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1. INTRODUCTION 

 

1.1 INTRODUCTION  

Between 2012 and 2016, there were 92 reported crashes within the Bend Urban Growth Boundary (UGB) that 

resulted in fatal or incapacitating (potentially life -changing) injuries. A review of reported crashes per year 

stretching back to 2007 shows that the cr ash rate, which normalizes the number of crashes by vehicle miles 

traveled, has been on an increasing trend over the past seven years, as shown in Figure 1. These statistics 

emphasize the need for a comprehensive, multidisciplinary action plan to reduce transportation related 

injuries for area residents and  visitors in the Bend Area . This Bend Area Transportation Safety Action Plan (TSAP) 

is based on reported crash data from 2012 to 2016.    

 
*VMT estimates are provided for the MPO Area. Number of reported crashes includes crashes within the Bend UGB.  

Figure 1. Bend Area Crash Rates per Year  

 

The state of Oregon has developed a statewide TSAP and set a goal of zero fatal and incapacitating injuries 

on Oregonõs transportation system by 2035. The Bend Area TSAP is Bendõs specific action plan developed to 

help t he City  protect  people  traveling within Bend from injuries . This also contributes to ODOTõs work to 

protect travelers statewide . This Bend Area TSAP reevaluate s crash trends and issues based on current data 

and identifies a broad range of treatments including projects, policies, and programs, to address identified 

issues.  

1.1.1 Study Area  

The Bend Area TSAP focuses on the area within the Bend Urban Gr owth Boundary ( UGB), as shown by the 

study area in  Figure 2. Deschutes County concurrently develop ed  its own TSAP for the  area outside the  Bend 

UGB, which included the area within the Bend Metropolitan Planning Organization (MPO) . The simultaneous 
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development of the County and City/MPO TSAPs allow ed  for coordination between the two jurisdictions and 

an understanding of C ity-specific safety performance. The Framework Memorandum, provided as Appendix 

1, summarizes how the two Plans were coordinated.  

Although this Bend Area TSAP focuses on  the area within the Bend UGB, additional information is provided to 

summarize recommendations and performance measures relevant to the MPO area:  

¤ The Performance Measures chapter, Section 7 of the TSAP, provides the performance measures for the 

Bend UGB ar ea and  the MPO area to assist with reporting requirements.  

¤ Appendix 2  provides a summary of the recommendations from the Deschutes County TSAP that are 

located wit hin the MPO area.  
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1.2 RECENT PROGRESS IN TRANSPORTATION SAFETY 

The City of Bend (City) has successfully implemented q uantitative safety  evaluations  to identify priorities for 

transportation safety countermeasures. In 2012, the City completed a multimodal traffic safety program that 

identified several focus areas for the City including alcohol -involved crashes, speed -involved crashes, 

roadway departur e crashes, fatal and injury crashes, and pedestrian and bicycle crashes. The City has 

invested in projects to address these issues over the past six years.  As shown in Figure 1, however, the severe 

injury and fatal crashes have continued to increase at a rate that outpaces growth in population and 

mileage.  This TSAP effort , therefore,  include s reevaluat ing  crash trends and issues based on current data and 

identifie s a broad range of treatments that can be applied comprehensively in Bend  including projects, 

policies, and programs, to address identified issues  causing  injuries and fatalities .  

A summary of past plans and projects complete is provided in Appendix 3 .  

 

1.3 BEND TSP TRANSPORTATION SAFETY GOALS 

During the development of the TSAP, Bend was concurrently updating its Transportation System Plan (TSP). 

Policies, projects, programs, and actions identified in the TSAP will be incorporated into the TSP as a reference 

document.  

The Bend TSP includes Goal s, Policies, and Actions that set the overall direction  for how we will implement 

and manage our transportation system into the future. The Goals, Policies, and Action Items will be part of the 

Bend TSP. The following are the Draft Transportation Safety Go als, Policies, and Actions as of July 2019. These 

may be updated prior to adoption of the Bend TSP. This section of the TSAP will be updated to reflect the 

adopted Transportation S afety Goals.  

Many of the Goals, Policies, and Actions have direct safety im plications. This section only summarizes those 

that were specifically identified by the Transportation Safety Policy Subcommittee of the CTAC:  

Introduction: The City of Bend aspires to have zero serious injuries or fatal crashes on its transportation syste m. 

The City recognizes that we must design and manage our transpor tation system with this goal in mind.  

1. The City will balance safety, connectivity, and travel time reliability for all modes of transportation in 

design and construction of transportation pr ojects, and in transportation program implementation.  

Actions:  

¶ Adopt and implement the 2019 Transportation Safety Action Plan, including mapping 

ident ified crash emphasis areas.  

¶ Amend the Bend Development Code to ensure that safety mitigation is included as part of 

development.  

2. The City aspires to have no transportation -related fatalities or serious injuries by reducing the number 

and severity of crashes through design, operations, maintenance, and enforcement.  

Actions:  

¶ By 2021, the City will develop and adopt an action plan to move the City towards zero traffic 

deaths or serious injuries (e.g. Vision Zero). The plan will set a clear goal of eliminating traffic 

deaths and serious injuries among all road users within an ex plicit timeframe (i.e. 10 years) and 

actively engage key City departments.  

3. The City will consider the needs and safety for all users in transportation projects, programs, and fu nding 

decisions, to improve safety for vulnerable users. Vulnerable users are transportation system users most 

at risk in traffic, such as pedestrians, cyclists, and public transportation users ð children, older people, 

and disabled people may be in this category.  
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Actions:  

¶ The City will plan for, design, construct, and/or reconstru ct streets to achieve consistency 

between motoristsõ speeds and target speed limits, and prioritize speeding and reckless driving 

enforcement programs on problematic routes.  

¶ Identify, prioritize, and/or allocate funding for projects and programs to improv e safety for 

vulnerable users.  

4. The Cityõs policy is to achieve consistency between motoristsõ speeds and target speed limits. 

Actions:  

¶ Create a citywide speed management program to address safety issues related to speed.  

¶ Review street design in coordinat ion with emergency services; amend Standards and 

Specifications accordingly.  

5. The City will provide transparent, easy to understand, and effective communication programs to 

encourage safe travel on the transportation system.  

Action:  

¶ Develop a comprehensive public dashboard of data to capture the user experience of the 

Cityõs Transportation System in a system that integrates data from existing sources, not limited 

to crash data, with data from new and emerging street monitoring technology and public 

input.  

 

1.4 SUMMARY OF CITY COUNCIL GOALS 

The City Council for Bend sets goals that reflect community  priorities. Several of the Transportation & 

Infrastructure Strategies and action items are directly aimed at improving transportation safety. The Cityõs 

2019 ð 2021 Transportation & Infrastructure Str ategies are provided below, with those directly related to the 

TSAP actions in bold . 

¤ Complete the TSP by end of May 2020.  

Å Complete an updated Transportation System Development Charge (TSDC)  

Å Create a neighborhood traffic safety plan and policies that guide investment.  

Å Implement TSP metrics and key performance indicators (KPIs).  

¤ Leverage multiple funding sources to enhance and improve transportation infrastructure resulting in a 

funding package that addresses both housing and mob ility challenges on the May 2020 ballot.  

Å Prioritize short term transportation projects that relieve congestion, improve safety, including 

emergency response times, and increase options for all modes of transportation.  

Å Develop a transportation funding pla n that is equitable, balanced, and resilient.  

Å Create/implement communication plan aligning community values with transportation 

projects to ensure sustainable funding.  

Å Participate in development of comprehensive transit plan that improves service levels and is 

integrated with the TSP.  

¤ Improve the condition and functionality of City sewer, stormwater, transportation and water infrastructure 

to keep pace with community needs.  

Å Improve the average pavement condition index to 75 by 6/30/2021.  

Å Develop a brid ge maintenance and traffic signal plan . 
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Å Continue investments in water, stormwater and waste water treatment systems to keep 

pace with demand, regulatory requirements and maintenance needs.  

Å Create a sidewalk plan and program that shares responsibilities be tween the City and 

adjacent property owners.  

Å Complete phase one of neighborhood greenways & create plan/funding source for future 

phases integrated with the TSP.  

¤ Increase events focused on traffic safety by 20% by 6/30/2021 when compared to 6/30/2019.  

Å Conduct focused DUII enforcement programs or details.  

Å Conduct focused distracted driving enforcement programs or details.  

Å Conduct crash reduction enforcement programs or details.  

