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Disclaimer

The contents of this report reflect the views of the author and not necessarily the views of
the University. The author is responsible for the facts and the accuracy of the data
presented herein. The contents do not necessarily reflect the official views or policies of
either the North Carolina Department of Transportation or the Federal Highway
Administration at the time of publication. The report does not constitute a standard,

specification, or regulation.
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BACKGROUND

In 1995, North Carolinaranked 9™" of the 50 states in terms of total highway-
related deaths, with 1,418 people killed. The fatality rate of 1.9 people killed per 100
million vehicle miles of travel ranked North Carolina 20" nationally (1). Table 1 shows
the fatalities for each state in the region and how the region compares with the nation as a
whole. In response to these trends in traffic fatalities, the North Carolina DOT, other
state DOT's in Region IV and the Federal Highway Administration have sought to better
understand and prevent fatal crashes and their causal factors.

The eight southeastern states representing the Federal Highway Administration’s
former Region 1V, namely Alabama, Florida, Georgia, Kentucky, Mississippi, North
Carolina, South Carolina, and Tennessee have consistently ranked among the highest
nationally with respect to number of fatal crashes and fatal crash rates compared to other
former FHWA regions over recent years. From a national perspective, it is disconcerting
that an entire region appears over represented with respect to these gross statistics. The
statistics shows that the region experienced approximately 25 percent of the total nation’s
fatalities and afatality rate about 20 percent above the national mean rate. Recognizing
this overrepresentation of the Southeast Region, a pooled fund study was initiated to
attempt to isolate contributing factors and to identify potential solution strategies.

Tablel. Former FHWA Region IV 1995 Safety Record - Total Urban and Rural

Fatalities Fatality Rate’
State Number National Rank Number National Rank

Alabama 1,113 12 2.2 11
Horida 2,805 3 2.2 12
Georgia 1,488 7 1.7 26
K entucky 849 20 2.1 16
Mississippi 868 19 2.9 1
North Carolina 1,448 9 19 20
South Carolina 881 18 2.3 8
Tennessee 1,259 11 2.2 10
Mean Rank 12.37 13.00

Total Region IV 10,711 21

Total US 41,798 1.7

*per 100 million vehicle-miles of travel

The goal of the regional pooled fund study entitled “Investigation and
Identification of Principal Factors Contributing to Fatal Crashes in the Southeastern
United States’, is to better understand the causes of fatal crashesin eight southeastern
states. The Georgia Institute of Technology is conducting and overseeing the regional
project. In conjunction with this pooled fund study, the states are conducting a
cooperative project to develop a comprehensive list of countermeasures likely to be
effective in educing the severity and frequency of fatal crashes on two-lane rural
highways.

The first phase of the pooled fund study examined the roadway, crash, vehicle,
individual, and environmental factors that are associated with fatal and serious injury




crashes in North Carolina between 1993 and 1997. The initial analysisidentified road
classifications, geographic characteristics, and time trends related to severe crashes using
Highway Safety Information Systems (HSIS) segment and crash data. HSIS system
highways in North Carolina include the state primary and major secondary routes. Non-
HSIS roads include local streets and minor secondary streets. Both HSIS and non-HSIS
data are used in the more detailed section of the study to analyze the severe crash factors
on all HSIS highways, two-lane urban HSIS highways, two-lane rural HSIS highways,
urban non-HSI'S routes, and rural non-HSIS routes (2).

In the phase | report, atest of the standard error of a binomial proportion is used
to find the statistical significance of the roadway, crash, vehicle, individual, and
environmental factors related to severe crashes. Theinitial analysis shows that urban and
rural two-lane roads are associated with the highest crash severity, mountain counties
have the highest proportion of severe crashes, and crash severity remained stable for
some of the most severe crash types. Factors associated with significantly high crash
severity on all roadway types include curve, run-off-road, utility pole, tree, head-on,
pedestrian, bicycle, darkness, and alcohol use. The final section of the report
recommends countermeasures that can be used to reduce the incidence of fatal and
serious injury crashes associated with these factors. The full text of thisreport is
available at http://www.hsrc.unc.edu/pdf/2001/identofsevere.pdf.

As part of the Regional Pooled Fund Study, each state was to complete a causal
chain analysis of the 150 randomly selected rural two-lane road fatal crashes. This study
is the North Carolina portion of this part of the regional effort. This project included
qualitative reconstruction of 150 randomly selected fatal crashes, determination of the
most likely contributing factors, and development the sequence of events leading up to
the fatal crash. Additionally, alist of predetermined countermeasures was evaluated to
determine their potential effectiveness to prevent or reduce the severity of the crash. A
crash database was constructed containing the subjective opinions of four engineersin
North Carolina concerning the potential effectiveness of the countermeasures; crash level
data; vehicle level data; driver level data; and roadway characteristic data.

Project Objective
The project objectives included:

To complete the North Carolina portion of the causal chain analysis for the
regiona pooled fund study for a sample of fatal crashes.

To develop a ranked comprehensive list of candidate countermeasures
likely to be effective for reducing both the number and severity of fata
crashes on two-lane rural roads in North Carolina.  This list will include
countermeasures ranked according to their expected influence on fatal
crash frequency and severity for two-lane rural roads. The list will be
based upon the findings of causal analyses of actual fatal crashes.



North Carolina Portion of the Southeast Region Fatal Analysis
Effort

The remaining North Carolina portion of the southeast region fatal analysis effort
included providing the subjective crash data for the 150 fatal crashes that occurred in
North Carolina and previoudly selected in the first phase of the regiona study. This
included completing a qualitative crash reconstruction and completing evaluations
effectiveness forms for the 30 countermeasures provided by Georgia Institute of
Technology and providing the data to Georgia Tech in an electronic database.

Qualitative Crash Reconstruction

This portion of the study utilized the data and photographs collected in the first
phase of the study, along with the crash data and reporting officer’s diagram and
narrative to develop a qualitative crash reconstruction for each of the 150 crashes. All of
the crashes identified in the first phase of the study occurred more than two years prior to
the actua gite visits. This time lapse makes it very difficult to determine some features
and situations that may have affected the crash. For example, in some cases, the
pavement markings appeared to have been repainted since the date of the crash.

The qualitative crash reconstruction primarily consisted of developing a sequence
of events, geographically locating on a map, identifying potential contributing factors and
presenting the information from the crash report and roadway inventory in an easy to
understand format. All the information was placed in a separate file for each crash along
with photographs showing the crash site from different perspectives. Appendix A
provides and example of the contents of afile for one crash.

Countermeasures Evaluated

As part of the regional pooled fund study, Georgia Institute of Technology, in
cooperation with the FHWA and Georgia Department of Transportation developed a list
of countermeasures with the potential of reducing fatal crash occurrences and injury
severity on two-lane rural roads. Table 2 shows the list of 30 countermeasures provided
by the regional study. Appendix B contains the countermeasure handbook used by the
engineers to evaluate the potential effectiveness of each countermeasure to reduce the
severity or prevent the occurrence of the 150 randomly selected fatal crashes.

The NCDOT reviewed the list of 30 countermeasures and identified several other
categories to consider adding to the regional list of countermeasures. The additional
crash countermeasures that were reviewed for consideration were:

Tree crashes

Utility pole crashes

Large trucks

Older drivers

Intersection related crashes (within 150 feet of an intersection)

Pavement friction crashes (mainly run-off-road during wet road
conditions)

Road surface defects



Bridge-rail and bridge-end crashes

The project team reviewed the 150 fatal crashes to determine if there were a
sufficient number of crashes available to make an inference about these categories, i.e.,
are there enough crashes in the sample to justify the expense of expanding the
Countermeasure Handbook. The Countermeasure Handbook contains an extensive
amount of information about specific countermeasures; their application; and some
information of their effectiveness based on past research and studies. After conducting
the analyses of the 150 fatal crashes, recommendations were presented to the technical
advisory committee and the conclusion was that there wer e not a sufficient number of

crashesin these other categoriesto warrant the additional expense to add to the
countermeasure evaluation manual for this project. Appendix C provides the
documentation for this task and was an interim deliverable.

Table2. Countermeasure List Used in the Regional Study

Code Counter Measure Category
Al Add/Upgrade Edgeline Pavement Marking
A2 Add/Upgrade Centerline Pavement Marking
A3 Add/Upgrade No-Passing-Zone Lines Pavement Marking
A4 Add Raised Pavement Markings (RPM's) to Centerline |Pavement Marking
B1 Warning Sign Traffic Signs
B2 Advisory Speed Sign Traffic Sgns
B3 Chevron Alignment Sign Traffic Signs
B4 Post Delineator Traffic Signs
C1l Geometric Realignment (Horizontal, Vertical, Roadway |mprovements
C2 Modify Superelevation / Cross Slope Roadway |mprovements
C3 Improve Sight Distance without Geometric Roadway Improvements
C4 Widen Travel Lanes/ Pavement Width Roadway |mprovements
C5 Add Turn Lane (Left/Right) Roadway |mprovements
Cé6a Improve Shoulder - Add or Widen Graded or Stabilized |Roadway | mprovements
C6b Improve Longitudinal Shoulder - Pave Existing Graded |Roadway | mprovements
Cé6c Improve Longitudinal Shoulder - Widen and Pave Roadway |mprovements
c7 Add Rumble Strips Roadway |mprovements
C8 Improve Roadway Access Management Roadway Improvements
D1 Install or Upgrade Guardrail Roadside Improvements
D2 Upgrade Guardrail End Treatment / Add Impact Roadside Improvements
D 3a Clear Zone Improvements - Widen Clear Zone Roadside |mprovements
D 3b Clear Zone Improvements - Flatten Side Slope Roadside |mprovements
D 3c Clear Zone Improvements - Relocate Fixed Object Roadside |mprovements
D3ad Clear Zone Improvements - Remove Fixed Object Roadside Improvements
D 3e Clear Zone Improvements - Convert Object to Roadside |mprovements
D 3f Clear Zone Improvements - Traversable Drainage Roadside |mprovements
El Add Lighting (Segment) Lighting
E2 Add Lighting (Intersection) Lighting
E3 Upgrade Lighting (Segment/I ntersection) Lighting
F1 Enforce Speed Limits Regulations




Method for Completing Countermeasure Evaluation

To facilitate the organization, logistics and analysis of the countermeasure
evaluation results, a Microsoft Access database was developed with data entry screens.
The reviewing engineers entered their responses for each countermeasure for al 150 fatal
crashes directly into the database. Appendix B provides examples of the countermeasure
evaluation form used in North Carolina rather than the paper form.

Subjective Crash Database

The subjective database contains information about the crash site, vehicles,
drivers, and responses provided by four engineers that evaluated the countermeasures for
al 150 crashes. The dataresides in a Microsoft Access Database and was the primary
deliverable for this project. The database was sent to Dr. Simon Washington on
December 4, 2001. A complete copy of the database is provided with this final report on
a compact disk and requires Microsoft Access to open.

Develop Subjective Estimates Crash modification Factors (Qsup;)

The subjective estimates include crashes where all four engineers provided a
response other than “N/A”, not applicable and some countermeasures did not have any
crashes that received responses from all evaluating engineers. Table 3 shows the number
of crashes, the subjective mean and standard deviation and the subjective crash
modification factor for each countermeasure.

The most likely value for the crash modification factor, g, is based upon the
valuesof a, b and the subjective mean. The shape parameters, a and b, canbe
determined by the fact that a+b = nand a=m,*n, where n is the sample sizeand m, is
estimated by (3). Table 3 shows the necessary information to calculate the likely values
of the crash modification factors for each of the countermeasures where al four engineers
provided responses.

The highlighted rows indicate the top five countermeasures based upon the
randomly selected 150 crashes, the 30 countermeasures evaluated and the subjective
opinions of the four evaluating engineers. Notice that four of the top five
countermeasures involve roadside improvements. In addition, notice that the estimates
for gy are quite different from the estimates of the means alone, the fourth column in
Table 4.



Table 3. Subjective estimates of the crash modification factors

Mean |Std. Dev.
Fatal

Code Counter Measure crashes | M Sty a b Osubj Rank
A1l |Add/Upgrade Edgeline 10 0.93 0.13 9.34 0.65 1.00 13
A 2 |Add/Upgrade Centerline 7 0.94 0.20 6.58 041 1.00 13
A 3 |Add/Upgrade No-Passing-Zone Lines 0

A4 |Add Raised Pavement Markings (RPM's) to CL 16 0.93 0.16 150 0.99 1.00 13
B 1 [WarningSign 14 0.84 0.17 118 214 0.91 7
B 2 [Advisory Speed Sign 10 0.87 0.16 8.76 123 0.97 1
B 3 |Chevron Alignment Sign 8 0.85 0.16 6.84 1.15 0.98 12
B 4 [Post Delineator 1 0.91 0.16 091 0.08 1.00 13
C1 |[Geometric Realignment 12 0.86 0.16 104 156 0.9 9
C 2 [Modify Superelevation / Cross Slope 0

C 3 |Improve Sight Distance w/o Geometric Realign 1 0.67 0 0.67 0.33 1.00 13
C4 |Widen Travel Lanes/ Pavement Width 49 0.92 0.14 452 3.79 0.94 9
C5 [Add Turn Lane (Left/Right) 0

C6a |Improve Shoulder - Add or Widen Graded or Stabilized Shoulder 4 0.81 0.16 3.25 0.74 1.00 13
C6b [Improve Longitudinal Shoulder - Pave Existing Graded Shoulder of 6 0.87 0.16 5.25 0.74 1.00 13

Suitable Width

C6c |Improve Longitudinal Shoulder - Widen and Pave Existing Shoulder 6 0.86 0.16 517 0.82 1.00 13
C7 |Add Rumble Strips 1 0.83 0.19 0.83 0.16 1.00 13
C 8 |Improve Roadway Access Management 0

D1 |Instal or Upgrade Guardrail 12 0.56 0.24 6.75 5.24 0.58 2
D 2 |Upgrade Gdrl End Trtmnt / Add Impct Attn. 0

D 3a [Clear Zone Improvements - Widen Clear Zone 13 0.80 0.18 104 2.56 0.86 6
D 3b |Clear Zone Improvements - Flatten Side Slope 12 0.76 0.19 9.18 281 0.82 4
D 3c |Clear Zone Improvements - Relocate Fixed Obj. 0

D 3d |Clear Zone Improvements - Remove Fixed Obj. 8 0.74 0.18 5.93 2.06 0.82 4
D 3e |Clear Zone Imp - Convert Object to Breakaway 0

D 3f |Clear Zone Improvements - Traversable Drainage Structure 5 0.5 0.17 25 25 0.50 1
E1 |[AddLighting (Segment) 8 0.81 0.16 6.51 148 0.92 8
E 2 [AddLighting (Intersection) 1 0.83 0.19 0.83 0.16 1.00 13
E 3 [Upgrade Lighting (Segment/Intersection) 0

F1 [Enforce Speed Limits 39 0.71 0.30 27.8 11.2 0.73 3




Combine Subjective Estimates with Current Estimates of Crash
Modification Factors (CMF) to Obtain Posterior Likelihoods of
Theta

The current estimates of the crash modification factors are outlined in the
Countermeasure Handbook provided in Appendix B. The combination of the two
estimates requires a factor of reliability for the current estimate. The reliability factors
assigned in this study where subjective and received low estimates if they were based
upon opinions from state surveys and higher reliability factorsif the estimates are based
upon actual completed studies. Other elements such as the date of the study, the number
of sites used in the study and the study methodology may have had some bearing on the
subjective reliability factor.

The method used to combine the two estimates is based upon combining the
shape parametersa and b. If a and b represent the shape parameters for the subjective
estimates found in the previous section and a’ and b’ represent the shape parameters for
the estimates from the current estimates from the Counter measure Handbook, then the
combined shape parametersarea” andb” wherea” =a’ +a andb” =b’ +b. However,
the reliability factor will have an effect on the estimates as mentioned. The higher the
reliability factor, then more weight is given to the estimates from the literature. The final
shape parameters used the reliability factor (rr) in the following form.

a’=r-a +(1-r)-a
b”=r-b" +(1-r) -b

Table 4 provide the final estimates of the crash modification factors for the
countermeasures evaluated based upon combining the subjective estimates and estimates
from past research and surveys.

Notice the effect that combining the estimates had on the top five
countermeasures. Because there were not any estimates available to include with the
subjective estimate, the top countermeasure, D 3f, did not change. However, the second
ranked countermeasure, D 1, crash modification factor changed from 0.58 to 0.7 after
combining the subjective and previous estimates. Countermeasures C 1 and C 2 moved
up into the top five, while D 3b and D 3d dropped out of the top five. The enforcement
countermeasure, F 1, shifted from third to fourth in the combined estimates.

There were a few other countermeasures without estimates from previous work.
There were also countermeasures where a subjective estimate was not produced. Using
this process provides a systematic method to develop crash modification factors when
research and evaluations do not provide such information. It also provides a method to
supplement the information if the estimates from literature searches appear suspect.
However, it is advisable to develop a method to assign the reliability factor based upon
the merits of the work.



Table4. Estimates of crash modification factorsfor evaluated counter measur es based upon combining subjective and past estimates.

No. of

Eal m 1 1 1 [ 1]
Code Counter Measure ates | Myr| A b' | Qeur| If | @ b" | Gfinal| Rank
A 1 |Add/Upgrade Edgeline 30 | 08 [2550| 450 088 | 010 | 314 | 135 | 100 | 17
A 2 |Add/Upgrade Centerline 13 | 076 | 988 | 312 | 081 | 010 | 1.36 | 1.21 | 1.00 | 18
A 3 |Add/Upgrade No-Passing-Zone Lines
A 4 |Add Raised Pavement Markings (RPM's) to CL 6 094|564 | 036|100 | 010 | 146 | 094 | 100 | 18
B 1 |Warning Sign 11 | 070 770 | 330 | 0./5 ] 010 | 270 [ 1.15 | 0.89 8
B 2 |Advisory Speed Sign 2 070 140 | 060 | 100 | 010 | 125 | 093 | 098 | 15
B 3 |Chevron Alignment Sign 3 070 | 210 | 090 | 100 | 010 | 1.25 | 097 | 098 | 16
B 4 |Post Delineator 13 | 080 |1036| 264 | 085 | 010 | 1.11 | 1.16 | 1.00 | 18
C 1 |Geometric Realignment 51 | 067 | 34.02| 16.98| 0.67 | 050 | 17.79| 896 | 0.72 3
C 2 |Modify Superelevation / Cross Slope
C 3 |Improve Sight Distance w/o Geometric Realign 16 | 069 | 1104 496 | 0.72 | 050 | 569 | 298 | 0.75 5
C 4 |Widen Travel Lanes/ Pavement Width 15 | 07811170 330 | 082 | 050 | 7.75 | 212 | 092 11
C5 |Add Turn Lane (Left/Right)
C 6a |Improve Shoulder - Add or Widen Graded or Stabilized Shoulder 16 | 0801280 320 | 084 | 0.30 | 436 | 166 | 092 | 10
Cé6b Improve Longitudinal Shoulder - Pave Existing Graded Shoulder 1 080 | 1280| 3.20 1.00 0.30 4.36 1.66 0.93 12

of Suitable Width

C 6¢ |Improve Longitudina Shoulder - Widen and Pave Exting shldrs 20 | 0921840 160 | 097 | 085 | 1576 151 | 097 | 14
C 7 |Add Rumble Strips 6 079 | 474 | 126 | 094 | 050 | 245 | 1.13 | 1.00 | 18
C 8 [Improve Roadway Access Management 1 040 | 040 | 0.60 | 1.00 | 050 030 | 1.00| 18
D 1 |[Install or Upgrade Guardrail 17 | 085 | 1445 255 | 090 | 0.30 | 800 | 1.17 | 0.70 2
D 2 |Upgrade Gdrl End Trtmnt / Add Impct Attn. 10 | 067 | 672 | 328 | 0.72 | 0.30 0.98 | 1.00 18
D 3a |Clear Zone Improvements - Widen Clear Zone 0.00 | 0.00 256 | 086 | 0.86 7
D 3b [Clear Zone Improvements - Flatten Side Slope 20 [ 0861720 280 | 090 | 0.85 [ 1504| 250 | 0.89 8
D 3c |Clear Zone Improvements - Relocate Fixed Obj. 2 058 | 1.16 | 0.84 | 1.00 | 0.50 042 | 1.00 | 18
D 3d |Clear Zone Improvements - Remove Fixed Obj. 10 | 078 | 780 | 220 | 085 | 050 | 493 | 151 | 0.84 6
D 3e |Clear Zone Imp - Convert Object to Breakaway
D 3f |Clear Zone Improvements - Traversable Drainage Structure 0.00 [ 0.00 250 | 050 | 0.50 1
E 1 |AddLighting (Segment) 5 090 | 450 | 050 100 | 030 | 239 | 0.79 | 09 | 13
E 2 |Add Lighting (Intersection) 2 075] 150 | 050] 100 | 030 | 056 | 085 | 1.00 | 18
E 3 |Upgrade Lighting (Segment/Intersection) 6 088 | 525 | 075 | 1.00 | 0.30 023 | 1.00| 18
F 1 |Enforce Speed Limits 0.00 | 0.00 11.20| 0.73 | 0.73 4




Recommendations for Applying Results

The application of the findings of this study may be tempered because the crashes
were a subset of all reported crashes. These crashes included 150 randomly selected
rural-two-lane fatal crashes reported in North Carolinain 1997.

