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Appendix A – Non-Crash-Based Proceedures 

APPENDIX A 

NON-CRASH-BASED PROCEEDURES 

In addition to the crash files, procedures, and summaries that have been described in this 
manual, locations needing improvement can also be identified through other means.  Information 
other than the numbers, types, and locations of crashes can often help to identify hazardous 
locations before a large number of crashes occur.  Other sources of information include citizen 
complaints and suggestions concerning road safety and repair, employee reports of hazardous 
locations or ideas for improving traffic safety, and road safety audits.  The city should have a 
system in place to receive and act on this information in a timely and organized manner. 

NON-CRASH SOURCES OF INFORMATION FOR IMPROVEMENTS 

Citizen Complaints 
Responses to complaints from citizens should be acted upon according to the importance of 

the situation to public health and well being.  A complaint regarding a hazardous situation could 
necessitate an immediate response, such as replacing a missing STOP sign.  A telephone call 
reporting a large pothole, on the other hand, may be justification to alter the street maintenance 
schedule. 

Employee Reports 
All city employees and officials, not just police officers, should be encouraged to submit 

ideas for improving traffic safety.  Files on public and employee input should include: 
• The time and date when the information was received, 
• The nature of the reported hazard, 
• The name of the person who was assigned the responsibility to investigate the problem, 
• The actions taken to remedy the situation, and 
• The time and date when the corrective action was completed. 

Road Safety Audits 
The road safety audit is a relatively new technique aimed at identifying potential road 

hazards on existing and future roads.  In a report published by the Institute of Transportation 
Engineers (ITE), a road safety audit is defined as, “a formal examination of an existing or future 
road or traffic project, or any project that interacts with road users, in which an independent, 
qualified examiner looks at the project’s crash potential and safety performance.”  Two of the 
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key aspects of a road safety audit are that it is a formal, unbiased evaluation of the roadway 
(primarily identifying safety problems) and that it employs qualified and experienced auditors. 

A road safety audit has two main objectives.  The first objective is to identify areas on roads 
where potential crashes may occur.  The second objective is to reduce or eliminate safety 
problems by taking proper remedial measures.  Benefits realized by safety audits include: 

• Reduction in the frequency and severity of traffic crashes, 
• Elimination of post-construction work, 
• Increase in the economic benefits of a project by reducing the lifecycle costs of a project, 

and 
• Promotion of safe design practices during planning, design, construction, and 

maintenance stages of projects. 

Application of Road Safety Audits 
Road safety audits can be conducted at different stages of the project, including: 

• Feasibility Stage:  Road safety audits can affect the scope of the project, selection 
of routes, design standards, the road network currently in service, and many of the 
other activities taking place at this stage. 

• Preliminary Design Stage: Aspects of the project that can be affected by safety 
audits during this stage include horizontal and vertical alignment, lane width, 
shoulder width, intersection layouts, and super-elevation. 

• Detailed Design Stage:  During this stage, many aspects of the detailed design are 
considered, such as line markings, signs, delineation, lighting, and details of 
intersection layouts. 

• Pre-opening Stage:  The auditor or audit team should drive, ride, and walk 
through the facility at different times and under different weather and climate 
conditions to locate areas where the user is at risk. 

• In-service Stage:  During this stage, a systematic examination of the existing 
roads is performed to evaluate their safety.  This type of audit can be used to 
monitor a newly opened facility or to evaluate the safety of an existing road or 
network of existing roads. 

Conducting Road Safety Audits 
The road safety audit is a valuable tool for preventing crashes.  It can be performed with a 

limited amount of crash and traffic data, which makes it especially feasible and cost-effective 
for small cities.  Sample worksheets for safety audits are provided in Figures A-1 and A-2.  
The audit is made up of the following steps: 
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1. Select an auditor or audit team:  The auditor or audit team should be experienced 
in the field of traffic safety and management, crash investigation, road design, and 
human factor analysis.  The selection should be such that the auditor or audit team 
will conduct the audit in an independent and objective manner.  Independence of 
the auditor or audit team can be ensured by hiring qualified consultants in the city 
or by utilizing an auditor from another city. 

2. Conduct the road safety audit:  A program should be developed that ensures the 
auditing of the entire network of roads and streets.  Then, an audit checklist 
should be formulated covering all the important safety problems.  This checklist is 
used as a supplement to support the experience and knowledge of the auditor or 
audit team.  During the audit, safety must be considered from the viewpoint of all 
road users, and all possible movements of traffic must be examined.  The audit 
should also address different climate conditions, conditions at different times of 
the day, and different traffic conditions.  Finally, the audit should address the 
possibility of enhancing safety by providing a more consistent street environment. 

3. Produce a road safety report:  The final report describes the results, and hence the 
safety needs for the street network.  Priorities and general auditor 
recommendations may be included in the report. 

4. Hold a follow-up evaluation:  The auditor or audit team, persons with jurisdiction 
over the network, and those funding the project should discuss the results and 
findings of the audit in a follow-up meeting.  During the meeting, some safety 
needs are given priorities over others.  Any action regarding the audit itself should 
be documented, as well as resulting programs, schedules, and safety actions to be 
taken. 

SETTING UP A SYSTEM FOR RECEIVING INFORMATION 
The city should have a well-organized system for receiving information from individuals, 

prioritizing city responses, assigning work to be done, and documenting job completion.  This 
allows the city not only to respond to citizen complaints more effectively, but also to expand the 
ability of the city to detect traffic safety problems throughout the entire jurisdiction.  The system 
can be set up as follows: 

1. Establish a specific contact point in the city offices to receive all complaints and 
suggestions concerning local traffic safety.  Each contact must be logged into a 
permanent record giving the name, address, and phone number of the individual making 
the report, the time the report was received, and a description of the problem reported. 
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SAFETY AUDIT CHECKLISTS FOR EXISTING STREETS 

 
Auditor(s):  _______________________________________ Date:  _________________ 
 
Location (Reference Map included):  
 
 

TRAFFIC SIGNS 
 

 Traffic signs must: 1) Fulfill a need, 2) Command attention, 3) Convey a clear, simple message, 4) 
Command respect of road users, and 5) Give adequate time for proper response.  When correcting 
problems, priority is recommended for regulatory signs (i.e. Stop, Yield, Speed Limit, Do Not Enter, and 
Road Closed) and for major warning signs (i.e. Stop Ahead, Yield Ahead, Turn, Curve, and Railroad 
Crossings). 
 
Check 
 

  Are signs visible, both day and night, at a distance that provides response time for motorists? 
 

  Is sign visibility affected by: 
   • Vegetation, Dirt, Other Materials? 
   • Sharp Curves? 
   • Steep Hills? 
   • Other Signs? 
   • Poor Lighting? 
   • Reflectivity at Night? 
 

  Have damaged, vandalized, or missing signs been repaired or replaced? 
 

  Does the sign have a clear and simple message? 
 

  Are signing practices consistent at similar locations? 
 

  Are signs correctly positioned with respect to: 
   • Lateral Clearance?  (2 feet recommended) 
   • Height?  (7 feet to bottom of the sign recommended) 
 

  Are sign supports breakaway or yielding? 
   • If not, are the sign supports located to minimize exposure to traffic? 
 
 Site-specific factors may require engineering judgment.  The Manual on Uniform Traffic Control 
Devices (MUTCD) is the basis for all traffic control device standards.  The MUTCD and applicable state 
and local standards should be referenced as needed.  The necessary advance warning distance depends on 
several factors such as vehicle speed, site conditions, and required motorist action; consult the MUTCD 
for further guidance. 
 

FIGURE A-1  AUDIT CHECKLIST FOR TRAFFIC SIGNS ON EXISTING STREETS 
(FROM HAIAR AND WILSON 1999) 
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SAFETY AUDIT CHECKLISTS FOR EXISTING STREETS 

 
Auditor(s):  _______________________________________ Date:  _________________ 
 
Location (Reference Map included):  
 
 

INTERSECTIONS 
 

 Site-specific factors often require engineering judgment.  The Manual on Uniform Traffic Control 
Devices (MUTCD) and applicable state and local standards should be referenced as needed for guidance 
as to the appropriate traffic control and sight distance for an intersection.  The signing checklist provides a 
more detailed examination of signing issues. 
 
Check 
 

  Is the visibility of the intersection or any approaches limited by: 
   • Parked or Queued Traffic? 
   • Signs, Utility Poles, Fences? 
   • Embankments? 
   • Buildings? 
   • Vegetation? 
   • Other Sight Obstructions? 
 

  Has an effort been made to improve the sight distance of the intersection before installing traffic 
control measures? 

   • An engineering study is usually necessary for the placement of traffic control. 
   • Use of stop signs is not recommended for speed control. 
 

  Are hidden or unexpected intersections located on: 
   • Hills or curves? 
   • At the end of high-speed streets? 
   • Streets that do not intersect at 90°? 
   If so, additional warning for the motorist may be necessary. 
 

  Are pedestrians (children, bicyclists, etc.) and motorists readily visible at the intersection? 
 

FIGURE A-2:  AUDIT CHECKLISTS FOR STREET INTERSECTIONS (FROM HAIAR 
AND WILSON 1999) 
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2. Enact a procedure to prioritize complaints in the event there are multiple complaints 
received at about the same time.  The following four-level priority system is suggested: 

Priority A: URGENT.  Should respond as soon as possible (day, night, weekends, or 
holidays), suspending lower priority work if necessary.  This condition 
represents an immediate hazard to the public, such as roadside fixture 
knockdown onto street, traffic signal bulb out, or stop sign missing. 

Priority B: MODERATE RISK.  Should respond as soon as possible, but within 
normal working hours and only after Priority A repairs are finished.  This 
situation results in some danger to the motoring public and most drivers 
would normally not expect it to exist.  Examples include roadside fixture 
knockdown onto shoulder, warning sign missing, or sight distance 
restricted due to vegetation. 

Priority C: LOW RISK.  Only slight danger to motoring public if some degree of 
caution is not exercised.  Repair should be accomplished with more 
urgency than routine maintenance.  Examples are:  lighting fixture 
malfunction, lack of pavement stripe, or loose gravel on a paved surface. 

Priority D: ROUTINE MAINTENANCE.  Repair not urgent, situation is a reasonably 
common occurrence, with little or no hazard to the motoring public.  
Repair would be considered as routine maintenance, but maintenance 
schedule could be altered to give earlier attention to reported condition.  
Examples are spalled pavement areas or small potholes. 

3. Any corrective action should be recorded on a form designed to describe the complaint, 
its location, the priority of action to be taken, the name of the person assigned to 
investigate and handle the problem, the time the repair work was initiated, the nature of 
the work that was completed, and the time when the work was completed. 

4. After the work has been completed, the person who filed the complaint or provided the 
suggestion should be contacted to inform him or her of the actions taken.  Then, a 
permanent record should be kept, by location, to supplement the high-crash location 
countermeasure selection process. 

It is also advisable for the city engineer to record other data that will prove useful for traffic 
studies, city planning, and activity reports.  Examples of supplementary information that should 
be kept include: 

• Dates and descriptions of major street and intersection improvements, 
• Dates of completion and descriptions of any new, major facility that causes changes in 

traffic volumes or traffic patterns, and 
• Files on public input and city employee reports. 
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APPENDIX B 

PROBABLE CAUSES FOR CRASH PATTERNS AND GENERAL 
COUNTERMEASURES  

The primary purpose of the crash pattern-cause-countermeasure table (Table B-1) is to assist 
the user in establishing a list of general countermeasures (or possible improvements) for a high-
crash location.  It is assumed that particular crash patterns have associated probable causes.  
Crash patterns are identified from crash summaries and collision diagrams.  Probable causes 
relating to crash patterns are inferred from crash reports, on-site reviews, and other traffic studies 
conducted at the site.    

Table B-1 is a basic guide to the general types of countermeasures that have been found to be 
effective in crash reduction.  There may be other improvements not in the table that could be 
appropriate for a particular high-crash location.  Those improvements may be identified by 
professional judgment or by consulting with other engineers.       

The crash pattern-cause-countermeasure table is organized according to the following crash 
patterns:  

• Right-angle collisions at un-signalized intersections 
• Right-angle collisions at signalized intersections 
• Rear-end collisions at un-signalized intersections 
• Rear-end collisions at signalized intersections      
• Pedestrian crashes at intersections 
• Pedestrian crashes at locations between intersections 
• Fixed object collisions 
• Fixed object collisions and/or vehicles running off road 
• Collisions with parked vehicles or vehicles being parked 
• Collisions at driveways 
• Wet pavement crashes  
• Crashes at night 
• Collisions at railroad grade crossings 
• Sideswipe or head-on collisions between vehicles traveling in opposite directions 
• Lane change, sideswipe, or turning collisions between vehicles traveling in the same 

direction 
• Left-turn collisions at intersections 
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• Right-turn collisions at intersections 
• Pedestrian crashes at intersections 

REFERENCES 
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August 1976. 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Right-angle collisions at  restricted sight distance 1-remove sight obstructions 
un-signalized 2-restrict parking near corners 
intersections 3-install warning signs * 

 4-install yield signs * 
 5-install stop signs * 
 6-install overhead flashing beacon * 
 7-channelize intersection 
 8-install/improve street lights at intersection 
 9-install traffic signals * 
 10-set appropriate speed limit ** 
 11-improve intersection approach angle 
 

 high approach speed 1-set appropriate speed limit ** 
 2-install rumble strips 
 3-install overhead flashing beacon * 
 

 large total traffic volume at 1-install stop signs * 
 location 2-restrict parking near corners 
 3-add traffic lanes 
 4-re-route through-traffic 
 5-install signals * 
 

 inadequate roadway lighting install/improve street lights at intersection 
 

 inadequate advance  install/improve warning signs * 
 intersection warning signs 
 

 inadequate traffic control 1-upgrade traffic control devices 
 devices 2-increase enforcement 
 

Right-angle collisions  restricted sight distance 1-remove sight obstructions 
at signalized  2-restrict parking near corners 
intersections 3-install/improve warning signs * 

 4-set appropriate speed limit ** 
 5-provide adequate channelization 
 6-provide pavement markings to supplement signs 
 

TABLE B-1:  GENERAL COUNTERMEASURES FOR CRASH PATTERNS AND THEIR 
PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Right-angle collisions  poor visibility of traffic signals 1-remove sight obstructions 
at signalized  2-set appropriate speed limit ** 
intersections (cont'd) 3-install or improve warning sign(s) * 

 4-install 12-inch signal lenses * 
 5-install signal visors or back plates 
 6-install overhead signals * 
 7-add signal heads * 
 8-re-locate signals 
 

 inadequate traffic signal  1-adjust yellow change interval 
 timing or type of signal 2-add all-red clearance interval 
 3-adjust phase times and cycle time 
 4-install multi-dial controller 
 5-install traffic actuated signal 
 6-adjust minimum green or extension time 
 7-interconnect traffic signals and improve timing 
 8-install signal speed signs * 
 

 excessive speed 1-set appropriate speed limit ** 
 2-adjust yellow change interval 
 3-install rumble strips 
 

 inadequate roadway lighting install/improve street lights at intersection 
 

 inadequate advance  install/improve warning sign(s) * 
 intersection warning signs 
 

 large total intersection volume 1-add lane 
 2-adjust signal timing 
 

Rear-end collisions at pedestrians crossing roadway 1-improve crosswalk markings and/or signs * 
un-signalized  2-install/improve street lights at intersection 
intersections 3-relocate crosswalk 

 

 excessive speed set appropriate speed limit ** 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Rear-end collisions at large volume of vehicles  1-increase curb radii 
un-signalized  turning 2-install turning lanes 
intersections (cont'd) 3-prohibit turns 

