
 

 

Appendix A 

Source: R. E. Abel and N. Garber, "Evaluation of Crash Rates and Causal Factors for 
High-Risk Locations on Rural and Urban Two-Lane Highways in Virginia," University 
of Virginia, 2008. 

Table A-1. Recommended countermeasures by collision type, highway classification, and causal 
factor 

Collision 
Type crashes) 1  

Rear-end 

Rural Primary, Urban 
Secondary 

Presence of Turn 
Lanes (-) 

Add turn lanes at 
intersections 

Rural Primary, Urban 
Primary 

Stoplight Density (+) Advance warning signs 

Angle 

Rural Secondary, Urban 
Secondary 

Increased Shoulder 
Width (-) 

Add or improve 
shoulders 

Urban Primary, Urban 
Secondary 

Stop Sign Density (-) 
Add stop signs where 
appropriate 

Head-on 

Rural Secondary, Urban 
Primary 

Steep Grade (+) 
Add advisory signs or 
realignment 

Rural Primary, Rural 
Secondary, Urban Primary 

Passing Allowed (+) 
Add advisory signs or 
adjustment of passing 
segments 

Rural Primary, Rural 
Secondary, Urban 
Secondary 

Increased Lane Width (-) Roadway widening 

Sideswipe 

Rural Primary, Rural 
Secondary, Urban Primary 

Passing Allowed (+) 
Add advisory signs or 
adjustment of passing 
segments 

Rural Primary, Rural 
Secondary, Urban Primary 

Sharp curvature (+) 
Add advisory signs and 
chevrons or 
realignment 

Rural Secondary Steep Grade (+) 
Add advisory signs or 
realignment 

Rural Primary High operating Speed (+) Reduce speed limit 

Rural Primary, Rural 
Secondary 

Chevrons (-) 
Add additional 
chevrons 

Highway Classification(s) 
Influencing Factor (effect on 

Countermeasure 



 

 

Collision 
Type 

Highway Classification(s) 
Influencing Factor (effect on 

crashes) 1  
Countermeasure 

Run-off-
road 

Rural Primary, Urban 
Primary, Urban Secondary 

Increased Lane Width (-) Roadway widening 

Rural Primary, Rural 
Secondary 

Sharp curvature (+) 
Add advisory signs and 
chevrons or 
realignment 

Rural Secondary, Urban 
Primary, Urban Secondary 

Increased Shoulder Width 
(-) 

Add or improve 
shoulders 

Rural Primary, Rural 
Secondary 

Passing Allowed (+) 
Add advisory signs or 
adjustment of passing 
segments 

Deer 

Urban Primary Sharp Curvature (+) 
Add advisory signs and 
chevrons or 
realignment 

Rural Primary, Rural 
Secondary, Urban Primary 

High Operating Speed (+) Reduce speed limit 

Other 

Rural Primary, Rural 
Secondary 

Sharp Curvature (+) 
Add advisory signs and 
chevrons or 
realignment 

Rural Primary, Urban 
Secondary 

Increased Lane Width (-) Roadway widening 

1 A negative sign indicates the variable reduces crashes and should therefore be implemented; a positive sign indicates 
the variable increase crashes and should be improved in order to reduce crashes. 

 



Appendix B 

Source: K. Fitzpatrick, A. Parham, M. Brewer, and S. Miaou, "Characteristics of and 
Potential Treatments for Crashes on Low-Volume, Rural Two-Lane Highways in Texas," 
2001. 

Table B-1. Potential safety treatments for various issues 

Category Potential Safety Treatment 

Clear Zone 

Flatten side slopes 
Increase clear zone 
Make culverts traversable by adding bars to prevent tires from entering 
culvert 
Mow 
Remove headwalls or adding fill to bring ground level with headwall 
Remove trees 
Upgrade safety appurtenances 
Other 

Wildlife Control 

Methods to control wildlife management 
Reflectors to alert wildlife of approaching vehicles 
Sign (with or without flashers) to alert drivers of wildlife 
Other 

Additional Lane 

Climbing lane 
Passing lane 
Right-turn lane 
Left-turn lane 
Two-way left-turn lane 
Other 

Pavement surface 
Treatments 

Centerline rumble strips 
Edge line rumble strips 
Rumble strips on approaches to intersections or horizontal curves 
Shoulder texturing 
Skid resistance improvements 
Thicker thermoplastic pavement markings 
Other 