The recommended next step would be to find areas where the countermeasures
may be applied. One such method would be to develop warranting criteriain the HSIP to
identify locations where these countermeasures may be applied. However, it is
recommended to expand the data to multiple years and to all reported crashes. Table 5
shows the countermeasures reviewed which are sorted by the crash modification factor,
where the crash modification factor exceeded five percent.

Table5. Thislist includes counter measur es ranked according to their expected influence on
fatal crash frequency and severity for two-lanerural roads.

Crash
Reduction
Code Counter Measure Gina Factor Rank
D 3f |Clear Zone Improvements - Traversable Drainage 0.5 50% 1
Structure
D1 Install or Upgrade Guardrail 0.7 30% 2
Cl Geometric Realignment 0.72 28% 3
F1 Enforce Speed Limits 0.73 27% 4
Cc3 Improve Sight Distance w/o Geometric Realign 0.75 25% 5
D 3d |Clear Zone Improvements - Remove Fixed Object. 0.84 16% 6
D 3a [Clear Zone Improvements - Widen Clear Zone 0.86 14% 7
B1 Warning Sign 0.89 11% 8
D 3b [Clear Zone Improvements - Flatten Side Slope 0.89 11% 8
C6a |Improve Shoulder - Add or Widen Graded or 0.92 8% 10
Stabilized Shoulder
C4 Widen Travel Lanes/ Pavement Width 0.92 8% 11
C6b |Improve Longitudinal Shoulder - Pave Existing 0.93 % 12
Graded Shoulder of Suitable Width

Another opportunity to apply the results of this project isin the driveway permit
process and requirements. Since the traversable drainage structure countermeasure, D 3f,
had the highest crash modification factor, it would be reasonable to require new
driveways to be constructed so that they are traversable. This should include al new
driveways, including residential driveways. This recommendation combined with a HSIP
warrant to identify and treat potentially hazardous locations could reduce the risk of fatal
crashes on rural two-lane roads.

Currently, NCDOT does not have a complete list of crash reduction factors for all
countermeasures implemented. This process can be modified and used to develop a more
complete list of crash modification factors. Since the process has already been developed

through this project, the only components need to apply this methodology to other
situations is the crash selection process. Once the crash selection process is devel oped,

then the engineers would complete the same process and analyses that were used in this

9



project. The resulting product would be a more complete list of crash reduction factors
that NCDOT could use to help prioritize safety projects.

The last recommendation includes developing HSIP warranting criteria and
working with the Governor’s Highway Safety Program (GHSP) and law enforcement
agencies to target speed enforcement. Such targeted programs could help identify
locations and times where there are higher incidents of speed related crashes.

Summary of Recommendations
Develop target crash type and Highway Safety Improvement Program
warranting criteriato identify locations where countermeasures can be
applied.
Identify applications in policy and procedures, such as the driveway manual.

Modify the procedures used in this study to complete a crash reduction factors
list to help prioritize projects.

Develop target crash type and HSIP listing and working through the

Governor's Highway Safety Program and law enforcement agencies to focus
speed enforcement.

Conclusion

This study reviewed only a select number of countermeasures and it would be
preferable to evaluate more countermeasures than the 30 identified. However, the cost of
developing the additional countermeasures prevented adding additional countermeasures
inthisstudy. If asimilar program became standard practice during the review of all fatal
crashes, then over time, a robust source of information concerning fatal crashes in North
Carolina could be devel oped.

10
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Appendix A. Example of Crash File
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Crash Level
Date/Time Saturday 1/4/97 9:05:00 PM

Locatlon Anson County On SR 1413 .58 miles N of SR 1414 towards NC 218
Crash Type: Weather: Road Condition: Road Surface Type: Light:
PEDALCYGLIST CLEAR DRY SMOOTH ASPHALT DARK - ROADWAY NOT
LIGHTED
Comments
Roadway: Trafflc Control Devl Roadside:
Unlit rural 2-lane roadway, Mild horizontal and | [Center and edgeline pavement markings
veritcle curve near crash site present, no passing zone.
i\
Operations: : Environmental Conditions:
Posted speed limit is 55 mph Light Condition -- Dark no street lights
ADT less than 500 vpd Road Condition - Dry
No Access Control Weather -- Clear /
Unit1: Unit2:
It is unknow whether the bike had visible reflectors on the rear or Driver charged with DWI and driving while license revoked.
whather the bike was using a front light.

Sequence of Events

Vehicle 1 (bike) traveling north in center of northbound lane. Vehicle 2 traveling north in norhtbound lane. Vehicle 2 rear-ended the Vehicle 1.
\Veh 2 runs-off-road to the right then crosses road coming to a rest on the S-W bound shoulder. Driver of vehicle 1 was thrown from the bike, veh
1 continued north and came to rest on the S-W bound soulder. Veh 2 did not leave skid marks, there was no indication that vehicle 2 altered
ispeed before striking veh 1.
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Unit/Operator 1 .
Veh. Type Vehicle Maneuver: Contrib. Clrcumstance 1:
PEDALCYCLE GOING STRAIGHT AHEAD NO CONTRIBUTING CIRCUMSTANCES INDIC
Model Year Non-Motorist Actlon: Contrib. Circumstance 2:
OTHER
Vehicle Make
Contrib. Circumstance 3:
peed Limit: Est. Speed:
Registration State B By Ree
Length of Tire Impression Distance Traveled Ob) Dist and Dir from Road:
- STRAIGHT AHEAD 11-30 FT
Person Type: AGE: Race/sex: Restraint/Heimet Use Injury:
PEDALCYCLIST 52 WHITE MALE NONE USED KILLED
Unit/Operator 2
Veh, Type Vehicle Maneuver: Contrib. Circumstance 1:
PASSENGER CAR GOING STRAIGHT AHEAD ALCOHOL USE
Model Year Non-Motorist Actlon: Contrib. Circumstance 2:
1560 OTHER
Vehicle Make
HONDA Contrib. Circumstance 3:
It: :
Registration State ::”u Limit :;t' Spead
NORTH CAROLINA
Length of Tire Impr Dist: Traveled Obj Dist and Dir from Road:
258 STRAIGHT AHEAD 11-30 FT
Person Type: AGE: Race/sex: Restraint/Helmet Use Injury:
DRIVER 35 WHITE MALE SHOULDER AND LAP BELT B TYPE INJURY
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Horizontal Alighment

General Alignment: Direction of Curve: Estimated Curve Radlus: Location of crash relative to curve:
Curved Right Mild/Gentle Curve Inside of Curve
Vertical Alighment
Crest Vertical Sag Vertical
Direction of Slope: Estimate of the % of Slope: Curve: Curve: \ Terraln:
Down Mild Slope (2-6% -+/-) No No ! Rolling
Cross-Section
Cross Section Type: Other Cross-Section Discription:
Superelevated
Paved Shoulder Graded Shider
Lane Width:  Shoulder Type: Width: Width: Turning lanes:  Passing lanes: Emergency lanes: ,
8 ] NA NA 0 0 0
Surface Type: Other Surface Type:
Blacktop
Operations

Posted Raised Pavement

Speed Limit:  Speed Limit Type: Pavement Markings Reflectors

55 Regulatory 0308 O

Delineator Presence:  Type of Delineator: Roadside Parking:

None NA No Roadside Parking

Highway Trafflc Signal  Other Traffic Signal; Regulatory Signs: Other Regulatory Signs:
NA NA

Warning Signs: School Zone Signs: Other School Zone Signs: Number of Drl ys or Int | within
NA NA 250 feet of the crash site.
' Driveways: Intersections
5 1]
Bikeway Roadside lllumination:
No Bikeway No lllumination Fixtures
Roadside

Bridge/Rallroad Involvement: Guardrail/Bridge Ralling:
NA None

Other Guardrail/Railing:
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(2) Looking east several 100’ east of picture number 1



(4) Looking West approximately 300 feet east of driveway



(5) Looking west approximately100 feet east of driveway and on the eastbound shoulder



Appendix B. Listing of Countermeasures Evaluated and
Countermeasure Handbook



[CCLLLCELE

(<]
™
S
o
&
-
o
~
[e¢]
—
~

[CECECCEEL

[[CCEECLED

7153844

9




Counter measur e Handbook

Prepared for the
Georgia 1997
Fatal Crash Study

Prepared by:
Georgia Inditute of Technology
Schoal of Civil and Environmentd Engineering
Atlanta, GA 30332-0355

For Information Regarding Handbook Contact:
Karen K. Dixon, Ph.D., P.E.
Telephone: (404) 894-5830

Fax: (404) 894-2278
E-Mail: karen.dixon@ce.gatech.edu



Counter measure Handbook 2

TABLE OF CONTENTS
I, INTRODUGCTION ...ttt sttt st st ae st bbb ene e ens 6
1. COUNTERMEASURES.........oooiiiieniese sttt sttt st sbe e 6
A. PAVEMENT MARKING.......cotiiitiesistt ettt se e eneeneens 15
1. Add or Upgrade Edge line Pavement Marking.........cccccevveeeeeenesiesieseeeseenens 15
2. Add or Upgrade Centerline Pavement Marking...........ccoceeveeveeseeiesceeseeseseennns 15
3. Add or Upgrade No-Passing-Zone Pavement Marking Lines.........cccccoveeevevrennne. 16
4. Add Raised Pavement Marking (RPMs) to Centerline..........ccoooevevenenenenennns 16
B. TRAFFIC SIGNS..... .ottt bbb 16
Lo WaMING SION. .ottt sttt e sae et e st e sreeseeeneesneebens 16
2. AQVISOrY SPEEA SIGN.....coiiiiiiieriesiesie ettt b e 17
3. Chevron AlIgNMENT SIGN.....c..ccoiieciee et e e re e nns 18
4. POSE DEIINEALON ......ccueiieiieeiie ettt sttt sa e e e 18
C. ROADWAY IMPROVEMENTS ...ttt 19
1. Modify Geometric AlIGNMENT ........c.ooieieee e 19
2. Modify Superelevation / CrosSS SIOPE.......ccveiiieeiecie e 19
3. Improve Sight Distance without Geometric Realignment ...........ccccceeeeveervnennee. 19
4. Widen Lanes or Pavement Width...........cccoveieernieenece e 20
5. AT TUM LANE ..ottt sttt bbb 20
6. Improve Longitudinal ShOUITES ..........cociiiriiiiiiecee e 20
a. Add or Widen Graded or Stabilized Shoulder ..........cccvieieiininiieees 20
b. Pave Existing Graded Shoulder of Suitable Width............cccooovevieiiiiieieieenen, 21
C. Widen and Pave EXisting SNOUITEY ..........ccoviiiiiiiciee e 21
7. Add RUMDIE SEIPS.....ceueeeiieieie et 22
8. Improve Roadway ACCESS ManNagemMENt .........cccueveeriereereesieeeesieeseeseeseeeeesneeneens 22
D. ROADSIDE IMPROVEMENTS ...ttt s 23
1. Install or Upgrade Guardrail .............ocooeeiniiiienieee e 23
2. Upgrade Guardrail End Treatment / Add Impact Attenuator ...........c.ccoveeevereennen. 23
3. Clear Zone IMProVEMENES.......cccviiueieerieeeeseesieeeesreesteeeeseeseeseesreesseeseesseenseeneesnes 24
A WIdeN Clear ZONE .....cccooiiieieee ettt et 24
D. Flatten SIde SIOPE ....oveieeeeeee e 24
C. Relocate FiXed ODJECE ........c.ccveieieeiece e 25
d. ReMOVE FIXed ODJECL.......ciiiieiie e nnee s 25
€. Convert Object t0 BreaKaWay ..........cceoveruerierierierienieeiieeeee e 25
f. Construct Traversable Drainage StrUCIUNE..........cccveveevecee e 26
R I ] I NS 26
1. Add Street Lightsto Road SEgMENt ........cooeiiiiieiiee e 26
2. Add Lighting tO INTErSECHION. ........eiiieiieieeeere e 27
3. Upgrade Street Lighting for Segment or Intersection...........ccccceveeevveceseesieenenee. 27
F. REGULATIONS ... .ottt sttt sae st s re s snenneeneens 27

1. ENfOrce SPead LiMitS.......oooi it 27



Counter measure Handbook 3

I1l. APPENDIX A. COUNTERMEASURE LITERATURE REVIEW........cccuevenene. 29
A. PAVEMENT MARKING......cooeiiiise sttt s 30
1. Add or Upgrade Edgeline Pavement Marking...........ccocevoeenenenenenenescseeenes 30
2. Add or Upgrade Centerline Pavement Marking..........cccooveeveeveeseciesieseeseseennens 31
3. Add or Upgrade No-Passing-Zone Pavement Marking Lines..........cccocvveecveenneen. 32
4. Add Raised Pavement Marking (RPMS) .......ccooiiiiininineeesese e 33
B. TRAFFIC SIGNS..... .ottt bbb 35
AV 0T o 0o [ OSSP 35
2. AQVISOrY SPEEA SIONS ...ttt e 36
3. Chevron AlIgNMENT SIGN.....cceoiieeceereeese e se et e e re e nns 37
4. POSE DEIINEALON ...ttt e be b eneas 38
C. ROADWAY IMPROVEMENTS ..ottt 39
1. Modify Geometric ALIGNMENT .......ccooiiiiieeree s 39
2. Modify Superelevation / CrosS SIOPE.......cccueiiiieiieie e 42
3. Improve Sight Distance without Geometric Realignment ...........cccccoeevneeierienee. 43
4. Widen Lanes or Pavement Width...........ccccoveeiieirnenece e 44
5. A TUIM L@NE .ottt sttt 48
6. Improve Longitudinal Shoulder ...........coooveiiiiiieiecece e 50
a. Add or Widen Graded or Stabilized Shoulder ..........cocviiiiiiiinieces 51

b. Pave Existing Graded Shoulder of Suitable Width..........c.cccoeoveviviieiieieieee, 55

c. Widen and Pave Existing Paved Shoulder ............cccocovvevecce e 56

7. Add RUMDIE SEFIPS....eeoiieie ettt s ee s 57
8. Improve Roadway ACCESS MaNagEMENt ..........coerererererieeereesee s 57
D. ROADSIDE IMPROVEMENTS. ..ottt s 59
1. Install or Upgrade Guardrail ............cocooeeiininieniece e 59
2. Upgrade Guardrail End Treatment / Add Impact Attenuator ...........c.ccoeeeevvreennens 60
3. Clear ZoNne IMProVEMENES.......cccveieieerieeeeseesieeeesreesseeeesseeseesaesseessesseesseessesnsssses 61
A WIAEN ClEAI ZONE ...ttt ettt st 61

D. Flaten SIde SIOPE ....oveeeeieeee e 62

C. Relocate FiXed ODJECE ........c.ccveieieeiece e 63

d. ReEMOVE FIXEA ODJECL.......cceeieee e 65

€. Convert Object t0 Breakaway .........coccecereenieriie et 66

f. Construct Traversable Drainage SIrUCLUrE.............cooeverereeieerese s 68

R I ] I 1 NSRS 69
1. Add Street Lightsto Road SEgMENt ........cooveiiiiiiieee e 69
2. Add Lighting tO INTErSECHION. ........eiiiiiiiieieere e 70
3. Upgrade Street Lighting for Segment or Intersection...........cccccevceevveceseesesnene 70
F. REGULATIONS ... .ottt sttt s re st 71
1. ENfOrce SPead LiMILS. ..ot 71

V. APPENDIX B. REFERENCES. ... 72



Counter measure Handbook 4
Countermeasure List of Tables
Table 1. Countermeasure ANalYSIS SUMIMAIY........ccoiirerinererereeiesee e eeenes 7
Table A-1. Kentucky Edgeline Crash Reduction ESimates..........cccocevveceveeseccieseenens 30
Table A-2. FHWA Edgeline Crash Reduction EStIMEtes...........cccoceveererinneeneniinneenens 31
Table A-3. Kentucky Centerline Crash Reduction EStimates............ccovoveveveeneeieneennnns 31
Table A-4. FHWA Centerline Crash Reduction ESimates..........ccccevvvenerenenenenennns 32
Table A-5. Kentucky No-Passing-Zone Crash Reduction Estimates ...........cccccceeecveenn. 32
Table A-6. FHWA Passing Lane Crash Reduction EStimates.............ccocvvvvnireniennenens 33
Table A-7. Kentucky Raised Pavement Marker Crash Reduction Estimates.................. 34
Table A-8. FHWA Raised Pavement Marking Crash Reduction Estimates.................... 34
Table A-9. FHWA Warning Sign Crash Reduction EStIMates...........ccooeeveveenenienneenenns 35
Table A-10. Kentucky Warning Sign Crash Reductions EStimates...........c.cccveveeeeeennene 36
Table A-11. Kentucky Warning Sign Crash Reduction Estimates...........cccoceveeceeeenen. 37
Table A-12. Driver Compliance with Advisory Speed.........cocovveiiieninin e 37
Table A-13. Kentucky Chevron Warning Sign Crash Reduction Estimates.................... 37
Table A-14. Kentucky Post Delineator Crash Reduction Estimates.............ccocvecveeenen. 38
Table A-15. Kentucky Geometric Improvement Crash Reduction Estimates................. 40
Table A-16. Miaou Geometric Improvement Crash Reduction Estimates...................... 41
Table A-17. FHWA Geometric Improvement Crash Reduction Estimates..................... 41
Table A-18. Kentucky Superelevation Improvement Crash Reduction Estimates.......... 42
Table A-19. FHWA Superelevation or Cross Slope Reduction Estimates...................... 42
Table A-20. Kentucky Sight Distance Improvement Crash Reduction Estimates........... 44
Table A-21. FHWA Sight Distance Improvement Crash Reduction Estimates.............. 44
Table A-22. Kentucky Lane Width Crash Reduction EStimates...........ccoccvveeienieneennnns 45
Table A-23. FHWA Lane Widening Crash Reduction ESimates ...........c.ccocvvvrererennens 45
Table A-24. Texas Pavement Widening Single-Vehicle Crash Reduction Estimates..... 46
Table A-25. Percent Crash Reduction Due to Lane Widening (Based on KY Data) ...... 47
Table A-26. Kentucky Added Turn Lane Crash Reduction Estimates.............cccccveeenen. 49
Table A-27. FHWA Turn Lane Construction Crash Reduction Estimates..................... 49
Table A-28. IHSDM Accident Modification Factors for Turn Lanes ..........ccocceeeeeeenens 50
Table A-29. Kentucky Shoulder Widening/Stabilizing Crash Reduction Estimates....... 52
Table A-30. Miaou Stabilized Shoulder Improvement Crash Reduction Estimates....... 53
Table A-31. FHWA Shoulder Stabilization Crash Reduction Estimates............c........... 54
Table A-32. Zegeer Unpaved Shoulder Widening Crash Reduction Estimates.............. 55
Table A-32. Kentucky Paved Shoulder Crash Reduction Estimates..........c.ccoveveeeeeenen. 55
Table A-33. FHWA Shoulder Improvement Crash Reduction Estimates....................... 56
Table A-34. Zegeer Shoulder Improvement Crash Reduction Estimates..............c.c....... 56
Table A-35. Kentucky Rumble Strip Crash Reduction Estimates.............ccocoovvvviennnees 57
Table A-36. FHWA Rumble Strips Crash Reduction Estimates...........cccccveveveeceneenens 57
Table A-37. Kentucky Driveway Density Crash Reduction Estimates............cccceeueene.. 58
Table A-38. FHWA Guardrail Installation Crash Reduction Estimates............c.cccceeu.... 59
Table A-39. Kentucky Guardrail Installation Crash Reduction Estimates...................... 60
Table A-40. Kentucky Guardrail End Treatment Crash Reductions Estimates............... 61
Table A-41. Kentucky Flatten Side Slope Crash Reduction Estimates............ccoceveeneen. 62
Table A-42. FHWA Flattening Side Slope Crash Reduction Estimates..............cccceeune.. 63



Counter measure Handbook

Table A-43.
Table A-44.
Table A-45.
Table A-46.
Table A-47.
Table A-48.
Table A-49.
Table A-50.
Table A-51.
Table A-52.