 

 slippery surface 1-overlay pavement (friction course) 
 2-chip and seal or slurry seal approaches 
 3-groove pavement surface 
 4-provide adequate drainage and/or improve crown 
 5-set appropriate speed limit ** 
 6-use "SLIPPERY WHEN WET" sign * 
 

 driver not aware of  1-install/improve warning signs * 
 intersection 2-install overhead flashing beacon * 
 3-improve intersection approach angle 
 

 inadequate roadway lighting install/improve street lights at intersection 
 

 lack of adequate gaps 1-install traffic signal * 
 2-install stop sign * 
 

Rear-end collisions at  poor visibility of traffic signals 1-install/improve warning sign * 
signalized intersections 2-install 12-inch signal lenses * 

 3-install signal visors or back plates 
 4-install overhead signals * 
 5-add signal heads * 
 6-re-locate signals 
 7-remove sight obstructions 
 8-set appropriate speed limit ** 
 

 inadequate traffic signal  1-adjust yellow change interval 
 timing 2-add all-red clearance interval 
 3-adjust phase times and cycle time 
 4-install multi-dial controller 
 5-install traffic actuated signal 
 6-adjust minimum green or extension time 
 7-interconnect traffic signals and improve timing 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Rear end collisions at  slippery surface 1-overlay pavement (friction course) 
signalized intersections 2-chip and seal or slurry seal approaches 
(cont'd) 3-groove pavement surface 

 4-provide adequate drainage and/or improve crown 
 5-set appropriate speed limit ** 
 6-use "SLIPPERY WHEN WET" sign * 
 

 pedestrians crossing roadway 1-improve crosswalk markings/signs * 
 2-provide pedestrians with "WALK" phases 
 3-install/improve street lights at intersection 
 

 unwarranted signals remove signal * 
 

 large volume of vehicles  1-prohibit turn 
 turning 2-install turn lane 
 3-increase curb radii 
 4-add left-turn signal phase 
 

 inadequate roadway lighting install/improve street lights at intersection 
 

Pedestrian crashes inadequate protection for  1-add pedestrian refuge island 
at intersections pedestrians 2-install pedestrian barrier 

 3-install pedestrian signals * 
 4-install pedestrian bridge or tunnel 
 

 inadequate traffic signals 1-add pedestrian "WALK" phase * 
 2-improve timing of pedestrian phase 
 

 excessive speed 1-install/improve warning sign * 
 2-set appropriate speed limit ** 
 3-increase enforcement 
 4-install pedestrian barrier 
 

 inadequate signal timing re-time signal 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Pedestrian crashes school crossing area 1-remove parking from crosswalk location 
at intersections (cont'd) 2-remove sight obstructions 

 3-add school zone markings * 
 4-install school crossing signs * 
 5-install school speed limit signs * 
 6-install school crossing signals * 
 7-use school crossing guards 
 8-revise school route plan map * 
 9-install pedestrian bridge or tunnel 
 

 sight distance inadequate 1-remove sight obstructions 
 2-install/improve pedestrian crosswalk 
 3-install/improve pedestrian crossing signs * 
 4-reroute pedestrian path/mid-block crossing 
 5-restrict parking near corner/crosswalk 
 

 inadequate/improper  1-install thermoplastic markings 
 pavement markings 2-provide signs to supplement markings 
 3-improve/install pavement markings 
 

Pedestrian crashes at driver has inadequate warning 1-install/improve warning signs * 
locations between  of frequent mid-block  2-set appropriate speed limit ** 
intersections crossings 3-install pedestrian barrier 

 4-prohibit parking 
 

 pedestrians walking on road 1-install sidewalks 
 or jay-walking 2-install "CROSS ONLY AT CROSSWALK" sign * 
 3-install pedestrian barrier 
 

 distance too long to nearest 1-install additional crosswalks and signs * 
 crosswalk 2-install pedestrian actuated signals * 
 

 excessive speed 1-install/improve warning sign * 
 2-set appropriate speed limit ** 
 3-increase enforcement 
 4-install pedestrian barrier 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Pedestrian crashes at inadequate roadway lighting improve roadway lighting 
locations between  
intersections (cont'd)

 lack of adequate gaps 1-provide traffic signal * 
 2-install/improve pedestrian crosswalk traffic  
    control devices * 
 3-provide pedestrian signal * 
 

 inadequate/ improper 1-install thermoplastic markings 
 pavement markings 2-provide signs to supplement markings 
 3-improve/install pavement markings 
 

Fixed object collisions objects located too close to 1-remove/re-locate large objects 
 the roadway 2-install object marker * 
 3-modify poles/posts with breakaway features 
 4-eliminate poles by burying utility lines 
 5-install barrier curbs or guardrail 
 6-install crash cushioning device 
 

 excessive speed set appropriate speed limit** 
 

 slippery surface 1-provide adequate drainage 
 2-provide "SLIPPERY WHEN WET" signs * 
 3-widen lane 
 4-improve skid resistance 
 

 inadequate roadway lighting install/improve roadway lighting 
 

 inadequate/improper  install/improve pavement markings 
 pavement markings 
 

 inadequate roadway design  1-install/improve warning signs * 
 for conditions 2-provide proper superelevation 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Fixed object collisions inadequate traffic control  paint/install reflectors on obstructions 
(cont'd) devices and guardrails 

 

Fixed objects/run-off the slippery surface 1-overlay pavement (friction course) 
road crashes 2-chip and seal or slurry seal roadway 

 3-groove pavement surface 
 4-provide adequate drainage and/or improve 
    crown  
 5-set appropriate speed limit on approaches ** 
 6-use "SLIPPERY WHEN WET" sign * 
 

 roadway design is no longer  1-widen lanes and/or shoulders 
 adequate for traffic conditions 2-relocate or remove islands 
 3-flatten side slope 
 4-provide proper superelevation on curve 
 5-construct more gradual horizontal curve 
 6-install post-mounted delineators on horizontal  
    curve 
 7-install chevron alignment sign on horizontal curve 
 

 poor delineation 1-install/improve warning signs * 
 2-install/improve pavement markings 
 3-install roadside delineators or chevron alignment 
    signs * 
 

 driver has inadequate warning 1-install curve warning sign * 
 of roadway alignment change 2-install advisory speed plate or curve warning  
    sign(s) * 
 3-install large arrow warning sign * 
 

 excessive speed set appropriate speed limit ** 
 

 inadequate roadway lighting install/improve roadway lighting 
 

 poor visibility of traffic control increase sign size 
 devices 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 

 

 B-9



Appendix B – Probable Causes for Crash Patterns and General Countermeasures 

 

CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Fixed objects/run-off the inadequate shoulder upgrade roadway shoulder 
road crashes (cont'd) 

 inadequate channelization provide adequate channelization 
 

 inadequate pavement  repair road surface 
 maintenance 
 

Collisions with parked high rate of parking turnover 1-change from angle to parallel parking 
vehicles or vehicles  2-provide short-term off-street parking 
being parked 3-prohibit parking 

 4-restrict parking during rush hours 
 5-reroute through traffic 
 6-create one-way streets 
 

 roadway design is not  1-widen lanes 
 adequate for traffic conditions 2-change from angle to parallel parking 
 3-prohibit parking 
 4-restrict parking during rush hours 
 5-reroute through traffic 
 6-set appropriate speed limit on traveled way ** 
 

 inadequate parking  restrict parking near corner/ 
 clearance at driveway crosswalk/driveway 
 

 excessive speed set appropriate speed limit ** 
 

 inadequate or improper  mark parking stall limits 
 pavement markings 
 

 angle parking convert angle to parallel parking 
 

 illegal parking 1-increase enforcement 
 2-prohibit parking 
 3-create off-street parking 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Collisions at driveways improperly located driveway 1-regulate minimum spacing of driveways 
 2-regulate minimum corner clearances 
 3-move driveway to side street 
 4-install curb to define driveway location 
 5-combine adjacent driveways 
 

 inadequate sight distance 1-remove sight obstructions 
 2-restrict parking near driveway 
 3-install/improve lighting at driveways 
 4-set appropriate speed limit ** 
 5-improve vertical curve 
 

 left-turn vehicles 1-install median barrier 
 2-install continuous two-way left-turn lane 
 3-install protected left-turn bays 
 

 right-turn vehicles 1-install right-turn lanes 
 2-restrict parking near driveways 
 3-increase roadway width 
 4-widen through-lanes 
 5-increase driveway curb radii 
 

 excessive speed set appropriate speed limit ** 
 

 large volume of through traffic 1-move driveway to side street 
 2-construct a local service road 
 3-re-route through traffic 
 

 large volume of driveway  1-install signal at driveway 
 traffic 2-provide acceleration and/or deceleration lanes 
 3-widen and/or channelize driveway 
 4-construct additional driveway 
 5-change to one-way driveway 
 

 inadequate roadway lighting improve roadway lighting 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Crashes on wet  water ponding on roadway 1-provide adequate drainage and/or improve crown 
pavement 2-remove turf or other drainage impediments from 

    shoulder 
 

 slippery surface 1-overlay pavement (friction course ) 
 2-chip and seal or slurry seal roadway 
 3-groove pavement surface 
 4-set appropriate speed limit ** 
 5-use "SLIPPERY WHEN WET" sign * 
 6-provide adequate drainage 
 7-improve skid resistance 
 

 inadequate/improper  install raised/reflectorized pavement markers 
 pavement markings 
 

Crashes at night poor visibility 1-install/improve street lighting 
 2-install/improve reflectorized signs 
 3-install/improve reflectorized pavement markings 
 4-remove distracting commercial lighting 
    or other sources of glare 
 

 poor visibility of traffic control 1-install/improve warning signs * 
 devices 2-improve roadway lighting 
 3-install/improve delineation 
 

 inadequate signing 1-upgrade traffic control devices * 
 2-provide illuminated signs 
 3-install chevron alignment sign on horizontal curve 
 

 inadequate delineation 1-install/improve warning signs * 
 2-provide raised markings 
 3-install/improve delineation 
 4-install post-mounted delineators on horizontal  
    curve 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Crashes at night  inadequate channelization 1-install/improve warning signs * 
(cont'd) 2-provide raised markings 

 3-install/improve delineation 
 4-install/improve pavement markings 
 

Collisions at railroad  inadequate sight distance 1-remove sight obstructions 
grade crossing 2-improve/install advance warning signs * 

 3-provide stop sign * 
 4-improve/install pavement markings * 
 5-reduce grade 
 6-install train actuated signals * 
 7-install overhead flashing beacon * 
 8-install automatic crossing gates 
 9-improve intersection approach angle 
 10-install bridge or tunnel 
 

 poor visibility 1-install/improve lighting at crossing  
 2-install larger, reflectorized signs 
 

 slippery surface 1-improve drainage 
 2-install skid-resistant surface 
 

 excessive vehicle or train 1-set appropriate speed limit ** 
 speed 2-reduce train speed near crossing 
 

 inadequate/improper  1-add markings to supplement signs 
 pavement markings 2-install limit lines 
 3-install/improve pavement markings 
 

 improper traffic signal  re-time signal 
 preemption timing 
 

 improper signal or gate  re-time automatic flashers or flashers with gates 
 warning time 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Collisions at railroad  rough crossing surface improve crossing surface 
grade crossing (cont'd) 

 sharp crossing angle rebuild crossing with proper angle 
 

Sideswipe or head-on roadway design is no longer  1-install/improve center line markings * 
collisions between  adequate for traffic conditions 2-channelize intersection 
vehicles traveling in  3-widen lanes and/or shoulders 
opposite directions 4-remove constriction such as parked vehicles 

 5-install median barrier 
 6-create one-way streets 
 

 excessive speed set appropriate speed limit ** 
 

 inadequate/ improper  install/improve pavement markings 
 pavement markings 
 

 inadequate shoulder upgrade roadway shoulder 
 

 inadequate channelization 1-provide adequate channelization 
 2-provide turn lane 
 3-install acceleration/deceleration lane 
 4-install median barrier 
 

 inadequate signing 1- install illuminated street name signs 
 2-install advance guide sign * 
 

 inadequate pavement  repair road surface 
 maintenance 
 

Lane change, sideswipe  inadequate traffic control  1-install/improve pavement lane lines 
or turning collisions  devices 2-install advance route identification signs or street 
between vehicles     name signs 
traveling in the same 
direction 

 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Lane change, sideswipe  roadway design is no longer 1-widen lanes and/or shoulders 
or turning collisions  adequate for traffic conditions 2-remove constriction such as parked vehicles 
between vehicles  3-channelize intersection 
traveling in the same 4-provide turning bay for high-volume driveway 
direction (cont'd) 5-install continuous two-way left turn lane 

 6-set appropriate speed limit ** 
 

 excessive speed set appropriate speed limit ** 
 

   inadequate/improper  install/improve pavement markings 
 pavement markings 
 

 inadequate shoulder upgrade roadway shoulder 
 

 inadequate channelization 1-provide adequate channelization 
 2-provide turn lane 
 3-install acceleration/deceleration lane 
 

 inadequate pavement  repair road surface 
 maintenance 
 

 inadequate signing 1-install illuminated street name signs 
 2-install advance guide sign * 
 

Left turn collisions at restricted sight distance 1-provide left-turn signal phase 
intersections 2-provide adequate channelization 

 3-remove sight obstructions 
 4-provide turn lane 
 5-install/improve warning sign * 
 6-set appropriate speed limit ** 
 

 absence of left-turn phase add left-turn signal phase 
 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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CRASH PATTERN PROBABLE CAUSE COUNTERMEASURE 

Left turn collisions at large volume of left-turn 1-create one-way street 
intersections (cont'd) traffic 2-install left-turn lane 

 3-add left-turn signal phase 
 4-prohibit left-turn 
 5-re-route left-turn traffic 
 6-provide adequate channelization 
 7-install stop sign * 
 8-adjust signal phase sequence 
 9-provide turning guidelines for multiple left-turn 
    lanes 
 10-install new traffic signal * 
 11-re-time signal 
 

 yellow phase too short 1-adjust yellow change interval 
 2-add all-red interval 
 

 excessive speed set appropriate speed limit ** 
 

Right-turn collisions at  inadequate turning path increase curb radii 
intersections 

 restricted sight distance 1-remove sight obstructions 
 2-add "NO TURN ON RED" signs if signalized * 
 3-set appropriate speed limit on approaches ** 
 

Pedestrian crashes at  sidewalk too close to the move sidewalk laterally away from street 
driveways roadway 

 
 

* Refer to Manual on Uniform Traffic Control Devices for proper application and warrants. 
** Spot speed study should be conducted to justify speed limit. 

TABLE B-1 (CONT.):  GENERAL COUNTERMEASURES FOR CRASH PATTERNS 
AND THEIR PROBABLE CAUSES 
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APPENDIX C 

COLLECTION OF TRAFFIC DATA 

This appendix explains how to conduct several types of studies used to collect traffic data. 

INTERSECTION VOLUME STUDIES AND ENTERING ADT ESTIMATES 
One of the most important reasons for conducting an intersection traffic count is to collect 

the information needed to estimate the entering Average Daily Traffic (ADT).  To conduct an 
intersection traffic count, record the vehicle paths of entry and departure at the location.  
Occasionally, it is necessary to classify vehicles by type and to count pedestrians and cyclists. 

Due to staff and cost constraints, the manual counting period duration is limited, and the 
counts are samples of actual traffic volumes.  The sampling period for manual counting may 
range from 1 to 12 hours.  Mechanical or automated equipment can provide longer sample 
periods, from a few hours to a full year. 