  



Category Potential Safety Treatment 

Add on-lane pavement markings (painted curve arrow, slow speeds, etc
Add oversized glass beads 
Add pavement markings (e.g., edge lines) 

avement Add raised pavement marker on centerline or edge line 
arkings Add retroreflective pavement markers 

Reapply existing pavement markings because they have faded 
Remove existing buttons to convert to guidance markings 
Other 
Advance signing for intersections 
Advance signing for horizontal curves 
Advance signing for stop signs 
Delineators 
Diamond grade sheeting at restricted width bridge 

Sign 
provements 

Signal 
provements 

Diamond grade chevron signs at curves 
Flags on stop sign 
Flashing beacon on stop sign 
Flashing beacon on warning sign 
High intensity strobe (HIS) in advance of curves 
In-rail reflectors for guardrail and bridge rail 
Reflective corner caps on signs (contrasting colors) 
Other 
Backboards for traffic signals 
High intensity strobe (HIS) in signal 
Other 
Illumination 

Other 
provements 

Improve/standardize approaches to narrow bridges 
Increase pavement edge maintenance 
Speed detection/notification devices 
Other  
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Appendix C 

Source: F. Hossain, "Risk Factors Associated with High Potential for Crashes on Low-
Volume Roads," Montana State University-Bozeman, 2016. 

Table C-1. Countermeasures related to highway alignment 

Safety Countermeasures 
B/C (ODOT 

values) 
B/C (HSM 

values) 

Horizontal Alignment Sign 2.96 1.78 
Horizontal Alignment Sign with Static Advisory Speed 2.96 1.78 
Flashing Beacon for Curve Warning 1.47 0.75 
Chevrons 0.87 0.39 
Post Mounted Delineators for Curves 1.26 0.98 
Raised Pavement Markers for Curves 1.11 0.56 
Dynamic Speed Feedback Display on Approach to Curves 0.06 0.01 
High Friction Surface Treatment for Curves 0.31 0.24 

Note: Bold values indicate positive B/C ratios 

Table C-2. Countermeasures related to roadway cross-section 

Safety Countermeasures 
B/C (ODOT 

values) 
B/C (HSM 

values) 

Widen 1 ft. Lanes 0.08 0.13 
Widen 1ft. Paved Shoulder 0.03 0.06 
Widen Un-paved shoulder – unspecified amount 1.46 1.32 
Add Paved Shoulder 0.90 0.82 
Stabilize Shoulder 2.02 1.83 
High Friction Surface Treatment 0.20 0.19 

Note: Bold values indicate positive B/C ratios 
  



 

 

Table C-3. Countermeasures related to roadside features 

Safety Countermeasures 
B/C (ODOT 

values) 
B/C (HSM 

values) 

Flatten Side Slopes 1.53 1.39 
Install Safety Edge 7.74 7.01 
Improve Roadside Hazard Rating 0.77 0.69 
Install Object Markers for Objects Near the Roadway 10.67 8.82 
Relocate Objects Near the Roadway 1.49 1.27 
Remove Objects Near the Roadway 1.84 1.56 
Install Guardrail 1.44 1.34 

Note: Bold values indicate positive B/C ratios 

Table C-4. Other safety countermeasures 

Safety Countermeasures 
B/C (ODOT 

values) 
B/C (HSM 

values) 

Install Shoulder Rumble Strips 25.32 22.92 
Install Centerline Rumble Strips 21.49 19.46 
Install Edge line Markings 9.26 7.78 
Install Centerline Markings 28.45 25.49 
Install Edge line and Centerline Markings 6.38 5.65 
Widen Edge line Markings 7.60 6.75 
Widen Centerline Markings 25.70 23.00 
Install Seasonal Wildlife Warning Sign 3.56 1.80 
Vegetation Removal 1.50 0.00 
Install Fence 0.11 0.04 
Install Fence, Gap & crosswalk 0.03 0.00 

Note: Bold values indicate positive B/C ratios 

 



 

 

Appendix D 

Source: J. E. Atkinson et al., "Manual for Selecting Safety Improvements on High Risk 
Rural Roads," 2014. 

