005557
POTTAWATOMIE 2011 20110011800
RENO 2012 20120013894
RICE 2011 20110118849
RICE 2012 20120100413
RICE 2012 20120119491
RILEY 2011 20110000041
RILEY 2011 20110015944
RILEY 2012 20120025196 N
RILEY 2012 20120018806
ROOKS 2013 20130035621
RUSSELL 2009 20090064119
SALINE 2009 20090058997
SALINE 2011 20110023642
SALINE 2013 20130034111
SCOTT 2012 20120007878
SEDGWICK 2010 20100000823
SEDGWICK 2010 20100016112

C‐25



SEDGWICK 2011 20110012075 N
SEDGWICK 2012 20120107730
SEDGWICK 2012 20120101526
SHAWNEE 2009 20090060387
SHAWNEE 2009 20090045606
SHAWNEE 2011 20110034077
SHAWNEE 2011 20110035045
SHAWNEE 2011 20110015365
SHAWNEE 2013 20130008384
SHAWNEE 2013 20130012046
SMITH 2012 20120110832 N
SMITH 2012 20120108069
SMITH 2012 20120117912
SMITH 2013 20130100475
SUMNER 2010 20100119505
SUMNER 2011 20110004821
SUMNER 2011 20110028970
WABAUNSEE 2012 20120019168
WABAUNSEE 2012 20120018675
WASHINGTON 2012 20120000810
WASHINGTON 2012 20120000814 N
WASHINGTON 2012 20120029907
WILSON 2012 20120036208
WILSON 2012 20120022105
WOODSON 2012 20120118782
WYANDOTTE 2012 20120031299
ANDERSON 2010 20100014318
BARTON 2011 20110106931
BUTLER 2011 20110013948
CLOUD 2013 20130032428
DOUGLAS 2010 20100036745 N
DOUGLAS 2011 20110110976
ELLIS 2010 20100011176
HARPER 2012 20120109667
BARTON 2011 20110107474
BUTLER 2010 20100037273
KINGMAN 2011 20110107868
ATCHISON 2008 20080022514
ATCHISON 2008 20080022529
ATCHISON 2009 20090000040
ATCHISON 2009 20090019439 N
ATCHISON 2009 20090010514
ATCHISON 2009 20090019427
BARBER 2009 20090018008
BARBER 2009 20090150833
BARTON 2008 20080111174
BARTON 2008 20080110628

C‐26



BARTON 2008 20080106251
BARTON 2008 20080103363
BARTON 2008 20080046023
BARTON 2008 20080031009 N
BARTON 2009 20090004520
BARTON 2009 20090020782
BARTON 2009 20090028450
BARTON 2009 20090003505
BARTON 2009 20090015517
BARTON 2009 20090010532
BROWN 2008 20080102052
BUTLER 2008 20080015015
BUTLER 2010 20100000518
CHEROKEE 2008 20080110640 N
CLAY 2009 20090150497
CLOUD 2008 20080109799
COWLEY 2008 20080054010
COWLEY 2009 20090057476
DICKINSON 2008 20080018025
DONIPHAN 2008 20080005049
DONIPHAN 2008 20080110164
DONIPHAN 2009 20090000567
DOUGLAS 2009 20090028871
DOUGLAS 2009 20090013503 N
DOUGLAS 2009 20090007054
DOUGLAS 2009 20090000270
DOUGLAS 2009 20090023345
DOUGLAS 2009 20090015577
DOUGLAS 2009 20090004588
ELLIS 2008 20080033026
ELLIS 2009 20090021300
FINNEY 2008 20080030530
FORD 2008 20080007807
FRANKLIN 2008 20080050085 N
FRANKLIN 2008 20080039073
FRANKLIN 2009 20090028931
GEARY 2008 20080101808
GRAHAM 2009 20090016028
GRANT 2010 20100035392
GRAY 2008 20080027039
HARPER 2008 20080010131
HARPER 2009 20090150440
HARVEY 2008 20080105989
HASKELL 2008 20080045025 N
HASKELL 2008 20080051534
HODGEMAN 2009 20090029085
JACKSON 2008 20080011082

C‐27



JEFFERSON 2008 20080022001
JEFFERSON 2008 20080043016
JEFFERSON 2008 20080054556
JEFFERSON 2009 20090005062
JEFFERSON 2009 20090019560
JOHNSON 2008 20080011507
JOHNSON 2008 20080000580 N
JOHNSON 2008 20080017550
JOHNSON 2008 20080050537
JOHNSON 2008 20080050527
JOHNSON 2009 20090001526
KINGMAN 2008 20080017018
KIOWA 2009 20090019965
LABETTE 2008 20080018079
LEAVENWORTH 2008 20080045064
LEAVENWORTH 2008 20080046568
LEAVENWORTH 2009 20090012063 N
LEAVENWORTH 2009 20090029431
LEAVENWORTH 2009 20090016078
LEAVENWORTH 2009 20090013571
LEAVENWORTH 2009 20090011081
LEAVENWORTH 2009 20090005504
LEAVENWORTH 2009 20090001562
LINCOLN 2008 20080054571
LYON 2008 20080009260
LYON 2008 20080024580
LYON 2009 20090001582 N
MARION 2008 20080018091
MARSHALL 2008 20080006067
MARSHALL 2008 20080030567
MCPHERSON 2008 20080028549
MCPHERSON 2009 20090007518
MCPHERSON 2009 20090007516
MIAMI 2008 20080001064
MITCHELL 2008 20080047012
MONTGOMERY 2008 20080045510
MONTGOMERY 2009 20090011141 N
MONTGOMERY 2009 20090026926
MORRIS 2009 20090017130
NEMAHA 2008 20080032069
NEMAHA 2008 20080049591
NEMAHA 2008 20080028577
NEMAHA 2008 20080002004
NEMAHA 2008 20080024002
NEOSHO 2008 20080048090
NORTON 2008 20080024013
OTTAWA 2009 20090017181 N