Å Conduct public education and awareness programs.  

 

1.5 PLAN DEVELOPMENT PROCESS  

A comprehensive approach to transportation safety acknowledges that policy, planning, programming,  and 

projects are multidisciplinary and involve òthe 7Esó of safety. The seventh òEó represents a dedication to 

transportation safety through a commitment to evaluate progress and continue to adapt future safety plans 

to meet identified future needs : 

¤ Engineering;  

¤ Emergency Medical Services (EMS);  

¤ Enforcement;  

¤ Education ;  

¤ Encouragement;  

¤ Equity ; and  

¤ Evaluation.  

By including elem ents from the 7Es that complement each other, the TSAP provides a multidisciplinary 

approach that could support policy, programs , and project recommendations to achieve a vision of zero 

transportation fatalities or serious injuries on roads within the City of Bend. This w ould be consistent with the 

Oregon statewide vision zero objectives. To achieve this multidisciplinary plan, input was obtained from a 

variety of stakeholders throughout the project:  

¤ Project Management Team (PMT) ð The PMT include d  key staff from the City  of Bend, the Bend MPO, and 

the Oregon Department of Transportation (ODOT) who met  regularly throughout the project to provide 

technical input at key steps throughout the project.  

¤ Technical Advisory Committee (TAC) ð The MPO TAC met  three times during the TSAP project to provide 

input on the project framework and goals; the existing conditions analysis and emphasis areas; and the 

TSAPõs policy, program, and project recommendations.  

¤ Citywide Transportation Advisory Committee (CTAC) ð The CTAC is a committee  of community members 

that provides policy recommendations and guidance to the Bend City Council on the update of Bend õs 

Transportation Plan, including  transportation -related policies and funding strategies. The CTAC has a sub -
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group focused on transportation safety  policies . This subgroup met to develop  recommended 

transportation safety policies for the City.   

¤ Brownbag Meeting ð There was  one brownbag, informational meeting in which all CTAC members, as 

well as the general public, were   invited to attend to learn more about ways to reduce injuries and 

fatal ities through infrastructure countermeasures (e.g. design, oper ations, and maintenance ).  

¤ Multidisciplinary Stakeholder Group ð This group included  representatives from a variety of stakeholders , 

including the Deschutes County Department of Public Health, Bend Police and Fire, Deschutes County 

Sheriff, Bend La Pine School District, and the Dist rict  Attorneyõs Office to provide input on non-

infrastructure countermeasures. This group was invited to participate in two of the MPO TAC meetings to 

discuss and identifying non -engineering solutions to further support crash reductions.  

1.6 HOW TO USE THE TSAP 

The TSAP is organized into  seven  sections. The following overview summarizes the content of each section 

and how it is intended to be used.  

¤ Section 1: Introduction  ð This section provides an overview of the Planõs purpose and development, the 

City  Council õs transportation safety goals, and the study area. This section should orient the user to the 

Plan document.  

¤ Section 2: Crash Data Summary  ð This section provides an overview of the key findings from the crash 

analysis and the identified emphasis areas for Bend.  

¤ Section 3: Systemic Solutions ð This section is a toolbox of systemic solutions, summarizing the solutions, 

planning level cost estimates, and effectivenes s at reducing injuries. This toolbox is meant to be 

referenced to identify appropriate solutions to address various safety issues throughout the City. These 

treatments can often be incorporated into the Cityõs regular maintenance practices.  

¤ Section 4: Speed Management Toolbox ð This section provides a toolbox of treatments that can be 

implemented to help reduce travel speeds  which can reduce the severity of injuries .  

¤ Section 5: Location Specific Applications ð This section summarizes the specific locations identified for 

safet y treatments during the TSAP development.  Section 5.1 identifies the intersections with the highest 

crash frequency and severity in the City; Section 5.2 identifies four areas where specific 

recommendations were produced; and Section 5.3 provides summarize s the locations where specific risk 

factors were identified. Section 5.3 helps guide the implementation of systemic solutions presented in 

Section 3 .  

¤ Section 6: Non -Infrastructure Recommendations ð This section summarizes the educational, enforcement, 

pro grammatic, and policy action items developed to support the engineering recommendations of the 

TSAP.  

¤ Section 7: Performance Measures ð This section summarizes performance measures for the City and MPO 

to use in tracking progress towards implementing the T SAP.  

1.7 UPDATING THE TSAP 

Implementing the TSAP actions in concert with other Bend and MPO safety, land use, and transportation 

plans should result in measured decreases in fatal and severe injuries for the corresponding emphasis areas.  

Measurin g safety benefits will require reassessing crash data to consider the TSAP effectiveness and then 

generate revised programs to meet future identified safety performance needs. The MPO TAC recommends 

this TSAP be assessed in 3 to 5 years as new cr ash data is available and sufficient time has passed to measure 

the effectiveness of the various safety, land use, and transportation plans.   
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SECTION 2 

CRASH DATA SUMMARY 
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2. CRASH DATA SUMMARY 

Kittelson obtained roadway , traffic,  and crash data from the Oregon Department of Transportation (ODOT), 

Deschutes County, and the Bend MPO. Reported c rash data for Deschutes County was from ODOTõs 

database for January 1,  2012 through  December 31,  2016. Reported cra shes include those resulting in an 

injury or fatality, as well as those resulting in over $1,500 of property damage. 1 ODOTõs crash database 

provides reported crash characteristics such as date, time, crash type, light conditions, roadway conditions, 

etc. t hat Kittelson used to analyze and document factors associated with crashes. Additional  roadway 

characteristics, such as number of lanes and intersection control type, were assigned to the crash data 

based on the GIS information received from the Bend MPO o r Deschutes County.  

Crashes are assigned one of five severity levels based on the most severe injury associated with that crash:  

¤ Fatal;  

¤ Incapacitating injury (Injury A);  

¤ Moderate Injury (Injury B);  

¤ Possible Injury (Injury C); or  

¤ Property damage only (PDO).  

More extensive discussion of analysis and findings is included in the Existing Conditions Summary memo, 

which is included as Appendix 4 . 

2.1 YEAR AND SEVERITY 

Figure 3 presents the year -over -year crash frequency in Bend  including  the number  of crashes resulting in 

death or incapacitating injury. The annual number of reported crashes has increased yearly since 2012, with 

an average annual increase of nine percent . This average annual growth in reported crash frequency 

exceeds the average a nnual population growth (1.6 percent) and the average annual VMT growth (3.6 

percent) during the same time period.   

Table 1 presents crashes by severity. Among the 4,50 0 crashes analyzed, a relatively small share ( two  

percent ) were fatal or Injury A crashes  while over 4 1 percent  of these crashes resulted in an injury of some 

sort. The number of fatal crashes dropped in 2014 and then continued their upward trend in 201 5. A crash 

classified as injury òAó describes s evere injuries includ ing  skull fractures, internal injuries, broken or distorted 

limbs, unconsciousness, severe lacerations, and severe  burns.  The crash victim is unable to leave the scene 

without assistance.  

                                                           

1 ODOT increased the property damage threshold for reporting crashes fro m $1,500 to $2,500 as of 

January 1, 2018. However, the data reflected in this analysis corresponds to a reporting threshold 

of $1,500 of damage. (Source: https://content.govde livery.com/accounts/ORDOT/bulletins/1cbed84 )  

https://content.govdelivery.com/accounts/ORDOT/bulletins/1cbed84
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Figure 3: Crashes by Year, Bend 2012 -2016 

  
Source: ODOT  

 

Table 1: Crashes by Severity , Bend, 2012 -2016 

 Fatal  
Injury 

A 

Injury 

B 

Injury 

C 
PDO Total 

Count  11 81 518 1,249 2,641 4,500 

Share <1% 2% 12% 28% 59% 100% 

Source: ODOT  

 

2.2 LOCATION OF REPORTED CRASHES 

Kittelson analyzed crashes by location (intersection or segment crashes) and by mode (including motor 

vehicle, bicyclist, or pedestrian crashes). Crashes within 250 feet of an intersection were considered 

intersection crashes  and constituted most  cra shes within Bend (88%) , as shown in Figure 4.  