Manual Traffic Counts 
The following sections explain the recommended procedures for obtaining accurate manual 

traffic counts. 

What to Count 
Use the following guidelines for counting and classifying: 
• Unless otherwise directed, only count vehicles entering the intersection.  When 

required, tally pedestrians and cyclists. 
• Record each vehicle according to the direction from which it approaches the 

intersection and whether it turns right or left, or goes straight.  Count pedestrians each 
time a crosswalk is used. 

• Count U-turns as left turns. 
• Classify vehicles as: 

− Passenger vehicles:  cars, vans, smaller trucks (e.g. pick-ups), and motorcycles,  
− Trucks:  larger trucks (six or more tires) and semi-trailer or combination trucks, 

and 
− Buses:  commercial and school buses. 
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Guidelines for detailed vehicle classification studies are available from the MoDOT 
Technology Transfer Assistance Program (TTAP) office.  The TTAP office can also provide 
information on the community traffic counting program and community traffic maps. 

Tally Sheet 
Manually record vehicle volume and turning movement counts at intersections using the 

Traffic Count Field Sheet shown in Figure C-1.  The tally sheets have 12 rectangles for 
recording vehicle movements and 4 squares for recording pedestrian crossing activity.  
Before beginning the counts, enter the street name, date, time, and other related information 
on the tally sheet.  It is best to prepare all sheets that will be needed prior to the first counting 
period.  A single field sheet could be used for whatever time period is desired; however it is 
recommended that a new sheet be started every 15 minutes during the study. 

To record pedestrians and vehicles, use a tally system consisting of four vertical marks 
with every fifth mark placed diagonally across the four marks (i.e.        ).  Symbols such as a 
“T” for a truck, “B” for a bus, and “SB” for a school bus should be utilized to classify 
vehicles. 

Note any unusual events that affect the traffic flow during the counting period, and their 
duration.  If an incident occurs that substantially disrupts traffic flow (in a way that would 
eliminate the usefulness of the study), stop the count and conduct the study at another time. 

Suggested Equipment 
The observer(s) conducting the traffic count should have the following equipment on site: 
• A watch with a second hand or a digital watch, 
• Several pencils with erasers, 
• A pencil sharpener, 
• A clip board, and 
• An accumulating register (optional). 

Procedures 
Most intersection counts require two observers.  However, one observer can usually 

count a low-volume intersection.  When two people are counting traffic at a four-leg 
intersection, they should be positioned in diagonally opposite quadrants (e.g. the northwest 
and southwest corners).  Each observer should tally vehicles entering on two approaches.  
The observer must be inconspicuous, so his or her presence does not affect traffic operations. 
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INTERSECTION TRAFFIC COUNT FIELD SHEET                  [Form ITCFS]

N/S Street:        Third St.                                               Day:   Tues.             Date _3/1/99____
E/W Street:        Lincoln                                                Time Start:  4:30 p.m.    End: 4:45 p.m.
Observer:           JJG                                                      Weather:         fair                  
P or (      ):  Passenger cars, pickups, vans
T:   Trucks with six or more tires        North Arrow:
B:   Buses         SB:  School Buses

Peds.                               Street Name     Third St.                                                                        Peds.

St
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  
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 



 
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    



      
SB






     

 
T   T 
B

   

  
T
B

 

 

FIGURE C-1:  INTERSECTION TRAFFIC COUNT FIELD SHEET 
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Hand-operated accumulating registers can be used to ease the tallying process.  These 
registers are available in configurations representing intersection turning movements.  
Running totals are recorded at appropriate sampling intervals. 

When scheduling traffic counting periods, care should be taken to avoid unusually busy 
or idle times.  Data should not be gathered on a weekend, a Friday, the day of a special event, 
or a holiday. 

Count Summaries 
Traffic counts from the field study should be summarized as illustrated in Figure C-2, the 

Turning Movement Count Summary.  The traffic counts in this figure are for the HAL 
Manual example location, the intersection of Lincoln and Third Street. 

In this example, the counts were taken during a Tuesday evening peak hour.  To arrive at 
the estimated intersection entering ADT, an adjustment factor of 10 was applied to the one-
hour counts on each incoming approach.  Then, as shown at the bottom of Figure C-2, the 
ADT estimates from each incoming approach were summed to form the “Intersection ADT 
Estimate.” 

Automated Traffic Counts 
Automated traffic counts enable an agency to gather large amounts of volume data at a 

reasonable cost.  For a long study, automated traffic counts are less expensive than manual 
counts because labor costs are lower.  The main drawback to the automated system is the 
possibility that the equipment could fail due to malfunctions or vandalism.  

Equipment 
The many different types of automated counters can be divided into three categories: 
• Portable Counters – Portable counters are usually used for short periods of time (24 

hours).  The most common sensors in these counters include pneumatic road tubes, 
piezoelectric strips, tape switches, or temporary induction loop detectors.  Count 
readers range from simple accumulating counters to micro-computer-driven 
classification counters. 

• Permanent Counters – Permanent counters are used for long-term projects that can 
last for a year or more.  These counters use the same type of recording components as 
the portable counters, but the sensors are more permanent.  The most common type of 
sensor is an induction loop, which is installed in the pavement. 

• Videotapes – Videotapes give the observer an exact account of the number of 
vehicles during the study.  They also provide the observer with information that can  
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                        VEHICLE TURNING COUNT SUMMARY AND ADT ESTIMATE           [Form  TCSAE]
Location      Third St. & Lincoln St.                                                   Observer     JJG                             
Day     Tues.           Date      3/1/99             Time    4:30 - 5:30 p.m.            Weather     fair                    

Traffic Control Devices:
________________________
  Two-way STOP on               
   Third St.                              
________________________

       Inbound Approach  Inbound Adjustment Average Daily
Street Name and Direction Count Factor * Traffic Estimate

Eastbound on Lincoln                                                      100                        10                            1,000        
Westbound on Lincoln                                                     150                        10                            1,500        
Northbound on Third                                                          60                        10                               600        
Southbound on Third                                                         50                        10                               500        

                   Intersection ADT Estimate (total entering vehicles per day):         3,600        

* Use factor of 10 with peak 1-hour counts;  use 1.3 with 12-hour counts

North

Comments:
________________________
________________________
________________________
________________________
________________________

              Lincoln St.                      
                 Street Name
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10     40     10

 60

  6     35      9

 50                    60

 110

FIGURE C-2:  VEHICLE TURNING COUNT SUMMARY AND ADT ESTIMATE 
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be reused in other studies.  After the tapes are recorded, someone must watch the tape 
and manually count the vehicles.  Agencies typically use videotapes only if very high 
accuracy is needed.  An alternative to manual counting from the tapes is video 
imaging, which counts automatically.  The cost of video systems is falling, and the 
system is 80 to 95% accurate during the day or night, making it a more feasible 
option in the future. 

Selecting the Count Location 
Use the following guidelines to ensure the location selected for the traffic count is 

appropriate: 
• Deploy sensors at right angles to traffic flow. 
• For directional counts, place sensors at least 1 foot away from the centerline of the 

roadway. 
• Fasten the sensor securely to the pavement with nails, clamps, tape, and/or adhesives 

made especially for this purpose. 
• At intersections or near driveways, place sensors where double counting of turning 

vehicles can be avoided. 
• Locate the count reader near a signpost or tree and secure it with a lock and chain, or 

place it in a locked signal cabinet to prevent vandalism. 
• Keep the cable or tube that connects the sensor to the recorder as short as possible. 
• Record sensor placement by noting the physical location on a condition diagram 

sketch. 
• Use a test vehicle to ensure that bi-directional counts are recording the proper 

direction. 
• Set the count interval to ensure that totals will occur on the hour or day to make the 

data more compatible with other counts. 
• Note the time that counter operation begins. 
• Check the installation periodically to ensure that it is in place and functioning 

properly.  In cold weather, check sensors whenever it snows to ensure that snowplows 
do not remove the sensors from the roadway.  

• Do not place sensors across parking lanes, where a parked vehicle could activate the 
sensor continuously.  Parking lanes may not always be marked. 

• Avoid placing sensors on pavement expansion joints, sharp pavement edges, or 
curves. 

Once the counts are complete, use the form in Figure C-2 to summarize the data. 
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CONDUCTING SPOT SPEED STUDIES AND SETTING SPEED LIMITS 
A spot speed study measures the individual speeds of a sample of vehicles passing a specific 

point on a roadway.  The individual vehicle speeds are used to estimate the speed distribution of 
the entire traffic stream at that location.  Speeds are determined using an observer with a 
stopwatch, radar, or automated traffic detectors. 

Spot speed studies are used to help determine the appropriate speed limit and to evaluate 
sight distance problems at intersections and other critical locations. 

Selection of Study Location and Time 
To conduct a spot speed study, choose a mid-block location away from the influence of stop 

signs, signals, major driveways, and sharp curves.  The site must have an observation point near 
the roadway, where a vehicle with radar equipment can be concealed or made inconspicuous to 
approaching drivers. 

Perform spot speed studies in good weather and under normal traffic conditions.  Usually, 
speed studies are conducted during off-peak hours.  A recommended method is to sample for one 
or two hours, three times during a day.  Under most circumstances, the three studies should be 
conducted from 9:00 AM to 11:30 AM; 1:30 PM to 4:00 PM; and 7:00 PM to 10:00PM. 

Study Procedure 
Measure at least 100 vehicle speeds, preferably more, during a spot speed study.  Low-

volume roads might require more than one day of observation to obtain the required minimum 
sample size. 

Select vehicles to be measured at random, or according to a predetermined pattern, so the 
data are not biased.  Determine the vehicle selection pattern before beginning the field study.  
For instance, the observer could measure every fourth or fifth vehicle whenever possible. 

If vehicle selection is not random or according to a pre-determined pattern, then record only 
the speeds of free-flowing vehicles.  Free-flowing vehicles are those whose speeds are not 
influenced by preceding vehicles.  Select trucks for speed observation in proportion to their 
presence in traffic.  Observers should avoid the temptation to measure only the fastest vehicles. 
Observations are usually recorded by tallying the number of vehicle speeds that occur within a 
certain speed interval, such as a two- or five-mph interval. 

Data Analysis 
Traffic speed data may be summarized for analysis purposes, as shown in Table C-1.  The 

example speed data in this table contain 120 observations.  The observations are grouped into 
two-mph intervals, and the intervals range from 20 mph to 41.9 mph. 
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 A  B  C  D  E  F 
 Speed    Cumulative    Cumulative   
 Interval  Number   Number   Percent  Percent of  10-mph 
 in mph  Observed  Observed  Observed  Observations  Pace 
            
            
 20 to 21.9  3  3  2.5  2.5   
 22 to 23.9  3  6  2.5  5   
 24 to 25.9  6  12  5  10   
 26 to 27.9  12  24  10  20  12 
 28 to 29.9  18  42  15  35  18 
 30 to 31.9  27  69  22.5  57.5  27 
 32 to 33.9  24  93  20  77.5  24 
 34 to 35.9*  13  106  10.8  88.3*  13 
 36 to 37.9  8  114  6.7  95   
 38 to 39.9  4  118  3.3  98.3   
 40 to 41.9  2  120  1.7  100   
            
            
 *  The 85th percentile is in the interval from 34 to 35.9.    
       

TABLE C-1:  SPOT SPEED STUDY DATA ANALYSIS 

The number of vehicle speeds observed in each interval is recorded in the column B.  The 
cumulative number observed (column C) is calculated by adding the number observed in each 
speed interval to the previous number observed.  The percent observed in each two-mph speed 
interval (column D) is calculated by dividing each number in column B by last number in 
column C.  The cumulative percent of observations (column E) is calculated by adding the 
percent observed in each speed interval to the previous percent observed.  The percent 
corresponding to the last speed interval should be 100%.  Column C is also used for finding the 
85th percentile speed, discussed in a following paragraph. 

Two of the most frequently used traffic speed characteristics to be computed from spot speed 
studies are the “85th Percentile Speed” and the “10-mph pace.” 

85th Percentile Speed 
The 85th percentile speed is the speed below which 85% of the observed vehicles travel.  

It is the most important factor in speed zoning practice for communities.  Traffic engineers 
generally assume that the majority of drivers will be reasonable and will travel at a speed that 
is safe and proper for the exisiting conditions.  However, this practice does recognize that a 
few drivers will be operating at a speed somewhat greater than the speed considered 
appropriate by a large number of drivers. 
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For the data in Table C-1, the 85th percentile is contained within the interval from 34.0 to 
35.9 mph.  This can be verified by noting that 77.5% of the observations were accumulated 
when the speed reached 33.9 mph, and that 88.3% were accumulated after 35.9 mph.  This 
provides a good indication that a 35-mph speed limit would be appropriate. 

10-mph Pace 
The 10-mph pace is the 10-mph range of speeds that includes the greatest number of 

observations.  The top limit of the 10-mph pace indicates the highest speed many drivers 
prefer, and it may be used to confirm the value selected according to the 85th percentile 
analysis. 

Column F in Table C-1 identifies the 10-mph pace.  For this speed study, the 10-mph 
pace is between 26.0 and 35.9 mph, since that 10-mph range contains the largest number of 
vehicles (12+18+27+24+13 = 94 vehicles). 

Since the upper limit of the 10-mph pace is 35.9 mph, then the choice of 35 mph for the 
speed limit is supported. 

Several other factors to consider when setting speed limits include: 
• Crash experience,  
• Presence of restricted sight distances,  
• Design speed,  
• Roadway surface characteristics,  
• Extent of turning movements,  
• Parking conditions, and  
• Number of pedestrians. 

It is important not to establish a speed limit that is too high or too low.  Speed limits that 
appear highly unreasonable to motorists may lead to driver frustration and disregard for all 
traffic control devices.  Speed limits must be posted in increments of 5 mph, using speeds 
such as 30, 35, 40 mph, and not at unusual limits like 33 mph. 

INTERSECTION SIGHT DISTANCE STUDIES 
Sight distance studies at intersections help to identify hazardous locations. 

Sight Distance for Intersections With Yield or No Control 
Sight distance studies for intersections with yield or no control are essentially triangle 

analyses.  A driver approaching an intersection where direction priority is not assigned (no 
control) should have an unobstructed view of the entire intersection and sufficient length along 
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the crossroad to avoid a collision.  Therefore, an unobstructed line of sight must be provided to 
allow a driver to detect a vehicle approaching on a conflicting path. 

The required sight distances for safe operation when approaching an intersection are shown 
in Figure C-3.  The distances represented as “a” and “b” in this figure should provide sufficient 
time for drivers to adjust their speeds and, if necessary, stop their vehicles prior to entering the 
intersection.  

A

B

Line of Sight Obstruction

b

a

  

FIGURE C-3:  INTERSECTION SIGHT TRIANGLE FOR SAFE APPROACH SPEED 

 

Table C-2 lists the safe stopping distances for vehicles approaching the intersection at 
different speeds.  For example, if the speed of Vehicle A was 20 mph, and the speed of Vehicle 
B was 45 mph, then the line of sight drawn in Figure C-3 must be unrestricted when Vehicle A is 
125 feet from the intersection and Vehicle B is 400 feet from the intersection.   
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Posted Speed, Stopping Sight 
85th Percentile Speed, Distance,  

or Design Speed, in mph in feet 
  
  

20 125 
25 150 
30 200 
35 250 
40 325 
45 400 
50 475 
55 550 
60 650 
65 725 
70 850 

  

TABLE C-2:  RECOMMENDED STOPPING SIGHT DISTANCE                               
(ADAPTED FROM AASHTO 1990) 

The recommended procedures for determining safe approach speeds at intersections with no 
control are: 

1. Determine the minimum required stopping sight distance from Table C-2 for all 
intersection roadways, using the largest of the 85th percentile speed, the speed limit, or 
the design speed on the approach. 