5
Zegeer Flattening Side Slope Expected Crash Reduction Estimates.......... 63
Kentucky Fixed Object Relocation Crash Reduction Estimates.................. 64
FHWA Fixed Object Relocation Crash Reduction Estimates..................... 65
Kentucky Fixed Object Removal Crash Reduction Estimates.................... 65
FHWA Fixed Object Removal Crash Reduction Estimates..............c.c....... 66
Kentucky Breakaway Fixed Object Crash Reduction Estimates................. 67
FHWA Breakaway Utility Pole Crash Reduction Estimates....................... 67
Kentucky Addition of Street Light Crash Reduction Estimates.................. 69
FHWA Street Lighting Crash Reduction ESimates..............ccocverereneenees 70

Kentucky Upgrade of Street Lights Crash Reduction Estimates................. 71



Counter measure Handbook

. INTRODUCTION

Research team members a the Georgia Indtitute of Technology developed this
Countermeasure Handbook as a supplementa guide to be used in the State of Georgia
fata crash sudy portion of a Federal Highway Adminigtration (FHWA) pooled fund
sudy. The countermeasure list isnot dl-inclusive, but rather represents feasble
enginering-based improvements that can be implemented. As aresult, severd viable
countermeasures such as education and gtricter driving laws were not candidates for
the handbook.

The Georgia study includes a subjective analysis by which each individud crash is
evauated by qudified traffic engineering expertsin an effort to determine feasibility
and/or effectiveness of the gpplication of a countermeasure for a specific crash. This
countermeasure eva uation departs from a common countermeasure evauation method
where a crash typeis paired with feasible countermeasures. By evauating the
individua countermeasures at amicroscopic levd, the research team hopes to identify
reglistic countermeasure gpplications. For example, often a run-off-road crash may
end when the errant vehicle impacts a tree adjacent to the roadside. The
countermeasure suggested for thistype of crash would be to remove the obstacle (in
this case the tree) and widen the clear zone. Clearly improving the clear zoneisa
good candidate countermeasure. If the individual crash is evauated, however, the
reviewer may determine that an impaired driver exited the road after crossing an
opposing lane (somehow managing to avoid a head-on collison) and then traversed a
consderable distance well beyond a reasonable clear zone before impacting the tree.
Inthis example, it is probable that no countermeasure would have prevented the crash.
Thisisthe type of detail the Georgia Tech research team seeks to identify and evauate
supplemented by the use of this Countermeasure Handbook.

[I. COUNTERMEASURES

Numerous feas ble engineering countermeasures may be consdered for reduction of
crashes or crash severity. During the early stages of this research project, Georgia
Tech representatives met with representatives of the Georgia Department of
Trangportation (GDOT) to identify reasonable countermeasures for inclusion in this
sudy. Table 1 includesaligt of the countermeasures summarized in this handbook.

In addition, Appendix A provides supplementd information regarding past research on
each specific countermeasure.

Table 1 dso includes a column that suggests (based on past research and engineering
judgement) suitable conditions for applying the countermeasures. In addition, the
subjective anayses proposed for this research includes an effectiveness scde. Two of
the evauation categories are “No Effect” and “Not Applicable” During a pilot study
to assure repeatability of results usng numerous reviewers, the distinction between
these two categories confused the andysts. Asaresult, Table 1 includes athird
column that discusses conditions where the countermeasure is not applicable.
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Table1l. Countermeasure Analysis Summary

Countermeasures (General / Specific)

Suitable Conditions for Applying
Countermeasure

Conditions under which
Countermeasureis Not Applicable

A. Pavement Marking

1. Add/Upgrade Edgdine

Improve nighttime vigbility of
roadway edgeline

Improve visibility during wet
conditions

Run-off-road crash where driver is
aert

Edgdinein place and in good
condition

2. Add/Upgrade Centerline

Improve nighttime or poor vishility
conditions

Improve visibility during wet
conditions

Crashes where the driver crossed into
the opposing lane of travel

Centerline in place and in good
condition

3. Add/Upgrade No-Passing-Zone Lines

Install where passing maneuvers are
not safe under horizontal and/or
vertical aignment

Applicable for restricted sight-
distance conditions and intersections
Crashes where the driver attempted
to pass a vehicle a an inappropriate
location

No-passing-zone pavement marking
in good condition

4. Add Raised Pavement Markings
(RPM's) to Centerline

Install where painted centerlines
provide inadequate delineation and
aert driver crossed centerline

RPMs already exist and are in good
condition
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B. Traffic Signs

Location where driver advisory sign Signage dready exigts, or additional
is needed: Extreme curves, animals, signage is not appropriate for
1. Warning Sign pedestrians, school zone, curve specific location
warning, etc. and this perceived
hazard contributed to the crash
Sharp high speed curves where the Low speed roads
driver should reduce speed to safely Tangent sections or mild curve

2. Advisory Speed Sign

traverse road geometry

L ocations where reduced operating
speed iswarranted (like at work
Zones)

locations

L ocations where an advisory speed
sign dready exists and isin good
condition

3. Chevron Alignment Sign

Sharp horizontal curves (radius <
820') where dert driver may have
experienced difficulty in identifying
the curve (particularly suitable for
night or inclement weather)
Intersections with a change of
horizontal aignment

Tangent sections of road with good
vishility

Mild horizontal curve locations with
good vighility

L ocations where chevron alignment
signs already exist and are in good
condition

4. Post Ddlineator

Horizontal curves (radius > 820')
where dert driver may have
experienced difficulty in identifying
the curve (particularly suitable for
night or inclement weather)
Unexpected road features such as
land reductions that can benefit from
supplementa delineation

Tangent sections of road with good
vighility

Mild horizonta curve locations with
good vighility

L ocations where post delineators
aready exist and are in good
condition with proper placement




Counter measure Handbook

C. Roadway Improvements

1. Geometric Realignment (Horizontal,
Vertical, Intersection)

Horizonta or verticd aignment is
substandard, e.g. sharp curves, crest
curves, limited sight distance
conditions and this alignment
condition contributed to the crash

Horizonta or vertica dignment is
acceptable

2. Modify Superdlevation / Cross Slope

L ocation where the pavement cross-
dope or superelevation is not
compatible with the horizontal
alignment and this contributed to the
crash

Drainage inadequate during
inclement weather

Superelevation or cross dlopeis
compatible with the horizontal
aignment

3. Improve Sight Distance without
Geometric Realignment

Limited sight distance at horizontal

curves due to static obstructions, e.g.
trees, signs, billboards, etc. and these
obstructions contributed to the crash

No sight distance problems
No removable obstructions to
improve sight distance problem

4. Widen Travel Lanes/ Pavement Width

Lane widths less that 11-feet where
the lane narrow lane width appearsto
have contributed to the crash

Lanes that are 11-feet wide or
greater

5. Add Turn Lane (Left/Right)

Locations where crashes are
influenced by turning vehiclesin the
travel lane

Low volume driveway or
intersection locations

L ocations where turning lanes were
in place and clearly marked at the
time of the crash




Counter measure Handbook

10

6. Improve Shoulder

a Add or Widen Graded or
Stabilized Shoulder

L ocations where crashes are
influenced by the lack of a
traversable shoulder

L ocations where drivers have
insufficient shoulder to re-direct
vehicle back onto roadway

L ocations where unstabilized
shoulder eroded adjacent to the road
and this contributed to the crash

Locations with wide graded or
stabilized shoulders in place at the
time of the crash

b. Pave Existing Graded Shoulder of
Suitable Width

L ocations where crashes were
influenced by the condition or
traversability of the shoulder

L ocations where unstabilized
shoulder eroded adjacent to the road
and this contributed to the crash

L ocations where existing graded
shoulder is not a suitable width

- - L ocations where crashes were L ocations where existing shoulder
¢ \fiden and Pave Exising influenced by the condition or width is of suitable width and paved
of the shoulder
Locations with paved shoulders L ocations where paved shoulders
greater than 2' wide where crashes greater than 2' wide are not present
may have been avoided if rumble L ocations where the crash occurred
7. Rumble Strips strips could alert the inattentive in aresdentia neighborhood

driver

L ocations where rumble strips were
aready present and in good
condition

8. Improve Roadway Access Management

L ocations where crashes are directly
influenced by poorly positioned
driveways or intersections

L ocations with suitable access
management

Locations without suitable access
management and no feasible way to
correct the problem
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D. Roadside Improvements

1. Ingtadl or Upgrade Guardrail

L ocations where an errant run-off-
the-road vehicle will encounter an
unsafe roadside environment within
the clear zone

Locations where the side dope is not
traversable, i.e. too steep, rocks, trees

L ocations where guardrails may
create additional hazards, i.e.
guardrail endpoints when accommo-
dating numerous driveways, sight
distance restrictions, intersections
Locations with guardrail in suitable
condition that is adequately placed

2. Upgrade Guardrail End Treatment /
Add Impact Attenuator

Locations where errant vehicles
either directly impacted the guardrail
end treatment or were otherwise
influenced by its placement and this
contributed to the crash

L ocations where guardrail did not
exist at the time of the crash

3. Clear Zone Improvements

a Widen Clear Zone

Run-off-the-road crashes where
vehicles have hit rigid and removable
objects located in the reasonable
clear zone

L ocations where objects in the clear
zone are not removable

L ocations with acceptable clear
zone widths per standardsin
Roadside Design Guide

b. Hatten Side Slope

Locations with side dope that is
steeper than a horizontal:vertical
ratio of 3:1

L ocations where an errant vehicle
cannot regain control of the vehicle
due to Sde dope design

Locations where guardrails provide
a superior solution

Locations where the side dopeis
aready flatter than a 3:1 and
traversable
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c. Relocate Fixed Object

L ocations where fixed objects, such
as utility poles, light standards, signs,
mailboxes, and parked cars present a
hazard to vehicles

L ocations where objects can be
relocated

Locations where relocation of fixed
object may create other hazards or
re-locate the hazard

d. Remove Fixed Object

L ocations where fixed objects, such
as utility poles, light standards, signs,
mailboxes, and parked cars present a
hazard to vehicles

L ocations where objects can be
removed

L ocations where removal of afixed
object may create other hazards, e.g.
removing alight standard, warning
sign, etc.

e. Convert Object to Breakaway

L ocations where fixed objects
present a hazard to vehicles and are
candidates for conversion to
breakaway

L ocations where breakaway objects
should not be redigticaly applied
(for example, do not place
breakaway poles at intersections
corners)

f. Traversable Drainage Structure

Locations with drainage culverts
where pipe end treatments are not
traversable

Locations where guardrails provide
a superior treatment due to side
dope and drainage considerations
and are a feasible countermeasure
candidate

L ocations with aready suitably
traversable drainage structures

L ocations where non-traversable
drainage structures are located
outside the reasonable clear zone
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E. Lighting

1. Add Lighting (Segment)

Locations with poor night visibility
and road environment features that
need supplementd illumination, such
as access points, pedestrian
Crossings, or extreme roadway
geometry and where driver was alert

Locations with poor night visibility
only but no substandard road
environment features that
contributed to the crash

I ntersections with poor night Intersections with adequate night
2. Add Lighting (Intersection) vighility and no existing lighting and vishility
where driver was alert
e Locations with poor night visibility Locations with adequate night
3. Upgrade Lighting and inufficient existing lighting and visibility

(Segment/Intersection)

where driver was dert

F. Regulations

1. Enforce Speed Limits

L ocations where the study crash was
related to excessive speed above the

posted speed limit

L ocations where excessive speed
(above speed limit) does not appear
to be a characterigtic of the site
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AND CRASH APPLICATION
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A. PAVEMENT MARKING

1. Add or Upgrade Edge line Pavement Marking

Overview

Edge lines are often added at the edge of outside travel lanes to help ddlineate the edge
of road during poor vishility conditions (particularly nighttime and inclement weather
conditions). Edge lines should be placed on freeways, expressway, and rurd arterids
with traveled way widths of 20-feet or moor and an ADT of 6,000 vpd or grester.
Edge line markings shdl not be continued through intersections, however edge line
extensons may be placed through the intersections. Edge line markings should not be
broken for driveways. Edge line marking may be used where edge ddlinegtion is
desirable to minimize unnecessary driving on paved shoulders or on refuge areas that
have lesser structura pavement strength than the adjacent roadway (MUTCD, 2000).

Crash Application

The addition of edgdinesis an gpplicable countermeasure for crashes where vehicles
ran-off-the-road during the course of the crash. For the countermeasure to be
effective, the driver of the vehicle would need to be dert enough to be influenced by
the pavement marking. If edgdines dready exig, this countermeasure is only
goplicableif they are difficult to see (such as paint that is barely vishble).

2. Add or Upgrade Centerline Pavement Marking

Overview

Centerline pavement markings are typical for most roads that are paved; however, if a
road is excessively narrow and standard lane widths can not be achieved (road width
less than 16 to 18-feet), the centerline marking may be omitted. This condition most
often occurs on low-volume local roads. The centerline marking helps delineate the
separation of opposing directions of travel and is particularly helpful during poor
vighility conditions (particularly nighttime and inclement wesather conditions) and at
locations with horizontal curves.

Crash Application

The addition of centerline pavement marking is a suitable countermeasure for crashes
where vehicles cross over the center of the road into the opposing direction of travel
(often at horizontd curves). For the countermeasure to be effective, the driver of the
vehicle would need to be dert enough to be influenced by the pavement marking. If
centerlines dready exig, this countermeasure is only gpplicable if they are difficult to
see (like paint that is barely vishble). If acenterline pavement marking isadded to a
narrow road (narrower than 16-feet), the centerline may inadvertently direct potentia
traffic onto the pavement edges creeting a negative influence (MUTCD, 2000).
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3. Add or Upgrade No-Passing-Zone Pavement Marking Lines

Overview

No-Passng-Zone designations are typical for inadequate sght distance locations. As
aresult, crest vertica curves and any horizonta curve other than extremely "flat”
curves are candidates for no-passng-zones. 1n addition, no-passing zones should be
maintained at intersection locations -- particularly isolated intersections where access
into or out of the cross street is not expected. In the event traffic volume is heavy and
warrants aleve of service of C or grester, the addition of passing lanesisacommon
improvement drategy.

Crash Application

The addition of no-passing-zone lines is an applicable countermeasure for crashes
where vehicles crossed over the center of the road in an effort to passavehicle a an
Ingppropriate location (due to Sght distance or access congraints). In the event ano-
passing-zone was properly in place and the driver eected to ignore the marking, this
countermeasure cannot be evaluated.

4. Add Raised Pavement Marking (RPMs) to Centerline

Overview

Raised pavement markers are often used on roads where typica pavement marking
needs supplementa delineation; however, if snow frequently occursin the andlysis
region a cogtly “snow plowable” RPM should be used.

Crash Application

The addition of RPMs is an applicable countermeasure for crashes where the
pavement marking aone provides inadequate delinegtion or channdization (MTES,
1994). Placement of RPMsin the vicinity of pedestrian activity should not present
tripping hazards. For the countermeasure to be effective, the driver of the vehicle
would need to be dert enough to be influenced by the supplementd ddinegtion. If
RPMs dready exist and are in good condition, this countermeasure cannot be
evauated.

B. TRAFFIC SIGNS

1. Warning Sign
Overview
Supplementa warning Sgns are often used to dert motorists to unexpected features
that may pose a hazard and may not be readily apparent to road users. Common
gpplicationswarn of railroad or pedestrian crossings, sharp horizonta curves,
intersection information, etc. The use of warning 9gns should be kept to aminimum
as the unnecessary use of warning signs tends to breed disrespect for dl signs
(MUTCD, 2000). In this countermeasure manua, chevron signs, advisory signs, and
post delineators are included as separate countermeasures and should, therefore, not be
included in evauation of the warning Sgn countermeasure.
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Crash Application

The addition of warning Sgnsis an gpplicable countermeasure for crashes where the
aert driver encountered an unexpected road feature. For example, the likdihood of a
nighttime crash at a sharp horizontal curve may be reduced if an advanced “sharp
curve ahead” warning sgn is placed upsiream of the curve. For the countermeasure to
be effective, the driver of the vehicle would need to be dert enough to be influenced
by the supplementa signage. If gppropriate warning signs are adready present and in
good condition, this countermeasure cannot be evauated.

2. Advisory Speed Sign

Overview

Advisory speed limits are often used to aid driversin selecting dower safe speeds for
hazardous locations such as curves, road work sites, intersections, and road sections
with lower design speeds (FHWA, 1982). A sample advisory speed Sign is depicted
below.

Crash Application

The use of advisory speed signsis an gpplication for crashes where the aert driver
appeared to exceed a safe operating speed a a "hazardous' |ocation where reduced
operating speed iswarranted. Inherent with the concept of effective advisory speed
ggnsisthe assumption adriver adheresto, at aminimum, the regulatory speed limit
and pays attention to supplementa signs. For the countermeasure to be effective, the
driver of the vehicle would need to be dert enough to observe the advisory speed sign,
if present, and consider adjusting his or her relative operating speed. If advisory speed
sgnsdready exig a the crash location, this countermeasure cannot be evaluated.
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3. Chevron Alignment Sign

Overview

Chevron dignment signs are used to provide emphad's and guidance for achangein
horizonta dignment. The chevron dignment sign can be used as an dternate or
supplement to standard delineators on curves. The Sgnisingaled on the outside of a
turn or curve, in line with and gpproximately a a right angle to approaching traffic (in
such amanner that the road user dways has & least two chevron dignment Sgnsin
view a atime). A chevron dignment sign may dternatively be used on the far sde of
an intersection to inform drivers of a change of horizonta aignment through the
intersection (MUTCD, 2000). A sample chevron aignment sign is depicted below.

Crash Application

The use of chevron dignment signsis an application for crashes where the dert driver
falled to successfully negotiate a sharp horizontd curve (radius < 820) or falled to
successtully traverse an intersection with a change in horizontal dignment. For the
countermeasure to be effective, the driver of the vehicle would need to be aert enough
to observe the chevron dignment signs and consider adjusting his or her driving
behavior in response to the ign. If chevron dignment Sgns dready exis at the crash
location, this countermeasure cannot be eva uated.

4. Post Delineator

Overview

Post Delinestors are used to provide emphasis and guidance at alocation where the
road dignment may be confusing or unexpected, such as at lane reduction trangtions
and horizonta curves. The post delinegtor is considered a guidance sign rather than
warning sgn. A typica ddineator includes retroreflective devices mounted on posts
above the roadway surface. They are placed along the Sde of the road to guide the
driver through the road dignment feature. For horizontal curves, the post ddineator is
located in a series (based on degree of curvature) aong the outside of the curve
(MUTCD, 2000).

Crash Application

The use of post ddlineators is an application for crashes where the aert driver faled to
successfully negotiate a horizontal curve (radius > 820" preferred gpplication) or failed
to successfully traverse an unexpected feature like lane reductions. For the
countermeasure to be effective, the driver of the vehicle would need to be dert enough
to observe the post ddineators and condder adjusting his or her driving behavior in
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response to the delineators. |f post delineators dready exist at the crash location, this
countermeasure cannot be evaluated.

C. ROADWAY IMPROVEMENTS

1. Modify Geometric Alignment
Overview
Often the horizontal or vertica road aignment can be substandard and directly
contribute to safety problems. The most common problems are sharp horizontal
curves where drivers must reduce speed to successfully negotiate the curves,
Similarly, substandard crest curves often create sght distance hazards. Common
geometric dignment improvements may include flattening the horizonta curve,
"shaving" of the crest verticd curve, or performing a combination of horizontal and
vertica improvements.

Crash Application

Modification of geometric dignment should be considered for a crash whereit is
apparent that the road contributed to the crash. For example, if a driver was not
successtul in negatiating a horizontal curve, this countermeasure should be evduated
to determineif any redigtic improvements are feasible. If road alignment is adequete,
this countermeasure is not applicable and should not be eva uated.

2. Modify Supereevation / Cross Slope

Overview

When aroad has horizonta curvature and is not alow-speed road (such as alocal road
or minor collector), the pavement cross-section should be superelevated through the
curve to assigt vehicle motion (counteract forces that would direct the vehideina
graght path). Similarly, in tangent sections the typica pavement cross section for a
two-lane road is a "rooftop” scenario with 2-percent grade from the high point at the
road centerline to the edge of the lane. Often these stlandards are not addressed and
contribute to crashes (particularly during inclement weether conditions).

Crash Application

Modification of superelevation or cross dope should be considered for a crash where
the pavement cross dope or superelevation is not compatible with the horizontal
aignment and thisincompatibility may have contributed to the crash.

3. Improve Sight Distance without Geometric Realignment

Overview

Often road fegtures other than the physical road impact required sight distance. For
example, aroad with horizonta curvature may have awooded region five feet from
the edge of pavement. Other than the obvious roadside obstacle problem, the trees
may prevent sight distance as a vehicle traverses around the curve. The driver looks
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aong the "chord" of a horizonta curve rather than dong the curve centerling, and the
trees would directly impact thisview. Similar problems can be addressed by
improving the sight distance without costly recongiruction of the road.