Intersections in the City are typically either stop -controlled, signalized, or roundabouts. Stop -controlle d 

intersections may be two -way stop -controlled (referred to as òstopó in the table below), in which the major 

road traffic does not stop, or all -way stop -controlled (referred to as ò4-way stop -controlledó below), in which 

every approach is required to stop . Using the Cityõs GIS database of intersection control devices, Kittelson 

assigned the reported crash data with the corresponding intersection traffic control configuration. Table 2 

shows the distribution of intersection crashes by traffic control type. Almost half of fatal/incapacitating 

intersection crashes occurred at stop -controlled intersections, 28 percent at traffic signals, five percent at all -

way stop -controlled  intersections, and three percent at roundabouts. Figure 5 illustrates the location of the 

fatal and incapacitating crashes in Bend between 2012 and 2016.  

The next section describes the major emphasis areas for Bend based on further analysis . 
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Figure 4: Crashes by Location (Intersection and Non -Intersection), Bend 2012 -2016 

 
Source: ODOT  

 

Table 2. Summary of Distribution by Intersection Control Type  
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Fatal/Incapacitating 

Interse ction Crashes  
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Stop-
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2.3 EMPHASIS AREAS 

Based o n the  crash analysis, Kittelson identified several emphasis areas for the City of Bend. These emphasis 

areas reflect the  crash characteristics, such as crash type, behavior, or infrastructure , that were associated 

with fatal and  incapacitating injury crashes. By addressing these emphasis areas, the City has the greatest 

potential to reduce fatal and incapacitating crashes. The following sections summarize these emphasize 

areas.  

2.3.1 Crash Types  

Fatal/incapacitating crash types.  The five crash types most frequently associated with fatal/incapacitating 

outcomes include these types (which collectively account for 89 percent):  

¤ Turning movement crashes (26% of fatal/incapacitating crashes)  

¤ Rear-end crashes (21%)  

¤ Angle crashes (17%) 

¤ Pedestrian crashes (13%)  

¤ Fixed object or other object crashes (12%)  

¤ Bicyclist crashes (9%) (Bicyclists crashes are assigned a collision type  that is not unique to bicyclists  and 

are theref ore also included in the percentages above, as appropriate)    

2.3.2 Intersections  

Eighty-eight percent of collisions in Bend occurred within 250 feet of an intersection.  Key trends include:  

¤ Arterial roadways. Among fatal/incapacitating crashes, 78 percent occurred on arterials or at 

intersections that included at least one arterial roadway.  

¤ Traffic Control. Among fatal/incapacitating crashes at intersections, 49 percent occurred at stop -

controlled intersections, and 28 percent occurred at traffic signals.  

¤ Intersection collision types. The predominant  share of fatal/incapacitating crashes were collision types 

most commonly occurring at intersections : turning movement, angle, and rear -end  crashes.  

2.3.3 Roadway Segments  

Twelve percent of collisions in Bend occurred outside of intersection influence areas. Key trends  include:  

¤ Segment collision types. 21% percent of fatal/incapacitating crashes were fixed object, sideswipe, head -

on, or overturn crashes; and  

¤ Arterial roadways. 58% percent of fatal/incapacitating crashes occurred on  arterial roadways  or at 

intersections with arterial roadways . 

¤ Five-lane roadways. 32% percent of fatal/incapacitating crashes occurred on five -lane roadways.  
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2.3.4 Pedestrians  

Although pedestrian crashes accounted for less than one percent of reported crashes in Bendõs UGB, they 

accounted for 13 percent of fatal /incapacitating crashes in the UGB  boundar y. Key trends include:  

¤ Severe outcomes . Ninety -four (94%) percent of pedestrian collisions resulted in injury or death.  Twenty -

four percent (24%) resulted in death or incapacitating injury. 

¤ Evening/nighttime crashes. Fatal and incapacitating pedestrian collisions predominantly occurred in the 

evening/nighttime hours as well, with eight of 12 such collisions occurring between 5:00 p.m. and 11:00 

p.m. Four fatal pedestrian collisions (a nd eight of 12 fatal/incapacitating crashes) occurred in darkness 

with the absence of streetlights . 

¤ Number of lanes on roadway . Almost half of pedestrian collisions (48 percent) occurred on roadways 

with four or five lanes.  

¤ Motorists proceeding straight. Nine of  the 12 (75%) fatal/incapacitating pedestrian collisions involved 

motorists proceeding straight (rather than turning).  

2.3.5 Bicyclists  

Bicycle crashes accounted for two percent of reported crashes in the Bend UG B and nine percent of 

fatal/incapacitating crashes between 2012 and 2016. Key trends include:  

¤ Severe outcomes. Among the 112 reported collisions involving people on bikes in the five -year period 

analyzed, 90 percent resulted in injury or death. S even percent of collisions resulted in incapacitating 

injury or death.  

¤ High-stress roadways. Seventy percent of bicycle collisions occurred either on roadways with a  level of 

traffic stress ( LTS)2 score of 3 or 4,  or at an intersection including such a street. To put this into perspective,  

roads with an LTS score of 3 or 4 constitute approximately 18 percent of Bendõs roadway network . 

Therefore, bicycle crashes are over -represented on such roadways.  

¤ Intersection crashes. Ninety -three (93%) percent of bicyclist collisions in Bend occurred within an 

intersectionõs influence area (250 feet). Sixty-eight percent (68%) of intersection crashes occurred at an 

intersection with at least one high -stress (with a l evel of traffic stress, LTS, of 3 or 4)  roadway.  

¤ òLeft Hookó crashes. Twenty -three  percent (23%, 26 crashes) of bicycle crashes involved vehicles turning 

left and bicyclists traveling straight in the opposing direction. The majority of these (23 of 26) occurred at 

intersections.  The risk is created primari ly by  standard intersection design  practices in Bend . 

2.3.6 Road User Behavior  

Key trends include:  

¤ Excessive speeds. Thirteen percent (13%) of fatal/incapacitating crashes involved excessive speeds; 10 

percent of excessive speed crashes resulted in fatality or incapacitating injury.  

¤ Impaired driving . Alcohol/drug involvement was reported in six percent (6%) of reported  collisions but in 

20 percent (20%) of the fatal/incapacitating subset of collisions.  

                                                           

2 Level of Traffic Stress (LTS) measures the relative traffic stress a bicyclist experiences on the 

roadway. It is based on posted speed limit, number of lanes, traffic volume, and available bicycle 

facilities/separation from vehicular traffic.  
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2.3.7 Lighting  

Key trends include:  

¤ Dark, unlit conditions. Twenty -two percent (22%) of fatal/incapacitating crashes occurred in dark, unlit 

conditions . Four percent (4%) of crashes in dark, unlit conditions resulted in fatality or incapacitating 

injury. 

¤ Relative share compared to peer cities. A substantively higher proportion of collisions in Bend (13 

percent) occurred in darkness with no street lights compared to Corvallis, Medford, an d Springfield . 
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3. SYSTEMIC SOLUTIONS 

This section presents recommended systemic engineering countermeasures. Systemic solutions can  often be 

applied on a wide -scale (same treatment at many different locations) for relatively low -cost. Many of these 

may be incorporated into capital projects as  well as ongoing maintenance activities to maximize cost -

effectiveness.  

We have presented the countermeasures in four groups  and summarized the documented effectiveness at 

reducing crashes through the Crash Reduction Factor (CRF), when available : 

¶ Spot  Treatment Vehicle Countermeasures , which may be more expensive and can be applied at 

individual locations rather than on a systemic basis;  

¶ Systemic Intersection  Countermeasures , which may be applied in a systemic fashion and for relatively 

low cost at interse ctions;  

¶ Roadway Departure Countermeasures, which are treatments to reduce lane departure and run -off -the -

road crashes;  

¶ Bicycle or Pedestrian Countermeasures , which are treatments to improve conditions for one or both sets 

of users; and,  

¶ Enhanced Pedestrian Crossing Treatments , which are a subset of bicycle and pedestrian 

countermeasures  and  represent various techniques that all improve safety conditions for marked 

crossings. 

 

Table 3 summarizes  the solutions that are presented in the following sections  and provides the documented 

effectiveness of each treatment at reducing crashes through the Crash Reduction Factor (CRF), when 

availabl e.3 Section 5.3 of the TSAP provides maps summarizing locations where specific  characteristics, such 

as light conditions or crash types, were most common. This section should be used to help focus priorities for 

implementation of the systemic recommendations.  