2. Provide an observer with a sighting rod that is 3.5 feet high (representing driver eye 
height) and an assistant with a target rod 4.25 feet high (representing the top of a car).  
The observer and assistant should position themselves on different approaches at the 
appropriate stopping distance from the intersection. 

3. Hold both rods vertically on the road at their respective stopping distances.  The observer 
looking over the top edge of the sighting rod should determine whether the top of the 
target rod is visible.  If the target rod is visible, the visibility triangle is satisfactory for 
the pair of approaches. 

4. If the top of the target rod is not visible, then the assistant with the target rod should walk 
toward the intersection until the top of the rod becomes visible to the observer.  This 
position should be marked and the distance to the intersection measured.  The safe speed 
for the approach can be determined by referring to the stopping distances listed in Table 
C-2. 

5. Repeat the intersection sight triangle study for all approach legs, considering traffic 
approaching from both the right and left. 
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6. Conduct sight distance measurements during, or at least with consideration given to, 
possible short-term adverse conditions.  For example, trees, shrubs, and parked cars can 
all affect sight lines. 

7. If the available stopping sight distance is not equal to or greater than that required for safe 
vehicle operation, the obstruction within the triangle should be removed or lowered.  If 
this is not possible, other options include reducing the speed on one or both of the 
roadways to be compatible with the safe approach speed, or installing a STOP sign. 

Sight Distances on Controlled Approaches 
Instructions for locating intersection traffic control devices such as STOP signs or YIELD 

signs are provided in the Manual on Uniform Traffic Control Devices (MUTCD).  If the 
visibility of a STOP sign or YIELD sign at a location is restricted, a warning sign must be 
installed in advance of the regulatory sign. 

STOP signs and YIELD signs should be visible to approaching drivers for the safe stopping 
sight distances in Table C-2.  These distances may be checked in the field using a sighting rod 
3.5 feet high.  The sighting rod should be placed at the appropriate safe stopping distance on the 
approach as required by the approach speed.  If the intersection sign is not visible from the 
sighting rod, a warning sign must be installed. 

Since warning sings are primarily for the benefit of the driver who is unacquainted with the 
road, care must be given to the placement of such signs.  Table C-3 contains minimum advance 
sign placement distances for conditions where a driver will likely be required to stop. 
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  Posted Speed or Warning Sign Location   
  85th Percentile in Advance of   
  Speed, in mph Regulatory Sign, in feet   
      
      
  20 100*   
  25 100*   
  30 100   
  35 150   
  40 225   
  45 300   
  50 375   
  55 450   
     
     
  * At low speeds, sign location may depend on   
  physical conditions at the site or view obstruction.   
     
     

TABLE C-3:  GUIDE FOR ADVANCE WARNING SIGN PLACEMENT           
(ADAPTED FROM AASHTO 1990) 

Leaving Two-Way Stop Intersections 
Safe sight distances must be provided for a driver to turn onto or cross a highway from each 

STOP controlled approach where major road traffic does not stop.  Sight distances to the left and 
right must allow a stopped car to perform an entry or crossing maneuver without risking a 
collision with a vehicle that may appear just after the driver decides to proceed. 

Assume that a car waiting at a STOP sign will be positioned so the vehicle front bumper is 10 
feet from the near edge of the pavement on the crossroad.  To determine if the line of sight from 
a stopped car is adequate, measure sight distances from a driver’s eye height (3.5 feet above the 
pavement) to the top of the object representing an on-coming car (4.25 feet above the pavement).  
Table C-4 lists the sight distances required for a passenger car to turn safely onto or cross a two-
lane highway. 

If a safe distance does not exist along an approach, then take corrective measures to improve 
the sight distance, provide warnings to approaching drivers, or reduce speeds on the major 
roadway. 
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   Sight Distance (in Feet) Along Major Road for Maneuver Indicated 
    
    

 Speed  Cross Right Turn to Enter Left Turn to Enter Roadway in 
 on   the Roadway in Front of Front of Vehicle Approaching 
 Major  Major Vehicle Approaching 
 Road  Road From the Left* 
 (mph)    From the Left* From the Right* 
    
    
 25  240 295 260  295 
 30  285 375 310  375 
 35  335 470 360  470 
 40  385 575 410  575 
 45  430 710 460  710 
 50  480 845 510  845 
 55  525 990 560  990 
    
    
 * Distances shown for turning maneuvers assume an approaching vehicle 
 will reduce its speed from the design speed to 85% of design speed. 
    

TABLE C-4:  SIGHT DISTANCES REQUIRED FOR A PASSENGER CAR STOPPED AT 
AN INTERSECTION TO CROSS OR TURN ONTO A MAJOR ROAD (ADAPTED FROM 

AASHTO 1990) 

TRAFFIC CONFLICT STUDIES 
A traffic conflict is an event involving two or more road users.  A conflict occurs when the 

action of one user, such as a change in direction or speed, causes the other to make a sudden, 
evasive maneuver, such as swerving or braking, to avoid a collision. 

A secondary traffic conflict occurs when the second vehicle makes an evasive maneuver, 
placing another road user (third vehicle) in danger of a collision.  Generally, the road users are 
motorists, but pedestrians and cyclists may also be affected. 

There are several categories of intersection traffic conflicts, and they are classified according 
to the vehicle maneuvers involved.  In each traffic conflict category, the road users must have 
been on a collision course. 
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If traffic conflicts are not addressed in a timely manner, the result is frequently a crash.  A 
“near-miss” situation occurring without braking or evasive maneuvers is also considered a traffic 
conflict. 

Traffic Conflict Types 
A general knowledge of traffic conflict types is necessary before an observer conducts an on-

site conflict study.  Figures C-4 through C-16 show examples of the types of traffic conflicts 
most likely to be observed.  Note that the conflicts are named from the perspective of the 
observer, represented by an “X” in the figures. 

 
• An opposing left-turn conflict occurs when an on-coming vehicle makes a left-turn, 

placing another vehicle going in the opposite direction in danger of a head-on or 
broadside collision (Figure C-4). 

 

FIGURE C-4:  OPPOSING LEFT-TURN CONFLICT 
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• A conflict occurs when a vehicle on the left-hand cross street makes a left-turn, placing a 
second vehicle on the main street in danger of a broadside or rear-end collision (Figure 
C-5). 

 

FIGURE C-5:  LEFT-TURN CROSS-TRAFFIC FROM LEFT CONFLICT 

 
• A conflict occurs when a vehicle on the left-hand cross street crosses in front of a second 

vehicle on the main street, placing it in danger of a broadside collision (Figure C-6). 

 

FIGURE C-6:  THROUGH-TRAFFIC CROSS-TRAFFIC FROM LEFT CONFLICT 
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• A conflict occurs when a vehicle on the left-hand cross street turns right across the center 
of the main street roadway into an opposing lane, placing the vehicle in that lane in 
danger of collision (Figure C-7).  Note that the first driver must cross the centerline for a 
conflict to exist. 

 

FIGURE C-7:  RIGHT-TURN CROSS-TRAFFIC FROM LEFT CONFLICT 

 
• A conflict between a vehicle turning left and traffic in the same direction occurs when the 

first vehicle slows to make a left-turn, thus placing a second, following vehicle in danger 
of a rear-end collision (Figure C-8). 

 

FIGURE C-8:  LEFT-TURN SAME DIRECTION CONFLICT 
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• A conflict between a slow vehicle and traffic in the same direction occurs when the first 
vehicle slows while approaching or passing through an intersection, placing a second, 
following vehicle in danger of a rear-end collision (Figure C-9). 

 

FIGURE C-9:  SLOW-VEHICLE SAME DIRECTION CONFLICT 

 
• A conflict between vehicles in the same lane occurs when the first vehicle changes from 

one lane to another, thus placing a second, following vehicle in the new lane in danger of 
a rear-end collision (Figure C-10). 

 

FIGURE C-10:  LANE-CHANGE SAME-DIRECTION CONFLICT 
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• A conflict between traffic turning right and traffic in the same direction occurs when the 
first vehicle slows to make a right turn, thus placing the second, following vehicle in 
danger of a rear-end collision (Figure C-11). 

 

FIGURE C-11:  RIGHT-TURN SAME DIRECTION CONFLICT 

 
• A conflict occurs when a vehicle on the right-hand cross street makes a left-turn, placing 

a second vehicle in danger of having a broadside collision with the turning vehicle 
(Figure C-12). 

 

FIGURE C-12:  LEFT-TURN CROSS-TRAFFIC FROM RIGHT CONFLICT 
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• A conflict occurs when a left-turning vehicle on the right-hand cross street crosses in 
front of a second vehicle on the main street, placing it in danger of a broadside collision 
(Figure C-13). 

 

 

FIGURE C-13:  THROUGH CROSS-TRAFFIC FROM RIGHT CONFLICT 

 
• A conflict occurs when a vehicle on the right-hand cross street makes a right-turn, thus 

placing a second vehicle, on the main street, in danger of making a broadside or rear-end 
collision (Figure C-14). 

 

FIGURE C-14:  RIGHT-TURN CROSS-TRAFFIC FROM RIGHT CONFLICT 
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• An example of a secondary conflict is a situation similar to RIGHT-TURN CROSS-
TRAFFIC FROM RIGHT, except a third vehicle is involved.  The third vehicle is in 
danger of colliding with the rear-end of the vehicle it is following (Figure C-15). 

 

FIGURE C-15:  SECONDARY TRAFFIC CONFLICT EXAMPLE – RIGHT-TURN 
CROSS-TRAFFIC FROM RIGHT 

 
• A pedestrian conflict occurs when a pedestrian crosses in front of a vehicle, creating a 

potential collision.  The pedestrian could be in the near-side or far-side crosswalk.  
Pedestrian movements involving right-turn and left-turn vehicles are not considered 
conflicts if the pedestrians have the right-of-way, as in a “WALK” phase (Figure C-16). 

 

FIGURE C-16:  PEDESTRIAN CONFLICT 
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The Traffic Conflict Summary Sheet 
The traffic conflict summary sheet in Figure C-17 may be used for recording and 

summarizing conflict counts.  Each conflict classification has two columns for recording 
observations.  Record conflicts with pedestrians, cyclists, or vehicles from access points near the 
intersection in the last column. 

Fill out all heading information prior to beginning the conflict study.  The diagram in the 
upper right corner displays the approach leg number.  For example, traffic approaching the site 
from the North is on leg 1; traffic from the East is on leg 3; etc.  Use a separate form for each leg 
observed at the intersection. 

Coordinating the Traffic Conflict Study 
A traffic conflict study includes counting conflicts and collecting other data needed to make a 

complete study of the location.  These auxiliary data may include intersection condition 
diagrams, on-site observation reports, traffic volume counts, and sight distance studies.  Conflict 
studies should be performed during dry conditions, unless the study is specifically designed for 
wet conditions. 

Traffic Conflict Study Team 
The number of observers needed to conduct a conflict survey depends on the number of 

conflicts and amount of data needed.  Usually, the team consists of two observers in a vehicle 
– one to collect conflict data and one to collect traffic volume data. 

Observer Locations 
Upon arriving at the site, the study team members should familiarize themselves with the 

location, noting the traffic movements to be observed.  At three- and four-leg signalized 
locations, observations are usually taken on all approaches.  At an unsignalized intersection, 
observations are made only on approaches where vehicles have the right-of-way. 

Since braking and weaving actions identify conflicts, it is necessary to place the observer 
sufficiently far back on the approach to observe these maneuvers.  A distance of 100 to 300 
feet back from the intersection facing the direction of traffic movement is suggested. 

If either observer is to sit in a vehicle, it should be parked off the road wherever possible.  
If on-street parking is permitted, check for an adequate spot to conduct the study that will not 
disturb traffic movements or interfere with any sight distances.  If parking is not available, 
the observers will have to conduct the study outside of the vehicle, being as inconspicuous as 
possible.  In all instances, the observer must not use a vehicle that could be recognized as a 
police or other official car. 

 C-22



Appendix C – Collection of Traffic Data 

Location _____________________________________________  Date_______________                                                                                                 8    
1=N  

 2 

Observer  ____________________________________________  Day _______________  Leg Number: _______                                                         7                  3 

[C = Conflict    SC = Secondary Conflict]                    Time of Study:  From: _________  To:  ____________                                                                   6     5      4 

OPPOSING FROM LEFT SAME DIRECTION FROM RIGHT 
Left Turn 

 
 
 
 
 
 

Left Turn 
 
 
 
 

Thru Right
Turn 

  Left Turn Slow 
Vehicle 

Lane 
Change 

Right 
Turn 

Left Turn 
 
 
 
 

Thru Right
Turn 

OTHER   
Time 

 
 

Start 
 
End 

 
C                     SC C SC C SC C SC C SC C SC C SC C SC C SC C SC C SC C SC

 
 

 
                        

 
 

 
                        

 
 

 
                        

 
 

 
                        

SUM  
 

                       

SUM 
C+SC 

 
 

                       

COMMENTS: 
 
 
 

FIGURE C-17:  INTERSECTION TRAFFIC CONFLICT SUMMARY (ADAPTED FROM PARKER AND ZEEGER 1989) 
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Once the observation positions are determined, all forms should be prepared and double-
checked before data collection begins.  If more than one observer is performing the study, 
their watches must be synchronized. 

Study Schedule 
At least one 10-hour period should be allocated for each pair of approaches studied.  The 

days generally chosen are Tuesday, Wednesday, or Thursday.  Each study should be a 10-
hour counting day extending from 7:30 AM to 12 noon and from 12:45 PM to 6:15 PM.  
Variations in these times might be necessary to include peak morning and evening traffic 
volumes. 

Two approach legs are typically observed during the 10-hour survey.  Observations 
should alternate from one approach to the other approach in 30-minute periods.  Within each 
30-minute period, allocate the initial 20 minutes for data gathering and the remaining time 
for summarizing the data.  This time can also be used to write helpful notations on the forms 
and to change observation positions. 

Data Analysis 
A conflict study is used primarily as a diagnostic tool.  The primary objective is to 

identify predominant conflict types and compare these with crash patterns for the location.  
The traffic conflict data can then be used to address safety and operational problems, to 
recommend corrective measures, or to show the effectiveness of improvements already 
implemented. 

REFERENCES FOR CONDUCTING SPOT SPEED STUDIES AND SETTING 
SPEED LIMITS 
 
“Introduction to Traffic Practices – A Guidebook for Local Agencies,” 2nd Edition, Technology 

Transfer Assistance Program, Missouri Highway and Transportation Department, 1994. 
 
“Manual of Traffic Engineering Studies,” 4th Edition, Institute of Transportation Engineers, 

1976. 
 
“Manual of Transportation Engineering Studies,” Institute of Transportation Engineers, 1994. 
 
“Traffic Control Devices Handbook,” Federal Highway Administration, 1983. 
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REFERENCES FOR INTERSECTION SIGHT DISTANCE STUDIES 
 
“Local Highway Safety Studies-User Guide,” Federal Highway Administration, July 1986. 
 
“Manual on Uniform Traffic Control Devices for Streets and Highways,” Federal Highway 

Administration, 1988. 
 
“A Policy on Geometric Design of Highways and Streets,” American Association of State 

Highway and Transportation Officials, 1990 (U.S. units) or 1994 (S.I./metric units). 
 
“Traffic Control Devices Handbook,” Federal Highway Administration, 1983. 