Crash Application

Improvement of sight distance should be considered for crashes where it appearsa
driver did not have proper lines of sight. These can be both daytime and nighttime
crashes, however, temporary obstacles such as a stalled car blocking sight distance do
not apply to this countermeasure.

4. Widen Lanesor Pavement Width

Overview

A condition often affiliated with rurd two-lane highways is substandard lane width.
In the United States, the "degirable" lane width is assumed to be 12-feet; however,
lane widths of 11-feet are generally considered acceptable.

Crash Application

Widening the lanes or total pavement width should be considered for crashes where it
gppears adriver was in some way influenced by the width. For example, if the
vehices right tire exited the road this may be an indicator that the narrow lane
contributed to the crash. It isimportant to note that the example of the tire exiting the
right edge of the road could also be an indicator of driver inattentiveness.

5. Add Turn Lane

Overview

At high-speed rurd locations, a vehicle waiting to complete aturning maneuver poses
an unexpected obstacle to the fast moving vehicles. This problem occurs both a
intersections as well as locations with driveway access to the subject road. One means
of removing the turning vehicle from the traffic stream isto provide a dedicated turn
lane so the stopped vehicle is no longer blocking the through traffic. Turn lanes are

not generally recommended for isolated, low-volume driveway locations.

Crash Application

Adding aturn lane should be considered for crashes where it appears adriver
encountered a turning vehicle in the through lane unexpectedly and this contributed to
the crash. If aturn lane was dready present, this countermeasure cannot be evaluated.

6. Improve Longitudinal Shoulder
a. Add or Widen Graded or Stabilized Shoulder
Overview
A graded or stabilized longitudind shoulder adjacent to the trave lanes will help
create a smooth trangtion between the travel lanes and the side dope adjacent to
the road. Widening the shoulder may influence crashes (according to literature in
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both a positive and negative way). Stabilizing the shoulder will help prevent drop-
offs adjacent to the travel lanes.

Crash Application

Adding or widening the graded longitudina shoulders should be considered for
crashes where it appears the width or absence of the shoulder influenced adriver.
For example, if the driver crossed the shoulder while exiting the road then this
countermeasure may be gpplicable. Smilarly, if an inatentive driver veered off the
right edge of pavement and then could not successfully redirect the vehicle into the
travel lane, shoulder improvements may be warranted such as stabilization.

b. Pave Existing Graded Shoulder of Suitable Width
Overview
A paved longitudina shoulder adjacent to the travel lanes will help create a smooth
trangtion between the travel lanes and the side dope adjacent to the road. Paving
the shoulder may influence crashes (according to literature in both a positive and
negative way). Paving the shoulder will also help prevent drop-offs adjacent to the
travel lanes.

Crash Application

Paving the existing graded longitudina shoulders should be considered for crashes
where it gppears the shoulder condition or traversability influenced adriver. For
example, if the driver crossed the shoulder while exiting the road then this
countermeasure may be applicable. Similarly, if an inattentive driver veered off the
right edge of pavement and then could not successfully redirect the vehicle into the
travel lane, shoulder improvements may be warranted.

c. Widen and Pave Existing Shoulder
Overview
A wide paved longitudina shoulder adjacent to the travel laneswill help create a
smooth trangition between the travel lanes and the Side dope adjacent to the road.
Often on rurd roads, aminima paved shoulder (one to two feet wide) is provided
to minimize pavement edge eroson and protect the pavement section of the road.
Occasiondly thereis no shoulder provided (graded or paved) and as aresult the
road has an unsafe roadside environment. Paving the shoulder may influence
crashes (according to literature in both a positive and negative way).

Crash Application

Widening and paving the longitudina shoulders should be consdered for crashes
where it gppears the shoulder condition or traversability influenced adriver. For
example, if the driver crossed the shoulder while exiting the road then this
countermeasure may be applicable. Similarly, if an inattentive driver veered off the
right edge of pavement and then could not successfully redirect the vehicle into the
travel lane, shoulder improvements may be warranted.
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7. Add Rumble Strips

Overview

Rumble gtrips are pavement undulations that, when traversed by the tires of avehicle,
cregte an audible cue to dert the driver of the vehicle of apotential hazard. One
common application of rumble Stripsis placement in a series a the gpproach to an
intersection. The intersection application is used to warn drivers as they approach an
isolated intersection (usually a stop sign location). A second, and more widdy used,
gpplication of rumble stripsislongitudina placement aong the edge of aroad.
Longitudina rumble strips are used to warn drivers they are about to exit the traveled
way. Ancther less common gpplication of longitudina rumble stripsis centerline
rumble strip placement to warn drivers they are about to cross into an opposing lane of
trave. Thisrumble strip gpplication is not common in Georgia Rumble strips can be
rolled into new pavement, or milled into the pavement. In addition, there are
thermoplastic rumble sirips that can be applied in unique locations like work zones.
Morgan and McAuliffe (1997) recommend that continuous-shoulder rumble Strips are
preferable to cluster-type rumble strips. They aso indicate that noise complaints from
both drivers and nearby residents must be consdered. Smilarly, rumble strip
placement should be compatible with bicycle activity if gpplicable a the location of
interest.

Crash Application

Placement of rumble strips should be considered for crashes where it appears the
driver wasinatentive but the minor stimulus from the audible cue of the rumble strip
would aert the driver to the prospective hazard. For example, if an inatentive driver
crossed the paved shoulder while exiting the road, this countermeasure may be
gpplicable if the paved shoulder had a width greater than two-feet. (In Georgia, a
paved shoulder must be wider than two-feet before the standard rolled in rumble strips
can be applied.) If the crash occurred in aresidential neighborhood, rumble Strips are
not acceptable countermeasures due to their associated noise.

8. Improve Roadway Access M anagement

Overview

The frequent placement of driveways or street intersections without coordination with
surrounding land development can create a hazard. For example, a driveway located
near an intersection can cregte conflicts between vehicles turning into the driveway
and vehicles traveling through the intersection with the expectation that they have
right-of-way. One example may be adriver dectsto turn left into a driveway located
50-feet beyond the far Sde on anintersection. The light turns green and the car
following the vehicle expectsiit to continue beyond the intersection location and
increase speed. Asaresult, the poor access management contributes to a potential
rear-end collison.

Crash Application
Improvement of roadway accessis afeasible crash countermeasure if an dternative
access opportunity is present. For example, if two driveways are so closdy placed to
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each other that vehicles exiting the driveways obscure the view of the driver in the
other driveway, perhaps the two driveways could be combined to remove this sight
distance problem. If the study crash does not relate to an access management issue,
this countermeasure should not be evauated.

. ROADSIDE IMPROVEMENTS

. Ingall or Upgrade Guardrail

Overview

The primary purpose of the ingtalation or upgrade of guardrall sysemsisto prevent
an errant run-off-the-road vehicle from encountering an unsafe roadside environment.
Asaresult, guardrail iscommonly placed adjacent to the road at |ocations where the
side dopeis not reasonably traversable, numerous roadside obstacles (such as awood
region) are adjacent to the road, or some unforgiving feature like a pond is located
within the clear zone distance. The clear zone is basically the distance required for an
errant vehicle to be expected to stop or re-direct itsmation if the driver isdert.

Crash Application

Guardrall placement is not feasible at locations where the guardrail will create a direct
hazard. For example, placement of guardrail assumes an errant vehicle may encounter
the guardrail and the guardrail will protect the driver and vehicle occupants from some
worse hazard. |f aroad segment has frequent driveways, then guardrail may not be
suitable because it cannot be continuous and will create sght distance problems for
vehiclesleaving and entering the driveways. Similarly, the placement of guardrail at

or near an intersection is generaly discouraged because it adversely impacts driver's
sght distance at the intersection. Guardrail as a countermeasure should be consdered
primarily for run-off-the-road crash conditions

. Upgrade Guardrail End Treatment / Add Impact Attenuator

Overview

The literature dedling with the effects of guardrail end trestments on crashesis limited.
Badcdly, adequate guardrall end trestments will protect a motorist from skewering
their vehicle on the end of the guardrall. Similarly, suitable guardrail will prevent
vehidesthat impact it from vaulting into the air (thereby creeting ahazard). An

impact attenuator is often placed a the end of aguardrall rather than the flared end
treatment if space is restricted and proper tapering of the end trestment cannot be
accomplished. In generd, the literature indicates improved end treatment / attenuators
may not prevent acrash (the vehicle will gill impact the guardrail end), but will

reduce the severity of the crash.

Crash Application

Upgrading the guardrail end trestment or adding an impact attenuator is not feasible at
locations where guardrail was not aready present a the time of the crash and the
vehicle ether impacted the end of the guardrail or somehow managed to drive behind
the guardrail into a hazardous location. For example, if avehicle impacted a
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substandard guardrail end treatment and as aresult vaulted into the air before landing
upside down, the end trestment is probably not appropriately placed and this
countermeasure should be evauated. |If the crash did not involve the guardral end
treatment or some associated condition, this countermeasure should not be eva uated.

3. Clear Zone Improvements

a. Widen Clear Zone
Overview
The clear zoneisthe width of non-obstructed roads de environment necessary for
an errant vehicle to stop or re-direct its motion if the driver isdert. Often rigid
objects like utility poles are located in the clear zone width recommended in the
Roadside Design Guide (AASHTO, 1996). Where feasible, widening the region
next to the road where a vehicle can fredy traverse is consdered a good safety
drategy; however, the excessve cost of right-of-way often prohibits appropriate
clear zone width. The clear zone is determined based on the speed and traffic
volume of the road (for a high-speed road with heavy traffic volume, it is assumed
more likely avehicle may run off the road and therefore more economicaly
feasble to provide the wider clear zone region).

Crash Application

Clear zone improvement should be considered for any run-off-the road crashes.
The concept of the clear zone is areasonable width for the dert driver to be ableto
redirect or stop an errant run-off-the road vehicle. Asaresult, acrash wherethe
errant vehicle continued to drive a consderable distance from the road until
ultimately impacting a object would not be dramatically asssted by areasonable
clear zone. The AASHTO Roadsde Design Guide (AASHTO, 1996) provides
clear zone requirements. Often widening the clear zone may introduce additiona
issues for concern. For example, the relocation of a street light pole may improve
clear zone but reduce road illumination at night.

b. Flatten Side Slope
Overview
Often the side dope adjacent to the road is steep and is not reasonable traversable.
Asareault, the driver of an errant vehicle may not be able to regain control of the
vehicle and safely redirect the vehicle. Standard design approaches are to maintain
adope that isflatter than 3:1 with a6:1 (horizontd:vertica ratio) consdered
desirable. For purposes of this evauation assume flattening aside dope to
goproximatdy 4: 1.

Crash Application

Hattening the side dope should be considered for any run-off-the road crashes
where a steep sde dope influenced the behavior of the errant vehicle. If theterrain
meakes flattening the sde dope infeasible (such as alarge rock formation or a water
feature), then the sde dope should be protected with guardrail. One common
problem is that the side dope trangition into a roadside ditch does not provide a
reasonable trangition to the ditch back dope. When this occurs, a vehicle may be
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vaulted or flipped when it impacts the dramatic dope change at the base of the
ditch.

c. Relocate Fixed Object
Overview
Often arigid object islocated proximate to the road. When an errant vehicle runs
off the road, the object can represent a hazard to the vehicle. Common fixed
objects include utility poles, trees, ornamenta mail boxes (often made of brick),
etc. In addition, parking permitted adjacent to the road may introduce parked
vehicles asfixed objects.

Crash Application

Relocation of fixed objects should be considered for any run-off-the road crashes
where avehicle impacted or was otherwise influenced by a fixed object adjacent to
theroad. It isimportant to note, however, that if a vehicle impacts a multi-use
object such as a utility pole that aso serves as the support for astreet light the
relocation of the fixed object may remove a hazardous object but will be at the
expense of reduced street lighting.

d. Remove Fixed Object
Overview
Often arigid object islocated proximate to the road. When an errant vehicle runs
off the road, the object can represent a hazard to the vehicle. Common fixed
objects include utility poles, trees, ornamenta mail boxes (often made of brick),
etc. Inaddition, parking permitted adjacent to the road may introduce parked
vehicles asfixed objects. Complete remova of these fixed objectsis generdly an
expendve but safe countermeasure.

Crash Application

Removd of fixed objects should be consdered for any run-off-the road crashes
where a vehicle impacted or was otherwise influenced by afixed object adjacent to
theroad. It isimportant to note, however, that if a vehicle impacts a multi-use
object such as a utility pole that aso serves as the support for astreet light the
relocation of the fixed object may remove a hazardous object but will be at the
expense of removing street lighting.

e. Convert Object to Breakaway
Overview
The literature dedling with converting a roadside object to a breskaway typeis
limited. But the few studies that have dedlt with this countermeasure have provided
positive feedback on its effects on the severity of crashes with no red influence on
frequency of crashes. It isimportant to note that some objects pose grester hazards
if they are converted to breskaway. One example of a breskaway hazard is a utility
pole a an intersection. In order to congtruct the pole reasonably, it must have
support from dl directions and adding a breskaway component would diminish this
needed support. Often the utility companies supplement these intersection poles
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with supplementa guy wires that attach to rods drilled into the ground in an effort
to improve gahility.

Crash Application
Converting afixed object to breskaway should be consdered for any run-off-the
road crashes where a vehicle impacted or was otherwise influenced by afixed
object adjacent to theroad. If the poleis Stuated at alocation where wires connect
to it and cross the street, the unsupported wires may themselves become a hazard.

f. Construct Traversable Drainage Structure
Overview
A common problem with drainage culvertsis that the end trestments are not
traversable. Asaresult, when an errant vehicle exits the road and drives across an
acceptable side dope, the presence of a drainage structure that is not traversable
may create a hazard. There are severd culvert end trestments or grate inlets
specificaly designed to assure avehicle can safety drive over the drainage structure
without vaulting or overturning.

Crash Application

Improvement of atraversable drainage structure should be considered for crashes
where the driver ran off the road and impacted or was influenced by a non-
traversable drainage structure (pipe or box culvert for example). Often aculvert is
located benesth a driveway or cross street. In this circumstance, an dternative
treatment like protecting the drainage structure end treatment with guardrail is not
feasible,

E. LIGHTING

1. Add Street Lightsto Road Segment

Overview

Often poor night visibility can be directly attributed to safety problems. Street lights
are commonly added to illuminate road features such as access points or extreme
roadway geometry. In urban environments, street lights are also located adjacent to
the road to enhance pedestrian safety and better illuminate the entire roadway
environment.

Crash Application

The addition of street lightsis an applicable countermeasure for crashes where
vehicles crashed during nighttime conditions. For the countermeasure to be
consdered effective the driver of the vehicle should be alert and the crash should be
due to possible vishility issues. It isimportant to note that when dreet lights are
added adjacent to the road, a roadside obstacle is added to the road environment.
Therefore, you may improve one problem (poor vishility) by creating another
problem (roadside obstacle). One recommended Strategy isto try to use joint-use
polesfor utilities and street lights. Thiswill reduce the number of obstacles placed
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next to theroad. Another benefit of astreet light isthat the driver's eyeis not
adjusted to the darker street environment. This means that drivers are less prone to
being temporarily "blinded" by approaching vehicle headlights.

. Add Lighting to Intersection

Overview

Often poor night visibility can be directly attributed to safety problems. Street lights
are commonly added to illuminate road features such as intersections and adjacent
access points. In urban environments, street lights are aso located adjacent to the road
to enhance pedestrian safety and better illuminate the entire roadway environment.

Crash Application

The addition of street lights is an applicable countermeasure for crashes where
vehicles crashed during nighttime conditions. For the countermeasure to be
consdered effective the driver of the vehicle should be alert and the crash should be
dueto possible vighility issues. It isimportant to note that when dreet lights are
added adjacent to the road, a roadside obstacle is added to the road environment.
Therefore, you may improve one problem (poor vishility) by creating another
problem (roadside obstacle). One recommended Strategy isto try to usejoint-use
polesfor utilities and street lights. Thiswill reduce the number of obstacles placed
next to theroad. Another benefit of adreet light isthat the driver'seyeis not
adjusted to the darker street environment. This meansthat drivers are less proneto
being temporarily "blinded" by approaching vehicle headlights.

. Upgrade Street Lighting for Segment or | nter section

Overview

Often poor night vishility can be directly attributed to safety problems. Street lights
are upgraded to enhance illumination that is not adequately addressed with the existing
lighting system. Often dreet light plans are initialy designed by an dectrica engineer
on a"flat piece of pgper” with little understanding about the influence of horizonta

and vertica influences. Asaresult, it isnot uncommon for "dark spots' to exist that
require additiond illumination by supplementing current lights.

Crash Application

The upgrade of a dreet lighting system is only an gpplicable countermeasure for
crashes that occurred during nighttime conditions at locations with existing street
lights. For the countermeasure to be considered effective the driver of the vehicle
should be dert and the crash should be due to possible vishility issues.

. REGULATIONS

. Enforce Speed Limits

Overview
Often motorists elect to ignore posted speed limits and may do so knowing that the
corridor on which they travel israrely subjected to police speed enforcement. Crash
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research regarding enforced speed limits primarily focuses on work zoneregions. In
al cases, highly visble speed enforcement is effective (but aso quite costly) in
reducing corridor operating speeds.

Crash Application

The use of enhanced speed limit enforcement is an application for crashes where the
alert driver appeared to exceed the posted speed limit and where reduced operating
speed iswarranted to assure safety. Inherent with the concept of police speed
enforcement is the assumption a driver is avare of the legd implications and takes
prudent measures when driving. Higtorically, for example, driving under the influence
of acohol often coincides with speeding. This pairing of hazards is probably due to
the driver'simpaired senses. Also, adriver under the influence of acohol knows he or
sheis breaking the law by driving, so the assumption that increased speed limit
enforcement will influence this driver typeis probably not accurate. If the subject
crash was not due to excessive speed conditions (above the posted speed limit), this
countermeasure should not be evaluated.

28
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[11. APPENDIX A. COUNTERMEASURE LITERATURE REVIEW



Counter measure Handbook 30

A. PAVEMENT MARKING

1. Add or Upgrade Edgeline Pavement Marking
The literature regarding edgdines tends to favor placement of them to enhance safety;
however, most of the studies provided estimated crash reductions based primarily on
expert opinion (subjective evauation).

Based on the combined estimates resulting from a survey of 43 sates plusthe Didtrict
of Columbia and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the addition of edgdinesto the
edge of the pavement travel way (Agent et. a., 1996).

Table A-1. Kentucky Edgeline Crash Reduction Estimates

Average
Number of Percent
Category Edtimates Crash
Reduction
Sate Survey Estimates:
Edgdine Markings (All Crashes) 19 20
Edgdine Markings (Run- Off-Road Crashes Only) 2 25
Literature Review Estimates:
Edgdine Markings (All Crashes) 11 15
Edgdine Markings (Run- Off-Road Crashes Only) 3 36
Researcher's Resulting Estimates:
Edgdine Markings (All Crashes) 15
Edgdine Markings (Run- Off-Road Crashes Only) 30

A FHWA sudy (Bdli et. d., 1978) concluded that results of analyses of crash rates at
Stes with edgelines versus those without edgelines are mixed (no gatigticaly

sgnificant conclusion could be drawn from this comparison). In contrast, a study
(Creasy and Agent, 1985) based on a combination of 42 literature reviews, 22 state
surveys, and a before-after analys's, provided the subjective estimate that a 15- percent
reduction should occur in tota crashes due to the addition of edgdlines.

A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent
reduction for severa countermeasures. This study was based on improvements at
hazardous conditions. The authors emphasize the percent crash reductions estimated
are not directly gpplicable to moderatdy or mildly hazardous locations. Locations
where edgelines were added (centerline-only previous to improvement) resulted in the
estimated vaues shown in the following table.
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Table A-2. FHWA Edgdine Crash Reduction Estimates

Mean Percent Crash Reduction
Countermeasure . Property
Total Fatal Injury Damage Orly
Add Edgdine in Tangent Section 7 0 5 10
Add Edgdlinein Horizontal Curve 10 5 10 10
Add Edgdinein Verticd Curve 5 5 5 5
Add Edgdine at Intersection 5 5 5 5

2. Add or Upgrade Centerline Pavement Marking

The literature regarding centerlines favors placement of them to enhance safety;
however, most of the studies provided estimated crash reductions based primarily on
expert opinion (subjective evauation).

Based on the combined estimates resulting from a survey of 43 states plus the Didrict
of Columbia and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the addition of centerline
markings (Agent et. d., 1996).