Table 3. Summary of Systemic Solutions  

Countermeasure  
Intersection or 

Segment  

Applicable 

Crash Types  

Crash 

Reduction 

Factor (CRF) 

Planning  -Level Cost*  

Spot Treatment Vehicle Countermeasures  

 Roundabouts  Intersection  
All crash 

types  
19-82%1,2 $2.5M-3.5M* 

 Intersection Lighting  Intersection  Nighttime  31 ð 38%1,2 $10,000 per pole * 

 Lane reconfiguration  Segment  All 29%1,2 
$20,000 per mile 

(striping only)  

Systemic Intersection Countermeasures  

 

FHWA Basic Set of 

Signal and Sign 

Improvements for 

Signalized 

Intersections  

Intersection 

(Signalized)  

All crash 

types  
30%6 

$5,000 - $30,000 per 

intersection  

 

Convert Left Turn 

Permissive to 

Protected Phasing  

Intersection 

(Signalized)  

Left-turn 

crashes  
6 - 99%1,2 

$25,000 per 

intersection  

                                                           

3 When possible, CRFõs were obtained from ODOTõs list of approved CRFõs, which is provided in 

Appendix 7 .  
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Countermeasure  
Intersection or 

Segment  

Applicable 

Crash Types  

Crash 

Reduction 

Factor (CRF) 

Planning  -Level Cost*  

 
Increase All -Red 

Clearance Interval  

Intersection 

(Signalized)  

All crash 

types  
20%6 $3,000 per intersection  

 

Increase Intersection 

Warning with Signing 

and Striping  

Intersection 

(Unsignalized)  
All 11 ð 55%1,7 

Varies ($400 per new 

sign; $700 per 

oversized sign; $1,000 

per Stop Ahead 

legend)  

 

Provide Flashing 

Beacons at Stop -

Controlled 

Intersections  

Intersections 

(Unsignalized)  

Angle 

crashes  
5-58%1,2 $5,000 per mount  

 

Install Raised Divider 

on Stop Approach 

(Splitter Island)  

Intersections 

(Unsignalized)  
All crashes  15%1 $7.55 per sq ft  

 
Increase Sight 

Distance  

Intersections (Signal 

and Unsignalized)  

All injury 

crashes  
11-56%1,3 Varies 

Roadway Departure Countermeasures   

 
Install Shoulder 

Rumble Strips 
Segment  

Run off the 

road  
16-42%1,3 $850 per mile  

 
Install Centerline 

Rumble Strips 
Segment  

All injury 

crashes  
9-45%1,3  $3,000 per mile  

 
Widen Paved 

Shoulder  
Segment  All crashes  3-18%1,3  Varies 

 
Install Chevron Signs 

on Horizontal Curves  
Segment  

Run off the 

road injury 

crashes  

4-25% $600 per sign * 

 

Install Dynamic 

Feedback Sign on 

Curves  

Segment  All crashes  39-44%1,3  Varies 

 
Increase Pavement 

Friction  
Segment  

Crashes on 

wet roads  
20-68%1,3 $30 per sq yd  

 

Remove, Relocate, or 

Protect Fixed Objects 

Adjacent to Road  

Segment  All crashes  38%3 Varies 

 
Install Wider Edge -

lines  
Segment  Run off Road  11 ð 13%1,3 

$0.20 per ft (paint); 

$0.80 per ft 

(thermoplastic); $2.00 

per ft (MMA)  

Systemic Bicyclist or Pedestrian Countermeasures  

 
Pedestrian -Scale 

Lighting  
Intersection  

Nighttime 

Pedestrian & 

Bicycle  

42%1,2 $15,000 per pole * 

 
Install Pedestrian 

Countdown Timer  
Intersection  Pedestrian  70%1,3 $500 per signal head  

 
Leading Pedestrian 

Interval at Signal  
Intersection  Pedestrian  37 ð 45%1,3 $15,000 

 
Protected 

Intersection  
Intersection  

Pedestrian, 

Bicyclist  

Not 

quantified 8 
$200,000 - $3,000,000* 
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Countermeasure  
Intersection or 

Segment  

Applicable 

Crash Types  

Crash 

Reduction 

Factor (CRF) 

Planning  -Level Cost*  

 

Install, buffer, or 

separate bicycle 

lanes  

Segment  Bicycle  47-59% 
$4,000 - $110,000 per 

mile * 

 
Neighborhood 

Greenway  
Segment  Bicycle  63%3 $300,000 per mile * 

 

Install Green Bike 

Lanes at Conflict 

Points 

Segment/Intersection  Bicycle  39%1,3 
 

$9/ SF 

 
Bike Box / Advanced 

Stop Bar  
Intersection  Bicycle  35%1 $9/SF 

 Two-Stage Turn Boxes Intersection  Bicycle  
Not 

quantified 8 
$9/SF 

Enhanced Pedestrian Crossing Treatments  

 Curb Extension  Segment/Intersection  Pedestrian  37%1 $20,000 

 
Pedestrian Refuge 

Island 
Segment/Intersection  Pedestrian  26 ð 31%4 $25,000 

 
Rapid Rectangular 

Flashing Beacon  
Segment  Pedestrian  10 ð 56%1,4 $20,000 - $50,000 

 
Pedestrian Hybrid 

Beacon  
Segment  Pedestrian  55 ð 69%1,4 $70,000 

 Pedestrian Signal  Segment  Pedestrian  15 ð 69%5 $250,000 

*Planning -level cost estimates were obtained from ODOTõs list of approved CRFs, unless marked with an asterisk (*). Those marked 

with an asterisk (*) were provided by the City of Bend.  

Crash Reduction Factor Sources:  
1 ODOT ARTS 

2 Highway Safety  Manual  

3 CMF Clearinghouse  
4 NCHRP Report 841 
5 Caltrans Local Roadway Safety Manual  
6FHWA 
7Caltrans / Intersection Implementation Plan / ODOT  
8In this case, there is insufficient research to identify a crash reduction factor.  
9óA Complete and Attractive System of Bikeways Toolbox.ó Bend, Oregon, 2014.  
10òSafety Effects of Blue Cycle Crossings: A Before-After Study,ó Accident Analysis & Prevention, (2008) 
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3.1 SPOT TREATMENT COUNTERMEASURES 

This category of countermeasures includes items that can be applied at individual locations based on 

identified crash history or site conditions. These countermeasures may be of substantial cost. An overview of 

the countermeasures, and the existing conditi ons findings that led to their selection, is provided in Table 2.  

Table 4: Stop Treatment Countermeasures and Rationale for Selection  

Why was this countermeasure  

selected for Bend?  
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Angle, turning movement, and rear -end collisions are among the most 

common collision types, together accounting for 64 percent of 

fatal/incapacitating crashes in Bend  

X   

Nearly half (49 percent) of fatal/incapacitating injury collisions at 

intersections occurred at two -way stop -controlled intersections, and 28 

percent of fatal/incapacitating crashes occurred at traffic signals. In 

contrast, three percent of fatal/incapacit ating crashes occurred at 

roundabouts.  

X   

Bend has a relatively high proportion of collisions in darkness with no 

street lights  compared to peer cities evaluated. 20 percent of 

fatal/incapacitating crashes in Bend occurred in dark conditions without 

street lights  

 X  

45 percent of fatal/incapacitating crashes in Bend occurred on, or at the 

intersections of, four - or five -lane roads   
  X 
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Roundabouts  

Roundabouts  

Roundabouts feature channelized approaches and a cent ral island to  move traffic through an 

intersection. At roundabouts, entering traffic yields to vehicles already circulating, leading to improved 

operational performance. Single-lane r oundabouts are typically  designed so that drivers must approach 

the intersection at sp eeds below 25 miles per hour. The approach speed can reduce  the severity of 

crashes when compared to other intersection forms. Roundabouts can be used in place of a two -way and 

all-way stop controlled intersection, and potentially traffic signals depending  on volume. Replacing a rural 

two -way stop -controlled intersection with a single-lane roundabout has been shown to reduce injury 

crashes as much as 87 percent.  

Intersection or 

Segment  
Intersection  

 
Source: FHWA  

Applicable Collision 

Types 
All 

Potential Collision 

Reduction  
19 ð 82% 

Planning -Level Cost  $2.5M - $3.5M 

Intersection Lighting  

Intersection Lighting  

Adding intersection lighting for signalized and non -signalized intersections helps improve the visibility of the 

intersection and potential conflicts. Intersection illumination, including pedestrian crossings, helps illuminate 

crossing pedestrians for approaching motorists and assists pedestrians in navigating the crossing.  