REFERENCES FOR TRAFFIC CONFLICT STUDIES 
 
Glauz, W. and D. Migletz, “Application of Traffic Conflict Analysis at Intersections,” 

Transportation Research Board, NCHRP Report 219, 1980. 
 
Parker, M. and C. Zeeger, “Traffic Conflict Techniques for Safety and Operations – Engineers 

Guide,” Federal Highway Administration, Report No. FHWA-IP-88-026, January 1989. 
 
Parker, M. and C. Zeeger,” Traffic Conflict Techniques for Safety and Operations – Engineers 

Guide,” Federal Highway Administration, Report No. FHWA-IP-88-027, January 1989. 
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APPENDIX D 

GENERAL GUIDELINES FOR SEVERAL TRAFFIC SAFETY 
IMPROVEMENTS 

Once a location has been identified as needing improvement, it is necessary to select a 
countermeasure that will achieve the desired results.  In this appendix, the following areas will 
be discussed: 

• CONSISTENCY in implementing countermeasures, 
• DEFINITIONS of warrants, guidelines and crash reduction factors. (They can help 

determine which countermeasure should be used.), and 
• GENERAL GUIDELINES for common traffic safety improvements. (The guidelines are 

not intended to be a substitute for a thorough evaluation of any possible improvements at 
high-crash locations.)   

CONSISTENCY 
Be cautious when making a change in the driving environment.  Sometimes, all that is 

needed to alleviate a traffic problem is a localized, or “spot”, improvement.  Spot improvements 
will often improve a hazardous location by removing a non-standard roadway element or traffic 
control device. 

All countermeasures should be applied consistently according to the Manual on Uniform 
Traffic Control Devices (MUTCD) standards so that motorists will have no difficulty in 
navigating the roadways.  The MUTCD must remain the standard by which traffic control 
devices are selected, installed, and operated.  The use of non-standard control devices or 
improvements is not an acceptable practice. 

DEFINITIONS 

Warrants 
Warrants are specific criteria found in the MUTCD.  Generally speaking, warrants must be 

followed when deciding which traffic control devices or safety improvements to use.  They are 
based on factors such as crash experience and traffic volume, among others.  A commonly used 
warrant in the MUTCD is for the installation of devices such as traffic signals. 

Warrants are very important since they represent thresholds generally accepted by practicing 
professionals for the use of specific improvements.  However, the MUTCD is careful to point out 
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that warrants need to be applied with engineering judgment.  Warrants are standards for traffic 
control device installation, but they do not constitute a legal requirement for installation. 

Guidelines 
Guidelines usually pertain to situations where selecting countermeasures requires substantial 

engineering judgment.  Guidelines are based on instances where specific improvements have 
proven beneficial to motorists and cost-effective to the community. 

Several guidelines in this appendix contain suggested thresholds for improvements based on 
crash experience.  However, remember that the crash experience at a site is due to many factors, 
and any improvement being considered is only one of many that could be implemented. 

An economic analysis should be performed to determine the feasibility of a potential 
improvement. 

Crash Reduction Factors 
The guidelines for access control in this appendix, as well as in Appendix G of this manual, 

contain crash reduction factors.  Crash reduction factors are used to estimate the change in crash 
experience to be expected from installing a specific improvement. 

Most crash reduction factors listed in the HAL Manual are based on studies of improvements 
at high-crash locations.  Therefore, it is unlikely that there will be any significant reduction in the 
crash experience at a location if the given location does not have an unusually high crash 
experience. 

GENERAL GUIDELINES 

Access Control Improvements 
There are several points to consider when addressing roadway access control. 

Development and the Increased Risk of Crashes 
As the traffic volume on a street or highway increases, the neighboring land becomes 

more attractive to businesses.  Every business needs access to the roadway, but often the 
driveways are poorly spaced and inadequately designed for the needs of the growing 
community.  This inevitably leads to traffic delays, disruption in the flow of traffic and 
crashes, especially rear-end collisions and left-turn crashes.  These problems only increase in 
severity as more businesses are added and the volume of traffic grows. 
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Solutions 
The solutions to this problem come in different forms.  One possibility is to by-pass the 

congested area by building another road.  Often this is ruled out because it tends to be 
expensive and complicated.  The preferred solution is to control access, or to control where 
vehicles can enter and exit a roadway.  This involves improvements both to the roadway and 
to driveways.  Some examples of ways to control access include: 

• Roadway Improvements 
• Left-turn channelization 
• Two-way left-turn lane 
• Median barriers 

• Driveway Improvements 
• Widening driveways 
• Conversion to one-way driveways 
• Combining driveways 
• Improving traffic control at driveways 

Considering Locations for Improvement 
Tables D-1 and D-2 contain minimum crash rates and numbers which, if exceeded, would 

justify a detailed review of crash data and possible route or spot improvements.  If the 
existing roadway and driveway volumes are high, or if the crash experience is high at a 
particular driveway, the MUTCD warrants for traffic signal installation should also be 
reviewed.  But, while traffic volumes and crash levels indicate the need for access 
improvements, they should not be the only criteria.  Each roadway, or specific location, must 
be evaluated with regard to: 

• Highway function, 
• Traffic speeds, 
• Placement of driveways relative to each other, 
• Available sight distances, and 
• Crash levels. 

Crash Reduction 
Table D-3 shows the crash reduction expected from several types of access control 

improvements.  It describes the countermeasure, its general effects, and the crash reduction 
that may be anticipated.  Table D-3 clearly shows that the crash reduction factors for access 
improvements vary widely, depending on the traffic volumes and driveway density involved.  
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A detailed discussion of these improvements, as well as several other types of improvements, 
is available in the references cited at the end of this appendix. 

Less
than
5000

5000
to

15000

More
than

15000
Less than 500 3.8 7.4 11

500 to1500 11.3 22.1 32.9

More than 1500 18.8 36.8 54.8

Driveway
Volume
(ADT)

Annual Number of Crashes

Highway Volume (ADT)

 

TABLE D-1:  ACCESS CONTROL:  CRASH THRESHOLDS FOR ROUTE 
IMPROVEMENTS  

 

 

 

Less
than
5000

5000
to

15000

More
than

15000
Less than 30 0.26 0.45 0.62

30 to 60 0.63 1.10 1.50

More than 60 0.97 1.70 2.30

Density of
Roadside Development

(Driveways per Mile)

Annual Number of Crashes per Mile

Highway Volume (ADT)

 

TABLE D-2:  ACCESS CONTROL:  CRASH THRESHOLDS FOR DRIVEWAY 
IMPROVEMENTS 
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Countermeasure Effects

Less than 30 2.2 4.1 6.3
30 to 60 5.8 11.2 17.2

More than 60 10.7 20.7 31.2

Less than 30 4.4 8.8 13.3
30 to 60 7.1 13.9 20.9

More than 60 9.7 20.9 28.6

Less than 500 0.02 0.03 0.05
500 to 1500 0.05 0.08 0.11

More than 1500 0.07 0.13 0.17

Less than 30 1.9 3.8 5.7
30 to 60 3.0 6.0 9.0

More than 60 4.2 8.2 12.3

Less than 500 0.28 0.50 0.68
500 to 1500 0.70 1.22 1.66

More than 1500 1.08 1.88 2.56

Less than 500 0.13 0.23 0.31
500 to 1500 0.32 0.55 0.75

More than 1500 0.49 0.85 1.15

    Crash Reduction
Install Raised Median
Divider and Left-Turn
Deceleration Lanes

Protects vehicles turning left and allows
left-turns from roadway to be made only
at intersections and high-volume
driveways.  May increase travel
distance.

Annual Crash Reduction per Mile
Highway Volume (ADT)

Number of
Commercial

Driveways per Mile

Less
than
5000

5000
to

15,000

More than
15,000

Install Continuous Two-
Way Left-Turn Lane in
Median

The two-way left-turn lane protects
turning vehicles from through vehicles,
thus reducing rear-end crashes.  This
countermeasure is very effective on
roadways that have closely spaced
drives with a somewhat uniform density
of left turns.

Annual Crash Reduction per Mile

Number of
Commercial

Driveways per Mile

Highway Volume (ADT)
Less
than
5000

5000
to

15,000

More than
15,000

Add Acceleration Lane
or Add Deceleration
Lane at Driveway
Location

An acceleration lane will allow right turn
vehicles leaving the drive to merge with
through traffic at a more compatible
speed.
A deceleration lane will reduce rear-end
collisions since right-turn vehicles may
reduce speed after leaving the through
lane.

Annual Crash Reduction per Driveway

Driveway Volume
(ADT)

Highway Volume (ADT)
Less
than
5000

5000
to

15,000

More than
15,000

Improve Sight
Distance at Driveway
Exits by Removing
Parking from Traveled
Way, Either Totally or
Partially

Adequate sight distance at exits makes it
easier for drivers to see oncoming traffic
and, therefore, to enter the roadway
safely.  Physical sight obstructions such
as shrubbery should also be removed.

Annual Crash Reduction per Mile of Parking Removed

Number of
Commercial

Driveways per Mile

Highway Volume (ADT)
Less
than
5000

5000
to

15,000

More than
15,000

Install Two One-Way
Driveways in Lieu of
Two Standard Two-Way
Driveways

This driveway design will eliminate
several traffic conflict points, thereby
reducing total crashes.  Driveways must
be marked and signed properly to avoid
wrong-way use.

Annual Crash Reduction per Driveway

Driveway Volume
(ADT)

Highway Volume (ADT)
Less
than
5000

5000
to

15,000

More than
15,000

Install Isolated Median
with Deceleration Lane
or Close Median
Opening on Traveled
Way to Prevent All Left-
Turn Movements In and
Out of the Drive

The isolated median with a deceleration
lane removes left-turn vehicles from the
through lanes, thereby protecting them
from rear-end collisions.
The closing of a median opening is a
restrictive measure that should be used
only if the driveway's left-turn demand is
low (less than 100 vehicles per day).

Annual Crash Reduction per Driveway

Driveway Volume
(ADT)

Highway Volume (ADT)
Less
than
5000

5000
to

15,000

More than
15,000

TABLE D-3:  CRASH REDUCTION ESTIMATES FOR ACCESS CONTROL AND 
CHANNELIZATION COUNTERMEASURES 
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Flashing Beacons 
A flashing beacon is a traffic control device used to supplement other devices at potentially 

hazardous sites.  Flashing beacons consist of one or more sections of a standard traffic signal 
head with a flashing circular yellow or circular red light in each section.  The MUTCD describes 
the following types of flashing beacons: 

• Hazard Identification Beacon, 
• Speed Limit Sign Beacon, 
• Stop Sign Beacon, and 
• Intersection Control Beacon. 

Hazard Identification Beacon 
Description: 

• A hazard identification beacon flashes yellow.  It should be used only to 
supplement an appropriate warning or regulatory sign or marker. 

Guidelines: 
• Use where obstructions are in or immediately adjacent to the roadway. 
• Use as a supplement to advance warning signs. 
• Use at mid-block crosswalks. 
• Use at intersections where warning is required. 
• Use to supplement certain regulatory signs. 

Speed Limit Sign Beacon 
Description: 

• A speed limit sign beacon flashes yellow and is used with either a fixed or 
variable speed limit sign. 

Guidelines: 
• Use with a speed limit sign to emphasize that the speed limit shown on the sign is 

in effect. 

Stop Sign Beacon 
Description: 

• A stop sign beacon flashes red and is mounted above the stop sign. 
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Guidelines: 
• Use in locations where surrounding developments and/or commercial lights divert 

motorists' attention away from the stop sign. 
• Use in locations where a stop sign is not immediately visible to the approaching 

driver due to vertical or horizontal roadway alignment. 

Intersection Control Beacon 
Examples of Intersection Control Beacons: 

• 4-way stop − Beacon flashes red to all approaches. 
• 2-way stop − Beacon flashes red to the minor approaches and yellow to the major 

approaches. 

Guidelines: 
• Intersection control beacons are intended for use at intersections where volumes 

or physical conditions do not yet justify conventional traffic signals, but where 
high crash rates indicate a special hazard exists.  Specifically, 

• Four or more left-turn plus right angle crashes occur in one year.  
(“Evaluation” 1967) 

• Six or more left-turn plus right angle crashes occur in two years.  
(“Evaluation” 1967) 

Note that the MUTCD does not state warrants for use of an intersection control beacon. 

Recommendations for Installation: 
• An intersection control beacon should be suspended over the center of an 

intersection so it is visible from all approaches.  
• 2-way stop − Entering volume of the minor road divided by the entering volume 

of the major road equals 0.50 or less. 
• 4-way stop − Entering volume of the minor road divided by the entering volume 

of the major road is greater than 0.50. 
• Installation of a flashing beacon at an offset, multi-leg or "Y" intersection should 

be avoided since these designs frequently do not provide an adequate line of sight 
from the driver to the center-mounted flashing beacon.  (Hammer and Tye 1987) 

• The driver stopped on the red-controlled approach of a red-yellow beacon may 
not be aware that drivers on the yellow-controlled approaches do not have to stop. 
To alleviate this confusion, a supplementary sign may have to be mounted on the 
minor approach stating that the crossroad traffic does not stop.  (Hammer and Tye 
1987) 
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• An intersection control beacon should be installed only after a proper traffic 
engineering study has been performed.  This service may be requested through 
your nearest MoDOT District Office as a part of the Traffic Engineering 
Assistance Program. 

Left-Turn Channelization 
Channelization on streets and highways guides drivers through a location.  For either an 

intersection or a driveway entrance, channelization involves the application of pavement 
markings or the construction of raised curbs and traffic islands. The two applications for left-turn 
channelization most commonly used in smaller communities are: 

• Providing left-turn lanes on intersection approaches, and 
• Constructing a continuous two-way left-turn lane in the middle of a street with numerous 

driveways. 

Each location being considered for a channelization project should be carefully studied 
before beginning installation to be certain that all traffic islands or markings will safely 
accommodate vehicles.  This is especially important where it is necessary to provide adequate 
paths for turns by large vehicles.  A channelization design can be field-tested before permanent 
installation by temporarily placing sandbags on the roadway to represent curbs or pavement 
markings. 

Left-Turn Lanes 
Guidelines for installing a left-turn lane: 

• Left-turn lane construction should be considered for intersections having a 
substantial number of left-turn-involved crashes.  The exact number of left-turn-
related collisions justifying a left-turn lane varies depending on several factors.  
One of those factors is the occurrence of injury or fatal crashes. 

• The criteria listed in Table D-4 are appropriate for considering left-turn lane 
installation.  

Examples of left-turn-involved crashes include: 
• Rear-end collisions with vehicles waiting to turn left, 
• Same direction sideswipe collisions, and 
• Left-turn angle collisions. 

Advantages of a left-turn lane include: 
• The left-turn lane removes a vehicle from the through lane as it waits for an 

opportunity to turn.  This separation significantly reduces the danger of rear-end 
and sideswipe collisions. 
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• Since opposing, left-turning drivers will be in a direct line with each other, it is 
easier for them to see opposing through-traffic.  

 
Type of Control on

Intersection Approach
Number of

Left-Turn Related Collisions

Unsignalized Approach
2 collisions in each of 2 years,

or 3 collisions in 1 year

Signalized Approach
(no left-turn phase)

4 collisions in each of 2 years,
or 5 collisions in 1 year

TABLE D-4:  MINIMUM CRASH EXPERIENCE FOR LEFT-TURN LANE 
CONSIDERATION 

Continuous Two-Way Left-Turn Lanes (CTWLTL) 
Major two-lane and four-lane urban streets attract a large amount of commercial 

development along the roadside.  With that development comes an increase in mid-block 
crashes.  The seriousness of this crash problem usually depends on the number of driveways 
present, the volume and composition of traffic, and the volume of traffic using the driveways.  
An effective countermeasure for reducing these mid-block crashes is to modify the roadway 
by adding a single lane in the middle known as a continuous two-way left-turn lane 
(CTWLTL).  Thus, a two-lane road becomes a three-lane road, and a four-lane road becomes 
a five-lane road. 