Table A-3. Kentucky Centerline Crash Reduction Estimates

Category Number of Average Percent
Edtimates Crash Reduction
Sate Survey Estimates:
Centerline Markings (All Crashes) 19 36
Literature Review Estimates:
Centerline Markings (All Crashes) 13 24
Researcher's Resulting Estimates:
Centerline Markings (All Crashes) 35

A FHWA Study (Bdi €. d., 1978) concluded that highways with centerlines have
lower crash rates than highways with no trestment a dl. These findings were
consgtent for tangent sites, winding road locations, and for isolated horizontal curves.
Similarly, astudy (Creasy and Agent, 1985) based on a combination of 42 literature
reviews, 22 state surveys, and a before-after andyss, provided the subjective etimate
that a 30-percent reduction should occur in total crashes due to the addition of

centerlines.

A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for severa countermeasures. This study was based on improvements at
hazardous locations. The authors emphasize the percent crash reduction estimated are
not directly applicable to moderately or mildly hazardous locations. Locations where
centerlines were added resulted in the following estimated values.
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Table A-4. FHWA Centerline Crash Reduction Estimates

Mean Percent Crash Reduction
Property
Countermessiire Totd Fatal Injury Damage
Only

Add Centerline in Tangent Section 7 0 5 10
Add Centerlinein Horizonta Curve 10 10 10 10
Add Centerlinein Vertica Curve 5 5 5 5
Add Centerline at Intersection 5 5 5 5
Add Centerline a Bridge Location 5 5 5 5

3. Add or Upgrade No-Passing-Zone Pavement Marking Lines

The literature regarding no- passing zones favors placement of them to enhance safety.
Many of the studies, however, include strong subjective assessment rather than
quantified improvement andyss.

Based on the combined estimates resulting from a survey of 43 states plus the Didtrict
of Columbia and a comprehengive literature review, Kentucky researchers devel oped
the following esimation of percent crash reduction for the addition of no passing
zones (Agent . d., 1996).

Table A-5. Kentucky No-Passing-Zone Crash Reduction Estimates

Number of Average Percent

Category Edimates | Crash Reduction

Sate Survey Estimates:
No Passing Zones (All Crashes) 12 42
No Passing Zones (Passing Crashes Only)

Literature Review Estimates:

No Passing Zones (All Crashes) 7 48

No Passing Zones (Passing Crashes Only) 2 85
Researcher's Resulting Estimates:

No Passing Zones (All Crashes)

No Passing Zones (Passing Crashes Only) 40

Council and Harwood (1999) summarized a group of "Accident Modification Factors'
for avariety of conditions. The influence of passing lane factors was based on an
assumed base condition that no passing lanes are present. Analysiswas for the total
(two-way) crashes for the length of a passng lane. The authors concluded crashes
would reduce by 25-percent for one added passing lane and by 35-percent for short
four-lanes sections. Similarly, a study (Creasy and Agent, 1985) based on a
combination of 42 literature reviews, 22 state surveys, and a before-after anaysis,
provided the subjective estimate that a 40- percent reduction should occur in total
accidents due to the addition of no passing zone lines. An Indianastudy (Ermer . d.,
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1992) estimated crash reduction factors based on a before-after study and combined
with higoric andysesin the sate of Indiana. The upgrade of afacility's no-passng
zones rated an estimated 30-percent reduction in total crashes.

A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent
reduction for severa countermeasures. This study was based on improvements at
hazardous locations. The authors emphasi ze the percent crash reduction estimated are
not directly applicable to moderately or mildly hazardous locations. Locations where
apassing lane was ingaled resulted in the estimated vaues shown in the following
table. Thisisafurther enhancement above restricting no- passing zones.

Table A-6. FHWA Passing Lane Crash Reduction Estimates

_ Mean Percent Crash Reduction
Alignment Changes Total Fatal Injury Property
Damage Only
Ingall Passing Lane 10 20 15 10

. Add Raised Pavement Marking (RPMs)

The literature regarding RPMs favors placement of these markers to enhance safety;
however, widescde use of RPMs is extremdy expensive and may be cost prohibitive.

Stimpson &t. d. (1977) determined the use of RPM s on both the centerline and
edgeline represented a 68-percent reduction in potential hazard but would cost 900
times the standard pavement markings.

Zador ¢t d. (1987) tested severa delineation treatments including RPMs and
concluded al tested trestments affected driver behavior at night. They observed speed
increases of about 1 ft/sec at night with RPMss, but indicated the resulting speeds
amogt dways remain below the daytime speeds.

Krammes &t. d. (1990) determined that highways with RPMs have lower crash rates
than smilar roads with painted centerlines. Smilarly, a before-after sudy
summarized in Wright et. d. (1983) evaduated RPM s placed dong the centerline (four
abreast at 20-foot centers) and across the 4-ft-wide shoulders at a 45-degree angle.
The RPMs contributed to a 42-percent decrease in projected crashes.

Based on the combined estimates resulting from asurvey of 43 states and the Didtrict
of Columbia and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the addition of RPMs (Agent
et. a., 1996).
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Table A-7. Kentucky Raised Pavement Marker Crash Reduction Estimates

Category Number of Average Percent
Edimates Crash Reduction
Sate Survey Estimates:
Raised Pavement Markers (All) 15 13
Raised Pavement Markers (Wet/Night) 7 21
Raised Pavement Markers (Night) 8 17
Literature Review Estimates:
Raised Pavement Markers (All) 7 6
Raised Pavement Markers (Wet/Night) 3 29
Raised Pavement Markers (Night) 4 18
Researcher’ s Resulting Estimates:
Raised Pavement Markers (All) 10
Raised Pavement Markers (Wet/Night) 25
Raised Pavement Markers (Night) 20

A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for severa countermeasures. This study was based on improvements at
hazardous locations. The authors emphasize the percent crash reduction estimated are
not directly gpplicable to moderately or mildly hazardous locations. Locations where
RPMs were added to complement pavement markings resulted in the percent crash
reduction depicted in the following table.

Table A-8. FHWA Raised Pavement Marking Crash Reduction Estimates

Mean Percent Crash Reduction
Countermeasure . Property
Totd Fatal Injury Damage Orly
Add RPMsin Tangent Section 5 0 5 5
Add RPMs in Horizontd Curve 10 10 10 10
Add RPMs at Intersection 5 5 5 5

A study performed by Creasy and Agent (1985), based on a combination of 42
literature reviews, 22 state surveys, and a before and after analys's, provided a
subjective estimate that a 5-percent reduction should occur in tota crashes due to the
addition of raised pavement markers. For nighttime accidents on wet pavements, the
reduction is as high as 20-percent with a 10- percent estimated reduction for dry
pavement nighttime crashes.

Wattleworth et. al. (1988) devel oped accident reduction factors related to the crash
experience in Forida. The researchers performed before-after andlysis of crash data
from three years before and three years after a safety countermeasure was
implemented. They estimated a 5-percent reduction in the number of total crashes due
to ingtalation of reflectorized raised pavement markers at the roadway centerline.
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B. TRAFFIC SIGNS

1. Warning Sign

The literature regarding warning signs emphasizes sign placement to enhance sefety;
however, excessve placement of warning Sgns may diminish their impact on safety.

A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for severa countermeasures. This study was based on improvements a
hazardous conditions. The authors emphasized the percent crash reductions estimated
are not directly applicable to moderately or mildly hazardous locations. Locations
where awarning Sign was added resulted in the estimated vaues shown in the
following table.

Table A-9. FHWA Warning Sign Crash Reduction Estimates

Countermessure: o M elggtajpercmt Cirr]ﬁ:yRedUCti Orllz)r -

Add warning Sign Dames Only
Intersection 5 5 5 5
Curve 10 15 10 10
Curve with advanced speed 20 30 25 20
Narrow bridge 5 5 5 5
Route Guidance 5 5 5 5
Slippery when wet 1 1 1 1
Speed Zone 5 15 10 5

A study performed by Creasy and Agent (1985), based on a combination of 42
literature reviews, 22 state surveys, and a before-after analys's, provided a subjective
estimate that a 40-percent reduction should occur in tota crashes due to the addition of
warning sgns a intersections, 20-percent reduction at mid-block sections, and 30-
percent reduction on curves, dl in rurd aress.

Basad on the combined estimates resulting from a survey of 43 states and the Didtrict
of Columbia and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the addition of different types
of warning signs (Agent t. d., 1996).
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Table A-10. Kentucky Warning Sign Crash Reductions Estimates

Category Number of Average Percent
Edimates Crash Reduction
Sate Survey Estimates:
Generd 12 23
Curve Warning (All Crashes) 16 32
Curve Warning (Run-off- Road) 2 28
Intersection Related 14 36
Bridge Related 2 34
Railroad Crossing 5 29
Pavement Condition 2 18
Pedestrian 1 15
School Zone 3 14
Animd 2 8
Literature Review Estimates:
Generd 11 30
Curve Warning (All Crashes) 11 37
Intersection Related 5 32
Pavement Condition 1 80
Animal 1 5
Researcher’ s Resulting Estimates:
Generd 25
Curve Warning (Run-off- Road) 30
Intersection Related 30
Railroad Crossing 30
Pavement Condition 20
School Zone 15

2. Advisory Speed Signs

Rutley (1972) conducted a literature survey and concluded that advisory sgnsused in
the USA have been useful in diminating surprise on some sharp curves and have
reduced congestion and crashes. The research team eva uated advisory speeds at
curves for three counties in England. They determined that there appeared to be a
reduction in the number of crashes a curvesin dl three counties when compared to
the number of other crashesfor smilar roadsin the counties. The observed crash
reduction, however, was Satidicdly sgnificart in only one of the counties evauated.

Based on the combined estimates resulting from asurvey of 43 states and the Didtrict
of Columbia and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the addition of advisory speed

limit Sgns (Agent €. d., 1996).
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Table A-11. Kentucky Warning Sign Crash Reduction Estimates

Category Number of Average Percent
Edtimates Crash Reduction
Sate Survey Estimates:
Advisory Speed 2 26
Literature Review Estimates:
Advisory Speed 2 30

Chowdhury et. d. (1998) evauated driver compliance to advisory speed Sgns a
horizontal curves. They found that on average nine out of ten drivers exceeded the
posted advisory speed. Compliance aso varied based on the specific advisory speed.
The following table depicts observed compliance.

Table A-12. Driver Compliance with Advisory Speed

Posted Advisory Speed Percentage Compliance
(mph) Average Range
15t0 20 0% 0% to 0%
251030 8% 0% to 38%
35t0 40 5% 0% to 32%
45t0 50 35% 0% to 56%

3. Chevron Alignment Sign
Wattleworth et. d. (1988) developed accident reduction factors related to the accident
experience in Forida. The researchers performed before-after andyss of crash data
from three years before and three years after implementation of a safety
countermeasure. A 35-percent reduction in the number of total crashesis estimated
dueto ingdlation of chevron dgns.

Based on the combined estimates resulting from a survey of 43 states and the Digtrict
of Columbia and acomprehensve literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the addition of chevron
adignment sgns a horizonta curves (Agent €. d., 1996).

Table A-13. Kentucky Chevron Warning Sign Crash Reduction Estimates

Category Number of Estimates Average Percent
Crash Reduction
Sate Survey Estimates:
Chevron 2 55
Literature Review Estimates:
Chevron 3 30

Wright et. a. (1983) performed a state survey for low-cost countermeasures suitable
for reducing the frequency of run-off-the-road crashes. All 38 surveyed states used



Counter measure Handbook 38

chevron sgns as ameans of derting drivers to the presence and sharpness of

upcoming curves. Jennings and Demetsky (1985) evauated vehicdle tracking through
curves and recommended chevron use at curves sharper than gpproximately 7-degrees
(radius less than 820-fest).

4. Post Delineator

A study performed by Bdi €. d. (1978) used linear regression analysis to estimate the
relationship between roadway environment, geometric data, traffic volumes,

delinestion and accident rates for tangent, winding and horizonta curve sections.

Mode development utilized crash data for 514 sites from 10 states and covered 13,000
accidents. The researchers determined that, for tangent and or winding sites, highways
with post delinegtors have lower crash rates than those without post delineators (in the
presence or absence of edgdines). Similarly, for isolated horizontal curvesthereis
someindication (based on average corridor crash rate estimates) that sites with post
delinestors also have lower crash rates than sites without post delinestors.

Wattleworth et. a. (1988) devel oped accident reduction factors related to the crash
experience in Florida. The researchers performed before-after andlysis of crash data
from three years before and three years after implementation of a safety
countermeasure. A 30-percent reduction in the number of total crashes and 25- percent
in fatal accidents was estimated due to ingtalation of post delineators on curves.

Based on the combined estimates resulting from a survey of 43 states and the Digtrict
of Columbia, and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the addition of post delineators
(Agent et. d., 1996).

Table A-14. Kentucky Post Delineator Crash Reduction Estimates

Number of Average Percent

Category Edimates Crash Reduction

Sate Survey Estimates:

Post Delineators/ Curve (All Crashes) 14 23
Post Delineators/ Curve (Night Crashes) 2 30
Délineators/ Tangent (All Crashes) 17 28
Délineators/ Tangent (Night Crashes) 2 30
Flexible Ddineators (All Crashes) 1 40
Literature Review Estimates:
Post Delineators/ Curve (All Crashes) 8 23
Post Delineators/ Curve (Night Crashes) 1 30
Délinestors/ Tangent (All Crashes) 5 16
Délineators/ Tangent (Night Crashes) 1 30
Researcher's Resulting Estimates:
Post Delineators (Night Crashes) 30

Jennings and Demetsky (1985) eva uated vehicle tracking through curves and
recommended post delineators for delinestion a curves less than 7-degrees (radius
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greater than 820-feet). Zador et. d. (1987) observed a short-term increase in speed
(about 2 ft/sec to 2.5 ft/sec a night) in locations where post-mounted delinegtors were
added. The long-term speed conditions remained cons stent with those observed for
short-term speed evauations.

C. ROADWAY IMPROVEMENTS

1. Modify Geometric Alignment

The literature regarding the modification of geometric dignment is based upon both
subjective assessment and andytica evauation.

A study (Creasy and Agent, 1985) based on a combination of 42 literature reviews, 22
state surveys, and abefore-after anadysis, provided the subjective estimate that a 30-
percent reduction should occur in total crashes due to a change (improvement) in the
horizontal dignment. Similarly, a 45-percent reduction should occur in tota crashes
for achange (improvement) in vertica dignment, with a 50-percent reduction

attributed to a change in both horizonta and vertical dignment.

Fink and Krammes (1995) verified the generd conclusion that the relationship
between crash rate and degree of horizontal curvature is easy to quantify where the
sharper radius directly contributes to more crashes than alarger radius. More
specificaly, the research team determined that horizonta curvesthat do not require
speed reductions (generaly, curves with degrees of curvature < 4-degrees [approx.
radius of 14327) have smilar mean crash rates than horizonta curvesthat do require
speed reduction (Krammes et. a., 1995).

A sudy performed for the State of Washington evaluated numerous environmental

and physicd road features in an effort to identify their relaionship to crashes (Milton
and Mannering, 1996). The researchers determined that curves of more than 2-
degrees (R > 2865') tend to decrease crash probability. In addition long curvestend to
increase the crash probability for collectors and minor arterias.

Mohamedshah et. d. (1993) determined for truck crashes on two-lane rurd roads, the
ggnificant degree of curvature is 6-degrees or greater. They were not able to
determine any sgnificant relationship between the road gradient and truck crashes.

Based on the combined estimates resulting from a survey of 43 sates plus the Didtrict
of Columbia and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for several methods of geometric
realignment (Agent et. d., 1996).
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Table A-15. Kentucky Geometric Improvement Crash Reduction Estimates
Average
Category l\llzl;rrrgi g Percent Crash
Reduction

Sate Survey Estimates:
Add Any Type of Median (All Crashes) 10 35
Add Mountable Median (All Crashes) 4 20
Add Non-mountable Median (All Crashes) 11 27
Horizonta Redignment (All Crashes) 20 44
Horizonta Redignment (Run-Off-Road Crashes) 2 50
Curve Recongtruction (All Crashes) 6 50
Verticd Redignment (All Crashes) 13 41
Verticd Redignment (Run-Off-Road Crashes) 2 50
Horizontd & Verticd Redignment (All Crashes) 6 52

Literature Review Estimates:
Add Any Type of Median (All Crashes) 7 14
Add Mountable Median (All Crashes) 4 28
Add Non-mountable Median (All Crashes) 8 10
Horizonta Redignment (All Crashes) 5 40
Curve Recongruction (All Crashes) 11 54
Verticad Redignment (All Crashes) 4 39
Horizontad & Vertica Redignment (All Crashes) 12 38

Researcher's Resulting Estimates:
Horizontal Redignment / Curve Reconstruction 40
Verticd Redignment 40
Modify Horizontd & Vertica Redignment 50

One study relating truck crashesto road geometry (Miaou, €t. at., 1993) determined
heavy vehicle crash rate on horizonta curvesisafactor of curve length and degree of
curvature. The following table summarizes generd expected reductionsin truck crash
involvement on arurd two-lane undivided arterid road following an improvementt.
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Table A-16. Miaou Geometric Improvement Crash Reduction Estimates

Length of Horizonta Curvature (HC) in degrees/ 100-ft arc: for 2° [ HC [] 30°
Origind (percent reduction
Curve (mi.) Reduce 1° Reduce 2° Reduce 5’ Reduce 10° | Reduce 15°
0.10 9.4 18.0 39.1 62.9 774
(x11 (x20 (x398 (x46) (x43
0.25 10.0 19.0 41.0 65.2 79.5
' (+18) (£33 (+6.1) (£7.4) (+6.8)
050 11.0 20.7 4.1 68.7 825
' (=4.7) (=84) (=154 (=202 (=220
0.75 11.9 22.4 47.0 719 85.1
' (+7.6) (+136) (+26.2) (+42.6) (--)
~1.00 12.8 24.0 49.7 4.7 87.3
' (+106) (+19.0) (+396) () ()

A comprehensve study for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for several countermeasures. This study was based on improvements at
hazardous locations. The authors emphasize the percent crash reduction estimated are
not directly gpplicable to moderatdly or mildly hazardous locations. Locations with
horizonta and vertica redignment resulted in the estimated vaues depicted in the

following table.

Table A-17. FHWA Geometric Improvement Crash Reduction Estimates

_ Mean Percent Crash Reduction
Alignment Changes Total Fatal Injury Property
Damage Only
Horizontd redignment 40 40 30 25
Vertica redignment 40 40 40 50

One accident reduction factor study (SDDOT, 1998) eva uated sixty-two hazardous
sites and attempted to quantify accident reduction factors (ARFsS) for the Stes. These
ARFswere cdculated by dividing the total number of crashes following an
improvement project by the total number from previous years. A vaue greater than
one, therefore, represents an increase in the number of crashes. Redlignment of
horizontal configurations resulted in an ARF of zero (or a 100% crash reduction).
Redignment of horizontal and vertica resulted in an ARF of 1.12 (or an incressein

crashes).

A 1991 study (Zegeer et. d., 1991) determined that curve flattening (increasing the
length of the radius for the horizonta curve) reduces crash frequency by as much as
80- percent, depending on the centrad angle and amount of flattening.
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2. Modify Supereevation / Cross Slope
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The literature regarding the modification of superelevation or cross dope is based
upon both subjective assessment and andytica evaduation.

Based on the combined estimates resulting from a survey of 43 gtates plus the Didrict
of Columbia and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for modifying the roadway

superdlevation (Agent et. d., 1996).

Table A-18. Kentucky Supereevation | mprovement Crash Reduction Estimates

Category Nur_nber of Average Percent
Edimates Crash Reduction
Sate Survey Estimates:
Modify Superdlevation (All Crashes) 13 46
Literature Review Estimates:
Modify Superdevation (All Crashes) 5 34
Researcher's Resulting Estimates:
Modify Superdevation (All Crashes) 40

A study (Creasy and Agent, 1985) based on a combination of 42 literature reviews, 22
state surveys, and abefore-after andys's, provided the subjective estimate that a 40-
percent reduction should occur in total crashes due to the correction or improvement

of roadway superelevation.

A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for severa countermeasures. This study was based on improvements at
hazardous locations. The authors emphasize the percent crash reduction estimated are
not directly applicable to moderatdy or mildly hazardous locations. Locations with
changes to superelevation correction or cross dope improvement resulted in the

egtimated vaues shown below.

Table A-19. FHWA Supereevation or Cross Slope Reduction Estimates

Mean Percent Crash Reduction
: . Property
Alignment Totd Fatal | Injury Damage
Only

Raise superelevation 5 5 10 20
Correct superelevation runoff 5 5 5 5
Correct cross dope break at shoulders 5 5 5 5
Flatten cross dope on pavement 5 5 5 5
Hatten cross dope on shoulder 5 2 2 2

Harwood et. d. (2000) summarized agroup of "Accident Modification Factors'
(AMF) for avariety of conditions. They captured their perception of the influence of
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superdevation deficiency using as depicted in the following graphic. If the AMF is
greater than 1.0, the configuration has a gregter likelihood of crashes.