Intersection or 

Segment  
Intersection  

 
Source: Traffic Safety Supply Company  

Applicable Collision 

Types 
Nighttime  

Potential Collision 

Reduction  
31 ð 38% 

Planning -Level Cost  $10,000 per pole  
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Lane Reconfiguration  

 Lane Reconfiguration  

A roadway reconfiguration  often adds dedicated left -turn lanes ( sometimes right turn lane s are added) by 

re-allocating roadway space. Roadway reconfigurations are  considered when the road is not operating 

efficiently, when there are rear -end or crossing crashes, or when a system element is missing and needs to 

be added. A typical situation occurs when left -turns are accommodated in the through travel lane and 

the number of left -turns is great enough to cause delay to drivers trying to continue straight. When this 

situation occurs in both directions, it is more efficient to provide a dedicated left -turn lane. The pavement 

space that is freed up can be used for on -street parking, on -street parking buffer space (so people have 

more space to  exit their parked cars) , or adding bike lanes  or wid ening sidewalk .  The treatment aims to  

reduce conflicts, increase system efficiency and  increase safety benefits for each road user.  

Intersection or 

Segment  
Segment  

 

 
Source: FHWA 

Applicable Collision 

Types 
All collisions 

Potential Collision 

Reduction  
29% 

Planning -Level Cost  
$20,000 per mile 

(striping only)  
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3.2 SYSTEMIC INTERSECTION COUNTERMEASURES 

Most  crashes in Bend occurred within 250 feet of an intersection, and the  most common collision types in 

Bend a re those associated with intersections. These systemic intersection countermeasures, presented in 

Table 3  and provided in further detai l in the  following pages , are intended to provide a toolbox of low -cost 

options that are proven to help reduce crash risk at signalized or unsignalized intersections. Because most 

fatal and incapacitating crashes occurred at traffic signals and two -way stop -contro lled intersections, these 

treatments focus on enhancements to these two intersection control types.   

 

Table 5. Systemic Intersection Countermeasures and Rationale for Selection  

Why was this countermeasure 

selected for Bend?  
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Angle, turning movement, and rear -

end collisions are among the most 

common collision types, together 

accounting for 64 percent of 

fatal/incapacitating crashes in Bend  

X X X X X X X 

Nearly half (49 percent) of 

fatal/incapacitating injury collisions 

at intersections occurred at two -way 

stop -controlled intersections.  

   X X X  

28 percent of fatal/incapacitating 

crashes at intersections occurred at 

traffic signals.  
X X X     

87 percent of fatal/incapacitating 

crashes in Bend occurred within 250 

feet of an intersection  
X X X X X X X 

Bend has a relatively high proportion 

of collisions in darkness with no street 

lights compared to peer cities 

evaluated. 20 percent of 

fatal/incapacitating crashes in Bend 

occurred in dark conditions without 

street lights  

X   X X   
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FHWA Basic Set of Signal and Sign Improvements for Signalized 

Intersections  

FHWA Basic Set of Signal and Si gn Improvements for Signalized Intersections  

This countermeasure refers to a package of treatments to improve safety performance at signalized 

intersections. The improvements include the following:  

¶ Installing back plates on all signal heads  

¶ Adding reflective tape to increase visibility  

¶ 12-inch LED signal lenses  

¶ Adding at least one signal head per approach lane  

¶ Adjusting signal clearance timing  

¶ Eliminating flashing operation during night conditions . 

These changes make traffic signals more visib le to motorists approaching intersections, helping motorists 

identify potential conflicts and reduce the risk of conflicts at the intersection.  

Intersection or 

Segment  
Intersection (signalized)  

 
Source: FHWA 

Applicable Collision 

Types 
All collision types  

Potential Collision 

Reduction  
30% 

Planning -Level Cost  
$5,000 - $30,000 per 

intersection  
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Convert Left turn Permissive to Protected Phasing  

Convert Left Turn Permissive to Protected Phasing  

This countermeasure c onverts signalized intersections that have permissive left -turn phasing to protected 

phasing . Permissive left -turn movements are among the highest risk at signalized intersections because of  

the potential conflicts with crossing vehicular and pedestrian traffic. P rotected left -turn phasing can 

reduce left -turn collisions by creating an exclusive movement for left -turning motorist.  

Intersection or 

Segment  

Intersection 

(signalized)  

 
Source: FHWA 

Applicable Collision 

Types 
Left -turn collisions  

Potential Collision 

Reduction  
16% 

Planning -Level Cost  
$25,000 per 

intersection  

Increase All -Red Clearance Interval  

Increase All -Red Clearance Interval  

Increasing the all -red signal phase provides additional clearance time for vehicles who have entered an 

intersection prior to opposing movements receiving a green indication . Increasing all-red clearance 

intervals provides more time for vehicles to move through the intersection before the start of the next 

green movement. This can reduce the crash frequency related to late -entering vehicles or motorists 

running a red light. The treatment is most effective at locations where the existing red -clearance time is 

relatively short  (2 seconds or less) . 

Intersection or 

Segment  
Intersection  

 
Source: FHWA 

Applicable Collision 

Types 
All collision types  

Potential Collision 

Reduction  
20% 

Planning -Level Cost  $3,000 per intersection  
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Increase Intersection Warning with Signing and Striping  

Increase Intersection Warning with Signing and Striping  

Implementing a package of low -cost treatments can be used to increase intersection warning and 

improve safety performance at unsignalized intersections. The improvements include doubled (left and 

right) oversize warning signs, doubled STOP signs, a raised splitter island on the stop approach (if feasible), 

street name signs, stop bars, removing any limitations to sight distance, and double warning arrow at the 

stem of T-Intersections.  This set of enhancements combines multiple treatments to make the approac h of 

two -way stop -controlled intersections more visible to the driver and increase awareness and visibility of 

potential conflicts. These treatments can help slow approaching vehicles and increase stop compliance 

on the controlled approaches.  

Intersection  or 

Segment  

Intersection 

(Unsignalized)  

Source: FHWA 

Applicable Collision 

Types 
All collisions 

Potential Collision 

Reduction  
11-55% 

Planning -Level Cost  

Varies: $400 per new sign; 

$700 per oversized sign; 

$1,000 per Stop Ahead 

legend  

* FHWA, òLow-Cost Safety Enhancements for Stop -Controlled and Signalized Intersections,ó (2014) 
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Provide Flashing Beacons at Stop -Controlled Intersections  

Provide Flashing Beacons at Stop -Controlled Intersections  

Flashing beacons can be placed above stop -signs, as well as above stop -ahead warning signs, to raise 

intersection visibility and awareness.  Flashing beacons may flash continuously or be actuated when a 

vehicle approaches the intersection. This treatment may help reduce angle collisions at intersection s 

where driver awareness of the approaching intersection is a challenge.  

Intersection or 

Segment  

Intersection 

(Unsignalized)  

 
Source: FHWA 

Applicable Collision 

Types 
Angle collisions  

Potential Collision 

Reduction  
5-58% 

Planning -Level Cost  $5,000 per mount  

* FHWA, òSafety Evaluation of Flashing Beacons at Stop-Controlled Intersections,ó (2008) 

https://www.fhwa.dot.gov/publications/research/safety/08048/index.cfm  

Install Raised Divider on Stop Approach (Splitter Island)  

Install Raised Divider on Stop Approach (Spl itter Island)  

Installing a raised divider (with mountable curb) on a stop -controlled approach to an intersection can 

increase intersection visibility by adding a left -side stop sign and better delineate vehicle paths at the 

intersection. Where possible, a minimum width of 6 -feet should be used for the splitter island.  

Intersection or 

Segment  

Intersection 

(Unsignalized)  

Source: FHWA 

Applicable Collision 

Types 
All collisions 

Potential Collision 

Reduction  
15% 

Planning -Level Cost  $7.55 per sq ft  

* FHWA, òLow-Cost Safety Enhancements for Stop -Controlled and Signalized Intersections,ó (2014) 

https://www.fhwa.dot.gov/publications/research/safety/08048/index.cfm
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Increase Sight Distance  

Increase Sight Distance  

Increasing intersection sight distance may involve a variety of actions to increase the line of sight including 

clearing vegetation and embankments, relocating objects, implementing parking restrictions. By 

increasing intersection sight distance, drivers a re provided with a greater distance to see potential 

conflicts and complete maneuvers to avoid potential collisions.  