Guidelines for Installing a CTWLTL: 
• If a two-lane undivided or four-lane undivided roadway has a crash rate higher 

than those listed in Table D-5, the CTWLTL installation should be considered. 
• Exact guidelines for when to consider such a major street modification as a 

CTWLTL are not currently available.  (However, an example of estimated crash 
rates along commercially developed streets is shown in Table D-5.) 

Instructions for Using a CTWLTL: 
• A CTWLTL extends for at least several blocks, and it must have signs and 

markings (see MUTCD) permitting median lane use for left-turns only. 

Advantages of a CTWLTL: 
• Improves safety for vehicles turning left to enter and exit driveways; 
• Separates vehicles traveling in opposite directions, thus reducing the chance for 

head-on collisions and opposite direction sideswipe collisions; 
• Results in fewer delays at driveways; 

 D-9



Appendix D – General Guidelines for Several Traffic Safety Improvements 

• Reduces the number of serious mid-block crashes on the through lanes of the 
street; 

• Reduces the number of rear-end collisions and sideswipes due to vehicles waiting 
to turn left into a drive; and 

• Decreases the chance impatient drivers will force their way across oncoming 
traffic. 

Under 30 5.2 8.7 12.2
30 to 60 6.3 10.4 14.6
Over 60 7.3 12.2 17.1

Under 30 6.5 10.8 15.1
30 to 60 7.5 12.5 17.6
over 60 8.6 14.3 20

Average Daily Traffic
Roadway
Category

Number of
Driveways
per Mile

7000 to
10,000

10,000 to
15,000

*  Assumes 5 to 10% trucks, and under 5 intersections/mile

15,000 to
20,000

Two-Lane
Undivided

Four-lane
Undivided

TABLE D-5:  TYPICAL ANNUAL CRASH RATES PER MILE FOR NON-
INTERSECTION CRASHES IN URBAN COMMERCIAL AREAS  * 

Safety Lighting 
The primary purpose of roadway lighting, or illumination, is to increase the visibility of the 

pavement and its surroundings, thereby giving the driver a chance to avoid potentially hazardous 
situations.  Many studies have stated that the installation of roadway lighting increases safety. 

Several suggested warrants for intersection lighting were evaluated in an extensive study of 
minor safety improvements (Tamburri et al. 1968).  According to this study, “It is recommended 
that safety lighting be considered at locations which experience 4 night crashes in one year or 6 
or more night crashes in two years.” 

This study also found that the intersection crashes most susceptible to correction by lighting 
were single-vehicle crashes (primarily those where a driver proceeded straight at a three-leg 
intersection on the dead-end leg) and crossing (right-angle) collisions at a four-leg intersection. 

A general assumption, which could be applied when evaluating almost any safety lighting 
project, is that the rate for nighttime crashes should be about equal to the rate for daytime 
crashes.  The ideal situation would be a ratio of 1.0:1; that is, the crash rate at night is the same 
as the crash rate during daylight conditions. 
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Using the decision criteria developed by Walton and Rowan (1974), a ratio of nighttime 
crashes to daytime crashes of 1.5:1 is somewhat high, but not unusual.  However, a ratio of 2.0:1 
or greater indicates that nighttime visibility is inadequate and lighting should be considered for 
the location. 

One-Way Streets 
It has been consistently shown that proper planning and implementation of a conversion from 

two-way streets to one-way streets will reduce total crashes by as much as 10% to 50% on the 
affected streets.  The crash types that generally see the greatest reduction are: 

• sideswipe crashes with vehicles travelling in opposite directions, 
• head-on collisions, 
• parking crashes, 
• right-angle collisions, 
• rear-end collisions, 
• turning collisions, 
• pedestrian crashes, and 
• fatal or injury crashes. 

Generally, two-way streets should be changed to one-way operation when the following 
conditions are satisfied: 

• There is the possibility of noticeably improving safety along an entire corridor.  
(Conversion to one-way streets is not likely to be advantageous if only one or two 
intersections along a particular street are in the high crash category.) 

• It is clear that a specific traffic problem will be alleviated and overall efficiency of the 
street system will be improved. 

• One-way operation is more desirable and cost-effective than the alternative solutions. 
• A parallel street of suitable width, preferably not more than a block away, exists or can be 

constructed. 
• The parallel and adjacent streets are continuous in that they carry traffic through and 

beyond the congested areas. 
• A sufficient number of intersecting streets of satisfactory design to permit circulation of 

traffic exist. 
• Safe transition to two-way operation can be provided at the end points of the one-way 

sections. 
• Proper public transit services can continue to be provided on the one-way pair of streets. 
• The proposed one-way streets are compatible with the community master plan and 

adjacent land uses. 
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• Thorough study shows the advantages of the one-way street system far outweigh the total 
disadvantages.   

Conversion to one-way operation usually involves many intersections and a variety of mid-
block situations such as parking, loading zones, alleys, driveways, and pedestrian crossings.  
Business owners along a proposed one-way pair of streets are sometimes reluctant to support 
such an extensive modification in traffic flow as the one-way conversion.  However, the traffic 
safety improvements and reduced congestion can usually be accomplished without adverse 
financial impact on adjacent businesses. 

Advantages of One-Way Streets 
• Capacity is increased by reducing conflicts and by running traffic control devices 

more efficiently. 
• Travel speed is increased as a result of fewer conflicts and delays caused by 

turning vehicles.  An increase in the number of lanes in one direction also permits 
easier passing of slower or double-parked vehicles. 

• One-way operation permits good progressive timing of signals. 
• The number and severity of crashes is reduced by eliminating head-on crashes and 

reducing several types of intersection conflicts. 
• Full use can be made of an odd number of traffic lanes when traffic flows in only 

one direction.  When a street is used in two directions, fewer lanes may be 
possible due to width requirements. 

• On-street parking that would have otherwise been removed might be retained due 
to better use of the street width. 

Disadvantages of One-Way Streets 
• Travel distances to certain destinations may be increased by having to drive 

around the block. 
• One-way streets may be confusing to strangers. 
• Emergency vehicles may be blocked at intersections by vehicles waiting in all 

lanes on an approach. 
• Additional signs and markings must be installed and must be carefully maintained 

(see MUTCD). 

A possible change to one-way streets should be thoroughly evaluated with the assistance 
of traffic engineering professionals.  It is possible for Missouri communities that do not have 
a traffic engineer on staff to arrange for these services through the MoDOT Traffic 
Engineering Assistance Program. 
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Roadside Safety Features 
When a moving vehicle unintentionally leaves the roadway, overturning or collision with a 

fixed object is likely to occur unless a safe roadside has been provided.  Two characteristics of 
the roadside generally determine whether a vehicle will recover safely after leaving the roadway: 
the roadside geometry and the presence of non-yielding large objects. 

Roadside Geometry 
Roadway embankments are classified as recoverable, non-recoverable, or critical. 

• Recoverable slopes:  4:1 (horizontal to vertical) or flatter 
A motorist who encroaches on a recoverable slope 
can usually regain control of the vehicle if no 
hazardous objects are encountered. 

• Non-recoverable slopes: range from 4:1 to as steep as 3:1 
Motorists on side slopes this steep usually are not 
able to stop the vehicle until it travels to the bottom 
of the embankment. 

• Critical slopes:  greater than 3:1 
A vehicle is most likely to overturn on a critical 
slope. 

If a critical embankment exists along an urban street, a barrier such as a guardrail should 
intercept errant vehicles before reaching the side slope.  The height of the embankment is 
related to the necessity for the barrier as shown in Figure D-1. 

Roadside Obstacles (Fixed Objects) 
Roadside obstacles may be non-traversable hazards or fixed objects.  Ideally, a 

reasonable recovery area, or “clear zone,” containing no hazards should be provided along 
the roadway.  Alternatives for dealing with existing roadside hazards are usually considered 
in this order: 

1. Remove the obstacle or redesign it so it can be safely traversed. 
2. Re-locate the obstacle so it is less likely to be struck. 
3. Reduce impact severity by using a breakaway device for signs and light poles. 
4. Re-direct a vehicle by installing a barrier or crash cushion. 
5. Delineate the obstacle if above alternatives are not appropriate. 
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FIGURE D-1:  COMPARATIVE RISK WARRANTS FOR EMBANKMENTS (ADAPTED 
FROM AASHTO ROADSIDE DESIGN GUIDE 1996) 
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Alternative 1 & Alternative 2: 
Removing or redesigning an object is highly preferred, but it is not always practical in 

urban areas. 

Signs, signals, and light poles must be located near the road in most cities.  This practice 
often makes it difficult to increase safety at the side of the road. 

Alternative 3: 
Breakaway devices are easily provided, and they are extremely effective in reducing 

vehicle occupant injuries.  It may be possible to bury a utility line and thereby eliminate an 
entire series of poles. 

Alternative 4: 
Installing a barrier requires consideration of applicable warrants (e.g. guardrail). 

A barrier should be installed only if it is apparent that the results from a vehicle striking 
the barrier will be less severe than the crash resulting from hitting the unshielded object.  
Although no specific number of crashes may be related to the need for installing a barrier, 
general guidelines do exist for their use, as shown in Table D-6.  When a barrier is installed, 
the following things should be considered: 

Design: Specific roadside barrier designs depend on the function the barrier must 
perform, as well as the speed and size of the involved vehicle. 

Location: The barrier should be placed as far from the traveled way as conditions 
permit. 

Size: The length of barrier must be determined based on the length of the hazard 
and the vehicle approach path. 

Lateral Offset: The lateral offset of the barrier from the fixed object must be sufficient to 
allow for barrier deflection. 

Alternative 5: 
Delineating the obstacle alerts the motorist to presence of hazardous objects. 

Hazardous objects can be delineated using markers recommended in the MUTCD 
(Section 3C).  Types of roadside hazards especially prevalent in urban areas include trees, 
mailboxes, and drainage features. 
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Hazard Barrier Warrant

Bridge Piers, Abutments, Shielding generally required
and Railing Ends

Boulders A judgment decision based on nature
of hazard and chance of impact

Culverts, Pipe, Headwalls A judgment decision based on size,
shape, and location of hazard

Cut Slopes (smooth) Shielding generally not required

Cut Slopes (rough) A judgment decision based on
likelihood of impact

Ditches (parallel) See AASHTO Roadside Design Guide

Ditches (transverse) Shielding generally required if
chance of head-on impact is high

Embankment A judgment decision based on
embankment height and slope

Retaining Walls A judgment decision based on wall
smoothness and angle of impact

Sign/Luminaire Supports Shielding generally required
for non-breakaway supports

Trees A judgment decision based on
circumstances at the site
(as size and number of trees)

Utility Poles Shielding may be warranted on
a case-by-case basis

Permanent Bodies of water A judgment decision based on 
location, water depth and
likelihood of encroachment

TABLE D-6:  GUIDELINES FOR ROADSIDE BARRIERS                                      
(AASHTO ROADSIDE DESIGN GUIDE 1996) 
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Trees 

A tree with a trunk diameter greater than 6 inches is considered a fixed object.  The 
recommended distance of trees from a roadway depends on the design speed of the road, as 
shown in Table D-7. 

 

Design Speed Minimum Setback 
from Edge of Road 

50 mph or more 30 feet 

Less than 45 mph 7 – 18 feet 

TABLE D-7:  RECOMMENDED SPACING OF TREES FROM ROADWAY 

If these distances are impractical for a community, the removal of trees should be 
prioritized according to the danger they present.  For instance, trees located along curves are 
a greater hazard than trees along straight sections. 

Mailboxes 

Roadside mailbox installations result in an object being placed very close to the traveled 
path, with the mailbox typically at the height of a vehicle's windshield. 

• Mailbox supports should be a nominal 4-inch by 4-inch wood post, or metal post 
with strength no greater than a 2-inch diameter standard strength steel pipe, 
embedded no more than 24 inches. 

• Mailbox-to-post attachments should prevent mailboxes from separating from their 
supports when hit by an errant vehicle. 

Drainage Features 

Culverts, inlets, headwalls, and ditches are serious traffic hazards if they are not properly 
designed and located.  The following guidelines pertain to drainage structures: 

• Eliminate non-essential drainage structures. 
• Design or modify drainage structures so they are traversable or present a minimal 

hazard to an errant vehicle. 
• If a major drainage feature cannot be re-designed or re-located, it should be 

shielded by a suitable traffic barrier. 
• Roadside hardware, such as posts, should not be in or near a ditch bottom. 
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• Drop inlets on the roadway should be installed flush with the pavement surface 
and designed for safe passage of bicycle tires. 

• Drop inlets located off the traveled way should be installed flush with the ditch 
bottom or slope on which they are located. 

TRAFFIC CONTROL AT LOW-VOLUME INTERSECTIONS 
A community should adopt a signing policy for low-volume intersections that can be applied 

with a high degree of consistency throughout the jurisdiction.  This policy should not be 
unnecessarily restrictive.  In particular, installation of unnecessary stop signs must be avoided 
since this will cause drivers to develop disrespect for all stop signs. 

The decision to provide yield signs or stop signs, rather than using no control at a low 
volume intersection, is based on: 

• Sight distances, 
• Traffic volumes, 
• Vehicle speeds on the approaches, 
• Crash experience at the site, and 
• Benefits from protecting traffic on designated through streets. 

The AASHTO procedures for evaluating intersection sight distances and safe approach 
speeds must always be used when selecting the type of signs to install at a low volume 
intersection (refer to Appendix C, HAL Manual).  With respect to intersection control, the 
MUTCD does not contain specific volume and/or crash warrants for yield signs or stop signs, 
except for multi-way stop signs. 

No Control at Intersections 
Guidelines: 
• Both streets are local streets; or 
• One street is a local street and the other is a minor collector; and 
• Volume does not exceed 2,000 vehicles per day on the busiest roadway. 

DO NOT: 
• Use an un-controlled intersection if the busiest roadway has a volume greater than 2,000 

vehicles per day. 

Comment:  Many intersections operating with no control have such low volumes that very 
few crashes occur, perhaps only one crash every three years.  The occurrence of this one 
crash does not necessarily justify installing yield signs or stop signs.  Refer to the following 
guidelines to determine whether yield signs or stop signs should be installed at a particular 
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intersection.  It can also be helpful to consult other sources, such as the AASHTO “Policy on 
Geometric Design of Highways and Streets”. 

Yield Signs at Intersections 
Guidelines: 
• Three or more crashes occur during three years involving vehicles on the minor road; or 
• Two or more crashes occur in one year with vehicles on the minor road. 

DO NOT: 
• Use yield signs to regulate the major traffic flow at an intersection. 

Special Instructions for Installation: 
• Make sure only the motorists required to yield can view the yield sign.  This is especially 

important if yield signs are used where two roadways meet at an acute angle.  Install the 
signs at an angle or shield the lettering. 

Two-Way Stop Signs at Intersections 
Guidelines: 
• Four or more crashes occur during three years involving vehicles on the minor road; or 
• Three or more crashes occur in one year involving vehicles on the minor road. 

DO NOT: 
• Use a two-way stop sign to regulate the major flow at an intersection. 
• Use a stop sign to control speed along a street. 
• Use a portable stop sign except for emergency purposes. 