1

1104
1004
1084
107+
106+
1051
104+
1034
1024
1014
1.00

ident Modification Factor

Accl

0 0.01 0.02 0.03 004 0.05
Superelevation Deficlency (ft/ft)

3. Improve Sight Distance without Geometric Realignment

The literature regarding improved sight distance is based upon both subjective
assessment and andytica evaluaion. It isimportant to note that some of the Sudies
did not specificaly identify how sight distance was improved, so it is difficult to know
if physcd road improvements were included.

A study (Creasy and Agent, 1985) based on a combination of 42 literature reviews, 22
state surveys, and abefore-after andys's, provided the subjective estimate that a 30-
percent reduction should occur in total crashes due to an improvement in Sght

distance. Thisimprovement condition was separated from geometric improvement
andydsin the sudy.

An Indiana study (Ermer et. d., 1992) estimated crash reduction factors based on a
before-after sudy and combined with historic analyses in the Sate of Indiana. The
improvement of sght distance rated an estimated 30- percent reduction in total crashes.
It isimportant to note, geometric e ements were not pecificaly separated in this study
30 the possible sight distance improvements may include some geometric features.

Based on the combined estimates resulting from a survey of 43 sates plus the Didtrict
of Columbia and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for improved sight distance (Agent
et. d., 1996). Inthisstudy, the actud method of improvement was not identified:;
however, the same study included a separate evaluation of geometric reglignment.
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Table A-20. Kentucky Sight Distance I mprovement Crash Reduction Estimates

Average
Category I\IIEl;Tg;r;f Percent Crash
Reduction
Sate Survey Estimates:
Sight Digtance Improvement (All Crashes) 13 26
Sght Digtance Improvement for Intersection Only 1 30
(All Crashes)
Generd Sight Distance Improvement other than 4 32
Intersection (All Crashes)
Literature Review Estimates:
Sight Digtance Improvement (All Crashes) 1 30
Sight Distance Improvement for Intersection Only 4 23
(All Crashes)
Generd Sight Distance Improvement other than 11 34
Intersection (All Crashes)
Researcher's Resulting Estimates:
Sght Digtance Improvement (All Crashes) 30

A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for severd countermeasures. This study was based on improvements at
hazardous locations. The authors emphasize the percent crash reduction estimated are
not directly applicable to moderately or mildly hazardous locations. Locations where
sght distance improvements were implemented (specific type of improvements
unknown) resulted in the following estimated values.

Table A-21. FHWA Sight Distance Improvement Crash Reduction Estimates

Mean Percent Crash Reduction
- Property
Alignment Changes Totd Fatal | Injury Damage
Only
Sight distance on horizontal curve 5 5 5 5
Sight distance at Intersection 50 60 50 40
Sight distance at railroad grade crossing 25 25 25 25

4. Widen Lanesor Pavement Width

Numerous researchers evauated the effect of lane width on the number of crashes. In
generd, improving lane width up to widths ranging from 11 to 12 ft condstently
reduced crash rates.

Based on the combined estimates resulting from a survey of 43 states plus the Didtrict
of Columbia and a comprehengive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the widening of travel lanes
(Agent et. d., 1996).
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Table A-22. Kentucky Lane Width Crash Reduction Estimates

Category Number of Average Perc_ent
Edtimates Crash Reduction
Sate Survey Estimates:
Widen Pavement (All Crashes) 19 26
Widen Pavement (Run-off-Road Crashes only) 2 30
Literature Review Estimates:
Widen Pavement (All Crashes) 15 22
Researcher’ s Resulting Estimates:
Widen Pavement (All Crashes) 25

A study performed by Creasy and Agent (1985), based on a combination of 42
literature reviews, 22 state surveys and a before-after analys's, provided the subjective
edtimate that a 20- percent reduction should occur in tota crashes dueto lane
widening.

Benekohd and Hashmi (1990) considered data from 1981 to 1987 for two-lanerurd
highways in the sate of Illinois. These researchers evaduated the relaionship between
roadway characteristics, environmenta conditions and crash frequency. The
researchers concluded “ any roadway improvement conssting of lane and shoulder
widening... generdly resultsin the reduction of accident frequency of related
accidents.” The analysis modd indicated that crash frequency decreases by about 3-
percent as lane width increases.

A comprehengve sudy for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for several countermeasures. The researchers based this study on
improvements at hazardous locations. The authors emphasized the percent crash
reductions estimated are not directly gpplicable to moderately or mildly hazardous
locations. Locations where pavement was widened resulted in the estimated vaues
shown in the following table.

Table A-23. FHWA Lane Widening Crash Reduction Estimates

Mean Percent Crash Reduction
Countermeasure Totd Fatal Injury Property
Damage Only
Pavement Widening on Sections 0 -10 -5 5
Pavement Widening on
Horizontal and Vertical Curves > - 0 10

Griffin and Mak (1988) suggested that by increasing surface width, the single-vehicle
crash rate for average annud daily traffic (AADT) greater than 400 would decrease.
They used data on two-lane, rurd, farm-to-market roads in the state of Texas. The
study included crash data and roadway inventory data from 1985. The anayses
indicated that surface widening would not reduce multi-vehicle crash rates. The
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researchers determined the influence of surface widening for agiven AADT category
to be afunction of (1) existing road width and (2) the width to which theroad is
widened. The percent reduction in single-vehicle crashes when the resurfacing
conforms to various road widths is shown in the column titles in the following table.
For example, resurfacing from 18 ft to 20 ft on aroadway with AADT in the range
401-700 resultsin a 7.05-percent reduction in crashes.

Table A-24. Texas Pavement Widening Single-Vehicle Crash Reduction Estimates

AADT Exiding Pavement Fina Pavement Surface Width (feet)
Width (fest) 20 22 24 26

13 705 13.42 1024 | 2459

20 6.86 1312 | 1887

401-700 22 6.72 12.90
24 6.63

13 11.82 | 2252 3228 | 4126

20 12.13 2320 | 33.39

701-1000 2 1260 | 2419
24 13.26

13 1392 | 2650 3700 | 4857

20 14.62 2797 | 4025

1001-1500 22 15.64 30.02
24 17.05

Hadi et. d. (1995a) estimated a relationship between a variety of cross section design
variablesfor al types of crashes. The analyss used four years (1988-1991) of crash
datafrom Florida The authors determined that for two-lane rurdl highways, widening
lane widths up to 13-feet could be expected to decrease crash rates.

In 1957, Schoppert used linear regression andyssto estimate the relationship between
traffic crashes and roadway eementsfor rurd two-lane highwayswith gravel
shouldersin Oregon. He used data for years 1952, 53 and 54. In genera he determined
fewer crashes can be expected on roadways with wider lanes (Schoppert, 1957).
Smilarly, Vogt and Bared (1998) independently arrived a a concluson smilar to theat
of the 1957 study.

Zegeer and Deacon (1987) identified the three most important factors that affect crash
experience. Lane width wasincluded as one of these three factors. The smple
percentage decrease in the number of run-off-road and opposite direction crashes from
abefore condition to an after Stuation are summarized in the following table:
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Table A-25. Percent Crash Reduction Dueto Lane Widening (Based on KY Data)

Lane Width “Before’ Lane Width “After” Percent Crash Reduction
(feet) (feet)
8 10 23
11-12 36
9 10 10
11-12 29
10 11-12 23

Another Florida study (Hadi et. d., 1995b) determined that roadway widening on
curves as a safety countermeasure is cost-effective. An extengive review of literature
identified previoudy derived relationships between geometric design dements and
crash rates. Conclusions drawn from this review include:
Crash rates decreased as lane width increased up to 11-feet, then remained
relatively congtant.
A before-after sudy showed a sgnificant decrease in crash rates when widening
lanes from 9-12 feet, especiadly at high-crash sections.
Pavements 22-24 feet wide had fewer crashes than narrower and wider pavements
for two-lane roads.
A before-after study recorded that widening lanes at 17 Stesfrom 9 and 10 feet to
11 and 12 feet resulted in a 22- percent reduction in crash rates.
The researchers determined that the only crashes that could be expected to
decrease with lane widening were run-off-road and opposite-direction crashes.
They aso found that only property damage and injury crashes decreased as lane
width increased. They did not observe a change in fatality rate.
Asthe lane widening increased, the percentage reduction in related crashes dso
increased. The first foot of lane widening between 8 and 12 feet caused a 12-
percent reduction in related crashes, 2 feet caused a 23- percent reduction, 3 feet
caused a 32-percent reduction and 4 feet caused a 40-percent reduction. This
aopliesto only rurd two-lane highways with lane widths of 8-12 feet, shoulder
width of zero to 12 feet, and traffic volumes of 100 to 10,000 vpd.

In addition to their literature review summeary above, Hadi et. d. (1995b) devel oped
models to identify the relationship between various factors and crash experience. They
determined that as lane width increased from 9 feet to 13 feet, the totd, injury and
fatal crash rates were decreased by 4.26, 4.17, and 9.23-percent respectively.

Zegeer . d. (1991) determined that widening lanes and shoulders on curves can
reduce the frequency of curve crashes by as much as 33-percent. The researchers
indicated thet, irrespective of the degree of curve, centra angle, length of curve, or the
ADT, the predicted number of curve crashes aways decreased as lane width increased
on ahorizontad curve. Thisincreasein lanewidth is limited to the curve regions and

not the entire length of the roadway. Estimated crash reductions were in arange from
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4-percent for 2 feet of tota roadway widening to 36-percent for 20 feet of tota
roadway widening.

Harwood et. a. (2000) summarized a group of AMFsfor avariety of conditions. The
influence of lane width was based on an assumed base lane width of 12-feet. The
researchers based their analysis on sngle-vehicle run-off-road crashes, multi-vehice
same direction sideswipe crashes, and multi-vehicle opposite direction crashes. As
AADT vauesincresse the likelihood of a crash associated with alane width so
increases. The following graphic demongtrates the accident reduction factors for lane

width. If the AMF isgreater than 1.0, the configuration has a greater likelihood of
crashes.

1.70 This factor applies to single-vehicle run-off-road,
multipte-vehicle same direction sideswipe accidents,
and multiple-vehicle opposite-direction accidents
1.60 1
1.50 9-ft lanes
1.50 T+

1.40 T

1.30 10-ft lanes
1.30

1.20

Accident Modification Factor

1.10
1.05 11-ft lanes

, 1.00 ,12-ft lanes

1.00 7 , f t }
500 1,000 1,500 2,000 2,500

Average Daily Traffic Volume (veh/day)

5. Add Turn Lane

Based on the combined estimates resulting from a survey of 43 states and the Digtrict
of Columbia and acomprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the addition of turn lanes
(Agent et. a, 1996).

48
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Table A-26. Kentucky Added Turn Lane Crash Reduction Estimates

Category Number of Average Percent
Edimaes Crash Reduction
Sate Survey Estimates:
Left-turn (At Signd) (All Crashes) 17 30
Left-turn (At Sgnd) (LT Rear End) 2 75
Left-turn (No Signd) (All Crashes) 16 28
Left-turn (No Signd) (LT Rear End) 2 87
Right-turn (All Crashes) 5 27
Two-way Left-turn Lane (All Crashes) 21 34
Literature Review Estimates:
Left-turn (At Signd) (All Crashes) 3 27
Left-turn (No Signd) (All Crashes) 3 30
Two-way Left-turn Lane (All Crashes) 10 31
Researcher’ s Resulting Estimates:
Left-turn (All Crashes) 25
Left-turn (LT Related Crashes) 50
Right-turn (All Crashes) 25
Right-turn (RT Related Crashes) 50
Two-way Left-turn Lane (All Crashes) 30

A study conducted by Creasy and Agent (1985) evaluated a combination of previous
research availablein literature, 22 state surveys, and a before-after andyss. This
study provided a subjective estimate of the influence of the addition of aleft-turn lane
and concluded there would be;

A 25-percent reduction in total crashes when thereis no traffic Sgna present,

A 30-percent reduction when thereisatraffic sgnd, and

A 30-percent reduction when atwo-way Ieft-turn lane is added.

A comprehensve study for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for several countermeasures. This study was based on improvements at
hazardous |ocations. The authors emphasi ze the percent crash reductions estimated are
not directly applicable to moderately or mildly hazardous locations. Locations where a
turn lane was added resulted in the estimated values shown in the following table.

Table A-27. FHWA Turn Lane Congruction Crash Reduction Estimates

Mean Percent Crash Reduction
Countermeasure Property
Totd | Fata | Injury Damage
Only
Add turn lanes at Sgnalized intersection 25 15 20 25
Add turn lanes at intersections without Sgnds 60 45 55 65
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Hadi et. d., (1995b) reviewed a before-after sudy of 53 left-turn channdization
projects at urban and rura intersectionsin Caifornia that was performed by Hammer
in 1969. Thissudy determined that the addition of Ieft-turn lanes resulted in the
fallowing condusions
- Atunggndized intersections, rear-end, left-turn, and total crashes were reduced
by 85, 37, and 48- percent respectively. Right-angle crashes, however, increased
by 153- percent.
At sgndlized intersections, |eft-turn and total crashes were reduced by 54 and 17-
percent respectively. No significant changes in right-angle and rear-end crashes
were reported.

Ermer et. d. (1992) developed crash reduction factors related to various highway
improvement projects in Indiana. These factors were devel oped from before-and- after
analysis of crash data from 1983 through 1987. For congtruction of anew turn lane,
the researchers suggested a percentage reduction of 20-percent in the number of
crashes.

Council and Harwood (1999) postulated the use of published research and expert
panels to develop Accident Modification Factors (AMFs)for incorporation into the
Federd Highway Adminigtration’s Interactive Highway Safety Design Module
(IHSDM). AMFs are characterized as percentage changesin crash frequenciesas a
function of achangein an individua roadway parameter. The following table depicts
these AMFsfor ingdlation of left-turn lanes and right-turn lanes, respectively, on the
mag or-road approaches to intersection on two-lane rurd highways.

Table A-28. IHSDM Accident Modification Factorsfor Turn Lanes

50

Intersection Type I ntersection Number of Mgor Road Approaches on
Traffic Control which Left-Turn Lanesare Ingtdled
One Approach Both Approaches
3-Leg Intersection Stop Sign 0.78 ---
Treffic Sgnd 0.85
4-Leg Intersection Stop Sign 0.76 0.58
Treffic Sgnd 0.82 0.67

Number of Mgor Road Approaches on
which Right-Turn Lanes are Ingtdled

3-Leg Intersection Stop Sign 0.95
Treffic Sgnd 0.975

4-Leg Intersection Stop Sign 0.95 0.90
Traffic Sgnd 0.975 0.95

. Improve Longitudinal Shoulder

Severd feasble improvements fal within the general description of "Improve
Longitudind Shoulder." These areindividudly identified and reviewed in the

following paragraphs.
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a. Add or Widen Graded or Stabilized Shoulder

Theliterature regarding adding or widening graded or stabilized roadway shoulders
is considerable and is based upon both subjective assessment and andytica
evauation.

Barbaresso and Bair (1983) performed datistical andysis on severa crashes
asociated with a variety of shoulder widths on two-laneroads. Their god wasto
determine whether there isa sgnificant difference in crash frequency between two-
lane roadways with shoulder widths that meet minimum standards and those that do
not. The results of their study did not support the idea that roadways with wider
shoulders experience fewer crashes than roadways with narrow shoulders.
Interestingly, they did find that fixed object crash frequency is Sgnificantly lower

for roadways with shoulders less than 7 feet wide than it is for roadways with wider
shoulders. The authors hypothesize that wider shoulders may give drivers afase
sense of security and the drivers may, therefore, drive at speeds faster than
appropriate for roadway conditions. This hypothesis was not, however, tested in
their sudy.

A study (Creasy and Agent, 1985) based on a combination of 42 literature reviews,
22 state surveys, and a before-after andysis, provided the subjective estimate that a
20-percent reduction should occur in total crashes due to the addition of a shoulder
aswell asthewidening of ashoulder. An Indianastudy (Ermer et. d., 1992)
estimated crash reduction factors based on a before-after sudy and combined with
historic andlysesin the sate of Indiana. The construction and/or reconstruction of
shoulders rated an estimated 9-percent reduction in total crashes.

A Horidastudy (Hadi et. d., 1995a) determined that a greater total shoulder width
(paved plus unpaved) was associated with lower crash rates on two-lanerurd
highways.

Basad on the combined estimates resulting from a survey of 43 states plusthe
Didtrict of Columbia and a comprehensive literature review, Kentucky researchers
devel oped the following estimation of percent crash reduction for widening or
stabilizing roadway shoulders (Agent et. d., 1996).

51
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Table A-29. Kentucky Shoulder Widening/Stabilizing Crash Reduction

Estimates
b [ e
Category of
Edtimates Crash
Reduction

Sate Survey Estimates:

Widen Shoulder Generd Improvement (All Crashes) 18 19

Widen Shoulder Genera Improvement (Run-Off- 2 15

Road Crashes Only)

Widen Shoulder 2-4 Feet (All Crashes) 2 24

Widen Shoulder Over 4 Feet (All Crashes) 2 42

Shoulder Stabilization / Dropoff (All Crashes) 5 23
Literature Review Estimates:

Widen Shoulder Generd Improvement (All Crashes) 16 20

Widen Shoulder Genera Improvement (Run-Off- 1 13

Road Crashes Only)

Widen Shoulder 2-4 Feet (All Crashes) 1 15

Widen Shoulder Over 4 Feet (All Crashes) 2 25

Shoulder Stabilization / Dropoff (All Crashes) 3 39
Researcher's Resulting Estimates:

Widen Shoulder Generd Improvement (All Crashes) 20

Widen Shoulder 2-4 Feet (All Crashes) 20

Widen Shoulder Over 4 Feet (All Crashes) 35

Shoulder Stabilization / Dropoff (All Crashes) 25

Harwood et. d. (2000) summarized agroup of "Accident Modification Factors'
(AMF) for avariety of conditions. The influence of shoulder width was based on
an assumed base shoulder width of 6-feet. The researchers based their analysison
sngle-vehide run-off-road crashes and multi- vehicle opposte direction crashes.
AsAADT vaues exceed 2000 vpd, shoulders narrower than 6-feet dramatically
influenced subject crashes (up to 50-percent more crashes for roads with no
shoulders). For AADT vauesless than 2000 vpd, the factors converged and were
quite smilar for low volume conditions. The following graphic demongrates the
accident reduction factors for shoulder width. If the AMF is greater than 1.0, the
configuration has a grester likelihood of crashes.
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One study relating truck crashes to road geometry (Miaou . d., 1993) determined
heavy vehicle crash rate is afactor of width of stabilized outsde shoulder. The
following table summarizes genera expected reductionsin truck crash involvement
on arurd two-lane undivided arterid road following an improvement.

Table A-30. Miaou Stabilized Shoulder Improvement Crash Reduction
Estimates

Stabilized Outside Shoulder Width per Direction (OSH):
for OSH [] 12 ft (percent)

Increase 1 ft Increase 2 ft Increase 3 ft Increase 4 ft Increase 5 ft
3.3 6.6 9.7 12.7 15.6
(019 [03.7) 54 (06.9) (084

A study performed for the State of Washington evauated numerous environmental
and physicd road features in an effort to identify their relationship to crashes
(Milton & Mannering, 1996). They determined that for very low volume roads,
such as collectors and minor arterias, shoulder widths have little effect on the
number of crashes because the exposure to these sectionsislow. As the shoulder
width increases, however, the crash probability for minor arterids tends to increase.
Thismay be because drivers are lulled into a false sense of security by the
increased shoulder width and tend to increase speeds as aresult. Substandard right



Counter measure Handbook 54

shoulders aso tend to increase the frequency of crashesfor principd arterids and
collectors. Thisisassumed to be because drivers have less room to take corrective
actions after making an errant maneuver.

The Minnesota Department of Transportation performed a two-lanerurd crash
andysis with associated cost benefit eva uations for improvements (MinDOT,

1980). For evaluation of al crashes, they determined that even the narrowest
permitted shoulder standard would have to have a very high average daily traffic
volume before widening could be justified on the basis of normally anticipated
savingsin crash cods. If the shoulders could be widened 3-feet for minima cod,
the benefits from reduced crashes would justify the congtruction cost. When
evauding run-off-road crashes, they found crashes decreased as shoulder width
increased (asimilar observation for total crashes). The researchers were not able to
determine a relationship between shoulder type and crash rate.

In 1995, a University of Florida study (Hadi et. d., 1995b) concluded that for rura
two-lane highways increasing the total shoulder width (paved and unpaved) from 3-
feet to 9-feet was found to decrease the total crash rate by 8.62- percent and the
injury crash rate by 11.85-percent.

A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for severa countermeasures. This study was based on improvements at
hazardous locations. The authors emphasize the percent crash reduction estimated
isnot directly applicable to moderately or mildly hazardous locations. Locations
with shoulder improvements (stabilizing shoulders) resulted in the estimated vaues
shown below.