C‐28



PAWNEE 2009 20090003123
PHILLIPS 2008 20080111293
POTTAWATOMIE 2008 20080041544
POTTAWATOMIE 2008 20080024039
POTTAWATOMIE 2008 20080052586
POTTAWATOMIE 2009 20090150209
POTTAWATOMIE 2009 20090003135
PRATT 2008 20080015560
PRATT 2008 20080011556
PRATT 2009 20090007552 N
RENO 2009 20090156640
REPUBLIC 2009 20090150889
RICE 2009 20090004035
SALINE 2009 20090151878
SEDGWICK 2008 20080004544
SEDGWICK 2008 20080038559
SEDGWICK 2009 20090027802
SEDGWICK 2009 20090018097
SHAWNEE 2008 20080032555
TREGO 2009 20090003094 N
WABAUNSEE 2009 20090012665
WASHINGTON 2008 20080019050
WASHINGTON 2008 20080019580
WASHINGTON 2009 20090004095
WASHINGTON 2009 20090029602
WILSON 2008 20080042086
WOODSON 2009 20090030379
BROWN 2012 20120000989
BUTLER 2011 20110013750
DOUGLAS 2012 20120013018 N
LEAVENWORTH 2013 20130005252
OTTAWA 2010 20100119717
REPUBLIC 2011 20110101637
WABAUNSEE 2013 20130009559
WILSON 2012 20120018444
SALINE 2012 20120005915
JACKSON 2010 20100031283
JEFFERSON 2012 20120009106
ATCHISON 2011 20110111203
CHEROKEE 2010 20100011604 N
OSAGE 2010 20100101998
ELLIS 2013 20130000371
FRANKLIN 2012 20120003310
GREENWOOD 2011 20110026314
NORTON 2013 20130031761
RILEY 2011 20110023527
SEDGWICK 2010 20100008796
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SHERIDAN 2013 20130030689
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   1Benefit/Cost Ratio Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative Description

1 20 ft bridge no rail

2 20 ft bridge with rail no terms

3 20 ft bridge with rail with terms

Alternative

Alternative 1 2 3

1 0.00 0.18 0.19

2 0.00 0.00 0.20

3 0.00 0.00 0.00

G1



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   2Alternative Cost Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative Description

1 20 ft bridge no rail

2 20 ft bridge with rail no terms

3 20 ft bridge with rail with terms

Annual Annual Annual Annual
Expected Crash Crash Installation Maintenance Repair

Alternative Frequency (Acc/Yr) Cost ($) Cost ($) Cost ($) Cost ($)
1 0.002222 319.24   0.00   0.00   0.00
2 0.001878 300.64 102.42   0.00   0.05

3 0.001555 269.17 262.45   0.00   0.24
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   3Feature Cost Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative: 1
Description: 20 ft bridge no rail

Distance From Expected
Beginning Of Crash Average Annual Crash

Feature First Segment Freq (Acc/Year) Severity Cost ($) Category Type
1.1 0.0 0.001213 5.64  133.50  Foreslopes   2:1, H = 2.0 m (7 ft)
2.1 155.7 0.000211 6.61   44.58  Foreslopes  Vertical, H = 4.0 m (13 ft)

3.1 175.7 0.000798 5.65  141.16  Foreslopes   2:1, H = 2.0 m (7 ft)

G3



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   4Feature Cost Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative: 2
Description: 20 ft bridge with rail no terms

Distance From Expected
Beginning Of Crash Average Annual Crash

Feature First Segment Freq (Acc/Year) Severity Cost ($) Category Type
1.1 0.0 0.000953 5.61  105.79  Foreslopes   2:1, H = 2.0 m (7 ft)
2.1 155.7 0.000036 6.16   39.13  Terminals and Crash Cushions  Blunt End

3.1 155.8 0.000103 2.52   12.18  Longitudinal Barriers  TL-2 Guardrail
4.1 175.8 0.000786 5.61  143.54  Foreslopes   2:1, H = 2.0 m (7 ft)

G4



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   5Feature Cost Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative: 3
Description: 20 ft bridge with rail with terms

Distance From Expected
Beginning Of Crash Average Annual Crash

Feature First Segment Freq (Acc/Year) Severity Cost ($) Category Type
1.1 0.0 0.000700 5.61  119.73  Foreslopes   2:1, H = 2.0 m (7 ft)
2.1 118.5 0.000001 3.76    0.00  Terminals and Crash Cushions  TL-3 Guardrail Terminal

3.1 155.7 0.000115 2.50   14.80  Longitudinal Barriers  TL-2 Guardrail
4.1 175.7 0.000117 3.77    4.37  Terminals and Crash Cushions  TL-3 Guardrail Terminal

5.1 213.2 0.000622 5.62  130.27  Foreslopes   2:1, H = 2.0 m (7 ft)
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   6Input Data Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternavtive 1[Baseline(Existing)Condition]

Description 20 ft bridge no rail

Life(years) 25

Total Installation Cost ($) 0.00

Annual Maintenance Cost ($) 0.00

Discount Rate 4.00

Area Type Rural

Functional Class Local

Highway Type Two-Way, Undivided

Number of Lanes 2

Lane Width(ft) 10.0

Shoulder Width(ft) 7.0

Speed Limit(mph) 55.0

Nominal Percent Truck(%) 10.0

ADT 100

Traffic Growth Factor(%) 0.0

Encroachment Rate Adjustment Factor 1

Random Seed Number 1111 (User Specified)

Median Percent Curvature Curvature

Segment Length(ft) Width(ft) Grade(%) Direction Radius(ft)

1 331.4 0.0 0.0 None
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   7Input Data Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative 1 [Baseline(Existing) Conditions]

Feature Category Type

1  Foreslopes   2:1, H = 2.0 m (7 ft)

2  Foreslopes  Vertical, H = 4.0 m (13 ft)

3  Foreslopes   2:1, H = 2.0 m (7 ft)

G7



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   8Input Data Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative 1 [Baseline(Existing) Conditions]

Feature Length(ft) Width(ft) Flare Rate Location Offset(ft) Distance(ft) Repetitions Spacing(ft)

1 155.7 13.0 0.000 Right 7.0 0.0

2 20.0 0.5 0.000 Right 7.0 155.7

3 155.7 13.0 0.000 Right 7.0 175.7

G8



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   9Input Data Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternavtive 2

Description 20 ft bridge with rail no terms

Life(years) 25

Total Installation Cost ($) 1600.00

Annual Maintenance Cost ($) 0.00

Discount Rate 4.00

Area Type Rural

Functional Class Local

Highway Type Two-Way, Undivided

Number of Lanes 2

Lane Width(ft) 10.0

Shoulder Width(ft) 7.0

Speed Limit(mph) 55.0

Nominal Percent Truck(%) 10.0

ADT 100

Traffic Growth Factor(%) 0.0

Encroachment Rate Adjustment Factor 1

Random Seed Number 1111 (User Specified)