Special Instructions for Installation: 
• Before installing, complete an on-site field report to determine if some other less 

restrictive countermeasures could be implemented. 
• Make sure only the motorists required to stop can view the stop sign.  This is especially 

important if two-way stop signs are used where two roadways meet at an acute angle.  
Install the signs at an angle or shield the lettering. 

Multi-way (Three-Way or Four-Way) Stop Signs at Intersections 
Guidelines: 
• Intersection has five or more correctable crashes in one year.  (Correctable crashes 

include right-turn collisions, left-turn collisions, and right-angle collisions.) 
• Traffic volumes on all approaches are about equal. 
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• Traffic volumes are high.  (In the case of high traffic volumes, a traffic volume study 
should be performed to determine if the MUTCD traffic signal warrants have been met.) 

• Sight distances at the intersection are inadequate. 

Before Installing: 
• Evaluate other countermeasures (improving skid resistance, restricting parking at the 

intersection, e.g.). 
• Conduct a traffic volume study if the volume of traffic seems to be high. 

REFERENCES FOR ACCESS CONTROL IMPROVEMENTS 
 
Flora, J. and K. Keitt, “Access Management for Streets and Highways,” Federal Highway 

Administration, Report No. FHWA-IP-82-3, June 1982. 
 
Glennon, J., et al., “Technical Guidelines for the Control of Direct Access to Arterial Highways,” 

Federal Highway Administration, Report Nos. FHWA-RD-76-85 through 87, August 1975. 
 
“Guidelines for Driveway Design and Location,” Institute of Transportation Engineers, 1985. 
 
Marks, H., “Protection of Highway Utility,” Transportation Research Board, NCHRP Report 

121, 1971. 
 
Stover, V., et al., “Guidelines for Medial and Marginal Access Control on Major Roadways,” 

Transportation Research Board, NCHRP Report 93, 1970. 
 
Stover, V. and F. Koepke, “Transportation and Land Development,” Institute of Transportation 

Engineers, 1988. 

REFERENCES FOR FLASHING BEACONS 
 
“Evaluation of Minor Improvements: Part 1 - Flashing Beacons,” Traffic Department, State of 

California Transportation Agency, 2nd Ed., 1967. 
 
J. Hammer and E. Tye, “Overhead Yellow-Red Flashing Beacons,” Division of Traffic 

Engineering, California Department of Transportation, Report No. FHWA/CA/TE-87/01, 
1987. 

 
“Manual on Uniform Traffic Control Devices for Streets and Highways,” Federal Highway 

Administration, 1988. 
 
“Synthesis of Safety Research Related to Traffic Control and Roadway Elements,” FHWA-TS-

82-232, Federal Highway Administration, 1982. 
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REFERENCES FOR LEFT TURN CHANNELIZATION 
 
“Accident Reduction Factors for Highway Safety Projects,” in Safety Evaluation Instructions, 

California Department of Transportation, 1975. 
 
“Design Criteria for Left-Turn Channelization,” Technical Council Informational Report, 

Institute of Transportation Engineers, ITE Journal, February 1981, pp. 38-43. 
 
Harwood, D., “Multilane Design Alternatives for Improving Suburban Highways,” 

Transportation Research Board, NCHRP Report 282, 1986. 
 
“Manual on Uniform Traffic Control Devices for Streets and Highways,” Federal Highway 

Administration, Washington, D. C., 1988. 
 
Neuman, T., “Intersection Channelization Design Guide,” Transportation Research Board, 

NCHRP Report 279, 1985. 

REFERENCES FOR SAFETY LIGHTING 
 
“Roadway Lighting Handbook,” Federal Highway Administration, Implementation Package 78-

15, December 1978 and Addendum September, 1983.  
“Synthesis of Safety Research Related to Traffic Control and Roadway Elements,” FHWA-TS-

82-233, Federal Highway Administration, 1982. 
 
Tamburri, T., et al., “Evaluation of Minor Improvements,” Highway Research Board, Highway 

Research Record Number 257, 1968. 
 
Walton, N. and N. Rowan, “Warrants for Highway Lighting,” Transportation Research Board, 

NCHRP Report 152, 1974. 

REFERENCES FOR ONE-WAY STREETS 
 
“A Policy on Geometric Design of Highways and Streets,” American Association of State 

Highway and Transportation Officials, 1990 (U.S. customary units) or 1994 (S.I. units). 
 
“Synthesis of Safety Research Related to Traffic Control and Roadway Elements,” FHWA-TS-

82-232, Federal Highway Administration, 1982. 
 
“Transportation and Traffic Engineering Handbook,” 2nd Edition, Institute of Transportation 

Engineers, Prentice-Hall, Inc., 1982. 

REFERENCES FOR ROADSIDE SAFETY FEATURES 
 
“A Guide for Accommodating Utilities Within Highway Right-of-Way,” American Association 

of State Highway and Transportation Officials, 1985. 
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“A Guide for Erecting Mailboxes on Highways,” American Association of State Highway and 

Transportation Officials, 1984. 
 
“Guide to Management of Roadside Trees,” FHWA-IP-86-17, Federal Highway Administration, 

December 1986. 
 
“Manual on Uniform Traffic Control Devices for Streets and Highways,” Federal Highway 

Administration, 1988. 
 
“Roadside Design Guide,” American Association of State Highway and Transportation Officials, 

1996. 
 
“Traffic-Safe and Hydraulically Efficient Drainage Practice,” Highway Research Board, NCHRP 

Synthesis of Highway Practice, No. 3, 1969. 

REFERENCES FOR INTERSECTION CONTROL 
 
“A Policy on Geometric Design of Highways and Streets,” American Association of State 

Highway and Transportation Officials, 1990 (U.S. customary units) or 1994 (S.I. units).  
 
“Manual on Uniform Traffic Control Devices for Streets and Highways,” Federal Highway 

Administration, 1988.  
 
McGee, H. and M. Blankenship, “Guidelines for Converting Stop to Yield Control at 

Intersections,” Transportation Research Board, NCHRP Report 320, 1989. 
 
Stockton, W, et al., “Stop, Yield, and No Control at Intersections,” Federal Highway 

Administration, Report No. FHWA-RD-81/084, June 1981.  
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APPENDIX E 

ESTIMATED IMPROVEMENT PROJECT COSTS – 1999 

The roadway and traffic improvement cost estimates provided below were obtained from the 
Missouri Department of Transportation and are current for the year 1999.  It is possible that local 
costs could vary from those listed below due to the location and/or project size.  Unless 
otherwise noted, the costs are for installation (materials and labor) only.  To account for 
additional overhead and administrative costs it is suggested that the initial cost of a project be 
increased by about 30%, or by the percentage deemed appropriate for the jurisdiction. 
 

IMPROVEMENT DESCRIPTION  1999 COST 
 
ROADWAY CONSTRUCTION/RECONSTRUCTION 
 Roadway grading and paving (widening)             $   3.80 SF* 
 Roadway grading and paving (reconstruction) 4.66  SF 
 Median construction (concrete, excluding curbing) 3.50  SF 
 Curb and gutter (barrier and mountable) 12.50  LF 
 Barrier curbing 19.00  LF 
 Shoulder Construction (6” gravel) 4.15  SY 
 Curb removal 3.50  LF 
 Curb inlet 443.00  EA 
 Driveway closure; new curbing installation 19.65  SY 
 Driveway construction 55.00  SY 
 Island construction (concrete, excluding curbing) 3.50  SF 
 
PAVEMENT SURFACE TREATMENTS 
 Overlay (1-1/2” thick; lime/steel/slag) 1.40  SY 
 Chip and seal (3/4” thick; with special rock gradation) 1.30  SY 
 Slurry seal (special stone gradation in suspension) 2.00  SY 
 Pavement grooving 1.50  SF 
 Pavement striping (4-inch white or yellow stripe) 0.10  LF 
 Pavement marking (stop bars, lane use arrows, etc.) 3.50  SF 
 
TRAFFIC SIGNALS AND BEACONS 
 Overhead 4-way flashing beacon      2,000.00  EA 
 Post, signal, 10 feet high 430.00  EA 
 Mast arm post 2,750.00  EA 
 Fixed-time controller 5,000.00  EA 
 Actuated Controller 7,500.000  EA 
 Junction box 250.00 EA 
 Detector, loop inductive 3000  EA 
 Detector, magnetic 371.00  EA 
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IMPROVEMENT DESCRIPTION  1998 COST 
 
 Detector, pedestrian pushbutton $  132.00  EA 
 Conduit (pushed . . . 2-inch diameter) 25.00  LF 
 Conduit (trenched . . . 2-inch diameter) 11.00  LF 
 
ROADSIDE FEATURES 
 Guardrail: New (Type A) 12.00 LF 
  Breakaway Cable Terminal (BCT) 700.00  EA 
  Bridge attachment 700.00  EA 
 Guardrail, New (Type A) and remove previous guardrail 20.00  LF 
 Complete lighting unit (1 Pole) 1,600.00  EA 
 Steel breakaway sign post 25.00  LF 
 Wood sign post (4-inch by 4-inch) 1.00  LF 
 Sign (installed . . . stop, yield, warning, etc.) 112.00  EA 
 Delineators (installed . . . sign and post) 60.00  EA 
 Remove and reset wood utility pole 160.00 to 750.00  EA 
 Remove and reset wood telephone poles 330.00 to 4,000.00  EA 
 Remove and reset road sign and post 50.00  EA 
 Remove tree(s) 100.00 to 650.00  EA 
 
RAILROAD GRADE CROSSINGS 
 Railroad crossing surface improvement (1 track) 
  Asphalt  200.00  LF 
  Concrete 400.00  LF 
  Timber  300.00  LF 
  Rubberized 500.00  LF 
 Railroad crossing automatic gates (per crossing) 100,000.00 TYP 
 Railroad crossing flashing lights (per crossing) 80,000.00  TYP 
 
MISCELLANEOUS 
 Sidewalk removal 4.00  SY 
 Sidewalk construction 3.41  SF 
 Sodding  3.41  SY  
 Blade gravel road approaches (4) at intersection 250.00  TYP 
 
THE FOLLOWING ITEMS INCLUDE MATERIAL COST ONLY: 
 Plastic three-lens signal head (12-inch lenses) 195.00 EA 
 Plastic two-lens pedestrian head (12-inch lenses) 160.00  EA 
 Optically programmed three-lens signal head 750.00  EA 
 Plastic back-plate for three-lens signal head 70.00  EA 
 
 
*Unit Cost Symbols: EA = Each 
   LF  =  Lineal Foot 
   SF  =  Square Foot 

 
SY  = Square Yard 
TYP  =  Typical 
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APPENDIX F 

ESTIMATED IMPROVEMENT PROJECT SERVICE LIFE 

The estimated improvement project service lives listed below were obtained from the 
Missouri Department of Transportation and two other state highway agencies.  It should be noted 
that the service life of an improvement project is somewhat difficult to forecast for several 
reasons, such as the quality of maintenance the project will receive.  Local estimates should be 
used for service lives whenever they are available.  However, there is very little benefit to be 
gained in stating service lives of an unusual number of years, such as 14 years or 29 years.  Such 
estimates do not have much credibility, and they can make the economic analysis more 
complicated. 

 
  SERVICE LIFE 

IMPROVEMENT DESCRIPTION  (Years) 
 
 ROADWAY CONSTRUCTION/RECONSTRUCTION 

 Widen pavement, no lanes added 20 
 Add lanes, no new median 20 
 Divide highway, add new median 20 
 Widen or improve shoulder 10 
 Flatten, clear side slopes 20 
 Relocate driveways 20 
 Flatten entrance slopes 20 
 Acquire right-of-way 100 
 Change horizontal alignment 15 
 Change vertical alignment 15 
 Change horizontal and vertical 15 
 
 STRUCTURES CONSTRUCTION/RECONSTRUCTION 

 Widen bridge or major structure 20 
 Replace bridge or major structure 30 
 Construct new bridge or major structure 30 
 Construct minor structure 20 
 Construct pedestrian over- or under-crossing 30 
 Construct interchange 35 
 
 PAVEMENT SURFACE TREATEMENTS 

 Apply skid treatment, groove pavement 10 
 Apply skid treatment, overlay pavement 6-9 
 Apply skid treatment, seal coat 3-5 
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  SERVICE LIFE 
IMPROVEMENT DESCRIPTION  (Years) 

 
 PAVEMENT SURFACE TREATEMENTS (cont’d) 

 Apply skid treatment, slurry seal 5-7 
 Apply markings (paint) 1 
 Apply markings (thermoplastic) 5 
 Apply edge-line markings (paint) 2 
 
 ROADSIDE FEATURES 

 Install illumination 15 
 Install breakaway sign support 10 
 Install breakaway luminaire support 20 
 Install guardrail 10 
 Install median barrier 15 
 Improve drainage structures 20 
 Install fencing 10 
 Install traffic signs 6-8 
 
 INTERSECTION-RELATED PROJECTS 

 Channelize, add turning lanes 15 
 Traffic signals 15 
 Warning flashers 15 
 Illumination 15 
 Overhead flashing beacon 10 
 
 RAILROAD GRADE CROSSINGS 

 Grade separation 30 
 Crossing relocation 30 
 Crossing illumination 15 
 Automatic gates 20 
 Flashing lights 20 
 Crossing signs and markings 5 
 Crossing surface improvement 

  Asphalt-timber 10 
  Timber 5 
  Rubberized 15 
  Concrete 20 

 
 OTHER IMPROVEMENTS 

 Delineators 10 
 Raised pavement markers 5 
 Improve sight distance 10  (variable) 
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REFERENCES FOR SERVICE LIFE ESTIMATES 
 
J. McCoy, “Safety Improvement Economic Analysis,” Iowa Department of Transportation, 

Memo Reference No. 590, November 27, 1985. 
 
Missouri Highway and Transportation Department, Correspondence dated April 4, 1990, 

Jefferson City, Missouri. 
 
University of Alabama, “Accident Identification & Surveillance Documentation Manual,” TSM 

Report 112-88, September 1988. 
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APPENDIX G 

ESTIMATED CRASH REDUCTION FACTORS 

The estimated crash reduction (CR) factors in Table G-1 are based on safety project 
evaluations performed by a variety of groups and agencies throughout the United States.  Due to 
the variability in traffic crash characteristics and countermeasure effectiveness among sites and 
regions, differences in CR factors for specific improvements do exist among agencies.  
Whenever possible, an agency should monitor its traffic safety improvement projects and 
develop its own CR factors. 

CR factors are required for estimating the economic benefits likely to result from feasible 
countermeasures.  Each CR factor indicates the percent crash reduction for a single 
countermeasure. 

When applying CR factors, good engineering judgment and common sense must prevail.  It 
is essential that each CR factor be applied to only those crashes having a reasonable chance of 
being corrected by the associated countermeasure. 

The Estimated Crash Reduction Factor table is organized according to countermeasure 
category and CR factor group.  The countermeasure categories are printed in capital letters in the 
left column, and the CR factor groups are identified by Roman numerals at the top of the table. 

COUNTERMEASURE CATEGORIES 
The countermeasure categories are tabled in the following sequence: 
• Channelization 
• Construction/Reconstruction 
• Traffic Signs 
• Traffic Signals 
• Illumination 
• Pavement Treatment 
• Pavement Markings 
• Regulations 
• Roadside Improvement 
• Delineation 
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Within each major countermeasure category, sub-categories are listed.  For instance, under 
the category “REGULATIONS” there are sub-categories such as “Regulate On-Street Parking” 
and “Prohibit Left Turns.” 