Intersection or 

Segment  

Intersection (Signal and 

Unsignalized)  

Source: FHWA 

Applicable Collision 

Types 
All injury collisions  

Potential Collision 

Reduction  
11-56% 

Planning -Level Cost  Varies 

* FHWA, òIntersection Safety: A Manual for Local Rural Road Owners ,ó 

https://www.fhwa.dot.gov/publicat ions/research/safety/08048/index.cfm  

 

  

https://www.fhwa.dot.gov/publications/research/safety/08048/index.cfm
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3.3 ROADWAY DEPARTURE COUNTERMEASURES 

The roadway departure countermeasures  are  summarized in Table 4  and provided in further detail on the 

following pages . Although most crashes in Bend occurred within intersection influence areas, the crash 

analysis also revealed a substantial percentage of roadway departure crashes, as noted in Table 4. These 

countermeasures are appropriate for roadway segments, particularly curves. Roadway departure crashes 

can often be reduced by reducing travel speeds. The Speed Management Toolbox, provided in Section 4, 

provides treatments to help reduce speeds.  

Table 6. Roadway Departure Countermeasures and Rationale f or Selection  

Why was this countermeasure 

selected for Bend?  
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13 percent of 

fatal/incapacitating crashes in 

Bend were fixed -object/other 

object or rollover  

X X X X X X X X 

Five percent of 

fatal/incapacitating crashes in 

Bend were head -on or side -swipe 

meeting crashes  

 X       

Head -on crashes were more likely 

to result in fatal/incapacitating 

injury, compared to rear -end, 

angle, turning movement, 

sideswipe, and fixed object 

crashes  

 X       

13 percent of 

fatal/incapacitating crashes 

involved excessive speed  
    X    
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Install Shoulder Rumble Strips   

Install Shoulder Rumble Strips   

Shoulder rumble strips provide auditory and tactile feedback to motorists when they begin to exit the 

outside of the travel lane. Shoulder rumble strips can help reduce run -off -the -road crashes by alerting 

drivers that they are traveling beyond the designa ted lane.   

Intersection or 

Segment  
Segment  

Source: FHWA Proven Safety Countermeasures  

Applicable Collision 

Types 

Run off the road 

collisions 

Potential Collision 

Reduction  
16-42% 

Planning -Level Cost  $850 per mile  

 

Install Centerline Rumble Strips   

Install Centerline Rumble Strips   

Centerline rumble strips provide auditory and tactile feedback to motorists when they have begun to cross 

over the centerline of the roadway.  Centerline rumble strips can reduce head -on and other crossover 

crash types on horizontal curves of undivided roadway segments by alerting drivers they are crossing over 

the centerline into the opposing direction of traffic.   

Intersection or 

Segment  
Segment  

Source: FHWA 

Applicable 

Collision Types  
All injury collisions  

Potential Collision 

Reduction  
9-45% 

Planning -Level 

Cost  
$3,000 per mile  

* Persaud, B. N., Retting, R. A., and Lyon, C., "Crash Reduction Following Installation of Centerline Rumble Strips on Rural Two -Lane 

Roads." Arlington, Va., Insurance Institute for Highway Safety, (2003)  
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Widen Paved Shoulder  

Widen Paved Shoulder   

Widen the paved shoulder adjacent to travel lanes.  Paved shoulders may  increase safety performance 

when navigating horizontal curves by providing a paved recovery area for motorists who have left the 

travel lane . The shoulder can help a driver  maintain control and correct the vehicle path.  Widening the 

outside shoulder of a curve provides the greatest benefit on roads w here existing space is limited.  

Intersection or 

Segment  
Segment  

Source: FHWA 

Applicable Collision 

Types 
All collisions 

Potential Collision 

Reduction  
3-18% 

Planning -Level Cost  Varies 

 

Install Chevron Signs on Horizontal Curves  

Install Chevron Signs on Horizontal Curves   

Chevron signs along horizontal curves provide a visual que to alert and guide motorists through an 

approaching curve . Chevron signs alert drivers to reduce speeds and prepare to enter a curve. Chevron 

placement also helps guide drivers through the curve by providing a visual cue to the approaching 

curveõs radius. 

Intersection or 

Segment  
Segment  

Source: FHWA 

Applicable Collision 

Types 

Run off the road injury 

collisions 

Potential Collision 

Reduction  
4-25% 

Planning -Level Cost  $300 per sign  
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Install Dynamic Feedback Sign on Curves  

Install Dynamic Feedback Sign on Curves   

Dynamic speed warning signs alert drivers of their speed into the approach of a curve when their speed is 

above the curve design speed.  Dynamic speed warning signs can reduce curve -related crashes by 

providing visual feedback to the driver that speeds should be reduced when approaching a curve.  

Intersection or 

Segment  
Segment  

Source: FHWA 

Applicable Collision 

Types 
All collisions 

Potential Collision 

Reduction  
5% 

Planning -Level Cost  Varies 

 

Increase Pavement Friction  

Increase Pavement Friction   

High friction surface treatments appl y aggregate to the pavement to increase or maintain the pavement 

friction at a site.  Increasing or maintaining appropriate pavement friction through a curve can reduce the 

potential for motorists to lose control of their vehicle or skid when navigating a curve. Increased pavement 

friction has been shown to reduce crash frequency during wet  conditions and in locations with high friction 

demand caused by  vehicle speeds or roadway geometrics.  

Intersection or 

Segment  
Segment  

Source: FHWA 

Applicable Collision 

Types 
Collisions on wet roads  

Potential Collision 

Reduction  
20-68% 

Planning -Level Cost  $30 per sq yd  
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Remove, Relocate, or Protect Fixed Objects Adjacent to Road  

Remove, Relocate, or Protect Fixed Objects Adjacent to Road   

Remove or relocate fixed objects adjacent to the roadway to increase the unpaved shoulder clear zone.  

Clearing or moving fixed -objects away from the roadway can reduce fixed -object crashes by providing a 

clear zone that gives drivers more space and time to correct their path should they leave the road.  

Intersection or 

Segment  
Segment  

Source: Florida Vegetation Management Association  

Applicable 

Collision Types  
All collisions 

Potential Collision 

Reduction  
38% 

Planning -Level Cost  Varies 

 

Install Wider Edge -lines 

Install Wider Edge -lines  

Restripe edge -lines to increase their width to improve visibility for drivers . Wider edge -lines more clearly 

define the edge of the roadway. This increased visibility of the edge of roadway can reduce the 

incidence of vehicles leaving the roadway.  

Intersection or 

Segment  
Segment  

Source: Texas A&M Transportation Institute   

Applicable 

Collision Types  

Run off the road 

collisions 

Potential Collision 

Reduction  
11-13% 

Planning -Level 

Cost  

$0.20 per ft (paint); 

$0.80 per ft 

(thermoplastic); $2.00 

per ft (MMA)  

 



 

Kittelson & Associates, Inc., Bend, Oregon   37 

CITY OF BEND  

BEND AREA TRANSPORTATION SAFETY ACTION PLAN 

3.4 PEDESTRIAN AND BICYCLE COUNTERMEASURES 

This section includes countermeasures proposed to improve conditions specifically for bicyclists and 

pedestrians. We have proposed the countermeasures based on existing conditions findings relevant to these 

road user groups, as presented in Table 5.  

 

Table 7. Pedestrian and Bicycle Countermeasures and Rationale for Selection    

Why was this countermeasure selected 

for Bend?  
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Bend has a relatively high proportion of 

reported collisions in darkness with no street 

lights compared to peer cities.  
X       

Pedestrian Findings  

94 percent of pedestrian crashes resulted in 

some level of injury or fatality. 24 percent of 

pedestrian crashes resulted in fatality or 

incapacitating injuries.  

X X X    X 

90 percent of pedestrian crashes occurred 

within 250õ of intersections. 28 percent of 

pedestrian crashes occurred at traffic signals.  
 X X     

36 percent of pedestrian crashes occurred on, 

or at intersections with, five -lane roads. 12 

percent of pedestrian crashes occurred on, or 

at intersections with, four lane roads  

      X 

Most  fatal/incapacitating pedestrian collisions 

involved motorists continuing straight (not 

turning) (9 of 12 crashes)  
X X X     

12 of the 16 fatal/incapacitating pedestrian 

crashes occurred in dark conditions without 

street lights  
X       

Bicyclists Findings  

93% of bicyclist collisions within 250 feet of an 

intersection  
   X X X X 

44 percent of bicycle crashes occurred at 

two -way stop -controlled intersections  
   X   X 

25 percent of bicycle crashes occurred at 

traffic signals  
   X X X X 

68% of intersection bicycle collisions were 

along high -stress (LTS 3 or 4) roadways. 75% of 

fatal/incapacitating bicycle crashes occurred 

on, or at intersections of, high -stress roadways.  