Median Percent Curvature Curvature

Segment Length(ft) Width(ft) Grade(%) Direction Radius(ft)

1 331.4 0.0 0.0 None

G9



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   10Input Data Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative 2

Feature Category Type

1  Foreslopes   2:1, H = 2.0 m (7 ft)

2  Terminals and Crash Cushions  Blunt End

3  Longitudinal Barriers  TL-2 Guardrail

4  Foreslopes   2:1, H = 2.0 m (7 ft)

G10



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   11Input Data Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative 2

Feature Length(ft) Width(ft) Flare Rate Location Offset(ft) Distance(ft) Repetitions Spacing(ft)

1 155.7 13.0 0.000 Right 7.0 0.0

2 0.1 0.5 0.000 Right 7.0 155.7

3 20.0 1.0 0.000 Right 7.0 155.8

4 155.6 13.0 0.000 Right 7.0 175.8

G11



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   12Input Data Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternavtive 3

Description 20 ft bridge with rail with terms

Life(years) 25

Total Installation Cost ($) 4100.00

Annual Maintenance Cost ($) 0.00

Discount Rate 4.00

Area Type Rural

Functional Class Local

Highway Type Two-Way, Undivided

Number of Lanes 2

Lane Width(ft) 10.0

Shoulder Width(ft) 7.0

Speed Limit(mph) 55.0

Nominal Percent Truck(%) 10.0

ADT 100

Traffic Growth Factor(%) 0.0

Encroachment Rate Adjustment Factor 1

Random Seed Number 1111 (User Specified)

Median Percent Curvature Curvature

Segment Length(ft) Width(ft) Grade(%) Direction Radius(ft)

1 331.4 0.0 0.0 None

G12



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   13Input Data Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative 3

Feature Category Type

1  Foreslopes   2:1, H = 2.0 m (7 ft)

2  Terminals and Crash Cushions  TL-3 Guardrail Terminal

3  Longitudinal Barriers  TL-2 Guardrail

4  Terminals and Crash Cushions  TL-3 Guardrail Terminal

5  Foreslopes   2:1, H = 2.0 m (7 ft)

G13



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:03:51PMTime: 

Page:   14Input Data Report

File Name: 20 ft 50 vpd.rpd

20 ft bridgeProject Description: 

Alternative 3

Feature Length(ft) Width(ft) Flare Rate Location Offset(ft) Distance(ft) Repetitions Spacing(ft)

1 118.2 13.0 0.000 Right 7.0 0.0

2 0.1 0.5 0.100 Right 11.0 118.5

3 20.0 1.0 0.000 Right 7.0 155.7

4 37.5 0.5 0.100 Right 7.0 175.7

5 118.2 13.0 0.000 Right 7.0 213.2
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   1Benefit/Cost Ratio Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative Description

1 50 ft bridge no rail

2 50 ft bridge with rail no terms

3 50 ft bridge with rail with terms

Alternative

Alternative 1 2 3

1 0.00 0.19 0.17

2 0.00 0.00 0.16

3 0.00 0.00 0.00

G15



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   2Alternative Cost Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative Description

1 50 ft bridge no rail

2 50 ft bridge with rail no terms

3 50 ft bridge with rail with terms

Annual Annual Annual Annual
Expected Crash Crash Installation Maintenance Repair

Alternative Frequency (Acc/Yr) Cost ($) Cost ($) Cost ($) Cost ($)
1 0.002412 379.84   0.00   0.00   0.00
2 0.001938 332.40 256.05   0.00   0.08

3 0.001700 307.30 416.08   0.00   0.30
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   3Feature Cost Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative: 1
Description: 50 ft bridge no rail

Distance From Expected
Beginning Of Crash Average Annual Crash

Feature First Segment Freq (Acc/Year) Severity Cost ($) Category Type
1.1 0.0 0.001213 5.65  152.22  Foreslopes   2:1, H = 2.0 m (7 ft)
2.1 155.7 0.000390 6.61   72.90  Foreslopes  Vertical, H = 4.0 m (13 ft)

3.1 205.7 0.000809 5.64  154.72  Foreslopes   2:1, H = 2.0 m (7 ft)

G17



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   4Feature Cost Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative: 2
Description: 50 ft bridge with rail no terms

Distance From Expected
Beginning Of Crash Average Annual Crash

Feature First Segment Freq (Acc/Year) Severity Cost ($) Category Type
1.1 0.0 0.000923 5.62  119.03  Foreslopes   2:1, H = 2.0 m (7 ft)
2.1 155.7 0.000034 6.20   43.59  Terminals and Crash Cushions  Blunt End

3.1 155.8 0.000255 2.65   26.12  Longitudinal Barriers  TL-2 Guardrail
4.1 205.8 0.000726 5.59  143.66  Foreslopes   2:1, H = 2.0 m (7 ft)

G18



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   5Feature Cost Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative: 3
Description: 50 ft bridge with rail with terms

Distance From Expected
Beginning Of Crash Average Annual Crash

Feature First Segment Freq (Acc/Year) Severity Cost ($) Category Type
1.1 0.0 0.000687 5.61  131.81  Foreslopes   2:1, H = 2.0 m (7 ft)
2.1 118.5 0.000001 3.82    0.00  Terminals and Crash Cushions  TL-3 Guardrail Terminal

3.1 155.7 0.000281 2.63   28.29  Longitudinal Barriers  TL-2 Guardrail
4.1 205.7 0.000124 3.78    6.33  Terminals and Crash Cushions  TL-3 Guardrail Terminal

5.1 243.2 0.000607 5.61  140.86  Foreslopes   2:1, H = 2.0 m (7 ft)
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   6Input Data Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternavtive 1[Baseline(Existing)Condition]

Description 50 ft bridge no rail

Life(years) 25

Total Installation Cost ($) 0.00

Annual Maintenance Cost ($) 0.00

Discount Rate 4.00

Area Type Rural

Functional Class Local

Highway Type Two-Way, Undivided

Number of Lanes 2

Lane Width(ft) 10.0

Shoulder Width(ft) 7.0

Speed Limit(mph) 55.0

Nominal Percent Truck(%) 10.0

ADT 100

Traffic Growth Factor(%) 0.0

Encroachment Rate Adjustment Factor 1

Random Seed Number 1111 (User Specified)

