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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.
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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.
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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.
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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.




97001812

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




97001812

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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