When several countermeasures are being considered for simultaneous use to correct a crash 
pattern at one location, the combined effect must be calculated using the procedure in the section 
entitled “COUNTERMEASURE ANALYSIS” in Chapter 5.  If that procedure is not followed, 
the crash reduction estimate will be incorrect. 

CRASH REDUCTION (CR) FACTOR GROUPS 
The CR factors are grouped to provide guidance for their proper application.  The five groups 

listed across the top of the table are defined as follows: 

GROUP I: Contains CR factors applicable to “All” crashes. 

GROUP II: Contains CR factors applicable to crashes according to severity 
level, “Fatal/Injury” or “PDO”. 

GROUP III: Contains CR factors applicable to several different types of 
crashes, such as “Head On” or “Right Angle”. 

GROUP IV: Contains CR factors applicable to crashes that occur during “Wet 
Pavement” conditions. 

GROUP V: Contains CR factors applicable to crashes that occur during 
“Night” conditions. 

GROUP VI: Contains CR factors applicable to crashes that are train-related. 

It is recommended that, for a specific countermeasure, the CR factor(s) to be applied should 
be selected from only one of the five groups.  For example, if the countermeasure is 
“PAVEMENT TREATMENTS – de-slick pavement” for a high-crash intersection, the engineer 
should choose the most meaningful application of CR factors from these possibilities: 

• From Group I:  Apply 13% reduction to All crashes; or 
• From Group III:  Apply CR factors to specific crash types, as:  10% reduction to Head 

On; 40% to Rear End, 10% to Right Angle, 10% to Side-Swipe; 10% to Fixed Object; 
10% to Pedestrian, and 10% to Run-Off Road crashes; or 

• From Group IV:  Apply 55% reduction to Wet Pavement crashes. 

If CR factors are applied from more than one group for the proposed “De-slicking” 
countermeasure, the crash reduction may be substantially overestimated.  Of course, the ideal 
situation would be to have CR factors for both wet and dry pavement conditions, for each crash 
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type, and for each level of severity.  However, CR factors are seldom available at that level of 
detail. 

For additional access control measures, see appendix D.  Table D-3 contains information on 
crash reduction, in a different format, as a function of ADT.
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     I II III IV V VI
All   Fatal or PDO Head Rear Right Side- Left Right Fixed Pedes- Run- Wet Night Train-

Injury On End Angle Swipe Turn Turn Object trian Off Pave-  Related
COUNTERMEASURE 

           Road ment   

CHANNELIZATION (see also 
Table D-3 in Appendix D) 

               

channelize intersection (1)                25
provide left-turn lane (with 25       45        
signal) (1, 7)                 
 - with no left-turn phase 15               
 - existing left-turn phase 35               
provide left-turn lane (without 35       50        
signal) (1, 6)                 
 - painted lane 32    75           
 - protected lane with curb or 67  62  93           
   raised bars                
provide right-turn lane (1) 25        50       
increase turn lane length (1) 15               
install two-way left-turn  35 20 35  36   33    37    
lane in median (2, 8, 28)                
 - two-lane to three-lane 32 59   46  46 46        
 - four-lane to five-lane 28 42   40  40 40        
add mountable median (1) 15               
add non-mountable median (1) 25               

CONSTRUCTION/ 
RECONSTRUCTION                

REALIGNMENT                
construct a more gradual 40               
horizontal curve (1,12)                
 - from 20 to 10 degrees 48               
 - from 15 to 5 degrees 63               
 - from 10 to 5 degrees 45               

     

               

TABLE G-1:  ESTIMATED CRASH REDUCTION FACTORS (%)
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     I II III IV V VI
All   Fatal or PDO Head Rear Right Side- Left Right Fixed Pedes- Run- Wet Night Train-

Injury On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

            Road ment  
 CONSTRUCTION/ 

RECONSTRUCTION (cont.)  

REALIGNMENT (cont.)  
improve vertical curve (1) 40               
improve horizontal and                50
vertical curve (1)                
improve sight distance at 40               
intersection (1)                
SEPARATING DEVICES                
close median opening (3)    100 50 100 50 100        
install median barrier (1, 2, 5) 5    F:65          35    

    I:40              
 - install a 1 to 12 ft. median     F:75   -28*             

    I:2              
 - install a 13 to 30 ft. median     F:85   -30*             

    I:5              
install concrete median      F:90   -10*             
barrier (5)     I:10              
install/improve curbing (9)                50
replace active warning  95               88
devices with bridge or tunnel (5)                
 * A crash reduction factor preceded by a (-) sign indicates an increase should be expected for that type of crash. 

     

TABLE G-1 (CONT’D):  ESTIMATED CRASH REDUCTION FACTORS (%)
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I II III IV V VI
All   Fatal or PDO Head Rear Right Side- Left Right Fixed Pedes- Run- Wet Night Train-

Injury On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

           Road ment   
 CONSTRUCTION/ 

RECONSTRUCTION (cont.)  

PAVEMENT WIDENING  
widen pavement (1) 25               
widen shoulder (paved) (10)                
 - widen 2 ft.          16  16    
 - widen 4 ft.          29  29    
 - widen 6 ft.          40  40    
 - widen 8 ft.          49  49    
widen shoulder (unpaved) (10)                
 - widen 2 ft.          13  13    
 - widen 4 ft.          25  25    
 - widen 6 ft.          34  34    
 - widen 8 ft.          43  43    
pave shoulder (1)                15
stabilize shoulder (1)                25
widen lane (10)                
 - add 1 ft. to both sides    12   12     12    
 - add 2 ft. to both sides    23   23     23    
 - add 3 ft. to both sides    32   32     32    
 - add 4 ft. to both sides    40   40     40    
ADDITIONAL LANES                
add passing/climbing lane (28) 25 30              
add accel./decel. lane (1) 10               
add lanes (2) 25    F:39 27 53 32  30     44    

    I:23              

     

TABLE G-1 (CONT’D):  ESTIMATED CRASH REDUCTION FACTORS (%)
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     I II III IV V VI
All   Fatal or PDO Head Rear Right Side- Left Right Fixed Pedes- Run- Wet Night Train-

Injury On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

            Road ment  
 CONSTRUCTION/ 

RECONSTRUCTION (cont.)  

BRIDGES  
widen bridge (general) (1, 2, 4) 45               
 - from 18 to 24 ft. 68               
 - from 20 to 24 ft. 56               
 - from 22 to 24 ft. 36               
 - from 18 to 30 ft. 93               
 - from 20 to 30 ft. 90               
 - from 22 to 30 ft. 86               
replace two-lane bridge (1, 2) 45               
repair bridge deck (1) 15               
INTERSECTION                
increase turning radii (1) 15               
improve sight distance (1, 2, 9) 30   10  21 10 13   10     
PEDESTRIAN                
construct pedestrian bridge 5          90     
or tunnel (1, 13)                
install sidewalk (1)           65     
DRAINAGE                
provide adequate drainage (1) 20            40   
provide proper  40               
superelevation (1)                
FREEWAY                
construct interchange (1) 55               
modify entrance/exit ramp (1) 25               
construct frontage road (1) 40               
install glare screen (1)              15  

     

TABLE G-1 (CONT’D):  ESTIMATED CRASH REDUCTION FACTORS (%)
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I II III IV V VI
Fatal or PDO Head Rear Right Side- Left Right Fixed Pedes- Run- Wet Night Train-
Injury  On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

            Road ment  
 CONSTRUCTION/ 

RECONSTRUCTION (cont.)  

GUARDRAIL  
install guardrail (1, 2)  F:65          30    

I:40
upgrade guardrail  (1, 2) F:50          26    

I:35
install at bridge (5) F:90  -110*             

I:45
install along ditch (5)   -19*             
install along embankment (5) 42   -47*             
install to shield trees (5) F:65   -90*             

I:51
install to shield fixed objects as 31   -45*             
rocks and steel posts (5) 

All    
    

5 
               

5 
               
 
               
 26 
 
 
               
 
             

 TRAFFIC SIGNS  
WARNING SIGNS               
install warning signs (1) 25             
install warning signs in               
advance of intersections (1, 11)               
 - urban 30              
 - rural 40    

  

 
  
 
 
 

           
install warning signs in 30    F:55  29        30    
advance of curves (1, 2, 11)     I:20              
add signs at railroad               30 
crossings (1)                
install school zone signs (1) 15               
install pavement condition             20   
signs (1)                
 * A crash reduction factor preceded by a (-) sign indicates an increase should be expected for that type of crash. 

TABLE G-1 (CONT’D):  ESTIMATED CRASH REDUCTION FACTORS (%) 
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I II III IV V VI
All   Fatal or PDO Head Rear Right Side- Left Right Fixed Pedes- Run- Wet Night Train-

Injury On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

            Road ment  

TRAFFIC SIGNS (cont.)  

REGULATORY SIGNS                
install stop sign (2-way) (1) 35               
Change to all-way stop sign from 55    13 72  20   39     
two-way stop sign (1, 26)                
install yield sign (1) 45               
install lane use signs (27) 30    10  20         
GUIDE SIGNS                
install guide signs (1) 15               
install variable message   15               
sign (1)                

TRAFFIC SIGNALS   
install signal (general) (1, 24) 25     65          
 - from two-way stop 28 43    -46* 74   -92*        
 - from two-way stop and add  36 53   8 74   -43*        
   left-turn lane                
SIGNAL UPGRADE                
upgrade signal (1) 20               
install 12-inch lenses (1) 10               
install visors or back-plates (1)      20          
install optically programmed 15   20 10 10  10        
signal lenses (1, 3)                
upgrade pedestal mounted to                
mast arm: pre-timed signal (24)                
 - no left-turn lane 51 52   24 69  28        
 - existing left-turn lane 44 25   35 74  2        
 - left-turn lane added 84 87   72 83  87        
 * A crash reduction factor preceded by a (-) sign indicates an increase should be expected for that type of crash. 
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G
-10

     
 

I II III IV V VI
All   Fatal or PDO Head Rear Right Side- Left Right Fixed Pedes- Run- Wet Night Train-

Injury On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

            Road ment  

TRAFFIC SIGNALS (cont.)  
SIGNAL PHASING                
improve signal phasing (1) 25               
add exclusive left-turn phase (1) 25       70        
add protected/permissive 10       40        
left-turn phase (1)                
improve timing (1) 10               
install/improve pedestrian 25          55     
signal (1)                
improve yellow change interval 
(1) 

15               30

add all-red interval (1) 15     30          
interconnect signals (1, 15) 15 29   20 10  38 36  10     
install traffic actuated signal (33)      10 20 80        
REMOVAL                
remove unwarranted signal (1, 9) 50    90  -30*   -10*     -10*     
FLASHING BEACON                
install flashing beacon (1) 30               
install flashing beacon at  30               
intersection (1)                
install intersection advance  25               
warning flashers (1)                
install general advance warning  35               
flashers (1)                
 * A crash reduction factor preceded by a (-) sign indicates an increase should be expected for that type of crash. 

     

TABLE G-1 (CONT’D):  ESTIMATED CRASH REDUCTION FACTORS (%)
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     I II III IV V VI
All   Fatal or PDO Head Rear Right Side- Left Right Fixed Pedes- Run- Wet Night Train-

Injury On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

            Road ment  

TRAFFIC SIGNALS (cont.)  
RAILROAD CROSSINGS                
general railroad crossings (1)                70
add flashing lights at railroad               65 
crossings (1)                
add automatic gates at                75 
railroad crossings (1)                
add automatic gates and               75 
flashing lights (1)                

ILLUMINATION   
improve street lighting (1) 25             50  
install/improve lighting at 25             45  
roadway segment (1)                
install/improve lighting at 30             50  
intersections (1)                
install/improve lighting at 25             50  
interchanges (1)                
install/improve lighting at 30             60 60 
railroad crossings (1)                

PAVEMENT TREATMENT   
de-slick pavement (9, 21) 13   10 40 10 10   10 10 10 55   
groove pavement (1) 25            60   
resurface curve with skid-    86         51   
resistant overlay  (21)                
resurface (general) (1) 25            45   
install rumble strips (1, 2) 25               
groove shoulder (1, 2) 25 18 17         27    
make surface improvements  34  39             
at railroad crossings (11)                

     

  

  

TABLE G-1 (CONT’D):  ESTIMATED CRASH REDUCTION FACTORS (%)
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     I II III IV V VI
All   Fatal or PDO Head Rear Right Side- Left Right Fixed Pedes- Run- Wet Night Train-

Injury On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

            Road ment  

PAVEMENT MARKINGS  
add pavement markings  (32) 13               
add pavement markings at 48 42 51  58          15 
railroad crossings (1, 2)                
add reflectorized raised  10   20   20   10  10 25 20  
pavement markings (1, 9)                
add "no passing" striping (1)    40   40         
add centerline markings (1) 35               
add edgeline markings (1, 20) 15 15 8         30    
add/improve pedestrian            25     
crosswalk (1)                
add wider markings (1)              25  

REGULATIONS   
prohibit on-street parking (1, 9) 35    10 10 30   40 30     
change angle parking to  59               
parallel (22)                
set appropriate speed limit (1,15) 20  35             
prohibit left-turns (1, 9) 45    30   90   10     
change two-way roadway to                
one-way roadway (1, 23)                
 - intersection crashes 26          46     
 - mid-block crashes 43          50     
prohibit right-turn-on-red at     20 30 20    30     
signalized intersections (9)                

ROADSIDE IMPROVEMENT   
remove fixed objects (1) 30 F:50              

I:30
relocate fixed objects (1) 25 F:40              

I:25
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I II III IV V VI
   All Fatal or PDO Head Rear Right Side- Left  Right Fixed Pedes- Run- Wet Night Train- 

 Injury     On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

            Road ment  

ROADSIDE IMPROVEMENT 
(cont.)                

improve gore area (1) 25               
modify poles/posts with (1) 5 F:60              
breakaway features  I:30              
install impact attenuators (1) 5 F:75              

I:50
relocate utility poles to                 
increase offset from road (16)                
 - from 2 to 6 ft          50      
 - from 3 to 8 ft          46      
 - from 5 to 10 ft          36      
flatten side-slope (29, 30)                
 - from 2:1 to 4:1 6         10  10    
 - from 2:1 to 5:1 9         15  15    
 - from 2:1 to 6:1 12         21  21    
 - from 3:1 to 4:1 5         8  8    
 - from 3:1 to 5:1 8         14  14    
 - from 3:1 to 6:1 11         19  19    
 - from 4:1 to 6:1 7         12  12    
 - from 5:1 to 7:1 8         14  14    
install animal fencing (1, 2)     90* 91 61             
eliminate poles by burying  40               
utility lines (31)                
install object markers (2) 16      F:41 14         29    

      I:17              
 * Applies to animal-related crashes only               

               

               

TABLE G-1 (CONT’D):  ESTIMATED CRASH REDUCTION FACTORS (%)
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     I II III IV V VI
   All Fatal or PDO Head Rear Right Side- Left  Right Fixed Pedes- Run- Wet Night Train- 

 Injury     On End Angle Swipe Turn Turn Object trian Off Pave-  RelatedCOUNTERMEASURE 

            Road ment  

ROADSIDE IMPROVEMENT 
(cont.)                

increase roadside clear zone                
recovery distance (10)                
 - add 5 ft          13  13    
 - add 8 ft          21  21    
 - add 10 ft          25  25    
 - add 15 ft          35  35    
 - add 20 ft          44  44    

DELINEATION   
install post-mounted delineators 25             30  
    on horizontal curve (1, 15)                
install chevron alignment  35               
sign on horizontal curve (15)   
install delineation at bridges (5) 40  
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