Median Percent Curvature Curvature

Segment Length(ft) Width(ft) Grade(%) Direction Radius(ft)

1 361.4 0.0 0.0 None
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   7Input Data Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative 1 [Baseline(Existing) Conditions]

Feature Category Type

1  Foreslopes   2:1, H = 2.0 m (7 ft)

2  Foreslopes  Vertical, H = 4.0 m (13 ft)

3  Foreslopes   2:1, H = 2.0 m (7 ft)

G21



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   8Input Data Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative 1 [Baseline(Existing) Conditions]

Feature Length(ft) Width(ft) Flare Rate Location Offset(ft) Distance(ft) Repetitions Spacing(ft)

1 155.7 13.0 0.000 Right 7.0 0.0

2 50.0 0.5 0.000 Right 7.0 155.7

3 155.7 13.0 0.000 Right 7.0 205.7

G22



Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   9Input Data Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternavtive 2

Description 50 ft bridge with rail no terms

Life(years) 25

Total Installation Cost ($) 4000.00

Annual Maintenance Cost ($) 0.00

Discount Rate 4.00

Area Type Rural

Functional Class Local

Highway Type Two-Way, Undivided

Number of Lanes 2

Lane Width(ft) 10.0

Shoulder Width(ft) 7.0

Speed Limit(mph) 55.0

Nominal Percent Truck(%) 10.0

ADT 100

Traffic Growth Factor(%) 0.0

Encroachment Rate Adjustment Factor 1

Random Seed Number 1111 (User Specified)

Median Percent Curvature Curvature

Segment Length(ft) Width(ft) Grade(%) Direction Radius(ft)

1 361.4 0.0 0.0 None
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   10Input Data Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative 2

Feature Category Type

1  Foreslopes   2:1, H = 2.0 m (7 ft)

2  Terminals and Crash Cushions  Blunt End

3  Longitudinal Barriers  TL-2 Guardrail

4  Foreslopes   2:1, H = 2.0 m (7 ft)
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   11Input Data Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative 2

Feature Length(ft) Width(ft) Flare Rate Location Offset(ft) Distance(ft) Repetitions Spacing(ft)

1 155.7 13.0 0.000 Right 7.0 0.0

2 0.1 0.5 0.000 Right 7.0 155.7

3 50.0 1.0 0.000 Right 7.0 155.8

4 155.6 13.0 0.000 Right 7.0 205.8
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   12Input Data Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternavtive 3

Description 50 ft bridge with rail with terms

Life(years) 25

Total Installation Cost ($) 6500.00

Annual Maintenance Cost ($) 0.00

Discount Rate 4.00

Area Type Rural

Functional Class Local

Highway Type Two-Way, Undivided

Number of Lanes 2

Lane Width(ft) 10.0

Shoulder Width(ft) 7.0

Speed Limit(mph) 55.0

Nominal Percent Truck(%) 10.0

ADT 100

Traffic Growth Factor(%) 0.0

Encroachment Rate Adjustment Factor 1

Random Seed Number 1111 (User Specified)

Median Percent Curvature Curvature

Segment Length(ft) Width(ft) Grade(%) Direction Radius(ft)

1 361.4 0.0 0.0 None
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   13Input Data Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative 3

Feature Category Type

1  Foreslopes   2:1, H = 2.0 m (7 ft)

2  Terminals and Crash Cushions  TL-3 Guardrail Terminal

3  Longitudinal Barriers  TL-2 Guardrail

4  Terminals and Crash Cushions  TL-3 Guardrail Terminal

5  Foreslopes   2:1, H = 2.0 m (7 ft)
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Roadside Safety Analysis Program  Version 2.0.3

Date: June 05, 2014  13:05:39PMTime: 

Page:   14Input Data Report

File Name: 50 ft 50 vpd.rpd

50 ft bridgeProject Description: 

Alternative 3

Feature Length(ft) Width(ft) Flare Rate Location Offset(ft) Distance(ft) Repetitions Spacing(ft)

1 118.2 13.0 0.000 Right 7.0 0.0

2 0.1 0.5 0.100 Right 11.0 118.5

3 50.0 1.0 0.000 Right 7.0 155.7

4 37.5 0.5 0.100 Right 7.0 205.7

5 118.2 13.0 0.000 Right 7.0 243.2
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APPENDIX H 

BENEFIT/COST ANALYSES USING 

RSAP VERSION 3.01 
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20 ft bridge 50 vpd

TOTAL ALTERNATIVES DEFINED 3

ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 1

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
T
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STATIONS ft STATIONS ft

SpecialEdge BridgeEdge_MedHaz 1+55.70 R 17 1+75.70 R 17

SpecialEdge BridgeEdge_MedHaz 1+55.70 L 5 1+75.70 L 5

ALTERNATIVE NAME

-$                                      CONSTRUCTION COST ANNUAL MAINTENANCE COST -$                              

DEFAULT X-SECTION20 ft Br no rail
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ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 2

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
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STATIONS ft STATIONS ft

Guardrails_SemiRigid TL3WbeamGR 1+55.70 R 17 1+75.70 R 17 Width (in.) 12

Guardrails_SemiRigid TL3WbeamGR 1+55.70 L 7 1+75.70 L 7 Width (in.) 12

PoleTreeSign Generic Fixed Obj 1+55.70 R 17 NA NA NA Dia. (in.) 4

PoleTreeSign Generic Fixed Obj 1+55.70 L 7 NA NA NA Dia. (in.) 4

ALTERNATIVE NAME 20 ft br guard rail only

$3,200

DEFAULT X-SECTION

 ANNUAL MAINTENANCE COST $0CONSTRUCTION COST
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50 ft bridge 50 vpd

TOTAL ALTERNATIVES DEFINED 3

ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 1

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
T
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STATIONS ft STATIONS ft

SpecialEdge BridgeEdge_MedHaz 1+55.70 R 17 2+05.70 R 17

SpecialEdge BridgeEdge_MedHaz 1+55.70 L 5 2+05.70 L 5

ALTERNATIVE NAME

-$                                      CONSTRUCTION COST ANNUAL MAINTENANCE COST -$                              

DEFAULT X-SECTION50 ft Br no rail
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ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 2

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
T
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STATIONS ft STATIONS ft