Table D-1. Horizontal curves 

  



 

 

Table D-2. Intersections (signalized) 

  



 

 

Table D-3. Intersections (unsignalized) 

  



 

 

Table D-4. Non-motorized user 

 

  



 

 

Table D-5. Pavement and shoulder resurfacing 

 

  



 

 

Table D-6. Pavement marking 

  



 

 

Table D-7. Roadside 

  



 

 

Table D-8. Signing 

 



 

 

Table D-9. Vertical curves 

 



Appendix E 

Source: F. Gross, P. P. Jovanis, and K. Eccles, "Safety Effectiveness of Lane and 
Shoulder Width Combinations on Rural, Two-Lane, Undivided Roads," Transportation 
Research Record: Journal of the Transportation Research Board, vol. 2103, no. 1, pp. 
42-49, 2009. 

Table E-1. Low-Volume roads and safety audits 

 



 



 

 

Appendix F 

Source: R. Sperry, J. Latterell, and T. McDonald, "Best Practices for Low-Cost Safety 
Improvements on Iowa’s Local Roads," Center for Transportation Research and 
Education, 2008. 

Table F-1. Best Practices for low-cost safety improvements on Iowa’s local roads 

Type Highway Classification(s) 

Signing and 
Delineation 

Use of 36 in. Signs on Paved Roadways (Warnings, Stop Ahead, and Stops) 
Replacing Yield Signs with Stop Signs at Y Intersections 
Use of Chevrons (in Lieu of) Double Arrow for Extra Emphasis 
Nighttime Sign Surveys 
Flags on (Oversize) Stop (and/or Warning) Signs 
Object Markers—Marking Hazards 
Delineators—Marking Alignment or a Hazard 
Post-Mounted Delineators and Chevrons (Curves) 
Large Advance Street Signing 
Larger 8 in. Street Names Signs 
Adding Large Arrow Sign to Curve Warning 
Flashing Beacons (Red) 
Flashing Beacons (Yellow) 
Solar-Powered Flashing Beacons (Red or Yellow) 
Utility Pole Delineation 
Blinker Signs 
Sign Sheeting Alternatives 

Traffic Calming 

Summary of Treatment Effectiveness 
Speed Displays 
Lane Width Reduction with Channelizers 
Speed Limit on Pavement 
Pavement Marking with Convergent Chevrons 
2-6 Shoulder Marking to Reduce Perceived Width of Traveled Way 
Speed Humps or Tables 
Optical Speed Bars for Speed Reduction 
Optical Speed Bars (for Speed Reduction at Curves) 
Red Painted Pavement Markings 

Pavement 
Marking and 

Rumble Striping (Research project in 2008) 
Rumble Striping on New PC Overlay Project 



 

 

Type Highway Classification(s) 

Rumble 
Strips/Stripes 

Painted Edge lines on Two-Lane Paved Roads 
Wider Longitudinal Pavement Markings (Edge lines) 
Milled in Centerline Pavement Markings 
Shoulder and Edge line Rumble Strips 
Centerline Rumble Strips 
Advance Rumble Strips for Stop Signs on Paved Roadways 
Curve Advance Warning on Pavement 

Roadside and 
Clear Zone 

Mowing Entire ROW (Paved Roads) 
Mowing/Clearing Railroad ROW (with permission) 
Safety Dikes (Ramps) at T Intersections 
Flattening Slopes of Entrances and Drives 
Maintenance Shouldering/Flattening Slopes 
County Entrance Slope Survey Data from Iowa DOT 
Removal of Hazard(s) in Clear Zone 
Utility Pole Relocation 

Guardrail and 
Barriers 

Reflective Tape on Guardrail 
Reflective Paint on Guardrail 
Roadside Cable Barrier 
Roadside Beam Guardrail 
High Tension Cable Guardrail (Medians) 

Lighting 
Destination Lighting 
Intersection Lighting 

Pavements and 
Shoulders 

Adding 2 ft of Additional Paving at Curves 
Recycling (4 in.) and Resurfacing (3 in.) at 24 ft Width and Marking 
Pavements at 22 ft Width 
Skid Resistant Treatments and Overlays 
Safety Edge Attachment for ACC Paving 

Intersections 
Offset Right-Turn Lane 
Roundabouts 

Railroad Crossings 

Channelizers for Lane Guidance and at Railroad Crossings 
Medians at Railroad Crossings 
Stop Signs at Railroad Crossings 

Bridges and 
Culverts 

Guardrail at Culvert Ends 
Guardrail at Bridge Ends 

Miscellaneous 

Crash Study Methodology 
Resource Allocation Strategy 
Creating Positive Relationships with Law Enforcement 
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