   X X X X 
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Why was this countermeasure selected 

for Bend?  
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32% of bicyclist collisions at intersections 

occurred a t intersections with 5 -lane roads  
      X 

49 percent of bicycle crashes were turning -

movement crashes. 37 percent of bicycle 

crashes were angle crashes.  
   X X X  

50% of bicycle collisions at intersections were 

cited as motorist failure to yield right -of -way .  
   X X X X 

23 percent (26 crashes) of bicycle crashes 

involved vehicles turning left and bicyclists 

traveling straight in the opposing direction. 

The majority of these (23 of 26) occurred at 

intersections.  

   X X X X 

8 percent of bicycle crashes involved right -

hooks, in which a right -turning vehicle and a 

bicycle traveling through the intersection from 

the same direction, collided  

   X X X X 
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Pedestrian -Scale Lighting  

Pedestrian Scale Lighting  

Pedestrian -scale lighting is lower to the ground and more closely spaced than street or intersection 

lighting.  Pedestrian -scale lighting illuminates sidewalks, increases perception of personal security and 

comfort for pedestrians, and increase driver aware ness and visibility of pedestrians.  

Intersection or 

Segment  
Intersection/segment  

 
Source: NACTO  

 

Applicable 

Collision Types  

Nighttime Pedestrian 

and Bicycle Collisions  

Potential Collision 

Reduction  
42% 

Planning -Level 

Cost  
$15,000 per pole  

 

Leading Pedestrian Interval  

Leading Pedestrian Interval  

Leading Pedestrian Intervals (LPIs) give pedestrians a head -start when making crossings and reduce 

crashes by making pedestrians more visible to right - or left -turning vehicles. LPIs should be considered at all 

signalized intersections and especially those with significant pedestrian volumes.  

Intersection or 

Segment  

Intersection 

(signalized)  

 
Source: FHWA  

Applicable Collision 

Types 

Pedestrian 

collisions 

Potential Collision 

Reduction  
37 ð 45% 

Planning -Level Cost  $15,000 
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Protected Intersection  

Protected Intersection  

Protected intersections provide physical separation for bicyclists up to and through an intersection. Key 

design elements (shown in the image below) include:  

¶ A corner refuge island  

¶ A yield zone for turning motorists  

¶ A pedestrian refuge between separated bike lanes and motor vehicle lanes  

¶ An advanced stop bar for bicyclists to queue in locations visible to motorists  

These elements are intended to control speeds, promote visibility, and reduce conflicts among motorists, 

cyclists, and pedestrians.  

Intersection or 

Segment  

Intersection 

(signalized)  

 
Source: People  for Bikes 

Applicable Collision 

Types 

Bicyclist and 

Pedestrian 

collisions 

Potential Collision 

Reduction  

Not 

documented  

Planning -Level Cost  
$200,000 - 

$3,000,000 
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Bicycle Lanes  

This plan recommend s in general that either bike lanes be added or enhanced based on each location 

context. The FHWA Bikeway Selection Guide makes recommendations for the type of bikeway appropriate 

given the level of motor vehicle volume and prevailing speeds on a given roadway (see Figure 6). Refer also 

to the Bend Draft Bikeway Design Guidelines  (Bend BDG) (see Appendix 8 ). 

Bicycle Facility Selection for Urban or Suburban Areas   (Figure 9 from Bikeway Selection Guide ) 

 

Figure 6. Bicycle Facility Selection for Urban or Suburban Areas ( Figure 9 from Bikeway Selection Guide)  

 

A detailed description of bikeway treatments is provided below.  
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Level of Traffic Stress 1 Facilit ies 

Bike Path / Shared -Use Path 

Bike paths provide a separated facility for exclusive bicyclist and pedestrian use. They have minimal or no 

conflicting motor v ehicle traffic. Generally, bike paths serve corridors not served by streets (e.g., river paths 

or converted rail rights -of -way) or may be parallel to roadways where right -of -way is available (sidepaths). 

Bike paths provide recreational and commute routes f or bicyclists. Shared -use paths are typically installed 

along independent rights -of -way (for example, along greenways or abandoned rail trails). Path crossings 

may be designed with yield, signal, or stop control depending on path volume and traffic volume on the 

crossing street. Refer to MUTCD 9C.04 for more information.  

Intersection or 

Segment  
Segment  

 
Source: Kittelson  

 

Applicable Collision 

Types 
Bicycle Collisions  

Potential Collision 

Reduction  
Varies 

Planning -Level Cost  
$200 per linear 

foot  
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Bike Lanes / Buffered Bike Lanes  

Bike Lanes / Buffered Bike Lanes  

Bike lanes are on -street facilities. This facility type includes bike lanes with a painted buffer (stripe) but no 

physical (horizontal and vertical) separation between vehicle travel lanes and bicycle travel lanes. 

Buffered bike lanes  provide extra lateral separation visually but without vertical elements. In general, a 

buffer is preferred where possible.  

Intersection or 

Segment  
Segment  

 
Source: Kittelson  

 

Applicable Collision 

Types 
Bicycle Collisions 

Potential Collision 

Reduction  
0 ð 53% 

Planning -Level Cost  
$4,000 per 

mile (buffered)  

 

Neighborhood Greenways  

 Neighborhood  Greenways  / Bicycle Boulevards  

Bike routes (which may be designated as òbicycle boulevardsó or òneighborhood  greenwaysó) provide 

shared use of right -of -way among bicyclists and motorists, as designated by signs or permanent markings 

along a route. Roadways designated as neighborhood greenways  should have enough width to 

acc ommodate motorists and bicyclists together. Shared -lane markings (òsharrowsó) can be used to alert 

users of the shared roadway environment. Because the right -of -way is shared, speed management is 

essential (see the Speed Management To olbox  later in this Plan).  

Intersection or 

Segment  
Segment  

 
Source: NACTO  

 

Applicable Collision 

Types 
Bicycle Collisions  

Potential Collision 

Reduction  
Varies 

Planning -Level Cost  $300,000 per mile  
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Separated Bikeways  

Separated Bikeways  

Separated bikeways provide a physical separation from vehicular traffic. This separation may include 

grade separation (slightly elevated bike lane), flexible posts, planters or other inflexible physical barriers, or 

on -street parking. These bikeways provid e bicyclists a greater sense of comfort and security, especially in 

the context of high -speed roadways. Separated facilities can provide one -way or two -way travel and may 

be located on either side of a one -way roadway.  

Separated bikeways are appropriate at  speeds and volumes where bike lanes or buffered bike lanes do 

not adequately address the comfort needs of a majority of the candidate biking populatio n. These 

facilities are more appropriate than shared -use paths if pedestrian and bicyclist volumes are ex pected to 

be relatively high (i.e., separation of bicyclists and pedestrians is encouraged).  

Intersection or 

Segment  
Segment  

 
Source: Kittelson  

 

Applicable Collision 

Types 
Bicycle Collisions  

Potential Collision 

Reduction  
Varies 

Planning -Level Cost  $110,000 
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Install Green Bike Lanes at Conflict Points  

Install Green Bike Lanes at Conflict Points  

Colored pavement can be used to call attention and increase visibility of potential conflict areas. Colored 

bike facilities can be used as a spot treatment (i.e., across a turning movement as shown below) or along 

the length of a bike lane. Colored pavement has been shown to increase motorist yielding. 1 The MUTCD 

specifies that colored paint for bicycle facilities mu st be green to avoid confusion with other traffic control 

markings.  

Intersection or 

Segment  
Segment/ Intersection  

 
Source: Kittelson 

Applicable Collision 

Types 
Bicycle Collisions  

Potential Collision 

Reduction  
39% 

Planning -Level Cost  $9 per square foot  

1Sources: NACTO Urban Bikeway Design Guide ; Hunter, WW et al (2000). Evaluation of Blue Bike -Lane 

Treatment in Portland, Oregon. Transportation Research Record , 1705, 107-115. 

Bike Box / Advanced Stop Bar  

Bike Box / Advanced Stop Bar  

A bike box or advanced stop bar provides dedicated space for cyclists at the head of a traffic lane. Bike 

boxes enhance cyclist visibility, reduce the risk of òright hookó collisions, and provide opportunities for 

cyclists to position themselves for left t urns. The bike box is still an experimental treatment per FHWA. A bike 

box that extends across an entire approach can be used to help position left -turning cyclists, or to 

transition from a right -side bike lane to a left -side bike lane. Alternatively, two -stage turn queue boxes can 

be used when multiple through lanes are present. Bike boxes are appropriate at signalized intersections 

with high volumes of bicyclists and right -turning vehicles, typically along a bike lane or u rban greenway . 