Guardrails_SemiRigid TL3WbeamGR 1+55.70 R 17 2+05.70 R 17 Width (in.) 12

Guardrails_SemiRigid TL3WbeamGR 1+55.70 L 7 2+05.70 L 7 Width (in.) 12

PoleTreeSign Generic Fixed Obj 1+55.70 R 17 NA NA NA Dia. (in.) 4

PoleTreeSign Generic Fixed Obj 1+55.70 L 7 NA NA NA Dia. (in.) 4

ALTERNATIVE NAME 50 ft br guard rail only

$8,000

DEFAULT X-SECTION

 ANNUAL MAINTENANCE COST $0CONSTRUCTION COST
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ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 3

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
T
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STATIONS ft STATIONS ft

TerminalEnds GenericEnd 1+55.70 R 17 NA NA NA 24

Guardrails_SemiRigid TL3WbeamGR 1+55.70 R 17 2+05.70 R 17 Width (in.) 12

TerminalEnds GenericEnd 2+05.70 R 17 NA NA NA 24

TerminalEnds GenericEnd 1+55.70 L 5 NA NA NA 24

Guardrails_SemiRigid TL3WbeamGR 1+55.70 L 5 2+05.70 L 5 Width (in.) 12

TerminalEnds GenericEnd 2+05.70 L 5 NA NA NA 24

CONSTRUCTION COST $13,000  ANNUAL MAINTENANCE COST $0

ALTERNATIVE NAME 50 ft Br guard rail with terms DEFAULT X-SECTION
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1 20 ft Br no rail 1.00 1.18 0.47

2 0.00 0.02

3 0.00

Best Benefit-Cost Choice is:

20 ft br guard rail only

20 ft Br guard rail with terms

EQUIVALENT ANNUAL INCREMENTAL BENEFIT-COST

20 ft bridge 50 vpd

Based on Analysis Run on 6/6/2014 12:50:32 PM

RSAP 3.0.1 (release 140130XL12) running in Excel Version 14.0 on Windows (32-bit) NT 6.01

20 ft br guard rail only

Decision Point Benefit-Cost Ratio:

Alternative Choice
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BASIC INFORMATION

Today's date (i.e., run date) 6/30/2014

Title

Units USCU (only USCU units at this time)

Design Life 25 YRS

Construction Year 2014

Rate of Return 4 %

CRASH COSTS

Use GDP values during life? N

Expand to current year by GDP? Y http://www.gpoaccess.gov/usbudget/fy09/hist.html

GDP Deflator to construction year 1.07Mid-Life

Base year for crash cost data 2012 2014 2026.5 2039 Cost Used

Value of Statistical Life 9,100,000$     9,295,782$        9,295,782$       9,295,782$      $9,295,782

Reference for VSL

http://www.dot.gov/office-policy/transportation-policy/guidance-treatment-econom

RSAP Root Directory: C:\Program Files\RSAPv3

Notes:

RSAP PROJECT INFORMATION

Guidance on Treatment of the Economic Value of a Statistical Life, US Department 

of Transportation, Washington, D.C., October 4, 2013.

20 ft bridge 50 vpd

Crash Cost Timeline
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CONSTRUCTION YEAR ADT: 50                  vehicles/day

TRAFFIC GROWTH 0.0 % growth/yr

WHICH ADT TO USE? Construction

MID-LIFE ADT: 50                     vehicles/day

END OF LIFE ADT: 50                     vehicles/day

ADT USED BY RSAP 50                     vehicles/day

PERCENT TRUCKS 12 %

RSAP VEHICLES FHWA 

CLASS
PERCENT

RSAP 

TYPE
WEIGHT LENGTH WIDTH

C.G. 

Long.

C.G. 

Hgt

% lbs ft ft ft ft

Motorcycles 1 0.0 M 600 7.00 1.50 3.00 2.60 0.56 TrajectoryGrid1 RedirectionCars 1

Passenger Cars 2 60.0 C 3,300 15.00 5.40 6.00 2.00 1 TrajectoryGrid2 RedirectionCars 1

PickupTruck 3 20.0 PU 5,000 19.75 6.50 8.50 2.30 1 TrajectoryGrid2 RedirectionCars 1

Light Tractor Trailer 8-9 0.0 LTT 16,000 48.00 8.50 12.00 4.8 3.52 TrajectoryGrid3 RedirectionTrucks 0.3

Average Tractor Trailer 8-13 6.0 ATT 22,250 48.00 8.50 20.00 4.8 3.52 TrajectoryGrid3 RedirectionTrucks 0.3

Heavy Tractor Trailer 8-13 0.0 HTT 37,500 48.00 8.50 20.00 6 3.52 TrajectoryGrid3 RedirectionTrucks 0.3

Light Single Unit Truck 5 0.0 LSUT 6,800 35.00 7.77 12.50 3.4 3.52 TrajectoryGrid4 RedirectionTrucks 0.3

Average Single Unit Truck 6 4.0 ASUT 12,000 35.00 7.77 12.50 3.4 3.52 TrajectoryGrid4 RedirectionTrucks 0.3

Heavy Single Unit Truck 7 0.0 HSUT 22,000 35.00 7.77 12.50 4.2 3.52 TrajectoryGrid4 RedirectionTrucks 0.3

90.00

Click here for the on-line link to the FHWA classification system.

20 ft bridge 50 vpd

Total

TRAFFIC INFORMATION

VEHICLE MIX

Encr 

Multiplier

Trajectory Grid 

Name

Redirection Grid 

Name

Trajectory InformationTYPICAL CHARACTERISTICS

Crash 

Cost Adj.
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20 ft bridge 50 vpd

PERCENT OF TRAFFIC IN PRIMARY DIRECTION: 100 %

PERCENT OF TRAFFIC ENCROACHING RIGHT: 50 % Min Sta 0+00. ft

HIGHWAY TYPE: O Max Sta 3+31.40 ft

TERRAIN: F Max Offset 200.00 ft

POSTED SPEED LIMIT: 55 mi/hr

USER ENROACHMENT ADJUSTMENT: 1

START STA END STA SEGMENT 

LENGTH

BASE ENCR 

RATE

MODIFIED 

ENCR RATE

PRIMARY 

RIGHT ENCR

PRIMARY LEFT    

ENCR

OPPOSING 

RIGHT ENCR

OPPOSING 

LEFT   ENCR

ft encr/yr encr/yr 0.5000 0.5000 0.0000 0.0000

1                          0+00. 3+31.4 331.40             0.0013 0.0010 0.0010 0.0000 0.0000 0.0000