Table A-31. FHWA Shoulder Stabilization Crash Reduction Estimates

Mean Percent Crash Reduction
Countermeasure . Property
Total | Fatd Injury Damage Orly
Stabilize Shoulders (Tangent) 5 0 5 10
Stabilize Shoulders (Horizontd
Curve) 15 10 10 10
Stabilize Shoulders (Intersection) 10 5 5 5

One accident reduction factor study (SDDOT, 1998) evaluated sixty-two hazardous
sites and atempted to quantify accident reduction factors (ARFs) for the Sites.
These ARFs were caculated by dividing the totd number of crashes following an
improvement project by the total number from previousyears. A vaue grester than
one, therefore, represents an increase in the number of crashes. Shoulder widening
resulted in an ARF of 0.80 (areduction in crashes). It isimportant to note that of
the sixty-two improvement Sites, only one Site involved shoulder widening so this
ARF isfrom asingle data point.
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Zegeer et. a. (1987) found for shoulder widths between 0 and 12 feet, the percent
reduction in related crashes as aresult of adding unpaved shoulders would result in
13, 25, and 35-percent reduction in related crashes for 2, 4, and 6-feet of widening,

respectively.

A 1991 study (Zegeer et. d., 1991) determined the percent reduction in crashes due
to unpaved shoulder widening as represented in the following table.

Table A-32. Zegeer Unpaved Shoulder Widening Crash Reduction Estimates

Tota Amount of Shoulder

Widening (ft) Perce”;dcgm Eed“"t.ié’” for

Tow P Sde Unpav oulder Widening
2 1 3
7 2 7
5 3 10
8 4 13
10 5 16
12 6 18
7 7 21
16 8 24
18 9 26
20 10 29

b. Pave Existing Graded Shoulder of Suitable Width

Based on the combined estimates resulting from a survey of 43 states and the
Didtrict of Columbiaand a comprehensive literature review, Kentucky researchers
developed the following estimation of percent crash reduction for the paving of
shoulders (Agent et. d., 1996).

Table A-32. Kentucky Paved Shoulder Crash Reduction Estimates

Number of Average Percent
Category Edtimates Crash Reduction
Sate Survey Estimates:
Pave Shoulder (All Crashes) 3 18
Pave Shoulder (Run-off-Road Crashes only) 2 15
Literature Review Estimates:
Pave Shoulder (All Crashes) 1 20
Researcher’ s Resulting Estimates:
Pave Shoulder (All Crashes) 15

Hadi et. a. (1995b) determined that based on a Florida study data of 1988-1991 no
sgnificant relationship could be found between shoulder type and crashes. The
andysis modd evauated the total shoulder width and did not separate the width of
paved and unpaved shoulders.
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A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent crash
reduction for severa countermeasures. This study was based on improvements a
hazardous locations. The authors emphasize the percent crash reduction estimated
isnot directly applicable to moderately or mildly hazardous locations. Locations
where the shoulders were paved resulted in the following estimated vaues.

Table A-33. FHWA Shoulder Improvement Crash Reduction Estimates

Mean Percent Crash Reduction
Countermeasure , Property
Tota Fatal Injury D e Only
Pave Shoulders (Tangent) 5 5 10 10
Pave Shoulders (Horizontal Curve) 15 15 15 15
Pave Shoulders (Intersection) 10 10 10 10

Zegeer e d. (1987) found for shoulder widths between 0 and 12 feet, the percent
reduction in related crashes as aresult of adding paved shouldersis 16-percent for
2-feet of widening, 29-percent for 4-feet of widening, and 40-percent for 6-feet of
widening.

. Widen and Pave Existing Paved Shoulder

In 1995, a University of Florida study (Hadi et. d., 1995b) concluded that for rura
two-lane highways increasing the total shoulder width (paved and unpaved) from 3-
feet to 9-feet was found to decrease the total crash rate by 8.62- percent and the
injury crash rate by 11.85-percent.

A 1991 study (Zegeer et. d., 1991) determined the percent reduction in crashes due
to paved shoulder widening as represented in the following table.

Table A-34. Zegeer Shoulder Improvement Crash Reduction Estimates

Total CVT%TLgf(fStTm der perceg; g,aST Reduction for
— e Pavi oulder Widening
2 1 4
4 2 8
6 3 12
3 4 15
10 5 19
12 6 21
14 7 25
16 8 28
18 9 31
20 10 33
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7. Add Rumble Strips

The literature regarding the influence of the addition of rumble strips to the roadway
environment is limited.

Based on the combined estimates resulting from a survey of 43 states and the Didtrict
of Columbiaand a comprehensive literature review, Kentucky researchers devel oped
the fallowing estimation of percent crash reduction for addition of rumble Strips
(Agent et. d, 1996).

Table A-35. Kentucky Rumble Strip Crash Reduction Estimates

Category Nur_nber of Average Perc_ent
Edimates Crash Reduction
Sate Survey Estimates:
Rumble Strips 10 29
Literature Review Estimates:
Rumble Strips 6 21
Researcher’ s Resulting Estimates:
Rumble Strips --- 25

A study performed by Creasy and Agent (1985), based on a combination of 42
literature reviews, 22 state surveys and a before-after andlyss, provided a subjective
estimate that a 25-percent reduction should occur in tota crashes due to the addition of
rumble Srips.

A comprehensve study for the FHWA (Smith . d., 1983) estimated percent crash
reduction for severa countermeasures. This study was based on improvements a
hazardous locations. The authors emphasi ze the percent crash reductions estimated are
not directly gpplicable to moderately or mildly hazardous locations. Locetions where

rumble strips were added resulted in the estimated values depicted in the following
table.

Table A-36. FHWA Rumble Strips Crash Reduction Estimates

Mean Percent Crash Reduction
Countermeasure — Add rumble . Proj
srips Tota Fatal Injury Damaggg)ynly
Horizontd curve 30 60 40 25
Intersection 20 50 30 15
Bridge 30 60 40 25
Railroad grade crossing 10 10 10 10

8. Improve Roadway Access M anagement

Based on the combined estimates resulting from a survey of 43 states and the Didtrict
of Columbia and acomprehensive literature review, Kentucky researchers developed
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the following estimation of percent crash reduction for the addition of a frontage road
(Agent et. d., 1996).

Table A-37. Kentucky Driveway Density Crash Reduction Estimates

Category Number of Average Percent
Edimates Crash Reduction
Sate Survey Estimates:
Frontage Road 7 39
Literature Review Estimates:
Frontage Road 1 40
Researcher’ s Resulting Estimates:
Frontage Road 40

Hadi et. a. (1995a) developed models based on Florida crash data from 1988 to 1991.
They concluded the presence of an additiona intersection in arurd two-lane road
section increased the mid-block crash rate and the injury crash rate by 6.07 and 6.19-
percent respectively.

Schoppert (1957) used regression anadysis to estimate the rel ationship between traffic
crashes and roadway elements for rurd two-lane highwayswith grave shouldersin
Oregon. He based his study on crash data from 1952, 53 and 54. He concluded that
access to highways through driveways or intersections was directly related to crashes
a al AADT leves. Resdentid driveways adso showed a positive reaionship to
crashesindl AADT ranges, but the higher the dengity of resdentia driveways, the
higher the number of crashes.

Vogt and Bared (1998) developed crash prediction models for two-lane rura roads.
The study included crash data from Minnesota and Washington for 1985-89 and 1993-
95 respectively. The final mode indicated that reducing driveway density resultsin a
reduced number of crashes.

Dart and Mann (1970) devel oped amode to represent the relationship between crash
rates and the number of traffic conflict points. The study was based on crash and
roadway information from 1962 to 1966 in the state of Louisana. Traffic conflict
points are defined as the total number of traffic access points on both sides per mile of
highway section. These access points include only minor road intersections
(intersections with mgor roads were considered as break points between study
sections) and principa access driveways to abutting property along highway section.
The researchers concluded that traffic conflict points per mileis one of the two most
important factors affecting crash rates. This conclusion was based on interactions with
traffic volume.

Ivan and O’ Mara (1997) devel oped amode to represent the relationship between
traffic conditions, geometric variables, and highway crash rates. The modd utilized a
Connecticut database that contained crash and roadway information for the period
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1991 through 1993. The researchers found that for al evauated factors, the one that
had the greatest influence on crash rates was the number of intersections per mile.

D. ROADSIDE IMPROVEMENTS

1. Ingall or Upgrade Guardrail

The literature regarding the addition of guardrall favorsits placement to enhance
safety. Many of the studies include subjective assessment, but afew evauated before
and after conditions to determine countermeasure effectiveness,

A study (Creasy and Agent, 1985) based on a combination of 42 literature reviews, 22
state surveys, and a before-after analys's, provided the subjective estimate that a 55
percent reduction should occur in the number of fatd crashes due to the addition of
guardrall. Similarly, a 35-percent reduction should occur in the number of injury
crashes due to the guardrail addition. An Indiana study (Ermer et. d., 1992) estimated
crash reduction factors based on a before-after study and combined with historic
andysesin the sate of Indiana Theingdlation of guardrail rated an estimated 4-
percent reduction in total crashes, while the replacement of guardrail rated a 7- percent
reduction value.

A comprehensive study for the FHWA (Smith et. d., 1983) estimated percent
reduction for severa countermeasures. This study was based on improvements at
hazardous conditions. The authors emphasize the percent crash reduction estimated
are not directly applicable to moderately or mildly hazardous locations. Locetions
where guardrall was ingaled resulted in the estimated values shown below.

Table A-38. FHWA Guardrail Insallation Crash Reduction Estimates

Mean Percent Crash Reduction
Ali )
'gnment Chenges Totd Fatal Injury Property
Damage Only
Gengrd Guardrail
Ingtdllation S 50 15 -5

Based on the combined estimates resulting from a survey of 43 states plus the Didtrict
of Columbia and a comprehensive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the ingtdlation of guardrail
(Agent et. d., 1996).
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Table A-39. Kentucky Guardrail Ingallation Crash Reduction Estimates

Average

Number of

Category El;)ti mates Percent Crash
Reduction

Sate Survey Estimates:
Ingtal Guardrall (All Crashes) 17 22
Ingdl Guardrail (Fatd Crashes Only) 6 64
Ingal Guardrall (Injury Crashes Only) 6 31
Upgrade Guardrail (All Crashes) 11 8
Upgrade Guardrail (Fatal Crashes Only) 4 51
5

Upgrade Guardrail (Injury Crashes Only) 37

Literature Review Estimates:
Ingtal Guardrail (All Crashes) 7 20
Ingtal Guardrail (Fata Crashes Only) 3 68
Indal Guardrail (Injury Crashes Only) 3 32
Upgrade Guardrail (All Crashes) 10 10

Researcher's Resulting Estimates:

Ingtal Guardrall (All Crashes) --- 5
Indall Guardrail (Fatal Crashes Only) 65
Ingtal Guardrall (Injury Crashes Only) 40
Upgrade Guardrail (All Crashes) --- 5
Upgrade Guardrail (Fatal Crashes Only) 50
Upgrade Guardrail (Injury Crashes Only) 35

2. Upgrade Guardrail End Treatment / Add Impact Attenuator
The literature dedling with the effects of end treatment on crashesiis limited.
Generdly, the improvement of guardrail end treatments results in areduction in the
severity of crashes.

Based on the combined estimates resulting from a survey of 43 states and the Digtrict
of Columbia and a comprehensve literature review, Kentucky researchers developed
the following estimation of percent crash reduction for upgrading the end trestment.
(Agent et. d., 1996).
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Table A-40. Kentucky Guardrail End Treatment Crash Reductions Estimates
Number of Average Percent
Category Edimates Crash Reduction
Sate Survey Estimates:
Upgrade End Treatment 1 10
Ingtdl Impact Attenuator (All Crashes) 16 29
Ingtall Impact Attenuator (Fatal Crashes) 4 75
Install Impact Attenuator (Injury Crashes) 4 50
Literature Review Estimates:
Upgrade End Treatment 6 35
Ingtall Impact Attenuator (All Crashes) 10 31
Ingtal Impact Attenuator (Fatal Crashes) 3 65
Ingtal Impact Attenuator (Injury Crashes) 3 36
Researcher’ s Resulting Estimates:
Ingtal Impact Attenuator (All Crashes) 5
Ingtdl Impact Attenuator (Fatal Crashes) 75
Ingtall Impact Attenuator (Injury Crashes) 50

Wattleworth et. d. (1988) devel oped accident reduction factors related to crash
experience in Forida. The researchers performed before-after andyss of crash data
from three years before and three years after implementation of the guardrail end
treatment safety countermeasure. A 10-percent reduction in the number of total
crashes and 55- percent in the number of fatal crashes was estimated due to end
treatment of guardrail.

. Clear Zone Improvements

Severd feasble improvements fall within the generd description of "Clear Zone
Improvements.” These areindividudly identified and reviewed in the following

paragraphs.
a. Widen Clear Zone

Theliterature regarding the improvement of the clear zone is minima. The primary
source of information should be the Roadside Design Guide (AASHTO, 1996).

[llinois researchers (Boyce et. ., 1989) attempted to find arelaionship and cost
judtification between acceptable clear zone and average daily traffic (ADT). They
found little evidence to indicate a Specific clear zone width would be cogt-effective
for aroadway in acertain ADT class. They did, however, note that crash frequency
generdly dedines with increasing clear zone width and increases with increasing
ADT.
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b. Flatten Side Slope

The literature regarding the flattening of sde dopesis based upon both subjective
assessment and andlytical evauation.

Basad on the combined estimates resulting from a survey of 43 states and the
Didtrict of Columbia and a comprehensive literature review, Kentucky researchers
developed the following estimation of percent crash reduction when the side dope
is"flattened” (Agent et. d., 1996).

Table A-41. Kentucky Flatten Side Slope Crash Reduction Estimates

62

Average
Number of Percent
Category Esimates Crash
Reduction
Sate Survey Estimates:
Flatten Side Sopes (All Crashes) 11 30
Flatten Side Sopes (Run-Off-Road Crashes Only) 2 46
Literature Review Estimates:
Flatten Side Sopes (All Crashes) 10 19
Researcher's Resulting Estimates:
Hatten Side Sopes (All Crashes) 30

Illinois researchers (Boyce et. d., 1989) evaluated the effect of roadside
characteristics on crashes and determined that roads with steep lateral dopes (>
3:1) and narrow clear zones ([]15 feet) experienced over twice as many crashes per
mile as roads with flat laterd dopes ([]5:1) and wide clear zones (> 28 feet).
Unfortunately, a companion cost benefit andyssthat evauated flatening side
dopes and removing affected fixed obstacles indicated the improvement cost
exceeded the savings from the predicted reduction in run-off-road crashes.

A study (Creasy and Agent, 1985) based on a combination of 42 literature reviews,
22 date surveys, and a before-after analysis, provided the subjective estimate that a
15- percent reduction should occur in tota crashes due to the flattening of the side

dope.

A comprehensive sudy for the FHWA (Smith et. d., 1983) estimated percent
reduction for severa countermeasures. This study was based on improvements a
hazardous conditions. The authors emphasize the percent crash reduction estimated
are not directly applicable to moderately or mildly hazardous locations. Locations
where sde dope improvements were implemented resulted in the following
estimated vaues.
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Table A-42. FHWA Flattening Side Slope Crash Reduction Estimates

- Mean Percent Crash Reduction
Alignment Changes ot _— ity Propaty
Damage Only

Hatten side or back slope 30 75 50 50
Round ditches 5 10 10 z
Remove pavement edge

dropoffs (tangent section) 25 15 15 15
Remove pavement edge

dropoffs (horizontal curve) 20 20 20 20

Zegeer . d. (1987) found the rate of single-vehicle crashes decreases steadily for
Sde-dopesof 3:1to 7:1 or flatter. However, they observed only adight reduction
in 9ngle-vehicle crashes for a3:1 side dope compared to aside dope of 2:1 or
steeper.

In afollow-up paper, Zegeer et. d. (1988) devel oped the following table for
expected percent reduction in single-vehicle crashes due to side dope flattening.

Table A-43. Zegeer Flattening Side Slope Expected Crash Reduction Estimates

Side Sope Side Sope Ratio in After Condition
Ratioin
Before 31 41 51 6:1 7:1 or Flatter
Condition
21 2 10 15 21 27
31 0 8 14 19 26
41 0 6 12 19
51 0 6 14
6:1 0 8

c. Relocate Fixed Object

The literature regarding the relocation of fixed objectsis based upon both
subjective assessment and andytical evauation.

Based on the combined estimates resulting from a survey of 43 states plusthe
Digtrict of Columbia and a comprehensive literature review, Kentucky researchers
developed the following estimation of percent crash reduction for the relocation of
fixed objects (Agent et. d., 1996).
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Table A-44. Kentucky Fixed Object Relocation Crash Reduction Estimates

i |8
Category of
Estimates Crash
Reduction
Sate Survey Estimates:
Relocate Fixed Objects (All Crashes) 10 41
Relocate Fixed Objects (Fata Crashes Only) 4 40
Relocate Fixed Objects (Injury Crashes Only) 4 15
Relocate Fixed Objects (Run-Off-Road Crashes Only) 2 55
Literature Review Estimates:
Relocate Fixed Objects (All Crashes) 2 42
Relocate Fixed Objects (Fata Crashes Only) 2 40
Relocate Fixed Objects (Injury Crashes Only) 2 15
Researcher's Resulting Estimates:
Relocate Fixed Objects (All Crashes) 25
Relocate Fixed Objects (Fata Crashes Only) 40
Relocate Fixed Objects (Injury Crashes Only) 25

Benekohal and Hashmi (1990) evauated crashes for anumber of roadways where
improvements (of alarge variety) occurred. One generd project concluson was
that the fixed objects most frequently involved in run-off-the-road crashes were
guardrails, highway signs, fences, trees, and utility poles (82-percent to 84-percent
of al objects struck). They encouraged utility pole relocation as areasonable
safety countermeasure. Zegeer and Cynecki (1984) evauated utility pole
countermeasure effectiveness conditions. They found that increasing laterd pole
offsat causes areduction in utility pole crashes but may contribute to an increasein
other run-off-road crashes (possibly because if the pole is relocated another object
like atree may beimpacted). They found increasing latera placement reduces run-
off-road utility pole crash severity.

A study (Creasy and Agent, 1985) based on a combination of 42 literature reviews,
22 state surveys, and a before-after analys's, provided the subjective estimate that a
40- percent reduction should occur in fatd crashes due to the relocation of fixed
objects. Similarly, a 15-percent reduction should occur in injury only crashes after
relocation of fixed objects.

A comprehengive study for the FHWA (Smith €. d., 1983) estimated percent
reduction for several countermeasures. This study was based on improvements at
hazardous conditions. The authors emphasi ze the percent crash reduction estimated
are not directly applicable to moderatdly or mildly hazardous locations. Locations
where fixed objects were either removed or relocated resulted in the estimated
vaues shown below.
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Table A-45. FHWA Fixed Object Relocation Crash Reduction Estimates

_ Mean Percent Crash Reduction
Alignment Changes Total Fatal Injury Property
Damage Only
Remove/ Reocate
Fixed Objects 60 65 60 55

. Remove Fixed Object

The literature regarding the removal of fixed objects is based upon both subjective
asessment and andytica evauation.

Based on the combined estimates resulting from a survey of 43 states plusthe
Digrict of Columbia and a comprehensive literature review, Kentucky researchers
devel oped the following estimation of percent crash reduction for the remova of
fixed objects (Agent et. d., 1996).

Table A-46. Kentucky Fixed Object Removal Crash Reduction Estimates

Number Average
Category of Percent
Edtimates Crasl_q
Reduction
Sate Survey Estimates:
Remove Fixed Objects (All Crashes) 15 32
Remove Fixed Objects (Fatal Crashes Only) 8 50
Remove Fixed Objects (Injury Crashes Only) 8 17
Remove Fixed Objects (Run-Off-Road Crashes Only) 2 55
Literature Review Estimates:
Remove Fixed Objects (All Crashes) 10 22
Remove Fixed Objects (Fatal Crashes Only) 3 53
Remove Fixed Objects (Injury Crashes Only) 3 17
Researcher's Resulting Estimates:
Remove Fixed Objects (All Crashes) 30
Remove Fixed Objects (Fatal Crashes Only) 50
Remove Fixed Objects (Injury Crashes Only) 30

Benekoha and Hashmi (1990) evauated crashes for anumber of roadways where
improvements (of alarge variety) occurred. One genera research conclusion
indicated that the fixed objects most frequently involved in run-off-the-road crashes
were guardrails, highway signs, fences, trees, and utility poles (82-percent to 84-
percent of al objects struck). They encouraged tree removal as a reasonable safety
countermeasure. Zegeer and Cynecki (1984) evauated utility pole countermeasure
effectiveness conditions. They found that completely removing utility poles by
placing utility lines underground effectively diminates utility pole crashes, but may
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cause an increase in other run-off-road crashes (the vehicle hits another object).
This countermeasure a S0 reduces the average percent of injury and fata crashes.