Intersection or 

Segment  
Intersection  

 
Source: Marc Caswell, San Francisco Bicycle Coalition  

Applicable Collision 

Types 
Bicycle Collisions  

Potential Collision 

Reduction  
35% 

Planning -Level Cost  
$9 per square 

foot  
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Two-Stage Turn Queue Boxes  

Two-Stage Turn Queue Boxes  

Two-stage turn queue boxes provide cyclists with an opportunity to turn (usually left) across multiple lanes 

of traffic by providing formal space to make turn maneuvers. They increase the time it takes a cyclist to 

make an associated turn because the cyclist must wait through multiple signal phases. The two -stage turn 

box is an experimental treatment per FHWA. They may also be used for turns at midblock crossing locations 

or for right turns from a left -side bike lane.  

Intersection or 

Segment  
Intersection  

 
Source: NACTO  

Applicable Collision 

Types 
Bicycle Collisions  

Potential Collision 

Reduction  

None 

documented  

(Qualitatively: 

allows bike riders 

to reduce 

conflicts and 

improve angle of 

approach to an 

intersection)  

Planning -Level Cost  - 

  



 

Kittelson & Associates, Inc., Bend, Oregon   47 

CITY OF BEND  

BEND AREA TRANSPORTATION SAFETY ACTION PLAN 

Lane Reconfiguration  

Lane Reconfiguration  

A roadway reconfiguration often adds dedicated left -turn lanes (sometimes right turn lanes are added) by 

re-allocating roadway space. Roadway reconfigurations are considered when the road is not operating 

efficiently, when there are rear -end or crossing crashes, or when a system element is missing and needs to 

be added. A typical situation occurs when left -turns are accommodated in the through t ravel lane and 

the number of left -turns is great enough to cause delay to drivers trying to continue straight. When this 

situation occurs in both directions, it is more efficient to provide a dedicated left -turn lane. The pavement 

space that is freed up ca n be used for on -street parking, on -street parking buffer space (so people have 

more space to exit their parked cars), or adding bike lanes or widening sidewalk.  The treatment aims to  

reduce conflicts, increase system efficiency and increase safety benef its for each road user.  

Intersection or 

Segment  
Segment  

 

 

Source: FHWA 

Applicable Collision 

Types 
All collisions 

Potential Collision 

Reduction  
29% 

Planning -Level Cost  $20,000 per mile  
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3.5 ENHANCED PEDESTRIAN CROSSINGS 

Within the recommended countermeasures that address safety issues for pedestrians, a subset provides 

options for enhancing pedestrian crossings. These treatments are summarized in Table 6 and include the 

following:  

¶ Curb extension  

¶ Pedestrian refuge island  

¶ Rapid rectan gular flashing beacon  

¶ Pedestrian hybrid beacon  

¶ Pedestrian signal  

 

The strategies improve pedestrian crossings in ways  that range from increasing pedestrian visibility  and  

increasing driver awareness of the crossing  to  providing a refuge to allow the pedest rian to cross in two 

stages . 

 

Table 8. Enhanced Pedestrian Crossing Treatments and Rationale for Selection  

Why was this countermeasure selected for Bend?  
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94 percent of pedestrian crashes resulted in some level of injury or 

fatality. 24 percent of pedestrian crashes resulted in fatality or 

incapacitating injuries.  
X X X X X 

The most common contributing factors in pedestrian collisions were 

failure for the motorists to yield the right -of -way, non -motorists illegally 

in roadway, and non -motorist clothing not visible.  
X X X X X 

90 percent of pedestrian crashes occurred within 250õ of 

intersections. 48 percent of pedestrian crashes occurred at two -way 

stop -controlled intersections. 28 percent of pedestrian crashes 

occurred at traffic signals.  

X X X X X 

36 percent of pedestrian crashes occurred on, or at intersections 

with, five -lane roads. 12 percent of pedestrian crashes occurred on, 

or at intersections with, four lane roads.  
X X X X X 

Most  fatal/incapacitating pedestrian collisions involved motorists 

continuing straight (not turning) (9 of 12 crashes)  
X X X X X 
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Curb Extensions  

Curb Extensions  

Curb extensions visually and physically narrow the roadway at pedestrian crossing locations and provide 

additional space to wait at street corners while reducing crossing distances for pedestrians.  Curb 

extensions increase visibility of pedestrians by bringing the crossing further into the roadway. This is 

especially beneficial with the  presence of on -street parking at the approach to the crossing. Curb 

extensions can also serve as transit stop locations to support bus priority in not leaving the traffic stream.  

Intersection or 

Segment  
Intersection/Segment  

 
Source: Kittelson  

 

Applicable 

Collision Types  
Pedestrian Collisions  

Potential 

Collision 

Reduction  

37% 

Planning -Level 

Cost  
$20,000 
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Pedestrian Safety Island  

Pedestrian Safety  Island  

Median refuge islands are physical crossing enhancements that allow for two -stage crossings ( where 

people only need to cross one direction of travel at a time). This effectively shortens the crossing distance 

and reduces exposure to vehicles. Median refuge islands are most suitable for locations where pedestrians 

mu st cross three or more vehicle travel lanes (but may also be considered in other locations, space 

permitting). Medians may also support speed management on high -speed roadways at uncontrolled or 

midblock crossing locations.  

Intersection or 

Segment  
Intersection/Segment  

 
Source: New York City DOT  

 

Applicable 

Collision Types  
26 ð 31% 

Potential 

Collision 

Reduction  

37% 

Planning -Level 

Cost  
$25,000 
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Rectangular Rapid Flashing Beacon (RRFB)  

Rectangular Rapid Flashing Beacon  

Rectangular rapid -flashing beacons (RRFBs) are pedestrian -actuated warning signs supplemented with 

high -visibility LED lights. When activated, RRFBs flash a high -visibility strobe -like light warning drivers when 

pedestrians are crossing. RRFBs have shown t o reduce pedestrian collisions by up to 47%. RRFBs should be 

used in locations with high pedestrian safety issues as over -use may diminish their effectiveness. Installing 

median safety islands with RRFBs can  further increase effectiveness . 

Intersection or 

Segment  
Segment  

 
Source: FHWA 

 

Applicable Collision 

Types 

Pedestrian 

Collisions 

Potential Collision 

Reduction  
10 ð 56% 

Planning -Level Cost  $20,000 - $50,000 
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Pedestrian Hybrid Beacon (PHB)  

Pedestrian Hybrid Beacon (PHB)  

Pedestrian Hybrid Beacons (PHBs) are traffic control devices that provide dedicated time for pedestrians 

to cross the street. PHBs can reduce pedestrian crashes by requiring vehicles to stop at a crossing location. 

PHBs are typically installed at locations  where pedestrians need to cross  a multilane roadway  and vehicle 

speeds or volumes are high . PHBs are suitable for locations where major street volume or speed limits inhibit 

safe pedest rian crossing, or if pedestrian delay is excessive. PHBs should be considered for locations that 

do not meet the traffic signal warrant based on vehicle or pedestrian volume criteria, or locations where a 

traffic signal warrant is met but is chosen to not be installed.  PHBs may be appropriate at multi -lane 

roundabouts.  

Intersection or 

Segment  
Intersection/Segment  

 
Source: Kittelson 

Applicable 

Collision Types  
Pedestrian Collisions  

Potential 

Collision 

Reduction  

55 ð 69% 

Planning -Level 

Cost  
$70,000 
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Pedestrian Signal  

Pedestrian Signal  

Pedestrian signals are pedestrian crossing treatments for previously uncontrolled locations that have 

significant pedestrian volumes. Pedestrian signals provide an exclusive signal phase that stops conflicting 

vehicular movements. Pedestrian signals may be activated by a push -button or actuated through 

pedestrian detection.  

Intersection or 

Segment  
Segment  

 
Source: Kittelson  

Applicable Collision 

Types 

Pedestrian 

Collisions 

Potential Collision 

Reduction  
15 ð 69% 

Planning -Level Cost  $250,000 
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SECTION 4 

SPEED MANAGEMENT 

TOOLBOX 




























































