WHOLE ROADWAY CHARACTERISTICS

EXPECTED EQUIVALENT PASSENGER VEHICLE ENCROACHMENTS

PROJECT LIMITS

SEG

ROAD SEGMENT DATA TOTAL PRIMARY DIRECTION OPPOSING DIRECTION
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20 ft bridge 50 vpd

PERCENT OF TRAFFIC IN PRIMARY DIRECTION: 100 %

PERCENT OF TRAFFIC ENCROACHING RIGHT: 50 % Min Sta 0+00. ft

HIGHWAY TYPE: O Max Sta 3+31.40 ft

TERRAIN: F Max Offset 200.00 ft

POSTED SPEED LIMIT: 55 mi/hr

USER ENROACHMENT ADJUSTMENT: 1

WHOLE ROADWAY CHARACTERISTICS

PROJECT LIMITS

1

ADT SPEED 

LIMIT

TERRAIN TOTAL 

NUMBER OF 

LANES

PRIM DIR 

GRADE

PRIM DIR 

CURVE 

RADIUS

LNS IN PRIM 

DIR

MEDIAN 

WIDTH

MEDIAN 

SHLDR 

WIDTH

LANE WIDTH ACCESS 

DENSITY

RUMBLE 

STRIPS

SHLDR 

WIDTH

50                     55 F 1 0 T 1 0 0 12 0 FALSE 6

START END veh / day mi / hr F / M / R % ft ft ft ft points/mi TRUE/FALSE ft

1                          0+00. 3+31.4 50                     55                F 1 0 T 1 0 7 10 0 FALSE 7

NON-DIRECTIONAL CHARACTERISTICSPRIMARY DIRECTION MEDIAN 

STATIONS
SEG

ROAD CHARACTERISTICS TABLE
ROAD CHARACTERISTICS BY SEGMENT

RSAP DEFAULTS

WHOLE ROAD CHARACTERISTICS

NUMBER OF  ROAD SEGMENTS:
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20 ft bridge 50 vpd

PERCENT OF TRAFFIC IN PRIMARY DIRECTION: 100 %

PERCENT OF TRAFFIC ENCROACHING RIGHT: 50 % Min Sta 0+00. ft

HIGHWAY TYPE: O Max Sta 3+31.40 ft

TERRAIN: F Max Offset 200.00 ft

POSTED SPEED LIMIT: 55 mi/hr

USER ENROACHMENT ADJUSTMENT: 1

WHOLE ROADWAY CHARACTERISTICS

PROJECT LIMITS

 GRADE HORIZ'L CURVE 

RADIUS

NUMBER OF 

LANES

 GRADE HORIZ'L 

CURVE 

RADIUS

NUMBER OF 

LANES

SPEED LIMIT LANE WIDTH ACCESS 

DENSITY

RUMBLE 

STRIPS

TERRAIN USER

1                          1.00 1.00 1.00 0.00 0.00 0.00 1.18 1.30 1.00 1.00 1.00 1.00

NON-DIRECTIONAL ADJUSTMENTS

ENCROACHMENT ADJUSTMENTS
SEG PRIM DIR ADJ OPPOSING DIR ADJ
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20 ft bridge 50 vpd

TOTAL ALTERNATIVES DEFINED 3

ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 1

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
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STATIONS ft STATIONS ft

SpecialEdge BridgeEdge_HighHaz 1+55.70 R 17 1+75.70 R 17

SpecialEdge BridgeEdge_HighHaz 1+55.70 L 5 1+75.70 L 5

ALTERNATIVE NAME

-$                                      CONSTRUCTION COST ANNUAL MAINTENANCE COST -$                              

DEFAULT X-SECTION20 ft Br no rail
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ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 2

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
T
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STATIONS ft STATIONS ft

Guardrails_SemiRigid TL3WbeamGR 1+55.70 R 17 1+75.70 R 17 Width (in.) 12

Guardrails_SemiRigid TL3WbeamGR 1+55.70 L 7 1+75.70 L 7 Width (in.) 12

PoleTreeSign Generic Fixed Obj 1+55.70 R 17 NA NA NA Dia. (in.) 4

PoleTreeSign Generic Fixed Obj 1+55.70 L 7 NA NA NA Dia. (in.) 4

PoleTreeSign Generic Fixed Obj 1+75.70 R 17 NA NA NA Dia. (in.) 4

PoleTreeSign Generic Fixed Obj 1+75.70 L 7 NA NA NA Dia. (in.) 4

ALTERNATIVE NAME 20 ft br guard rail only

$3,200

DEFAULT X-SECTION

 ANNUAL MAINTENANCE COST $0CONSTRUCTION COST
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ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 3

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
T
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STATIONS ft STATIONS ft

TerminalEnds GenericEnd 1+55.70 R 17 NA NA NA 24

Guardrails_SemiRigid TL3WbeamGR 1+55.70 R 17 1+75.70 R 17 Width (in.) 12

TerminalEnds GenericEnd 1+75.70 R 17 NA NA NA 24

TerminalEnds GenericEnd 1+55.70 L 5 NA NA NA 24

Guardrails_SemiRigid TL3WbeamGR 1+55.70 L 5 1+75.70 L 5 Width (in.) 12

TerminalEnds GenericEnd 1+75.70 L 5 NA NA NA 24

CONSTRUCTION COST $8,200  ANNUAL MAINTENANCE COST $0

ALTERNATIVE NAME 20 ft Br guard rail with terms DEFAULT X-SECTION
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Rate of Return 4 %

Design Life 25 yrs

A/P 0.0640
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1  $ 0  $ 0  $ 0 $ 261

1 0.00 $ 261  $ 0 0 2 $ 205  $ 0 $ $ 20

3 $ 525  $ 0 $ $ 14

1 0.00 $ 20 $ 0

1 0.00 $ 14 $ 0

SEGMENT AND ALTERNATIVE COST SUMMARY

RSAP 3.0.1 (release 140130XL12) running in Excel Version 14.0 on Windows (32-bit) NT 6.01

20 ft bridge 50 vpd

ANNUAL SEGMENT SUMMARY

Alternative # 1

Alternative # 3

Based on Analysis Run on 6/6/2014 12:50:32 PM

Alternative # 2
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1 50 ft Br no rail 1.00 1.22 0.76