A study (Creasy and Agent, 1985) based on a combination of 42 literature reviews,
22 date surveys, and a before-after analysis, provided the subjective estimate that a
50-percent reduction should occur in fatal crashes due to the remova of fixed
objects. Similarly, a 15-percent reduction should occur in injury only crashes after
remova of fixed objects.

A comprehensive sudy for the FHWA (Smith et. d., 1983) estimated percent
reduction for severa countermeasures. This study was based on improvements a
hazardous conditions. The authors emphasize the percent crash reduction estimated
are not directly applicable to moderately or mildly hazardous locations. Locations
where fixed objects were either removed or relocated resulted in the following
estimated vaues.

Table A-47. FHWA Fixed Object Removal Crash Reduction Estimates

_ Mean Percent Crash Reduction
Alignment Changes Totd Fatal Injury Property
Damage Only
Rer_nove/ Relocate Fixed 60 65 60 55
Objects

One accident reduction factor study (SDDOT, 1998) evauated sixty-two hazardous
sites and atempted to quantify accident reduction factors (ARFs) for the Sites.
These ARFs were cdculated by dividing the tota number of crashes following an
improvement project by the tota number from previousyears. A vaue greater than
one, therefore, represents an increase in the number of crashes. Remova of afixed
object resulted in an ARF of zero (or a 100-percent crash reduction). Itis
important to note that of the Sxty-two improvement sites, only one Steinvolved
remova of fixed objects so this ARF is from a single data point.

A 1970 s study in Georgia (Wright & Mak, 1972) determined that the presence of
fixed objects dong the roadside has little effect on off-road accident experience.
Off-road accident rates are not closdly related to the presence of continuous
roadsde objects. Basicdly, this meansthat a person in no more likely to run off

the road and crash at locations with roadside objects as at |ocations without objects.

. Convert Object to Breakaway

The literature dedling with converting a roadside object to a breskaway typeisvery
sparse. But the few studies that have dedlt with this countermeasure have provided
positive feedback on its effects on the severity of crashes.

Based on the combined estimates resulting from a survey of 43 states and the
Didtrict of Columbia and a comprehensive literature review, Kentucky researchers
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devel oped the following estimation of percent crash reduction for converting an
object to abreakaway type. (Agent et. d., 1996).

Table A-48. Kentucky Breakaway Fixed Object Crash Reduction Estimates

Number of Average Percent
Category -- Convert to Breakaway Edimates Crash Reduction
Sate Survey Estimates:
All Crashes 15 28
Fatal Crashes 4 60
Injury Crashes 4 30
Run-off-the-Road Crashes 2 45
Literature Review Estimates:
All Crashes 11 52
Fatal Crashes 1 60
Injury Crashes 1 30
Researcher’ s Resulting Estimates:
All Crashes 5
Fatal Crashes 60
Injury Crashes 30

A comprehengve study for the FHWA (Smith et. al., 1983) estimated percent
reduction for severd countermeasures. This study was based on improvements at
hazardous conditions. The authors emphasize the percent crash reductions
estimated are not directly gpplicable to moderately or mildly hezardous locations.

L ocations where breskaway poles were indaled resulted in the following estimated
vaues

Table A-49. FHWA Breakaway Utility Pole Crash Reduction Estimates

Mean Percent Crash Reduction
Countermeasure Total Fatal Injury Proper‘toyn E)/anage
Ingal breskaway poles 0 60 20 -15

Creasy and Agent (1985) performed a study based on a combination of 42 literature
reviews, 22 state surveys, and a before-after andyss. They provided a subjective
estimate that a 60-percent reduction in fatal crashes and 30-percent reductionin
injury crashes should occur due to the conversion of roadside signsto breskaway
sgns. Ingdlation of breskaway utility poles resultsin reductions of 40- and 30-
percent in fatd and injury related crashes. It isimportant to note, breskaway utility
poles must be supported by adjacent rigid utility poles, so gpplication of this

drategy is not feasble systemicaly but rather individualy.

Wattleworth et. a. (1988) developed accident reduction factors related to crash
experience in Forida. The researchers performed before-after andysis of crash data
from three years before and three years after implementation of the breskaway
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safety countermeasure. A 35-percent reduction in the number of totd crashes was
estimated due to conversion of an obstacle to breakaway.

f. Construct Traversable Drainage Structure

The literature regarding congtruction of atraversable drainage structureis limited.
The primary reference for guidance in this type of countermeasure is the Roadside
Design Guide (AASHTO, 1996); however, thisis amanud that is a guiddine and
does not include assessment of different treatments.

The "blending” of the dope of the drainage structure to the dope of the
embankment assgsin providing atraversable design. The picture shown below is
from the Roadside Design Guide (AASHTO, 1996) and represents this traversable

concept.

-

Plpe or Box Culvert

For large drainage structures, the drainage design often should include bars spaced
across the opening. One of the purposes of these barsisto provide traversability
for vehicle tires as they drive across the large opening to the drainage structure.
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E. LIGHTING

1. Add Street Lightsto Road Segment

The literature regarding the addition of street lights favors placement of them to
enhance safety. Many of the studies include subjective assessment, but thereisdso a
strong literature base that includes quantified assessment in favor of street light
placement.

Basad on the combined estimates resulting from asurvey of 43 states plus the Didtrict
of Columbia and a comprehengive literature review, Kentucky researchers devel oped
the following estimation of percent crash reduction for the addition of street lights
(Agent et. d., 1996).

Table A-50. Kentucky Addition of Street Light Crash Reduction Estimates

Number of | Average Percent
Category Edimates Crash Reduction
Sate Survey Estimates:
Generd Use (All Crashes) 6 25
New Roadway (All Crashes) 10 28
New Roadway (Night Crashes Only) 12 45
Literature Review Estimates:
Generd Use (All Crashes) 5 10
New Roadway (All Crashes) 7 19
New Roadway (Night Crashes Only) 5 38
Researcher's Resulting Estimates:
Generd Use (All Crashes) 25
Genera Use (Night Crashes Only) 50
Roadway Segment (All Crashes) 25
Roadway Segment (Night Crashes Only) 45

A study (Creasy and Agent, 1985) based on a combination of 42 literature reviews, 22
state surveys, and a before-after analys's, provided the subjective estimate that a 25
percent reduction should occur in total crashes due to the addition of street lights. For
nighttime crashes only, a reduction of 50-percent should be expected. An Indiana
study (Ermer et. d., 1992) estimated crash reduction factors based on a before-after
study and combined with historic analysesin the sate of Indiana. The ingtallation of
Sreet lights rated an estimated 37- percent reduction in total crashes. One accident
reduction factor sudy (SDDOT, 1998) evauated sixty-two hazardous sites and
attempted to quantify accident reduction factors (ARFS) for the Stes. These ARFs
were cadculated by dividing the totd number of crashes following an improvement
project by the total number from previous years. A vaue gregter than one, therefore,
represents an increase in the number of crashes. Addition of roadway lighting resulted
in an ARF of 0.83 (or a decrease in crashes).



Counter measure Handbook 70

A comprehensve study for the FHWA (Smith et. a., 1983) estimated percent
reduction for several countermeasures. This study was based on improvemerts at
hazardous conditions. The authors emphasize the percent crash reduction estimated
are not directly applicable to moderately or mildly hazardous locations. Locations
where lighting was added adjacent to the road resulted in the estimated values shown
below.

Table A-51. FHWA Street Lighting Crash Reduction Estimates

Mean Percent Crash Reduction
Alignment Changes : Property
Total Fatal Injury Damage Orly

Add Lighting in Horizontal

Curve, a an Intersection, 10 15 15 10

or a aBridge
Add Lighting & Tangent

Section 10 S 5

. Add Lighting to Intersection

Wortman et. d. (1972) developed a methodology that measures the effects of
illumination of rurd a-grade intersections. The researchers determined that though
the severity of crashesis not directly related to illumination, illumination does reduce
the frequency of nighttime crashes.

Preston and Schoenecker (1999) performed an extensive literature survey and
edimated inddlation of intersection lighting resulted in a 25- to 50-percent reduction
in the night time crash to total crash ratio. They further conducted a syssem-wide
comparative crash analysis of 3,400 rurd intersections aong the Minnesota highway
system and a before-after andysis of 12 intersections. The system-wide comparative
andysis showed that the nighttime crash rate for intersections with and without street
lighting was 0.47 and 0.63 respectively. This represents a 25-percent lower nighttime
crash rate a rurd intersections with street lighting. From the before-after study, the
researchers determined where dreet lighting was ingtaled they experienced an overdl
decrease in the nighttime crashes of approximately 40- percent.

Walker and Roberts (1976) performed a before-after study for three yearsimmediatdy
before and after lighting a 47 at-grade rurd intersections. The results showed a 49-
percent overdl reduction in nighttime crashes.

. Upgrade Street Lighting for Segment or Intersection

The literature regarding the improvement or upgrade of street lightsis sparse, but it
favors this countermeasure Strategy to enhance safety.

Based on the combined estimates resulting from a survey of 43 gtates plus the Didrict
of Columbia and a comprehensive literature review, Kentucky researchers presented
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the following etimation of percent crash reduction for the upgrade of street lights
(Agent et. d., 1996).

Table A-52. Kentucky Upgrade of Street Lights Crash Reduction Estimates

Category Number of | Average Percent
Edimates Crash Reduction
Sate Survey Estimates:
Generd Use (All Crashes) 6 25
Upgrade Roadway (Night Crashes Only) 2 42
Literature Review Estimates:
Generd Use (All Crashes) 5 10
Researcher's Resulting Estimates:
Generd Use (All Crashes) 25
Generd Use (Night Crashes Only) 50
Roadway Segment (All Crashes) 25
Roadway Segment (Night Crashes Only) 45

An Indiana study (Ermer et. d., 1992) estimated crash reduction factors based on a
before-after sudy and combined with historic analysesin the Sate of Indiana. The
modernization of exigting lighting rated an estimated 25-percent reduction in total
crashes.

F. REGULATIONS

1. Enforce Speed Limits

The literature dedling with the effect of police enforcement of speed limits on the
number of crashesis limited.

Dart (1977) used time series plots of speed, volume and crash data for North Carolina,
Mississppi and Louisanafor the period of 1973 and 1974 to eva uate the probable
role of police enforcement of speed limits on the number of crashes. The energy crisis
inthefal of 1973 had brought about a reduction in the average speed to about 55
mph, which was assumed to be afud efficient gpeed. Though the speeds returned back
to pre-crissleves within 2 years, they were more uniform. The researcher identified
strong indications that the increased enforcement levels of 1974 to 1976 are
regpongble for maintaining the uniform and safer speed levels. For example,
Louisanadatafor 1974 and 1975 (compared with data from 1971 and 1972) showed
not only sgnificantly fewer fataities on rural highways, but aso large reductionsin

the percentage of al rurd crashes and of rurd fata crashes for which excessive speed
was cited as a contributing factor.
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Appendix C. Review of North Carolina Crash Data for
Supplementing Countermeasures Evaluated



SOUTHEAST FATAL CRASHES
DISTRIBUTION RESULTS

In our meeting in April, we discussed comparing the distribution of the existing
150 fatal crashes from 1997 to those of the fatal crashes reported between 1998 and 2000.
While the 150 crashes contain only rural two-lane road fatal crashes, the 1998-2000
contains all reported fatal crashes during the three-year period. The main purposes were
to determine if the 1997 crash types provided a large enough sample to make some
inferences about particular crash types, to determine the need to develop additional
countermeasures for this study, and to help select the 30 additional crashes for review in
this project. The crash types of specific interest are:

e Tree crashes

e Utility pole crashes

e Large trucks

e Older drivers

e Intersection related crashes (within 150 feet of an intersection)

e Pavement friction crashes (mainly run-off-road during wet road
conditions)

e Road surface defects

e Bridge-rail and bridge-end crashes

Fixed Objects

The fixed object category contains the tree, utility pole and bridge crashes. Table
1 shows the distribution of the fatal crashes by object struck for the two samples. The
table only shows the specific crash types discussed in the April meeting and the ones with
relatively high percentages in both groups. Tree crashes were the only fixed object
discussed in the April meeting that had a sample size greater than 10. The table also
shows that the 1997 sample does not reflect the 1998-2000 distribution for these crash
types. Both sample show a higher representation for fatal crashes involving ditch banks
and pedestrians.

Table 1: Fixed Objects Stuck

1998-2000 Reported
Object Struck 1997 Stratified Sample Fatal Crashes
TREE 19 20.2% 619 14.0%
UTILITY POLE 3 3.2% 148 3.4%
LUM POLE-NON-BRK 1 1.1% 8 0.2%
LUM POLE-BRKWY 0 0.0% 1 0.0%
BRIDGE RAIL END 6 6.4% 36 0.8%
BRIDGE RAIL FACE 0 0.0% 13 0.3%
DITCH BANK 21 22.3% 308 7.0%
PEDESTRIAN 14 14.9% 1497 34.0%




Recommendations

If fixed objects crashes are a priority in this project, then note the following

recommendations.

e There are several countermeasures concerning keeping vehicles on the
roadway and shielding hazardous roadside conditions already included
in the list from Georgia Tech. Therefore, it is not recommended to
develop additional countermeasures for analyses in this project.

¢ Combine similar roadside hazards such as trees and poles into one group
and collecting additional crashes to build to at least 30 cases.

e Treat ditch banks as a separate item for investigation and build the sample

size to at least 30 cases.

e Treat bridge rail issue be treated separately and to collect additional
crashes to increase the number of cases if this crash type becomes a

priority for this study.

These recommendations require collecting data for 40 additional crashes from the
1998-2000 sample to meet a 30 case sample size for each of the three fixed object

categories.

Large Trucks

Table 2 shows the frequency and distribution of the large trucks included in both
samples. Review of the crash reports indicates that many of the “TT” and “TTST”
vehicles recorded in the old crash reporting system converted to “TRUCK/TRAILER” in
the new crash reporting system. There are not enough crashes in the 1997 sample that
involve large truck to make inferences about the fatal truck-involved crashes. In
addition, several other projects are in progress either through the US DOT, GHSP and/or

TABLE 2: Vehicle Type Distribution

1997 1998-2000
Vehicles Vehicles
Vehicle Type Involved Percentage Involved Percentage
SINGLE UNIT TRUCK (3 OR MORE AXLES) 1 0.4% 87 4.2%
TRUCK/TRAILER 16 6.5% 315 0.2%
TRUCK/TRACTOR 0 0.0% 17 1.5%
TRACTOR/SEMI-TRAILER 0 0.0% 108 0.0%
TRACTOR/DOULBES 0 0.0% 3 0.1%

the DMV focus on large trucks.

Recommendations

Due to the limited sample size and the other projects already in progress, the following

recommendation are provided.

e Do not develop additional countermeasures focusing on large truck

crashes for this project.

e Do not use large truck-involved crashes as a criterion to select the

additional crashes for review in this project.




Older Drivers

The percentages of older drivers in both samples are similar with 14.1 percent for
the 1997 sample and 15.6 percent for the 1998-2000 sample. The 1997 sample contain
36 operators or pedestrians over the 60 years old, with another 10 between 55 and 60
years old. All the countermeasures except for one are engineering countermeasures not
specifically designed for any age group of drivers. If the older driver issue is a priority
for this project, then NCDOT and HSRC will need to develop documents for the study
that emphasizes treatments for older drivers. Some of the existing countermeasures may
be modified to specifically address older drivers such as wider pavement marking in the
pavement-marking category (although not definitive if they truly help older driver).

Recommendations

The physical condition of the older driver is critical to determine if any “older”
driver countermeasures would have been effective in a particular. However, this
information will not be readily available to the engineers completing the countermeasure
evaluation process. This requires the engineer to make subjective decisions about the
condition of the driver during the crash. Examples of these subjective decisions are:
“Would the driver have the cognitive ability to recognize the treatment” or “Did the light
conditions further erode the drivers depth perception to the point that large signs would
not have provided sufficient time for the driver to react.” Since there will not be specific
information concerning the actual drivers physical condition other than what is collected
on the crash report, the following recommendations are submitted.

e For this project, do not develop additional countermeasures that focus on
the older driver issue.

e Do not use the criterion of “older driver” to select the additional crashes
for review.

e Develop research questions concerning how an agency can collect data
concerning the physical condition of a driver involved in a crash.

Intersection Related

One would expect that urban crashes would contain a higher percentage of
crashes occurring at or near an intersection. Therefore, it is expected that the 1997
sample will not reflect the same distribution as the 1998-2000 sample because of the
stratification of the earlier sample. For the purpose of this review, the standard Y-line of
150 feet was used to designate if a crash is considered as an intersection crash. Tables 3
and 4 show the distribution of the distance from the reference intersection as recorded by
the reporting officer.

Very few of the countermeasures from the Georgia Tech list specifically address
intersection crashes. In addition, there is a wide variety of treatments or combinations of
treatments available to engineers for crash prone intersections. Developing even a partial
listing is a sizable task upon itself.

The following recommendation are made for intersection related crashes.

¢ Do not use intersection crashes as a selection criterion for selecting the
additional crashes for review in this project.



TABLES 3 & 4: Distribution of Distance from Reference Intersections

1997
Distance from Reference Intersection Crashes Percentage
150 feet or less 43 28.7%
151 feet to 0.25 mile 41 27.3%
0.26 to 0.5 mile 24 16.0%
0.51t0 0.75 mile 19 12.7%
0.76 to 1.0 mile 11 7.3%
1.01 to 1.5 miles 8 5.3%
1.51 to 2.0 miles 3 2.0%
Greater than 2.01 miles 1 0.7%
150
1998-2000
Distance from Reference Intersection Crashes Percentage
150 feet or less 1,603 37.5%
151 feet to 0.25 mile 1,326 31.0%
0.26 to 0.5 mile 657 15.4%
0.51 t0 0.75 mile 292 6.8%
0.76 to 1.0 mile 174 4.1%
1.01 to 1.5 miles 125 2.9%
1.51 to 2.0 miles 43 1.0%
Greater than 2.01 miles 56 1.3%
4,276

e Do not develop intersection countermeasures for this project

e Develop a SPR needs statement for developing a similar document for
intersection improvements

e Develop a SPR needs statement for developing a systematic method for
developing subjective crash reduction factors for standardization in the
department.

Pavement Friction

There is not a measure of the pavement friction at the specific crash sites available during the time
of the crash. Therefore, it is necessary to develop a surrogate indicator to identify crashes where poor
pavement friction may have contributed to the crash. As in previous studies completed by the Traffic
Safety Systems Management Unit (TSSMU), run-off-road during wet road conditions was used as the
surrogate for this review. In the 1997 sample, 10 crashes (42 percent of the wet road condition crashes)
meet these conditions. In the 1998-2000 sample, 294 crashes (38 percent of the wet road condition crashes)
meet these conditions. With only the crash report and limited roadway inventory data, it will be very
difficult to determine if the pavement friction, or the lack of it, is a contributing factor. There have been
plans to develop a link between the TSSMU and the Pavement Management Unit concerning this issue. It
is recommended to further develop this option rather than attempting to address this issue with such a
limited number of crashes. I also recommend that either of these units develop a research statement of need
for next fiscal years SPR project funding to further develop a process to improve the review of crashes
where poor pavement friction may have contributed to the crash.

Road Defects

The 1997 sample did not have any crashes where the officer indicated that road defects
contributed to the crash. In the 1998-2000 sample, there were only seven crashes where ruts, holes and



bumps were identified as contributing to the crash. This may not be a representative picture of the total
crash frequency where road defects were contributing factors.

Recommendations

The frequency of fatal crashes where defective road surfaces contributed to the crash make it
prohibited to include in this project. However, it is also not know how many crashes are a result of a driver
attempting to avoid a road defect. Considering these issues, the following recommendations are submitted.

o Develop a SPR project needs statement on the effects of lower maintenance standards on
the frequency and severity of motor vehicle crashes. This information may provide
additional insights to the overall cost of not fully funding the maintenance of the state and
local roads.

e Do not include road defects as selection criterion for this project

Conclusion

Based upon this review, several recommendations are provided. It is ultimately up to the NCDOT
to decide whether the additional expense to develop additional countermeasures for the limited number of
crashes meets their goals for the 30 additional crashes. The Highway Safety Research Center will assist
NCDOT in developing additional countermeasures if desired; however, this review leads to the conclusion
that fixed objects crashes continue to contribute to a considerable proportion of the fatal crashes in North
Carolina. Many of the countermeasure on the Georgia Tech list either directly of indirectly address these
issues. The overall recommendation is to use the additional crashes to further investigate the fixed object
crash issue.