2 0.00 0.02

3 0.00

Best Benefit-Cost Choice is: 50 ft br guard rail only

Decision Point Benefit-Cost Ratio:

Alternative Choice
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RSAP 3.0.1 (release 140130XL12) running in Excel Version 14.0 on Windows (32-bit) NT 6.01

50 ft br guard rail only

50 ft Br guard rail with terms

EQUIVALENT ANNUAL INCREMENTAL BENEFIT-COST

50 ft bridge 50 vpd

Based on Analysis Run on 6/6/2014 1:43:00 PM
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BASIC INFORMATION

Today's date (i.e., run date) 6/30/2014

Title

Units USCU (only USCU units at this time)

Design Life 25 YRS

Construction Year 2014

Rate of Return 4 %

CRASH COSTS

Use GDP values during life? N

Expand to current year by GDP? Y http://www.gpoaccess.gov/usbudget/fy09/hist.html

GDP Deflator to construction year 1.07Mid-Life

Base year for crash cost data 2012 2014 2026.5 2039 Cost Used

Value of Statistical Life 9,100,000$     9,295,782$        9,295,782$       9,295,782$      $9,295,782

Reference for VSL

http://www.dot.gov/office-policy/transportation-policy/guidance-treatment-econom

RSAP Root Directory: C:\Program Files\RSAPv3

Notes:

RSAP PROJECT INFORMATION

Guidance on Treatment of the Economic Value of a Statistical Life, US Department 

of Transportation, Washington, D.C., October 4, 2013.

50 ft bridge 50 vpd

Crash Cost Timeline
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CONSTRUCTION YEAR ADT: 50                  vehicles/day

TRAFFIC GROWTH 0.0 % growth/yr

WHICH ADT TO USE? Construction

MID-LIFE ADT: 50                     vehicles/day

END OF LIFE ADT: 50                     vehicles/day

ADT USED BY RSAP 50                     vehicles/day

PERCENT TRUCKS 10 %

RSAP VEHICLES FHWA 

CLASS
PERCENT

RSAP 

TYPE
WEIGHT LENGTH WIDTH

C.G. 

Long.

C.G. 

Hgt

% lbs ft ft ft ft

Motorcycles 1 0 M 600 7.00 1.50 3.00 2.60 0.56 TrajectoryGrid1 RedirectionCars 1

Passenger Cars 2 60 C 3,300 15.00 5.40 6.00 2.00 1 TrajectoryGrid2 RedirectionCars 1

PickupTruck 3 20 PU 5,000 19.75 6.50 8.50 2.30 1 TrajectoryGrid2 RedirectionCars 1

Light Tractor Trailer 8-9 0 LTT 16,000 48.00 8.50 12.00 4.8 3.52 TrajectoryGrid3 RedirectionTrucks 0.3

Average Tractor Trailer 8-13 6 ATT 22,250 48.00 8.50 20.00 4.8 3.52 TrajectoryGrid3 RedirectionTrucks 0.3

Heavy Tractor Trailer 8-13 0 HTT 37,500 48.00 8.50 20.00 6 3.52 TrajectoryGrid3 RedirectionTrucks 0.3

Light Single Unit Truck 5 0 LSUT 6,800 35.00 7.77 12.50 3.4 3.52 TrajectoryGrid4 RedirectionTrucks 0.3

Average Single Unit Truck 6 4 ASUT 12,000 35.00 7.77 12.50 3.4 3.52 TrajectoryGrid4 RedirectionTrucks 0.3

Heavy Single Unit Truck 7 0 HSUT 22,000 35.00 7.77 12.50 4.2 3.52 TrajectoryGrid4 RedirectionTrucks 0.3

90.00

Click here for the on-line link to the FHWA classification system.

50 ft bridge 50 vpd

Total

TRAFFIC INFORMATION

VEHICLE MIX

Encr 

Multiplier

Trajectory Grid 

Name

Redirection Grid 

Name

Trajectory InformationTYPICAL CHARACTERISTICS

Crash 

Cost Adj.
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50 ft bridge 50 vpd

PERCENT OF TRAFFIC IN PRIMARY DIRECTION: 100 %

PERCENT OF TRAFFIC ENCROACHING RIGHT: 50 % Min Sta 0+00. ft

HIGHWAY TYPE: O Max Sta 3+61.40 ft

TERRAIN: F Max Offset 200.00 ft

POSTED SPEED LIMIT: 55 mi/hr

USER ENROACHMENT ADJUSTMENT: 1

START STA END STA SEGMENT 

LENGTH

BASE ENCR 

RATE

MODIFIED 

ENCR RATE

PRIMARY 

RIGHT ENCR

PRIMARY LEFT    

ENCR

OPPOSING 

RIGHT ENCR

OPPOSING 

LEFT   ENCR

ft encr/yr encr/yr 0.5000 0.5000 0.0000 0.0000

1                          0+00. 3+61.4 361.40             0.0014 0.0011 0.0011 0.0000 0.0000 0.0000

WHOLE ROADWAY CHARACTERISTICS

EXPECTED EQUIVALENT PASSENGER VEHICLE ENCROACHMENTS

PROJECT LIMITS

SEG

ROAD SEGMENT DATA TOTAL PRIMARY DIRECTION OPPOSING DIRECTION
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50 ft bridge 50 vpd

PERCENT OF TRAFFIC IN PRIMARY DIRECTION: 100 %

PERCENT OF TRAFFIC ENCROACHING RIGHT: 50 % Min Sta 0+00. ft

HIGHWAY TYPE: O Max Sta 3+61.40 ft

TERRAIN: F Max Offset 200.00 ft

POSTED SPEED LIMIT: 55 mi/hr

USER ENROACHMENT ADJUSTMENT: 1

WHOLE ROADWAY CHARACTERISTICS

PROJECT LIMITS

1

ADT SPEED 

LIMIT

TERRAIN TOTAL 

NUMBER OF 

LANES

PRIM DIR 

GRADE

PRIM DIR 

CURVE 

RADIUS

LNS IN PRIM 

DIR

MEDIAN 

WIDTH

MEDIAN 

SHLDR 

WIDTH

LANE WIDTH ACCESS 

DENSITY

RUMBLE 

STRIPS

SHLDR 

WIDTH

50                     55 F 1 0 T 1 0 0 12 0 FALSE 6

START END veh / day mi / hr F / M / R % ft ft ft ft points/mi TRUE/FALSE ft

1                          0+00. 3+61.4 50                     55                F 1 0 T 1 0 7 10 0 FALSE 7

NON-DIRECTIONAL CHARACTERISTICSPRIMARY DIRECTION MEDIAN 

STATIONS
SEG

ROAD CHARACTERISTICS TABLE
ROAD CHARACTERISTICS BY SEGMENT

RSAP DEFAULTS

WHOLE ROAD CHARACTERISTICS

NUMBER OF  ROAD SEGMENTS:
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50 ft bridge 50 vpd

PERCENT OF TRAFFIC IN PRIMARY DIRECTION: 100 %

PERCENT OF TRAFFIC ENCROACHING RIGHT: 50 % Min Sta 0+00. ft

HIGHWAY TYPE: O Max Sta 3+61.40 ft

TERRAIN: F Max Offset 200.00 ft

POSTED SPEED LIMIT: 55 mi/hr

USER ENROACHMENT ADJUSTMENT: 1

WHOLE ROADWAY CHARACTERISTICS

PROJECT LIMITS

 GRADE HORIZ'L CURVE 

RADIUS

NUMBER OF 

LANES

 GRADE HORIZ'L 

CURVE 

RADIUS

NUMBER OF 

LANES

SPEED LIMIT LANE WIDTH ACCESS 

DENSITY

RUMBLE 

STRIPS

TERRAIN USER

1                          1.00 1.00 1.00 0.00 0.00 0.00 1.18 1.30 1.00 1.00 1.00 1.00

NON-DIRECTIONAL ADJUSTMENTS

ENCROACHMENT ADJUSTMENTS
SEG PRIM DIR ADJ OPPOSING DIR ADJ
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50 ft bridge 50 vpd

TOTAL ALTERNATIVES DEFINED 3

ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 1

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
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STATIONS ft STATIONS ft

SpecialEdge BridgeEdge_HighHaz 1+55.70 R 17 2+05.70 R 17

SpecialEdge BridgeEdge_HighHaz 1+55.70 L 5 2+05.70 L 5

ALTERNATIVE NAME

-$                                      CONSTRUCTION COST ANNUAL MAINTENANCE COST -$                              

DEFAULT X-SECTION50 ft Br no rail
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ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 2

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
T
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STATIONS ft STATIONS ft

Guardrails_SemiRigid TL3WbeamGR 1+55.70 R 17 2+05.70 R 17 Width (in.) 12

Guardrails_SemiRigid TL3WbeamGR 1+55.70 L 7 2+05.70 L 7 Width (in.) 12

PoleTreeSign Generic Fixed Obj 1+55.70 R 17 NA NA NA Dia. (in.) 4

PoleTreeSign Generic Fixed Obj 1+55.70 L 7 NA NA NA Dia. (in.) 4

PoleTreeSign Generic Fixed Obj 2+05.70 R 17 NA NA NA Dia. (in.) 4

PoleTreeSign Generic Fixed Obj 2+05.70 L 7 NA NA NA Dia. (in.) 4

ALTERNATIVE NAME 50 ft br guard rail only

$8,000

DEFAULT X-SECTION

 ANNUAL MAINTENANCE COST $0CONSTRUCTION COST
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ROADSIDE FEATURES FOR ALTERNATIVE NUMBER: 3

All 2:1

GENERAL HAZARD TYPE 

SPECIFIC HAZARD 

TYPE S
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STATIONS ft STATIONS ft

TerminalEnds GenericEnd 1+55.70 R 17 NA NA NA 24

Guardrails_SemiRigid TL3WbeamGR 1+55.70 R 17 2+05.70 R 17 Width (in.) 12

TerminalEnds GenericEnd 2+05.70 R 17 NA NA NA 24

TerminalEnds GenericEnd 1+55.70 L 5 NA NA NA 24

Guardrails_SemiRigid TL3WbeamGR 1+55.70 L 5 2+05.70 L 5 Width (in.) 12

TerminalEnds GenericEnd 2+05.70 L 5 NA NA NA 24

CONSTRUCTION COST $13,000  ANNUAL MAINTENANCE COST $0

ALTERNATIVE NAME 50 ft Br guard rail with terms DEFAULT X-SECTION

H39



Rate of Return 4 %

Design Life 25 yrs

A/P 0.0640
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1  $ 0  $ 0  $ 0 $ 650

1 0.00 $ 650  $ 0 0 2 $ 512  $ 0 $ $ 23

3 $ 832  $ 0 $ $ 16

1 0.00 $ 23 $ 0

1 0.00 $ 16 $ 0

SEGMENT AND ALTERNATIVE COST SUMMARY

RSAP 3.0.1 (release 140130XL12) running in Excel Version 14.0 on Windows (32-bit) NT 6.01

50 ft bridge 50 vpd

ANNUAL SEGMENT SUMMARY

Alternative # 1

Alternative # 3

Based on Analysis Run on 6/6/2014 1:43:00 PM

Alternative # 2

H40




	KS-14-16_Report.pdf
	BrRail Issue Paper 11-4-14 Revision
	Appendix A
	Appendix B
	Appendix C
	Appendix D Title
	Appendix D
	Appendix E Title
	Appendix E
	Appendix F Title
	Appendix F
	Appendix G Title
	Appendix G
	Appendix H Title
	Appendix H
	RSAPv3_20 ft br 50 vpd 060414 med
	RSAPv3_50 ft br 50 vpd 060414 med
	RSAPv3_20 ft br 50 vpd high
	RSAPv3_20 ft br 50 vpd high
	RSAPv3_20 ft br 50 vpd higha
	RSAPv3_20 ft br 50 vpd highb
	RSAPv3_20 ft br 50 vpd highc
	RSAPv3_20 ft br 50 vpd highd
	RSAPv3_20 ft br 50 vpd highe
	RSAPv3_20 ft br 50 vpd highf
	RSAPv3_20 ft br 50 vpd highg

	RSAPv3_50 ft br 50 vpd high
	RSAPv3_50 ft br 50 vpd high
	RSAPv3_50 ft br 50 vpd higha
	RSAPv3_50 ft br 50 vpd highb
	RSAPv3_50 ft br 50 vpd highc
	RSAPv3_50 ft br 50 vpd highd
	RSAPv3_50 ft br 50 vpd highe
	RSAPv3_50 ft br 50 vpd highf
	RSAPv3_50 ft br 50 vpd highg






